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FOREWORD

In the task o f alleviating the distress caused by the world-wide food 
shortage it is essential to preserve what has been grown and harvested in the 
fields. Clearly all suitable methods for preserving agricultural produce and food 
should be made use of. In this context treatment with ionizing radiation has 
proved its value as an environmentally clean, physical method o f food preserva
tion which is low in its energy requirement, but the volume o f food being pro
cessed in this way is still low.

The introduction o f food irradiation on a global basis poses certain economic, 
legal, regulatory and health-related questions, the solution o f which requires 
close international collaboration. Such collaboration between many inter
national, intergovernmental and national organizations began over a decade ago. 
The need for dissemination and discussion o f information gained through 
research and development work on this subject became apparent, and a number 
of inter-regional meetings were held. The last international symposium on the 
topic was held jointly by FAO and the IAEA in 1972 in Bombay. To review 
progress made since then, FAO and the IAEA, together with WHO, convened 
the present Symposium on 2 1 -2 5  November 1977.

It appeared timely to hold this Symposium for the following reasons: 
(1) Apart from significant scientific work reported in the literature, progress in 
other directions between 1972 and 1977 had also been made. For example, the 
number o f food items authorized by governments, with or without restriction, 
had grown from 19 to 26, and the number o f countries accepting one or more 
irradiated foods for human consumption had increased from 11 to 19. (2) Largely 
on the basis o f  the work o f the International Project in the Field o f Food 
Irradiation (Karlsruhe), already described at the Bombay Symposium, an inter
national expert committee, jointly convened by FAO, the IAEA and WHO in 
August-September 1976, had made important statements on the philosophy of 
wholesomeness studies, as well as on the public health acceptability o f  a number 
o f  irradiated food items. These matters had been reported in WHO Technical 
Reports Series No.604, Wholesomeness o f  Irradiated Food, published in Geneva, 
1977. (3) The Joint FAO/WHO Food Standards Programme, through the Codex 
Alimentarius, had examined food irradiation and developed a proposed General 
Standard on Irradiated Foods and a proposed Code o f Practice for the Operation 
of Radiation Facilities used for the Treatment o f Foods at step 5 of the 9 - 1 0  
step procedure o f the Codex. (4) FAO and the IAEA were about to join forces



with the Government o f the Netherlands in establishing an International 
Facility for Food Irradiation Technology at Wageningen for the purposes of 
technological and economic training and research in food irradiation.

Sessions o f the Symposium dealt with such topics as the control o f animal 
infestation, toxicological studies, public health aspects and economics, and 
many papers were concerned with chemical changes in irradiated foods and with 
the control o f microbial spoilage.

The present Proceedings contain the papers given and the ensuing discus
sions, including the extensive round-table discussion on a plan o f action for 
the future. The order o f publication of the papers does not strictly follow that 
of presentation at the Symposium where, for technical reasons, it was not always 
possible to preserve the logical sequence.

Viewed against the new developments recorded here, the outlook for the 
food irradiation community is encouraging, and the tasks ahead appear less 
formidable. The sponsoring organizations hope that the publication o f this 
material will be a useful contribution towards accelerated progress in the practical 
application o f food processing by irradiation.

The choice of the Institute for Atomic Sciences in Agriculture, Wageningen, 
as the meeting place o f the Symposium is a recognition o f  the Netherlands’ 
pioneering role in this work. Sincere gratitude is expressed to the Netherlands 
authorities and the staff o f the Institute for acting as host for the Symposium 
and helping so much towards its success.

EDITORIAL NOTE

The papers and discussions have been edited by the editorial s ta ff o f  the International 
A tom ic Energy Agency to  the extent considered necessary fo r the reader's assistance. The views 
expressed and the general sty le  adopted remain, however, the responsibility o f  the-named authors 
or participants. In addition, the views are not necessarily those o f  the governments o f  the 
nominating Member States or o f  the nominating organizations.

Where papers have been incorporated into these Proceedings w ithout resetting b y  the Agency, 
this has been done with the knowledge o f  the authors and their government authorities, and their 
cooperation is gratefully acknowledged. The Proceedings have been printed b y  composition  
typing and photo-offset lithography. Within the limitations imposed by this method, every effort 
has been made to maintain a high editorial standard, in particular to achieve, wherever practicable, 
consistency o f  units and sym bols and conform ity to  the standards recommended by com petent 
international bodies.

The use in these Proceedings o f  particular designations o f  countries or territories does not 
im ply any judgement b y  the publisher, the IAEA, as to the legal status o f  such countries or 
territories, o f  their authorities and institutions or o f  the delimitation o f  their boundaries.

The mention o f  specific companies or o f  their products or brand names does not im ply any 
endorsement or recommendation on the part o f  the IAEA.

Authors are themselves responsible fo r  obtaining the necessary permission to reproduce 
copyright material from  other sources.
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IAEA-SM-22I/71

BASIC EFFECTS OF RADIATION 
ON FOOD MATTER

H. GLUBRECHT 
Institute o f Biophysics,
Technical University,
Hanover,
Federal Republic o f Germany 

Abstract

BASIC EFFECTS OF RADIATION ON FOOD MATTER.
The paper discusses food irradiation as a method in which an optimal ratio has to be 

achieved between the radiobiological effects desired and unwanted radiochemical effects 
in the irradiated food matter. The maximum yields o f  radiolytic products are estimated and 
their qualities discussed. The role o f modifying factors o f radiation effects like temperature, 
dose rate, oxygen and other environmental parameters should be critically considered from 
the point o f  view o f  achieving minimal side effects. General statements on the optimal radiation 
treatment o f food can be made to some extent and only complementary future research is 
needed.

RADIATION BIOLOGY VERSUS RADIATION CHEMISTRY

Ionizing radiation can be used for various practical applications. Some of  
them like medical diagnosis or material testing are based on the evaluation o f  
the impact o f some material on the radiation, e.g. on radiation attenuation or 
scattering. Any effect o f radiation in the irradiated material has to be kept as 
low as possible in this case.

Other applications make use o f the radiation effects in the just-irradiated 
matter: radiation therapy, production o f mutations in plants, sterilization of 
insects, sterilization o f medical products, polymerization by radiation and of 
course irradiation o f food for preservation. In this case, too, there are wanted 
and unwanted effects. Treatment of cancer by irradiation should have as low 
an effect on healthy tissue cells as possible but be lethal for cancer cells. Radiation 
sterilization o f insects for sterile male techniques should not influence the competi
tiveness o f the irradiated animals as against untreated wild males, medical instru
ments and preparations should keep their quality after irradiation and irradiated 
food should have improved storage quality, but no deterioration in wholesomeness 
and taste. Consequently, there must be discrimination between the radiation 
effects on the various components of the system irradiated and the applicability 
of the method depends on the range o f this discrimination.

3
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к  r a d

F IG .l. Inactivation o f  a bacterium (E. coli B) and an enzym e (ribonuclease) by  gamma rays. 
Double-log p lotting has been chosen to facilitate the comparison.

It is well known that this discrimination is rather low in radiation therapy 
despite all efforts to increase it by physical and chemical measures. It is extremely 
large in the radiation sterilization o f medical instruments as the component to 
remain unaltered is either inorganic or dead organic matter. Food preservation 
by irradiation is somewhat inbetween these extremes and this is in accordance 
with the nature o f most food items, which still have the complexity o f living 
organisms but very reduced or often no metabolism.

One could even say that two different disciplines are responsible for the 
desired effects and the unavoidablé side effects of radappertization, radicidation 
and radurization. The reduction o f the number o f viable microorganisms is 
clearly a topic o f radiation biology — as is also the prevention o f sprouting 
in potatoes, onions etc. The accompanying effects in the food itself are radio
chemical processes, and this is a very important difference. The dramatic action 
of ionizing radiation doses corresponding to an extremely low amount o f energy 
which can be observed in living organisms can only be explained by the stepwise 
development and amplification of the primary damage within the living system, 
the driving force being its own metabolism. Though the old hit-target theory
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has had to be modified considerably, it remains true that there can be single 
events or groups o f a very few events, each of the order o f some 10 eV, that lead 
to the death o f a cell or even o f a multicellular organism. This o f course will 
only happen in a growing and especially in a mitotically active organism in which 
any wrong information caused by the primary lesion is proliferated. The area 
in which these lesions have to take place should preferably be the cell nucleus. 
There is a lot o f indirect evidence for this and it could even be observed directly 
by microbeam and partial cell irradiation. Whether damage to DNA molecules 
only or another mecnanism in relation to special structures in the cell nucleus 
is the deciding event o f the physico-chemical chain reaction can hardly be decided 
at present, as long as there are still so many uncertainties about the normal 
function o f the living cell.

Radiation chemistry has also to do with chain reactions, as only in a very 
few cases will the primary event (ionization or excitation) lead to a final stable 
radiolytic product. But these chain reactions will follow the laws of chemical 
reaction kinetics. No amplification o f the effect can be imagined. The highest 
efficiency will be achieved if  the production of radiolytic compounds is pro
portional to the dose. Many ‘saturation’ effects have been observed and recombi
nation of active groups will also decrease the yields obtained.

As far as there is proportionality between the dose and the concentration 
o f a radiolytic product, the G-value can be used, which gives the number of 
changed molecules per 100 eV absorbed dose.

A dose D in rads is equal to 0.623 X 1014 D in electron volts. Therefore 
the number N o f changed molecules after absorption o f this dose will be

N =  G (0.623 X 1012 D) ( 1)

If then the concentration is expressed in ¡imol/l and D in krad, we have to divide 
by Avogadro’s number and multiply by 1012. Then we get the simple equation

Cradiolyt = G (1 .0 3 5  D) (2)

which o f course holds only as long as the concentration o f the original compound 
is higher than С radiolyt.

It can be seen from Eq.(2) that the amounts in grams o f a radiolytic product 
will be proportional to the molecular weight. Therefore effects on macromolecules 
have been studied somewhat more than on smaller molecules, with the one
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exception o f water. Nevertheless, even the inactivation o f an enzyme macro
molecule like ribonuclease needs considerably higher doses of radiation than the 
inactivation o f a bacterium (F ig.l). Therefore it seems to be reasonable to talk 
about the radiobiological dimension to which the desired effects o f food preser
vation by irradiation belong and the radiochemical dimension o f the unwanted 
side effects.

NATURE OF RADIOCHEMICAL EFFECTS

Up to now no final radiation effect has been observed in any living or non
living organic material that could not be achieved also with other physico
chemical procedures1.

Some chemical compounds are called — as is well known — radiomimetics. 
Therefore the question arises what is the special feature o f ionizing radiation that 
makes it such an efficient agent? The answer is clearly that this is the way in 
which ionizing radiation penetrates matter and the nature o f the primary events 
by which energy is transferred from the radiation field to atoms and molecules. 
These primary reactions are never specific to certain molecules and depend on the 
specificity o f atoms only in a few cases (the photoeffect o f low energy X-rays 
with heavy atoms, or the Compton effect with H). In general, the primary energy 
transfer to the irradiated matter depends on the electron density of the absorbing 
material, which is largely proportional to the macroscopic density.

Thus far the famous radiation biologist Solon E. Gordon was justified in 
calling ionizing radiation “completely democratic”. But this no longer 
holds for secondary or subsequent effects. By ionizations or excitations the 
radiation energy is brought down to the energy level o f molecular bonds, i.e. 
to the 1 —10 eV range. Therefore all further reactions, even the frequent forma
tion o f radicals, will be o f  a ‘chemical’ nature. The spectrum of events will o f 
course be much broader than after reaction o f the same sample with a comparable 
number o f chemical molecules but this has the consequence that any individual 
species of an ensuing product will appear in much lower concentration than in 
the case o f  chemical treatment. This is the reason why irradiation has to be 
considered a process like heating, cooling or microwave treatment rather than 
being comparable to the addition of a chemical compound.

It is the special advantage o f  this process that energy is brought promptly 
and without time-delaying processes (like diffusion) to any part of the irradiated 
volume and that this will lead to a highly homogeneous treatment, wJiich can

1 These considerations are o f course confined to X, gamma and electron rays in the 
energy range below the threshold o f any direct interaction with atomic nuclei, i.e. to those 
types o f ionizing radiation that are used for food irradiation.
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FIG.2, Radiolytic products produced in 1 litre o f  pure water after irradiation with 1 Mrad 
o f  gamma rays. The total amount o f  water affected  is 4.22 mmol.

never be achieved with chemicals. Even heat and cold cannot achieve such a 
level o f  guaranteed homogeneity since physical or chemical inhomogeneities 
can influence their propagation. The only precondition is control o f  radiation 
attenuation in the irradiated matter and the achievement o f a basically homo
geneous dose distribution. This is why dosimetry plays an important role in 
food irradiation.

Turning to the specific analysis o f  radiation chemical effects, one has to 
observe one basic difference. An electron, which will always be the intermediate 
carrier o f energy, can either react within the molecule, which is then finally changed 
(direct effect), or produce another intermediate, mostly in the form o f a radical, 
that moves to any other molecule, which then becomes the site o f final reaction 
(indirect effect). It is evident that indirect effects will play a special role in 
aqueous media and food, which, as it often consists o f up to 50% water, will 
preferably be exposed to indirect effects from radiolytic products o f water.

Figure 2 shows these well-known products in their quantitative amounts 
compared with the volume o f irradiated water (in accordance with Eq.(2)).
There are oxidating and reducing agents, OH being the most active and ejq 
the most specific. It can be assumed that the radiation effects in other solvents 
are o f a similar nature.

Direct effects have mostly been studied in dry crystalline samples o f the 
compound under consideration. Extremely high G-values (up to 60) have been 
observed in crystalline carbohydrates. However, this can hardly be representative 
for the situation in natural food items. Recent studies have therefore concentrated 
on deep-frozen preparations to select the direct effects. It is necessary to mention 
that, in addition, the absorbed energy inside a macromolecule migrates from the 
site o f  absorption to the ‘weakest’ point for action and that these processes follow
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FIG.3. E ffect o f  temperature on the ‘direct’ action o f  ionizing radiation [ J ] .  +  polyisobutylene 
energy per break (gamma rays); о inactivation o f  vacuum-dried bacteriophages (50 kV  X-rays);
• inactivation o f  lyophilized bacteriophages (50 kV  X-rays); □ inactivation o f  red-cell catalase 
(3.7  MeV deuterons); ■ inactivation o f  red-cell catalase (1 MeV deuterons).

completely the Second Law o f Thermodynamics. In general, our knowledge o f  
direct radiochemical effects is more incomplete than that o f the indirect ones.

There is a comprehensive literature on the radiation chemistry of those 
substances that play a major role as food components, preferably on proteins, 
carbohydrates, lipids and vitamins. Two valuable compilations o f this literature 
exist [1 ,2 ], from which all detailed information can be taken.

The overall conclusions o f both reviews can be summed up to state that all 
the radiolysis products identified up to now have been reported to occur naturally 
in a wide variety o f commonly consumed foods. No radiolysis products have 
been found in concentrations considered to be o f toxicological significance.

Of course most results have been obtained either in isolated substances 
occurring in food or in mixtures o f such components that are not yet the complete 
food item. Therefore there is still some uncertainty about the mutual influence 
of the various food components in their natural composition. As will be seen in 
the next section, competition of various chemical compounds will mostly lead to 
reduced yields of the individual substances as compared with irradiation of less 
complex systems. Nevertheless, more work remains to be done on possible 
synergistic effects.

MODIFICATION OF RADIATION ACTION

The effects o f ionizing radiation in matter and especially in living material 
can be influenced by a number of factors such as temperature, irradiation dose 
rate, oxygen and other environmental factors. Having in mind that in food 
irradiation special biological effects should be achieved and accompanying radio
chemical effects should be kept as low as possible, the role o f  these modifying 
factors should be discussed.
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FIG.4. Survival o f  E. coli after X-irradiation under oxygen and anoxia. In both cases plating 
on two different media, ‘O’ and ‘D\ is compared. The dotted curves give the ratios o f  the 
surviving fractions on medium ‘O’ in relation to medium ‘Z) ’ [5 ].

Nearly all biological effects have a positive temperature coefficient, i.e. 
the dose needed for a special effect can be kept lower if  the sample is at a 
higher temperature. This is well known and easily understandable for indirect 
effects. As these effects play a major role in aqueous systems, they will be 
eliminated at temperatures below the freezing point o f water. Direct radiation 
effects also very often show strong temperature-dependence, which, moreover, 
continues in the range below 0°C, as can be seen from Fig.3.

The elimination of pathogens will therefore usually be more efficient if  the 
irradiation is performed at somewhat higher temperatures. Bors [4 ] showed that 
complete prevention o f mycelial growth o f wood-destroying fungi can be achieved 
with 3 to 4 times lower irradiation doses if  the temperature during irradiation is 
increased from 20 to 30°C.

Radiochemical processes are mostly much less temperature-dependent, 
if at all. In general, therefore-, irradiation o f food can be performed at as high 
a temperature as is suitable for the product. In addition, after irradiation the 
product should not be kept at unnecessarily low temperatures, at least for some 
time, to permit complete decay o f induced radicals. There may of course be 
exceptional cases where this rule cannot be followed, especially if there is a 
danger o f  the development o f  volatile compounds by irradiation.
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fi -  C a r o t e n e  c o n c e n t r a t io n  (  /j m o l  )

FIG.5. Radiostability o f  (S-carotene in different solvent combinations([2 ],p. 191 ).
-----------  irradiation at 50 k r a d ; --------- irradiation at 100 krad; л  benzene/methanol 3 :1
by vol.; о  benzene/methanol 1 :1  by vol.; □ benzene.

It can also generally be said that for nearly all radiobiological effects 
irradiation at low dose rates is less efficient than at high dose rates. This is 
mainly due to repair processes, as well as to some other recovering phenomena.

Radiochemical reactions are mostly dose-rate independent. Some exceptions 
do exist, especially if a substance like 0 2 is involved and has to be replaced after 
consumption by diffusion. Anyway one can say that,in general, high dose rates 
should be recommended for food irradiation.

Oxygen also favours most radiobiological effects, at least when low-LET 
radiation is used. This is exclusively the case in food irradiation. On the other 
hand, oxygen also plays a strong role in most radiochemical reactions and should 
therefore be avoided as.it leads to undesirable products. Alkylating radicals are 
produced in greater amounts in various biological materials if  oxygen is present. 
Formaldehyde has only been observed after irradiation of carbohydrates where 
oxygen was present.

There are many arguments that make it desirable to irradiate food for 
preservation under anaerobic conditions. Unfortunately, this may be difficult 
for economic reasons, but at least an attempt should be made to reduce the 
oxygen content during irradiation o f those items that are especially sensitive 
to this factor.

Oxygen is only one o f the environmental factors that have a strong impact 
on radiation effects. Figure 4 shows that bacteria react differently not only in 
an oxic or anoxic condition but also to the type o f medium to which they are 
exposed after irradiation. The strong influence o f the solvent medium on the
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FIG.6. Relative concentrations o f  volatile components produced as a function o f  radiation dose 
in b e e f irradiated at -1 8 5 ° С ([2], p .103). X total; о  sulphur compounds; □ hydrocarbons; 
д carbonyls; +  alkylbenzenes.

radiation sensitivity o f a vitamin is shown in Fig. 5. This is only one o f numerous 
examples o f the general tendency that a more complex environment decreases 
the radiation degradation o f macromolecules.

The interaction o f various components in an irradiated sample may be based 
on one or more of the three well-known mechanisms o f competition, protection 
and sensitization. Whilst sensitization by environmental factors o f substances 
that have been irradiated as isolated components has practically not been observed 
in food irradiation experiments, competition and protection seem to play a major 
role. A worthwhile task for future research would be to analyse in specific and not 
too complicated systems which o f these mechanisms prevails.

As the concentrations o f radiolytic products are mostly very low at those 
doses that are used in practice, many experiments have been performed with 
considerably higher doses to find the effects at lower doses by extrapolation.
A good example is the measurement of volatile components produced in irradiated 
beef (Fig.6). In this, as in all other cases, linear extrapolation to low doses is 
applied. It can be assumed that this extrapolation gives data that are on the safe 
side, as the trend o f the individual curves shown in Fig.6 might be more towards 
a lower slope in the low dose range. In fact, it could be that competition and low  
doses have a stronger effect than in the high dose range, but, as in radiation protec
tion, it should be strongly recommended to rely more on linear extrapolation of 
data.
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CONCLUSIONS

In view o f the basic considerations given above, some proposals for future 
research might be suggested.

Special interest should be devoted to radiolytic products o f carbohydrates 
as the danger of producing cytotoxic substances like malondialdehyde seems to 
be slightly higher in these food components that in others. The role o f direct 
effects might be especially studied in dry frozen carbohydrate samples.

Though a degree o f degradation products o f enzymes is very well known, 
more research might be done on the nature of the degradation products.

Research on radiolytic products has been very broad up to now. It might 
be reasonable not only to look what can be produced at all, but to search especially 
for toxic or mutagenic compounds like, e.g., alkylating agents. The present know
ledge o f  radiation chemistry might make it possible to investigate whether such 
products can be produced by radiation of food matter at all.

It has proved reasonable to compare reaction products after irradiation 
with those that can be observed after heating. Very little attention has been 
paid up to now to possible toxic products after deep freezing. Decay of complex 
chemical compounds by cooling down to — 18°C cannot be excluded and recombina
tion during rewarming does not necessarily occur. The risk o f radiolytic products 
in irradiated food should also be compared with the risk o f toxic substances being 
developed in naturally spoiled food.

It may be worthwhile to investigate whether, based on the present knowledge 
of radiation chemistry o f food components, some general rules o f interaction can 
be derived that permit the development o f a computer program to calculate the 
concentrations o f products produced in foods o f known composition. Though 
this might only be a rather rough approach, it could help to find out which 
critical experiments should still be performed.

It seems evident that any research on the radiation chemistry o f food compo
nents will also broaden our knowledge o f food behaviour in general. Such research 
should therefore be considered as a valuable contribution towards a scientific 
discipline that certainly needs more interest in our time than it has obtained up 
to now, namely nutrition science. The research done in relation to food preserva
tion by irradiation may thus play a similar pioneering role for nutrition science 
to that of radiobiological research in the field of general research on the 
environment.
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DISCUSSION

R.S. KAHAN: Differences in radiosensitivity between foodstuff and micro
organisms causing decay are unfortunately not very great. Damage occurs notably 
in most fresh fruits and vegetables, which are organisms still in the live state, and 
especially to their texture. Loss o f textural integrity has limited the number of 
items that can be usefully irradiated. Apples and many pome fruits, bananas and 
citrus fruits are all close to the border line. Even some radiosensitive onion 
varieties are damaged at doses 2—3 times higher than that needed for sprout 
control and this may lead to increased rot during storage.

H. GLUBRECHT: It is true that the discrimination in the case o f  some 
fruits is not as favourable as for example with the irradiation o f cereals. However,
I believe that it might be possible to improve matters by adjusting the irradiation 
conditions, i.e. finding the optimum combination o f temperature and dose rate.

J.-F. DIEHL: Did I understand you correctly to say that in practice one 
cannot irradiate food in the absence o f oxygen? If you really meant this, I 
would not agree with you. Especially with fat-containing foods it is important 
to exclude oxygen during irradiation and storage. This is possible by using suitable 
packaging — with vacuum or nitrogen flushing. Even if  some oxygen is present 
in the package, this will be quickly consumed during irradiation, so that anaerobic 
conditions prevail as long as the packaging material remains impermeable to 
atmospheric oxygen.

H. GLUBRECHT: I mentioned that anaerobic conditions might be highly 
desirable for many food-irradiation processes, but that complete removal o f  
oxygen might make the process uneconomic. If you feel from your experience 
that this can be done at reasonable cost or by the compromise of limiting oxygen 
availability during irradiation, I would be much in favour o f such a practice from 
the basic radiation chemical and radiation biological points o f  view.

I. A. TAUB: Why have you suggested that special attention be paid to the 
radiation chemistry of, or radiation chemical production of, alkylating agents?

H. GLUBRECHT: Analysis of radiation products has been performed up to 
now simply by registering which compounds can be detected at all. The products 
we need to keep a look-out for in irradiated food are especially those that are 
mutagenic, teratogenic or cancerogenic and such substances are preferentially
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alkylating agents. Therefore it might be quicker and cheaper to look for such 
compounds in irradiated food or food components rather than perform time- 
consuming and expensive animal tests to try and detect mutations or cancerogenic 
effects. Of course wholesomeness tests in mammals must remain the ultimate 
criteria.
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Abstract

THE HIGH DOSE AND LOW DOSE FOOD IRRADIATION PROGRAMMES IN THE 
UNITED STATES OF AMERICA.

Many highly acceptable shelf-stable irradiated food items have been developed in the 
United States of America. The most extensive wholesomeness studies ever carried out on any 
food-processing method continue to indicate that irradiated foods are wholesome.

1. INTRODUCTION

Twenty-four years ago, on 8 December 1953, President Eisenhower made 
his plea for “Atoms for Peace” . Addressing the General Assembly of the United 
Nations, the President proposed a “way by which the miraculous inventiveness of 
man shall not be dedicated to his death, but consecrated to his life”. To this end, 
he proposed the creation o f an international agency, the International Atomic 
Energy Agency, to advance the peaceful uses o f atomic energy. On that occasion 
Professor Niels Bohr, who had played a key role in the development o f the 
atomic and nuclear sciences and who had worked for free international flow of 
scientific information, gave my class at his Institute a day o ff after briefing us on 
the significance o f the President’s plea. He did this, he said, so we would remember.

“Atoms for Peace” opened a new horizon. In the food industry, the largest 
industry in the world, the tools o f this new science were to help us breed new 
and better plants, help us understand better how plants utilize fertilizers, and help 
us preserve the food we had produced through our labour. With respect to food 
irradiation we should recall US Congressman Melvin Price’s words in May 1955:
“I would like to suggest that we keep in mind what these developments could 
mean for the alleviation of food shortages in areas o f the world which lack 
adequate modern transportation and refrigerated storage facilities” [1].

15
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In the gloom o f today’s energy crunch Congressman Price’s words are more 
pertinent than ever before. Many o f our preservation methods are energy- 
demanding and are becoming increasingly expensive to maintain in the developed 
countries, and these methods are even more costly to introduce in the developing 
countries. This evolution o f our technology foreshadows grave times, because 
the availability of food and the ability to preserve it and free it from pests and 
parasites are the prerequisites for good health for every child and every adult and, 
therefore, basic to civilization. Food irradiation will not solve all our problems. 
Food irradiation will not replace the now widely used techniques o f food 
processing. But it will add to the choices we have. Food irradiation will take its 
place when and where it can produce nutritionally superior products, when and 
where it can ease storage and distribution problems, when and where it can 
improve the public health by reducing the hazards of foodborne disease and when 
and where it is preferred by consumers because of lower cost and improved quality.

2. TWO PROBLEMS OF FOOD IRRADIATION

2.1. Irradiation: An additive or a process?

The US Food Additive Amendment of 1958 to the Federal Food, Drug, 
and Cosmetic Act [2] defines food irradiation as an additive and “deems inten
tionally irradiated foods to be adulterated unless such use o f irradiation has been 
cleared for safety by regulation”.

It was reasonable for US legislators in 1958 to define food irradiation as an 
additive since the question o f induced activity in irradiated foods had not been 
resolved. At that time serious consideration was being given to the use o f high 
energy (24 MeV) radiation potentially able to transform nuclei and produce 
radioactivity. The radiation now proposed for use neither induces radioactivity 
nor transforms nuclei. Its use can be considered a physical process. The admini
strators o f the law continue, however, to follow procedures valid if irradiation o f  
food is considered an additive, rather than a process.

2.2. Radiation and the public

Radiation is used beneficially in many fields. It is used in the medical field 
to diagnose and treat cancer, it is used extensively to sterilize medical equipment, 
it is used to polymerize and crosslink plastic, and it is used to cure paints and many 
other items. More publicized, however, are the harmful effects. The word radiation 
conjures up thoughts of atomic bombs, fallout, cancer and genetic defects. The 
public (including many scientists) fails to distinguish between radiation effects on 
living things and on food. For this reason it is rather easy to excite the public and
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make headlines with experiments showing detrimental effects, even if the experi
ments are of little relevance or are based on erroneous treatment o f the data. 
Well-established business enterprises and public institutions are sometimes reluctant 
to risk investment in radiation processes even when considerable business advantage 
or public benefit would be derived from the use o f radiation.

3. WHO SHOULD DEVELOP FOOD IRRADIATION AND PROVE
WHOLESOMENESS?

Traditionally, the American free enterprise system researches and develops 
food processing and preservation methods. Animal testing for clearing a simple 
chemical compound as an additive to food is manageable by industry. But the 
“additive” food irradiation evades identification. We can search and search for 
20 years without finding any harmful effects and then be told that maybe we 
did not search in the right place, that maybe we did not look in the right way, 
that maybe we did not look hard enough, that maybe carrot cells that grew 
normally in neither heat-sterilized nor irradiated-sugar solutions were an indication 
that irradiated meats were unsafe. The extent of testing required to obtain Food 
and Drug Administration (FDA) clearances has become difficult to predict. A 
clearance is not a licence for a single person or a single company to preserve its 
own product. All who comply with the regulation are authorized to use the 
process. A company investing in the work needed to obtain clearance would not 
necessarily have a competitive advantage. For these reasons and for those 
mentioned in section 2 above the American food industry shuns expenditures for 
obtaining FDA approval. After all, industry does not need irradiated food.
Business concerns itself largely with the distribution of market shares. Business 
is concerned primarily with profit. If food irradiation is to be exploited for the 
benefit o f all people, public expenditures are needed to clear the food, government 
controls must be minimized, and free flow in the distribution of food must be 
facilitated through international acceptances.

In the USA the National Academy o f Sciences Advisory Committee 
recommended on 27 May 1953 that the Department o f the Army take on the task 
to: “correlate and support research in this field” . The Department o f the Army 
was probably recommended because during World War II it had acquired significant 
capabilities in food processing and technology research and development. The 
Army food and nutrition laboratories co-operated closely with other agencies of 
the Government and in particular with the Atomic Energy Commission (USAEC), 
which supplied sources and radiation technology. The National Food Irradiation 
Program was monitored by the Subcommittee on Research and Development of 
the Joint Committee on Atomic Energy, Congress o f the United States. In the 
sixties USAEC activities in the food irradiation programme went well beyond
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assistance in source development and irradiation technology in that the USAEC 
had the responsibility for all low dose (<  10 kGy) applications. Since 1970 USAEC 
activity has been limited to its support o f the International Food Irradiation 
Project. The National Food Irradiation Program conducted by the Department 
of the Army continues, as it was in the fifties, to be oriented toward national 
needs including civilian needs. At present its mission is to develop food irradiation 
technology, to establish the wholesomeness o f radappertized meats and poultry, 
and to eventually transfer the technology to private industry.

4. THE COMPONENTS OF PRESERVATION

If not preserved, food will spoil, lose its nutritional quality and become 
toxic and inedible. Food must be preserved to store it in times o f abundance for 
use in times o f shortage and to make possible its transportation from areas of 
surplus to areas o f scarcity. The ability to preserve food is at the root o f the 
evolution o f civilization. In early history the principal crops were wheat and 
barley that, when dried, could easily be stored and transported. Sheep and other 
animals, which could be slaughtered when needed, served as another method of 
storing food.

Human history has taught us to select from nature foods that are reasonably 
adequate nutritionally, fairly free from toxins, and do not cause much cancer, 
genetic effects, birth defects or other anomalies that could seriously limit survival 
and reproduction. Scrupulous observation and Darwinian selection have taught 
us sophistication in these matters. We must require that any food preservation 
method retain these qualities. We, therefore, require that:

(a) Nutritional quality be retained
(b) The food is free o f pathogenic and spoilage organisms and their toxins
(c) The food is free o f chemical compounds causing:

(1) toxic effects
(2) cancer
(3) genetic changes
(4) birth defects.

5. RETENTION OF NUTRITION AND FREEDOM FROM PATHOGENS

In the early days spoilage by microorganisms and insects was usually the 
major factor limiting storage stability o f food. But there is much more to preser
vation. Food free from microorganisms will often break down because o f enzy
matic and oxidative reactions. While radiation is very effective in killing micro
organisms, it causes only minor chemical changes so autolytic and proteolytic
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TABLE I. 54 FOODS TESTED ON HUMANS IN 
THE SHORT-TERM TOXICOLOGICAL STUDIES

11 meat items

Bacon 
Corned beef 
Ground beef 
Beef steak 
Chicken

5 fish items 

Cod
Haddock

9 fruit items

Dried apricots 
Cherries
Dried fruit compote 
Melon balls

14 vegetable items

Asparagus 
Green beans 
Lima beans 
Beets
Brussels sprouts
Cabbage
Carrots

9 cereal product items

Bread 
Crackers 
Cereal bar 
Flour

6 miscellaneous items

Dessert powder 
Powdered whole milk 
Peanut butter

Chicken stew 
Frankfurters 
Ground ham 
Ham steak 
Ground pork 
Sausage

Salmon
Slirimp
Tuna

Oranges 
Orange juice 
Peaches 
Dried pears 
Strawberries

Cauliflower
Celery
Coleslaw
Mushrooms
Peas
Sweet potatoes 
White potatoes

Macaroni 
Nut roll 
Pound cake 
Rice 
Corn

Pineapple jam 
Strawberry jam 
Sugar
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TABLE II. 22 FOODS TESTED IN LONG-TERM 
TOXICOLOGICAL STUDIES DURING 1956-1965

Animal products

Ground beef 
Beef stew 
Chicken 
Chicken stew

Seafood items

Cod Shrimp
Tuna

Vegetable items

Green beans 
Cabbage 
Carrots

Fruits

Fruit compote 
Pineapple jam

Cereal

Flour Corn

enzymes are left fairly intact even at high doses. To obtain the greatest retention 
and stability of nutrients, it is usually preferable to use a combination o f irradiation 
and mild heat treatment (70°C), drying, refrigeration or freezing. In addition, it 
is often important to inhibit or prevent oxidative reactions. This may be done by 
packaging under vacuum. The technology for stabilizing meats this way is steadily 
being improved at our laboratory and has resulted in many meat items that retain 
their nutritional quality, are stable at room temperature for extended periods of 
time, and are completely free o f pathogens. This work has been described 
elsewhere [3—9].

6. WHOLESOMENESS

After developing technology that retains nutrition and eliminates pathogens, 
the food must be tested for chemical compounds causing toxic effects, cancer, 
genetic changes and birth defects.

The first phase was to carry out short-term toxicological studies using 
animals. No toxic effects whatsoever have been found using animal species.

Peaches
Oranges

White potatoes 
Sweet potatoes

Pork loin 
Bacon 
Dried eggs 
Evaporated milk
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TABLE III. KEY FEATURES OF THE TOXICITY 
AND CARCINOGENICITY STUDIES ON 
RADAPPERTIZED BEEF

1. 30 dogs, 140 rats, 150 mice per group

2. Five groups

a. 100% basal diet (CGN)

b. 35% enzyme-inactivated beef, stored frozen (CGF)

c. 35% thermally sterilized beef (F0 = 5.8) (CGT)

d. 35% gamma-ray radappertized beef (TGCO)

e. 35% electron radappertized beef (TGEL)

3. Comparisons

a. CGN — husbandry and management indicator

b. CGF and CGT versus TGCO and TGEL

TABLE IV. BREEDING PROGRAMME AND GENERATIONS 
IN THE TOXICOLOGICAL AND CARCINOGENIC STUDIES 
ON RADAPPERTIZED BEEF3

Rodent generations*1 Dog generations0

1 2 3 4 1 2

a F0 generation is derived from stock animals fed the respective diets prior 
to conception and through weaning of the F0 generation. 

b F0 generation maintained on study for 2 years.
0 F0 generation maintained on study for 3 years.
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TABLE V. GENERAL PARAMETERS OF THE 
TOXICOLOGICAL AND CARCINOGENIC 
STUDIES ON IRRADIATED BEEF

Growth and body weight 

Food consumption 

Reproduction performance 

Longevity (mortality)

Pathology

Gross and microscopic 

Opthalmoscopic (rats and dogs)

Uiinalysis (dogs)

Semen examination (dogs)

TABLE VI. ROUTINE ANALYSES IN THE 
TOXICOLOGICAL AND CARCINOGENIC 
STUDIES ON IRRADIATED BEEF

Haematology and chemistry

Total and differential cell counts 
Haemoglobin and haematocrit 
Serum protein, albumin and globulin 
Prothrombin time, SGOT, SGPT 
Serum alkaline phosphatase (dogs) 
Serum creatinine (dogs)
BSP liver function (dogs)

Diets

Thiamine 
Pyridoxine 
Ascorbic acid

Fatty  acids 
Calcium

Riboflavin 
Niacin 
Vitamin A 
Vitamin E 
Amino acids 
Phosphorus

Proximate (protein, fat, ash, moisture)
peroxide number, TBA, pH
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TABLE VII. TERATOGENIC AND MUTAGENIC 
STUDIES IN THE WHOLESOMENESS TESTING 
OF RADAPPERTIZED BEEF

A. Teratogenic studies in

1. Albino mice

2. Albino rats

3. Golden Syrian hamsters

4. Albino rabbits

B. Mutagenic studies

1. Host-mediated assay and Ames test

2. Sex-linked recessive test in Drosophila

3. Dominant lethal studies in rats and mice

4. Cytogenic analyses for chromosome abnormalities

a. Micro-nucleus test

b. Canine lymphocytes

c. Rodent bone marrow

TABLE VIII. MAJOR DIFFERENCES OF PROTOCOLS 
FOR RADAPPERTIZED CHICKEN, PORK AND HAM 
FROM THE PROTOCOL FOR RADAPPERTIZED BEEF

I. Mutagenic studies

A. Delete micronucleus test and host mediated assay

B. Add:

1. Cytogenic analysis of testicular cells from males in 
dominant lethal studies

2. Heritable translocation test with mice

II. Toxicological and carcinogenic studies

A. Increase in nutrients and pesticides analysed

B. Same diet groups, but use NIH open formula ration for rodents

C. Data oriented to specific dam of stock generation

D. Comparisons are frozen versus thermal and gamma and electron

E. Increase frozen control group by 50%
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The second phase was short-term feeding studies on humans. Using human 
volunteers, the 54 food items listed in Table I were tested in the years 1955 — 1959. 
Seven 15-day tests were conducted. The caloric intake o f irradiated foods was 
32—100%. A thorough medical examination of the subjects was made. This 
included clinical examination as well as measurement of various physiological 
and biochemical parameters. In no case were there any indications of toxicity 
due to the consumption o f irradiated foods.

The third phase was long-term animal feeding studies to check the toxicity 
and the nutritional quality o f the 22 representative irradiated foods listed in 
Table II. The aim of the long-term feeding studies was to clear food irradiation 
as a process. They were o f unparallelled scope and magnitude. Never before had 
any food-processing method been tested so thoroughly. The protocols were made 
by consulting extensively with a great many specialists from the National Research 
Council and the FDA. FDA scientists were frequently informed and counselled.
In 1965 the Surgeon General’s scientists concluded that [10]:

“Food irradiated up to absorbed doses of 5.6 megarads with Co-60 source 
of gamma radiation or with electrons with energies up to 10 million 
electron volts have been found to be wholesome; i.e. safe, and nutritionally 
adequate.”

The design of the studies was aimed at obtaining a broad clearance for the 
food irradiation process. No toxicity was demonstrated in any o f the 22 items.

About the time the studies were completed and the above conclusion was 
reached, the requirements for testing were changed partly because of the Food 
Additive Amendment o f 1958 and partly because of thalidomide, which, despite 
approval in several countries, was discovered to affect normal foetal growth and 
result in abnormally shortened limbs in the newborn. The thalidomide incident 
was completely unrelated to irradiated foods, but public outrage nonetheless 
called for greater caution in all clearances. A ham petition was submitted on
24 August 1966 but was withdrawn 3 July 1968 because the testing was considered 
inadequate under the new guidelines. The testing had been conducted with pork 
and bacon.

A protocol for new long-term toxicological studies on meats was designed. 
Because ham contained nitrites which were by then suspect, it was decided to 
test beef as the first meat item in renewed wholesomeness testing. A contract was 
awarded in March 1971 and the contractor started feeding animals in the fall of 
1971. The protocol for these studies is outlined by Johnson et al. [11]. This 
study has now been completed, but the contractor has failed to submit a final 
report and has still not evaluated all the histopathological data. Review of 
quarterly reports has not revealed any anomalies and there is no indication that 
the irradiated products are inferior to the control groups.
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In March 1975 the animal feeding studies on beef were proceeding well. A 
decision was, therefore, made to initiate animal-feeding studies on chicken, pork 
and ham. The protocols were similar to the protocol for beef. The major facets 
of these studies are outlined in Tables III to VIII. The contracts were let in 
May 1976 and animals were on the study by the end o f the year. The contractor 
for chicken has done well and the studies are proceeding on schedule. The 
contractor that had both the contract for pork and the contract for the ham has 
failed to manage the contract work properly and the studies must be reinitiated.

7. EXTRAPOLATION AND INTERPOLATION OF WHOLESOMENESS
STUDIES

The studies on beef, chicken and pork represent the major meat items, the 
study on ham represents a cured item, and the pork contains 0.1% white pepper.
At the conclusion o f these studies the intent is to seek clearance for irradiation 
processing o f all meat items; that is, we intend to seek clearance for radapperti- 
zation o f meats as a process. To this end we are conducting extensive studies on 
the radiation chemistry of the meats and the different components of meats.
These studies, discussed by Taub et al. [12] and Merritt et al. [13] at this 
Symposium, will be used not only to support the validity o f extrapolation and 
interpolation but the studies should also support the wholesomeness evaluation 
of the animal feeding studies.

All the radiolytic products detected in the volatiles from beef have been 
evaluated for toxicity by the Select Committee on Health Aspects o f Irradiated 
Beef under the Life Sciences Research Office, Federation of American Societies 
for Experimental Biology. The final report has been received [14]. Sixty-five 
compounds had been identified in irradiated beef by Merritt et al. [13]. The 
Committee concluded that there were no grounds to suspect that the radiolytic 
compounds evaluated in the report would constitute any hazard to health to 
persons consuming reasonable quantities o f beef irradiated in the described manner.

8. LOW DOSE PROGRAMME

The Interdepartmental Committee on Radiation Preservation of Food has 
had four panels o f experts study and review the perspective o f food irradiation in 
the United States o f America and to outline future effort. These panels of experts 
were to clarify problems with present processing storage and distribution, discuss 
alternative problems, and estimate additional work that needs to be done. The 
four panels, one on fruit and vegetable, another on fish and fish products, the 
third on poultry and poultry products, and the fourth on red meats and meat
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products, have had several meetings. The final reports to the Interdepartmental 
Committee on Radiation Preservation of Food from each o f the four panels are 
expected in February 1978.

In the preliminary reports o f these panels it is concluded that the low dose 
irradiation o f food may be used to reduce many chemicals such as pesticides for 
disinfesting fruits and vegetables and for reducing use o f nitrites in meats and 
fish. Hazards from Salmonella and other pathogens in poultry and other flesh 
foods could be reduced significantly. All reports recommend significant increase 
in governmental support for further R&D efforts.
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Abstract

EGYPT’S POLICY CONCERNING FOOD IRRADIATION RESEARCH AND TECHNOLOGY.
The paper reviews current research in Egypt in the field of radiation preservation o f food 

to accumulate the necessary data for drafting Egypt’s policy towards prospects for application. 
Research activities in Egypt have been oriented to solving problems of local economic impor
tance, e.g. inhibition o f sprouting in potatoes, onions and garlic, extension of shelf-life of 
vegetables and fruits, disinfestation of stored grains and grain products, preservation o f meat, 
meat products, fish, fats and oils, and elimination of parasites and microorganisms from animal 
feed. Extensive studies have been performed to determine the lowest radiation level required 
for short-term storage, changes in organoleptic, physical, chemical and microbiological values 
o f irradiated food and wholesomeness studies to give evidence of the safety o f irradiated food 
for human consumption. The paper summarizes Egypt’s national planning for the transfer of 
such new technology, the establishment of the National Centre for Radiation Research and 
Technology to build up the national infrastructure for food irradiation research and application, 
and the formation of a Supreme Committee for Radiation Preservation o f Food. Finally, 
the paper also surveys the locally available irradiators and correlates the design, capacity and 
capital cost against the actual needs of Egypt and the experience acquired.

EGYPT’S CURRENT RESEARCH ACTIVITIES IN THE FIELD 
OF RADIATION PRESERVATION OF FOOD

Egypt is known for its traditionally large vegetable and fruit production 
grown both for local consumption and for export to various Arab, European 
and African countries. According to 1973 statistics [1], the agricultural area 
under vegetables amounted to about 700 thousand feddans1, while the volume

1 One feddan equals 1.038 acres; one acre equals 4 .047 X 1 0 3 square metres.
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o f export o f the principal vegetable fruit items amounted to more than 600 
thousand tons o f rice, 246 o f  oranges, 107 o f potatoes, 95 o f  fresh and dried 
onions, 20 o f  garlic and 10 o f  tomatoes and other fresh vegetables.

Food production in Egypt, as in most developing countries, suffers an annual 
loss o f about 25% due to hot climate and the unavailability of enough refrigeration 
capacity. Conventional methods of food preservation have, however, obvious 
limitations in view o f the loss o f flavour and freshness associated with canning, 
the expensive equipment needed for refrigeration and freezing and the steadily 
rising public opinion against food additives. The use o f ionizing radiation offers 
a fresh approach to this problem.

Extensive research activities into the radiation preservation o f food have been 
conducted in Egypt during the past 15 years with respect to the adaptability of 
the method to the local environment, the optimal radiation doses required for 
specific changes in organoleptic, physical, chemical and microbiological properties 
o f irradiated food, the technology o f  the process and the facilities required for 
pilot-scale experimentation. During the last 3 years a short-term programme has 
been undertaken on the wholesomeness o f  certain irradiated foodstuffs o f particular 
local economic importance in order to ensure their safety for human consumption.

It is not possible in the present paper to give a complete review o f all the work 
done in Egypt during the past 15 years in such a wide field covering an extremely 
broad scope. Only representative papers will be referred to since a complete review 
o f the subject is not intended.

Sprout inhibition in potatoes, onions and garlic

Starting early in the sixties, experimental studies showed that 8—14 krad 
maintained good storability in potatoes [2, 3], 6—8 krad enabled the local variety 
o f Seidi onion Giza 6 to be stored for a whole year [4], and 4 —12 krad inhibited 
sprouting and reduced the percentage o f empty cloves in the Baladi variety o f  
garlic [5].

Irradiation o f garlic bulbs with 12 krad maintained better storability than 
treatment with maleic hydrazide [6], while dose levels o f 5, 10, 15 and 20 krad 
caused changes in carbohydrate content, especially in the total and oligosugar 
contents, deactivation o f a  and B-amylases, polyphenyl oxidase, pyroxidase, 
catalase and ascorbate oxidase, as well as decrease in the glycosides containing 
sulphur. No change could be detected in the concentration o f the sprout-inhibiting 
phenolic compounds [7].

Studying the enzyme activity and carbohydrate content o f irradiated potatoes 
it has been reported that activities o f both alpha and beta-amylases were markedly 
reduced in a dose-dependent manner. The phosphorylase activity was also signi
ficantly reduced up to an irradiation level o f 12 krad, whereas higher dose levels 
caused its activation. The reducing sugar content was also reduced, parallelling an 
increase in sucrose concentration. The starch content was found to be higher in
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tubers irradiated at 18 krad and kept for 45 days under ordinary storage and 
highest in those irradiated at 15 krad and stored at 8°C [8].

In studies o f  the free amino acids and nitrogenous compounds in the Alpha 
variety o f potatoes cystine, arginine, serine, glutamic acid, alanine, proline, tyrosine, 
valine, phenyl alanine and leucine were identified in normal control tubers, 
proline and tyrosine being comparatively higher in concentration. Gamma irradia
tion o f tubers caused increased levels o f  proline, valine, tyrosine, cystine and 
leucine. The nitrogen and protein contents showed a significant decrease, except 
for soluble nitrogen, whose increase was shown to be dose-dependent at the 
ordinary storage temperature of 22°C [9].

Studying the microbial activity and the storage rot development in irradiated 
potatoes, most o f the bacteria isolated were rod-shaped gram-positive, catalase 
producers and spore formers. The microbial load was significantly reduced by 
irradiation, the reduction being dose-dependent. Up to 45 days o f ordinary 
storage there was an initial significant reduction in the fungal count, followed 
later by a progressive increase. Fusarium, Aspergillus, Pénicillium, Alternaría 
and unidentified fungus species belonging to Oomycetes were isolated from 
irradiated potatoes. The first two species proved to be the most radio-resistant. 
Irradiated potato tubers were found to be more sensitive to inoculation with 
Fusarium species and the unidentified fungus species [10].

Early in the seventies Egypt attempted to use for the first time a pre
irradiation treatment o f  potatoes and onions with certain phenolic compounds, 
i.e. salycilic acid [11, 12]. The synergestic effect o f chemicals and irradiation 
produced, at lower radiation levels, a better storability o f  potatoes and onions:
A pre-irradiation treatment with 4000—5000 ppm o f salycilic acid had the result 
that better storability could be maintained for 6 —8 months for potatoes irradiated 
at 8 krad and 12 months for onions irradiated at 3 krad. Studies on the chemical 
properties o f treated potatoes and onions included total proteins, fats, carbo
hydrates, vitamins and the chromatographic patterns o f essential amino acids [13].

Extended studies have been conducted on the synergestic effect o f radiation 
and preharvest chemical treatments using hydroquinone, cinnamic acid, phenol 
and naphthyl acetic acid as compared with maleic hydrazide for sprout inhibition 
and the prevention o f storage diseases [14].

Recently the National Centre for Radiation Research and Technology 
(NCRRT) has formulated an extended pilot-scale research programme on sprout 
inhibition in potatoes and onions [15, 16] with special emphasis on the problem 
o f susceptibility o f  irradiated foodstuffs to fungal infection [17, 18].

Shelf-life extension o f vegetables and fruits

Irradiation o f oranges and grapefruit at dose levels o f  100, 200 and 300 krad 
extended their shelf-life up to 4 weeks without showing deterioration [19].
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However, irradiated fruit showed an increase in peel injury after 5 weeks of 
storage. The gamma irradiation o f citrus fruits (lime, orange and grapefruit) at 
the same dose levels caused slight changes in coloration and a marked decrease 
in acidity and ascorbic acid, while water, ammonium oxalate, pectin fractions, 
pectin esterase activity, total and reducing sugars and amino nitrogen contents 
were increased. The peel o f irradiated fruit showed increased levels of essential 
oil content, water and ammonium oxalate pectin fractions, while protopectin, 
total pectic substances, pigments, chlorophyl A and B, and total carotenoids 
were also increased [20].

Apricots could tolerate up to 100 krad without showing significant changes 
in the nutritive constituents, while their shelf-life was extended up to 20 days [12].

Irradiation o f strawberries at 25 krad and o f carrots at 75 krad controlled 
their post-harvest decay without affecting their organoleptic quality. Their 
microbiological stability was retained up to 12°C storage for strawberries and
25—30°C for carrots [21]. Post-harvest irradiation o f carrots did not dramatically 
affect their chemical composition, i.e. sugars, nitrogen, free amino acids, AIS- 
amino acid and pectin fractions. However,'the storage time was found to affect 
biochemical changes in the irradiated carrot constituents significantly [22].

Other studies have been carried out to investigate radiation effects on fruits 
and vegetables aimed at the extension o f their shelf-life, e.g. tomatoes, peaches, 
grapes, and mangoes [12] or for disinfestation, e.g. dates [23].

Irradiation o f stored grains and their products

Irradiation o f broad beans, Vicia faba, at dose levels o f  0.5 and 1 Mrad 
markedly increased the in vitro digestibility o f proteins and starch [24]. Free 
amino acids showed an increase, whereas the total essential amino acids pattern 
showed no significant change [25]. Irradiation resulted in a shortening o f cooking 
time and improvements in both the organoleptic and the rheological properties.

Lentils were irradiated at dose levels between 25 and 1000 krad. The organo
leptic quality, cooking behaviour and digestibility o f  irradiated lentils showed 
that a dose level o f  400 krad was optimal, improving the cooking behaviour and 
digestibility without affecting the organoleptic quality [26].

Other studies have taken into consideration the changes in the chemical 
composition, rheological properties and bread quality o f  irradiated wheat and corn 
flour. Dose levels o f  25, 50 and 100 krad significantly improved the bread quality 
of wheat flour, whereas higher dose levels decreased the flour protein content, 
wet and dry gluten and increased the gluten absorption and concentration of 
soluble protein and amino nitrogen [27].

Irradiation o f wheat flour with doses o f  0.5, 0.75 and 1 mrad increased the 
length of the polypeptide chains in flour protein through the addition o f amino 
acids, as evidenced by the decrease in free amino acid concentration in the medium
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[28]. The protein solubility and electrophoretic pattern suggest the formation of 
a new polypeptide chain.

Studies on irradiated wheat flour showed that extracted starch was more 
affected by rétrogradation [29]. The amylose fractions increased at the expense 
of amylopectin, whereas oxidation with periodate ions was enhanced.

Recent studies were carried out in Egypt under a national research project 
to evaluate the effect o f gamma irradiation on the technological properties of 
grains [66]. Investigations were also made on barley, maize, broad beans and 
rice [30]. The grains were irradiated with 10, 20, 30, 40, 50 and 60 krad and 
stored for various periods. Chemical analyses were made to evaluate the radiation- 
induced changes in the nutritive constituents o f  the grains.

Irradiation o f com  flour with 75, 500 and 1500 krad decreased the moisture, 
viscosity and free amino acids contents o f the flour and did not affect its total 
protein, amino acids, farinograph or extensigraph characteristics [31].

Disinfestation o f stored grains and products

Studies have been undertaken on the radiosensitivity of most o f  the important 
pests attacking stored grains and their products in Egypt. Among these pests are 
Bruchidius incarnatus, attacking stored leguminous beans [32], the rice moth,
Coreyra cephalonica (Staint) [33], the flour beetle, Tribolium confusum  Duval
[34], the lesser grain borer, Rhizopertha dominica [35], the rice weevil, Sitophilus 
oryzae L. [36] etc. The studies dealt with the relative radiosensitivity o f the 
different developmental stages o f  insects, lifespan o f adults, hatchability o f eggs, 
survival rate, loss in stored grain weight etc. Moreover, the role played by different 
biological and environmental parameters, such as age, temperature and dose level, 
on radiosensitivity has been investigated. Attempts have also been made to benefit 
from the synergistic effect o f fumigation, using methyl bromide, and gamma irradia
tion to achieve better disinfestation with fewer side-effects.

Current studies undertaken in Egypt by the NCRRT are concerned with 
other important pests o f stored grains and grain products such as the Indian grain 
moth Plodia interpunctella and the hump beetle o f  the Gypium spp. [37, 38].

Further studies are being carried out on Sitophilus oryzae, R. dominica,
О. surinamensis, Lotheticus oryzae, Callosobruchus chinensis, Callosobruchus 
maculatus, Sitotroga cerealella, Ephestia cautella, and T. castaneum [65].

Radiation preservation o f meat and meat products

Gamma irradiation at a minimum dose level o f  1.5 mrad extended the shelf- 
life o f  chicken meat up to 4 weeks under refrigeration. Preirradiation salting o f  
the meat reduced the dose required to only 0.8 mrad, resulting in equal satisfactory 
physical, chemical and microbiological properties [39].
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Gamma irradiation at pasteurization dose levels o f 200, 300 and 500 krad 
extended the shelf-life o f lamb meat and sausage up to 45 days under refrigeration 
at 1 —2°C, whereas after 15 days storage the control samples were completely 
spoiled. Radiation treatment did not alter the organoleptic properties o f  sausage, 
whereas the chemical composition started some changes in the soluble nitrogen, 
volatile nitrogen, free amino acids, peroxide value and the free fatty acid content. 
Irradiation redùced the total viable bacterial count and there was a significant delay 
in the period o f rigor mortis o f the freshly killed carcases [40].

Other studies are carried out by the NCRRT on the radiation preservation 
o f camel meat alone or supplemented with soya beans [41 ].

Irradiation of chicken eggs

Low-dose gamma irradiation with 340 rads, either at room temperature or 
under refrigeration, proved to be useful for prolonging the shelf-life o f whole eggs 
up to 2 weeks with no drastic alteration in the chemical composition. Physical 
and chemical investigations o f the proteins, lipids, phospholipids, free fatty acids 
and carotene content o f irradiated eggs were undertaken [42].

Radiation preservation o f fish

In Egypt transport o f fish from landing to distant consumer districts sometimes 
requires several days. The choice o f a suitable treatment for an effective increase 
in the shelf-time o f only a few days would avoid the ill-effects encountered with 
pasteurization or sterilization techniques for long-term storage.

Low-dose gamma irradiation o f the Red Sea sardine Sardinella melanura 
Cuvier with 15 and 23 krad increased the storage life o f fish at 1°C [43]. During 
storage the rate o f increase in pH value, total volatile nitrogen, tyrosine value and 
bacterial count was markedly diminished by radiation treatment and more 
significantly by using the synergistic effect o f  radiation and chlorotetracycline.
The edibility periods, as judged organoleptically, were 4, 8, 11 and 12 days for 
untreated samples, and samples irradiated with 15 and 23 krad or treated with 
chlorotetracycline, respectively.

Other studies on improving the keeping qualities o f the Red Sea fish, sea 
bream (Argyrops filamentosus)  yielded comparable results [44]. Irradiation at
25 to 50 krad before storage at 1°C diminished the rates o f increase in pH, total 
volatile nitrogen, tyrosine value and bacterial count. The edibility period, as 
judged organoleptically, has risen from 3 days for control samples to 5 and 9 days 
for irradiated samples at 25 and 50 krad respectively. The protection factors thus 
calculated were 1.67 and 3.00.

In another study irradiation with 15 krad increased the marketing-life of 
the carp Cyprinus carpió speculario. A combined treatment with chlorotetra-
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cycline and gamma radiation at a dose o f  only 5 krad proved to be most efficient 
in retarding the bacterial growth. Treated fish could thus be kept in an acceptable 
condition for up to 25 days as compared with 19, 16 and 7 days for the irradiated, 
chlorotetracycline-treated and control groups, respectively [45].

Current research studies are carried out by the NCRRT on the radiation 
preservation o f brackish water fish from Lake Karoun and fresh water fish from 
the Nile and Lake Nasser on the southern Egyptian borders [46—48].

Radiation treatment o f fats and oils

The deleterious effects o f irradiation on beef fat caul’s at dose levels o f  0.1,
0.3 and 1 Mrad have been investigated [49]. Studies dealt with the physical and 
chemical properties and the biological value o f  irradiated beef fat. Results showed 
increased thiobarbituric acid and fatty acid content with no change in the rest 
o f the fat constants.

In another study [50] the effects of thermal and radiation treatments on 
the physical, chemical and biological properties o f olive oil were investigated. 
Results showed certain changes in specific gravity, refractive index, free fatty 
acids, saponification number, unsaponifiable matters, iodine value, peroxide value 
and thiobarbituric acid value.

Irradiation o f proteins and amino acids

Pure ovalbumin prepared from egg-white was fractionated by the isoelectric 
focusing method. Irradiation o f either ovalbumin or fresh thick egg-white showed 
fragmentation and dissociation o f protein molecules and shifting o f the isoelectric 
point towards more acidic [51].

Gamma irradiation o f tryptophan in aqueous solution showed marked changes 
in the infra-red spectrum [52]. It has been concluded that irradiation of amino 
acids leads to liberation o f ammonia, hydrogen, formaldehyde, alpha-ketonic 
acids and carbon dioxide. These are suggested as responsible for the undesirable 
odour and taste o f certain irradiated foods.

Elimination o f parasites and microorganisms from animal feed

Studies have recently started on the radiation treatment of animal feeds to 
eliminate parasites and microorganisms. Representative batches are being collected 
from various industrial sites o f  animal feeds and investigated for their contaminat
ing parasites and microorganisms [53]. The radio sensitivity o f these parasites 
and microorganisms is to be evaluated in order to adjust the effective exposure 
level that does not induce significant effects on the nutritive value o f the feed.
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Wholesomeness o f irradiated food

A great deal o f evidence on the safety o f irradiated food in general is now 
available. Although this general evidence is quite convincing, it is likely that the 
public health authorities will demand specific evidence o f the safety o f individual 
irradiated foods treated in a well-defined manner [54]. During the past 3 years 
short-term wholesomeness studies in Egypt have concentrated on potatoes and 
stored grains: broad beans, wheat, corn and rice irradiated at various dose levels 
between 10 and 60 krad for sprout inhibition and grain disinfestation. The 
experimental animals used in the wholesomeness studies were rats, rabbits and 
chicken o f both sexes.

These studies included : ( 1 ) clinical examination o f the general appearance 
o f the animal, motion, pulse and respiration rate, temperature and body weight;
(2) biological studies on food consumption and utilization, excretion, sexual 
desire, reproductivity, lifespan, carcinogenicity, tetragenicity, organs weights, 
dimensions o f alimentary canal and water contents; (3) haematological studies 
on blood film examination, haemoglobin concentration, sedimentation rate, 
coagulation time, red blood cell fragility tests, and electrophoretic pattern of 
serum proteins; (4) biochemical studies on the blood and liver content of protein, 
total lipids, cholesterol, fatty acids, phospholipids, blood sugar and liver glycogen, 
serum enzymes, bilirubin, protein-bound iodine, mineral and vitamin content;
(5) cytological studies on the metaphase chromosomal pattern o f blood leucocytes; 
and (6) the histopathology o f liver, testis and intestine. The results obtained so 
far failed to demonstrate any adverse effects attributable to the consumption of 
irradiated food. The findings are included in five progress reports submitted 
under two research contracts supported by the Egyptian Academy o f Scientific 
Research and Technology [55 ,56].

Recently the NCRRT has been conducting an extensive research programme 
to assess the safety o f radiation preserved meat for chronic feeding o f experimental 
laboratory mammals [57].

Recent radiobiological investigations carried out have proved that the protein 
nutritional status o f the irradiated host influences the magnitude o f organ damage 
and the rate o f its recovery [58]. This is convincing evidence that wholesomeness 
studies on irradiated food carried out in countries suffering protein calorie 
malnutrition should consider the nutritional status o f the society as an important 
parameter in the evaluation o f the safety o f  irradiated food for human consumption. 
This argument has been raised at many international panels and symposia [59—69]. 
The NCRRT has also conducted an extensive research programme on the whole
someness o f  irradiated foods using, besides normal controls, experimental animal 
groups suffering protein-calorie malnutritional disorders [61].

Finally, since current investigations on the synergistic effect o f  chemicals 
and radiation suggest promising possibilities for future application, a test programme
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has been conducted to evaluate the wholesomeness o f certain foods, e.g. potatoes, 
onions and garlic, receiving such a combined treatment.

EGYPT’S NATIONAL PLANNING FOR TRANSFER 
OF FOOD IRRADIATION TECHNOLOGY

In Egypt, as in many other developing countries where the population is 
increasing faster than the supply o f  foodstuffs and where available food is con
sumed soon after production, a short extension in the shelf-life o f the product 
would be sufficient to meet the technological and economic requirements.
Dose levels o f radiation to ensure an effective storage time would certainly be 
lower and thus avoid the undesirable chemical and organoleptic changes often 
encountered through the high levels o f irradiation required for longer storage [43].

For the last decade Egypt has been elaborating principles for providing the 
trained manpower needed for the different disciplines o f food irradiation research 
and technology. Courses have been introduced and activities have been conducted 
in collaboration with specialists from the agricultural and industrial fields.

In 1972, the Egyptian Academy o f Scientific Research and Technology 
formed a National Committee for Radiation Preservation o f Food composed of 
specialists belonging to various scientific and application bodies. The committee 
advises on planning policy in food irradiation research and technology in order 
to ensure co-ordination and to build up the infrastructure among the various 
organizations. Since 1974 the Academy o f Scientific Research and Technology 
has been financing six research projects carried out by the National Centre for 
Radiation Research and Technology in collaboration with concerned universities 
and research institutes: three projects on the inhibition o f sprouting in potatoes, 
onions and garlic [62—64] and three on grain disinfestation [65—67].

Availability o f radiation sources

In Egypt modest cobalt-60 gamma cells o f  a few kilocuries capacity have 
been in common use for food irradiation experiments since 1963. In 1971 Gamma- 
Top was introduced for larger pilot-scale experiments. Late during 1977 an 
industrial gamma irradiator o f 1 megacurie capacity is to be installed, followed 
in 1979 by a 1.5 MeV, 25 mA industrial electron beam accelerator.

From an economic point o f view it has been obvious that big radiation 
sources should perform central irradiation services as multipurpose processing 
facilities in order to justify more significantly the large investment required.
Since the biological shielding constitutes the main capital investment, it has been 
decided to construct a full-scale biological shield o f megacurie capacity, to be
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initially loaded with a moderate source activity which can be scaled up simply 
by adding more cobalt, according to actual need [59, 68].

The initial activity o f the cobalt-60 source in the Egyptian plant is about 
400 kCi. Apart from the principal conveyor used for high-dose applications, viz. 
sterilization o f medical products, another auxiliary conveyor system has been 
installed for use in connection with other sorts o f low-dose applications, viz. fóod 
irradiation. The irradiation box dimensions are 45 X 20 X 60 cm. This is at present 
a compromise for the installation o f independent full-scale food irradiators, which 
cannot be fully utilized since certain challenging research and economic problems 
in this field must first be solved before commercialization.

During 1976 a 1.5 MeV, 25 mA electron-beam accelerator was ordered with 
a contribution from UNDP. It is planned to install and operate the machine 
early in 1979. The machine will be used in R & D activities that include the 
utilization o f electron-beam irradiation for food preservation.

Legislation

Egypt is aware that the governments of many countries have approved 
radiation processing for specific and individual foods. Egypt also is following 
with increasing interest the efforts o f  the international organizations to formulate 
a policy o f international legislation for irradiated food. Furthermore, Egypt is 
also aware o f the problems underlying legislation on irradiated food for inter
national trade. Wholesomeness studies require years to accomplish and both the 
economic picture and certain challenging research and technical problems are 
still to be solved. However, Egypt feels that developing countries with more 
pressing common problems o f food losses and food storage should formulate their 
own policy towards the radiation preservation o f food independent o f other 
countries with sophisticated cold storage capacity.

Egypt is famous for its natural agricultural products. There has been tradi
tional public dissatisfaction with the trend towards a loss o f food freshness and 
the use o f chemical additives in food technology. Nevertheless, the high percentage 
o f food spoilage justifies active measures to introduce reliable and safe methods of 
food preservation. Although no legislation on irradiated foods has so far been 
issued in Egypt, neither for local consumption nor for export or import, never
theless attractive possibilities can be seen in this field o f irradiation technology.
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DISCUSSION

H. GLUBRECHT: You mentioned that in Egypt attention has also been 
paid to the possibility o f irradiated food having different effects on malnourished 
consumers. Could you say something about the results o f your studies on this?

H.M. ROUSHDY: Our studies on protein-malnourished experimental 
animals are still going on and it is too early to present any concrete results.

H. GLUBRECHT: May I draw your attention to the extensive experiments 
performed on this subject at the Bhabha Atomic Research Centre, Bombay, under 
the direction o f Mr. Sundaram.

H.M. ROUSHDY: I am aware o f the studies carried out in India. However, 
at BARC they considered only cases o f nutritional deficiency not involving 
significant pathogenesis, such as marasmus and kwashiorkor, which are common 
in certain areas of developing countries.

K. SUNDARAM: This subject has indeed been investigated in great detail 
in our laboratory and at other establishments in India. Our own studies indicated 
very clearly that malnourished animals fed exclusively on irradiated food for 
extended periods o f time did not reveal any toxicological effects and were in no 
way different from well-fed animals. Data from another laboratory in India have 
confirmed our findings.
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PRESENT STATUS OF FOOD IRRADIATION IN CZECHOSLOVAKIA.
Information is supplied on the Czechoslovak Nuclear Programme in the field o f food 

irradiation. The results of irradiating varieties of potatoes predominating in the CSSR, onions 
and mushrooms are summarized. Attention is also paid to the attitude o f the Czechoslovak 
Health Authorities and to consumer trials. Further tasks towards the introduction o f this 
technology on an industrial scale are discussed.

INTRODUCTION

Research into food irradiation has been carried out for nearly twenty 
years in the CSSR. During this period several studies were completed on the 
technological and economic feasibility o f  this technology and on the whole
someness testing o f  irradiated food commodities [1—5]. These studies included 
the following food items: potatoes, onions, mushrooms, grain, meat and meat 
products, poultry, strawberries, peaches and animal feeds.

We are all well aware that the basic facts connected with the commercializa
tion o f  food irradiation are high investments costs, economic feasibility only in the 
case o f large-scale industrial facilities, and problems with the utilization o f such 
facilities throughout the whole year. Last but not least are problems of the 
acceptance of irradiated food items by the public and the attitude o f health 
authorities towards this method. That the above-mentioned problems must not 
be underestimated is shown by the present situation o f the commercialization 
of food irradiation. So far there is only one industrial irradiation plant for food 
processing operating in the whole world.
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Taking into consideration all these circumstances, it appears that very 
careful and exhaustive investigations on a pilot-plant scale must be completed 
before any recommendation for the construction o f an industrial irradiation 
plant can be given. The commercialization ought to be prepared very thoroughly 
as any failure or breakdown will perhaps be followed by a very considerable 
slowing down o f any further introduction o f this technology.

All the above-mentioned facts have been taken into account in the present 
Czechoslovak Nuclear Programme in this field. Since 1976 our research has 
been concentrated on the irradiation o f those food commodities that are sup
posed to be most suitable for radiation processing in the CSSR, i.e. potatoes, 
onions and mushrooms. Further investigation o f the irradiation o f grain, meat 
and meat products has been abandoned because o f unfavourable results from 
both the economic and technological points o f  view. It is clear that any further 
significant progress may be achieved only by the well-organized co-operation of 
specialists in the field o f  food and radiation technology, agriculture, food 
hygiene and economics. To prepare all the necessary basis for the introduc
tion o f this technology on an industrial scale a team o f researchers has been set 
up to carry out pilot-plant studies during the present five-year plan. Under the 
auspices o f the Czechoslovak Atomic Energy Commission the following insti
tutes are taking part in this project: Nuclear Research Institute, Rez, Food 
Research Institute, Bratislava, Research Institute o f  Agriculture Engineering, 
Prague, Institute o f Microbiology, Czechoslovak Academy o f Science, Prague, 
Potatoes Research and Breeding Institute, Havlickûv Brod, and Vegetable 
Research Institute, Olomouc. The research programme also involves consumer 
trials and the popularization o f food irradiation among the citizens.

This paper gives a survey o f results accomplished during the last two years 
in the CSSR.

IRRADIATION FACILITIES

Pilot-plant experiments were carried out at the Nuclear Research Institute. 
A ROZA gamma source (60Co), which was specially constructed for food pro
cessing in 1971, was used. The volume irradiated was 240 1 at a dose rate of 
1 kGy/h and a dose homogeneity o f better than ± 6%.

POTATOES

Varieties predominating in the CSSR (Blanik, Radka, Nora and Eba) were 
irradiated. These were grown in two parts o f the country: near Jihlava 
(Bohemia), and near Bratislava (Slovakia). Both samples were transported by



IAEA-SM-221/7 45

truck to and from the irradiation plant (about 300 and 900 km). In total 7 t 
of potatoes from the 1976 crop were irradiated.

Losses due to respiration and rotting were evaluated regularly until 
July 1977. During this period the content o f  total and reducing sugars, starch 
and dry matter was also determined. The content o f ascorbic acid was 
followed in raw and boiled potatoes. The results o f  these experiments agree 
with previously published data.

Potatoes were irradiated approximately 6 weeks after harvest at the end 
of November with doses o f  60, 100 and 150 Gy, i.e. the assumed dose range 
for industrial processing. They were stored after irradiation in different condi
tions, one part in boxes with controlled temperature and humidity (10—12°C, 
65% R.H.), the rest in the ventilated potato storage o f commercial organizations. 
From December to February the temperature was between 3—6°C and until 
April the maximum did not exceed 10°C. The humidity was between 65 and 
95% R.H.

The results o f experiments with potatoes stored in commercial storage 
were unsatisfactory. The losses o f  irradiated potatoes of all 4 varieties harvested 
and stored in the Jihlava region were significantly higher than o f the control 
samples. The results achieved in Slovakia were more favourable, although not 
quite satisfactory. An especially high sensitivity to rotting was observed in 
samples irradiated with 150 Gy.

It is possible that last season’s results were influenced by quite atypical 
weather during the vegetation period in 1976. Due to extreme drought during 
the spring and the first half o f summer the tubers ceased to grow. After rains 
in August new tubers began to grow again. Compared with previous years, . 
larger losses o f  potatoes from the 1976 crop were generally observed.

Although it would be unwise to overestimate the results o f one season’s 
experiments, nevertheless, these indicate the great importance o f a very careful 
demonstration of the technological feasibility of potato irradiation on a pilot- 
plant scale.

The suitability o f irradiated potatoes for further industrial processing was 
also investigated. During preliminary evaluations in April pommes frites pre
pared from irradiated potatoes received lower ratings than control samples 
because o f  their uneven colour. With respect to the other criteria such as 
flavour, odour and consistency the quality o f products from irradiated and 
unirradiated tubers was found to be the same. These results agree with data 
published earlier by Grünewald [6].

The State Inspection for Quality o f Agricultural Products has evaluated 
radiation-processed potatoes. This Organization is authorized for food testing 
in the CSSR. In June 1977 a five-member taste panel rated the appearance o f  
fresh raw tubers (varieties Radka and Eba) irradiated with doses o f 60, 100 and 
150 Gy unambiguously higher, as neither sprouts nor shrinkage were observed
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and the tubers retained almost their original consistency. Their appearance 
was nearly the same as at harvesting. Control tubers were faded and shrunk 
and their sprouts were longer than 5 cm.

However, according to other criteria the irradiated samples got a lower 
rating. The taste panel found only a small difference between potatoes irradiated 
with 60 Gy and the controls, but samples irradiated with 100 Gy showed less 
characteristic odour, flavour and consistency. 150 Gy samples received the 
lowest rating. Darkening was clearly observed in the variety Eba irradiated 
with 150 Gy.

ONIONS

Experiments were carried out with the variety Vsetatská, that most culti
vated in the CSSR. Losses due to rotting and respiration were evaluated, together 
with the content o f  ascorbic acid, dry matter, reducing and total sugars. 0.3 t 
of onions were irradiated with doses of 40 and 60 Gy in November 1976, 
approximately 6 weeks after harvesting and stored at 11 —18.5°C.

In June the following losses were found:

Dose Losses due to
(Gy) respiration sprouting

(%) (%)

0 ' 8.6 28.4

40 2.2

60 1.5

In July internal sprouting was observed that caused rotting inside irradiated 
onions. However, this is not o f  great importance as by then onions from the 
new crop are already available.

MUSHROOMS

The influence o f ionizing radiation on cultivated mushrooms Agaricus 
bisporus (Lange) Singer was studied. Fruit bodies o f mushrooms o f the white 
strain MS-13-6 were irradiated in polyethylene bags and stored at different 
temperature and humidity. The degree o f  damage to the fruit bodies was 
evaluated according to the method used in phytopathology [7]. The activity
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of proteases was followed with the method described by Stanëk et al. [8]. In 
agreement with Staden [9], doses in the range o f 1.5 to 3 kGy were found to 
be most suitable for prolonging the shelf-life o f mushrooms. The caps remained 
closed and their quality did not significantly change during storage. After 
irradiation no damage was observed even when artificially contaminated with 
spores o f  the fungi Mycogona perniciosa Magnus and Verticillium malthousei 
Ware. After irradiation with 2 kGy the number o f epiphytic microorganisms 
decreased.

This year (1977) 0.5 t o f mushrooms were irradiated. Their quality was 
consistently better after storage than that o f  the control samples. Irradiated 
fruit bodies stored at 2°C were edible even after 20 days o f storage, their shelf- 
life at 15°C was 7—14 days. If stored at 24°C there was nearly no difference in 
the rotting observed between irradiated and unirradiated mushrooms. The 
taste panel consisted o f 97 members. The results o f  this panel unambiguously 
confirmed the higher quality o f  the irradiated product. Higher humidity 
improved the effect o f irradiation. The weight losses o f  irradiated samples after 
7 days’ storage at 8°C and 80-100%  R.H. were only 1.5—3%, while they were 
5% in the control samples; at humidities below 80% R.H. the losses were 
significantly higher. The irradiated mushrooms kept the appearance and 
flavour o f fresh ones for a longer time than did the controls. These results can 
be explained by the lower activity o f the enzymatic autolytic system. A 
decrease in activity of proteases was observed after irradiation. This decrease 
was proportional to the dose range, 1—3 kGy.

The respiration o f the mushrooms was also measured. The results show 
that respiration is inhibited after radiation treatment; this phenomenon may 
be the cause o f the lower weight losses observed in irradiated mushrooms.

The irradiation o f  oyster mushrooms (Pleurotus ostreatus) was also 
studied. Oyster mushrooms are thought to be suitable for cultivation on a 
commercial scale and the initial experiments have already been successfully 
carried out in the CSSR. However, any further increase in their production is 
hindered by the spores that are released in large quantities during transport 
and cause allergy diseases in the handling personnel. The irradiation o f  oyster 
mushrooms gave the surprising result that spore production is inhibited by 
doses o f  over 1 kGy.

PUBLIC HEALTH ACCEPTANCE

Following applications submitted by the Food Research Institute in 
Bratislava to the Ministries o f  Health, the Chief Sanitary Inspectors o f  the Czech 
Socialist Republic and the Slovak Socialist Republic issued in 1976 clearances
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for the radiation processing o f potatoes (10 t/a, 100 Gy), onions (2 t/a, 80 Gy) 
and mushrooms (2 t/a, 2 kGy) for sale and human consumption.

This decision by the health authorities was based not only on the recom
mendations o f  the FAO/IAEA/WHO Expert Committee on the Wholesomeness o f  
Irradiated Food but also on results achieved in the Centre for Food Hygiene and 
Nutrition of the Institute o f Hygiene and Epidemiology. The wholesomeness 
o f irradiated foods has been studied in this research institute under the Czech 
Ministry o f Health for about twenty years as part o f the Czechoslovak Nuclear 
Programme.

CONSUMER TRIALS

Before the first consumer trials, which took place in June 1976, steps were 
taken to popularize food irradiation through the mass media. Jointly with the 
Federal Ministry o f Investments and Technical Development the Czechoslovak 
Atomic Energy Commission convened a press conference on food irradiation.
A small exhibition o f irradiated products was organized simultaneously. During 
the press conference dishes prepared from irradiated and unirradiated potatoes 
and mushrooms were served. In this way the journalists present were able to 
compare the quality, appearance and flavour o f irradiated and unirradiated foods.

As the press conference was convened in March when potatoes and onions 
only begin to sprout, we simulated the situation that normally occurs in a great 
number o f households after buying potatoes and onions at this time o f year.
Two weeks before the conference the potatoes and onions were taken from 
storage and kept at room temperature for the period. The effect o f  radiation 
treatment was quite evident as the unirradiated products had sprouted in the 
meantime.

The attitude o f the journalists present was quite positive. After initial 
hesitation influenced partly by insufficient and partly by incorrect previous 
information they were convinced that the radiation treatment o f potatoes, 
onions and mushrooms is safe for human consumption.

This press conference proved to be a very effective means o f popularizing 
radiation preservation o f foodstuffs. Short reports appeared in all important 
Czech dailies and on the wireless and detailed information was given in several 
large journals.

We can assume that this press conference positively influenced the consumer 
trials. In the course o f these trfels irradiated potatoes were served for lunch in 
two works canteens. The total quantity o f potatoes processed for this purpose 
was approximately 500 kg. A further 500 kg o f  mushrooms were supplied to a 
greengrocers. In accordance with the legislation, all <he products were labelled 
as treated by radiation;
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No problem was encountered during the consumer tests. It is estimated 
that about 700 people ate irradiated potatoes in the course o f  these trials.
315 o f  them took part in the inquiry and only 24 respondents preferred the 
chemically treated product. Taking into consideration that this was the first 
consumer test and a large group o f those replying appeared to be unfamiliar 
with food irradiation, the results o f this inquiry seem to be encouraging, at 
least as far as the acceptance of food irradiation by the public is concerned.

CONCLUSIONS

The results o f  the Czechoslovak Nuclear Programme in the field o f food 
irradiation have proved our assumption that it is necessary to verify carefully 
all results under laboratory conditions by pilot-plant experiments before the 
technique can be introduced on an industrial scale.

Differences between experiments on a pilot-plant and a laboratory scale 
have been encountered in the case o f  potatoes. The worse quality and higher 
losses due to rotting after irradiation with 150 Gy have thrown doubts on the 
suitability o f this dose for the inhibition o f  sprouting in potatoes.

During the coming season more detailed attention will be paid to studying 
the effect o f doses in the 100—150 Gy range. It is evident that rotting causes 
more serious losses than sprouting, especially when we consider the possibility 
of disseminating microorganisms that cause rot.

Considering that the economic feasibility will be decisive for the further 
fate o f food irradiation, the present Czechoslovak Nuclear Programme in this 
field is focused on solving the most essential questions in this respect. The task 
is in no way easy or simple. When determining the optimum economic dose 
range it is necessary to take into account the following factors:

(1) The dose distribution in the appropriate container (that to be used 
for industrial processing)

(2) Total losses during storage after irradiation with that dose distribution
(3) Difference between the quality o f  irradiated and unirradiated product
(4) Requirement o f the maximum coefficient o f the source utilization.

Despite the complexity' in optimalizing all these factors, it is imperative 
to accomplish this basic work before taking up the economic side o f the problem 
seriously.

We trust that by well-organized research Czechoslovakia will successfully 
contribute to the accomplishment o f this task.
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DISCUSSION

D.A.E. EHLERMANN: You mentioned higher losses due to rotting of 
irradiated potatoes and attributed this effect to the high dose o f 150 Gy. What 
was the dose distribution in your experiments, and are the dose values stated 
minimum doses? Was the dose distribution narrow enough to be able to 
distinguish between the doses of 60, 100 and 150 Gy? I wonder how a dose 
homogeneity better than ±6% can be achieved in an irradiated volume o f 240 1.

P. HORACEK: The dose range has been carefully checked. The radiation 
facility is equipped with several containers and their total volume is 240 litres. 
The stated homogeneity is achieved by intricate control o f the movement of 
each container around its own axis and with respect to the source.

A. MATSUYAMA: In Japan we observed browning in irradiated potatoes 
o f Japanese variety in the raw state and we now wait about one month before 
irradiation treatment. Have you observed any browning in your irradiated 
potatoes in the raw state or after cooking?
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P. HORÁCEK: We have studied darkening in potatoes only after cooking.
P. THOMAS: We have observed after-cooking darkening in several Indian 

potato varieties following exposure to a dose o f 10 krad. This darkening normally 
appears in tubers after a storage period o f three months at 10— 15°C and tends to 
increase in intensity on further storage. The darkening could be reduced in tubers 
stored for a period o f less than six months by ( 1 ) peeling the tubers prior to 
cooking, (2) reconditioning the tubers at 34—37°C for 5—7 days, and (3) by use 
of EDTA or citric acid in the cooking water.

Our results indicate that the darkening is due to the accelerated citric acid 
metabolism on irradiation, creating conditions favourable for the formation of  
an Fe++-phenolics complex which on exposure to air turns into the dark Fe3+- 
phenolics complex. A higher citric acid level and consequent low pH o f the 
tissues prevents this complex formation.

P. HORÁCEK: Thank you very much for this interesting information. 
Unfortunately we cannot use your pre-peeling technique, as our regulations 
require us to evaluate potatoes cooked in the unpeeled state.

K. SUNDARAM: With regard to consumer acceptance o f irradiated potatoes,
I remember seeing a news item on Japanese experience of marketing over 
30 000 tons of irradiated potatoes. The impression one got from this report was 
that consumers took to irradiated potatoes rapidly and there were no difficulties. 
Since Mr. Matsuyama is with us, it would be interesting if  he could tell us at 
first hand about test marketing in Japan.

A. MATSUYAMA: I shall be pleased to oblige. The Shihoro Agriculture 
Union in Hokkaido has irradiated about 50 000 tons of potatoes over the last 
three years for commercial distribution and use in its own processing plant.
The quality o f the irradiated potatoes was acceptable after marketing and the 
stock o f irradiated potatoes helped to stabilize prices during the off-season. 
However, in the light of our experience, I would stress the importance o f a 
public information campaign, to demonstrate the safety o f  irradiated food 
products, as a preliminary to commercialization.
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Abstract

FOOD PRESERVATION BY IONIZING RADIATION IN NIGERIA: PRESENT AND 
FUTURE STATUS.

Research into the use of ionizing radiation in food preservation in Nigeria is still in its very 
infancy and most of the work done to date is at the exploratory stage. Such work has, however, 
demonstrated the potential of ionizing radiation in prolonging the shelf-life of yams and, possibly, 
onions. The paper reviews the present status of the use of radiation food preservation in Nigeria. 
The present research programme of the Faculty of Technology, University of Ibadan, which 
includes a wider application of ionizing radiation to fruit and vegetable preservation and grain 
storage, is also highlighted. The primary objectives of this programme are to establish the 
wholesomeness of the irradiated foods and the economics of the process.

INTRODUCTION

Two thirds o f the world’s population are inadequately fed and yet about 
2000 million tons o f food are lost each year as a result o f  poor storage and 
distribution. Most o f  these losses occur in many o f the developing countries 
located in the tropical zones o f the world where the prevailing climatic conditions, 
such as high temperature and high relative humidities, coupled with the high 
incidence of pests and disease make these food commodities very prone to  
spoilage by microbial and physiological factors.

In Nigeria thousands o f tons o f fruits, vegetables, meat and fish are wasted 
each year as a result o f  poor and inadequate storage and handling facilities. Even 
more worrying is the fact that these losses are increasing annually as a result of  
the increasing storage and handling problems now created by changing patterns in 
food consumption habits. As a result o f increased education or sophistication 
coupled with urbanization a lot o f  fruits, vegetables, cereal grains, meat and fish
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TABLE I. PERCENTAGE OF HANDLING AND STORAGE LOSS, WHERE MOST LOSSES OCCUR, MAIN CAUSES a  
AND IMMEDIATE PRACTICAL MEANS OF IMPROVEMENT

Commodity Losses
experienced
(%)

Where most 
losses occur

Main causes Immediate practical means of 
improvement

Plantain 3 5 -1 0 0 Storage and transport Mechanical damage, 
extended transport 
time

Education in handling 
procedures, particularly in 
transit, improve packaging

Banana 2 0 -8 0 In transit Handling in transit Education in handling

Citrus 2 0 -9 5 Collection centres Damage during harvest, 
delayed transportation

Ensure proper harvesting 
methods, use ladders and 
picking containers

Yam 1 5 -6 0 At farm and during 
distribution

Mechanical damage 
during harvest and 
transit, poor packaging

Education in handling 
procedures during harvesting 
and transit

Tomato 2 0 -5 0 Mainly in transit Poor packaging, 
rough handling

Improve handling procedures, 
develop better packages

Pineapple 0 - 7 0 At the farm Overmaturity, 
destruction by pests

Develop better communication 
between producers and buyers 
so that crop is handled at 
optimum maturity

Papaw 4 0 -1 0 0 At the farm Senescent deterioration Marketing and distribution 
needs improvement

O
LO

RÜ
N

D
A

 
and 

A
B

O
A

B
A



IAEA-SM-221/77 55

now feature very prominently in the diet o f the people and the market for fresh 
commodities is increasingly being removed from the rural production centres to 
the urban areas. For example, fresh fruit and vegetables produced in Jos now 
find their way to supermarkets in Lagos, Kano, Ibadan etc., while meat and fish 
produced in Maiduguri are now sold in Ibadan, Lagos, Benin etc. Consumers are 
demanding fresh fruit and vegetables not only during the regular harvesting 
season but also during the off-seasons.

In a preliminary survey o f the storage and handling losses o f fruits and 
vegetables carried out recently in some parts o f  Nigeria by Olorunda and 
Abogunrin [1] (see Table I) losses were shown to vary between about 20-100%  
at one point or another during the storage and handling operations carried out 
at the different stages of the distribution channel.

In an effort to reduce some of the losses highlighted in these surveys, 
attention has been centred on recommendations for immediate practical ways o f  
reducing losses and maintaining quality and on the longer term objectives of 
improving food storage and handling.

This paper reviews some o f the work aimed at the longer term objectives of 
improving food storage and handling with particular emphasis on the preliminary 
work on the use o f  ionizing radiation in extending the shelf-life o f yam tubers in 
Nigeria. Ways o f adapting this technology to commercial application and extending 
its use to other food commodities are also discussed.

PRESENT STATUS OF IONIZING RADIATION IN NIGERIA

Most o f  the reports [2—11 ] o f  work aimed at the longer term objectives o f  
improving food handling and storage did not involve the use o f ionizing radiation. 
Some o f these studies, althrough promising, are still at the test-tube or laboratory 
stages and are only just beginning to enter the phase that will lead to 
commercialization.

Work done in Nigeria over the past 7 years with gamma radiation (from a 
^Co source) [12, 13], however, has shown that complete inhibition o f sprouting 
in white yams (D. rotundata) could be achieved for periods up to eight months by 
the application o f doses o f 7.5 krad and above. The work also showed that treated 
tubers were rated higher in physical appearance, moisture retention capacity and 
palatability. Doses o f  15 krad and above were, however, said to damage the 
internal tissue o f the tubers, thus making such tubers less resistant to microbial 
attack. In a recent study on the effect o f  gamma radiation on the storage life of 
white yams infected with Scutellonema bradys Adesiyan [14] showed that 
dosages between 5 and 15 krad did not eliminate the nematode completely but 
suppressed sprouting and signs o f  deterioration in the tubers. Dosages between



56 OLORUNDA and ABOABA

20 and 30 krad were said to eliminate 70—80% o f the nematode population in yam 
peels. The appearance and taste o f  yams treated with between 7.5 and 15 krad 
were generally acceptable to a panel o f testers.

FUTURE PROSPECTS

In a conscious attempt to feed its teeming population and at the same time 
provide raw material for its food-manufacturing industries, Nigeria is currently 
striving towards self-sufficiency in the production o f the basic food items like 
roots and tubers, fruits and vegetables, cereals and pulses and fish and meat 
products. Furthermore, until these projects come to maturity significant amounts 
of food items like meat and fish, cereals and pulses have to be imported annually. 
For the efficient distribution o f these food items, whether from the rural produc
tion areas or from the seaports inland, an efficient distribution system is essential. 
As part o f an integrated approach towards achieving a solution, a considerable 
breakthrough in the infrastructural constraints has been made in recent times. 
Factors contributing to this are the extension o f the road and rail networks and 
the provision o f water and electricity supplies, particularly in rural areas. Only 
very recently was approval given by the Federal Government for the building o f  
storage structures and facilities all over the country to store cereals and pulses, 
meat and fish and fruit and vegetables. In the efficient storage o f these different 
food items ionizing radiation could play a useful or in some cases an additive role 
to other standard storage techniques like cold storage, controlled atmosphere, 
storage and sprout inhibitors, to mention a few. Areas where the application o f  
ionizing radiation are at present being considered are the following.

1. Inhibition of sprouting in yams

Further investigations are being planned along the lines already initiated 
by Adesuyi and Mackenzie [12]. Emphasis will, however, be directed to the 
following:

(i) Determination o f the optimum dose requirement on an industrial scale 
since the cost o f  treatment will depend very much on the dose required

(ii) Texture studies on irradiated yam tubers
(iii) Examining the irradiated tubers from the standpoint o f toxicology
(iv) Studying the biochemical changes brought about by irradiation
(v) Studying the combined effect o f  temperatures far above the chilling 

temperature range (i.e. 15—20°C) and irradiation on sprout inhibition, 
the objective being to cut down both the radiation dosage and the cost 
o f cooling.
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F IG .l . Proposed flow diagram for yam  and sweet potato distribution.

2. Extending the use o f ionizing radiation on sprout inhibition in Nigeria cultivars 
of onions

3. Irradiation of dehydrated vegetables to improve their rehydration properties

4. Retardation o f ripening in fruits like plantains and tomatoes

5. Extension of the shelf-life of various foods to be distributed and stored at 
refrigerated temperatures

In the present National Cold Storage Development Programme irradiation 
could help considerably to further extend the shelf-life o f  food items like meat 
and fish and fruit and vegetables. This extension in shelf-life will be achieved by 
reductions in the microbial population, surface mould and yeast and the elimination 
of potentially pathogenic microorganisms. The beneficial effect o f this cannot be 
sufficiently emphasized, particularly when one considers the present level o f  
hygiene in the country.

6. Disinfestation o f grains or dried fruit subject to insect attack

This should meet with acceptance in both the strategic and other proposed 
grain storage programmes o f the Federal Government. Irradiation could also help 
to eliminate insects in dehydrated vegetables like yam and plantain, flour and in 
dehydrated okra slices.

CONCLUSION

In conclusion it should be pointed out that many o f the food items mentioned 
in the foregoing paragraphs are o f low unit value. Furthermore, under the present 
system o f production these commodities are not likely to be able to bear the cost 
of irradiation or other modern and sophisticated methods o f storage. In addition,



58 OLORUNDA and ABOABA

the technical and organizational constraints and the paucity o f research information 
on these food items must be taken into consideration. Perhaps the way out is to 
encourage co-operative storage, which fortunately the Nigerian Government is 
already doing, although considerable gaps still exist. A storage system proposed by 
Olorunda et al. for tropical rootcrops (see Fig. 1 ) could also be relevant at this 
stage. In this farmers would bring their produce to centrally located storage 
centres. If radiation storage is advocated, the yams or other food items could be 
collected at these centres, graded and treated with ionizing radiation prior to 
storage and distribution. The cost o f these services could then be deducted after 
the sale o f  these food items and the rest paid to the farmer.

Finally, both the training o f high and intermediate level personnel should be 
embarked upon now to ensure the success o f these programmes.
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DISCUSSION

G.B. NADKARNI: You say that you propose to store irradiated yams 
at 15°C. Won’t you have problems with microbial rot?

A.O. OLORUNDA: What I am proposing is a temperature below ambient 
but not cool enough to inhibit sprouting, i.e. above 15°C but not higher than 
20°C. This is because we now know that a temperature between 12 and 15°C 
alone without irradiation will extend storage life by 6—8 months. You will get 
microbial rot at 15°C if  you start with damaged yams. I think the solution is to 
ensure that the materials entering the storage systems are free from damage, 
cured and o f good quality.

A.S. AIYAR: In the flow-sheet that you have shown, there is no indication 
of the time that elapses, on an average, between harvesting and retailing of the 
produce. What is the normal shelf stability o f the produce without irradiation 
and cold storage?

A.O. OLORUNDA: About one to three months, depending on the initial 
conditions at harvest or whether you are thinking o f losses due to microbial or 
physiological factors. Under normal conditions, assuming one is starting with an 
undamaged tuber, dormancy is not broken until three months after harvest.

K. SUNDARAM: Our experience with potatoes has shown that a storage 
temperature o f  15°C increases rotting, so I am interested to hear that yams can 
be stored at that temperature. As you know, wound healing is affected by 
irradiation. Do you take any special precautions in the handling o f yams during 
harvest and transport, as handling damage can contribute to rotting during 
storage?

A.O. OLORUNDA: I agree that excessive handling during the transit 
operations could further increase storage losses due to microbial and physiological 
factors. Yams are harvested by hand in Nigeria and in most o f the yam-growing 
regions o f  the world largely because they vary so much in shape, thus avoiding 
a lot o f the mechanical damage that would occur if harvesting were mechanized.
By the time yams enter the storage system, we expect them to have been healed 
naturally, since a period o f at least four weeks elapses between harvest and storage.

P. LOAHARANU: In Table I o f  your paper you show the post-harvest 
loss figures for various food commodities. How did you assess these losses — 
by experiment or estimation?

A.O. OLORUNDA: The losses were determined by means o f a survey 
conducted over a period o f two years in the growing areas. I would stress the 
time-dependent and location-specific nature o f this type o f loss estimation and 
also point out that this was a preliminary survey.

S. A. ADESUYI: I should just like to add something to what Mr. Olorunda 
has said. Nigeria produces between 12 and 15 million tons o f yams annually.
40 to 50% o f this is lost in traditional storage after six months. With cold
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storage at 15°C, the losses are reduced to about 18%. It is important to store 
only sound or undamaged tubers to avoid rotting. The yam tubers are irradiated 
about four weeks after harvest to allow time for any wounds on the tubers to 
heal. They are then stored under ambient conditions in the yam barn for eight 
months. This is the only known method o f keeping yams in good condition for 
such a length o f time under ambient conditions. The storage losses are signifi
cantly reduced when compared with the controls.
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Abstract

FEA SIBILITY OF RADIATION PRESERVATION OF POTATOES, ONIONS AND GARLIC 
IN PAKISTAN.

The paper describes a study conducted to explore the possibility of extending the 
storage life o f potatoes, onions and garlic, which pose a serious storage problem in the hot 
summer months. Potatoes o f  the Ultimus and Desiree varieties, stored at ambient room 
temperature ( 2 5 - 4 0 ° C), R.H. 4 0 —50% and irrespective of the treatment, started rotting 
only two weeks after storage began and all the lots were completely destroyed by rot attack 
after a storage period of 12 weeks. The irradiated tubers (10  krad) of both Ultimus and 
Desiree, stored at low temperature (1 4 —16°C) and R.H. 60 —70%, showed complete inhibition 
of sprouting. Sprouting was completely inhibited in irradiated onions (10  krad) stored at 
ambient and low temperature during the whole storage period. The extent of loss due to rot 
attack after 150 days of storage at room temperature was 35 and 36% in control and irradiated 
bulbs, whereas at low temperature this loss was 22 and 15% respectively. Irradiated garlic 
(10  krad), stored at room and low temperatures, showed complete inhibition of sprouting 
up to 6 months. However, the rot attack in control and irradiated bulbs stored at ambient 
room temperature was 46 and 54% respectively. It is concluded that radiation followed by 
storage at 14—16°С is the optimum condition for storing potatoes, onions and garlic in good 
condition for more than 5 months in tropical countries like Pakistan.

INTRODUCTION

The potato is the most important vegetable grown very successfully from 
the seashore o f  Karachi to the snowy mountains o f Kaghan. Three crops of 
potatoes are grown a year over an area of 68 000 acres with an annual production 
of 286 000 tons. Onions and garlic are the most important condiments grown 
widely in Pakistan. The area under onion and garlic cultivation is 58 000 and 
5000 acres with an annual production o f 224000 and 24400  tons, respectively
[H

The storage of potatoes, onions and garlic is a serious problem during the 
hot summer months. They are completely destroyed by rot attack within 4 —6 
weeks if  stored at ambient room temperature (30—40°C). Therefore these
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products are put in cold storages, which increases their price 300—400%. More
over, there are not enough cold storage facilities available in the country to cope 
with the situation.

Radiation has proved to be a potent tool for the extension o f the shelf-life 
o f certain fruits and vegetables. Many investigators have established the possibility 
of controlling sprouting in potatoes, onions and garlic by radiation and have 
proved the superiority of this technique [2—10].

Extensive research has been carried out in several international laboratories 
to establish the wholesomeness o f irradiated foods [11]. The third Joint 
FAO/IAEA/WHO Expert Committee on the Wholesomeness o f Irradiated Food 
held in August/September 1976 in Geneva was able to recommend, on the basis 
of all available data including those provided by IFIP, the unconditional acceptance 
as wholesome of irradiated potatoes, wheat, chicken, papaya and strawberries.
It also gave provisional approval for irradiated rice, fish and onions [12]. A 
number o f countries have given approval for the radiation preservation o f foods 
based on the wholesomeness and consumer acceptability o f the irradiated pro
ducts and feasibility o f the technology.

In earlier experiments in our laboratories lower levels o f gamma radiation 
were worked out for complete inhibition o f sprouting in different varieties of 
potatoes, onions and garlic. The present study has, therefore, been conducted 
to investigate the effect o f antisprouting agents (gamma radiation and CIPC) 
and antifungals (Thiabendazole and Benlate) on the storageability of several 
varieties of potatoes, onions and garlic stored at various temperatures.

MATERIALS AND METHODS

Potatoes of two varieties, Desiree and Ultimus, which were harvested four 
weeks earlier and stored at about 20°C, were procured from the local vegatable 
market. The trials were conducted in the summer months (May to October) in 
the years 1974 and 1975. Twenty kilograms of sound, healthy tubers o f medium 
size were selected for all the treatments in each case. The following treatments 
were given: gamma radiation (10 krad), CIPC ( 10 ppm), TBZ, Benlate,
TBZ + radiation and Benlate + radiation. Potatoes from all these treatments in 
duplicate were stored together with controls at two different temperatures: 
ambient room temperature (25—40°C) and R.H. 40—50% and low temperature 
(14—16°C) and R.H. 60—70%, for a period o f 8 months. Potatoes, onions and 
garlic were irradiated with a dose o f 10 krad in a Mark IV Irradiator with 60Co 
source o f  20 000 Ci. Visual observations o f colour, texture, core condition, rot 
attack and sprouting of all the lots were carried out at regular intervals throughout 
the experiment.
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U l t i m u s  2 5 ° - 4 0 ° C  D e s i r e e
(RT)

S t o r a g e  p e r i o d  (weeks)
F IG .l . Incidence o f rotting in irradiated, CIPC-treated ana control potatoes stored at 

different temperatures. ----  control;---- irradiated;-------CIPC-treated.

Local varieties o f onions and garlic were used in these studies. They were 
procured within one week after harvest and 20 kg o f sound, medium-size bulbs 
were selected for each lot. The irradiated ( 10 krad) and control bulbs were 
stored under similar conditions to those mentioned above for observation o f rot 
incidence and sprouting.

RESULTS AND DISCUSSION 

Potatoes

The visual observations revealed that Ultimus potatoes stored at room 
temperature, started rotting only two weeks after storage began irrespective of  
treatment. All the lots of this variety were completely destroyed by rot attack 
after a storage period of 10 weeks, whereas Desiree tubers were totally spoiled 
after 12 weeks’ storage. The incidence of rotting was not more than 12—16% 
in various treatments o f Ultimus stored at low temperature (14-16°C ) up to a 
storage period of 16 weeks, whereas rotting was not more than 4-5%  in all the 
Desiree lots. The tendency to rot was slightly higher in irradiated tubers than 
in controls. The antifungals had little effect on the control of rot attack.
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Desiree potatoes with different treatments showed more or less the same trend, 
except that rot incidence was clearly less than in Ultimus potatoes at the end of 16 
weeks’ storage. The pattern of spoilage due to rotting in control and irradiated 
tubers is shown in Fig. 1. The microbiological examinations revealed that 
rotting was mainly due to Fusarium and Erwinia spp.

It was observed that rotting increased with increasing temperature in both 
control and irradiated potatoes. In general, irradiated potatoes showed a 
slightly increased tendency to rot during storage. According to some workers 
[13], the percentages of rotted tubers in irradiated lots stored at 12, 20 and
26—32°C were 6—11%, 18—28% and 55—61%, respectively, whereas in controls 
the respective values were 4%, 17% and 59—61%. At lower temperatures, 
though irradiated potatoes showed a slightly higher rate of rotting, the differences 
were not significant. A recent study concluded by Euratom has shown that 
irradiation does not increase rot if healthy, cleaned and well-healed tubers are 
used [14—15]. Moreover, no investigation so far reported in the literature has 
shown the control o f these rot organisms in potato tubers with the help of 
chemicals.

The irradiated Ultimus tubers, stored at 14—16°C, remained unsprouted.
The CIPC-treated tubers showed very small sprouts. All other batches o f this 
variety started sprouting after 6 weeks’ storage. Desiree potatoes showed a very 
similar response as far as sprouting o f the tubers was concerned.

The organoleptic evaluation o f irradiated, CIPC-treated and control 
potatoes o f both varieties, stored at low temperature for 20 weeks, revealed that 
chips and french fried potatoes from irradiated tubers were preferred to those 
from control and CIPC-treated ones.

The effect of gamma radiation on the chipping quality of potatoes has also 
been studied extensively. It has been concluded that there was no detrimental 
effect o f radiation on the chipping quality and colour of the treated potatoes.
In general, the results reported indicate that sprout-inhibiting doses o f gamma 
radiation have no significant effect on the organoleptic properties o f  cooked or 
chipped potatoes. However, varietal effects were more pronounced than any 
irradiation effect (3, 8 ,1 6 —18). It is, therefore, recommended that only those 
varieties should be treated by radiation that have good cooking, chipping and 
storage properties.

Onions

Sprouting was completely inhibited in the irradiated bulbs stored at 
ambient and at low temperature during the whole storage period. Our results 
are in agreement with the observations that a dose o f 5—15 krad used shortly 
after harvest shows excellent sprout inhibition [13]. However, these investigations
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TABLE I. INCIDENCE OF ROT ATTACK IN ONIONS STORED AT VARIOUS 
TEMPERATURES (% rotted bulbs)

Storage period 
(months)

Storage at low temperature 
Control Irradiated

Storage at room temperature 
Control Irradiated

1

2

3 10 5 25 20

4 21 13 29 30

5 22 15 35 36

TABLE II. INCIDENCE OF ROT ATTACK IN GARLIC STORED AT VARIOUS 
TEMPERATURES (% rotted bulbs)

Storage period 
(months)

Storage at low temperature 
Control Irradiated

Storage at room temperature 
Control Irradiated

1

2

3

— -

8

4 - 3 10

5 12 3 7 21

6 18 4 46 54

do not confirm the findings of those that did not report complete inhibition of 
sprouting in onions at a dose level o f 6—15 krad [4].

The incidence o f rot attack observed after 7 5 days o f storage at ambient 
room temperature was about 15 and 10% in control and irradiated bulbs 
respectively. The extent o f  loss due to rot attack after 150 days o f storage at 
ambient room temperature was 35% in‘control and 36% in irradiated onions. 
The pattern o f rotting in control and irradiated onions stored at different 
temperatures is given in Table I. These results are not in agreement with the 
observations reported for a higher incidence o f rotting in irradiated than in 
unirradiated onions after 4 months’ storage at 27—40°C.
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The observations on the core condition o f control and irradiated bulbs 
revealed no significant discoloration. Moreover, rotting in control bulbs was 
nearly the same as in irradiated onions, suggesting that radiation has no effect 
on the incidence o f  rot in onions. However, a higher incidence of rotting was 
observed in controls than in irradiated bulbs, stored at low temperatures. These 
results also contradict the findings where rotting in the bulbs has been attributed 
to radiation [4].

Garlic

Unirradiated garlic started sprouting after 13 weeks and 100% sprouting was 
observed after 23 weeks in storage at room temperature. Irradiated bulbs stored 
at low temperature showed complete inhibition of sprouting up to 6 months. The 
rot attack was 46 and 54% in unirradiated and irradiated bulbs stored at ambient 
room temperature. There was no rot attack in any o f the control and treated 
bulbs stored at low temperature up to 17 weeks in storage, as shown in Table II.

An attempt has been made to compare the economics of various preservation 
methods like cold storage, CIPC treatment and gamma radiation. The cost of 
radiation and storage of potatoes, onions and garlic at low temperature (14—16°C) 
for 5—6 months was estimated as $1.25—1.60 per 100 kg, which is comparatively 
lower than for all other methods.

CONCLUSION

It is concluded that radiation followed by storage at 14—16°С is the optimum 
condition to store potatoes, onions and garlic in good condition for more than 
5 months in tropical countries like Pakistan. The Desiree variety was found better 
than Ultimus for storage under the above-mentioned conditions. Antifungals had 
little effect on the control o f potato dry and soft rot. Gamma radiation was more 
effective than CIPC as an antisprouting agent for potatoes and had no adverse 
effect on the quality of stored products.

The prospects for the radiation preservation of potatoes, onions and garlic 
are very bright in Pakistan and all preparations are being made to adopt this 
technology on a commercial scale.
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DISCUSSION

A.S. AIYAR: In your potato spoilage studies, you have compared radiation 
treatment alone or in the presence of chemical agents (antifungal preparations, 
sprout inhibitors) with the unirradiated controls. Have you compared irradiation 
with the use of a combination o f antifungal agents and sprout inhibitors?
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I. KHAN: Radiation was used alone and in combination with antifungals 
(TBZ and Benlate) to control rotting and sprouting. The antifungals were quite 
ineffective in controlling rot whether used alone or in combination.

P. THOMAS: Does the fact that the chemicals you used in your potato 
experiments — Benlate and TBZ — are antifungal agents mean that you have not 
encountered bacterial rot? I believe that major spoilage in potatoes stored urider 
tropical temperatures, or for that matter even at 10— 15°C, is due to bacterial 
soft rot caused by Erwinia spp.

I. KHAN: It is now known that rotting in potatoes is due to bacterial 
attack. It was formerly thought that if some fungi also contributed to potato 
rotting this could be controlled by antifungals. However, the antifungals used 
were found to be ineffective, suggesting that rotting is mainly due to bacterial 
attack.

S.A. ADESUYI: You mentioned during your presentation that you were 
not able to control rot in potatoes with irradiation. Is this because a very high 
irradiation dose would have adverse effects on the tissues of potatoes? We have 
found that high doses o f about 20 krad and over have adverse effects on the 
tissues o f yam tubers. At what dose do you observe adverse effects from 
irradiation of potatoes?

I. KHAN: High doses of gamma radiation adversely affect the quality 
o f potatoes. For instance, doses higher than 20 krad will result in browning 
after cooking.

R.S. KAHAN: What was the effect o f doses lower than 10 krad on onion 
irradiation? In some varieties we tested 2 krad was adequate, and in all cases 
7 krad was sufficient.

I. KHAN: Doses less than 10 krad did not control sprouting in our onion 
varieties, and a minimum of 10 krad was needed completely to inhibit sprouting 
in different potato varieties.

M.M. HOSSAIN: Did you make any comparative cost estimates o f  cold 
storage preservation o f potatoes and irradiation treatment plus low-temperature 
preservation?

I. KHAN: Yes, we compared the economics of radiation plus storage at 
15—20°С with cold storage and found that cold storage was at least 100% more 
expensive.
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Abstract

FEASIBILITY OF RADIATION PROCESSING FOR POST-HARVEST STORAGE OF 
POTATOES UNDER TROPICAL CONDITIONS.

Storage changes after gamma irradiation (10  krad) o f five commercial varieties o f 
potatoes, Kufri Chandramukhi, K. Kuber, K. Alankar, K. Sheetman and K. Sinduri, grown in 
India were ascertained to arrive at optimal storage conditions. The radiation treatment could 
completely inhibit sprouting in all the varieties, irrespective o f storage temperature, in addition to 
eliminating the tuber m othPthorimaea operculella (Zeller). The temperature-dependent total 
losses could be attributed to microbial rotting and dehydration. The organisms causing soft rot 
at temperatures above 15°C belonged to Erwinia spp., while the rot caused below 10°C was 
essentially due to Micrococcus spp. Irradiation followed by storage at cool temperatures 
(1 0 —15°C) offers an alternative method, comparable with conventional refrigerated (2 —4°C) 
storage. The irradiated potatoes were not amenable to the attack o f toxigenic fungi Aspergillus 

flavus and A . parasiticus during storage. This could be attributed to phenolic compounds 
present in the tubers. Phenylalanine ammonia lyase (PAL), involved in the metabolism of 
phenolic compounds, showed enhancement in the irradiated potatoes. The extent o f radiation- 
induced activation of PAL is suggested as a biochemical parameter for identifying irradiated 
tubers.

INTRODUCTION

With an annual production o f 4—5 million tons, the potato (Solanum  
tuberosum  L) occupies a prominent place among the food crops o f India. About 
25—30% of the produce is estimated to be stored under refrigeration (2 —4°C) 
and the remaining crop is marketed soon after harvest. There are no precise 
estimates of the post-harvest deterioration under various conditions o f storage, 
though the total losses are reckoned to be over 20% [1 ]. Chemical sprout 
suppressants are still not used in India for stored potatoes. The use o f gamma 
irradiation for sprout inhibition has now been recognized as effective [2 ,3].
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However, little information is available on the behaviour o f irradiated potatoes 
during storage under tropical conditions. The present report describes a compara
tive study on post-harvest losses o f gamma-irradiated and unirradiated potatoes 
and attempts to define the causative factors.

STORAGE CHANGES IN COMMERCIAL VARIETIES OF POTATOES

Some commercial varieties of potatoes grown in India, Kufri Chandramukhi, 
K. Kuber, K. Alankar, K. Sheetman and K. Sinduri, were procured in sizeable 
quantities to 1 ton) through collaboration with the Central Potato Research 
Institute, Simla. All tubers, 2 months after harvest, were stored after receipt at 
the laboratory at 25—26°С for 7 to 10 days for wound healing before they were 
used for the experiments. The tubers were subjected to gamma irradiation at a 
dose o f 10 krad, as described earlier [3]. Only the healthy ones free from any 
apparent microbial infection or severe mechanical injury were used and handled 
with care during loading in the irradiator boxes and packing into jute bags. The 
irradiated potatoes were stored in jute bags (25 kg each) at 10 and 15°C. Storage 
of potatoes at temperatures exceeding 20° С resulted in considerable wastage 
comparable-with that observed under the typical tropical range of 25—40°C [3]. 
Comparison was therefore sought only with unirradiated tubers that were held 
at 2—4°C in accordance with commercial practice. Unirradiated tubers stored 
at 2—4° С showed minimal losses due to sprouting, microbial rotting and 
dehydration.

The irradiated tubers did not sprout, irrespective of the storage temperature, 
and microbial rotting and dehydration accounted for the total losses. In addition 
to sprout inhibition, radiation treatment also caused disinfestation o f potato 
tuber moth, which could otherwise have added to the substantial losses. It has 
been reported earlier [4] that a dose of 10 krad completely inhibited adult 
emergence o f Pthorimaea operculella (Zeller). Figure 1 shows the sprouting 
observed in the unirradiated tubers stored at 10° С under our experimental 
conditions. The profiles o f losses of K. Chandramukhi variety stored at different 
temperatures over a period o f 6 months are presented in Fig. 2. Irradiation 
followed by storage at cool temperatures provided comparable results, thus 
pointing to the efficacy o f the method. The losses in the irradiated tubers were 
mainly due to rotting during 6 months of storage. The data obtained with the 
irradiated potatoes after 3 months of storage, especially those kept at 10°C, were 
not very different from those for the unirradiated tubers stored at 2—4°C. In view of 
the possible savings in energy expenditure due to the higher storage temperature 
( 1 0 - 1 5°C as compared with 2 -4°C ) and after reckoning the cost of the irradiator, 
the process seems to offer appreciable benefits [5,6].
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F IG .l . Sprouting in unirradiated tubers stored at 1 0°C.
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FIG .3 . Storage losses due to rotting and dehydration in various potato varieties.



IAEA-SM-221/25 75

TABLE I. PROFILES OF ROT ORGANISMS IN DIFFERENTLY TREATED 
POTATOES

Erwinia spp. Pseudomonads Micrococcus sp. Other organisms

Kufri Chandramukhi

Unirr. ( 2 - 4 ° C) - - 10 -

Irr. (10°C) - - 10 -

Irr. ( 1 5°C) 9 1 - -

Kufri Kuber

Unirr. (2 —4°C) - - 10 -

Irr. (10°C) 1 - 9 -

Irr. (15° C) 10 - - -

Kufri Sheetman

Unirr. ( 2 - 4 ° C) 1 - 8 1

Irr. (10° C) 2 - 8 -

Irr. (15°C) 9 - 1 -

Kufri Alankar

Unirr. (2 —4°C) 1 - 9 -

Irr. (10°C) - - 10 -

Irr. (1 5°C) 9 - - 1

Kufri Sinduri

Unirr. ( 2 - 4 ° C) - - 10 -

Irr. (10°C) 1 - 9 -

Irr. (1 S°C) 10 - - -

Distribution patterns for 10 isolates each obtained from spoilt tubers stored up to 6 months 
are presented.

Potatoes have two harvest seasons in India and the gap in availability can 
extend up to 6 months. The market supply has to be continuous during this 
period and therefore radiation processing even for 3 months o f storage could 
ensure a steady supply. Storage under tropical ambient temperatures would 
otherwise cause colossal losses within 3 months. Figure 3 presents the results 
on losses due to rotting and dehydration o f different varieties of potatoes after
3 and 6 months o f storage. Among these, K. Kuber showed better storage 
quality, followed by K. Ghandramukhi, K. Alankar, K. Sinduri and K. Sheetman.
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FIG .4 . Susceptibility to rotting o f gamma-irradiated and unirradiated potatoes (К . Chandramukhi).

It seems that better storage characteristics, along with improving the harvesting 
and handling practices, may further minimize the losses. However, it is reckoned 
that 70—80% o f the total potato harvests relate to K. Chandramukhi [7], which 
responds well to the irradiation treatment.

It is, nevertheless, apparent that the major loss factor in potatoes during 
storage under tropical ambient conditions is spoilage due to bacterial soft rot. 
Washing the tubers in chlorinated water or improving the ventilation in storage 
were not effective in reducing rotting.

ROT ORGANISMS AND THEIR RESPONSES

Soft rot being the major cause o f spoilage, particularly at ambient tempera
tures, an attempt was made to ascertain the various pathogens involved in spoilage 
at the various storage temperatures employed in the present study. The rotted 
tubers were sorted out periodically for examination for pathogens. In all, about 
480 cultures were screened for identification o f the potato organisms, which were 
classified into groups as shown in Table I. Erwinia spp. were further characterized 
to contain E. amylovora, E. carotovora var. cypripedi, E. carotovora var. carotovora, 
E. carotovora var. atroseptica and E. carotovora var. crysenthemi. It was observed 
that about 7 0 —80% of the isolates comprised Erwinia carotovora var. atroseptica,
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FIG .5 . Inhibition o f  Aspergillus flavus growth by ethyl acetate extracts o f potato: 1. the 

effect of extracts obtained 3 h after irradiation (1 0  krad); 2. the effect of extracts obtained 

4  weeks after irradiation; 3. disappearance o f  the inhibitory effect after treatment o f  the 

tubers for 15  min at 121 °C. A  and В  represent 0 .05  and 0.1 ml o f the extracts o f  unirradiated 

potatoes, A ¡  and B\ represent similar concentrations o f  those obtained from irradiated tubers 

and С  represents the control with 0.1 ml o f  ethyl acetate alone.
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TABLE II. ACTIVATION OF PAL IN POTATO TISSUE BY GAMMA 
IRRADIATION

Tissue tested PAL activity per g of tissue 
Unirradiated Irradiated

Buds (cortex) 18 370

Cortex tissue assay from buds 18 160

Central pulp 40 IS

Samples were excised 3 h after irradiation, PAL activity was expressed as nmol of cinnamic 
acid formed per hour. The assay was conducted as described by Pendharkar and Nair [13].

indicating that this was the major pathogen responsible for soft rot at storage 
temperatures above 15°C, whereas at 2—4° С and 10° С storage Micrococcus sp. 
was the predominant organism.

The susceptibility o f  irradiated and non-irradiated tubers to spoilage by 
these pathogens was also ascertained. For this purpose, 20 healthy tubers, 
exposed to 0 ,1 0  and 25 krad o f gamma rays, were sealed in Polythene bags to 
create appropriate conditions of humidity. The sample started rotting within
4 days of incubation at room temperature (30°C). The pathogens were isolated 
as above and it was observed that E. carotovora var. atroseptica was the main 
causative factor. As shown in Fig. 4, non-irradiated potatoes and those treated 
at 10 and 25 krad showed similar rates o f spoilage.

INHIBITION OF TOXIGENIC Aspergilli BY POTATO EXTRACTS

In the experiments no fungal pathogens were detected. Potatoes are not 
included among the foods amenable to the attack o f toxigenic fungi like 
Aspergillus flavus [8]. This has been attributed to a phenolic compound, 
tentatively identfied as a derivative o f hydroxycinnamic acid contained in tubers, 
which has been reported to be inhibitory for fungal growth [9]. Ethyl acetate 
extracts were prepared from the irradiated and control potatoes (K. Chandramukhi). 
The inhibitory activity of this extract for the growth o f Aspergillus parasiticus 
NRRL 2999 and Aspergillus flavus ATCC 15517 was measured by the standard 
cup assay technique normally used for antibiotics. Figure 5 shows the results 
with A. flavus. Similar results were obtained with A. parasiticus (not shown here).
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FIG . 6. Variation in chlorogenic acid content on gamma-irradiated (10  krad) and unirradiated 

potatoes during storage.

The preparation from the irradiated potatoes appeared to give a larger zone of 
inhibition. The diameter of the zone was proportional to the amount o f the 
extract taken for the experiment. Even after 4 weeks o f storage of the tubers 
the levels o f inhibitory activity in control and irradiated potatoes were similar, 
indicating the retention of the fungistatic principle during storage. The extracts 
prepared from potatoes sterilized at 121°C/15 min [10] did not inhibit the growth 
of the organism. It is therefore apparent that these substances in potato, though 
heat-labile, are not sensitive to irradiation. The storage temperature under 
commercial practices can never exceed 60° С so as to cause destruction o f the 
inhibitor.

Outgrowth of spores of A. flavus could also not be detected either in whole 
tubers or in slices incubated with suspensions o f A. flavus during 15 and 30 days 
of storage, even under ambient conditions. These results therefore indicate that 
potatoes retained the immunity to toxigenic fungi even after irradiation.
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TABLE III. RADIATION-INDUCED ENHANCEMENT IN PHENYLALANINE AMMONIA LYASE (PAL) IN POTATOES

Days of 
storage Initial

activity

Unirradiated 
2—4°C

Activity 3 h 
after irradiation

Initial
activity

Gamma irradiated (10  krad)
15°C

Activity 3 h Initial 
after reirradiation activity

25 —30°C
Activity 3 h 
after reirradiation

0 20 370 370 — 370 —

30 20 365 - - 83 109

40 20 368 70 170 79 92

70 20 374 72 179 70 72

The activity was determined in bud tissue of the tubers as stated in Ref. [13]. The unit of activity is expressed as nmole of trans-cinnamic 
acid formed per hour per gram of tissue.
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PHENOLICS IN POTATOES

Phenylalanine ammonia lyase (PAL), involved in the biosynthesis of 
phenolic compounds, was observed to be induced in gamma-irradiated potatoes 
[11]. The tubers showed only negligible PAL activity in buds, cortex and 
parenchymatous tissue. Gamma irradiation o f whole potatoes at 10 krad induced 
this activity only in cortex and buds but not in parenchymatous tissue, as shown 
in Table II. The process o f  enzyme induction in buds was observed to be dose- 
dependent and maximal activity was observed 3 hours after irradiation at 10 krad 
[11]. The appearance o f PAL activity leads to the formation of phenolic com
pounds, starting from transcinnamic acid, which is successively hydroxylated 
enzymatically to caffeic acid and finally yields chlorogenic acid [12]. The 
increase in concentration o f both these acids was observed after a lag o f 6 h 
after irradiation during storage at room temperature with maximal levels at 
24 h, as shown in Fig. 6, which presents data for chlorogenic acid. The concen
tration of these acids declined sharply thereafter and reached the control values 
at the end of the third day. Since chlorogenic acid undergoes further metabolism, 
the observed levels may represent a steady-state equilibrium. In the damaged 
tissues the chlorogenic acid has been reported to be oxidized to a quinone by 
polyphenol oxidase, which also showed enhanced activity in the irradiated 
potatoes [13]. The accelerated turnover o f chlorogenic acid observed in irradiated 
potatoes may gives rise to an insoluble lignin polymer (Pendharkar and Nair, 
unpublished observations), which is known to confer resistance to fungal invasion 
in potatoes. It is therefore apparent that phenolic compounds are still retained 
after irradiation to inhibit the growth of toxigenic fungi as observed above.

BIOCHEMICAL IDENTIFICATION OF IRRADIATED POTATOES

PAL activity has been observed to be induced either by gamma irradiation 
o f the whole tuber or by the exposure o f  the excised tissue to light [14]. A 
significant observation emerging from these studies was the ineffectiveness of 
re-irradiation for increasing PAL activity in the tubers in which the enzyme had 
once been induced by gamma rays. Table III shows that the reinducing capacity 
of these tubers by a second irradiation was reduced, though the unirradiated 
tubers fully responded to radiation-induced enhancement in PAL activity after 
3 months of storage. This may provide a suitable biochemical parameter for 
distinguishing irradiated potatoes from unirradiated ones.
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DISCUSSION

S. A. ADESUYI: Workers on yam storage have still not found a generally 
acceptable method o f assessing rot in yam tubers. It is possible to have a small 
spot rotting with about 95% of the tuber still usable or edible, while after some 
time the whole yam can become rotten, making it a total loss. Rotting can be 
assessed at any of these stages, and so it is difficult to standardize the assessment. 
How do you assess rot, or at what stage do you regard potatoes as being rotten 
in your experiments?

G.B. NADKARNI: Spoilage o f potatoes due to bacterial rot organisms 
softens the tubers, rendering them unacceptable. The number o f spoiled potatoes 
in a given lot is determined in the way described in the text.
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Abstract

PRESERVATION OF POTATOES AND ONIONS BY IRRADIATION AND CHEMICAL 
TREATMENTS: A STATUS REPORT.

Preservation of potatoes and onions is an urgent need in Iran, and an attempt has been 
made to gain experience in this field by applying ionizing radiation and chemicals. 60Co gamma 
radiation doses of 5, 10, 12 and 15 krad for three local varieties of potatoes and o f 3, 6 and 
9 krad for one variety of onions, salicylic acid concentrations of 500, 1500 and 2500 ppm, 
and combinations of different doses of radiation and salicylic acid were tried. Upon irradiation 
with doses of 12—15 krad a significant reduction in the losses due to sprouting, rotting and 
dehydration was observed for all three varieties of potatoes after a storage period of nine 
months. Chemical treatment alone proved ineffective. Some doses of a combined treatment 
with salicylic acid plus irradiation yielded good results, but they need confirmation by further 
investigation. Organoleptic tests were carried out on two varieties of potatoes. Due to a delay 
in starting the treatment of onions after harvest, a high percentage had already begun to sprout 
and so the results obtained are only approximate values.

INTRODUCTION

In Iran potatoes are grown in two main seasons. In Northwest Iran the 
crop is cultivated in March and harvested in September, whereas in the South 
the crop is cultivated in January and harvested in May. Preservation is required 
for the “Northwestern” crop only because the “Southern” crop is not stored but 
sent to the market for consumption immediately after harvesting. Red onions are 
cultivated in May and harvested in September/October. The annual production 
rate o f  potatoes and onions is 550 000 and 330 000 tonnes respectively. This is 
far below the annual rate o f consumption.

Over the past years the population has increased considerably. This increase 
has, however, not been met by a proportional increase in food production.
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Moreover, in the case of potatoes and onions losses are caused by sprouting, 
disease and reduction of water and dry matter. Due to the lack o f proper refriger
ation and transportation facilities, the annual rate of overall loss has been estimated 
to be about 30% of the total annual production. This occasions Iran’s immediate 
need to investigate methods o f  preserving potatoes and onions. The present 
studies mark the beginning in this direction by the Atomic Energy Organization 
of Iran, in collaboration with the Ministry o f Agriculture.

Radiation has been used for a long time to preserve potatoes and onions 
and has developed into an established technique with promising results. Some 
countries have reported the use o f sprout-inhibiting chemicals, such as maleic 
hydrazide, a-naphthalin acetic acid, methylester, isopropyl n-3 phenyl carbamate, 
CIPC and salicylic acid. The use of other chemicals was not considered since it is 
claimed that salicylic acid poses less problems from the viewpoint of side 
effects [1 ]. The present studies are an attempt to investigate the effectiveness 
of gamma radiation, salicylic acid, and a combination o f both in the preservation 
of local varieties. Our aim is to gain experience and to establish the optimum 
dose levels [2—7].

MATERIALS AND METHODS

Three varieties o f potatoes, namely Pashandi, Alpha and Baracca, and one 
kind o f onions, Red Onions, were used for the experiments. Medium-size tubers 
and bulbs, o f  symmetrical shape and free from infection and injury, were selected 
about 2 {  to 3 months after the harvest. Some o f the potatoes and onions had 
already sprouted due to the delay in starting the experiments.

The tubers and bulbs were subdivided into four groups; each potato treat
ment had 16 replications, while each onion treatment had 20 replications. Each 
replication consisted o f two kilograms o f potatoes or onions. A total o f 2400 kg 
of potatoes and 600 kg o f onions were treated.

Doses o f  5, 10, 12 and 15 krad were used for potatoes, while the doses for 
onions were 3, 6 and 9 krad. A 3000 Ci 60Co irradiation source was used at a 
dose rate o f  10—12 krad/h.

The chemical treatment was done at room temperature by immersing the 
samples for 2 minutes in salicylic acid solutions o f concentrations o f 500, 1500 
and 2500 ppm. The samples were then air-dried.

For the combined chemical and irradiation treatment the samples were 
irradiated after the chemical treatment. The tubers were stored for twelve months 
in an isothermal room where the temperature was kept at 8°C with a relative 
humidity o f  75—85%. They were controlled daily. Throughout the storage period 
the potatoes and onions were periodically checked for the following:
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The degree o f sprouting and rotting (weekly)
Vitamin С analysis (monthly)
Starch analysis (monthly)
Percentage of good tubers and bulbs (after nine months) 
Measurement o f average sprout length (after nine months) 
Organoleptic tests after nine months.

Vitamin С and starch analyses were done by the AOAC method [8, 9].

RESULTS

Potatoes

The average number o f sprouted tubers in each 2 kg package was counted 
after storage periods o f 3, 6 and 9 months for the three different varieties of 
tubers. The results are presented in Tables I, II and III. The losses due to 
sprouting, rotting and dehydration after nine months o f storage are shown in 
Tables IV, V and VI for all three varieties; they are discussed below.

Pashandi

Sprouting. In the case o f  control potatoes, with an irradiation dose of 
5 krad, and where only salicylic acid treatment o f various concentrations was 
applied, the sprouting observed was 100%, while doses o f  10 krad or more 
inhibited sprouting. With a chemical plus irradiation treatment o f  5 krad + 500 ppm 
no sprouting was observed (Fig. 1).

Rotting. With increasing doses o f radiation, the rotting was found to 
decrease and was least for the 15 krad treatment. The percentage o f  rotting was 
especially high in the case o f chemical treatment.

Potatoes treated with salicylic acid and then exposed to gamma radiation 
showed more rotting than those exposed only to gamma radiation, but less than 
those treated with salicylic acid.

Percentage o f  weight loss. On average, the same percentage o f weight loss 
was noticed with irradiation only and combinations of chemical treatment plus 
irradiation, while it was higher in only chemically treated potatoes.

Text continued on page 95
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TABLE I. AVERAGE NUMBER OF SPROUTED POTATOES AFTER VARIOUS
STORAGE PERIODS PER 2 kg PACKAGE
Variety: Pashandi

Treatment
3

Storage time 
(months):

6 9

Control 8 13 14

5 7 10 13

Radiation 10 0 0 0
(krad) 12 0 0 0

15 0 0 0

500 8 12 14
Chemical
(ppm) 1500 7 11 11

2500 8 12 13

5+500 7 8 10

5+1500 0 0 0

5+2500 0 0 0

10+500 0 0 0

10+1500 0 0 0
Radiation 10+2500 0 0 0
and
chemical 12+500 0 0 0
(krad + ppm)

12+1500 0 0 0

12+2500 0 0 10

15+500 0 0 0

15+1500 0 0 0

15+2500 0 0 0
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TABLE II. AVERAGE NUMBER OF SPROUTED POTATOES AFTER VARIOUS
STORAGE PERIODS PER 2 kg PACKAGE
Variety: Alpha

Treatment
3

Storage time 
(months):

6 9

Control 8 14 25

5 0 1 15

Radiation 10 0 0 0
(krad) 12 0 0 0

15 0 0 0

500 7 19 27
Chemical 1500 11 17 24
(ppm)

2500 6 17 22

5+500 0 5 14

5+1500 0 0 0

5+2500 0 0 0

10+500 0 0 -

10+1500 0 0 0
Radiation
and 10+2500 0 0 0

chemical
(krad + ppm) 12+500 0 0 0

12+1500 0 0 0

12+2500 0 0 0

15+500 0 0 0

15+1500 0 0 0

15+2500 0 0 0
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TABLE III. AVERAGE NUMBER OF SPROUTED POTATOES AFTER
VARIOUS STORAGE PERIODS PER 2 kg PACKAGE
Variety: Baracca

Treatment
3

Storage time 
(months):

6 9

Control 13 22 23

5 0 0 17

Radiation 10 0 0 0
(krad) 12 0 0 0

15 0 0 0

500 15 21 23
Chemical

1500
(ppm)

10 19 23

2500 9 18 23

5+500 0 0 9

5+1500 0 0 0

5+2500 0 0 9

10+500 0 0 2 '

10+1500 0 0 17
Radiation

10+2500and 0 0 0

chemical
12+500

(krad + ppm) 0 0 2

12+1500 0 0 2

12+2500 0 0 13

15+500 0 0 2

15+1500 0 0 0

15+2500 0 0 0
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TABLE IV. PERCENTAGE OF LOSSES DUE TO SPROUTING, ROTTING 
AND DEHYDRATION OF CONTROL AND TREATED POTATOES, AND 
AVERAGE SPROUT LENGTH AFTER A STORAGE PERIOD OF 9 MONTHS 
Variety: Pashandi

Treatment
Sprouting
(%)

Rotting
(%)

Weight
loss
(%)

Average sprout
length
(cm)

Control 100 44 35 24

5 100 15 27 7

Radiation 10 0 9 20 0
(krad) 12 0 2 14 0

15 0 2 13 0

500 100 52 25 17
Chemical

77 23 211500 100
(ppm)

2500 100 70 28 34

5+500 49 5 21 4

5+1500 0 8 18 0

5+2500 0 6 16 0

10+500 0 0 12 0

10+1500 — 14 27 0
Radiation
and

10+2500 0 26 31 0

chemical
12+500 120 0 0(krad + ppm)
12+1500 2 0 14 0

12+2500 - 5 25 -

15+500 0 4 19 0

15+1500 0 0 12 0

15+2500 0 11 9 0
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TABLE V. PERCENTAGE OF LOSSES DUE TO SPROUTING, ROTTING AND 
DEHYDRATION OF CONTROL AND TREATED POTATOES, AND AVERAGE 
SPROUT LENGTH AFTER A STORAGE PERIOD OF 9 MONTHS 
Variety: Alpha

Treatment Sprouting
(%)

Rotting
(%)

Weight
loss
(%)

Average sprout
length
(cm)

Control 99 1 19 4

5 60 0 14 2

Radiation 10 0 2 16 0

(krad) 12 0 0 13 0

15 0 0 15 0

500 99 17 25 4
Chemical

1500 96 4 27 13(ppm)
2500 95 4 18 3

5+500 40 0 15 2

5+1500 0 1 15 0

5+2500 0 1 19 0

10+500 0 2 13 0

10+1500 _ 11 20 2
Radiation

10+2500and 1 3 29 0

chemical
12+500

(krad+ppm)
0 2 15 0

12+1500 0 6 16 0

12+2500 - 11 18 2

15+500 1.28 0 19 0

15+1500 0 5 15 0

15+2500 0 1 20 0
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TABLE VI. PERCENTAGE OF LOSSES DUE TO SPROUTING, ROTTING 
AND DEHYDRATION OF CONTROL AND TREATED POTATOES, AND 
AVERAGE SPROUT LENGTH AFTER A STORAGE PERIOD OF 9 MONTHS 
Variety: Baracca

Treatment
Sprouting
(%)

Rotting
(%)

Weight
loss
m

Average sprout
length
(cm)

Control 98 18 33 16

5 76 4 23 5

Radiation 10 0 3 16 0

(krad) 12 1 5 18 0

15 2 9 19 0

500 96 11 38 16
Chemical

98 14 28 171500
(ppm)

2500 96 5 28 15

5+500 38 12 20 2

5+1500 - 4 31 0

5+2500 40 4 20 0

10+500 11 6 17 0

10+1500 _ 3 24 2
Radiation
and 10+2500 0 5 15 0

chemical
(krad+ppm) 12+500 8 2 16 0

12+1500 7 5 23 0

12+2500 - 8 18 2

15+500 10 4 16 0

15+2500 1 3 21 0

15+2500 0 5 24 0
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FIG . 1. Variously treated Pashandi potatoes after 9 months ' storage.
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TABLE VII. ACCEPTABILITY SCORES OF TWO VARIETIES OF CONTROL 
AND TREATED POTATOES

Treatment Alpha Pashandi

Control 0a 0

5 3 2

Radiation 10 2 2

(krad) 12 2 2

15 2 3

500 1 0
Chemical

1500 1 0
(ppm)

2500 1 0

5+500 2 3

5+1500 1 -

5+2500 0 2

10+500 2 3

10+1500 1 2
Radiation 10+2500 2 2
and
chemical 12+500 1 0
(krad+ppm)

12+1500 1 1

12+2500 1 -

15+500 2 -

15+1500 1 -

15+2500 0 -

a 0 — bad; 1 — moderate; 2 — good; 3 — very good.
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Alpha

Sprouting. Tubers treated with only chemicals or irradiation doses o f 5 krad 
and 5 krad + 500 ppm showed a high percentage o f  sprouting, while all other 
doses successfully inhibited sprouting.

Rotting. The percentage o f  rotting in control and irradiated potatoes was 
found to be lower than in potatoes with the chemical and combined methods.

Percentage o f  weight loss. The percentage o f weight loss was found to be 
more or less the same for all kinds o f treatment; on average it was about 18%.

Baracca

Sprouting. At the lower irradiation level o f 5 krad an increasing rate o f  
sprouting could be traced throughout the storage period and reached 7 5% after 
9 months o f  storage. Immersion o f tubers in salicylic acid solutions o f various 
concentrations again resulted in a higher percentage of sprouting. All other 
treatments yielded good storageability results.

Rotting. As compared with the control potatoes, the percentage o f  rotting 
was found to be low in tubers treated with gamma radiation and chemicals plus 
gamma radiation.

Percentage o f  weight loss. With irradiation and irradiation plus chemical 
treatments the percentage o f weight loss was less than that in control and 
chemically treated potatoes; on average it was 22%.

Vitamin С and starch analyses

Vitamin С and starch analyses were regularly done for all the treated tubers, 
but no significant difference was observed between the various kinds of treatment.

Organoleptic tests

Organoleptic tests were done after 9 months o f storage. A panel o f 10 judges 
participated in these tests. The treated and the control tubers were cooked and 
tasted. The results are presented in Table VII.

Onions

The onions were treated almost three months after harvesting when most 
of them had already begun to sprout. The results show that the onions deteriorated 
further. This cannot, however, be attributed to the treatment but rather to the 
delay in starting the tests. We therefore intend to repeat them.
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CONCLUSION

Only chemical treatment with salycilic acid has proved to be ineffective in 
inhibiting sprouting and rotting. Low doses o f radiation and combinations of 
salicylic acid and radiation provide effective sprout control in potatoes for short 
periods.

Irradiation with doses between 12 and 15 krad provides an excellent control 
of sprouting during long-term storage for all the varieties. Rotting and dehydration 
are also low at these doses. Some combinations o f salicylic acid and radiation 
yielded good results in long-term storage, but these results require confirmation 
by further tests.
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DISCUSSION

G.F. WILMINK: Is salicylic acid an authorized food additive in Iran? 
The Codex Alimentarius Commission o f FAO/WHO does not regard salicylic 
acid as acceptable in food preservation. CIPC might be more acceptable from 
the point o f  view o f toxicological evaluation.
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Ziba ZARE: This is the first time we have used salicylic acid and, as we 
mentioned in the paper, more work has been done with it in Egypt. The Egyptians 
claim that salicylic acid poses fewer problems from the point of view o f side effects.

H.M. ROUSHDY ( Chairman): The salicylic acid concentration needed for 
the method in question is no more than a few thousand ppm, which would mean 
that the amount present in a full dish o f potatoes would be equal to the amount 
contained in a small portion o f aspirin tablet. However, such combined treatment 
would of course have to be subjected to thorough evaluation before it could be 
generally applied. I would add that, if concern is being expressed about the 
possible toxic effects o f trace amounts o f  salicylic acid, then concern should also 
be directed at the application o f much more toxic chemicals such as maleic 
hydrazide and methyl bromide to many kinds o f  vegetables and stored grains, 
as well as many o f the food additives approved by the authorities in various 
countries.
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Abstract

A STUDY OF SOME CHEMICAL CHANGES IN ONION BULBS AND THEIR INNER BUDS 
AS AFFECTED BY GAMMA RADIATION AND STORAGE.

With the aim of detecting the break of dormancy and of investigating the effects of 
gamma irradiation at the 5 krad dose level, the length of inner buds and the content of vitamin C, 
reducing and total sugars of Makó onion bulbs and their inner buds were determined periodically 
during storage at 0 to 4°C. A temporary increase in vitamin С content was detected shortly 
before the inner buds started to grow. The vitamin С content was considerably higher in the 
growing buds than that in the whole bulbs. Both reducing and non-reducing sugars increased 
gradually during the dormancy period and levelled off after the break in dormancy. Irradiation 
of onions before the break in dormancy resulted in much stronger sprout inhibition than 
radiation treatment during the non-dormant stage. Inner buds of onions irradiated after the 
break of dormancy tended to darken during post-irradiation storage. Bulbs radiation-treated 
in the dormant stage resulted in an onion powder of a lighter colour on drying than onions 
untreated or radiation-treated at the non-dormant stage. The vitamin C, reducing and non
reducing sugar contents and the amino acid composition of the onion flesh and the inner buds 
were investigated in the final stage of storage, 8 to 10 months after harvest. Compositional 
differences found between irradiated and untreated onions seem to be o f no nutritional 
significance. Free radicals formed in the outer scales of onions by irradiation diminished 
within 96 hours at room temperature.

INTRODUCTION

The sprout inhibition o f onions by irradiation seems to be an economically 
feasible method o f great importance in Hungary [ 1 ] and pilot-scale experiments 
and consumer-acceptance and market-evaluation tests [2] have equally led to 
favourable results. Simultaneously with this ‘upscaling’ work, however, it would 
be necessary to determine how long the dormancy o f onions lasts under the 
circumstances of cultivation and storage in Hungary, and so determine the irradi
ation period for onions. It is known from a number o f investigations that the

* Permanent address: Center o f Radiation Technology, Atomic Energy Establishment, 
Cairo, Egypt.
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efficiency of the radiation sprout inhibition of onions strongly depends on the 
length o f the time between harvest and irradiation; and if irradiation takes place 
after the break o f dormancy, the sprout-inhibiting effect is much less [3 -7 ] . To 
promote the health clearance o f the radiation sprout inhibition o f onions, despite 
the existing reference data [8—15], it seemed necessary to carry out some 
informative tests to follow up the changes that take place in some chemical 
components o f onions under the influence o f irradiation and storage. The quantity 
of free radicals formed in the dry outer scales and their maximum durability were 
also investigated.

MATERIALS AND METHODS 

Onion cultivar

The experiments were carried out with Makó onions obtained from the 
Hungarofruct Company, Budapest. The onions were harvested in the middle of 
August 1975.

Storage and radiation treatment

Between 10 September and 30 October 1975 150 kg o f Makó onions in 
crates, each containing approximately 25 kg o f bulbs, were taken weekly from the 
commercial cold store of the Hungarofruct Co. to an irradiation pilot plant in 
Budapest. Irradiation was accomplished in 40 X 40 X 60 cm crates by a 50 kCi 
(1.85 pBq) 60Co gamma-radiation source. Each time one half o f the lots was 
irradiated with a dose o f 5 ± 2 krad (50 ± 20 Gy) and the other half left to serve 
as control. This dose level had already been proved to be optimal in earlier 
investigations [16]. The onions were stored before and after irradiation in the 
commercial cold store at 0 to 4°C and about 80% R.H.

Laboratory investigations

During the seven-week irradiation season mentioned above 300 onions from 
each experimental lot were cut into halves and the length o f the inner buds 
measured each week, simultaneously with the radiation treatment o f the rest of 
the lots. Similar investigations were performed during post-irradiation storage in 
April, May and June 1976, i.e. 8, 9 and 10 months after harvest.

Following the measurement o f the inner bud length, the inner buds and the 
onion flesh were separated and the dry matter, vitamin С and sugar contents 
determined separately in both tissues. The vitamin С content was estimated by 
the 2,6-dichlorophenol indophenol visual titration method [17]. The technique
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TABLE I. RELATIVE FREQUENCY OF ONIONS WITH INNER BUDS OF 
PRE-DETERMINED LENGTH, AS A FUNCTION OF THE DATE OF POST
HARVEST INVESTIGATION 
Date of harvest : middle o f August 1975.

Relative frequency (%) of onions containing an 
inner bud with a length of

Date of
investigation 0 -1 0

ram
10-20
mm

2 0 -3 0
mm

3 0 -4 0
mm

4 0 -5 0
mm

5 0 -
mm

1975-09-15 3.3 35.5 42.5 18.4 0.3 0

1975-09-22 0.7 33.3 51.7 14.0 0.3 0

1975-10-07 2.7 37.3 51.3 8.4 0.3 0

1975-10-14 0 19.3 65.7 14.7 0.3 0

1975-10-21 0 26.0 ' 59.7 13.6 0.7 0

1975-10-28 0 26.0 61.0 12.4 0.3 0.3

used for determining the reducing and total sugar contents was the Lane-Eynon 
volumetric method [18].

The amino acid composition of drièd onion samples was determined 8 months 
after harvest by a JEOL JLC.SAH type amino acid analyser. The dry samples, o f  
about 50 mg, were transferred into 15 ml ampoules and 10 ml of 6N HC1 was added. 
The ampoules were sealed and the samples hydrolysed at 105°C for 24 hours.
After hydrolysis, the contents o f  the ampoules were quantitatively filtered through 
filter paper and the filtrates evaporated to dryness by means o f a vacuum eva
porator. The residue was dissolved in 20—25 ml water and evaporated once more. 
Samples prepared in this way were taken up in a solvent o f 0.2N NaCl, 0.01N HC1 
and analysed in this medium. Amino acid analysis was performed with a two- 
columnar method and directed by an automatic programme. For the analysis 
JEOL LC-R1 spherical resin and a series of eluents were used. Evaluation o f the 
chromatograms was carried out according to the HW method.

Investigation o f  browning o f  the onion flesh and inner bud during drying

Fine slices from onion flesh and inner buds were separately dried in thin 
layers in a drying oven at 60°C. The dried samples were pulverized by an electric 
coffee-grinder and their brown pigment extracted with 20% (vol. ratio) ethyl- 
alcohol (0.5 g onion powder in 20 ml solvent) in a Vibrotherm shaker-bath for



Vita
min

 C 
con

ten
t í

mg
/IOO

g 
D.M

.) 
Sug

ar 
con

ten
t, 

pe
rce

nt 
of 

DM

102 MAHMOUD et al.

F IG .l . Changes in vitamin С  content (A ) and sugar content (B) o f onions during the period 

of radiation treatment.



IAEA-SM-221/22 103

F IG .2. The sprout percentage o f  irradiated onions nine months after harvest (14  M ay  1976 )  

as a function o f  the date o f radiation treatment; that o f  untreated lots is shown by the 

dotted line.

20 minutes. The extracts were filtered and the absorption spectra o f the five-fold 
dilutions of the filtrates were determined by a Perkin-Elmer UV-137 recording 
spectrophotometer.

Free-radical content in powdered outer scales

To study the concentration and stability of free radicals formed by irradiation, 
the dry outer scales o f onion bulbs were finely ground and irradiated with 5 krad. 
Both irradiated and unirradiated samples of identical preparation were studied 
with a JEOL type JE S-ME-3X ESR-spectrometer in the Central Research Institute 
of Chemistry of the Hungarian Academy of Sciences, Budapest.

RESULTS

Changes in the onion bulbs and in their inner buds during storage between 
harvest and irradiation

The relative frequency of onions with inner buds o f predetermined length, 
as a function o f the date o f post-harvest investigation, is shown in Table I. It can 
be seen from Table I that the length o f the inner buds was practically unchanged 
in the first month of storage. A shift in the distribution of the bud length could 
be observed after 7 October 1975.
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m v t l t n f l h

FIG .3 . Visible absorption spectra of extracts made from dried samples by 2 0  vol.% ethylalcohol 

(0.5 g powdered sample was extracted with 20  ml solvent and the filtrate was diluted five-fold 

before spectrophotometric measurement).

A temporary increase in vitamin С content was detected shortly before the 
date when the shift in the distribution of the bud length was observed. At the 
same time an increase in both the reducing and non-reducing sugar contents was 
observed (F ig.l). These chemical changes were considered as signs o f the break 
o f dormancy in the onion bulbs and further investigations showed that the period 
accompanied by these changes was critical from the point o f  view o f the efficiency 
of the radiation treatment and the quality o f irradiated onions.

Post-irradiation changes in the onion bulbs and in their inner buds as affected by 
the date of irradiation relative to the break o f dormancy

Irradiation of onions before the break of dormancy resulted in a much 
stronger sprout inhibition than that performed during the non-dormant stage.
This can be seen from Fig.2, which shows the sprout percentage of onions nine 
months after harvest as a function o f 'the date o f radiation treatment.

Discoloured, spoiled internal buds were frequently observed in irradiated 
bulbs when irradiation was delayed till more than 7 weeks after harvest, but was 
not found in irradiated bulbs treated when they were still in the dormant stage.
A lighter colour onion powder was obtained by drying onion bulbs irradiated in



IAEA-SM-221 /22 105

F IG .4. Changes in the sugar content o f flesh and inner buds o f onion bulbs as a function of 

the date o f  investigation during the final period o f the storage. Closed circles illustrate the 

means o f  pooled values o f  samples irradiated at different dates between S September and  

2 8  October 1 9 7 5 ; the vertical bars show the ranges of the m axim um  and minimum values 

measured among these samples. For comparison, percentages o f sprouted bulbs in untreated 

onion lots are shown as columns.
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F IG .5. Am ino acid composition of onion flesh and inner buds after 8  months o f storage. 

Values are in nm ol per 10 0  g dried sample.

the dormant stage than that from untreated onions or those irradiated at the non- 
dormant stage. The visible absorption spectra o f the extracts of the brown 
pigments made from bulbs dried after 8 months o f post-harvest storage are shown 
in Fig.3. As can be seen, the 440 nm absorbance o f extracts o f untreated onions 
was about 3 times as high as that o f the samples irradiated in the dormant stage, 
while the absorbance of extracts o f  tubers irradiated after the break in dormancy 
was only 20% less than that o f the unirradiated samples. Similar differences could 
be observed in the u.v. absorption spectra o f the extracts.

The vitamin С and sugar contents o f onion bulbs, their inner buds or external 
sprouts were, also investigated at the final period of storage, i.e. 8, 9 and 10 months 
after harvest, respectively. No significant differences in the vitamin С content of 
the untreated and irradiated bulbs were observed in this storage period. The 
vitamin С content of irradiated samples seemed to be independent o f the date of 
irradiation treatment, i.e. o f  the period between harvest and irradiation. There
fore, concentration values measured in various irradiated lots were pooled. The 
vitamin С content in the inner buds tended to be less than in the flesh of the
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FIG . 6. Concentration of free radicals in the dry outer scales o f  Makó onions as a function of  

a 5  krad dose as well as duration of room-temperature storage after irradiation. Values are 

averages o f  three independent determinations.

bulbs. At the termination o f storage (10 months after the harvest) the less- 
developed external sprouts — if any — on the irradiated onions contained much 
less vitamin С ( 100—200 mg per 100 g dry matter) than the well-developed shoots 
(~  1200 mg per 100 g dry matter) on the untreated bulbs.

The sugar content o f onion flesh and inner buds is shown in Fig.4 as a 
function o f radiation treatment and storage. In spite o f  the large variance in 
values due to the unavoidable heterogeneity o f samples, it can be seen from this 
figure that the reducing sugar content in the untreated bulbs increased considerably 
during the intensive sprouting period, while irradiated bulbs showed less change. 
The reducing sugar content o f  the inner buds o f irradiated onions increased faster 
in the final stage o f storage than that o f  untreated onions.

No important differences could be observed between the amino acid compo
sition o f untreated and irradiated samples (Fig.5). At the same time most o f  the 
amino acids occurred in higher concentrations in the inner buds than in the flesh 
of bulbs, except glutamic acid, which was found in nearly the same concentration 
in both kinds of onion tissue, and arginin, which was found in a considerably 
higher concentration in the flesh than in the inner buds.
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Formation and decay of free radicals

Twenty hours after irradiation almost double the amount o f free radicals 
was found by ESR measurements (Fig.6) in the 5 krad irradiated samples o f the 
dry outer scales o f onion bulbs than in the untreated bulbs. The stable free radicals 
detectable in the untreated matter were most probably formed as an effect of  
grinding the samples for the ESR measurements. Free radicals formed by irradi
ation diminished to the level o f the unirradiated samples within 96 hours of 
storage at room temperature.

DISCUSSION

It can be concluded from these results that sprouting of Makó onions can be 
inhibited by a radiation dose of 5 krad with acceptable security if the radiation 
treatment takes place within six weeks following harvest. This, taking into account 
the length o f the onion ripening and harvesting season, makes it possible for an 
onion-irradiating season to last about three months. This can be taken into 
consideration in the cost calculations when establishing radiation sources for 
onion irradiation. The climatic factors prevailing at the time o f cultivation as well 
as storage conditions, principally temperature [5], can influence the length of 
dormancy, therefore during further commercialization experiments a method of 
detecting the break o f dormancy should be examined. Our preliminary experience 
shows that investigating the state o f  the inner buds and their chemical composition 
can be suitable for this. Increases in the ascorbic acid and reducing sugar contents 
during the break o f dormancy period might play a role in the decreased efficiency 
of onion irradiation in this period [19].

If the onions are irradiated in due time, this can result not only in decreased 
storage losses but also in decreasing the browning tendency of onions during 
drying as compared with untreated onions. It should be mentioned here that 
Dallyn and Sawyer [20] also observed that irradiated onions tend to be lighter 
in colour on cooking than do controls.

According to our experience, discolouration o f the inner buds during the 
post-irradiation storage period occurs primarily when onion irradiation takes place 
after the break of dormancy. This is in accordance with the findings o f Dallyn 
and Sawyer [20], too. However, discolouration o f inner buds following irradiation 
is a function o f storage temperature and it occurs to a smaller degree under cold 
storage [5 ,21].

At the final stage o f storage, in the 9th to 10th month, intensive metabolism 
of untreated onions was also manifested by changes in the vitamin С and sugar 
contents o f the inner buds and of the onion flesh. At the same time, it can be 
stated that radiation sprout inhibition does not cause any changes either in the
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vitamin С and sugar contents or in the amino acid composition that might be of 
any nutritional or organoleptic importance. It is well known from the literature 
that the reducing sugar content o f onions increases during storage, especially if 
stored in cold stores [22], and this fact has been confirmed by our experience, too. 
A decrease in the ascorbic acid content o f onions due to irradiation at a dose of 
15 krad was reported [23], while Bandyopadhyay et al. [13] found no significant 
change in the vitamin С content of irradiated onions as compared with that of 
unirradiated control samples.

The results of the experiments of Dallyn and Sawyer [20] also indicated no 
significant effect o f irradiation on the sugar content of onions. Similarly, 
Shalinova and Vaschinskaya [24] found that the carbohydrate content o f onions 
irradiated with 6, 70 and 200 krad did not show any significant change over a 
nine-month storage period when compared with unirradiated controls.

The disproportionately great glutamic acid quantity in the onion flesh 
observed by us probably derives from the gamma-L-glutamyl peptide found in 
onions, which is regarded as one o f the important reserve substances for nitrogen 
metabolism [25].

Though in the course o f irradiation free radicals are formed in the dry onion 
skin, those disappear after a very short storage time. Thus, to investigate the free 
radical concentration o f onion skin is not a suitable way of detecting whether the 
onions are irradiated. However, unpublished work by the authors suggests that 
Münzner’s method [26] seems to be suitable for this purpose.
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DISCUSSION

I.K.A. AMUH: We have found with the oil-palm nut in Ghana that early 
germination o f the seed can be induced by irradiation at between 40 and 100 krad 
of gamma radiation. This phenomenon appears to be contrary to the normal
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effect o f radiation on germination, particularly when the doses used in this work 
are considered. What do you think is the radiobiological basis for this effect?

B. KÁLMAN: I am afraid I can’t answer that.
P. THOMAS: The induction of sprouting referred to by Mr. Amuh could 

be due to transient activation o f the growth hormone synthesizing systems.
May I ask whether the sprouted oil-palm nuts continued to grow as normal 
seedlings or just grew for some time and then died off.

I.K.A. AMUH: Growth after germination was seriously affected. The 
seedlings became stunted, withered and eventually died. Irradiation under anoxic 
conditions and pretreatment with cysteamine did not reduce this radiation damage.
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Abstract

PILOT-SCALE STUDIES ON THE IRRADIATION OF ONIONS IN HUNGARY.
Various lots of onions from 120 to 10 000 kg were irradiated with a 5 krad dose 2 to 

7 weeks after harvest in 1973 to 1976 and stored until March—April the following year.
During the final period of storage the percentage amounts of sprouted and/or decayed onions 
were measured, the yield of peeled onions acceptable for dehydration processing was established 
and the quality of the dehydrated onion flakes was investigated. On average an 8—10% reduction 
in the total storage losses could be achieved by irradiation. The increased storability of irradiated 
onions could allow an extension of about 3 weeks in the dehydration season for the processing 
industry. When irradiated onions were processed in February or March the yield of onions 
peeled for dehydration was about 10% higher on average than that of untreated onions. The 
quality of the dried product made from irradiated onions was better than that of the control 
because 30—70% less bud parts occurred than in the untreated product and they were less 
discoloured. Irradiated onions showed excellent storage qualities in household tests performed 
in April and May 1976. The marketing trials in 1976 and 1977 in two different areas demon
strated that the Hungarian consumers had no objection to purchasing irradiated onions.

INTRODUCTION

Onion production in Hungary is seasonal and a part o f  the harvested crop 
needs a somewhat longer (max. 9 months) storage period owing to the demands 
o f domestic consumption, industrial processing and export. Even the most 
favourable conditions for storage (0—4°C, intensive aeration, and 7 0 —80% R.H.) 
can only slow down the physiological processes o f stored onions and can reduce 
deterioration losses only to a certain extent [1—3]. Nevertheless, sprouting 
starts from about the fifth month o f storage, despite professional storage 
technology [4].

In the case o f  large stored quantities a reduction o f even a few per cent in 
losses will result in significant savings. Reduction o f losses from sprouting can 
be accomplished by treatment with chemicals; however, the effect is uncertain, 
even if the technique is carefully and correctly carried out [5—6]. In contrast, 
a number o f experiments have proved that the application o f ionizing radiation 
leads to a favourable and clear-cut outcome, though even in this case sprout 
inhibition was not fully complete [7—20].

113
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F IG .l . Total storage loss o f  untreated and irradiated batches o f onions.

The present paper attempts to summarize the experience obtained during 
recent years from storing and processing or marketing experimental batches of 
irradiated onions in Hungary.

MATERIALS AND METHODS

We carried out our experiments on Makó onions planted by sets and on 
the seed-grown cultivars o f Dorata di Parma, Alsógodi and Aroma. These 
cultivars play an important role in Hungarian onion production.

Various amounts o f  onions were irradiated each year from 1973 to 1976 
with an average dose o f 5 krad (50 Gy) 60Co gamma radiation and the same 
amounts o f untreated onions served as controls. The irradiations were performed 
2 to 7 weeks after the lifting o f onions. The experimental batches were stored 
after irradiation either in wooden crates in the open air and covered against 
overcooling by straw bales, or in storage rooms. The former storage method is 
typical in the onion dehydration industry in Hungary, the onions stored in 
storage houses being used regularly for sale undried. In both forms o f storage 
aeration was applied and the temperature kept between 0 and 16°C throughout 
the entire storage period.

During the final period o f storage the percentages of sprouted and/or 
decayed onions were measured. Experimental batches for studying the value 
o f onion irradiation for the processing industry were processed after 5 to 6 months
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F IG .2. Decay percentage of untreated and irradiated batches o f onions.

storage into dried onion flakes by pilot-scale'or commercial dehydration facilities 
and the yield o f onions peeled for dehydration processing was also determined. 
The quality o f dehydrated onion flakes was investigated by measuring the 
quantity and discoloration o f bud parts present in the final product.

In 1976 and 1977 after about 7 months o f storage 2000 kg each o f irradiated 
Aroma and Makó onions were sold raw in several retail shops.

RESULTS

Figure 1 summarizes the total storage losses of untreated and irradiated 
batches. The amounts o f irradiated onions are also shown in the Figure. It 
should be mentioned that the low total losses in 1977 are due to the fact that 
the temperature during the critical months o f storage (from January onward) 
was about 5°C less than that during the former experiments. The amount of 
the decayed parts is shown in Fig. 2, while Fig. 3 shows the percentage of peeled 
onions acceptable for dehydration in relation to the stored quantity.

Besides the yield o f  processed products, the quality o f the dried onion flakes 
produced from untreated and irradiated onions was investigated. From this point 
of view the quantity and colour o f the bud parts found in the dried onions should 
be considered because they are decisive for the market value o f the dried product. 
Figure 4 shows that the dried onion flakes produced 4 to 6 months after harvest 
from irradiated onions always contained less bud parts than those produced from
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untreated onions. In addition, the bud parts found in the dried onion flakes 
produced from irradiated onions were less discoloured, i.e. less developed than 
those in the product from unirradiated batches (Fig. 5).

From the point o f view of introducing onion irradiation for fresh con
sumption, it was considered highly important to investigate the behaviour o f  
irradiated onions under the varying household conditions. On 30 March 1976 
2 kg samples of untreated and irradiated Aroma onions — all unsprouted at the 
above date — were distributed among ten families who volunteered for this test. 
The families were asked to keep the samples in their household as usual and to 
record the number of non-edible onions as a percentage o f the original number 
distributed to them. The pooled data o f these household-storage tests are shown 
in Fig. 6. It can be seen that two months after the beginning o f household 
storage 97% o f the unirradiated onions became inedible, either because of 
sprouting or decày, while only 35% o f the irradiated onions were inedible. It can 
be concluded from the figure that -  considering 25% as the maximum acceptable 
storage loss for a household — the untreated onions, when bought shortly before
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FIG .6 . Pooled data o f  deterioration o f onion samples during the household storage tests.

the commencement o f  sprouting, had a shelf-life of only 10 days in the house
hold, while the inedible part o f the irradiated samples reached this critical level 
after 6 weeks o f household storage.

Since the successful commercialization o f food irradiation — apart from its 
technical and economic feasibility — depends decisively on the consumer reaction, 
radiation-treated onions were test-marketed first in Budapest in April 1976 and 
in the town o f Szeged in April 1977, in both cases after about 7 months o f  
storage. The retail sale accomplished in the latter place seemed even more 
significant than that in the capital as Szeged is the centre o f  an onion-producirig 
area where customers are extremely particular about the quality o f onions.
In the shops the display cabinets and each bag o f onions were clearly labelled 
“Onions sprout-inhibited by radiation treatment”. In the course o f each sale 
customers had the choice between irradiated and untreated onions as both were 
put on sale together. The irradiated onions in both marketing tests were accepted 
by the tradespeople as well as by the consumers without prejudice.

DISCUSSION AND CONCLUSIONS

Taking into consideration all the experience gathered in the course o f our 
investigations during recent years, one can conclude that on average an 8-10%  
reduction in the total storage losses could be achieved by the irradiation of  
onions. Taking 20% level as the maximum acceptable total storage loss, untreated 
onions can be stored up to the end o f February or early March under present 
storage conditions, while irradiated onions are storable up to the end o f March. 
This means an extension o f about three weeks for the processing industry.
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When irradiated onions were processed into dried products in February or 
March, the yield o f  peeled onions for dehydration was about 10% higher on 
average than that o f untreated onions. Besides the higher yield o f the processed 
product, the quality o f the dried onion flakes was better in the case o f irradiated 
onions because the bud parts occurring in the products were both smaller in 
amount and less discoloured. The data showed that in the months o f January 
and February bud parts in the dried products made from radiation-treated 
onions were about 30 wt% and in March 35 to 70 wt% less than in the untreated 
ones. Dallyn and Sawyer reported in their pioneering work that the dehydrating 
quality o f irradiated onions was adversely affected by the discoloured growing 
points. However, they applied a higher dose level. As reported in the companion 
paper to this Symposium [21 ], the inner buds o f onions tend to darken during 
post-irradiation storage when onions are irradiated after the break o f their 
dormancy.

The excellent storage performance o f the irradiated onions at the time when 
quality o f  the untreated ones began to diminish very rapidly was shown by the 
household storage tests.

The marketing trials carried out in two different areas o f the country 
demonstrated that Hungarian consumers have no objection to purchasing 
irradiated onions. The marketing tests o f  irradiated potatoes showed a similar 
favourable result [22].

To sum up, it can be stated that the irradiation o f onions showed favourable 
results in both pilot-scale storage and processing studies and in marketing tests in 
Hungary. Based on this experience, we wish to continue our experiments on 
irradiating 40 000 kg o f  onions which will be put on the market in 1978 in our 
country. At the same time we want to design an onion-irradiating facility with 
reasonable construction and operation costs for the semi-commercial irradiation 
o f onions as early as 1978.
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DISCUSSION

O. A. OJOMO: Were the organisms causing rotting o f the onions similar in 
the treated and control bulbs?

B. KÁLMÁN: We did not investigate the microorganisms responsible for 
the rotting.

A. MATSUYAMA: I think that the market value o f irradiated onions may 
be reduced by darkening o f the inner buds. Cold storage after irradiation treat
ment was found effective in our experience. Did you encounter any darkening 
of your irradiated products, and, if so, what steps did you take to prevent it?

B. KALMAN: We too found cold storage to be an effective means o f avoiding 
darkening, which is indeed a very important factor in marketing. According to 
our observations the darkening o f the growing points o f onions is dependent on 
the time between harvest and irradiation. The best time to irradiate the onions
is immediately after harvesting, but this is not really practicable and the best we 
can do is to irradiate the onions as soon as possible after harvesting.

N. OKAFOR: Why did the period o f storage prior to irradiation vary 
between 2 and 7 weeks in your experiments? Is there a period o f storage after 
which deterioration is not reversible by irradiation?

B. KALMAN: We wished to establish the length of the dormancy period 
of the Hungarian onion cultivar, so we investigated the effect o f  radiation on 
onions irradiated 2 to 7 weeks after harvesting. A dose o f 5 krad is enough to 
inhibit sprouting but does not prevent rotting, so we are not in a position to 
speak about the effect of irradiation on the deterioration of onions due to 
microorganisms.
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Abstract

STUDIES ON SPROUT INHIBITION OF ONIONS BY IRRADIATION IN THE FEDERAL 
REPUBLIC OF GERMANY.

The Federal Republic of Germany imports about 97% of the onions for human con
sumption, especially from the Netherlands and from 7 other countries. The onions are 
distributed for sale immediately without long storage in storehouses. Therefore the objective 
of this study was not primarily to clear the irradiation and storage processing but to obtain 
better information about the quality of imported irradiated onions and about the parameters 
influencing the quality. Seven varieties cultivated in Germany with different physical and 
sensory properties were irradiated with 10 MeV electrons at doses of 5 or 10 krad and stored 
at temperatures of + 4 , + 9 , + 10  or +20°C. The time between harvest and irradiation and the 
storage conditions for this time were also varied. In all periods physical, chemical and 
sensory properties of fresh and cooked bulbs were tested and statistically analysed during the 
storage periods of 8 to 10 months after harvest. It could be demonstrated that a dose of 5 krad 
of 10 MeV electrons was high enough to inhibit sprouting in all varieties, independent of the 
storage conditions, if the irradiation was applied within 4 weeks after harvest. If more time 
elapsed between harvest and irradiation, reduced sprout suppression was obtained. The sensory 
quality of the onion bulbs, irradiated and stored for 8 months, was evaluated as only 1 or 2 
points lower than at the beginning of storage, when tested as cooked vegetables. The influence 
of the variety and storage conditions on the properties was more evident than the influence of 
irradiation, apart from sprouting. However, the browning in the growth centre of the irradiated 
onion bulbs could not be ignored. Varying the time between harvest and irradiation had no 
effect, and different storage conditions demonstrated only that lower storage temperatures 
delayed the browning but did not prevent it. This will probably not influence the marketability 
of the onions and would be compensated by lower prices for the onions, which would also not 
be treated with chemical sprout inhibitors.

ONION SUPPLY IN THE FEDERAL REPUBLIC OF GERMANY

In the Federal Republic o f  Germany, where onions are mainly consumed as 
spice, small onions are preferred. The total consumption in 1975 was about 
330 000 t, corresponding to a consumption o f 5—6 kg per year and head. Only 
about 3% are grown in the Federal Republic, while 97% are imported, particularly
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from the Netherlands, but also from Italy, Spain, Czechoslovakia, Poland, Egypt, 
Hungary and Israel.

The imported onions are not stored for a long period but are immediately 
distributed for sale. The stores for the onions grown in a certain region are only 
small, the biggest one having a storage capacity o f about 1200 t, corresponding to 
the total consumption for one or two days. No European grown onions are 
available during the months o f April to June. For these months fresh onions must 
be imported from overseas or from the Mediterranean regions so that an adequate 
and continuous supply o f fresh onions is guaranteed. There is no shortage o f this 
vegetable between the end o f the normal onion shelf-life and the new harvest, 
as in some countries that are entirely dependent upon their own production and 
do not import onions for economic reasons.

The question now arises o f why onion irradiation is o f  interest to importing 
countries and what was the special background to our experiments.

OBJECTIVE OF THE EXPERIMENTS

By the end o f the onions’ shelf-life losses are incurred due to sprouting if  no 
measures for sprout inhibition are taken. Cooling is one o f  these measures but 
it is very expensive, being about 1 DM per month for 25 kg. Therefore importers 
are interested in importing onions that are guaranteed not to sprout during short 
storage periods or during market distribution.

Another point is that sometimes imported onions have been stored for some 
months before and do not sprout, even if they are stored in ambient temperatures. 
Obviously the product has been treated with chemicals, for instance, with maleic 
hydrazide, or with irradiation, two measures that are illegal in the Federal Republic 
o f Germany, but not in some countries o f  the Common Market.

It is to be expected that the exporting countries will demand that irradiated 
onions be imported to our country without restriction and that, consequently, 
German importers will respond to this by claiming that these import restrictions 
be abrogated. We therefore initiated, in co-operation with experts from the 
onion-trade, experiments on the irradiation and storage o f onions intended to 
last 4 years, in order to learn about the quality o f irradiated onions and those 
parameters leading to deterioration in the quality o f this vegetable. In general, 
our results agree with those obtained by other authors [ 1 ], and therefore some 
interesting aspects only will be discussed here [2, 3].
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RESULTS OF THE EXPERIMENTS

In our 4 years o f experiments onions grown in the Federal Republic o f  
Germany were irradiated and stored under various conditions and tested by 
various methods. The following parameters were investigated:

(1) Varieties:

(2) Storage conditions:

(3) Time elapsed between 
harvest and irradiation:

(4) Biological properties:
(5) Sensory properties:
(6) Chemical compounds:

Rocket, Granada, Topaz, Ontario, 
Juwarund, Hygro, Hyduro 
+20°C 60% R.H., +10°C 80% R.H.
+9°C 75% R.H., +4°C 80% R.H.

1—2 weeks, 4 —5 weeks, 8 weeks, 11 weeks,
21 weeks
sprouting, rotting, firmness, colour 
colour, flavour, odour, tenderness 
sugar, aromatic oils

About 135 different lots were studied over the four year test period.

RADIATION TECHNOLOGY

The onions were irradiated at our laboratories with 10 MeV electrons from 
a linear accelerator. In doing so we found that onions greater than 5—6 cm in 
diameter were not entirely penetrated by the electron rays. However, the 
electron energy was sufficiently high to reach at least the germination zone in 
the onion centre, if  the onions were suitably oriented towards the radiation source. 
This means that part o f  the onion bulbs remained non-irradiated, which had no 
adverse influence on the desired sprout-inhibiting effect. The recommendations 
o f the Joint FAO/IAEA/WHO expert group [4] and the draft standard for food 
irradiation o f the Codex Alimentarius Commission demand a minimum dose of 
2 krad. This means that this minimum dose must have been absorbed by all 
parts o f the irradiated product. Should these recommendations be extended to 
electrons, however, it remains to be discussed whether this regulation is optimal, 
because the situation in practice is not fully taken into account. One proposal 
could be to dispense with the minimum dose in the recommendations for onion 
irradiation.
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SPROUTING AND ROTTING

The onions tested in our experiments showed both dit'ferent sprouting times 
and different sprouting intensities, depending on the storage temperature. The 
irradiation dose to suppress sprouting was 5 or 10 krad, whereas a dose o f 5 krad 
was sufficient to obtain complete sprout inhibition. Because o f the limited 
dormancy period o f the bulbs, however, we were not successful in all cases. To 
determine the dormancy period, which is the prerequisite to an effective sprout 
inhibition by irradiation, the onions were stored after harvest for times ranging 
from 2 to 20 weeks at +4°C, +10°C, or in industrial storehouses. The sub
sequent irradiation o f onions that had been stored for 8 —10 weeks, at no matter 
what temperature, did not result in satisfactory sprout inhibition. Sprouting was 
inhibited completely only in those onions irradiated not later than 4 weeks after 
harvest.

Onions irradiated at times other than the dormancy period showed higher 
sprouting intensity at a storage temperature o f +4°C than at 10 and 20°C. We 
feel, however, that it is not necessary to instruct consumers as to the storage 
conditions o f  irradiated onions because it can be assumed that onions offered 
commercially on the market were irradiated properly during their dormancy 
period, preferably on their way from the growing region to the store. Consumers 
therefore can rely on irradiated onions not to sprout during storage in the kitchen 
or cellar, so that higher quantities can be kept in reserve.

There is no danger that irradiated onions are more sensitive to rotting than 
unirradiated ones. Our experiments confirmed the results reported by other 
authors that rotting is merely dependent on the storage conditions (Fig.l).

TENDERNESS

It is important to note that onion irradiation does not compensate for 
unfavourable storage conditions. The most important quality criterion next to 
sprouting, for instance, is the firmness o f the bulbs. This can be evaluated by 
consumers without any technical aid, merely by pressing the bulb manually.

We tested the firmness o f  the bulbs and the tenderness o f the leaves by three 
different methods using various food-texture measuring instruments [5] and found 
the best correlation to the sensory test by measuring the compressive strength, 
recording the maximum force compressing the onion bulb with a stem plate of
5 cm diameter.

The analysis o f variance o f the results showed that the parameters variety 
and irradiation dose had no significant influence on the firmness. However, it 
was found that the storage conditions could influence the firmness o f the onions 
in different ways. Figure 2 shows the mean values o f the firmness calculated for
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S to r a g e  t im e

1974 
10  11 12

1 9 7 5

1 2  3 4  5  6 7 8 9
G ra n a d a  10°

20°

Ontario 10° 
20°

Topaz

Rocket 10° 
20°

10°

20°

F IG .l . Start o f  rotting o f  irradiated and unirradiated potatoes stored at 10  and 2 0  C. 

X  — date o f  irradiation.

F IG .2. Firmness o f  onions at the beginning (B) o f  storage and after storage for 5  months 

at 4, 9 and 1 0 °С  and under commercial conditions (I¡. X X  significantly different;

X X X  — highly significantly different.

all lots stored under the same conditions, regardless o f  the variety and irradiation 
dose applied. There is a significant difference in the firmness at the beginning 
o f storage and after storage for 5 months, but onions stored at 10 and 4°C 
showed a difference in firmness as well. It can be concluded from these results 
that optimal storage conditions are important for both irradiated and non
irradiated onions. Unfavourable storage conditions lead to quality loss, no matter 
whether the product has been irradiated or not.
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1.0..

FIG .3 . Sugar content (g /100  g fresh onionsJ o f varieties Granada (G), Topaz (T), Rocket (R ) 

and Ontario (O).

CHEMICAL COMPOUNDS

Another quality criterion is the content of certain chemical compounds. 
Gas-chromatography o f silyllated extracts showed no change in levels o f glucose, 
fructose or malic acid during storage at 10 or 20°C, regardless o f treatment. The 
saccharose level was about 2.2% of the fresh weight at the start o f the storage 
period and fell to about 1.5% in both irradiated and unirradiated bulbs. Only 
the parameter variety affects the content o f sugars. The mean values for onions 
o f different varieties regardless o f treatment and storage conditions are compared 
in Fig.3.

When the onions are used as spice the content o f aromatic oils is important. 
We tested this by distillation for three varieties, treated and untreated. The mean 
value o f about 50 measurements was 0.10 ± 0.02 ml/kg fresh weight. The 
variance in the experiment masked any influence o f variety or irradiation dose.

The results indicated that the prerequisite for obtaining high-quality 
irradiated onions, for which non-sprouting is only one criterion, is a high-quality 
raw product.

BROWNING OF THE GROWTH ZONE

It cannot be ignored that irradiation has also a more or less adverse effect 
on the onions. Some authors report browning o f the growth zone, which could 
be completely avoided only when the onions were stored at 0°C [6], a temperature 
that is not acceptable for economic reasons.
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2 weeks 10 X
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Storage tim e
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Xx
X
X

X

Begin of browning

F IG .4. Start o f browning in the growth zone of onions irradiated with 5 or 10  krad and 

stored under various conditions before and after irradiation. X  =  date o f irradiation.

In our experiments we could not avoid this adverse effect by storing the 
onions at temperatures between +4  and 20°C prior to and after the irradiation.
We found, however, that the beginning o f browning was dependent on the 
storage temperature after irradiation (Fig.4). No matter what temperature the 
onions had been stored at prior to irradiation, browning o f the growth zones 
started after about 2 months at storage temperatures after irradiation of 10 and 
20°C, and after about 4 to 5 months when the onions were stored at +4°C. This 
finding was largely independent o f the variety. The brown colour of the growth 
zone could be clearly differentiated in colour evaluation tests from the brown- 
yellow colour o f the stem plates.

The fear is merely theoretical and not justified that consumers might be 
deceived or misled into buying irradiated onions, which at the time o f purchase 
have a good quality but in which browning of the growth centres is observed 
during extended storage. In practice irradiated onions are usually stored for 
more than 4 months before they are sold. During this time the brown dis
coloration has developed to such an extent that it is easily recognized.

There still remains the question o f whether the onions become unmarketable 
due to this quality loss. It is no problem to remove the browned parts because 
they are limited to the inner sprout and there is no rotting around the growth 
centre to give the onion an off-flavour. The opinion o f the trade experts consulted 
was that this has no influence on the marketability o f the onions. We have no 
information as to whether consumers were asked about this special problem in 
consumer tests in other countries.
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FIG . 5. Sensory evaluation o f the taste o f onions stored at 10 ° C.

The browning of the growth zone does not influence the quality of onions 
consumed as cooked vegetables. We tested the sensory quality o f cooked onions 
continuously over a storage period o f about 10 months. In nearly 100 sessions 
about 9000 sensory evaluations were made. Regardless o f the storage temperature 
and the variety, no substantial differences between unirradiated bulbs and those 
irradiated at 5 or 10 krad could be found. As late as February, however, the 
number o f unirradiated unsprouted bulbs had decreased to only a few which by 
then were no more saleable.

Figure 5 shows the mean sensory values for flavour o f the variety Rocket 
stored at +10°C. All evaluation curves show the same trend, indicating a some
what falling quality during long-term storage. At the end o f the storage period 
of 10 months we tested the quality o f irradiated and stored onions, compared 
with onions o f the same variety that had been harvested shortly before. The 
irradiated onions were rated only one or two points lower (on a 9-point evaluation 
scale) than the fresh onions.

The sensory evaluation was supplemented by triangle tests. The tasters, 
about 40 members o f  our institute, were able to differentiate sharply between 
irradiated and unirradiated cooked onion bulbs stored for 5 months. The criterion 
upon which the distinction was primarily based was the colour, because the colour 
o f the unirradiated bulbs had changed, due to the green-yellowish colouring o f  
the inner sprouts.
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CONCLUSIONS

The results o f our experiments demonstrate that the quality o f irradiated 
onions can be evaluated as good for a storage period long enough to bridge the 
time until the new harvest. An essential precondition is a good quality product, 
optimal storage conditions and irradiation within the dormancy period.

However, we should not make the same mistake we made previously with 
potatoes in comparing the quality o f irradiated potatoes with that of un
irradiated ones only. Irradiation should be compared also with cooling and 
chemical treatments. We believe that no other food that is suited to irradiation 
treatment has a better starting position at the moment because o f the extremely 
low dose required and the economy of the process.

Importing irradiated onions into the Federal Republic o f Germany in the 
months o f  April to June will help to stabilize prices, improve the supply in the 
market and also promote the standardization o f legislation throughout the 
Common Market to the advantage o f  the consumer.
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DISCUSSION

B. KÁLMÁN: Have you performed any chemical investigations with regard 
to the texture o f the onions? I am thinking in particular o f the pectin content.

T. GRÜNEWALD: No. We carried out only the kind o f tests that consumers 
themselves might be expected to perform.

A.S. AIYAR: You mentioned that the external appearance o f the onion 
bulb was not affected by irradiation but that there was discoloration o f the bud
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which becomes apparent only when the ionion is cut up. You also quoted trade 
experts as saying that this internal defect would not adversely affect the market
ability o f the produce. Don’t you think that one experience o f this hidden 
undesirable effect might deter the customer from buying irradiated onions again?

T. GRÜNEWALD: We had no opportunity to carry out consumer tests 
with irradiated onions, and therefore sought the opinion o f trade experts. Of 
course, it would be very useful to determine people’s reaction to discoloration in 
a consumer survey. As far as I know, this has not been done anywhere to date.

R.S. KAHAN: It should be emphasized that serious bud darkening occurs 
in only a low percentage o f stored onions. We marketed many tens of tons of 
stored onions over a two-year period. We did not directly ask the public to 
comment on bud darkening, but from repeated sales in the samé shop, and from 
lack o f complaints by the public, it would seem that this is not a problem.

T. GRÜNEWALD: We tested seven varieties and they all showed the 
darkening effect.

В. AMOAKO-ATTA: In your concluding remarks you mentioned three 
factors, namely quality of the product, optimal storage conditions and irradiation 
within the dormancy period, that directly affect the irradiation preservation of 
onions. Since the storage and handling of products will be the responsibility 
of the consumer or marketing agency, do you foresee the need to specify or give 
advice on storage conditions for the full benefits o f irradiation to be realized?

T. GRÜNEWALD: Sprouting is only one aspect o f onion quality. Other 
aspects such as firmness, rotting, content o f aromatic compounds are governed 
solely by the storage conditions and not by the irradiation process. Therefore, 
the onions should be stored under optimum conditions in industrial stores before 
and after irradiation prior to marketing. Storage time in the home is, at least in 
our country, relatively short compared with the time spent in industrial stores, 
so no special recommendations for consumers should be necessary.

Ferial A. ISMAIL: Did you examine the effect o f irradiation on the 
sulphur-containing components which act as flavour precursors in onions?

I. KHAN: Permit me to answer this question. In the course of my doctorate 
work in Germany I made a detailed study o f the effect o f radiation on the sulphur- 
containing compounds responsible for the flavour in onions. It was established 
that sprout-inhibiting doses of gamma radiation did not have a significant effect 
on these compounds and as such the flavour was not affected.
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Abstract

USE OF GAMMA IRRADIATION FOR THE EXTENDED COMMERCIAL STORAGE OF 
PHILIPPINE ONIONS AND OTHER AGRICULTURAL PRODUCE.

The paper reports the results o f  investigations on the use of irradiation to inhibit sprouting 
and other storage disorders in onions and garlic during commercial storage. A dose o f 3—10 krad 
inhibited sprouting in Yellow Grannex onions during refrigerated storage. In addition, it also 
had a beneficial effect simultaneously decreasing mould growth, decay and loss in weight during 
storage. Irradiation appears to predispose the bulbs to chilling injury but the onset and progress 
o f this defect occurs at a time when the onions have reached their maximum storage life (i.e. 
total defects = 50%). Time o f harvest and general condition of the bulbs at harvest appear to 
have a significant effect on storability and the effects o f these variables await further study. 
Preliminary results indicate that a dose rate o f 30 krad/h rather than 5 krad/h has a significant 
effect on the potential benefits o f irradiation. A maximum storage o f 6  months as against 
4 months for controls is attained with a dose o f 3 - 9  krad at a dose rate o f  30 krad/h. A dose of 
10 krad and dose rate o f  25 krad/h produced lower storage defects. Garlic irradiated with 
14—26 krad at a dose rate o f 25 krad/h can be stored for a maximum period o f 12 months in 
refrigerated storage as against 4 months under ambient storage. A preliminary cost analysis on 
the effect o f  irradiation on stored onions and garlic is also discussed.

INTRODUCTION

Onion is the most common spice used in the Philippines for cooking meat, 
fish and poultry. Two varieties are grown commercially, namely, Yellow Grannex 
and Red Creole. Yellow Grannex is grown both for export and the domestic 
market, while Red Creole is used only for local consumption. They are harvested 
once a year, Yellow Grannex during the dry season principally during the months
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o f January, February, March and April, and Red Creole during April, May and 
June. Annual production, at a rate of 20 tons per hectare for 1976, is 52900 t [1], 
valued at pesos (f*) 87 400 000.

The Philippines imported onions until 1951 when importation o f the com
modity was banned by Republic Act No. 1296, which resulted in savings of several 
million dollars [2]. Since then local farmers have been encouraged to produce 
more o f the crop and now the country is not only producing enough for home 
consumption but is also exporting the commodity. About 50 000 families from 
the provinces of Nueva Ecija, Pangasinan, Nueva Vizcaya and Cavite depend for 
their livelihood on onion production. This year around 227 208 bags (20 kg per 
bag), valued at $500000, were exported to Japan, Singapore and Hongkong.
Last year’s export was valued at about $ 213 000 [3 ]. The annual domestic 
consumption for onions is approximately 1 kg per capita. Based on a 44 million 
population our annual requirement is approximately 44 million kg (44 000 t).

STORAGE

Since the onion is harvested only once a year, it requires storage for prolonged 
availability. In the rural areas the longest period for which onions are stored is one 
month unless the onion traders maintain refrigerated warehouses in the area for 
prolonged storage. Food Terminal, Inc. (FTI), a government-owned agro-industrial 
corporation, is engaged in the trading and storing of onions and other agricultural 
produce. Last year it traded and stored 2000 tons o f onions. This represents 
only a portion o f the entire national production, which, even if taken as a whole, 
does not fully satisfy the requirements of the market.

The limited storage life o f the commodity is due to storage problems such 
as sprouting, rotting and loss in weight. The commercial storage o f onions, 
garlic, potatoes and other agricultural produce has been followed closely by the 
Food Research and Processing Department o f the FTI.

Onions and garlic have been found to be storable at a temperature o f 2—4°C 
and a relative humidity (RH) o f 70—75%. They can be stored for a maximum 
period o f 3 - 4  months under these conditions, after which losses due to sprouting, 
rotting and loss in weight occur. During the lean months prices increase 
considerably. The storage period, therefore, is not long enough to stabilize the 
price o f the commodity for the domestic market.

The objective of this study is to prolong the storage life o f onions until the 
next harvest. This paper reports the results o f  investigations conducted by the 
Philippine Atomic Energy Commission (PAEC) in collaboration with the FTI to 
determine the minimum radiation level that can satisfactorily inhibit sprouting 
and prevent rotting o f the local variety o f onions and the maximum period for 
which irradiated onions can be stored in a commercial warehouse under controlled 
and ambient temperature conditions.
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REVIEW OF LITERATURE

The use o f gamma radiation for the inhibition o f  sprouting and rotting o f  
onions has been the object o f study by researchers in many countries, including 
the Philippines (Table I). The table shows that a dose ranging from 2 to 15 krad 
can inhibit sprouting o f  onions when stored at different temperatures.

In the Philippines a temporary clearance for irradiated potatoes has been 
granted by the Philippine Food and Drug Administration (FDA) on the basis o f  
studies conducted by Gonzalez et al. [5] in 1969 and other studies conducted 
abroad. Likewise, a request for temporary clearance o f irradiated onions has 
also been submitted by the FTI. However, the FDA authorities are waiting for 
the results o f wholesomeness studies undertaken in other countries before acting 
on the request.

MATERIALS AND METHODS 

Crop year 1976

The Yellow Grannex samples used in the experiment were obtained from 
Nueva Ecija, a province 150 kilometres from Manila, through the FTI trading 
posts. Initial sorting and grading were done at the farm and the onions were 
reinspected and sorted upon arrival at the FTI. Grade No. 1, medium size 
(4 .5 -6 .1  cm dia.) onions were chosen and packed in slatted wooden crates 
measuring 11 X 11 X 23 inches, and containing 20 kg o f onions.

The crates were transported in an FTI van to the PAEC, about 25 km, 
for irradiation. Irradiation was carried out in a 7000 Ci 60Co irradiator in air 
at ambient temperature (26—34°C, 65—78% RH). A Fricke dose meter was used 
to measure the total absorbed dose.

Yellow Grannex

For.the first experiment Yellow Grannex onions two weeks after harvest 
were irradiated with doses of 4, 7 and 11 krad at a dose rate o f 5 krad/h.

After irradiation the onions were divided into 2 lots and stored at the FTI. 
One lot was stored at the multi-purpose building at ambient condition (25—34°С 
and 60-90%  RH) and the other at the central refrigerated warehouse at 2 -5 °C  
and 70—75% RH. The experiment was replicated 9 times per treatment.

In the second experiment 6 crates from the same batch were irradiated with 
doses o f 3, 7 and 9 krad at a dose rate o f 30 krad/h and stored at the same 
conditions as in the first experiment.



TABLE I. STUDIES ON SPROUT INHIBITION BY GAMMA RADIATION

Investigator Time o f  irradiation 
after harvest

Storage
conditions

Dose
(krad)

Storage period 
(months)

Percentage
sprouting

Mathur, P.B. [4] 11 —12°C 
85-90%  RH

6 8 Inhibited
sprouting

Gonzalez et al. [5] 27-30%  RH 4 - 1 5 5 Inhibited
sprouting

Nair et al. [6 ] 1 week 20° С 6 - 1 2 5 16, 1 2 %;
76% for control

Thomas et al. [7] 2  weeks 2 6 —32°C 6 - 9 Minimal

Loaharanu [ 8 ] 2  months 5—10°C 
70-80%  RH

6 - 9 3 1 0 - 1 2 %

Farkas, J. [9] 2  weeks 4 —10°C 
70-85%  RH

5 14% versus 85% 
for control

De Zeeuw [10] 1 week

2  weeks

0 —2°C 4

2

Whole
storage

Maximum sprout 
inhibition
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Red Creole

Eighteen crates o f  Red Creole onions 4 weeks after harvest were also 
irradiated with 4, 9 and 16 krad at 5 krad/h and subjected to the same conditions 
as the Yellow Grannex onions.

Garlic

Eighteen crates o f garlic three months after harvest from the province o f  
llocos Norte were irradiated with 6, 14 and 26 krad at 25 krad/h. After irradiation 
they were stored under the same conditions as the onions.

Crop year 1977

Yellow Grannex

Twenty crates o f  Yellow Grannex onions two weeks after harvest were 
irradiated with an average dose o f 10 krad at 25 krad/h. As in previous experiments, 
the batch was divided into two lots, one kept at ambient storage and the other at 
refrigerated temperature as in the first experiment. Each lot was further sub
divided into two, one aerated and the other unaerated.

Red Creole

Red Creole onions two weeks after harvest were irradiated with an average 
dose o f  8 krad at 25 krad/h. The samples were also stored under the same 
conditions as the Yellow Grannex.

Inspection was done at monthly intervals to assess the quality changes such 
as sprouting, rotting, loss in weight, mould growth and chilling injury for the 
commodity kept at refrigerated storage. Weekly inspection was conducted for 
those kept at ambient storage because o f the fast rate o f  deterioration o f the 
samples. The experiment was terminated after the commodity reached a total 
of 50% storage defects.

RESULTS AND DISCUSSION 

Yellow Grannex onions

Crop year 1976

Results o f  the study conducted on Yellow Grannex onions showed little 
or no effect o f  irradiation on sprouting, decay, mould growth and loss in weight.
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TABLE II. STORAGE DEFECTS IN IRRADIATED YELLOW GRANNEX ONIONS STORED AT REFRIGERATED 
TEMPERATURE 
Conditions: 4—11 krad, 5 krad/h, 2—5°C, RH 70—75%

Storage
time
(months)

Sprouting
(%)

Decay
(%)

Mould growth 
(%)

Weight loss 
(%)

Chilling injury 
(%)

Ca Irr С Irr С Irr С Irr С Irr

1 0.5 1.4 1 . 0 1 . 2 2 . 6 6 . 6 1 . 2 1 . 1 0 0

2 1 . 2 1.5 0.9 1.5

0
0

0
0 13.7 2 . 8 3.0 0 0

3 1 . 6 1 . 6 2 . 1 2 . 1 9.2 14.7 5.8 4.1 0 0

4 3.3 2.5 4.4 3.2 21.7 16.4 8.9 5.6 1 . 6  . 2.9

5 17.5 8.3 5.8 4.1 25.0 19.3 13.5 7.7 8.5 12.3

6 35.2 16.3 4.8 2.4 37.0 24.5 15.2 9.7 2.4 12.5

7 36.9 21.7 14.1 1 2 . 1 77.8 35.5 30.0 14.0 2 . 0 16.1

8 29.7 19.8 59.2 19.9 83.7 44.7 55.7 33.0 1 . 2 2 2 . 2

9 16.1 14.7 77.2 27.3 1 0 0 64.3 62.0 37.8 1 . 0 31.0

a С = control, Irr = irradiated.

SINGSON 
et al.



TABLE III. STORAGE DEFECTS IN IRRADIATED YELLOW GRANNEX ONIONS STORED AT REFRIGERATED 
TEMPERATURE. CROP YEAR 1976 
Conditions: 3 - 9  krad, 30 krad/h, 2.5°C, RH 70-75%

Storage
time

Sprouting
(%)

Decay
(%)

Mould growth 
(%)

Weight loss 
(%)

Chilling injury 
(%)

(months)
Ca Irr С Irr С Irr С Irr С Irr

1 0.5 0.4 1 . 0 2 . 0 2.7 1.4 1 . 2 1.3 0 0.4

2 1 . 2 0.4 0.9 2 . 2 8.9 1.7 2 . 8 2 . 8 0 0.4

3 1 . 6 0 . 8 2 . 1 3.4 9.2 4.1 5.8 4.7 0 0.9

4 3.3 1 . 0 4.4 4.8 21.7 7.7 8.9 6.9 1 . 6 1.5

5 17.5 3.8 5.8 4.8 25.0 10.3 13.5 8.9 8.5 8 . 8

6 35.2 8.7 4.8 5.2 37.0 14.6 15.2 11.4 2.4 1 0 . 2

7 36.9 24.5 14.1 8 . 2 77.8 18.9 30.0 17.1 2 . 0 1 0 . 0

8 29.7 31.0 59.2 1 0 . 0 83.7 2 2 . 6 55.7 19.3 1 . 2 27.4

9 16.2 27.2 77.6 18.9 1 0 0 40.3 62.0 2 1 . 2 1 . 0 1 2 . 2

a
С = control, Irr = irradiated.
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4 t h  m o n th  
% o f  t o t a l  s to r a g e  
d e f e c t s  
1 =  2 2 %

С = 2 9 “/.

5 t h  m o n th  
% o f  t o t a l  s t o r a g e  
d e fe c ts  
1 = 4 2  %

C = 5 7 %

6  th  m o n th  
%  o f t o t a l  s t o r a g e  
d e f e c t s  
1 = 5 3 %
С = 7 6  %

7 t h  m o n th  
X  o f  t o t a l  s to r a g e  
d e fe c ts  
1 = 8 2  X  

С = 12 2 %

a b c d e a b c d e a b c d e a b c d e  
4  5  6  7

S T O R A G E  T IM E  ( M o n th  )

FIG .l. Storage defects o f  Yellow Grannex onions irradiated at 5 krad/h. a sprouts, b decay, 
с m ould (taken as 50% in computation), d  weight loss, e chilling injury.

The irradiated samples deteriorated at the same rate as the controls after one 
month o f storage, after which they were no longer marketable1 due to con
siderable decay and mould growth.

Tables II and III show the storage defects in Yellow Grannex onions stored 
at FTI’s central refrigerated warehouse at 2—5°C and 70—75% RH., irradiated at 
low (5 krad/h) and high (30 krad/h) dose rates, respectively. Figures 1 and 2 
demonstrate the storage defects at the above rates during the critical months 
(4th to 7th month), including the total storage defects for each period.

The data indicate that the maximum storage life o f onions irradiated at 
5 krad/h is 5 months, and 6 months for those treated at 30 krad/h, based on a 
maximum total percentage o f storage defects of 50%. An extension o f storage 
life o f one month is produced by irradiation at a higher dose rate.

During the fifth month those irradiated at 5 krad/h had 9.2% less sprouts,
1.7% less decay, 5.7% less mould growth, 5.8% less loss in weight but 3.8% more

1 Maximum storage life is taken as the time at which the total level o f  market 
disorders in the crop does not exceed 50%.
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4  t h  m o n th  5  th  m o n th  6  th  m o n th  7 t h  m o n th
°/o o f t o t o l  s to r a g e  %  o f  t o t a l  s to r a g e  %  o f t o t a l  s to r a g e  %  o f t o t a l  s to r a g e
d e f e c t s  d e f e c t s  d e f e c t s  d e f e c t s
1 = 1 8 %  1 = 3 2 %  1 = 4 3 %  1 = 7 9 %

C = 2 9  %  С = 5 7  %  С = 7 6  %  С = 122 %

a  b c d e a b c d e a b c d e a b c d e  
4  5  6  7

S T O R A G E  T IM E  ( M o n th  )

FIG.2. Storage defects o f  Yellow Grannex onions irradiated at 30 krad/h. Legend as Fig. 1.

chilling injury than the controls. By the sixth month those irradiated at 30 krad/h 
had 26.5% less sprouts, 28.4% less mould growth, 3.8% less loss in weight but 
7.8% more chilling injury than the controls.

There was a marked difference in sprout inhibition between the two dose 
rates rather than between the 4, 7 and 11 krad doses. Since the difference in 
sprout inhibition for the three doses was not statistically significant, the values 
were averaged for convenience.

Samples irradiated at 5 krad/h broke dormancy after the fourth month, 
whereas samples irradiated at 30 krad/h broke dormancy after the fifth month 
(Fig. 3). The rate o f  sprouting is much less for those irradiated at the high dose 
rate. In the sixth month, which was considered as the maximum storage life at 
the higher dose rate, sprouting was 8.7% as against 16.3% for those irradiated 
at the low dose rate. The percentage sprouting reached a maximum and then 
decreased. This was also observed by some investigators [6, 7] and they claimed 
that the effect was due to the drying o ff o f  the sprouts which makes it difficult 
to distinguish between sprouted and unsprouted onions.

Chilling injury is a defect brought about in onions by low temperature 
storage. Although this defect was higher for irradiated samples than controls, 
its existence progressed only during the time when the maximum storage life o f  
the onions had been reached.
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S T O R A G E  T IM E  ( M o n th  )

FIG.3. Sprouting o f  Yellow Grannex onions irradiated at low  and high doses. •  control,
® 5 krad/h, x 3 0  krad/h.

The effect o f irradiation in minimizing storage disorders becomes more 
evident as storage is prolonged but this loses practical significance after the 
period o f maximum shelf-life, determined on the basis o f  total level o f market 
disorders, is reached.

Crop year 1 9 7 7

For the 1977 harvest o f Yellow Grannex onions, ambient storage was again 
attempted but with aeration. This treatment was likewise not found to produce 
any significant change in the shelf-life o f the produce. After the first week o f  
storage all batches were considered unmarketable.

The storage defects o f the onions kept under refrigerated conditions 
(0 .5—5°C, 65—80% RH) are shown in Table IV. Sprouting is still low even up to 
the sixth month o f storage. During this period the irradiated samples had 0.3% 
less sprouts, 1.7% less decay, 8.3% less mould growth, 4.3% less loss in weight 
but 3.9% more chilling injury than controls. The percentages o f storage defects 
are significantly lower than those o f the 1976 harvest o f Yellow Grannex during 
the same period. The maximum storage life o f the 1977 crop was 6 months, 
as shown in Table IV. In the seventh month o f storage the percentage o f  storage 
defects suddenly increased. The more encouraging results being obtained this 
year could be the effect o f  time o f irradiation and of the general condition o f  
the onion harvest as a whole. We intend to investigate this further.

Aeration had no effect on arresting defects in onions during storage at 
ambient and refrigerated conditions. On the contrary, the storage defects were 
accelerated particularly in samples kept at ambient storage.

For both crop years, 1976 and 1977, irradiation appears to predispose the 
bulbs to chilling injury during refrigerated storage.
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Red Creole onions

Crop year 1976

Data on the storage defects of Red Creole onions irradiated 4 weeks after 
harvest with 4, 9 and 16 krad and stored at ambient conditions confirm the 
earlier observations on Yellow Grannex that ambient conditions are not feasible 
for storage.

Table V shows the storage defects on refrigerated Red Creole onions. Break 
in dormancy for both irradiated bulbs and controls occurred during the second month. 
However, starting from the third month sprouting for irradiated samples is higher 
than controls, probably due to the fact that the bulbs were irradiated 4 weeks 
after harvest when the dormant period had already lapsed. Instead o f inhibiting 
sprouting irradiation accelerated it when the bulbs were kept in cold storage.
This has been observed also by earlier investigators [6, 7]. Decay and mould 
growth were minimized by irradiation and refrigeration but loss in weight 
progressed with the acceleration o f sprouting. Maximum storage life was at the 
fourth month with 60.6% marketability for irradiated samples as against 33.9% 
for controls. It may be mentioned that the batch was harvested after the floods 
in Central Luzon and the relative humidity during the curing period was quite 
high. This probably explains the rapid deterioration o f the bulbs kept in 
ambient conditions.

Crop year 1 9 7 7

The study on the 1977 crop is still in progress.

Garlic

Data obtained on the storage defects o f  garlic irradiated 3 months after 
harvest with doses o f  14 and 26 krad and stored at ambient conditions (26—34°C, 
60—90% RH) showed that the crop can be stored only for a period o f 4 months. 
During the period the total storage defects were 34% for control and 31% for 
irradiated bulbs. Weevils, dry rot and dehydration shortened the storage life. 
Sprouting was not a problem.

Refrigerated storage, however, inhibited sprouting and weevil growth in 
irradiated bulbs, as shown in Table VI and Fig. 4. The data in Table VI show that 
the maximum storage life o f  irradiated garlic can reach 13 months as against 
10 months for controls. During the 13th month the total storage defects for 
irradiated bulbs was 34% as against 56% for controls.



TABLE IV. STORAGE DEFECTS IN IRRADIATED YELLOW GRANNEX ONIONS STORED AT REFRIGERATED 
TEMPERATURE. CROP YEAR 1977 
Conditions: 10 krad, 25 krad/h, 0 .5-5°C , RH 70-80%

Storage
time

Sprouting
(%)

Decay
(%)

Mould growth 
(%)

Weight loss 
(%)

Chilling injury 
(%)

(months)
Ca Irr С Irr С Irr С Irr С Irr

1 0 0 0.95 1.5 1.3 0.9 1 . 0 0.4 0 0

2 0.08 0 1.9 1.7 3.5 2.4 2 . 6 2 . 1 0.16 0

3 0.08 0 1.9 1.7 4.2 3.3 4.1 2 . 6 0.16 0

4 1 . 2 0 2.4 1 . 8 6 . 2 3.3 7.2 3.5 0.63 0

5 1.4 0.9 3.1 2 . 0 8 . 8 3.7 1 0 . 6 6 . 2 4.6 5.5

6 2.4 2 . 1 3.8 2 . 1 13.2 4.9 13.6 9.3 10.5 14.4

7 1 2 . 8 7.4 15.1 3.4 20.7 6.4 17.8 1 2 . 1 2 2 . 0 44.9

a С = control, Irr = irradiated.
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TABLE V. STORAGE DEFECTS IN IRRADIATED RED CREOLE ONIONS KEPT AT REFRIGERATED 
TEMPERATURES

Storage
time

Sprouting
(%)

Decay
(%)

Mould growth 
(%)

Weight loss 
(%)

(months)
Ca Irr С Irr С Irr С Irr

1 0 . 1 0 0 . 2 0.9 0 . 8 0 0 2 . 0 1 . 0

2 1 . 8  • 1.7 1 . 0 0.5 1 . 0 1 . 2 5.9 4.7

3 6.9 7.7 0.67 0 . 8 14.1 3.7 8.9 6.7

4 18.1 17.9 13.6 5.5 38.8 11.4 15.0 10.3

5 29.3 32.2 48.2 15.4 59.7 2 0 . 6 26.8 17.0

6 25.7 31.0 60.4 30.3 1 0 0 . 0 39.0 47.5 30.5

7 27.1 32.6 64.12 31.2 1 0 0 . 0 1 0 0 . 0 54.1 36.9

a С = control, Irr = irradiated.
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TABLE VI. STORAGE DEFECTS IN IRRADIATED GARLIC STORED AT REFRIGERATED TEMPERATURE 
Conditions: 1 4 -2 6  krad, 25 krad/h, 2 -5 °C , RH 65-80%

Storage
time
(months)

Sprouting
(%)

Weevils
(%)

Rotting
(%)

Weight loss 
(%)

Ca Irr С Irr С Irr С Irr

1 0 0 0.4 0.85 0.5 0 . 8 1 . 0 1 . 0

2 0 0 . 0 1 0.5 1 . 0 0 . 6 1.4 2.4 2 . 0

3 0 . 1 0 . 1 0.5 1 . 0 1 . 0 2 . 0 4.2 3.5

4 2.7 0 . 6 0 . 6 1 . 0 1 . 2 2.4 7.4 5.3

5 5.1 1.3 0 . 8 1 . 1 1.9 3.1 10.5 7.8

6 6 . 8 2 . 8 0 . 8 1 . 1 3.2 4.2 14.4 9.7

7 8.3 2.5 0.9 1.4 4.9 4.9 16.2 11.9

8 9.1 2 . 1 1 . 0 1.4 6 . 2 5.0 2 0 . 8 13.5

9 12.7 2 . 2 1 . 0 1.5 6 . 2 5.2 24.2 16.6

1 0 14.4 0 . 8 1 . 0 1.5 6 . 6 5.6 28.0 19.6

1 1 14.5 0 1 . 0 1.5 7.9 7.3 30.1 2 2 . 0

1 2 9.8 0 1 . 0 1.5 9.7 8 . 8 34.5 23.6

13 9.5 0 1 . 0 1.5 9.7 9.1 36.9 25.8

a С = control, Irr = irradiated.
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S T O R A G E  T IM E  ( M o n t h )

FIG.4. Sprouting o f  garlic during refrigerated storage. ------- -----c o n tro l,------------------ irradiated.

PRELIMINARY COST/BENEFIT ANALYSIS

Despite the limited data available, an attempt was made to quantify the 
monetary benefit derived from reducing storage losses by irradiation. Using the 
average monthly wholesale price fluctuations in the Greater Manila area and the 
annual production o f onions and garlic for the crop year 1976 as well as the 
maximum storage life o f  these crops obtained in this study, a preliminary cost/ 
benefit analysis was made.

The computational method o f Sudarsan [11] was used. Cost o f irradiation 
was estimated from a preliminary cost analysis study should a 100 000 Ci 60Co 
facility be set up in the Philippines. The estimate was-P50.00/t o f agricultural 
crops (PI .00 per 20 kg crate) to be treated. Storage cost is-P50.00/t per month 
based on FTI rates o f -PI .00 per crate per month.

Table VII (1976 crop) shows that when onions harvested in March are 
irradiated and sold in July, an additional revenue equivalent to f4 3 7 /t  can be 
realized compared with samples stored without irradiation. If marketing is 
delayed until August, the revenue benefit decreases to -P95/t. Storage beyond 
5 months does not result in further revenue benefits from irradiation. Results 
for the 1977 crop are shown in Table VIII. Onions harvested and irradiated 
thereafter and sold in July, August and September can give an incremental 
benefit 0 ^ 98 ,1*119  and -Pi 05, respectively. Considering the annual production 
o f 52 000 t, o f  which 10% is for export, the irradiation o f about 20 000 t will 
give a total savings o f about 2, 2.3 and 2.1 million pesos if the commodity is 
sold during the 4th, 5th and 6th month o f storage, respectively.

With garlic the advantage o f irradiation is much more pronounced. Table IX 
shows that the incremental benefit derived when garlic harvested in April, irradiated



TABLE VII. COST ANALYSIS ON THE EFFECTS OF IRRADIATION ON THE STORAGE OF YELLOW GRANNEX
ONIONS ( 1976 CROP IRRADIATED AT 30 krad/h)

Storage period
4th month (July) 5th month (Aug.) 6 th month (Sep.)

Irra С Irr С Irr С

1. Market price in March (harvest) 
and irradiated in April (P/t) 870 870 870 870 870 870

2. Total losses during storage period 18% 29% 32% 57% 43% 76%

3. Quantity sold (t) 0.820 0.710 0.680 0.430 0.570 0.240

4. Market price (P/t) 1700 1700 1860 1860 1880 1880

5. Revenue, 4 X 3  (P) 1394 1207 1265 800 1072 451

6 . Total cost o f  irradiation*3 

and storage0  (P) 250 2 0 0 300 250 350 300

7. Net income, 5 - 6  (P) 1144 1007 965 550 722 151

8 . Net benefit o f irradiation 
and cold storage, 7 — 1 (-fO 274 137 95 - 3 2 0 - 1 4 8 - 7 1 9

9. Incremental benefit o f irradiation (P) 137 95

a Irr = irradiated, С = control.

k Assume cost of irradiation is-FSO.OO/t (50 crates per ton).

c Cost of storage is-FI. 00 per crate (20 kg) per month (FTI rate).
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TABLE VIII. COST ANALYSIS ON THE EFFECTS OF IRRADIATION ON THE STORAGE OF YELLOW GRANNEX
ONIONS (1977 CROP)

Storage period
4th month (July) 5th month (Aug.) 6 th month (Sep.)

Irra С Irr С Irr С

1. Market price in March (harvest) 
and irradiated in April (P /t) 970 970 970 970 970 970

2. Total losses during storage 6.9% 14.5% 16.5% 24.1% 30.3% 36.9%

3. Quantity sold (t) 0.931 0.855 0.835 0.759 0.697 0.631

4. Market price (f / t ) 1950 1950 2190 2190 2350 2350

5. Revenue, 4 X 3  (F) 1815 1667 1829 1660 1638 1483

6 . Total cost o f  irradiation ' 5 and 
storage0  (?) 250 2 0 0 300 250 350 300

7. Net income, 5 - 6  (-P) 1565 1467 1529 1410 1288 1183

8 . Net benefit o f  irradiation and cold 
storage, 7 —1 (P) 595 497 559 440 318 213

9. Incremental benefit o f  irradiation (P) 98 119 105

a Irr = irradiated, С = control.

k Assume cost of irradiation is P50.00/t (50 crates per ton).

c Cost of storage is -PI .00 per crate per month (FTI rate).



TABLE IX. COST ANALYSIS ON THE EFFECTS OF IRRADIATION ON THE STORAGE OF GARLIC

Storage period
5th month (Nov.) 6 th month (Dec.) 7th month (Jan.) 8 th month (Feb.)

Irra С Irr С Irr С In- С

1. Market price in April (harvest) 
and irradiated in June (-P/t) 7800 7800 7800 7800 7800 7800 7800 7800

2. Total losses during storage 13% 18% 18% 25% 2 1 % 30% 2 2 % 37%

3. Quantity sold (t) 0.870 0.820 0.820 0.750 0.790 0.700 0.780 0.630

4. Market price (-P7t) 13 170 13 170 13 640 13 640 14 930 14 930 13 970 13 970

5. Revenue, 4 X 3 (-P) 11 458 10 799 11 185 10 230 11 795 10451 10 897 8  801

6 . Total cost o f irradiation*’ 
and cold storagec (P) 465 415 581 498 664 581 747 664

7. Net income, 5—6 (-P) 10 993 10 384 10 604 9 732 11 131 9 870 10 150 8  137

8 . Net benefit o f irradiation 
and storage, 7—1 (-P) 3193 2584 2804 1932 3331 2070 2350 337

9. Incremental benefit of 
irradiation (-P) 609 872 1261 2013

a Irr = irradiated, С = control.

k Assume cost of irradiation is-P83.00/t (83 crates per ton).

c Cost of storage is "PI .00 per crate per month (FTI rate).
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in June and sold in November is P609/t. If marketing is delayed until December, 
January and February, the net benefits are-1*872, f*l 261 andf^O lS/t, respectively. 
The annual production is 16 000 t and, assuming that 5000 t are irradiated and 
stored, the savings from losses will be about 4, 6 and 10 million pesos, if the 
commodity is sold in the 6th, 7th and 8th month o f storage, respectively.

SUMMARY

Experiments conducted on the effect o f  irradiation during commercial 
storage o f Yellow Grannex onions indicate the following:

(a) A dose ranging from 3 to 10 krad inhibits sprouting in Yellow Grannex 
onions during refrigerated storage and has. an additional beneficial effect in 
simultaneously decreasing mould growth, decay and loss in weight.

(b) Preliminary results on the 1976 crop indicate that a dose rate of
30 krad/h rather than 5 krad/h has a significant effect on the potential benefits 
of irradiation on stored onions.

(c) When irradiated at 30 krad/h Yellow Grannex onions can be stored at 
refrigerated conditions for a maximum period o f 6 months as against 4 months 
for controls.

(d) Irradiation o f onions appears to predispose the bulbs to chilling injury 
during storage, but the onset and progress o f  this defect occurs at a time when 
the onions have reached their maximum storage life (i.e. total storage defects = 
50%).

(e) Time of harvest and general conditions o f the bulbs at harvest appear 
to have a significant effect on the storability o f irradiated onions. This was 
particularly shown in the case o f  the Red Creole variety where minimal benefits 
were produced by irradiation due to poor quality o f original bulbs and delayed 
time of irradiation. The effects o f these variables await further study.

(f) Garlic can be stored for a maximum period o f 4 months under ambient 
storage irrespective o f irradiation. However, during refrigerated storage irradiation 
had significant effect in inhibiting sprouting, weevil growth and decay. The 
irradiated bulbs had a storage life o f  13 months as against 10 months for controls.

(g) A preliminary cost/benefit analysis on the effect o f irradiation on the 
reduction o f storage losses in onions and garlic gave the following: (1 ) for 
irradiated Yellow Grannex onions from crop year 1976 and stored for a period 
o f 4 months an incremental cost benefit (savings) o f F l 37It is obtained. This 
amount decreased to -̂ "95/1 during the 5th month of storage. For 1977 crop 
onions the calculated savings obtained up to the 4th, 5th and 6th month of 
storage are-P98, -FI 19 and FI 05/t, respectively. (2) For irradiated garlic the 
incremental benefit produced by extending the market life to 5, 6, 7 and
8 months ÍS-F609,1*872, -P1261 and 1*2013/t respectively.
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DISCUSSION

G.B. NADKARNI: You mentioned.onion deterioriation due to mould growth. 
Have you identified the species o f these microbes? I am asking this because we 
have found that onion extract is inhibitory to bacterial and fungal growth, 
particularly Aspergillus spp.
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Carmen С. SINGSON: Yes, it was identified as black mould.
A.O. OLORUNDA: How do you know that the damage to the irradiated 

onions occurring after six months’ storage is due to chilling injury?
Carmen C. SINGSON: Chilling injury is a defect in onions produced during 

low temperature storage which is characterized by the layer next to the outer 
skin turning soft and transparent. This defect progressed rapidly in the irradiated 
samples after the fourth month of storage, and became very extensive by the 
sixth month, thus affecting marketability.

D.A.E. EHLERMANN: You report a marked difference in sprout inhibition 
between two dose rate levels, yet the dose rates concerned differ by only a factor 
of six; one would only really expect such an effect with larger differences and 
very much higher dose rates. Can you explain the nature of this effect?

Carmen C. SINGSON: We can offer no explanation at present but are 
planning further studies on this.

K.H. CHADWICK: I think an effect of dose rate on sprouting is possible 
at 5 krad/h if you irradiate for two hours. We have found a repair process in 
plant cells which has a half-life of 1.5 hours, so you might expect some repair of 
the radiation damage at 5 krad/h.
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Abstract

TECHNOLOGICAL TESTS AT THE PREINDUSTRIAL LEVEL ON IRRADIATED 
POTATOES: PROSPECTS FOR THE PRACTICAL INTRODUCTION OF IRRADIATED 
FOODS IN ITALY.

To confirm the technological feasibility o f potato irradiation in large pallet boxes for a 
period up to 150 days’ plant operation, a pilot-scale technological study was carried out in 
Italy during 1975—76. Potatoes (14 t, cultivar Tonda di Berlino) were received from the 
Avezzano area on a commercial truck, irradiated at the Casaccia gamma plant and transported 
back for storage. The irradiation was carried out in pallet boxes (500  kg) using a rotating plat
form at an average dose of 11.7 krad. The radiation treatment was carried out at 3-week intervals 
for a total o f 9 treatments. During 1976 15 t o f irradiated potatoes were put on the Italian 
market. Irradiation was carried out again at the gamma irradiation plant o f  the Applied Radiation 
Division, Casaccia Nuclear Center. After irradiation, the product was transported back to the 
Fucino area and stored in warehouses o f the Fucino Agency at environmental conditions. Two 
months later the material was taken to Bologna, Milan, Rome and Pescara and put on the 
market there. At the end o f  the marketing test and upon receipt o f  the consumers’ opinions by 
means o f distributed postcards, it was concluded that the majority o f the consumers expressed 
a preference for irradiated potatoes with respect to both quality and storage.

INTRODUCTION

To meet the food requirements o f the expanding population o f the world, 
the first aim is to increase food production and the second is to reduce post
harvest losses. It is known that losses during storage can reach a high percentage 
of the total production, even in the industrialized countries where the climate is 
generally temperate, whereas in tropical or subtropical countries these losses can 
no longer be tolerated. Obviously the traditional methods of food preservation 
(common warehouses, refrigeration, chemical treatment, etc.) are not fully 
capable of ensuring good storage of the total production for technological and 
economic reasons.
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Food irradiation has become increasingly important over the last few years 
as a complementary food preservation technique. As a consequence several 
irradiated food items have recently been commercialized in a few countries 
including Japan, Italy, Israel, the Netherlands, Bulgaria, USSR etc. After a number 
of years of indecision, government authorities now seem to accept the idea that 
food irradiated at low doses is harmless and safe for human consumption.

Potato production in Italy averages 4 million tonnes per year. The most 
extensively cultivated varieties are: Tonda di Berlino (26% of the total production), 
Majestic (24%), Bintje (11%) and Maritta (less than 10%). Generally these varieties 
are used directly for domestic use. Although the per capita consumption in Italy 
is about 50 kg/a [1], the commercial use o f potatoes has increased significantly; 
potatoes are converted into such products as chips, precooked products, mashed 
potatoes and potato flour. These products are produced from varieties with 
specific characteristics such as high specific weight and low sugar content. In this 
respect some minor varieties as Maritta, Korona and Area are important for their 
specific characteristics for industrial use.

Although the chemical composition of potatoes varies among varieties, 
usually potatoes contain 22 —24% of solids: about 20% are carbohydrates and 
the major component is starch; sugars are present mainly as glucose, fructose and 
sucrose (1—2%); and 2% is protein. Potatoes also contain vitamin C, niacin, 
other В complex vitamins and many minerals salts (potassium, calcium, phosphorus 
and iron salts).

After harvesting, potato tubers keep their vital functions and are first 
characterized by a low physiological activity (dormancy) that rises again until 
tubers reach full sprouting. This leads to a change in the organoleptic properties 
of potatoes and may render the product less valuable or even useless.

During storage various methods are employed to retard sprouting until the 
next year’s crop is available. Present storage methods are essentially as follows:

(a) The use of ventilated and refrigerated warehouses. A storage temper
ature of 4° С retards the physiological changes and inhibits sprouting for a period 
of 4 —5 months. A disadvantage of low temperature storage is that a rise in the 
soluble sugar content occurs, particularly in the reducing sugars. As a consequence 
the quality of tubers decreases as does their acceptability for industrial use. In 
Italy such treatment permits storage of potatoes until January—February. After 
this period the development of sprouting leads to a 25—30% weight loss.

(b) Antisprouting chemicals may also be employed. Maleic hydrazide is 
sprayed on potato plants before .harvesting, while IPC (isopropyl-N-phenyl- 
carbamate) and CIPC (isopropyl-N-3-chlorophenyl-carbamate) may be used in 
direct treatment either alone or in combination. The use o f antisprouting chemicals 
delays sprouting up to 6—7 months and contains weight loss within 10—12% [2]; 
nevertheless, chemicals usually do not inhibit internal sprouting and starch 
hydrolysis so that the sugar content rises during storage. Moreover, chemical 
treatment has certain disadvantages: the chemicals are often spread on tubers
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unevenly and also sometimes excessively [3], potatoes are continuously handled 
because treatment is repeated during storage; finally, potatoes may contain 
potentially poisonous chemical wastes.

It is known [4] that gamma radiation applied to potatoes inhibits the mitotic 
activity o f the cells irreversibly both in the buds and in the parenchyma o f tubers. 
Metlitsky et al. [5] report that the inhibition o f mitosis is due to the inhibition of 
nucleic acid synthesis. Irradiation also causes an alteration in respiratory meta
bolism: the rate of respiration decreases by almost 30% immediately after 
irradiation followed by a rise of respiratory activity almost to the control level [6].

Over the last few years the use of ionizing radiation as a sprout inhibitor has 
proved to be extremely advantageous for the preservation o f several varieties. 
Radiation treatment permits complete storage of the potatoes until the next 
crop [7]. Irradiation in fact offers certain advantages: it represents a more 
homogeneous treatment as compared with the chemical one and allows a consider
able reduction in the amount o f product handling, thereby limiting mechanical 
damage and reducing manpower. In addition, it does not leave a chemical residue 
and is also reported to inhibit the internal sprouting of tubers.

In Italy the experiments carried out in collaboration with several agricultural 
institutions, with the National Institute of Nutrition, with national factories for 
transformation into secondary products and with international agencies could 
define the irradiation methods, time and methods o f handling, transportation, 
storage conditions, types o f transformation into secondary products, briefly the 
technology of the entire process from harvest to consumption for potatoes, onions, 
and garlic [8—19].

Our experiments on the possibility of applying ionizing radiation for long
term storage of the major Italian potato cultivars confirm the following points:
(1) Irradiation at the proper dose causes complete sprout inhibition and potatoes 

may be stored up to 10—11 months after harvest. Chemical treatment 
controls sprouting efficiently for up to 7—8 months and then intensive 
sprouting occurs with a consequent loss of quality. Unirradiated samples 
show sprouting within 5 months from harvest.

(2) Irradiation and chemical treatment do not encourage rotting, provided the 
potatoes are handled gently during treatment and storage and that they are 
healthy at harvest.

(3) Weight loss is higher in the chemically treated samples and the weight of 
edible tubers is higher in the irradiated samples.

(4) Treatment by irradiation does not affect vitamin С and niacin content as 
compared with chemically treated samples.

(5) Irradiation, while inhibiting sprouting, reduces the hydrolysis o f starches 
and keeps the sucrose and total sugar content low as compared with chemical 
treatment.

(6) The total and soluble nitrogen contents are not affected by either treatment.
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On the basis o f these experiments and through the available documentation 
on wholesomeness studies carried out in several foreign countries, the Italian 
Ministry o f Health in 1973 authorized the commercialization and the consumption 
of irradiated potatoes, onions and garlic [20].

In conclusion we might say that ionizing radiation, if used properly, is able 
to preserve potatoes for long-term storage better than traditional methods based 
upon refrigeration and chemicals. In this respect several conditions should be 
carefully taken into account: proper variety, health o f tubers (including absence 
of wounds at time o f irradiation), minimum handling before, during and after 
irradiation, adequate interval between harvesting and irradiation. Care should be 
taken in selecting such conditions as temperature, humidity and ventilation during 
storage, as well as providing as gentle a means of transportation as possible (for 
instance, using wooden pallet boxes rather than sacks). Where industrial processing 
is involved, the processing conditions themselves must be carefully selected.

TECHNOLOGICAL TESTS ON IRRADIATED POTATOES

To confirm the technological feasibility of potato irradiation in large pallet 
boxes for a period up to 150 days’ plant operation time, technological tests were 
carried out on a pilot scale in Italy during the years 1975 and 1976. After a series 
of trials using different types o f containers and on the basis o f the opinion o f  
several people involved in the production, sale and industrial processing o f potatoes, 
we came to the conclusion that the best approach to the industrial irradiation 
process (25 000—50 000 t/season) is the use of large wooden pallet boxes during 
harvest, transport, irradiation and storage. Under these conditions the potatoes 
are handled as little as possible and so periderm wounds are reduced, which is 
essential for successful long-term storage. Moreover, the use o f this type of 
container reduces manpower, transportation and irradiation costs to a great extent. 
Finally, pallet boxes allow improved storage conditions because the potatoes are 
better aerated and at the same time protected from the weight o f the upper layers.

Potatoes are generally harvested in Italy in September. It is known that after 
harvest potatoes have to be stored for about 3 weeks to allow recovery from 
mechanical damage and physiological stress. As a consequence, for practical 
application at the industrial level in Italy irradiation of potatoes might start in 
October and continue throughout November-December.

Previous preliminary investigations have shown that, even if potatoes have 
short sprouts (0 .5 -1  cm) at the time of irradiation, an average dose o f 10 krad 
stops the further growth o f these sprouts [21 ]. Moreover, two weeks after irra
diation the sprouts start withering and later on drop out completely.

The aim of the technological test was therefore to prove that irradiation 
could also be extended to January and February, thus increasing the short plant 
operation time usually considered for potato irradiation.
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F IG .l. The rotating platform  with pallet boxes loaded for irradiation.

The study was a collaborative effort between CNEN and the Ente Fucino, 
an Agricultural Institution in Avezzano (100 km east o f Rome). Potatoes 
(14 tonnes of the cultivar Tonda di Berlino) were received from the Avezzano area 
in commercial trucks irradiated at the Casaccia gamma plant and transported back 
for bulk storage. The irradiation was carried out in pallet boxes (500 kg) using a 
rotating platform inside the irradiation room (F ig .l) at an average dose o f 11.7 krad 
(Pmax/Dmm = 17/6.5 = 2.61). The total irradiation time was about 60 minutes. 
After the first 30 minutes the pallet box was rotated through an angle o f 180° 
and exposed to irradiation for another 30 minutes.
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TABLE I. POTATOES IRRADIATED IN PALLET BOXES, CULTIVAR 
TONDA DI BERLINO

Data recorded on 12 June 1976.

Box No. Day o f irradiation
Weight loss 
(%)

Rotting
(%)

Sprouting
(%)

Total losses 
(%)

1 -3 Unirradiated 8.45 0.30 5.26 14.01

4 - 6 21 Oct. 1975 5.53 0.44 - 5.97

7 - 9 18 Nov. 1975 3.64 0.42 - 4.06

1 0 - 1 2 9 Dec. 1975 6 . 2 2 0.45 - 6.67

13 -1 5 22 Dec. 1975 5.98 0.48 - 6.46

1 6 -1 8 22 Jan. 1976 5.62 0.47 - 6.09

19 -2 1 6  Feb. 1976 7.66 0.58 - 8.24

2 2 -2 4 27 Feb. 1976 5.18 0.70 - 5.88

2 5 -2 7 22 Mar. 1976 4.31 0.97 - 5.28

2 8 -3 0 14 Apr. 1976 6.47 5.00 - 11.47

These irradiation trials started on 21 October 1975 and were completed on 
14 April 1976. The radiation treatment was carried out at an interval of 3 weeks 
during this period, making a total o f 9 irradiation treatments with 3 repetitions 
per treatment.

The results confirm that irradiation can be carried out easily up to the end 
of February. In fact the further growth of the initial short sprouts is stopped by 
irradiation. Data recorded at the middle o f June 1976 (Table I) show that the 
samples irradiated on 27 February 1976 had an average weight loss of 5.18% and 
an average rot incidence of 0.70%, making an average total loss of 5.88%. On the 
other hand, unirradiated samples showed at that time an average total loss of 
14.01%. Rotting became a real problem with the samples irradiated on 
14 April 1976. In this case the sprouts at the time of irradiation were 3—4 cm 
long and the rotting processes initiated on these sprouts. Later moulds and 
bacteria spread out over the mass of tubers so that the rot incidence became too 
high. Potatoes irradiated in March show their original sprouts and the general 
appearance is not quite acceptable. In this case in the middle of June the product 
was judged not acceptable for marketing, even if rotting and total losses were 
rather limited.
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FIG.2. Irradiated and unirradiated pota toes 10 m onths after harvest.

By contrast, potatoes irradiated before the end of February (Figs 2 ,3 ) were 
judged quite acceptable for marketing and o f good quality in respect to general 
appearance, colour o f the pulp and consistency of the tissue, resulting in a product 
that can also be used for industrial transformation into secondary products.

IRRADIATED POTATOES ON SALE IN ITALY

In 1976 potatoes treated with radiation to prevent sprouting were put on 
sale for the first time in Italy in order to sound out consumer acceptability of the
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FIG.3. Potatoes irradiated 140 days from  harvest and stored for 10 months.

product. The experiment started in January in collaboration with the Fucino 
Agency and with the Marsica Cooperatives in Avezzano, which organized the sale 
and marketing.

Fifteen tonnes of potatoes in sealed 10 and 20 kg sacks were treated at the 
gamma irradiation plant of the Applied Radiation Division of the Casaccia Nuclear 
Centre.

Sale to the public is authorized under the Decree of the Ministry of Health 
of 30 August 1973. On the basis o f the provisions of this Decree, the sacks are 
printed with the words “potatoes irradiated for the purpose of preventing sprouting” 
and have a lead seal with the word “Agrigamma” stamped on it, the conventional 
name o f the plant that carried out the irradiation. An illustrative pamphlet with 
information for the consumer on the new method of preservation was included 
inside the sacks.

The irradiation of potatoes at the Casaccia Centre was carried out auto
matically. The product was conveyed on a system of trolleys (Fig.4) along a 
monorail to the irradiation room, where it was exposed to radiation from a source
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FIG.4. Potatoes are loaded on the conveyor system . The irradiation is then carried out 
automatically.

situated in the room. After treatment, the product was transported back to the 
Fucino Agency under environmental conditions. Two months later the material 
was taken to Bologna, Milan, Rome and Pescara and put on sale there.

The marketing campaign started a few weeks before the actual sale through 
a press communication. Several articles appeared in the newspapers as a 
consequence. Radio and television also collaborated with interviews and through 
the presentation o f the irradiation process.

The marketing test started in the Milan General Market on 11 March 1976 
with 5 tonnes o f potatoes of the cultivar Majestic. Then 5 tonnes of potatoes of 
the cultivar Désiré were marketed on 13 March in the Bologna General Market (Fig.5).
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ШШ8

FIG.5. Potatoes on sale in Bologna general markets.

In both cases the potatoes were sold easily in one or two days. People 
preferred packages of 10 kg rather than packages of 20 kg, the smaller sack being 
easily handled and carried home. We also noticed that several consumers did not 
fully realize that they were buying irradiated potatoes. Their approach was to a 
product of better storability and of a better quality standard, which was the 
case with irradiated potatoes.

Tonda potatoes were marketed in Rome on 20 March 1976 at the Tontini 
Supermarket and in the Pescara General Markets on 22 March. In this case, too, 
generally the consumers were not aware of the new method despite the publicity 
campaign. Also in this case preference was given to 10 kg sacks. The test was 
successfully completed on 25 March 1976.

Later on, after consumption of the irradiated potatoes and upon receipt of 
the consumers’ opinions by means of the postcards included in the sacks, we 
arrived at the conclusion that the majority of the consumers expressed their 
preference for irradiated potatoes in respect to both quality and storability of the 
product.
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PROSPECTS FOR PRACTICAL INTRODUCTION OF IRRADIATED FOOD AT 
THE INDUSTRIAL LEVEL IN ITALY

The great interest shown by producers’ associations, traders and processing 
industries (potato chips, precooked foods, fried potatoes, etc.) in this new 
technology as an alternative for long-term storage has convinced government 
authorities and industrial gamma-plant designers to consider seriously the installation 
of an industrial gamma plant, for potato and onion sprout inhibition, in the 
Fucino area (100 km east of Rome). This area is ideal for potato growing and 
storage. The average annual production is 150 000 t and somewhat concentrated 
in the area, which also offers many storage facilities. Under these conditions the 
cost of transport from field to gamma plant and to storage facilities is minimum.

The project envisages the irradiation of one sixth of the total production 
(25 000 t), which could be stored to the end of May and then utilized during June, 
July and August, partly for industrial processing and partly for direct consumption. 
This amount might also be increased to 50 000 t/а in the forthcoming years, just 
by raising the source power.

Besides potatoes, the project envisages the irradiation o f 5000 t o f onions and 
2000 t o f garlic (local production). Animal feeds have also been considered for 
irradiation within the plant, using a very low conveyor speed and by recycling the 
product. Finally, radiostimulation of seeds will possibly be carried out by means 
of a secondary low dose circuit.

The technological aspect o f plant design leading to the identification of the 
so-called ‘multipurpose plant’ has of course been carefully considered in this 
project. The multipurpose plant considered might be able to process by irradiation 
several types o f food and materials, as already mentioned, at different dose levels, 
including potatoes, onions, garlic, animal feeds, flowers, seeds, etc. A multipurpose 
plant would o f course have the advantage o f being in operation all the year round 
and as a consequence the irradiation cost would be significantly reduced. In this 
project particular attention is given to the velocity range of the conveyor system, 
to the different exposure geometries for low and high density products and to 
irradiation efficiency.

An Italian private enterprise has already designed a multipurpose plant, 
which is now installed in the vicinity of Rome. This plant is able to carry out the 
radiosterilization of medical supplies, radurization o f foodstuffs, sprout radio
inhibition o f tubers and bulbs and also radiostimulation o f seeds.

We believe that in the following years other initiatives will be taken in the 
field of food irradiation both from private enterprises and growers’ associations, 
provided that clearances for irradiated food (feeds) will be released by the health 
authorities within a short time, and that the harmonization of legislation between 
the countries interested in the commercialization and intershipment o f irradiated 
foodstuffs will be soon accomplished through the common efforts of international 
organizations and particularly with the support o f the Codex Alimentarius 
Commission.
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Abstract

RADIATION PRESERVATION OF SUBTROPICAL FRUITS IN SOUTH AFRICA.
Investigations on the radiation treatment o f subtropical fruits were conducted over 

several seasons at the Atomic Energy Board in conjunction with the Citrus and Subtropical 
Fruit Research Institute, Nelspruit. In the case o f mangoes irradiation, in combination with 
hot-water or heated-fungicide treatment, by controlling fungal and insect attack, makes possible 
the transport o f fruits to Europe by sea and, with the additional advantage of delayed ripening, 
a marked improvement in national distribution is also achieved. A commercial feasibility study 
for mango processing is summarized and a pilot-plant operation for mangoes is also described. 
Promising results have also been obtained with respect to disease control and delayed senescence 
in papayas, and similar benefits to those described for mangoes can be achieved under local- 
market and export conditions. In the case o f  litchis, although work is in an early stage, effective 
disease control has been obtained with irradiation treatment. With regard to avocados, a greatly 
reduced dose with a mild heat treatment produced delayed ripening without significant adverse 
effects, and resulted in a,shelf-life extension o f several days. The results given in the report 
show that the irradiation of subtropical fruits holds considerable promise in terms of reduced 
losses, improved fruit quality, better distribution and large-scale exports. With the possibility 
of international clearances within the foreseeable future, commercialization o f the process 
should follow  in due course.

MANGOES

Introduction

With the introduction of the relatively new, fibreless mangoes 
into South Africa in recent years, a fruit Gf much greater appeal to 
European tastes is being produced as compared with the traditional fibred 
mangoes. Large plantings of these new mango cultivars have been made 
in South Africa and it is predicted that within the next 5 years yields 
will be 5 to 6 times greater than the present production of 3 million 
trays. It is evident that in order to achieve full commercial potential, 
it is necessary to export substantial quantities of these fruits to 
European markets, and the only economical way of doing this is by 
utilising sea transport.
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Because of the perishable nature of the mango and the long 
distances involved in sea shipment, the task becomes problematical 
due mainly to mango-weevil infestations and fungal diseases affecting 
the fruit. Although temperature control may be used to limit fungal 
attack to a certain degree, shipping cannot be carried out much below 
10 C, as poor colour development occurs in the fruit below this 
temperature.

Mango weevil

The mango weevil (Sternochetus mangiferae Fabricius) can cause 
severe losses in stored mango fruits. The female deposits her eggs 
singly on the surface of young fruits, after which the larva penetrates 
the skin and burrows through the edible portion to the seed. Any 
damage caused by this action is repaired and becomes invisible during 
the growth of the fruit. The adult weevil subsequently leaves the 
seed and tunnels through the edible portion of the fruit, thereby 
causing considerable damage to the fruit and providing access for 
secondary infection.

Post-harvest diseases of mango fruits

Mangoes are affected by two major fungal diseases. The most 
common and widespread of these is anthracnase, caused by the fungus 
Colletotrichum gloeosporioides. The infection occurs from the 
beginning of the blossoming period, and becomes active and severe as 
centres of decay when the fruit reaches maturity. As the fruit ripens, 
spots on the skin develop rapidly into centres of decay, thereby causing 
considerable losses during transit or storage [1].

In South Africa, severe losses have also been experienced in 
mangoes due to a soft brown rot (SBR) when fruits are kept in cold 
storage for prolonged periods. This rot, Hendersonia creberrima Syd. 
and Butl. nov. spec., becomes significant where sea shipments over long 
distances at reduced temperatures are undertaken [2].

Results

Several preliminary experiments were conducted on weevil and 
fungal control, as well as simulated-shipping studies. These experiments 
showed that irradiation could play an important rôle in solving the mango 
problems, and so the project developed into its second stage which 
consisted of more detailed studies on the weevil and on the two fungal 
pathogens. This was accompanied by the sending of two overseas shipments 
of fruits for evaluation in Europe. A number of follow-up experiments 
resulting from the trial overseas shipments were conducted in order to 
optimise treatment and storage parameters.

Inactivation of the mango weevil

Fruits of a late-maturing mango cultivar were irradiated at 
doses ranging from D,30 to 0,85 kGy. Weekly counts were made of 
mortality within the seeds and of emergence of weevils from the seeds.
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FIG .l. Effect o f  irradiation on emergence.

The effect of irradiation on emergence is illustrated in Fig. 1, from 
which it can be seen that doses above 0,60 kGy essentially preclude 
emergence. Furthermore, it has been shown that even if weevils were to 
be accidentally released from treated seeds, such individuals will be 
sterile, thereby providing satisfactory phytosanitary protection for 
importing countries.

Fungal studies in culture

Experiments were conducted with the fungus Hendersonia creberrima, 
isolated from soft brown rot infections. Results given in Fig. 2 show 
that a complete inhibition of mycelial growth was obtained with the 
combination treatment, heat (55 °C for 2,5, 5 or 10 min) followed by 
0,75 kGy. The synergistic effect obtained by combining the heat and 
irradiation treatments is clearly demonstrated.

Trial overseas shipments

In order to demonstrate the practicability of the envisaged 
process and to pinpoint any factors which may cause problems in practice,, 
it was deemed desirable to carry out actual shipments of mangoes to 
Europe and to evaluate the fruit on arrival.

During 1975 a small-scale mango shipment was made to Europe.
The results of this trial were promising and clearly demonstrated that 
good-quality fruit may be successfully transported to Europe by sea.
It was especially noted too that excellent disease control can be 
achieved by a combined treatment of irradiation and either hot water 
or hot fungicide. The latter provides the best fungal control but this 
is offset by slight external damage to the skin.
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T IM E  A F T E R  T R E A T M E N T  (d a y s )

FIG.2. E ffect o f  heat and irradiation treatm ent on Hendersonia creberrima.

A second consignment, consisting of 1 800 trays of Kent mangoeSj 
was sent to Europe during February 1977, as part of a large-scale 
commercial export trial. Approximately 80 % of the fruit was treated 
with a combined hot benomyl dip at 55 °C for 5 min + 0 , 7 5  kGy, while 
the remaining 20 io served as controls and received only the hot benomyl 
treatment. The consignment was shipped at 12 С and the period from 
picking to arrival overseas was approximately 26 days.

In order to monitor the progress of this trial, a number of 
trays were retained in South Africa (under simulated-shipping tempera= 
tures) at Nelspruit and Tzaneen. A further check was made after 
arrival of the consignment at Southampton and in Holland by staff from
I TAL.

England - Examinations on the first day of arrival in England 
revealed that 92 of the irradiated fruit was acceptable, compared with 
only 49 % in the non-irradiated consignment.

Holland* - Results taken one day after arrival in Holland show 
that 79 % of the irradiated trays were acceptable compared with only

♦Summarised from a restricted report: Quality evaluation of irradiated
mangoes from South Africa, after a sea-borne trial shipment on a commer= 
cial scale, by H.G. Heins and D. Is. Langerak, Instituut voor Toepassing 
van Atoomenergie in de Landbouw, Wageningen External Report No. 59,
June 1977.
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20 % in the поп-irradiated batch. The control trays in the shipment 
were already rejected on arrival, while the ratings for the irradiated 
fruit decreased slightly from "fairly good" on the first day to 
"acceptable, moderate" six days after. Irradiated mangoes which were 
sorted immediately (prior to being placed in the market) maintained 
an excellent quality for at least ten days.

Results from the fruit samples held back in South Africa were
as follows:

Nelspruit - Excellent disease control was obtained in the irradiated 
treatment compared with the non-irradiated fruit. Five days after 
removal from cold storage ( 13 C) nearly 90 fo of the fruit in the 
irradiated treatment were still free of disease compared with only 
60 in the control, and after 9 d the controls had dropped to 
50 Ус whereas in the irradiated treatment 83 °/o of the fruit were 
still marketable. At the storage temperature of 13 °C, fruits 
coloured up well in both treatments.

Tzaneen - These assessments show that irradiation resulted in a 
very satisfactory disease control. Four and seven days after removal 
from cold storage, 89 % and 86 ÿo of the irradiated fruit respectively 
were free of disease, whereas in the control treatments these figures 
were 63 fo and 58 7° for the same period.

It is obvious that there is very close agreement between the 
two overseas assessments as well as between the results of the two 
local assessments. The locally held fruit were superior probably 
because they were not subjected to the same degree of handling and 
temperature variations as the commercial consignment.

The results of this trial are indeed promising, especially 
when it is considered that the fruits were generally of a substandard 
quality for export due to a shortage of mangoes because of a poor season. 
It is expected that even better results will be obtained in future 
seasons when superior quality fruit is readily available.

Follow-up experiments

Mango shipping temperatures

Zill mangoes were treated with hot water at 55 °C for 5 min 
+ 0,75 kGy before being stored for 21 days at various temperatures, viz.
8 - 9 10 — 11 °, 12 — T3 0 and 14 - 15 °C. Assessments were made
at various periods after removal from cold storage and held at 21 °C. 
Excellent disease control was obtained with the combined heat + 
irradiation treatment in comparison with the control treatment at all 
storage temperatures. The optimum storage temperature appeared to be
1 2 - 1 3  C. At the higher temperatures fruit coloured up rapidly and 
became soft before the termination of the 21 days in storage, while at 
the temperatures below 12 °C, and especially at 8 - 9 °C, fruit remained 
green even after removal from cold storage. Anthracnose disease was more 
evident at 14 - 15 °C than at 12 - 13 °C, while soft brown rot was parti= 
cularly severe at 10 - 11 °C. In this experiment 83 % of the irradiated 
fruit stored at 12 - 13 °C for 3 weeks was still marketable 9 days after 
removal from cold storage to ambient temperatures, compared with only

t
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31 % for that of the control treatment. The fruit used in this 
experiment was of export quality and is therefore a good indication 
of results likely to be obtained from actual shipments of Zill export 
mangoes overseas.

Pilot-plant operation

The most significant development to date is the commissioning 
of a pilot plant for the treatment of subtropical fruits at Tzaneen 
(N. Transvaal) in January 1977. The purpose of this facility is to 
generate commercial quantities of treated produce for process and 
product evaluation.

The irradiator consists of a six-metre-deep pool filled with 
water which serves as a biological shield for personell. The product 
is lowered in two large,-watertight containers which surround the plaque 
source; to provide dose homogeneity, the containers are rotated at half 
the exposure time. With the present loading of cabalt-6G, the treatment 
time for one batch of ~  350 kg of fruit is approximately one hour.

The pilot plant has been successfully used this year to treat 
approximately 6,5 t of mangoes in the commercial sea-shipment trial, 
as well as several small consignments of avocados sent to local markets 
for evaluation.

Clearances

In South Africa a petition for the full clearance of mangoes, 
papayas and strawberries was submitted during mid-1977. A provisional 
clearance (intended for Pilot Plant use) has also been submitted for 
papayas, avocados and dried fruit. The South African Health authorities 
have already issued a clearance for a quantity of 50 t of irradiated 
mangoes. During 1977, 6,5 t of mangoes were irradiated in the commercial 
seaborne trial shipment to Europe.

Conclusions

The prospects for extending the export markets available to 
subtropical fruits grown in the Southern Hemisphere are attractive 
provided problems involved in low-temperature storage and shipment 
can be overcome. The combination of hot-water dipping and y-irradiation 
has been shown to be particularly effective in controlling fungal and 
insect attack and in delaying senescence in mangoes. The concept of a 
central radiation processing plant is attractive and would appear to be 
economically feasible. Trial export-shipping studies have largely 
verified the technological feasibility of the process, and the level of 
commercial interest is high.

Provided international clearances can be obtained in the next 
few years and the operation of the pilot-plant is successful, it is 
firmly believed that full commercialisation of the process will follow. 
These findings are of value not only to South Africa but also to a number 
of developing countries where expanded export markets can be as important 
as the need for better preservation of food for local consumption.

\
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PAPAYAS

Introduction

Development of the papaya industry in South Africa has been 
severely restricted by diseases in the field and post-harvest losses 
which occur as a result of decay and over-softening of the fruit, 
following transport to, and storage at, markets. Export papayas 
have to be airfreighted, as sea shipment involving prolonged storage 
is not feasible due to the poor shelf life of untreated fruits. It 
is estimated that if fruit quality at distant internal markets can be 
improved, at least a doubling of production could be justified. If 
exportation by sea could be successfully carried out, a further 
doubling of production can be envisaged as a result of the greatly 
reduced transport costs.

Results
Fungal Studies
Papayas are subject to attack by two major pathogens during 

post-harvest storage. Anthracnose (Colletotrichum gloeosporioides Penz) 
is normally an incipient disease, whereas Rhizopus stolonifer (Ehr Б Fr) 
Lind generally attacks wounds and sites of physical damage. The effects 
of various heat and irradiation treatments were determined on both 
isolates in culture.

In the first experiment, the effect of heat treatments for 
various durations were determined on Rhizopus spores in culture.
Results show that 46 С for 20 min (which was the accepted heat treatment 
recommended for papayas) was not effective. At 50 °C, however, complete 
inhibition of spore germination of Rhizopus resulted after a treatment 
of only 6 min. The 50 °C treatment was subsequently selected for use 
in experiments in which irradiation was combined with heat treatment 
in order to achieve more effective control of this pathogen.

In the next series of experiments the effect of irradiation 
applied under various atmospheres was determined on the Rhizopus isolate. 
Results show that at 2 kGy the spore mortality in the oxygen treatment 
was excellent (90 %), good in the undisturbed control (?5 %), but was 
very poor in nitrogen gas (only 32 .

A further series of experiments was conducted in which the 
heat and irradiation treatments were combined. The results clearly 
show that a heat treatment (50 °C for 2,5 min) applied prior to 
irradiation markedly improves the effectiveness of the irradiation 
treatment.

Fruit inoculation studies

A series of experiments was carried out in which the various 
treatments were applied to fruits which had been artificially inoculated 
with spores of Rhizopus stolonifer. Irradiation alone to a dose of
1 kGy resulted in a 70 % reduction in infection. When combined with a 
heat treatment (50 °C for 7,5 or 10 min), doses of 0,75 and 1 kGy gave 
reductions of 85 % and 100 % respectively in soft-rot control. The 
hot-water treatment alone gave a 30 % reduction in infection.
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Extension of shelf life of the fruit

Experiments were carried out on the. Papino papaya (trade name 
for a small fruit, equivalent to the Solo cultivar from Hawaii),
Fruits were picked at the commercial, half-ripe stage. The heat 
treatment was carried out by dipping the fruits for 10 min at 50 °C. 
Gamma-irradiation treatments were normally carried out within 24 h 
of the heat treatment. After treatment, fruits were stored at 25 °C 
(local-market conditions), or at 11 °C for at least three weeks 
(simulated-shipping conditions), and then at 20 °C. Ratings of disease, 
firmness and colour were made daily. When individual fruits were 
rated as non-marketable (disease occurring over more than 10 % of 
surface, or overripe), they were discarded. Experiments were carried 
out from June to December to determine the effect of the treatments on 
fruits throughout the entire South African papaya season. Results of 
the simulated-shipping experiment are given in Fig. 3. After the 
simulated-shipping period, disease incidence in untreated control fruits 
was so high that only a small percentage of fruits was still marketable.
In heat-only treatment, decay was controlled but rapid overripening 
occurred when the fruits were subsequently kept at 20 °C. The combined 
heat and irradiation (0,75 kGy) treatment resulted in excellent disease 
control, and the effect of delayed senescence further extended the shelf 
life of the fruit.

Under local conditions, disease incidence was insignificant 
and shelf life extension was entirely due to delayed senescence, which 
manifests itself as a holding of the edible-ripe stage for an extended 
period. Using the 75 per cent non-marketability cutoff, an extension 
of 8 d over the conventional hot-water treatment was achieved by the 
0,75 kGy irradiation.

Simulated transport tests

It is obvious from the results that under local-market condi= 
tions the effect of delayed softening is of utmost importance. Because of 
the lack of temperature control en route to and at national fresh- 
produce markets fruit consignments become prematurely ripe and 
consequently suffer injury, with subsequent loss in value or even 
complete rejection. In order to assess the possible beneficial effect 
irradiation has in reducing such losses, simulated-transport tests were 
conducted.

Results from the STT showed a reduction in fruit damage in the 
irradiation treatment from 100 to 300 ”/. as compared with the non- 
irradiated fruits. Secondary fungal disease, which invades sites of 
physical damage on fruits, is reduced proportionately. Consequently, 
treated fruits (heat + irradiation) were found to be relatively free 
from secondary disease, as compared with the high incidence occurring in 
the other treatments.

Semi-commercial studies

The effect of irradiation and heat treatments on improving the 
quality of Papino papayas railed 1 600 km to a distant market was inves= 
tigated. This and other distant centres could serve as important market
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FIG.3. Effect o f  treatm ents on m arketability o f  Papino papayas under export conditions.

outlets for papayas provided that the fruit arrives in a good condition. 
Comparison was made between fruit exposed to hot-water-only treatment 
and to hot-water treatments combined with irradiation at 0,75 kGy.
A control treatment was included for comparison. Results from these 
trials show that the combined heat + irradiation treatment controlled 
disease and also delayed ripening and softening so effectively that 
the treated fruit was still saleable more than 15 d after arrival at 
the market compared with only 9 d in the other two treatments.

The feasibility of this process for papaya treatments, where 
the fruit has to be transported to distant markets, is clearly demonstrated.
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Pilot-plant operation

During the 1977 papaya season it is intended that the Letaba 
pilot-plant be utilised for the treatment of this fruit. The majority 
of the treated produce will be used for distribution to local markets, 
with particular emphasis on those areas which are not attainable at 
present.

LITCHIS

Introduction

The litchi industry in South Africa, although well established, 
is relatively small. Production, which is increasing slowly but steadily, 
is at present estimated to be worth nearly R500 000 per annum, of which 
less than five per cent is exported.

The major problem which affects litchis is attack by the 
fungus Rhizopus stolonifer. Although cold storage inhibits the growth 
of this fungus to a large extent, development still occurs and extremely 
rapid growth usually results upon subsequent exposure to normal tempera= 
tures.

Most exports of lichis to Europe from this country are current= 
ly sent by air freight. Even using this method of transportation, 
considerable losses are sometimes encountered due to disease. No 
refrigeration is available in flight so that entire consignments may 
be rejected on arrival.

If shipment of the litchis to Europe by sea were possible, 
transport costs would be dramatically reduced and much larger volumes 
could be successfully exported. Even using a storage temperature of
0 ° - 2 °C, fungal attack on litchis during the four-week transport 
period results in excessive losses.

Disease control experiments

Due to a colour change in the fruit produced by hot-water 
dipping, and loss of flavour which occurs on extended storage of litchis, 
the prospects for radiation processing of this fruit are not as certain 
as those for mangoes and papayas. However, it is considered that the 
increased potential which could be realised by the industry if efficient 
fungal control could be achieved far outweighs these minor disadvantages. 
It is therefore intended to continue investigations on the litchi.

AVOCADOS

Introduction

At present the avocado is the only subtropical fruit which is 
exported from South Africa to Europe in substantial quantities. The
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export market is reached by sea transport at 6 °C, and a period of 28 d 
can elapse from harvest to arrival at the entry port. A large proportion 
of fruits are therefore at the edible-ripe stage on arrival, and thus 
have a very limited marketable life. A shelf life extension of 
as little as 1 - 2 d through delayed ripening would enable better 
distribution from the port of entry to be effected, and thus increase 
available markets considerably.

Future prospects

Although the radiation treatment of avocados presents far more 
problems than encountered with other fruits, a limited application of 
the process seems possible. There seems little doubt that treatment 
of early-season fruit should not be attempted, but that peak-period 
production can be processed without significant deleterious effects. 
Pilot-plant operation for avocados is also intended for the 1977 season 
and this should enable a clearer picture of the prospects of avocado 
processing to be obtained.
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DISCUSSION

A.S. AIYAR: How were the irradiated mangoes which were exported to 
the Netherlands utilized? Was this only an experiment to assess how the 
irradiated fruits withstand shipping or were they actually marketed through 
regular channels?

H.T. BRODRICK: They were marketed through regular channels.
P. THOMAS: I should like to know whether your experience with irradiation 

of mangoes is limited only to the Kent and Zill varieties. I am asking this because 
most o f the mango varieties grown in India show some radiation damage either 
in the form o f skin discoloration or pitting, when irradiated at a dose o f 75 krad 
as in your experiments. Also, what was the physiological stage of maturity of 
the fruit when irradiated?

H.T. BRODRICK: Tests have been conducted with several o f the economi
cally important fibreless mango cultivars, including Kent, Haden and Zill. No 
deleterious effects (i.e. in colour, texture or taste) were noted even at double the 
recommended dose (1.5 kGy) in any of these cultivars. Some of the fibred 
cultivars, e.g. Sabre mangoes, did show discoloration and textural changes at these 
dose levels but, as this cultivar has a very limited production in South Africa, 
this was not regarded as important.

In our experiments the fruits were irradiated at the commercially ripe picking 
stage, i.e. at colour break.

R. JONA: Did you try to schedule the picking o f mangoes so as to avoid the 
oviposition of the mango weevil?

H.T. BRODRICK: Oviposition takes place on immature fruit from early 
summer onwards. With the early-maturing cultivars, fruits are picked well before 
the life cycle of the insect is completed within the seed, so that no damage is done. 
It is in the late cultivars (and these comprise most o f the economically important 
fibreless mango types grown in South Africa) that the duration o f the development 
of the weevil is shorter than that o f the fruit, so that the adult weevil emerges, 
causing considerable damage.

R. JONA: Would it be possible to pick mangoes before commercial maturity? 
What would be the commercial outcome?

H.T. BRODRICK: Picking of mangoes before the commercial ripe stage is 
not recommended, as this leads to poor colour development and a distinct loss of 
flavour.
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Abstract

PHYTOALEXINS AS POSSIBLE CONTROLLING AGENTS OF MICROBIAL SPOILAGE 
OF IRRADIATED FRESH FRUIT AND VEGETABLES DURING STORAGE.

The decline in biogeneratiiig capacity to form natural antibiotic compounds (phyto
alexins), rishitin and lubimin in potato tubers and rishitin in tomatoes, after gamma irradia
tion seems to be the essence o f the suppression o f natural immunity exhibited by an increase 
in per cent o f rotted tubers and fruits during storage. In vitro studies postulated that the 
rot-causing fungiPhytophthora infestons (Mond) De Bary, Alternaría solani (Ellis and Martin) 
James and Grout, B otrytis cinereaPersson., Fusarium oxysporum  Syder and Hansen and 
R hizopus stolonifer Ehrenberg were significantly controlled by the application o f  phyto
alexins that had been initially formed by potato tubers (rishitin), tomato fruits (rishitin) 
and pepper fruits (capsidiol). In vivo studies revealed that post-irradiation treatment of 
potato tubers and tomato fruits with phytoalexins that had been produced by the same plant 
organ or by another o f the same family seems to be experimentally feasible to reduce the 
radiation dose or increase the efficiency o f irradiation in controlling microbial spoilage 
during storage of irradiated potatoes and tomatoes.

1. INTRODUCTION

It is generally accepted that developing countries need to increase their 
food production, not only for the home market but also to develop those agri
cultural products that can be sold for foreign exchange. Irradiation is occasionally 
suggested as a promising technology for these developing nations [1 ,2] since 
radiation preservation o f food offers great promise in solving the current and 
emerging food problems by adding to the effective food supply through the 
elimination o f losses due to spoilage, infestation and sprouting [3—6]. In 
addition, it is readily understandable that irradiation, through its effects on 
metabolic processes, decreases the synthesis capacity [7—11], which inevitably 
leads to a decrease in the resistance o f plant tissue to microorganisms since,
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basically, resistance consists of the ability o f tissues to synthesize antibiotic 
compounds, phytoalexins, in response to invasion by parasites [12—17]. So far 
the higher the radiation dose, the more the resistance is decreased and the greater 
the loss o f product from infectious diseases during storage [18—21 ]. However, 
the degree to which resistance is lowered depends even more on the host charac
teristic than on the irradiation dose.

The gamma irradiation doses required to inhibit sprouting in potatoes [21, 
22—25] and to extend the shelf-life o f  tomatoes [2 0 ,2 6 —28] predispose tubers 
and fruits to rot. Spoilage due to microbial rot is considered a serious problem 
when the irradiated commodities are stored under the ambient temperatures 
(25—35°C) prevailing during most o f  the year in tropical and sub-tropical 
regions [21,29]. Therefore, it is necessary to discover a means o f  lessening the 
natural effect o f radiation both on immunity and immunogenesis in irradiated 
fruits and vegetables.

Many points are still far from clear with respect to the irradiation mechanism 
for increasing susceptibility against microbial diseases. It is o f  special interest, 
however, to stimulate extensive investigations into phytoalexin formation in 
potato tubers and tomato fruits. Since Sesquiterpenoids are the post-infectional 
inhibitors, from the biogenetic point o f view, characteristically phytoalexins of 
Solanaceae are potential sources o f disease resistance [30—42]. Although the 
role o f  phytoalexins in disease resistance to pathogens has been extensively 
discussed and reviewed [12—17, 2 1 ,4 2 —51], little is known about their role in 
the storage stability o f irradiated fresh fruit and vegetables. Hence, the studies 
reported here were outlined to clarify the significance o f phytoalexins in inacti
vating, in vitro and in vivo, spoilage microorganisms in irradiated potato tubers 
and tomato fruits. The feasibility o f phytoalexin application to increase the 
efficiency o f gamma irradiation doses and/or to reduce such doses, for economic 
reasons and to avoid the undesirable changes caused by high doses, was also 
considered.

2. MATERIALS AND METHODS

2.1. Plant and fungal material

Batches o f  potato tubers (variety Alpha) and tomato fruits at the turning 
stage of maturity (variety Pritchard) were irradiated with 8, 10 and 12 krad , 
and 100, 200 and 300 krad gamma doses', respectively. A 60Co gamma-ray 
source was used with a dose rate o f  1.65 X 10s rad/h. Irradiated and unir
radiated tubers and fruits were stored at ambient temperature, 22—30°C, and 
65—85% R.H. The rot-causing fungi, Phytophthora infestans, Fusarium oxysporum, 
Botrytis cinerea, Alternaría solani and Rhizopus stolonifer, were isolated from
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naturally rotted tubers and fruits during storage. The first three fungi were 
maintained on V-8 juice agar at 25°C [52], while the other isolates were grown 
on potato dextrose agar at 15°C.

2.2. Phytoalexin determination

2.2.1. Inoculation

Spore suspensions o f the above-mentioned fungi, at a concentration of 
1 X 1 04 spore/ml in water from 14 to 18-day-old cultures, were prepared and 
mixed. Tuber and fruit samples were infected by dipping in the zoospore sus
pension directly after irradiation and monthly for potatoes and every 3 days 
for tomatoes. Control samples were dipped at the same time in water.

2.2.2. Phytoalexin extraction and detection

Fruits were peeled after 48 hours incubation in darkness. Fifty grams o f  
peeled tissues (3 mm thickness) were extracted by 2 : 1 chloroform: methanol [53]. 
The chloroform fraction was separated and evaporated to dryness under reduced 
pressure at 40°C. The residue was dissolved in carbon tetrachloride, then sub
mitted to TLC silica gel G, 250 nm thick. TLC plates were developed with 
85 : 15 chloroform : acetone [53] and phytoalexins were detected by vanillin 
sulphuric acid reagent [42] and heating the plates for 5 minutes at 120°C.

2.2.3. Quantitative determination

Silica gel containing rishitin and lubimin was packed on a column 
(0.7 X 15 cm) and eluted with acetone. After evaporation o f the acetone, the 
residue was dissolved in carbon tetrachloride and used for GLC. A Perkin-Elmer 
gas-chromatograph equipped with a stainless steel column, flame-ionizing detector 
and temperature programming was used under the following conditions: 50, 25 
and 200 cm3/min of carrier gas N, H and 0 2 , respectively. Injection tempera
ture 75°C, detection temperature 190°C, oven temperature 190°C, isothermal; 
the column 2 m long and 2 cm diameter backed with 3% Reoplex —400 and 
Cromosorb-W (80—100 mesh), part injection delay 2 min and 130—190°C 
programme temperature (10°C/min). Phytoalexins were quantified as mg 
rishitin/10 g tissue by relating their peak area and pure rishitin.

2.3. Preparation o f pure rishitin and capsidiol

2.3.1. Rishitin

One ml zoospore suspension o f Phytophthora infestons, as mentioned 
above, was added to halved tomatoes with seeds removed and in holes in halved
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potato tubers and incubated in darkness for 48 h [48]. The inoculation fluids 
were then collected and centrifuged for 10 min at 8000 rev/min. The super
natant was extracted by ether, evaporated, dissolved in carbon tetrachloride and 
then subjected to TLC plates, and rishitin was separated as mentioned above. 
Final purification was undertaken by crystallizing the di-3,5-dinitrobenzoate [31 ], 
followed by hydrolysis o f  benzoate and distillation in vacuo [54].

2.3.2. Capsidiol

The phytoalexin formed by pepper fruits (capsidiol) was obtained as 
follows: pepper fruits (Capsicum fructescens L.), California Wander variety, 
were incubated aseptically by injecting the fruit cavities with 10 ml/fruit o f a 
zoospore suspension of Ph. infestans, prepared as above, by means of a hypo
dermic syringe. After 48 h incubation at room temperature in darkness the 
fruits were cut and the defusates were collected. Capsidiol was then extracted 
with ether and purified by TLC using silica gel G and 5 : 95 : 0.1 vol.ratio 
sec-butanol : ethyl acetate : acetone as developer solvent [40]. The developed 
TLC plates were detected for capsidiol by the bioassay technique o f Massell 
and Staples [55]. Capsidiol was removed from the plates and eluted from silica 
gel by repeated extraction with ether.

Rishitin and capsidiol stock solutions were made in absolute ethanol, then 
dilutions were made with sterile water and handled asceptically.

2.4. Assay o f gamma irradiation, rishitin and capsidiol for
fungitoxicity

Spore suspensions o f  each o f the five mentioned fungi were irradiated in 
plastic test-tubes with 10 and 300 krad gamma-ray doses. Cobalt-60 gamma rays 
in a Gamacell-200 at a dose rate o f  1.32 X 105 rad/h were used. An aliquot of 
10 jul of ethanol, containing rishitin formed by tomato and potato (M.W. 222) 
and capsidiol (M.W. 236), was taken at different concentrations. Phosphate 
buffer (0 .0 1M, pH 6) containing agar (final concentration 0.8%) was then added 
and the contents o f the test-tube poured onto stainless steel planchéis. A zoo
spore suspension o f 0.02 ml of irradiated and unirradiated fungi was placed on 
the media and the planchéis were kept at 25°C for 5 h. Germination percentages 
were plotted against the logarithms o f the concentration of phytoalexin to 
permit calculation of EDS0 and ED95.

2.5. Post-irradiation treatment with rishitin and capsidiol

Healthy potato tubers and tomato fruits were washed with water, dipped 
for 5 min in 5% formalin solution, and washed again with sterilized water.
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Inoculation was carried out by dipping in a mixture o f zoospore suspensions o f  
the five mentioned fungi at a concentration o f 5 X 103 spore/ml. After one day 
incubation tubers were irradiated with 10 krad and tomato fruits with 100, 200 
and 300 krad. Directly after irradiation tubers and fruits were dipped for 
5 min in rishitin solutions o f 3.0 X 10-4 and 1.5 X 10~4 M for potato and 10.0, 
7.0 and 3.5 X 10-4 M for tomatoes as well as in capsidiol solutions o f 5.0 and
2.5 X 10-4 M for potatoes and 5.0 and 3.0 X 10-4 M and 5.0 X 10-3 M for 
tomatoes. After air-drying the treated fruits and tubers were stored under the 
previously mentioned storage conditions. The percentage o f  rotted tubers and 
fruits was recorded every month, together with the shelf-life o f  tomato fruits.

2.6. Statistical treatment

The collected data were analysed by the standard analysis o f variance 
technique [56].

3. RESULTS AND DISCUSSION

3.1. Role of phytoalexin formation in storage stability

Potato tubers

A gamma-irradiation dose of 10 krad prevented sprouting for 9 months 
with a considerable rise in rot incidence (F ig .l). Furthermore, the percentage 
o f rotted tubers was found to be increased significantly by increasing the 
gamma dose applied and extending the storage time. At the same time, in 
response to infection the phytoalexins rishitin and lubimin formed were 
significantly reduced according to gamma-ray dose and storage time (F ig.l). 
However, this reduction was restored after 2 months’ storage. Therefore, the 
depressive effect o f radiation on the immune mechanism, as represented by 
increasing rot incidence, was due to the specific effect o f radiation in lowering 
the capacity o f potato tissue to form the natural antifungal compounds rishitin 
and lubimin in response to infection. Meanwhile, the decrease in these com
pounds due to storage time may be due to the progress o f  tuber senescence, 
since the ability o f plant tissues to form phytoalexin decreases with increasing 
age [57].

Several authors have merely mentioned the intensified attack o f micro
organisms following potato irradiation [23—25], while others subjected the 
problem to more detailed studies [2 2 ,58—60]. Even low gamma-ray doses, 
while inhibiting sprouting in potatoes, affect the wound-healing mechanism to 
such an extent that they may be considered one of most important causes o f the 
increased rotting [61—64].
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1 2 3 4 5 6  7 8

STO RAGE T IME IN M O N T H S

F IG .l. Percentage o f  ro tted  tubers in relation to rishitin and lubimin form ed by irradiated 
potatoes during storage.

Tomato fruits

Gamma irradiation doses of 100, 200 and 300 krad led to shelf-life exten
sions o f 6, 6 and 7 days, respectively. The resultant increase in percentage o f  
rotted fruits parallelling the applied gamma-ray dose was found to be due to 
the effects o f lowering the biogenerating capacity to form the natural anti
fungal compound rishitin in response to infection. The significant reduction 
in the rishitin formed by tomato fruit tissues was not restored with time (Fig.2). 
The intensified rot attack in irradiated tomatoes has been mentioned previously 
[2 0 ,2 6 -2 8 ] , despite the considerable reduction in the number o f rot-causing 
fungi with increasing gamma-ray dose [65]. B. cinerea and Rh. stolonifer could 
be inhibited both in culture and in host by 100—300 krad [66—71 ].

With increasing gamma-ray dose the irradiated fruits become increasingly 
soft [72—75]. This increased softening has been attributed to decomposition 
o f the pectin of the cell wall [76,77]. These phenomena may also be of 
importance in connection with the rot-intensified attack in tomatoes.

The data reported here with those previously obtained [48,78] confirm 
that the storage stability o f  irradiated potatoes and tomatoes is correlated with 
their capacity to form phytoalexin in response to fungal infection. The anti
fungal activity o f phytoalexins almost parallelled their activities as plant-growth 
retardants [79]. However, some compounds without antifungal activity'were 
active as growth retardants.
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S H E L F - L IF E  IN D A Y S

FIG.2. S tability o f  irradiated tom atoes in response to their capacity to produce rishitin.

3.2. Feasibility o f phytoalexin application to control rot incidence
during storage

Rishitin and capsidiol applications as a post-irradiation treatment were 
found to be significantly effective in controlling rotting during the storage of 
irradiated potatoes and tomatoes. The efficiency of the antisprouting gamma- 
ray dose o f 10 krad substantially increased in the presence o f  natural anti
biotic applications o f  both rishitin and capsidiol. This finding was supported 
by 1.5 X 10-4 M rishitin and/or 2.5 X 10-4 M capsidiol treatments which 
resulted in only 3 and 4% rotted tubers after a storage .period o f 13 months 
(Table I) in irradiated potato. Under the same experimental storage conditions 
without phytoalexin treatment 10 krad could inhibit sprouting for a 9 months’ 
storage period with 68% o f rotted tubers.

Tomato fruits subjected to 300 krad and then treated with 7.0 X 10-4 M 
rishitin and/or 3.0 X 10~4 M capsidiol had a shelf-life of 13 days with 15 and 
3% rotted fruits, respectively (Table II). Moreover, 100 krad combined with
3.5 X 10~4 M rishitin and/or 5 X 10~3 M capsidiol extended the tomato shelf- 
life for 13 days with complete control o f rotting.

3.3. Antifungal activity o f gamma rays and piiytoalexins

An antisprouting gamma-ray dose o f 10 krad did not affect the germinating 
ability o f  zoospores o f rot-causing fungi in potatoes and tomato fruits. Mean
while, a shelf-life extending gamma-ray dose o f  300 krad caused a significant
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TABLE I. EFFECT OF RISHITIN AND CAPSIDIOL AS POST-IRRADIATION TREATMENT OF IRRADIATED 
POTATO ON PERCENTAGE OF ROTTED TUBERS DURING STORAGE AT 2 2 -3 0 °C  AND 65-85%  R.H.

Concentration Storage period in months

(M) 1 2 3 4 5 6  7 8  9 10 11 12 13

1 0  krad

Untreated control 8  18 25 31 42 38 45 56 6 8  72 78 79 85

1 0  krad plus rishitin

3 .0 X 1 0 ' 4  4  7 7 11 12 15 15 18 17 17 22 21 23

1.5 X 10 " 4  1 2 2 2 3 2 3 2 2 4 4 3 3

1 0  krad plus capsidiol

5 .0 X 1 0 ’ 4  8  8  11 9 9 8  12 11 12 12 8  12 12

2.5 X 10 ‘ 4  2 2 2 2 3 3 4 4 2 3 3 3 4
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TABLE II. SHELF-LIFE OF TOMATO FRUITS AND PERCENTAGE OF ROTTED FRUITS IN RESPONSE TO 
GAMMA IRRADIATION COMBINED WITH RISHITIN AND CAPSIDIOL

Phytoalexin concentration 
(M)

Shelf-life

. W)

0

Rotted fruit
(%)

Gamma irradiation dose 
(krad)

1 0 0

Shelf-life Rotted fruit Shelf-life 
(d) (%) (d)

2 0 0

Rotted fruit 

(%)
Shelf-life
(d)

300
Rotted fruit
(%)

Untreated control 5 - 1 1 19 1 1 28 1 2 35

Rishitin

8.0 X 10 ’ 4 5 - 13 1 2 13 2 0 13 2 2

7.0 X 10 ' 4 5 - 13 8 13 1 2 13 15

3.5 X 10 ’ 4 5 - 13 0 13 2 13 5

Capsidiol

5.0 X 10 ~ 4 5 - 1 2 1 0 1 2 1 2 13 18

3.0 X 10 ' 4 5 - 1 2 5 13 8 1 2 3

5 X t 0 ‘ 3 5 - 13 0 1 2 0 13 0
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TABLE III. ANTIFUNGAL ACTIVITY OF GAMMA IRRADIATION, RISHITIN AND CAPSIDIOL AGAINST 
ROT-CAUSING FUNGI IN TOMATO AND POTATO

Antifungal activity
Effect o f 7 -rays (M)

Fungi on spore germination Rishitin Rishitin Capsidiol
(krad) (tomato) (Potato)
0 10 300 ED so e d 9s ED5o ED4 5 EDso ED9 5

(%)
Ph. infestons 98 98 62 3.2 X 10 ‘ 4 0.5 X 10 ' 4 3.1 X 10 ‘ 4 0.5 X 10 ' 6 8.0 X 10 ’ 4 7.6 X 10 ‘ 4

A. solani 97 98 6 8 2.5 X 10 - 3 1.6 X 10~ 3 2.4 X 10 ' 3 1.6 X 10 ‘ 3 6.3 X 10 ' 4 5.3 X 10 ‘ 4

B. cineria 1 0 0 1 0 0 72 1.1 X 1.0' 4 2.5 X 10 ' 3 1.1 X 10 ‘ 3 2.4 X 10 ' 3 7.2 X 10 “ 4 6.7 X 10 ' 4

F. oxysporum 1 0 0 98 54 1.8 X 10~ 3 0.6 X 10 ~ 3 1.8 X 10 ‘ 4 0.6 X 10 ' 3 9.2 X 10 ‘ 3 7.6 X 10 ‘ 3

Rh. stolonifer 98 97 45 1.2 X 10 ‘ 3 0.2 X 10~ 3 1.2 X 10 ' 3 0.2 X 10 ’ 3 7.3 X 10 ‘ 3 5.5 X 10 ‘ 3
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FIG.3. Effect o f  rishitin and capsidiol on germination per cent o f  zoospores o f  
(A) Phytophthora infestans, (B) Alternaría solani, (Cj Botrytiscinerea, (D) Fusarium 
oxysporum and (E) Rhizopus stolonifer.

reduction in spore germination (Table III). B.cinerea and A. solani were more 
radioresistant than other fungi. The effect o f 100—300 krad on inhibiting 
germination o f B. cinerea and Rh. stolonifer has been previously mentioned [66—71 ] 
both in vivo and in vitro.

Rishitin formed by potato and tomato tissues and capsidiol formed by 
pepper fruits significantly reduced the germination o f zoospores o f  the rot- 
causing fungi. No significant differences were found between rishitin formed 
by tomato fruit and potato tubers (Fig.3). Capsidiol seemed to be more effective
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than rishitin. The five fungi differed in their response to both capsidiol and 
rishitin, as assessed by their EDS0 and ED95 and listed in Table III. The high 
tolerance o f B. cinerea and F. oxysporum  to capsidiol was due to their capacity 
to bio-oxidize capsidiol to the ketone, capsinone, that is not or less toxic than 
capsidiol [40] and its formation, therefore, may be a detoxification mechanism 
o f importance in overcoming host resistance [80]. According to Tomiyama 
et al. [31 ], the biodegrading mechanism is not involved in Ph. infestons in rishitin 
sensitivity.

The use o f the majority o f substances [81, 82], including antibiotics [83], 
found effective to increase the radiation sensitivity o f  microorganisms, does not 
seem practical, frequently for reasons o f public health. Therefore, further 
investigations are needed to elucidate the biological effect o f phytoalexin.
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DISCUSSION

L.R. SAINT-LÈBE: Do you not think that the combination o f irradiation 
and chemical treatment will make it more difficult to obtain approval from health 
authorities and render the product less attractive to the consumer? For example, 
in France irradiated potatoes are labelled as follows: “Inhibition o f sprouting by 
gamma-ray treatment without use of chemicals” .

S.A. EL-SAYED: The data obtained confirmed that natural antibiotic 
compounds, phytoalexins, can play a significant role in controlling microbial 
spoilage during storage of irradiated potatoes and tomatoes. Therefore we feel
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it appropriate to apply them to improve the natural immunity of irradiated 
potatoes and tomatoes, since this is reduced by irradiation. Combined treatment 
with phytoalexins and radiation was shown experimentally to be a practicable 
method of controlling rot-inducing microorganisms. Phytoalexins increase the 
efficiency o f the sprout-inhibiting gamma-ray dose and reduce the gamma-ray 
dose required for shelf-life extension in tomatoes even when applied in only very 
minute concentration — almost as low in fact as that formed in tubers and fruits 
during storage as a result of natural infection. Further studies will of course have 
to be carried out on the biological effects of phytoalexins. Finally, it is a well 
known fact that potato and tomato varieties characterized by their resistance to 
storage diseases produce over ten times more phytoalexins than susceptible 
varieties or those characterized by a weakening in their natural immunity.

K. SUNDARAM: You said that phytoalexins are normally present in plants. 
My impression was that these phytoalexins are formed following a fungal infection, 
that is to say that they are induced. Therefore they should not be present in 
healthy tomatoes and potatoes. Could you please comment?

S.A. EL-SAYED: You are quite right; phytoalexins are formed in both 
potatoes and tomatoes only after infection as a result o f a host-parasite interaction. 
Phytoalexins are not be detected in healthy tomatoes and potatoes, but they can 
be induced and formed under the influence o f physiological stress, for example 
wounding, spraying with actinomycin D or spraying with certain amino acids.
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Abstract

CONTROL OF PEST INFESTATION OF FOOD BY IRRADIATION.
The radiation techniques being studied for use in the control of pest infestation of 

post-harvest food are reviewed. Two main techniques are discussed: direct irradiation of 
the food together with its infestation load and application of the sterile-male technique. The 
progress made in the radiation entomology of stored-product insects as it relates to the direct 
irradiation method is discussed. The two variants of the sterile-male technique are discussed, 
namely, the classical sterile-male technique in which fully sterile males are released, and the 
inherited partial sterility technique in which substerile males are used. The potentials and 
relative merits of these methods are also discussed.

INTRODUCTION

Pest infestation of our post-harvest food is largely confined to the activities 
of rodents, mites and insects. Control o f  rodents by irradiation has not been 
considered an attractive proposition, presumably because their habits would not 
readily permit the application o f such a technique. Of the remaining two groups 
insects are by far the more important. It is not surprising, therefore, that most 
of the work that has been done on the possible application o f ionizing radiations 
for control o f pest infestation has been concerned with insects.

Two main radiation mèthods are being studied for control o f animal infesta
tion: firstly, direct irradiation o f the food material together with its infestation 
load; secondly, application o f the sterile-insect technique [1].

DIRECT FOOD IRRADIATION METHOD

In the direct food irradiation technique the infested food is exposed to 
radiation doses that are high enough to either kill or sterilize the insects present. 
The use of this technique was foreshadowed by the unsuccessful attempt by 
Morgan and Runner [2] over 60 years ago to control the cigarette beetle,
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Lasioderma serricorne (F), in packaged cigars by means o f X-irradiation. There 
was a decline of interest in this technique after this initial attempt but, following 
the new developments in the exploitation of nuclear energy after the Second 
World War, interest in the technique was revived. Many of the studies that 
followed immediately were pursued within the national atomic energy develop
ment programmes o f the various states and most of the findings were not published 
in the usual scientific journals. This review therefore covers only the more recent 
publications.

The research into direct food irradiation for infestation control has four 
major aspects:

(1) The radiation entomology o f the insect species involved
(2) Radiation chemistry o f  the food concerned
(3) Wholesomeness o f the irradiated food
(4) Development o f  suitable food irradiators.

In this review I shall confine myself mainly to the first aspect.

Effects o f  ionizing radiations on stored-product insects

A considerable amount of work has been done on the effects o f ionizing 
radiations on stored-product insects. The information available from research 
mainly in the United States o f America and Britain has been summarized by 
various authors [3-6].

The general effects o f ionizing radiations on insects include mortality, 
shortening o f lifespan, arrested development, sterility and reduction o f fecundity. 
The general conclusions are that the sensitivity o f stored-product insects to these 
effects varies considerably with respect to species, sex, metamorphic stage and 
age o f a particular stage. The beetles as a group are generally more radiosensitive 
than the moths, and the younger stages more radiosensitive than the older ones. 
The females are more sensitive to the sterilizing effect than males. The sterilizing 
dose may be several orders of magnitude lower than the lethal dose. Complete 
and immediate kill o f most beetles is obtained at doses between 300 and 500 krad, 
and complete kill within a few days to several weeks after irradiation at lower 
doses. The sterilizing dose for beetles ranges from about 10 krad for the most 
sensitive to about 50 krad for the most radioresistant. The bruchids and the 
cucurlionids are among the most radiosensitive, the cucujids and most tenebrionids 
are o f intermediate sensitivity and the anobiids, dermestids and ptinids are more 
radioresistant. The sensitizing dose for moths varies from about 30 krad to more 
than 100 krad. A practical maximum disinfestation dose of 50 krad has been 
suggested for multiple infestation control. The dose is considered high enough 
to arrest the development of all stored'-product insects.

Very little new information in radiation entomology that has a bearing on 
the direct food irradiation technique has been added lately. The only major new 
development is the discovery of inherited partial sterility in some stored-product
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moths, namely Plodia interpunctella (Hubner) [7-10] and Cadra cautella (Walker) 
[11-13]. The significance o f this finding is that to control these moths it is no 
longer necessary to employ the full sterilizing dose, which may be anything up 
to 100 krad. Instead, a much lower sub-sterilizing dose is used and this gives 
rise to sterility in the Fj generation.

It is fair to say that much of the information in radiation entomology that 
is required for the practical application o f the direct food irradiation technique 
is now available. The limiting factors to the general adoption o f the technique 
are those that are concerned with the other artefacts o f the technique, namely, 
the chemical effects o f  the radiations o f the food and the attendant problems 
of nutritional adequacy and wholesomeness. The radiation that is required for 
infestation control is relatively small when compared with that required for 
other preservation purposes, e.g. for microbial control. It is hoped therefore 
that as the problem o f wholesomeness is solved for individual food items the 
technique will be progressively adopted.

THE STERILE-INSECT TECHNIQUE

The more recent studies on the use o f ionizing radiation for control o f  
stored-product insects have been concerned with application o f the sterile-insect 
technique. The requirements for the successful application o f this technique 
have been listed by Bushland et al. [14]. These are:

( 1 ) A low natural population must exist or the population must 
be reduced by other means so that it is possible to release an 
excess of sterile males

(2) The insect must be easily reared in large numbers in the laboratory
(3) The mating behaviour o f the males must not be adversely affected, 

and native females must be willing to accept sterile males
(4) The female should preferably, but not necessarily, mate only once
(5) The insect population to be controlled should be amenable to 

assessment by some convenient method so that flooding 
ratios can be accurately determined

(6) The area in which eradication is to be attempted should be 
isolated against reinfestation.

A casual examination suggests that a number o f stored-product insects might 
fulfil these requirements. However, the use o f the technique for control o f stored- 
product beetles has been ruled out [5]. The main argument against the application 
of the technique to beetles are:

( 1 ) Adult beetles live directly on the infested food material and
the release o f large numbers o f sterile insects would raise problems 
o f sanitation, contamination and consumer acceptance
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(2) Beetle infestations of stored products often involve more than
one species, and to control all the species present at one time would 
require releasing large numbers of sterile insects of each species 
into the food material and this would pose similar problems of 
contamination and consumer acceptance

(3) Although irradiated insects may feed at a reduced rate [15-17], 
the combined feeding activity of large numbers of sterile insects 
would significantly increase damage to the food material.

With the moth pests, however, the situation seems different. First, because 
the adult stored-product moth does not normally feed, at least not on the infested 
food. Secondly, the adult moth does not normally live within the infested food 
product but tends to come out before mating [18]. The release of large numbers 
of sterile insects into a warehouse where the food material is stored in packaged 
or bagged containers would, therefore, neither increase the effective infestation 
level nor raise problems of contamination. In addition, stored-product moths 
can easily be bred in large numbers under laboratory conditions and the moth 
population within storage premises essentially constitutes a discrete, more or 
less isolated, population. Bull and Wond [19] first suggested the extension of the 
sterile-male technique to stored-product moths and its possible application to the 
tropical warehouse moth, Cadra cautella (Walker), was discussed by Amuh [20].

The classical sterile-male technique

Two variants o f the technique are being studied. The first is the classical 
sterile-male technique [21] in which fully sterile males are released to swamp the 
native population. Although the use of sterile males only was suggested in the 
original concept, further developments in the technique have suggested that the 
release o f either sex alone or of both sexes could be effective, and that the release 
of both sexes, if adequately distributed, could be as effective as the release of 
one sex alone [22]. To establish that the technique has potential for the control 
of a particular stored-product moth one has to show experimentally that sterile 
insects, particularly males, can be bred in large numbers without reducing their 
survival, vigour, mating efficiency and sexual competitiveness. Much of the 
research going on in this field is therefore directed towards establishing these 
points.

The Indian meal moth, Plodia interpunctella (Hubner), the tropical ware
house moth, Cadra cautella (Walker), and the Angoumois grain moth, Sitotroga 
cerealella (Olivier), have attracted the greatest attention, presumably because of 
their economic interest. Qureshi et al. [23, 24] found that sterile adults of the 
Angoumois grain moth could be produced by irradiating the immature stages 
(larvae, prepupae and pupae) at sublethal doses. Ahmed et al. [25, 26] have also 
shown that a dosage o f 50 krad gamma radiation given either to 24-hour-old adult 
males or to mature 7-day-old pupae of the Indian meal moth induced complete
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sterility in the adults. The sterile males so produced were found to be sexually 
competitive at moderately high sterile to fertile male flooding ratios, and the use 
of sterile adults o f both sexes proved more effective than the use o f sterile males 
alone. Sterile adults o f Cadra cautella have also been produced by adult and 
pupal irradiation [13, 27, 28] and the mating efficiency o f the sterile males was 
found to be unaffected by radiation dosages in the region of 30 and 40 krad [27, 28].

Inherited partial sterility technique

The second variant o f the sterile-insect technique is the inherited partial 
sterility technique in which substerile insects, mainly males, are released into the 
native population and the resulting F x progeny being sterile exerts control on 
the population. The principle o f this technique is based on the finding that the 
Fj progeny o f irradiated males o f the Lepidoptera inherit genetic damage which 
renders them completely sterile or nearly so [7, 29-31].

North and Holt [30] described the genetic basis o f this phenomenon and 
suggested [32] how it might serve to modify the classical sterile-male technique, 
and Knipling [33] gave a theoretical appraisal o f how the technique could be 
applied to the control of Lepidopterous pests.

Inherited partial sterility has been observed in almost all the stored-product 
moths in which it has been tested for. It has been reported in Plodia interpunctella 
through irradiation of mature larvae, pupae and adults [7-9]. It has also been 
demonstrated in Cadra cautella through pupal or adult irradiation [11-13, 34].

Relative merits o f the sterile-male technique and inherited 
partial-sterility technique

The main advantage o f the inherited partial-sterility technique seems to be 
that the insects can be irradiated at much lower dosages to avoid the high mortality, 
the shortening o f lifespan, and the loss o f mating competitiveness that often 
attend attempts to induce complete sterility in P! adults. Furthermore, the sub- 
sterile males may be released only in alternate generations so that, at least in 
theory, fewer insects would be required to achieve control than in the fully 
sterile-male technique [33].

Brower and Tilton [15] have, however, shown by theoretical models that for 
Cadra cautella (Walker) just as many total insects must be released to suppress 
a population by this technique as by the fully sterile-male technique and, further
more, that it takes more generations to reach extinction by this method than by 
the fully sterile-male technique. They concluded that the fully sterile-male 
technique was to be preferred where rapid disinfestation was required and the 
inherited partial-sterility technique with an alternate release programme could be 
used where slower elimination was acceptable or where only a single release was
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required. They added that the only time that the release o f partially sterile male 
in every generation would be desirable was when limited insect-rearing facilities 
forced a low sterile to fertile male flooding ratio.

Recovery of fertility

Brower [ 10] reported recovery o f fertility in sterilized males o f Plodia 
interpunctella (Hubner) after 3 or more successive matings. Sub-sterilized males 
also had a marked increase in fecundity after several matings. He attributed the 
recovery to the production o f new sperms from spermatogonial cell that had 
survived the irradiation. He did not believe that such recovery would have any 
effect on the sterile-male release technique because males would normally mate 
once or twice and because any progeny resulting from recovery would probably 
be sterile.

Amoako-Atta et al. [34] have also reported recovery of fertility in some Fi 
male pedigree lines o f sub-sterile males of Cadra cautella (Walker) treated at
10 krad. The recovery was complete within a few generations. It was argued 
that this recovery was a drawback to any potential application of the inherited 
partial sterility technique to stored-product infestations. It would appear, how
ever, that this recovery is a problem mainly o f low sub-sterile radiation doses, 
because at 20 krad the authors did not observe any recovery. The use of a 
sufficiently high radiation dose that ensures inherited complete sterility in F! 
progeny should solve this problem.

Some advantages o f the sterile-insect technique

The sterile-insect technique, whether fully sterile or substerile males are 
used, has several advantages over the direct food irradiation method. Firstly, 
the food being disinfested does not at any stage come into direct contact with 
the radiations and so the question o f chemical effects o f the radiation on the 
food and the consequential problems o f nutritional adequacy and wholesomeness 
do not arise. This is a major advantage because these two factors are the major 
hindrance in the way o f the direct food irradiation technique; and one would 
not require any special clearance to apply the sterile-insect technique.

Secondly, because the food is not directly exposed to radiation, treatment 
can either be prolonged or repeated.

Thirdly, for as long as sterile insects are being released, reinfestation cannot 
establish; protracted treatment could therefore serve as a measure against 
reinfestation.

Fourthly, unlike the case o f the direct food irradiation, no complex irradia
tion plant is required for sterilization o f the insects. Brower [35] has discussed 
in greater detail the advantages o f the sterile-male technique as it applies to 
stored-product insects.
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Despite these advantages and in spite o f the wealth o f information that has 
been accumulated on the feasibility o f the sterile-insect technique, no field 
application to a stored-product insect has yet been attempted.

Enhanced radioresistance

One o f the major disappointments that followed the initial successes in the 
use of the organic synthetic insecticides was the development o f resistance by 
some insect species. This problem has spread to stored-product insects also [36] 
and the possibility that these insects might develop similar resistance to radiation 
has engaged the attention o f a few workers. The question of resistance is pertinent 
to both the direct food irradiation technique and the sterile-insect technique.
Tilton and Brower [6] in their review briefly covered the work that had been 
done in this field up to 1966.

The information available at the time which was based on preliminary 
studies on Callosobruchus maculatus (F.), Tribolium castaneum (Herbst.), Plodia 
interpunctella (Hubner) and Sitophilus oryzae (L.) did not show that repeated 
exposure to sublethal doses of radiation resulted in increased radioresistance.
Since then very little work appears to have been done on this subject. The problem 
has therefore not been finally resolved. Many more species will have to be studied 
and the conditions o f radiation exposure varied before any firm conclusions can 
finally be drawn.

Development of resistance by insects to pesticides is believed to operate 
through a process of selection, by which the more susceptible members o f the 
population are killed and the more resistant ones survive to multiply [37]. The 
selection agent does not induce resistance and has no effect on the reproductive 
capacity of the insects. Radiation, on the other hand, has both lethal and sterilizing 
effects on insects, and the radiation dose that may kill the more lethally susceptible 
members o f the population may also sterilize the more resistant survivors so that 
they cannot produce progeny, but the test for resistance can only be confirmed 
in the progeny. The search for radiation resistance in insects is, therefore, not a 
simple one. The use of sub-sterilizing doses o f radiation as the selection agent, 
as has been suggested [38], may not answer the question of resistance to radiation 
lethality, though it may answer the question o f resistance to radiation-induced 
sterility.

Radiation may, however, bring about increased resistance in insects through 
the induction o f mutations. This can happen because ionizing radiations are very 
potent mutagenic agents even at low doses [39]. Possibly, the mutation process 
rather than the selection process may account for some of the few cases o f in
creased resistance in insects that have been reported following irradiation [40-42]. 
The question of whether or not the extensive use o f radiation on food for insect 
control may give rise to the development o f resistant strains therefore remains 
to be answered.
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CONCLUSION

The practical adoption o f radiation techniques for infestation control has 
been slow. At the international level only a few food items have so far been 
given clearance for disinfestation by the direct food irradiation method. How
ever, the list o f clearances for individual countries taken together is much longer. 
The sterile-male technique has so far not found practical application yet. Never
theless, the evidence that has accumulated from research points to a future in 
which radiation techniques are going to play an increasingly important role in 
infestation control o f our foods.
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DISCUSSION

A. S. AIYAR: Do you envisage the practical application o f the sterile-male 
technique to any instance o f food disinfestation?

I.K.A. AMUH: Yes, where there is a single-moth infestation and the product 
is stored in bagged or packaged form, application of the sterile-male technique is 
possible. The moth infestation in the warehouse or storage premises can be 
regarded as an isolated population. We are at present considering the application 
of this technique to the control o f the cocoa moth, Cadra cautella (Walker), in 
storage sheds in Ghana.

S.A. ADESUYI: The use o f radiation for controlling insects in stored products 
presupposes that there will be no reinfestation by insects. I doubt whether this 
technique can be usefully applied in the tropics or developing countries, where 
there is a high rate o f reinfestation, unless èxisting storage structures are revo
lutionized to provide hermetic conditions or persistent insecticides are used to 
protect the irradiated stored products against reinfestation.
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I.K.A. AMUH: Radiation disinfestation provides no guarantee against 
reinfestation. As in the case o f all other disinfestation procedures, reinfestation 
will be a post-treatment problem and measures such as those you have mentioned 
may have to be combined with radiation treatment, to ensure protection against 
reinfestation. It has, however, been suggested that, if a small population o f sterile 
insects were retained in the radiation-treated food, it might serve as a protective 
measure against reinfestation.

P. HORÁCEK: In 1971 P. Podanÿ and V. Vrbenskÿ in Czechoslovakia 
considered the application of the sterile-male technique to wheat disinfestation. 
Unfortunately their calculations have shown that it would be necessary to use 
such large numbers o f sterile insects that the losses o f wheat due to depredation 
by the insects would be unacceptably high.

I.K.A. AMUH: The sterile-male technique is not suitable for application 
to beetle infestations, partly because of the reason you have given and partly also 
because the release o f large numbers of sterile males would constitute a source 
of serious contamination o f the food, which would raise problems of consumer 
acceptance. But with moth infestation, particularly if the infestation involves 
only one moth species, it is possible to apply the sterile-male technique, provided 
the food material is in bagged or packaged storage. Adult moths do not feed on 
the infested food, so the problem referred to will not arise.

H.M. ROUSHDY ( Chairman): Your results show female insects to be more 
radiosensitive than males, and this has also been reported for other insect species. 
In mammals, particularly in laboratory animals, females generally prove to be 
more radioresistant than males and female oestrogens have even been used 
successfully as radiation protectants in male animals subjected to radiation 
exposure. Is it a general rule for female insects to be more radiosensitive than 
males, and can you offer any explanation for this?

I.K.A. AMUH: For mortality responses in the low-dose ranges, the female 
insect may be more radioresistant than the male. In fact we have found with 
the cigarette beetle, Lasioderma serricorne (F.), that below 50 krad survival of 
the female is enhanced. This has also been observed in certain other insects by 
other workers. However, as far as the sterilizing effect o f radiation is concerned, 
the female is generally more radiosensitive than the male. For example, while a 
gamma radiation dose of about 30 krad will sterilize the female tropical warehouse 
moth, Cadra cautella (Walker), a dose o f 50 krad or more is required to sterilize 
the male. Even in mammals, the higher radioresistance o f the females appears.
to relate only to mortality, particularly when this is connected with the bone- 
marrow syndrome. But when sterilization is used as a measure of radiosensitivity, 
the female mammal is also more radiosensitive than the male, as the radiation 
dose that will cause permanent sterility in the female mammal will only cause 
temporary sterility in the male.
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Abstract

CONTROL OF MICROBIOLOGICAL SPOILAGE OF FOOD BY IRRADIATION.
Papers published from 1973 to 1977 in the field of radiation control of microbiological 

spoilage are reviewed, grouping the subjects according to the type o f process and food treated. 
Various laboratories from 33 countries have recently published data on the subject, radurization 
of dates, prepackaged vegetables, wet grains, bread, various meats and meat products being 
reported. The most widespread research activities could be observed in the field of radurization 
of fish and marine products (shellfish, shrimps). Radiation decontamination of dry food 
ingredients (enzyme preparates, protein preparates, starch, spices) and cork stoppers was 
studied in various laboratories. Radappertization research of several animal-protein foods has 
made remarkable progress and the minimal dose requirements are well established. Combination 
o f radiation treatment with other antimicrobial agents (salt, preservatives, heat, etc.) has been 
investigated by many laboratories. Foods involved in these investigations were bread, several 
tropical and subtropical fruits, apple juice, groundnuts, fish fillets and shrimps, but a consider
able part of the data relate to model systems. A better understanding of the synergistic effect 
will require additional knowledge and the continuation of long-range research and development 
in the field of combined treatments is recommended.

INTRODUCTION

One of the main goals in the application of ionizing radiations to foods is 
to control microbiological spoilage. The objectives o f such treatment o f perishable 
food are either to delay the onset o f spoilage by substantially decreasing the 
number o f spoilage organisms or to destroy them to such an extent that the 
product will be indefinitely stable microbiologically. The former process is named 
radurization, the latter one radappertization. A third way o f using ionizing radi
ation against microbial spoilage o f food is an indirect one, namely, the radiation- 
decontamination o f dry ingredients to be used in the manufacturing of food 
products and to reduce thereby the microbial load of food into which these 
ingredients are incorporated. In each o f these processes ionizing radiation may 
be combined with other antimicrobial agent(s).

The microbial principles involved in these treatments were excellently 
summarized by Ingram and Roberts [1 ] at the Karlsruhe Symposium on Food
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Irradiation in 1966. Those basic principles are still valid. The various micro
biological aspects o f food irradiation investigated before the early seventies were 
aptly surveyed in the Symposium on Radiation Preservation of Food held in 
Bombay, 1972 [2]. Microbiological changes o f public health significance were 
the subject of discussion at a consultants’ meeting jointly convened by the FAO 
and IAEA in December 1974 and a detailed report incorporating all the working 
papers presented has been published [3, 4]. This aspect will be the topic o f a 
further session during the present Symposium and so this paper aims to review 
only the technological-microbiological data on the radiation control o f food 
spoilage published since the Bombay Symposium. As can be seen from Fig. 1, 
widespread activity could be recorded in this field during the recent years. 
Various laboratories from 33 countries at least published data on the subject 
matter from 1973 to 1977. I shall attempt to summarize at least a part o f  them 
in this paper, grouping the subjects according to the type of process and food 
treated.

RADURIZATION 

Fruit and vegetables

As a consequence of the very active research in this field during the sixties, 
relatively little new information has been published recently in connection with 
the radurization of fruit and vegetables.

The effect o f incubation temperature on the growth and spore formation 
of Pénicillium italicum  and Rhizopus nigricans treated with ionizing radiation 
was studied by Lezhneva et al. [5] to find optimal combinations o f irradiation 
and storage for fresh fruit and vegetables.

Microbial spoilage o f the soft date variety Lelwi picked at the khalaal stage 
(unripe) was considerably reduced by irradiation in Iraq [6]. Taking the time 
to reach the 5% level o f  spoilage as a practical measure o f shelf-life, the latter 
could be doubled by a dose o f  540 krad.

Dutch experiments with prepackaged cut endive, chicory and onions have 
shown that microbiological spoilage is strongly delayed by an irradiation dose of  
100 krad and the shelf-life at 10—12°C could be doubled [7, 8]. Irradiation with 
a dose o f 100 krad reduced the total viable count 4 —5 log cycles and eliminated 
Enterobacteriaceae.

Cereal grains and bread

Radiosensitivity o f osmophilic Aspergillus responsible for spoilage o f rice, 
corn, milo and wheat was investigated by Ito et al. [9]. Comparing the sensitivity
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o f conidia, ascospores and mycelium, the authors concluded that the sterilization 
doses for spoilage fungi o f  cereal grains should be 500 to 600 krad. D 10 values 
in the exponential part o f the sigmoidal survival curves o f conidia ranged from 
18 to 30 krad in the wet irradiation condition. The D 10 value o f ascospores of 
the A. glaucus group was 54 krad. The radiosensitivity of the dry conidia was 
similar to that o f the dry ascospores, the D 10 values lying between 50 to 58 krad.

Mould growth on high moisture (18.5%) wheat was successfully retarded by 
ionizing radiation in Hungarian experiments [10]. The shelf-life o f  the 0.4 Mrad 
treated samples was increased from less than two weeks to 4 —7 weeks at 22°C 
and 88% R.H. This temporary preservation of wet grain in the first month after 
harvest may be o f use in the better utilization o f drying capacities.

Irradiation was applied by Hartung et al. [11] to extend the shelf-life of 
fresh bread used in food systems for manned space-flight missions. By applying 
a 50 krad dose o f irradiation to flour prior to making the bread and subsequently 
to individually packed slices o f  bread they showed a significant reduction in the 
amount o f visible and total mould that developed on the bread during storage 
at 21 —25°C. The study included two types o f bread, white and raisin.
Retardation of mould growth on sliced, packaged bread, heavily infected with 
fungal spores, was reported by Kiss et al. [12], too.

Meat, poultry and meat products

Preliminary investigations in India with mutton, pork and chicken indicate 
that radiation doses in the range o f 100—200 krad increase the refrigerated 
(0 —2°C) storage life o f  these meats 2 to 3-fold, with only marginal changes in 
organoleptic quality [13].

Radurization of ground meat resulted in very promising shelf-life extension 
in the USA. When irradiated with 204 krad and stored at 2°C ground meat 
developed a bacterial load o f only 103/g after 8 days and 104/g after 15 days [14].

In Japanese studies the storage life o f Vienna sausages packed with nitrogen 
gas in cellophane-polyethylene laminated bags could be extended 2 to 3 times 
at 10°C by 300 krad irradiation. However, slight off-flavours appeared after 
irradiation [15]. A further 3—5 days extension o f shelf-life was obtained when 
oxygen-gas impermeable packaging material such as EG-Q foil was used [16].
Large numbers o f gram-negative diplococci and paired short rods were found as 
main contributors to spoilage of radurized vienna sausages and they were 
tentatively classified as an intermediate type o f  Moraxella and Acinetobacter [17].

Marine products

Perhaps the most widespread research activity could be observed in the field 
o f radurization o f marine products, particularly in some Asian and European 
countries.
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The effect o f  irradiation on the bacterial flora, overall quality and storage 
life in ice o f  some of the commercially important species o f fish and shellfish has 
been examined in India. The studies revealed that the 2 to 4-fold enhancement 
o f the iced storage life o f a large variety o f  polyethylene-packed fishery products, 
obtained by radurization doses o f gamma radiation (100—250 krad), ensures that 
packed and redurized fish can be transported to distant places [13, 18—21 ]. The 
enhanced shelf-life o f radurized trash fish varieties provides scope for the greater 
utilization o f trash fish for various secondary products.

On the basis o f Korean experiments [22] it appeared that carp, Pacific oyster 
and mussel would be the promising Korean fish and shellfish species for preservation 
by low dose (50—250 krad) irradiation.

Much work was conducted by German scientists in connection with the 
shipboard irradiation o f marine products. No shelf-life extension could be achieved 
if fish were irradiated with 5 0 -1 5 0  krad and stored unpacked in ice [23]. The 
shipboard irradiation o f prepackaged iced haddock in the dose range of 
6 5 -1 8 0  krad did not sufficiently increase the storage life, either [24]. However, 
judging by bacteriological and chemical criteria the spoilage o f ice-stored whole 
Baltic cod, after aerobic packing and irradiation with 100 krad, was delayed by 
more than 7 days as compared with unpacked unirradiated cod. In vacuum- 
packed irradiated cod fillets bacteriological and chemical decay symptoms set in 
more than 10 days later than in unirradiated unpacked fillets [25].

In connection with the radurization o f a Japanese fish jelly product called 
kamaboko, bacteria isolated from untreated and irradiated kamaboko were 
compared. Bacteria isolated from unirradiated controls belonged to the genera 
Pseudomonas, Flavobacterium, Corynebacterium, Lactobacillus, Bacillus, Micro
coccus and Staphylococcus. When kamaboko irradiated with 100 krad was 
compared with unirradiated kamaboko, no remarkable difference was noted 
between the two with respect to the microflora. The strains o f  bacteria isolated 
from kamaboko irradiated with 300 krad belonged to the geni Corynebacterium, 
Bacillus and Achromobacter. At 500 krad the only strain was Bacillus [26].

Quite a few laboratories were engaged recently in the radurization of 
various kinds o f shrimps. In Belgian studies [27, 28] radurization (100 krad) 
was found to have a marked effect on the shelf-life o f peeled brown shrimps, 
Crangon vulgaris Fabr., (23 ± 2 days at 2°C) packed in 0.05 and 0.1 mm thick 
polyethylene pouches. The shelf-life was 9 and 16 days for the unirradiated 
shrimps packed in 0.05 and 0.10 mm films respectively. Microorganisms isolated 
in unirradiated shrimps in order o f  decreasing number were Acinetobacter, 
gram-positive cocci, Pseudomonas, Flavobacterium, coryneforms and 
Enterobacteriaceae. In irradiated ( 100 krad) samples the Acinetobacter group 
was predominant and constituted almost the whole flora at the end o f the 
storage period. No Pseudomonas or Flavobacterium  were recovered after 
irradiation.
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When blanched brown shrimps from the German North Sea Coast were 
treated with X-rays at a dose o f  about 100 krad total bacterial counts and numbers 
of Staphylococci, Enterococci and Enterobacteriaceae were reduced by at least 
2 orders o f magnitude [29]. It was found that irradiation o f shrimps before 
peeling had no beneficial effect, presumably because o f  contamination during 
subsequent peeling [30], while the irradiation o f peeled shrimp led to improved 
shelf-life [31].

A combined treatment o f blanching (80°C, 4 min) and irradiation (250 krad) 
of tropical shrimps in India resulted in the predominance o f Bacillus (84%) at the 
terminal spoilage as against Lactobacillus (24%), Aeromonas (13%) and Achromo- 
bacter (14%) in shrimps subjected to blanching treatment only [32].

Low doses o f  gamma radiation were applied in the USA on headless white 
shrimp, Penaeus setiferus, pieces o f cod, Gadus morhua morhua, and their 
respective homogenates [33]. It was observed that the pseudomonad-type 
spoilage bacteria disappear at a faster rate than do other constituents o f the 
microflora. Similar observations were reported from the Federal Republic o f  
Germany by Karnop [34].

Thus, it seems to be well established that low dose treatments, frequently 
in the range o f 50 to 75 krad, appear to be adequate to reduce the numbers o f  
the typical spoilage bacteria o f marine products to very low levels and thereby 
to increase the shelf-life considerably if  recontamination can be prevented.

As pointed out elsewhere [4], the change in the microbial flora o f foods 
by radurization is not a unique problem but rather one common to all food 
treatments not leading to a sterile product. The survivors o f pasteurizing radi
ation treatments are likely to be similar to a heat pasteurization or of cooking 
and to present generally similar problems. The risk to public health arising from 
the survival o f  spores o f  Q. botulinum  type E associated with seafoods can be 
eliminated when the storage temperature is maintained below 3°C.

DECONTAMINATION OF FOOD INGREDIENTS

Radiation decontamination o f various dry ingredients was investigated 
intensely in several laboratories.

Irradiation o f commercial enzyme preparations, as used by food industries, 
ensured low microbial contamination without affecting the enzyme activity 
[31, 35]. The pectinase, a-amylase and protease o f fungal and bacterial origin 
were studied.

Bacterial contamination o f protein preparations can be efficiently reduced 
by ionizing radiation, too [36, 37]. The dose requirement for a decontamination 
level satisfactory from the point o f view o f using the products in the canning 
industry seems to be about 1 Mrad.



IAEA-SM-221/73 215

According to the investigations of French workers [38 -4 1  ], the irradiation 
of starch at a dose o f 300 krad enables the desired hygienic qualities to be 
achieved without changing its other technological properties.

Investigations into the effect of ionizing radiation on reducing the viable 
cell count in spices were continued. Vajdi and Pereira [42] found that gamma 
irradiation was more effective than ethylene oxide in reducing the bacterial 
population of spices. Similar observations were reported by Szabad et al. [43, 44] 
concerning mould count reduction in paprika powder. A radiation treatment 
of 100—200 krad was shown to be sufficient to reduce the microbial contami
nation o f dried onions by one log cycle. To achieve a 99% reduction, a level that 
is satisfactory from the practical point o f view, a dose o f 500—600 krad appears 
to be necessary [45].

The microorganisms surviving radiation treatment have been shown to 
become less resistant to the effect o f heat or salt and this sensitization has been 
proved to exist in the microflora o f spices, too. Thus, the required radiation dose 
may be as low as 300 krad if the radiation-treated ingredients are to be used in 
cured and/or heat-processed products [46]. Mixtures o f irradiated ingredients 
were utilized in food products and the quality o f  these foods tested [44, 46, 47].

It was also established that radiation can be used successfully to improve the 
microbial quality of cork stoppers for bottling wine. A radiation dose o f 2.5 Mrad 
was required to ensure sterility [31 ].

RADAPPERTIZATION

The scientific feasibility o f  using ionizing radiation to preserve highly 
perishable animal protein foods for long periods o f time under non-refrigerated 
conditions has been proved under the US Army Radiation Preservation of Food 
Program [48]. The radappertization process basically involves preirradiation 
treatment with heat (65 -70°C ) to inactivate autolytic enzymes, packaging under 
partial vacuum in a sealed container impermeable to moisture, air, light and 
microorganisms, bringing the food package to the temperature at which it will 
be irradiated, and exposing it to ionizing radiation until the radiation dose 
needed is absorbed.

A new mathematical analysis o f the inoculated pack method for determining 
the effectiveness o f  radappertization was reported by Ross [49]. It was established 
that two interrelated distribution functions, the probability o f  organism death 
and the probability of can sterilization, play important parts in the process.
The mode o f organism death is unlikely to be exponential. On the basis o f these 
findings modifications o f  both the experimental design and data analysis for 
determining the 12D dose were suggested by Ross.
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TABLE I. MINIMUM REQUIRED DOSES (MRD) FOR RADAPPERTIZATION 
OF VARIOUS FOOD ITEMS [48, 50]

Food
Temperature of food 
during irradiation 
(°C)

MRD

(Mrad)

Bacon Ambient (5 to 25) 2.3

Beef - 8 0 ±  10 5.7

Beef - 3 0 + 1 0 4.7

Beef (with 0.75% NaCl
+ 0.375% Na-tripolyphosphate)

- 3 0 ±  10 3.7

Chicken - 3 0 ±  10 4.5

Codfish cakes - 3 0 ±  10 3.2

Corned beef - 3 0 ±  10 2.4

Ham (with 156 ppm NaN02 
and 500 ppm NaN03)

- 3 0 + 1 0 3.7

Ham (with 156 ppm NaNOj 
and 500 ppm NaN03)

Ambient (5 to 25) 3.4

Ham (with 25 ppm NaNOî 
and 100 ppm NaN03)

- 3 0 + 1 0 3.3

Pork - 3 0 ±  10 5.1

Pork Ambient (5 to 25) 4.3

Pork sausage - 3 0 ±  10 2.7

Shrimp - 3 0 ±  10 3.7

Table I shows the minimum required doses (MRD) needed in accordance 
with the 12D concept o f  microbiological safety. These MRD values are based 
upon the recovery data o f  strains of Clostridium botulinum  used in inoculated 
pack studies with the individual foods. Each can containing 40—45 g o f food 
was inoculated with 106 spores o f  each o f 10 strains o f Cl. botulinum  to give a 
total inoculum o f 107.

The MRD computed on the basis o f spore survival, regardless o f their 
inability to outgrow or produce toxin in the meat, is usually higher than that 
computed for either swelling or toxicity. The MRD based on survivors for 
‘wholesomeness’ in beef was found to be 3.7 Mrad, and the experimental sterilizing
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dose (the lowest dose at which there was no swelling, toxicity, or survivors) was 
between 2.2 and 2.6 Mrad.

As the data indicate, the MRD values depend on the food and its temperature 
during irradiation. Foods containing sodium chloride, curing agents or spices 
have lower MRDs than foods without these ingredients. The MRD value for beef 
used in the wholesomeness feeding studies was reduced from 4.7 to 3.7 Mrad 
when 0.75% NaCl and 0.375% tripolyphosphate were added to the beef prior to 
enzyme inactivation and irradiation. The residual levels o f  N aN 02 (<  30 A tg/g) 

and N aN 03 (<  500 ¿ig/g) in ham at the time o f irradiation do not appear to play 
a significant role in lowering the radiation dose required for the inactivation o f  
Q. botulinum  spores [50].

The experiments conducted at the Natick Laboratories show that the addition 
o f nitrite to cured, smoked ham can be reduced from 156 mg/kg to 25 mg/kg in 
radappertized ham (without affecting the characteristic colour, odour, flavour 
and overall acceptance o f the product) because radappertization destroys 
Cl. botulinum  [51 ]. Similarly, the addition of nitrates can be reduced from 
5 0 0 -7 0 0  mg/kg to 5 0 -1 0 0  mg/kg.

As the predominating microflora in raw food products are vegetative cells 
and, since it is conceivable that progressively decreasing temperatures may produce 
a more rapid rate o f increased resistance among vegetative bacteria, Anellis et al. 
[52] compared the resistance o f  non-sporogenic bacteria to low-temperature 
gamma radiation. A total o f 36 microorganisms comprising 19 species of
11 genera were screened for radiation resistance at a radiation temperature of 
-8 0 °C  in phosphate buffer (pH 7.0) under vacuum. Even at this low temperature 
where inactivation o f bacteria by indirect action is significantly reduced, 
important food contaminants such as S. aureus, E. coli, Salmonella, Pseudomonas 
or Lactobacillus remain very radiosensitive. The most resistant vegetative 
organisms were members o f the gram-positive group. Among the microorganisms 
o f public health significance tested S. faecium  was the most resistant and, with 
an initial population of about 106 cells per dose, survived 0.9 to 1.5 Mrad.

Several radappertized food items have been used on the Apollo-17 moon 
flight, the Skylab mission and the Apollo-Soyuz Test Program.

COMBINED TREATMENTS

It is now a well-established fact that microorganisms that survive radiation 
treatment, like heat-damaged cells, will probably be more demanding as to 
environmental conditions (temperature, pH, nutrients, inhibitors, etc.) than 
are untreated cells [50, 53]. Therefore, attempts to combine radiation treatment 
with other agents are o f  the utmost importance in enhancing the microbiological 
effectiveness and reducing the energy requirement o f the food preservation and 
in improving the product quality.
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Preservatives and ionizing radiation

Common salt, that anciènt preservative, might be o f eminent importance 
in radiation preservation o f many foods. The increased salt sensitivity o f radiation- 
injured microorganisms is well established in the radiation microbiology literature. 
Recently Chowdhury et al. [54] reported that more than 99% of the Clostridium 
botulinum  62A spores were unable to form macrocolonies in the presence o f  
5% NaCl in the agar medium, while unirradiated spores remained unaffected by 
this salt concentration. Farkas and Roberts [55] investigated the influence o f  
heat and irradiation on the salt sensitivity o f aerobic spores. The radiation dose 
used (400 krad) reduced the viability more than the heat treatment (90°C, 12 min) 
but the latter produced a bigger increase in salt sensitivity.

Survival curves for conidia o f Aspergillus flavus var. columnaris were obtained 
after irradiation with gamma rays in the presence of NaCl and iodized salt [56]. 
The presence o f NaCl at the time o f irradiation sensitized the conidia. Iodized 
salt had a greater sensitizing capacity than ordinary salt.

Mould growth on sliced, packaged white bread was sinergistically retarded 
by 0. 1% K-sorbate plus gamma radiation (0.2 Mrad) but the threshold dose for 
off-flavour was lower in the presence o f  sórbate [12].

Heat and ionizing radiation

It is now generally recognized that one of the most promising means o f  
increasing the effectiveness of radiation, in the control o f spoilage o f foods 
without adversely affecting normal organoleptic qualities, is to combine it with 
heat.

The efficacy o f heat-radiation treatments was further investigated by Indian 
workers with fungal spores suspended in saline [57, 58]. They studied the effect 
o f heat-radiation combination on sensitization o f Aspergillus flavus (toxigenic) 
and A. flavus oryzae (non-toxigenic). Heating before irradiation caused maximum 
sensitization in both strains as compared with heating after irradiation or with 
simultaneous heating and irradiation. It was observed that conidia were more 
radiation sensitive than mycelia. Germinating conidia exhibited a stage of 
maximum sensitization and during germination their radiation resistance gradually 
increased. At the stage o f maximum resistance to irradiation treatment the 
organism was most sensitive to heat treatment. Heating followed by irradiation 
was more effective for germinating spores o f  A. flavus oryzae, whereas the reverse 
was true o f  A. flavus.

Following the pioneering work o f Sommer et al. in the mid-sixties on straw
berries and stone fruits, Indian studies at Trombay have shown that fungal 
pathogens causing spoilage o f several tropical and sub-tropical fruits could, also 
be controlled to some extent by a combination o f mild heat and low dose
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irradiation [57]. A hot water dip (50°C for 5 min) followed by 150 krad 
irradiation extended the shelf-life o f  fresh figs by 3 - 4  days at 28—32°C and 
8—10 days at 15°C by delaying the incidence o f rot caused by Rhizopus sp. and 
Aspergillus sp. Regardless o f the sequence o f treatments, a combination o f a 
similar heat treatment and 100 krad extended the shelf-life o f  grapes. In mangoes 
moist heat at 50°C for 5 min followed by 50 krad was effective in controlling 
stem-end rot caused by Botrydiplodia theobromae, while in bananas irradiated 
(25—35 krad) for delayed ripening a similar moist-heat treatment reduced the 
incidence o f stem-end rot caused by Colletotrichum gloesporioides.

The combination o f hot water dipping (55°C, 5 min) and gamma radiation 
(75 krad) coupled with low temperature storage and shipment (7 —11°C) has been 
shown to be particularly effective in controlling fungal and insect attack and in 
delaying senescence in mangoes [59].

A combination o f mild heat treatment and subsequent irradiation was 
investigated in Canada [60] for the preservation o f apple juice. Organoleptic 
tests have shown that juice heated at 70°C for 8 seconds and irradiated at 350 krad 
had an excellent score after 4 weeks o f  storage at 30°C.

In groundnuts a combination o f heat plus irradiation (65°C, 50 krad) was 
found to inactivate toxigenic fungi like Aspergillus flavus [58]. The irradiated 
nuts were shelf-stable for several months when vacuum sealing or packaging 
under nitrogen was employed. Though the finding is quite encouraging, the use 
o f this procedure for fungal control in groundnuts requires presealing o f  the 
commodity in suitable packs so as to prevent recontamination o f the product 
after treatment. This may limit the use o f this process.

A combined treatment using mild heat (20 min at 60°C) and a low radiation 
dose (50 krad) resulted in a synergistic anti-fungal effect in sliced packaged bread 
and the same time delayed the staling o f bread crumb [12]. Similarly, pre-packaged 
chapaties (unleavened Indian bread) remained mould-free and shelf-stable up to 
2% months after a thermal-radiation treatment (50 krad followed by dry heat at 
65°C for 30 min) [57].- Inoculated pack studies using spores o f Aspergillus sp. 
isolated from naturally infected bread and chapaties confirmed the efficacy o f  
the combined treatment [61 ].

In Indian experiments the refrigerated storage life o f fish fillets packed in 
polyethylene pouches was considerably lengthened by a combined treatment of 
steam cooking for 3 to 5 minutes plus 100 krad gamma radiation [62].

One o f the more intriguing subjects o f  research in recent years is the 
synergistic effect that results from the simultaneous application o f heat and 
radiation for bacterial spore destruction. Scientists at the Sandia Laboratories, 
USA, carried out extensive laboratory and feasibility studies on the use o f  this 
combined treatment for spacecraft sterilization. This process, called “thermo
radiation”, however, clearly has some promise for food sterilization, too. Fisher 
and Pflug [63] reported recently that the energy o f activation calculated over
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TABLE II. D-VALUES AT VARIOUS TEMPERATURES FOR WET-HEAT 
THERMORADIATION OF Bacillus subtilis VAR. Niger SPORES (from Fisher 
and Pflug [63])

Temperature
(°C) Thermoradiation at 

a dose rate of 20 krad/h

D-values
(h)

Thermal
treatment

80 2.3 6.1

85 1.0 2.1

90 0.35 0.50

the temperature range o f 75—90°С for radiation-induced destruction o f Bacillus 
subtilis var. niger spores in wet-heat thermoradiation was 27.3 kcal/mol 
С— 114 kJ/mol) compared with 65.3 kcal/mol (~ 2 7 3  kJ/mol) for thermal 
destruction over the same temperature range (Table II). The authors observed 
that no synergism is possible unless each physiological stress is great enough 
to effectively destroy spores by itself. Maximum synergism occurred under 
conditions where heat and radiation individually destroyed spores at approxi
mately equal rates.

It is worth noting that thermoradiation proved quite effective in inactivating 
viruses in an environment that was highly protective when heat and radiation 
were applied separately [64]. However, to my knowledge, the technical feasibility 
of the thermoradiation process with regard to all quality characteristics o f food 
has not yet been investigated experimentally. In low acid foods (e.g. meats) the 
heat treatment has to be in the temperature range above 90°C and as long as we 
have to use temperatures o f 100°C and above for the combined heat-radiation 
treatment, we may slightly improve thermally canned products but not signifi
cantly contribute to the development o f a new food-processing method o f ‘dry 
pack’, convenience-type meats preserved by radappertization.

The combination o f heat and irradiation on the salt sensitivity o f  aerobic 
spores [55] proved to be additive or slightly more than additive using recovery 
media containing salt. The reverse order o f treatment was highly synergistic, 
resulting in a 500 to 10 000-fold greater overall reduction in recovery than could 
be expected from an additive effect. From these results one might assume that 
appropriate combinations o f heat and water activity could effectively reduce the 
radiation dose necessary for preservation. However, more confirmatory tests on 
food packs would be essential before extrapolating these data to media. In 
addition, the nutritional changes and eating quality of such products would 
also need critical evaluation.
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The sensitization of bacterial spores to ionizing radiation and heat by hydro
static pressure and its possible application for a combination pressure-heat- 
radiation sterilization process was described by Wills [65]. Further investigations 
are needed to establish the feasibility o f  such a process, too.

The overall effectiveness o f combination treatments in different products 
obviously depends upon the cumulative effect on the various microflora present 
in the product as well as the specific sequence effective against individual 
organisms.

A better understanding o f the synergism will require additional knowledge 
o f the nature o f  the sub-lethal injuries produced by both heat and radiation. 
Detailed knowledge o f  the cellular mechanism behind the synergism obtained 
with a specific sequence o f  heat-radiation treatments for individual organisms 
will ultimately be needed for optimalization of the combination process for the 
control o f  microorganisms in a specific commodity.

Bacterial spores exposed to 450 krad showed a characteristic pattern of 
survival associated with thermorestoration. When temperature during radiation 
was controlled at —15°C up to the lethal temperatures, the lowest viable cell 
counts were at 0°C. Above 0°C radiosurvival gradually increased by 2 to 3 log 
cycles, reaching a p'eak at 75°C for Bacillus cereus T and at 95°C for Bacillus 
stearothermophilus [66]. High survival was observed in the solidly frozen state 
at - 1 5  to —5°C since harmful radicals produced by radiation were trapped in 
ice. Radiation-modifying effects, i.e. protection by ethanol and sensitization 
by sodium nitrate, were most pronounced at 0°C where radicals were most 
abundant. Radiation-modifying effects were lowest at 50—70°C, where water 
radicals were competitively annealed by heat and hence not available. The 
effects o f ethanol and nitrate were also low at —5 and —15°C, where radicals 
were trapped in ice. Effects o f  radioprotective substances were progressively 
lost when radiation was carried out at temperatures above 50°C.

A remarkable enhancement o f radiation lethality o f  the highly radiation- 
resistant bacterium Micrococcus radiodurans was observed by Japanese workers 
when the irradiated cells were incubated at 42°C in the growing medium before 
plating [67].

Some newer data were published recently by the Natick group [54] about 
the influence o f  incubation temperature on the recovery o f radiation-injured 
Cl. botulinum  spores. The range o f  incubation temperatures giving maximum 
recovery o f irradiated spores narrowed as the dose increased.

One can conclude that, despite the progress made in this field, the available 
reports on combination treatments are still fragmentary, controversal and relate 
primarily to model systems. Therefore the continuation o f long-range research 
and development in the field o f combined treatments seems to be both worth
while and necessary.
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DISCUSSION

A. S. AIYAR: I should like to make a general comment on combination 
treatments involving chemical additives and irradiation. We already have the 
problem of satisfying requirements with regard to the safety o f food additives 
on the one hand and with regard to the wholesomeness o f irradiated foods on the 
other. In using such preservatives as sórbate and nitrate, which are themselves 
suspect from the genetic point o f view, along with radiation, are we not compli
cating issues further? Is it really worth while developing such technologies, when 
the safety testing o f the treated products is likely to be so complex?

J. FARKAS: I agree with you entirely that, if  it is sufficient or convenient 
to use a physical treatment or combination of physical treatments, then the latter 
ought to be preferred from the point of view o f wholesomeness instead o f compli
cating the situation by adding chemicals. There are some traditional food 
additives, however, which are recognized as being safe (e.g. NaCl) and they are 
useful partners o f ionizing radiation for combined processes. On the other hand, 
it seems to be a relatively simple task to test the wholesomeness o f an irradiated 
preservative, because in this case we know what we are looking for.

D. A.E. EHLERMANN: Do you have any information on the results obtained 
with the irradiator on board the Soviet research vessel “Akademik Knipovich”?
In your paper you did not make any reference to this work. It would be interesting 
to compare the results o f Soviet research with those o f shipboard experimentation 
in the United States of America and our own recent studies.

J. FARKAS: Unfortunately, I am not aware o f any recent Soviet publications 
on this subject. The lack o f public health approval for radurized fish in the Soviet 
Union, even on a pilot-scale basis, seems to have held up the development o f this 
process.

M. LAPIDOT: Have you any information regarding the time interval 
between irradiation and synergistic heat treatment? Is it o f  any significance?
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J. FARKAS: The information available on this subject is rather conflicting, 
because the end effect depends on many variables (environmental conditions 
during and between the treatments, possibility o f repair, availability o f growth 
medium, etc.). In dry conditions, as for example in the case o f the radiation 
decontamination o f dry ingredients and their subsequent use in canned foods, 
we found that the heat-sensitizing effect o f irradiation does not diminish during 
the post-irradiation storage o f the dry ingredients.

R.S. KAHAN: It is certainly true that for dry materials there is no time 
factor involved in the synergistic effects o f the two treatments. However, in the 
case o f  citrus fruits, we have found that maximum synergism occurs with an 
interval between heat and irradiation o f about four hours.

J. FARKAS: Yes, it is clear that the synergistic effect is not subject to any 
general law.

R. JONA: Since the combination o f chemical and physical treatments raisés 
doubts about the wholesomeness o f the treated products, we have conducted 
experiments with a ‘combination’ physical treatment known as tyndallization, 
which involves repeated treatments with small radiation doses. We used it on 
grapes which do not withstand the heavy dose required to kill the moulds attacking 
the grape and it was highly effective (i.e. 99% probability) in reducing the level 
o f infection. For further details please refer to: JONA, R., VALLANIA, R., 
Tyndallization by gamma rays; preliminary experiments on grapes, Riv. Sci. 
Tecnol. Alim. Nutr. Um. 6 (1976) 123.
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Abstract

MATHEMATICAL MODELS FOR MICROBIAL KILL BY RADIATION.
A model is proposed based on the known radiation effects and genetic structures of the 

microorganisms, which leads to ND =  N0 (1 — (1 — e”D̂ Dl)r)s. It is shown that this equation 
fits the experimental data very well. The physical theory for radiation effects is compared 
with the experimental results. It is suggested that repair plays a very dominant role and that 
the genetic material in the resistant microbes exists in multiples.

INTRODUCTION

Experimental data on the kill o f microorganisms by radiation are usually 
evaluated using equations for the relationship between the number o f survivors 
and the dose. The commonly used equations are:

ND =  N0e-D/De (1)

for the single-target model, and 

ND = N 0 l - ( l - e - D/V (2)

for the multi-target model
where N0 =  initial number o f microorganisms

Nd =  the number o f survivors after exposure to dose D 
D =  dose in grays (Gy), where 1 gray is the unit for absorbed radiation 

energy o f 1 joule per kilogram o f material.
De =  the dose that in E q.(l) will reduce the number o f microorganisms to 

1/e o f  the original number, where e =  2.718, the base o f  the natural logarithm. 
To simplify calculation, we sometimes replace e_D D̂e by 10-D D̂“, where 
D 10 =  2.303 De. Although these exponential equations are commonly used, 
they frequently do not fit the experimental data well. The equations are based 
on the target theory, which in its crude form is sometimes credited to Dessauer’s

227
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F I G .L  A  microorganism. Units Si, S 2, ... ST are large molecules or structures essential for 

survival. These units could be chromosome-like structures. Subunits A , В  etc. could be genes 

or similar regulatory structures.

‘point heat’ or ‘heat spike’ model [1 ]. Crowther [2] improved Dessauer’s 
theoretical analysis. The most thorough analysis was made by Lea et al. [3].

This paper will expand the target theory to conform with modern ideas. 
The general equation deduced in this paper often deviates significantly from the 
simple exponential E q .(l) or multi-target Eq.(2), but, most importantly, its 
general form fits the experimental data very well. We should realize, however, 
that even when an equation fits the experimental data exactly, the model on 
which it is based could still be wrong; that is, another model for the action of 
radiation might very well result in the same equation. Still, different models 
usually result in different equations. An equation fitting closely the data 
reduces greatly, therefore, the reaction models we need to consider.

THE MODEL

Let Sj be some unit in the microbe essential for its survival, Fig. 1, and S2 
either a complement or a duplicate o f  Sp Sj could be a strand and S2 a 
complement strand in a double-stranded unit such as DNA. S x could also be a 
chromosome and S2 a duplicate chromosome in a diploid cell. We can think 
or r multiples o f  such units St , S2, ... Sr. We further assume that the unit Si 
is composed o f elementary units or subunits, A i .B ^ C ^ D i , . . .  and that S2 is 
composed o f complementary or similar subunits, A2, B2, ... . We assume that if 
only A t is destroyed, A 2 can create a new complement. For instance, if  A, is
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a segment on a DNA strand, then the segment A2 on the complementary strand 
will contain a code that makes possible recreation o f A.i. On the other hand, if 
both A! and A 2 are destroyed, the microbe is killed (or transformed such that 
it is not detected by the experimental method defining its survival).

We will not limit our model to one or two o f the composite units S x and 
S2 but instead retain the generalization o f S2, ... Sr.

MATHEMATICAL FORMULATION

According to the definition o f the units we have:

1 Gy =  1 J/kg =  6.24 X 1015 eV/g

For every 100 electron volts (e V) absorbed per gram (g) we have G events 
(for instance ionizations) produced per gram. In general, the number X o f such 
events produced in a target is then given by:

X = 6.24 X 1013 G-M-D (3)

where the weight o f the target is M gram and the dose D grays.
If the target is the subunit Aj with a molecular weight M ,, we may set M 

in Eq.(3) equal to the actual weight of this molecule, i.e.

M,
M = ----------------  (4)

6.02 X 1023

where 6.02 X 1023 is Avogadro’s number.
From Eqs (3) and (4) we derive that Xj events occur in target Aj :

6.24 X 1013 G i-M j-D
X, = -------------------------------- =  1.036 XlO-^ Gj • M j D  (5)

6.02 X 1023

The number o f hits a subunit A t receives may deviate from the average 
number X ¡ . Some A! molecules will not receive any hits, others one hit, two hits, 
three hits and so on. When we assume statistical independence, the frequency 
o f such hits can be shown to be in accordance with a Poisson distribution. From 
this statistical distribution we can show that, when the total number o f all hits 
is equal to the number o f targets, that is, when Xj =  1 in Eq.(5), the number
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e 1 =  36.79% of the targets will not have received any hits. (Independently, this 
follows also from Eqs (6) and (7)). From Eq.(5) we get then that

where De is the dose in Gy that reduces the number o f targets by 1 —e _1 =  63.21%. 
This equation is often used to estimate molecular weight when G x is known and 
we have measured De .

Let the number o f microbes be n j . The number of molecule targets A! 
is then also n j . When we increase the dose D by an infinitesimally small amount 
dD the infinitesimal number dn! o f targets A! destroyed is given by

G! M, De =  9.65 X 109 (5a)

dn, =  - n j  • 1.036 X lO-10 G! Mj dD (6)

When we integrate Eq.(6) we get

=  -1 .0 3 6  X 10*10 Gj Mj • dD

0

D

or

N D
—-  =  exp(—1.036 X 1 0 '10 G ,-M r D) 
JNqо

or

Nd = N 0e -D̂ D > (7)

where

D
_________1____________ 9.65 X 109

1.036 X 10 -10G! M, G, • M,
(8)

According to Eq.(7)

(9)

is the probability o f ‘survival’, i.e. the probability that Aj will not be hit. The 
probability P) that A) will receive one or more hits is then:
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Let us assume that every one o f the r targets A b A2, ... Ar in the microbe 
must be hit at least once if the microbe is to show a response (e.g. by not forming 
colonies on an agar plate). The probability pr that each o f the Г targets in a 
microbe will be hit at least once is given by

pr =  ( l _ e - D / D e )r

We have also assumed that the number (Gi in Eq.(5) is the same for 
all targets o f  the kind A. The probability N(D)/N0 that one or more o f the 
targets A 1; A 2, ... Ar will not be hit and the microorganism survives is then

Ш  = 1_{1_еГт>гу ( И )
N0

This equation is similar to Eq.(2). The other molecular targets В, C, D etc. 
(Fig. 1) may result in similar responses by the microbe. The microorganism will 
then survive if  and only if at least one target o f each kind А, В, С etc. is intact, 
i.e. has not been hit. The survival ratio N(D)/N0 is thus given by a product of 
terms having the same form as Eq.(l 1); where we use the notation ND for N(D):

Pl = 1 -е -° /° е  (10)

—  =  (  1 - (  1 -  е~и^ 1 ) r ) ( 1 - (  1 — e -D / ° 2 ) r ) . . .  ( 1 - (  1 - e - D/° s ) r ) ( 1 2 )
N0

or

—  =  П ( l - ( l - e _D/Dj)r) (12a)
N0 j = i

where П stands for ‘product o f  the forms’. In these equations the dose that each 
of the target receives could be different. We will, however, define D as the 
average dose. A greater dose in one unit will then correspond to greater G-valueО
for that unit or smaller Dj value.

Simplified forms o f Eq.(12)

Let us now consider the special case where all the Dj values are approximately 
equal to a constant D0, i.e. Ü! =  D2 =  ... =  Ds =  D0.
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г = 3

D0 =1.06 105 Gy 
s = 111

DOSE IN К Gy

F IG .2. Survival curve for Moraxella osloensis (isolate N o .4). The experimental values are 

from Ref\l\  The curve is obtained using E q .(l3), where r =  3, Do  =  106 Gy  and s =  111.

Equation ( 12) is then equivalent to

—— =  (1 —(1 —e_D/D°)r)s (13)
N0

This equation is only a special case o f Eq.( 12) but, if  we use an adjusted value 
for s, Eq.(13) will approximate Eq.(12) and because it is simpler it is more 
practical.

For r =  1, Eq.(13) takes the form

—  =  (e - D /D 0 )s _  e -D/De ( 1 4 )

N0

where De =  D0/s. This is exactly the form o f the standard single-target equation, 
Eq.(l).

For s =  1, Eq.(13) becomes the standard multi-target equation, Eq.(2), 
that is,

N d

No
= l - ( l - e ~ D/Do)r (15)
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г = 5, D0 = I05 Gy, s = 550

; ».
Moroxella osloensis (isolate?) 
ground beef -  30°C  {14}

a
% 4
о

О
1 0  2 0  3 0  4 0  5 0  6 0  7 0

D O S E  IN к Gy

F IG .3 . Survival curve for Moraxella osloensis (isolate No. 7). The experimental values are 

from Ref.[l\ The curve is obtained using Eq .(I3j, where r =  5, D 0 =  100  kG y  and s =  550.

We see that Eq.( 12) is a generalization o f Eq.( 1 ) valid for the single-target 
model and Eq.(2) valid for the multi-target model. This generalization is needed 
to obtain close fits between mathematical models and experimental data. We 
will now further illustrate the use o f  Eq.(l 2). Some o f the most resistant micro
organisms have extended shoulders, Figs 2 and 3. In these cases D0 is large and 
the ratio D/D0 small over a significant portion of the kill curve. We can in this 
case approximate Eq.(13) with a simpler form and we find that for small values 
of D/D0, i.e. for D /D 0 we have that Eq.(13) can be approximated by

which is usually valid in the shoulder region o f the kill curves (see Fig.4). For 
small values o f D/D0 the logarithm of the survival ratio ND/N0 is proportional 
to the power r o f the dose D. r is 2, sometimes 3 or even greater (see Ref. [4]).

Sometimes the microorganism (e.g. Micrococcus radiodurans and some 
Moraxella) is so resistant (i.e. D0 so large or target volume so small) that Eq.(16) 
is valid for the entire dose range investigated. More frequently it is valid for low 
doses only, i.e. for the shoulder region.

(16)
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r =5, D0 = 250, s  = 3.6

8
2 4 6 8 10 12 14 16 18 20  

DOSE IN к Gy

FIG.4. Survival curve for Cl. botulinum, showing a ‘shoulder’ at low doses and a ‘straight 

line’portion (i.e. an exponential decrease with increasing dose) at higher radiation doses. 

The size of the shoulder dose is Ds =  D 0 loger =  2.50 loge5 =  4.02 kGy (see Eq.(19)). The 

‘straight line’ intercept with the ordinate is log NextT¡¡p /N0 =  loger =  3.6 loge5 =  5.80 (see 

Eq.(20)). The experimental values are from Ref.[ 14].

In the past it has often been surmised that the target theory necessarily 
resulted in a form similar to either E q.(l), i.e. that the logarithm o f the survival 
ratio decreases proportional to increase in dose, or in case o f  a multi-target to a 
form o f Eq.(2).

We frequently observe that log (ND/N 0), when plotted versus dose, shows 
a shoulder at low doses and a linear decrease at high doses. To illustrate this we 
will consider the behaviour o f Eq.(13) for high doses.

2
For large values o f D /D 0 where e “D/D° < -----  Eq.(l 3) can be approximated

, r — 1

This equation fits the frequently observed sigmoidal curves with a shoulder at 
low doses (with a form usually described by Eq.(16)) and a straight line at higher 
doses, i.e. loge (ND/N¿) decreasing linearly with dose. The dose D 10, that reduces 
the survival ratio ND/N 0 by a factor 10, is then given by:

by

loge n d / n o =  sloger — D/(D0/s) (17)

D 10 =  2.303-De =  2 .3 0 3 -D0/s (18)
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The straight-line portion when extrapolated cuts the abscissa at a shoulder dose 
Ds given by:

Ds =  D0 -loger =  2 .3 0 3 -D0 -log10r (19)

For r =  2 we get Ds =  0.693- D0 ; for r =  3, Ds = 1.10 - D0 , etc.
When the straight-line portion is extrapolated to the ordinate it will inter

cept at the extrapolation ‘target number’ Nextrap given by

N extrap .=  rS (20)

Sometimes the extrapolated target number has been a thousand or more 
(see, for example, Fig.4). According to the usual multi-target theory, such large 
values were considered unreasonable. Equation ( 19) shows, however, that such 
high extrapolation numbers are reasonable, e.g. if r =  2 (as in double-stranded 
DNA) and s =  10 (that is the 10 most sensitive bases on the DNA) this results 
in an extrapolation number o f 1024. Similarly, r =  2 and s =  20 would give an 
extrapolation number o f approximately 106.

• Equations (12) to (20) are interesting because they fit much o f the experi
mental data that have puzzled experimentators. The model Fig. 1 used in the 
deduction is plausible. We may have double-stranded DNA, that is r = 2. The 
genetic code in microbes may well be in duplicates, triplicates, or even higher 
multiples, that is r =  2, r =  3, etc. The number s is the number o f the most 
sensitive bases or the most sensitive genes and may be one or any number smaller 
than the number o f bases on one strand. Because the radiation sensitivity of 
the different subunits (bases, genes, etc.) varies (see Eq.(12)), we should not 
expect s to be a whole number. Suppose one o f the subunits B2 is broken but 
the other subunit B] is intact. The microorganism is then able to repair B2 •
If Bj is also broken before repair is completed, then the unit cannot be repaired. 
Conversely, if  both subunits (strands) are broken simultaneously, which might 
be more common with high LET particles (particles), the logarithm o f the 
survival ratio should be proportional to dose.

DISCUSSION

We derived Eq.(13), using the model shown in F ig .l, where the units S ¡ ,
S2, etc. could be thought o f  as strands in DNA and the subunits A 1; B! etc. 
as bases or aggregates o f  bases on the DNA structure (or as genetic units in a 
chromosome). This equation would apply equally well if the units represented 
other parts o f the microbe essential for its survival. The unit could be layers 
o f the cell wall or the plasma membrane which when damaged may permit
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essential molecules to leak out. They could also be layers o f membranes or 
other structures retaining (or inhibiting) enzymes (such as endonucleases) which 
when released could destroy (autolyse) the cell. There are many more possibilities. 
Brynjolfsson [5] pointed out that some very good experimental results show 
that Eq.(16) is sometimes valid over an extended region. When r =  2, some of 
these experiments support the idea that a double-stranded DNA is significant 
for the radiation kill o f microorganisms such as Streptococcus faecium (F6) [5]. 
(Usually the shoulder is too short and the variance in the experimental data too 
great for determination o f the r value.) For Micrococcus radiodurans ÍR ,) the 
r value was found to be 3 [5], i.e. the essential target units appear to be in 
triplicates. This was also found to be the case for S. faecium  (0 -1 2 )  (see Ref.[5]). 
From the scant data on Micrococcus sp. NCTC 10785 discovered by Lewis [6] 
r appears to be 3. The Moraxella osloensis studied by Maxcy et al. [7] appears 
to have an r-value o f  3 or 5 (see Figs 2 and 3). These high values o f r cannot be 
explained by double-stranded DNA. We might suggest that, if  we break three 
of the four cross-walls in a tetrates (Micrococcus radiodurans often appears in 
groups o f four cells that are synchronized), then we have connected all four cells, 
which might prevent outgrowth. The whole cell wall, however, is too big a sub
unit unless the G-value is very small. We might then think o f the massive damage 
caused by the К-shell Auger effect in P and S atoms. We might also suggest that 
with three-layered membranes effective radiation damage consists o f three close 
‘hits’ to each o f the layers. Thornley et al. [8] have indicated that the cell wall 
of Micrococcus radiodurans is a rather special four-layered structure. We may 
also suggest that DNA itself is a subunit, that the cell can repair all single-strand 
breaks, that it can repair one and two double-strand breaks but that it cannot 
repair three double-strand breaks, i.e. that three double-strand breaks are most 
unlikely to be repaired.

We know from the field o f physics that the G-value for ionization in gases 
is about 3. In liquids we have similar energy transfers. The kinetic energy o f  
most o f  the secondary electrons is low (for instance, more than 50% have less 
than 20 eV energy) and in liquids and solids some o f the ejected electrons will 
return to the original site [9]. Energy transfer on the order o f 12—20 eV or more 
is most likely to rupture chemical bonds. The G-value for single-strand breaks 
determined experimentally by Lett and Sun [ 10] is o f the order o f 1.7, which is 
about half the number o f 3 mentioned above for ionizations like events on the 
DNA. In hydrogen only about 4% of the secondary electrons will have energy in 
excess o f 120 e V. Thus the G-value for such events is o f the order o f 0.1.
Another important primary process is the Auger effect. In this process a vacancy 
created in the К-shell or the L-shell causes several electrons from the outer shell 
to be ejected. The G-value for the L-shell Auger effect in P and S atoms in DNA 
is o f  the order o f  0.01 and the energy absorbed is about 130—190 eV. The
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Auger effect in the К-shell o f  the C, N, and О atoms o f DNA is o f  the order of 
0.02 and the energy absorbed about 2 8 4 -5 3 2  eV. The G-value for the K-shell 
Auger effect in the P and S atoms is very small, but the energy released 
2 2 0 0 -2 5 0 0  eV. High energy events, with a G-value o f the order o f 0.01 to 0.1, 
are very likely to result in massive damage, such as double-strand breaks. In the 
estimates for the G-values for energy transfers in the primary processes we dis
regarded the degradation o f the energy to forms o f radicals such as H and OH. These 
secondary products can exist long enough to diffuse the energy from the primary 
interaction site and by selective reactions they can modify the damage. Therefore, 
the G-values for the primary energy transfers can be used only as a rough guide.
The G-value for double-strand breaks has been experimentally determined to be 
in the order o f  4% o f the single-strand breaks or a G-value o f 0.07 [11].

Many organisms under favourable conditions are able to repair single-strand 
breaks [1 2 -1 4 ] and some are able to repair even double-strand breaks. These 
repair processes can thus modify the microbial kill to a very great extent. In the 
case o f  single-strand breaks repair is possible because the information is available 
on the other strand. In the case o f double-strand breaks it is difficult to imagine 
how the organisms can repair the damage unless the information is stored else
where in the cell. This might be done through duplicates or triplicates or higher 
multiples o f the DNA. This would explain the great resistance o f the organisms 
and the high r-values obtained when comparing Eq.(13) with the experimental 
data (Figs 2 -4 ) .
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DISCUSSION

K.H. CHADWICK: I personally find your mathematical approach very 
interesting especially because o f our own work on modelling in eukaryotic cells. 
Can you tell me how repair o f single or double-strand breaks in DNA is included 
in your model? If you irradiate in oxygen or nitrogen, you will certainly find 
a different radiation sensitivity. How do the values r, s and D0 change in the 
fitting o f these survival curves? One would, I think, only expect D0 to change.

A. BRYNJOLFSSON: In resistant bacteria the single strand breaks appear 
to be easily repaired. In B. subtilis (see Paper IAEA-SM-221/55, these Proceedings) 
a G = 1.7 for a single-strand break and De = 1 .3X 103 would lead to a molecular 
weight M o f about 4 X106 according to Eq. (5a). A G = 0.07 for a double-strand 
break leads to a more reasonable value o f  about 108 for M.

The survival curve for B. subtilis shows that r = 1, that is to say there is 
only one copy o f the principal structure essential for survival. However, a repair 
may still occur for r = 1. A sublethal damage, such as that caused by a trapped 
electron or a radical, may be transformed into a viable genetic lesion. If, on the 
other hand, the trapped electron reacts with oxygen, the result is likely to be lethal 
damage. In all these cases the survival curve is described by Eq. (14) which is a 
special case o f Eq. (13). For resistant bacteria, survival curves with a shoulder 
indicate that not only are single-strand breaks usually repaired but that some o f  
the double-strand breaks are repaired as well. The multiplicity r o f the structures 
essential for survival is obtained from the experimental survival curve. The 
r-value so obtained should be the same in oxygen and in nitrogen, but D0 will 
change. The r-value will usually not change with temperature, but D0 is likely 
to do so. The value o f s can also change because of the selective affinity of

[9]

[10]

[П]

[12]

[13]

[14]
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indirect actions for some subunits. There are important exceptions, however. 
For example, r is drastically altered if the repair mechanism changes. Usually r 
will change to 1. It has been observed that at 40°C the repair mechanism in 
M. radiodurans changes and the shoulder disappears, that is r = 1. Similarly, 
some chemicals may interfere with the repair process and thereby modify the 
r-value.
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Abstract

INFLUENCE OF TEMPERATURE, L-ALANINE AND PHOSPHATE BUFFER ON THE 
RADIATION SUSCEPTIBILITY OF Bacillus pumilus STRAIN E601.

The Bacillus pumilus E601 strain has been examined for resistance to gamma and electron 
irradiation. Decimal reduction doses (D 10 values), computed on the basis of recoverable 
organisms, have been found to depend on the dose rate of pulsed electrons in the range 
1 -1 6 0 0  krad per 35 ns pulse. The highest dose rates in these ranges lead to higher D10 values 
than have been measured with the “ Co source (gamma irradiation). Treatment of heat-shocked 
B. pumilus spores with L-alanine in phosphate buffer resulted in a significant reduction in 
resistance towards both heat and radiation owing to the loss of spore properties. No response 
to alanine was observed in the absence of buffer. The sensitivity of alanine-germinated spores of 
B. pumilus (E601) to ionizing radiations was found to be identical with that of vegetative cells 
of this strain under the same conditions.

INTRODUCTION

Spores o f bacteria represent an important portion o f the microbial flora 
capable o f contaminating native foods and food products. Spores are more 
resistant to stress conditions than vegetative cells. Moreover, the spore differs 
from the vegetative cell in its physiology and chemical composition. Germina
tion leads to a loss o f heat resistance. In normal development germination is 
followed by outgrowth o f new vegetative cells; under suitable conditions these 
can form new spores to complete a cycle [1].

Physiological germinants such as L-alanine and D-glucose are effective 
against a large number o f species. Furthermore, it has been reported that heated
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spores o f some Bacillus species have more simple germination requirements 
than unheated spores [2]. Heat shock (activation) has been regarded as a process 
of conditioning the spore to germinate and is the best recognized physical 
method for activating bacterial spores [1].

In the present study D10 values for the interaction o f gamma rays and 
electrons with B. pumilus (vegetative cells, germinated and ungerminated spores) 
were estimated. Their survival in triply distilled water (TDW) in atmospheres 
of oxygen, air, argon or in vacuo were recorded under different conditions.

MATERIALS AND METHODS

Bacillus pumilus E 601 was used as organism. Cultures of B. pumilus main
tained on tryptic-soy-agar (Difco) slants were grown on red potato extract agar 
at 37°C. The spores harvested from 7 to 10-day cultures were suspended in 
sterile distilled water. For irradiation a sample of the suspension was washed 
three times by centrifugation at 3000 rev/min. Finally, spores were suspended 
in sterile TDW and then adjusted to 15 X107 spores per ml (counted in a 
haemocytometer chamber).

For the preparation o f L-alanine germinated spores one ml of spore 
suspension was heated at 80° С for 10 min in a water bath. One ml of sterile 
L-alanine (1 mg • ml-1) and 2 ml sterile phosphate buffer (M/15) solutions were 
added. The suspension was then diluted to 10 ml with sterile TDW. Dilutions 
were immediately made to determine the viable count before incubation. Sub
sequently, after incubation for 1 h at 37°C further samples were diluted for 
determination o f the viable count by surface plating on tryptic-soy-agar.

Pyrex bubbling test tubes and a very thin Polythene container (0.025 mm 
thick) containing the suspension were irradiated at different dose rates. Irradi
ation treatments were carried out in a 10 kCi gamma cell and in an electron 
accelerator (Febetron 705 B) which produced an extremely intense beam of  
electrons in 35 ns pulses ( ~  1029 eV • Г 1 • s-1). Dose rates were determined 
using Frickedose meters, KCNS solutions [3] and standard Perspex HX pieces [4].

RESULTS AND DISCUSSION

Striking changes in the optical density (OD) o f a spore suspension and in 
the refractility o f individual spores are known to be indicative of the process of 
germination. L-alanine is active in initiating the germination o f spores o f  
certain species; the present study showed that B. pumilus is one such species.

Preheating the spores was an essential requisite for germination by 
L-alanine, heating for 10 min at 80°C being sufficient to produce the maximum
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TABLE I. COMPARISON OF THE PASTEURIZING EFFECTS OF HEAT AND 
RADIATION ON AN AQUEOUS SUSPENSION OF ALANINE-GERMINATED
B. pumilus SPORES IN AIR

Time
(min)

Heat (80°C)

Per cent survival

7 -irradiation (60 krad/h) at 22°C

0 100 100

1 4.0 90

3 3.8 76

5 3.9 62

10 3.8 38

20 3.8 11

40 4.0 6.6

80 3.8 -

120 3.9 -

rate o f germination. In fact, germination o f spores by L-alanine is known to be 
dependent on the presence o f phosphate ions [5]. No germinative changes in
B. pumilus spores on addition o f L-alanine were observed in the absence of 
phosphate buffer. Spores that were older than six months germinated more 
readily than younger ones. The maximum germination (at a reduction in 
OD6 2 5  =  56%) was recorded with spores older than six months. This 56% reduction 
in OD corresponds to 97% germination. One way o f interpreting these results is 
to assume that the mechanism responsible for the increased activation o f older 
spores may be due to changes in the intrinsic factors that are involved in 
dormancy [1 ]. One might expect spore populations to undergo some changes 
during storage. In fact, aging is as little understood as germination and genetic 
factors might be responsible for these responses. It is possible to suggest that 
during activation heat probably causes morphological and structural changes. 
Spore macromolecules have been reported to be changed during activation, 
resulting in the exposure o f reactive sites o f importance in germination that 
were previously masked [6].

The data for heat-activated spores showed that the germination induced 
by L-alanine is negligible in pure water. It is worth mentioning here that 
increases in the time o f heat activation (80°C) beyond 10 min up to 150 min 
do not affect the viable count. In addition, heating spores for more than,
10 min gave no increase in the proportion o f spores able to germinate on the 
addition o f  alanine. It has also been shown that during the process of



TABLE II. THE EFFECT OF GAMMA AND ELECTRON RADIATION ON THE SURVIVAL OF B. pumilus 
VEGETATIVE CELLS AND ALANINE-GERMINATED SPORES IN AQUEOUS SUSPENSION UNDER ATMOSPHERES 
OF OXYGEN, ARGON AND AIR

Type of 
cells

Irradiation
medium

Radiation
source

Atmosphere
Dose rate 
(rad • h_1X 104 )

Dio
(krad)

Correlation
coefficient

Vegetative Alanine У argon 4.6 28 ± 4 -0 .9 6 4

+ buffer У air 6.6 19 ± 3 -0 .9 6 2

TDWa У air 3.0 16 ± 1 -0 .9 9 5

Alanine + buffer e~ air 8.5 X 109 22 ± 1 - 0.999

TDW e~ air 11 X 109 18 ± 2 -0 .9 9 6

Germinated
spores Alinine + buffer У argon 9 30 ± 1 -0 .9 9 8

TDW У argon 9 29 ± 4 -0 .9 8 0

Alanine + buffer У air 9 21 ± 1 -0 .9 9 8

TDW У air 9 19 ± 2 -0 .9 9 7

Alanine + buffer e air 2 X 1 0 9 24 ± 2 -0 .9 9 9

TDW e air 4 X 1 0 9 21 + 3 -0 .9 8 4

a Triple-distilled water.
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germination there is a noticeable fall in the viable count, e.g. from 
98 X 107 to 60 X107 colony-forming units • rri"1 in 1 hour. This would seem 
to indicate that the germinated spores resemble vegetative cells in that they 
gradually tend to lyse in buffer or water.

Table I shows that heating for as little as 1 min at 80°C serves to kill nearly 
all alanine-germinated spores (96%), while 40 krad o f gamma irradiation 
delivered over 40 min was required to give the same level o f inactivation. This 
observation might suggest that for sensitive cells heat pasteurization is a more 
effective process than radurization. However, this is almost certainly not the 
case when one considers that the energy deposited in one gram o f suspension 
when increasing the temperature from 20 to 80°C is 60 cal, whereas 40 krad is 
equivalent to only 0.1 cal.

The D10 values derived from germinated and ungerminated spores in all 
atmospheres were found to be higher with pulsed electrons than with similar 
doses of gamma photons. Spores that had been heated to 80°C before irradi
ation were found to show a slight increase in D 10 values and the usual initial 
concave portion o f the curve disappeared in both gamma and electron irradi
ation. In fact, curves of survival after the heat shock were shifted to a form with 
a small initial shoulder followed by an almost identical exponential region. One 
possible explanation for this observation is that heat might eliminate all sensitive 
spores present in the suspension. Spore suspensions were preheated to reduce all 
possible variations in radiation sensitivity and to obtain a homogeneous suspen
sion capable o f completely withstanding temperatures of the order o f 80°C.

The response o f alanine-germinated spores to ionizing radiations in different 
atmospheres is given in Table II. Similar D10 values were obtained when vegeta
tive cells were irradiated under identical conditions. The D10 values derived in air 
for TDW suspensions (D10 values 16—21 krad) showed good agreement with those 
o f Parisi and Antoine [7] for vegetative cells, viz. 21 krad in normal saline solu
tion in air. A slight increase in the Dl0 values was observed when alanine and 
buffer were present in the suspensions (Table II). Dose-response curves were 
obtained with a small shoulder whose negative slope increased with increasing 
dose. The occurrence o f this shoulder might be due to the interaction o f alanine 
and buffer with free radicals produced in the irradiated suspension or alter
natively might indicate the operation o f very efficient radiation damage repair.

Under anoxic conditions similar Di0 values (28—30 krad) have also been 
obtained with germinated spores and vegetative cells suspended either in a buffer 
solution containing alanine or in TDW. However, the lower D10 values measured 
under oxic conditions (16—24 krad) are in line with the generally observed 
phenomenon o f sensitization by oxygen (Table II).

The survival curves for ungerminated spores o f  B. pumilûs normally showed 
a slight initial shoulder followed by an exponential region. However, irradiations 
in TDW gave no such response. D10 values derived for gamma irradiation of an



TABLE III. D,o VALUES FOR THE INTERACTION OF GAMMA AND ELECTRON RADIATION WITH B. pumilus 
SPORES IN PURE WATER

Condition Atmosphere
Radiation

source

Dose rate 

(rad • h~l)

Dio

(krad)

Correlation

coefficient

Unheated argon 7 3.7 X 10s 192 ± 14 -0.998

Preheated8 7 3.7 X 10s 222 ±9 -0.997

Unheated oxygen 7 4.6 X 10s 132 ± 1 -0.999

Preheated 7 4.6 X 10s 159 ± 6 -0.997

Unheated vacuum 7 3.7 X 10s 198 ± 11 -0.996

Preheated 7 3.7 X 10s 226 ± 13 -0.998

Unheated argon € 6.2 X 1014 223 ± 6 - 0.998

Preheated e” 6.2 X 1014 244 ± 39 - 0.981

Unheated oxygen e” 7.7 X 1014 160 ± 16 -0.999

Preheated € 7.7 X1014 166 ± 11 -0.990

Unheated vacuum € 1.8-8.7 X 1014 227 ± 3 - 0.997

Preheated e~ 1.8-8.7 X 1014 256 ±8 -0.997

Preheated air e~ 2.2 X 1014 181 ± 12 -0.987

€ 4.1 X 1014 180 ± 11 -0.987

€ 8.5 X1014 197 ±21 -0.983

€ 13.5 X 1014 192 ±3.2 -0.999

€ 20.0 X 1014 217 + 2.8 - 0.999

€ 26.2 X 1014 253 ± 20 -0.987

€ 37.5 X 1014 238 ±3 -0.999

€ 62.2 X 1014 269 ±13 -0.994

€ 116.2 X1014 327 ± 7 - 0.999

e~ 144.1 X1014 369 ± 50 -0.920

ë~ 228 X1014 387 ±20 -0.996

e” 600 X 1014 706 ± 60 -0.984

e~ 1550 X 1014 1564 ±45 -0.994

€ 1687 X 1014 1656 ± 15 -0.996

3 Heated for 10 min at 80°C and cooled before irradiation.
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DOSE (k rad)
FIG.l. Ultrahigh dose rate effects on the radioresistance of B. pumilus to high-intensity 

electrons, a-j are dose rates in krad per 35 ns pulse.

afgon-saturated suspension are lower than those previously reported by various 
workers [8]. Previous investigators derived their higher D10 values in phosphate 
buffer or with isopropyl alcohol added to the system, whereas in the present 
study triple-distilled water was the suspending phase used. The explanation o f  
these differences lies in the recognition that buffer or alcohol may cause a 
significant scavenging of the radical species produced in the irradiation o f water.

The D10 values obtained by pulsing spore suspensions with electrons in an 
argon atmosphere were found to be similar to values obtained in vacuum 
(— 244—260 krad) (Table III). This similarity supports the view that one type 
o f radical is mainly responsible for the lethal action o f ionizing radiation. 
Saturation with oxygen reduced the D10 values from the range o f  190—244 krad
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in argon to 133—160 krad in oxygen. This enhancement o f the lethal action 
o f radiation by oxygen is almost certainly due to the powerful sensitizing effect 
o f oxygen [9].

The response o f ungerminated spores to electrons in air is given in Fig. 1.
The most striking feature o f  these data is that the sensitivity appears to be 
influenced by the dose rate in the range 1 — 1600 krad per 35 ns pulse 
(1—1600 X 1014 rad • hT1). The gradual increase in D10 values observed with 
increasing dose rate may be due to the complementary effect o f radical-radical 
interactions. Averbeck and Ebert [10] stated that: “The frequency of radical- 
radical interaction leading to loss o f damaging species is proportional to the 
square o f the total dose delivered; correspondingly in the low dose situations, 
biological damage per unit dose is high and in high dose situations it is low.”
It has been suggested that a dose o f 2.5 Mrad will generally be sufficient for a 
sterilization process. This recommendation is quite consistent with the results 
for D10 values by gamma irradiation. A dose of 2.5 Mrad, however, would not be 
adequate for a process that used ultrahigh dose rates. In this situation a dose of 
up to 15 Mrad might be necessary for a similar degree o f sterilization.

In conclusion, the curves obtained by plotting the logarithm o f percentage 
survivors against dose were o f three shapes. First, those for preheated spores 
were uniformly exponential over the range of survivors assessed. Secondly, dose 
response curves for spore suspensions containing germinated spores showed an 
initial high rate o f killing followed by an exponential death rate. This behaviour 
is usually associated with systems containing organisms o f two differing 
resistances. Thirdly, unheated spore suspensions, in which a small percentage 
of sensitive spores were present, exhibited a slightly concave portion at low 
doses and a linear relationship at higher doses.

It will be apparent from the discussion that it might be possible to radio- 
pasteurize or radiosterilize food products by administering doses that are lower 
than those required for the inactivation o f spores and germinated spores in 
TDW. This might be achieved by rendering the microorganisms in the food 
more sensitive to radiation by some suitable treatment. No doubt radiosensitizers 
will be found o f technological significance for the food industry. The results 
o f the current investigation of the radioresistance o f L-alanine-germinated spores 
suggest that examination o f other physiological germinants might prove fruitful. 
The recent report by Parisi and Antoine [11] that valine is a germinant for
B. pumilus E601 is dearly very relevant.
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DISCUSSION

N. OKAFOR: Why did you choose Bacillus pumilus for this work?
A.M. AL-RAWI: There were two reasons, first, Bacillus pumilus is highly 

resistant to ionizing radiation and is recommended commercially for radiation 
sterilization studies, and second, it can be cultured on nutrient media without 
any heat activation, to provide controls.
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Abstract

VARIATION OF COMBINED HEAT-IRRADIATION EFFECTS ON CELL INACTIVATION IN 
DIFFERENT TYPES OF VEGETATIVE BACTERIA.

Combined effects of irradiation and heating on cell inactivation were studied with E. coli 

K-l 2 derivatives of different DNA repair capacities and some thermophilic bacteria. With E. coli 

K-12 mutants log-phase cells of all four strains tested were sensitized to radiation by simultaneous 
heating. This means that the synergistic interaction between irradiation and heating is independent 
of pol, uvr and rec mutation. Simultaneous heating was more effective for radiosensitization 
than heating before or after irradiation. This combination effect was not or only weakly observed 
with stationary-phase cells. From recovery experiments and sedimentation analysis of DNA 
from E. coli cells the process of the synergistic interaction may involve the inhibition of the 
recovery from heat damage and the DNA repair, especially Type II repair. In respect of 
thermophilic bacteria, it was found that Streptococcus thermophilus becomes more sensitive 
to radiation under the combined treatment with heating, while other thermophilic strains do 
not, according to a comparison of the radiosensitivities in terms of the Dio value of the exponential 
slopes of the survival curves. The latter observation with thermophilic bacteria is in contrast 
to E. coli. The results of sedimentation analysis of DNA of thermophiles gave unique features.

INTRODUCTION

The combined treatment o f biological systems with irradiation and heat has 
received considerable attention from the viewpoint o f  radiosensitization in radia
tion biology and for some practical applications such as food irradiation and 
radiation therapy. So far many authors at IAEA symposia on food irradiation 
have mentioned the synergistic interaction o f irradiation and mild heating on the 
inactivation o f microorganisms [ 1 —8]. The enhancement o f  radiation lethality 
through combination with heating would seem to be a potential method o f  
reducing the radiation doses required for the radurization, radicidation and 
radappertization o f foods. However, in view o f the wide variety of microorganisms 
in foods, more detailed information on this combined effect is needed before 
radiosensitization can be applied to food irradiation.
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The purpose o f the present work is to study the effect o f  varied combined 
heat-irradiation treatments on cell killing among E. coli K-12 derivatives of 
different DNA repair capacities and thermophilic bacteria and its basis by deter
mination o f survival curves, recovery from lethal damage and DNA sedimentation 
profiles.

MATERIALS AND METHODS 

Bacterial strains and growth conditions

In survival and recovery experiments the following derivatives o f  E. coli 
K-12 were used: W3110 (po l+rec+uvr+), P3478 (pol A l), AB2500 (uvr A 6) and 
AB2487 (rec A 13). These strains, except AB2500, were also employed in the 
sedimentation analysis o f DNA. The medium for these derivatives was B2 broth, 
consisting o f 1% polypeptone, 1% beef extract and 0.5% NaCl, pH 7.0. Cells 
were grown at 37°C with shaking. In some experiments determinations were 
made with thermophilic bacterial strains o f Thermus thermophilus, Bacillus 
stearothermophilus, B. coagulans, Streptococcus thermophilus and Bacillus spp.
T7 and T17. The medium used for T7 and T17 consisted o f 0.2% KH2P 0 4,
0.1% NaCl, 0.05% MgS04 -7H20 ,  0.0025% F eS04'7H20 ,  0.0025% MnS04 '4H20 ,  
0.01% CaCl2 '2H20 ,  0.3% peptone, 0.1% yeast extract and 0.5% glucose, pH 4.2. 
Other thermophiles were cultured at 55°C with shaking in 0 —1 broth which con
tained 8 g polypeptone, 5 g yeast extract, 2 g NaCl and 1 g glucose per litre, 
pH 7.0.

Survival and recovery experiments

Cells o f  four derivatives of E. coli K-l 2 grown to the log or stationary phase 
were harvested by centrifugation, washed with 0.067M phosphate buffer, pH 7.0, 
and resuspended in the same buffer. After treatment with irradiation and/or 
heating viable counts were determined by scoring the number o f colonies developed 
on B2-broth agar plates at 37°C. Cell suspensions prepared in phosphate buffer 
were irradiated aerobically with 60Co gamma rays under chilling with ice and the 
heat treatment was done at 50°C for 15 min. In recovery experiments o f E. coli 
K-12 derivatives incubation for the recovery was made at 0°C and 37°C for 1 h 
and compared with the control without the recovery treatment. The thermophiles 
were subjected to irradiation and/or heating in the chilled growth medium.
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FIG.l. Survival curves o /E . coli K-12 derivatives after 60Co gamma rays. A, control; 

B, heated at 50°С for 15 min before irradiation; C, heated at 50°С for 15 min after 

irradiation; D, heated at 50°С during irradiation; D ', corrected D for heat inactivation.



surviving fraction

FIG.2. Effect of incubation in phosphate buffer at Ù° С and 37°C for 1 h on cell survival 

after treatment with irradiation and/or heating. I, irradiation (W3110, 303 Gy; P3478, 35 Gy; 

AB2500, 189 Gy; Ab2487, 45 Gy); H, heating (at 50° С for 15 min); P, plating on B2 broth. 

Shaded area represents the fraction of the synergistic interaction between irradiation and 

heating; thin arrow, incubation in phosphate buffer at 0°C; thick arrow, incubation in 

phosphate buffer at 37°C.
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Alkaline sucrose gradient studies

To determine the DNA sedimentation profiles the method o f Town et al.
[9 ,10] was employed with slight modifications. E. coli cells were labelled with 
3H-thymidine (20 juCi/ml, 13.1 Ci/mmol, Daiichi Pure Chemicals Co., Ltd.) during 
the growth to log phase at 37°C and harvested, washed and resuspended in 0.067M  
phosphate buffer. For cell lysis after treatment with irradiation and/or heating 
a 0.05-ml portion o f the cell suspension was layered directly onto a cap o f 0.1-ml 
layer o f 0.1% sodium lauryl sarcosinate in 0.5N NaOH placed on the top o f a 
4.2-ml 5—20% (wt/vol) alkaline sucrose gradient prepared in 0.01M Tris, pH 12.5, 
containing 0 .0 1M NaCl. When postirradiation incubation was required, cells in 
the growth medium were appropriately diluted and layered directly onto the 
alkaline detergent layer supplemented with 0.01M EDTA. Centrifugation was 
carried out using an RPS-40T rotor in a Hitachi 65P ultracentrifuge at 30 000 rev/min 
at 20°C for 110 min. Each 10-drop fraction was collected on a paper disc for 
the determination o f TCA-insoluble radioactivity. With thermophilic strains cells 
were pretreated in their growth medium and directly layered onto the alkaline 
detergent layer containing 0 .0 1M EDTA.

RESULTS AND DISCUSSION 

Studies on E. coli K-12 derivatives

E ffect o f  the com bined treatment on survival curves

Survival curves o f  E. coli K-12 derivatives are shown in Fig. 1. With log-phase 
cells o f P3478 (pol Al) the radiosensitivity was increased equally by heat treatment 
(at 50°C for 15 min) before or after irradiation. Heating at the same temperature 
during irradiation produced a steeper slope o f the survival curve. Even after cor
rection for heat inactivation (F ig .l, curve D') the simultaneous treatment was most 
effective for radiosensitization. Log-phase cells o f  other strains indicated similar 
combination effects, except AB2500 (uvr A 6 ), where postirradiation heating was 
somewhat more effective than preirradiation heating. However, the relative 
effectiveness o f  heat treatment before and after irradiation varied to some extent 
from run to run. With stationary-phase cells a similar effect o f the combined 
treatment was found for P3478, while the synergistic interaction o f irradiation 
and heating was greatly reduced or not observed for other strains. These results 
indicate that the combined effect o f  irradiation and mild heating is essentially 
independent o f  pol, uvr or rec mutation, although it appears to be somewhat 
affected by these mutations. In addition, the phase effect observed suggests some 
correlation o f the combination effect with cellular recovery from irradiation and 
heating damage.
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Relative distance sedimented from meniscus

FIG.3. Alkaline sucrose sedimentation profiles of DNA from cells of E. coli K-12 derivatives. 

A, P3478 (a, unirradiated; b, heated); В, P3478 fa, irradiated; b, heated and then irradiated; 

c, irradiated and then heated); C, W3110 (a, unirradiated; b, heated); D, W3110 (a, heated 

and then irradiated; b, heated, irradiated and reincubated); E, M/3110 (a, irradiated at 50 C; 

b, irradiated at 50 С and reincubated), F, W3110 (a, irradiated at о С; b, irradiated and 

reincubated); G, AB2487 (unirradiated); H, AB2487 (a, irradiated; b, irradiated and rein

cubated; c, irradiated and reincubated at 25 С in 0.067Mphosphate buffer); I, AB2487 

(a, heated and irradiated; b, heated, irradiated and reincubated). Irradiation dose 143 Gy; 

heating at 50 С for 15 min; reincubation at 37° С for 45 min in B2 broth unless otherwise 

specified.
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TABLE I. EFFECTS OF THE COMBINATION WITH HEAT TREATMENT 
ON D 10 VALUES OF THERMOPHILIC BACTERIA

Strain
Condition
of
heating

Control

D10 value 
(Gy)

Heated before 
irradiation

Heated after 
irradiation

Bacillus coagulans 63°C 
10 min

156 185 190

B. stearothermophilus 70°C 
10 min

155 180 190

Bacillus sp. T-7 70°C 
10 min

980 (5 0 )a 550 520

Bacillus sp. T -l 7 80° С 
10 min

870 (200) a 760 850

Streptococcus thermophilus 50°C 
10 min

900 380 430

Thermus thermophilus 95°C 
10 min

650 770 400

a LD ,0

E ffect o f  recovery treatments on the synergistic interaction 
o f  irradiation and heat

As shown in Fig.2, incubation o f cells in phosphate buffer at 37°C for 1 h 
subsequent to heat treatment was effective with all four derivatives in increasing 
cell survival after the combined treatment. The recovery effect o f incubation in 
buffer at 37°C was more remarkable when cells were heated first, incubated and 
then irradiated than when irradiated, heated and incubated before plating. Since 
the effect o f  post-heating incubation was not observed for a single treatment with 
heating, it is likely that sublethal damage in cells due to heating may recover 
during incubation and this recovery function from heat damage is perhaps associated 
with the repair o f DNA damage and is pol, uvr or rec A independent. On the 
other hand, incubation at 37°C in phosphate buffer subsequent to irradiation was 
effective for recovery o f cell survival in W3110 and AB2487, but not in P3478 
and AB2500. As mentioned below, heating before irradiation inhibited the 
rejoining o f DNA-strand breakages in W3110 and AB2487. These facts suggest 
that Type II DNA repair [10] may be involved in the recovery process for the 
combination treatment, because W3110 and AB2487 have the Type II repair
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system, which is primarily dependent upon DNA polymerase I [9]. The ineffective
ness o f  postirradiatión incubation o f AB2500 in buffer at 37°C cannot be explained 
at present. However, it would be not unreasonable if the small decrease in cell 
survival o f this strain by the same incubation treatment after the single treatment 
with irradiation were taken into consideration.

Sedimentation analysis o f  DNA

The DNA sedimentation profiles after treatment with irradiation and/or 
heating are shown in Fig.3. The single treatment with cell heating produced 
some DNA-strand breaks in P3478, but almost no apparent increase in DNA-strand 
breaks in W3110 except the small fraction o f lower molecular size DNA under 
the experimental conditions in this study. No considerable additional production 
o f DNA-strand breaks through repeated heating was observed in heated and 
irradiated cells (data not shown). The DNA sedimentation profiles in Fig.3 show 
that the restoration o f the molecular weight o f DNA during postirradiation incuba
tion in the growth medium is profoundly inhibited after the combined treatment.
In one case o f P3478 the DNA peak immediately after treatment with irradiation 
and/or heating was found at almost the same sedimentation point. The effect 
of combination with heat treatment on DNA-strand breakage did not appear so 
significant, if at all. The DNA peak position in W3110 immediately after the 
single irradiation treatment was found at a position shifted to the larger molecular 
weight side. On the other hand, DNA peaks o f this strain after the combined 
treatment were in the same region (0 .2 5 -0 .3 0  in relative sedimentation distance 
from meniscus) as those o f  P3478. Since the synergistic interaction between 
irradiation and heating is observed with these two strains, the Type I repair 
system, which is absent in P3478, may be not involved in this sensitization process 
o f the combined treatment. A remarkable inhibition of the rejoining o f DNA- 
strand breakage was observed in W3110 after postirradiation incubation in the 
growth medium at 37°C, when cells were subjected to the combined treatment. 
Subsequently, the inhibition o f Types II and III DNA repair may play an important 
role in the synergistic interaction between irradiation and heating. However, the 
role o f  the Type III repair system is still unclear, since the synergistic interaction 
is also observed in AB2487, which is deficient in this type o f DNA repair. As 
already mentioned, the results obtained in the recovery experiments indicated 
the importance o f the inhibition o f Type II repair for the synergistic interaction 
between irradiation and heating. Consequently, it can be said that inhibition o f  
DNA repair, especially Type II repair, and recovery from thermal damage may be 
involved in the process o f  the synergistic interaction between irradiation and heating 
in the combined treatment.
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Relative distance sedimented from meniscus
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FIG.4. Alkaline sucrose sedimentation profiles of DNA from cells of B. coagulans.
A, unirradiated; B, irradiated (a, 80 Gy; b, 143 Gy); C, irradiated and reincubated;

D, heated, irradiated and reincubated; E, irradiated, heated and reincubated; F, irradiated 

at 63 С and reincubated. Irradiation dose 80 Gy unless otherwise specified; heating 63 С 

for 10 min; reincubation at 55° С for 90 min in 0-1 broth.
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Studies on thermophilic bacteria

The survival curves o f six thermophilic strains were determined in combination 
with pre or post-heating, which gave cell survivals o f 10—30%. The results are 
summarized in Table I. These thermophilic strains were found to be not so 
resistant to radiation, their D 10 values ranging between 155 and 900 Gy. No 
correlation was found between the resistance tó heat and radiosensitivity. When 
the radiosensitivity was compared in terms o f the D 10 value o f the exponential 
slope o f the survival curve, Streptococcus thermophilus was found to become 
more sensitive to radiation through the combination with heat treatment, while 
other thermophilic strains were not. The latter observation is in contrast to 
the cases o f  E. coli and fungal conidia, in which the synergistic interaction between 
irradiation and heating was observed. In the low dose region B. coagulans was 
somewhat sensitized by the combined treatment with heating, the shoulder of  
the survival curve being reduced. After 80 Gy with or without heat treatment 
the DNA sedimentation profiles o f B. coagulans were determined (Fig.4). In this 
strain a remarkable DNA degradation took place with postirradiation incubation 
at 55°C for 90 min. A similar characteristic feature o f DNA sedimentation profiles 
was also observed in B. stearothermophilus. However, a slight restoration of DNA 
molecular size can be seen in cells o f  B. coagulans irradiated with 80 Gy and 
reincubated at 55°C for 90 min in the growth medium, but not with those sub
jected to the combined treatment. This observation on the difference in DNA 
repair is similar to those in E. coli. On the other hand, in the high dose region 
thermophiles were found not to be sensitized by the combined treatment. Further 
determinations o f DNA sedimentation profiles o f these thermophilic strains are 
needed to explain their response to the combined irradiation and heat treatment.
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DISCUSSION

K.H. CHADWICK: Can you tell me if the heat treatment itself induces 
DNA single-strand breaks or if heat after radiation increases the number of 
single-strand breaks? Is there any relation with the synergism?

A. MATSUYAMA: Under our experimental conditions we observed the 
formation o f DNA single-strand breaks after a single heat treatment of unirradiated 
P3478 but almost no change in the DNA profiles o f unirradiated W3110. The 
yield o f strand breaks appeared to be dependent on different strains. On the 
other hand, there was practically no increase in the number of DNA single-strand 
breaks even with irradiated P3478. Consequently, the synergism mechanism 
does not seem to involve an increase in the number o f DNA strand breaks.
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Abstract

THE USE OF IRRADIATED INGREDIENTS IN FOOD PROCESSING.
The microbe-count reducing effects of gamma radiation and of ethylene oxide were 

compared in ground paprika and dried onion flakes. It was established that the commercially 
applied ethylene oxide gas treatment has the same bactericidal effect (2-3 log cycles reduction 
of the total viable bacterial count) as a 5 kGy radiation dose. However, ethylene oxide treat
ment of paprika was practically ineffective in relation to the mould count, while irradiation 
with 5 kGy destroyed the moulds very effectively. The colour and pigment content of paprika 
powder were not diminished by this radiation dose. A dry mixture intended for use in canned 
luncheon meat was treated with 5 kGy. The canned meat product produced with the radiation- 
decontaminated ingredients was microbiologically stable even when heat-sterilized by a 
sterilization equivalent of F0 = 1.1. Considering the organoleptic features and microbiological 
safety, a heat treatment of about F0 = 3 is suggested when using irradiated ingredients. This 
is about the half of the F0 value generally proposed for completely stable canned meat products. 
Besides the saving of energy, a good quality can be achieved by using radiation-decontaminated 
ingredients.

INTRODUCTION

The high microbial contamination o f spices, spice-mixtures and starch- 
containing ingredients causes many problems in the cereal branches o f the food 
industry. The total viable cell count o f the most contaminated spices can reach 
80-100 million per gram [ 1 ]. Most o f the microflora consist o f  aerobic spore- 
forming bacteria [2]. In the meat industry defects and spoilage of the product

2 6 3
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originate in many cases from highly contaminated ingredients [2-5]. In the 
canning industry thermophile spores found in the ingredients can cause problems, 
often because they necessitate the application o f an intense heat treatment to 
ensure microbiological stability [6-8], which greatly reduces the nutritive and 
sensory value o f the product. These facts account for the world-wide endeavour 
to sterilize the ingredients or to use germ-free spice extracts.

In a number of countries fumigation with ethylene oxide or with propylene 
oxide are used to kill harmful insects or to reduce cell counts. These methods, 
however, involve problems with chemical residues -  as with any chemical pro
cedure [9]. That is why it is desirable to strive for the application of physical 
procedures for sterilizing the ingredients [10-141-

In our experiments the reduction o f microbial contamination in ground 
paprika and dried onions was investigated and the effects of ionizing radiation 
and ethylene oxide were compared. We have tested whether the use of radiation- 
decontaminated ingredients in the canning industry can reduce the heat treatment 
required, and how the quality of the canned product can be improved in addition 
to ensuring storability.

MATERIALS AND METHODS 

Ingredients

Ground paprika (“delicatessen” type) in 100 g parchment-lined coloured 
paper pouches. Fifty kg polyethylene-lined jute sacks were used as collective 
packages. The polyethylene thickness was 90-100 /mi.

Sliced dried onions in 50 g polyethylene pouches. Polyethylene-lined jute 
sacks served as collective packages.

Mixed ingredients used in the production of canned ‘luncheon meat’ to 
improve the consistency and flavour (sodium-caseinate, wheat flour, onion 
powder, garlic powder, paprika and polyphosphates). Their total quantity in 
the product amounts to 11.3%. They were packed into a 10 kg polyethylene 
sack.

Irradiation

Materials were irradiated by a 2.1 pBq 60Co panoramic source belonging 
to the Isotope Institute o f the Hungarian Academy of Sciences: ground paprika 
with doses o f 5, 9.3 and 11 kGy; sliced dried onions with doses o f 4, 5 and 
10 kGy; and mixed ingredients for canned luncheon meat with 5 kGy.
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FIG.l. Microbiological quality (mesophylic aerobe cell count, mesophyllic aerobe spores, 

coliforms, E. coli I, moulds) of ground paprika as a function of radiation dose and of ethylene 

oxide treatment. Vertical lines at the mean values indicate standard deviations.

Ethylene oxide treatment

Degesch-type gas-chamber, 12.5 m3 volume. Concentration o f ethylene 
oxide: 600 g/m 3. Period o f treatment: 6 hours at 25°C. Composition of gas 
mixture: 90% ethylene oxide; 10% carbon dioxide.

Microbiological tests

For ground paprika: the count o f mesophyllic aerobe viable cells — spore 
count, coliform count, E.coli I, mould count.

For sliced dried onions: the count o f mesophyllic aerobe viable cells and 
spores, anaerobe spores, thermophilic spores, sulphite-reducing clostridia and 
enterococci. Viable microbe counts were determined by the MPN method and 
pour-plate techniques.

Production of canned meat

Canned luncheon meat was produced under plant conditions. Unirradiated 
or irradiation-decontaminated ingredients were used. The metal boxes contained 
170 g product. Heat sterilization was carried out in a Lübecka-type horizontal 
autoclave.

The canned products were subjected to different heat treatments. Based 
on our heat-penetration measurements, the canned product made with unirradiated
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FIG.2. Mesophyllic aerobe viable cell count of ground paprika as a function of radiation 

dose or ethylene oxide treatment and of storage time. The vertical lines at the mean values 

indicate the standard deviation.

ingredients received a sterilization equivalent o f F0 = 4.7, while the cans produced 
with irradiated ingredients received heat treatments of F0 = 1.1, F0 = 3.4 and 
F0 = 4.7, respectively. At each level o f heat treatment 6000 cans were produced.

Investigation o f the storability and quality o f the canned product

Storability tests were carried out on 10% of the lots at 37°C for 10 days.
The consistency o f samples was measured by a Texturometer and it was 

characterized by the height o f the first peak of the Texturometer record. Results 
( 12 data per treatment level) were compared with the Student-t test. Organo
leptic evaluation o f the canned meat was carried out by both rank tests [15] and 
triangular tests [16]. The panel consisted of 10 persons.

The samples were rank-tested according to the following features: colour, 
odour, taste and consistency.

The vitamin Bj content as a function o f the heat treatment was determined 
microbiologically using Lactobacillus ferm enti ATCC9338 as the test strain [17].

RESULTS

In comparative investigations o f  fumigation and radiation decontamination 
o f paprika powder it was found that the bactericidal effectiveness o f the 5 kGy 
radiation dose and that of ethylene oxide treatment were nearly the same (Fig. 1).
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FIG.3. Mesophyllic aerobe microbe counts in dried onion flakes treated by radiation or by 

ethylene oxide as a function of radiation dose and storage time.

The total viable count o f  mesophyllic aerobe bacteria and the count o f bacterial 
spores were reduced slightly more in the irradiated sample (2.5 log cycles) than 
by the ethylene oxide treatment. However, a significant difference appeared in 
the mould counts. Moulds could not be detected (less than 1 viable propagule per 
gram) in the irradiated sample; however, in the sample treated with ethylene oxide 
the mould count was equal to that in the untreated sample. Coliforms and E. coli I 
were eliminated by both treatments.

Microbiál contamination o f the untreated samples practically did not change 
during storage. The microbe count o f irradiated samples and that o f those treated 
with ethylene oxide decreased slightly (Fig. 2).

The pigment content did not differ between the untreated and the treated 
samples. The reduction in pigment content as a function o f storage time was equal 
to that o f the untreated samples.

The microbiological quality o f dried onions was characterized by the meso- 
phylic aerobe microbe count as a function o f radiation dose, ethylene oxide 
treatment and storage time (Fig. 3). It was found that a radiation dose o f only
4 kGy resulted in a significant reduction in microbe count as compared with the 
controls. A 10 kGy radiation dose reduced the bacterial count to below 10 per 
gram. In the untreated samples the count of the mesophyllic aerobe spores 
amounted to 102- 103 per gram. At the beginning o f storage spores could not
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FIG.4. Microbiological quality (mesophyllic aerobe cell count, mesophyllic aerobe spores, 

mesophyllic anaerobe spores, enterococci, sulphite-reducing Clostridia) of ingredients used 

in the production of canned meat.
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FIG. 5. Rank sums of the organoleptic features (colour, odour, taste, consistency) of the 

canned meat as a function of F0 value (C = made with поп-irradiated ingredients). Rank 

sums between A and В do not differ significantly (95% probability level).
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FIG. 6. Comparison of the canned meat samples produced by irradiated ingredients and 

treated by varying F0 values with the samples produced by unirradiated ingredients and 

treated by a value of F0 = 4.1. The comparison was carried out by triangular test. * means 

that significantly higher number of tasters selecting correctly preferred the product made 

by F0 = 3.4 and with irradiated ingredients.
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FIG. 7. Texturometer readings of unirradiated (c) canned meats and those of canned meats 

made with irradiated ingredients and heat-treated to varying degrees. Texturometer values 

of the samples made with irradiated ingredients were compared with the control (c) samples 

by means of the Student-t test. (The two F0 = 4 .7 heat-treated samples do not differ from 

each other, but the rest of the samples significantly differ from each other: P ^  99.9% * * *)■

be detected in the treated samples. After three months o f storage and later, how
ever, their number amounted to 10 or 50 per gram. Anaerobe spores and coliforms 
could not be detected in the samples.

The count of moulds and yeasts decreased to the 10 per gram level with both 
treatments. The ethylene oxide treatment reduced the cell count by over two 
log cycles. This decrease was equal to the value obtained in the sample treated 
with 5 kGy. Based on the analysis o f variances, microbe counts were significantly 
reduced by both radiation and ethylene oxide treatment (P >  95%).

When comparing the microbe counts of the irradiated and ethylene oxide- 
treated samples as a function of storage time, the following became apparent: 
the microbe count of the untreated and irradiated samples diminished significantly 
as a function of storage time (LSD = 0.34), while no significant difference could 
be found between the microbe counts o f the fumigated samples (LSD = 0.80).
This was probably due to the large variance in the microbe counts o f the latter 
samples.

The microbial contamination o f the mixed ingredients used in the canned 
meat and the effect o f a 5 kGy radiation dose on it are shown in Fig. 4. Both the 
total mesophyllic aerobe cell count and the spore count were reduced by 2 log 
cycles, while the rest o f the tested microbes diminished to a negligible count. At
10 kGy doses the total microbial contamination surviving the radiation treatment 
was about 10 propagules per gram.

After autoclaving the canned meat reached commercial sterility ( 102g_1 ). 
Thus, the microbe count o f  canned meat made with radiation-treated ingredients 
was equal even at the lowest F0 value (F0 = 1.1 ) to the data obtained at F0 = 4.7 
of the control. No spoilage was observed in the incubation test and during the 
6-month storage period following it.
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In the course of the organoleptic tests Kramer’s ranking method showed 
that the samples did not significantly differ from each other at a 95% level o f 
probability in colour, odour, taste and consistency (Fig. 5).

In the triangular test, however, the panelists were able to distinguish the 
sample made with the irradiated ingredients, valued F0 = 3.4, from the control 
sample with an F0 value o f 4.7. As to quality the sample with a thermal load of 
Fo = 3.4 was preferred (Fig. 6). This judgement is probably connected to the 
colour and consistency of the product, as illustrated by our instrumental data of  
their texture (Fig. 7).

Texturometer readings of the samples made by F0 =  1.1 and F0 = 3 .4  thermal 
loads (with irradiated ingredients) differed significantly from those of the controls. 
This may be connected with the gelling o f different degrees. The F0 = 1.1 valued 
sample had a granulous, non-gelled structure, while the one with the value of 
F0 = 4 .7  was of a pasty substance.

In the tested range o f thermal loads no significant difference was found in 
the vitamin В ! content.

CONCLUSIONS

In agreement with several earlier investigations [7, 8, 10, 18-20] we found 
that the microbial contamination in both ground paprika and dried onion flakes 
could be reduced very efficiently by radiation treatment. Considering the bacterial 
contamination, a 5 kGy radiation dose reduced the bacterial counts in practice to 
the same extent as did the ethylene oxide treatment. Consequently, the ethylene 
oxide treatment can be replaced by even medium doses o f irradiation. Ethylene 
oxide treatment of paprika is practically ineffective in relation to the mould count, 
while irradiation with 5 kGy destroyed the moulds very effectively.

Similarly, comparative investigations o f ethylene oxide and gamma irradia
tion treatments in selected spices made by Vajdi and Pereira [21, 22] showed that 
ionizing radiation was more effective than ethylene oxide in destroying microbial 
contamination.

At radiation doses over 5 kGy the microbe count kept on diminishing but 
not to such an extent that the application of higher radiation doses would be 
reasonable.

In canned meat products it was shown that the heat applied in heat sterilizing 
could be reduced when using irradiated ingredients. This is also in agreement with 
our other tests carried out previously [6-8]. Our present results indicate that the 
generally applied F0 = 4-5 value can be reduced to a value o f F0 = 3 . This is 
sufficient for microbial safety and also ensures the storability o f the canned pro
duct. From the organoleptic point o f view the product is satisfactory. The 
quality (taste, colour, consistency) can be improved and the energy consumption



IAEA-SM-221/24 2 7 1

and processing time can be diminished by a lower heat treatment. By reducing 
the time, the production capacity will increase.

The product is adequate with regard to storability, microbiology and quality. 
It will be put on the market for public consumption with the permission of the 
appropriate authorities. The canned product will be labelled: “Made with 
irradiated ingredients” .
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DISCUSSION

A. S. AIYAR: I do not quite understand how, by incorporating irradiated 
spices, you can reduce the sterilization requirements for the canned meat product. 
The thermal treatment for the canning process is based on the 12D concept as 
applied to Clostridium, so how do you visualize reducing the dose o f heat without
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really infringing the safety requirements for an adequate canning process. Is it 
your basic assumption that the microbial contamination of the spices is the main 
factor determining the stability as well as the microbial safety of the final processed 
product and that the microbial contribution from the other ingredients, including 
the meat itself, is of much less consequence from these points o f view?

I. KISS: May I call on Mr. Farkas, one o f  the co-authors of the paper, to 
answer this question.

J. FARKAS: It is not our intention to reduce the heat treatment below  
the safe level from the point of view of botulism (i.e. below Fo~ 3 .0 ). We irradiate 
the dry ingredients, because we assume that they are contaminated with spores 
more heat resistant than Cl. botulinum  spores, and they and not the meat itself 
are responsible for the high heat treatment requirement for controlling microbial 
spoilage of the product.

Salwa B. EL-MAGOLI: How exactly do the irradiated ingredients affect 
the meat texture?

I. KISS: The irradiation o f spices does not affect the texture o f  canned 
meat. Texture depends on the intensity of heat treatment during canning 
(F0 value). The ingredients have a high microbial contamination. Therefore, 
we must apply a high F0 value when canning a product containing these con
taminated ingredients. As a result o f this over-cooking the product is stable 
microbiologically but it is too soft. When we use irradiated ingredients, the heat 
treatment requirement of the canned meat product is less and consequently the 
texture o f the meat is firmer.

P.E. VIDAL: Why do you label the product “Made with irradiated 
ingredients”? I don’t suppose you would put “Treated with ethylene oxide”. 
There is no sense in putting “Made with irradiated spices” , as this will complicate 
the labelling of the tinned meat and make things impossible commercially. Take 
for example the case o f crisps made from irradiated potatoes. I agree that 
preserved food that has been irradiated should be marked “Processed by 
irradiation”. Irradiated raw materials should also be so labelled but not when 
they have undergone transformations (cooking, dehydration, etc.) or have been 
used in manufacture. It is, o f course, proper to inform the consumer but this 
should be done only when strictly necessary and in a way that is industrially and 
commercially practicable.

I. KISS: You are quite right. However, in our country we are required by 
law to indicate that the ingredients have been subjected to ionizing radiation.
This requirement for labelling does not reflect the views of the authors o f this 
paper but rather the present attitude o f the health authorities. We would like to 
see this changed as soon as possible.

G.F. WILMINK: You stated that irradiation with 5 kGy reduced the 
bacterial counts of spices by about the same amount as ethylene oxide treatment 
but that irradiation had the advantage that it also destroyed the moulds. Is the
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residual bacterial flora after irradiation with 5 kGy the same as that after ethylene 
oxide treatment?

I. KISS: The irradiated bacterial spores will be more sensitive to heat treat
ment but we have yet to establish how much the heat resistance of the ethylene 
oxide-treated spores is affected. We plan to perform further experiments in this 
direction.
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Abstract

INFLUENCE OF IRRADIATION ON THE KEEPING QUALITY OF PREPACKED 
SOUP-GREENS STORED AT 10°C.

The keeping quality of prepacked soup-greens is limited by microbiological spoilage, 
discolouration and desiccation. Since storage at about 10°C, which is the average temperature 
at which transport and sale take place, did not appear to improve the keeping quality to any 
considerable extent, the effect of irradiation on shelf-life and quality was studied. The cut 
soup-greens used in our experiments were composed of the following vegetables: leek, celery, 
carrots, cauliflowers and onions. The product was irradiated with 0, 100 and 200 krad gamma 
rays and subsequently stored at 10°C. During storage the colour of the irradiated samples 
remained better than that of the non-irradiated ones. Usually the soup-greens were found to 
have a high microbial count. The initial total viable count was 106 to 107 g "1 and increased 
to >  107g-1 in one day, at which number spoilage (souring) was observed. An irradiation 
treatment reduced this count by 3 to 4 decimals. The number of aerobic spores was low and 
did not increase. Here the reduction by irradiation was approximately 1 decimal. The 
Enterobacteriaceae count was about 10s g-1 . After the irradiation treatment these bacteria 
were hardly present any more. The yeast count in soup-greens was 103 to 104 g-1 and went up 
very quickly. Irradiation gave a reduction of about 2 decimals. The initial count of fungi was 
approximately 102 g"1. Their growth was dependent on the storage conditions. An irradiation 
dose of 100 and 200 krad reduced this count by only 1 to 2 decimals. The usual spoilage and 
also the souring were clearly delayed by the irradiation treatment, which resulted in an extension 
of the shelf-life by about six days. However, the sensory tests demonstrated that after four 
days the odour of the soup-greens had become less intensive, so that the maximum shelf-life 
with retention of an acceptable quality had to be set at four days at 10°C. The keeping quality 
of the control samples appeared to be only one day.

1. INTRODUCTION

In the past ten years the demand fo r convenient food has grown 
considerably. Likewise the need fo r prepacked and pretreated ho rtic u ltu ra l 
products has been on the increase as a consequence of the development of 
self-service systems in shops and supermarkets, and because of the shortage 
of tra ined personnel in canteens and in s t itu tio n s .

2 7 5
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Centra lization of the processing of prepacked vegetables and the resu ltant 
longer duration of transport and sale, make more and more stringent demands 
on the keeping q ua lity , to which lim its  are set by m icrobiological spoilage, 
discolouration and desiccation.
The main problem w ith cut vegetables is the large in i t ia l  microbial 
contamination and the rapid growth of bacteria, enhanced by the d isruption
of c e lls  as a resu lt of the cutting Q-i].
The microbial decay can be delayed fo r one or two days by cooling the
product to 10 °C and by keeping i t  at that temperature, but in practice
th is  period is too short fo r an e ff ic ie n t system of se lling .
I t  is also possible to reduce the m icrobiological growth by using a n t i
m icrobial add itives, but th e ir  application is res tric ted  by the Public 
Health Au tho rities .
Discolouration is another important factor which affects the q ua lity  of 
prepacked vegetables unfavourably. I t  manifests i ts e lf  as a browning of the 
cut surfaces, which is caused by the phenolic substances oxid iz ing to 
chinons in the ce ll sap of the damaged c e lls . This d iscolouration is 
probably the resu lt of enzymatic and non-enzymatic reactions [5[. In both 
types of reaction 03 plays an important ro le .
Sometimes a brown discolouration may also appear a fte r cooking, e.g. when 
the prepacked product consists of cut onions. For th is  reason the trade 
omits cut onions from its  assortments of soup-greens.
This discolouration in uncooked and cooked cut vegetables cannot be pre
vented by cooling. Only when these products are stored in a modified gas 
atmosphere w ith a low O2 content, e.g. by jjacking them in non-perforated 
bags, can th is  discolouration be delayed [2]. However, combination of a 
low O2 content w ith a strong microbial growth may produce fermentation in 
the product.
Loss of weight and desiccation of prepacked vegetables can be avoided by 
using p las tic  fo i l w ith a low permeability to vapour as packaging m ateria l. 
The fo il should not be gas-tight, because then suffocation and also 
fermentation of the product may occur.
As cooling by i ts e lf  is no satis facto ry solution to the above-mentioned 
problems, the effect of irrad ia tio n  combined w ith a moderate cooling 
treatment was studied in a series of experiments w ith soup-greens. This 
commodity is a typ ica l example in the f ie ld  of convenient foods. The present 
study deals w ith the e ffect of ionizing rad iation on she lf l i f e  and qua lity .

2. MATERIALS AND METHODS

The soup-greens were composed of the follow ing vegetables: leek, 
c e lle ry , carrots, cauliflowers and onions, in the ra t io  of it : 3 : 1 : 1 : 1. 
The product was cut, washed, centrifuged and packed in polystyrene trays at 
a commercial central packing sta tion. The trays were overwrapped w ith a 
Reynolon PVC fo i l (15 um), type S .М., and had an average weight of 0.15 kg. 
The irrad ia tio n  was carried out at room temperature in the P ilo t Plant for 
Food Irrad ia tio n  at Wageningen, w ith doses of 0, 100 or 200 krad from a 
60Co source of ISO kCi. The spread in the dose was +_ 10$. The average dose 
rate was 3 krad min-1.
A fte r having been treated, the soup-greens were stored at 10 °C, which is 
the average transport and sale temperature. The re la t iv e  humidity of the 
a i r  was approximately 90%. During storage the q ua lity  of the soup-greens 
was evaluated by the following c r ite r ia :

- Gas composition. The gas atmosphere inside three packets was measured 
w ith a "Mono Orsat" apparatus.

- M icrobiological growth. Three samples per treatment were inspected micro
bio logical ly  according to MOSSEL [6].
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The Total V iable Count was estimated on P late Count Agar (P.C.A.) medium 
(Oxoid CM 325) a fte r two days incubation at 30 °C.
The Enterobactexn& ceae were determined on a Violet-Red B i1e-Dextrose Agar 
medium (Oxoid 323) a fte r an incubation time of one day at 37 °C.
The aerobic spores were also estimated on P.C.A. medium. The vegetative
organisms in the suspension were inactivated by a heat treatment of 15 
min at 80 °C. The yeast and fungi were counted on an Oxytetracycline- 
Glucose-Yeast extrac t - Agar medium (P fize r Oxoid) a fte r incubation times 
of f iv e  and two days respective ly at 25 °C.

- Sensory quaii t y . Three packets per treatment were inspected by a small 
lab/consumer panel of three persons, who evaluated the q ua lity  of un
cooked (fresh) and of the cooked product.
The colour, desiccation and decay of the fresh product were expressed as 
marks according to a scale from 5 to 1, in which 5 denotes "maximum" and
1 "very bad condition" (3 = not acceptable). The flavour and the to ta l 
q ua lity  (general impression of a l l  q ua lity  components) of the fresh 
product and also the colour, flavour and consistency of the cooked 
product were expressed as points on a hedonic scale of 1 to 5 (5 = not 
acceptable).

Wherever possible, the estimations and measurements were carried out w ith 
the same samples. The experiments were carried out f ive  times. The most 
typ ical resu lts  w i l l  be described hereafter.

3. RESULTS AND DISCUSSION

3• 1 Gas composition

As a resu lt of the resp ira to ry a c t iv ity  of the cut product in the 
wrapped trays, the O2 content decreased and the CO2 content increased.
As the PVC fo il was rather permeable to gases, the gas atmosphere in the 
packets was modified to a less extent than in analogous experiments with 
polythene fo i 1.
Figure 1 shows that the O2 content in the packets dropped to approximately 
15%, whereas the CO2 content increased to 3 to k%.
During the f i r s t  two days no differences in gas composition were found, 
neither between the irrad ia ted  and the non-irradiated samples, nor between 
the irrad ia ted  samples themselves.
However, a fte r two days the O2 content of the product in the non-irradiated 
packets decreased fu rthe r to 10% and the CO2 content increased to 8%, 
whereas the gas composition in the irrad ia ted  packets remained unchanged.
The gas atmosphere in the non-irradiated packets modified side by side w ith 
an enhanced microbial count (see Section 3.2) and an off-smel1 (see Section 
3.3).
Evidently th is  modification must be ascribed to decay, resu lting  in an in
creasing resp ira to ry  a c t iv ity .  Thus a strongly modified gas atmosphere may 
be ind icative of decay.

3.2 Microbiological inspection

I t  appeared from the experiments that the soup-greens usua lly had a 
high microbial count. The in i t ia l  to ta l v iab le  count was 106 to 107 g-1 
commodity. In soup-greens stored at 10 °C th is  count increased to 10' to 10® 
g-1 in one day. At a to ta l v iab le  count > 107 g“* , v is ib le  decay and/or a 
noticeable off-smell (sour) was produced (see Section 3-3.1).
The irrad ia tio n  treatments of 100 and 200 krad caused a considerable re
duction of the to ta l v iab le  count, v iz . 3 and 4 decimals respectively 
(figure  2).



2 7 8 LANGERAK and DAMEN

18

16

14

12

10

20

— 8

g 6

o> 4

--  0 2
-------C 0 2

1 2  3 4
s t o r a g e  t i m e  ( d a y s )

FIG.l. Effect of irradiation and storage on the composition of the atmosphere in prepacked 

soup-greens. The average percentages with the highest and lowest value, measured in three 

samples. The soup-greens were packed in polystyrene trays overwrapped with PVCfoil and 

stored at 10° C.

In these cases the microbial growth did not s ta rt before two to three days 
had elapsed, resu lting  in a shelf l i f e  of more than four days, as compared 
w ith one day fo r the control samples.
The soup-greens contained approximately 103 aerobic spores per gram. The 
irra d ia tio n  treatment reduced th is  count by 1 decimal. Figure 2 shows that 
the number of aerobic spores, both in the non-irradiated and the irrad ia ted  
samples stored at 10 °C, did not increase, probably because the conditions 
fo r growth in the packets were unfavourable.
The number of E n tero b a o ter ia a ea e  in soup-greens amounted to 105 to 106 g”1, 
and increased to 107 to 10® g "1 in two days. In samples that were irrad ia ted  
w ith 100 and 200 krad these numbers were reduced by b decimals, so that th is  
type of micro-organism was hardly detectable (< 10*) a f te r the treatment 
(f igure 2).
The in i t ia l  yeast count in soup-greens was f a i r ly  low, v iz . 103 to 101* g '1, 
but a fte r two days th is  number increased very rap id ly  to 106 g”1. I t  is known 
that a yeast count of > 105 causes decay (fermentation). |7|- 
Figure 2 indicates that yeasts have a considerable resistance to irra d ia tio n ; 
an irra d ia tio n  dose of 100 and 200 krad gave a reduction of only 1.5 and 1.9 
decimals respective ly. A fte r the irrad ia tio n  treatment the yeast growth in 
the soup-greens was retarded fo r one to- two days, and then i t  started on a 
lower le ve l, at the same growth rate as the contro l.
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F IG .2. Microbiological changes in prepacked soup-greens caused by irradiation. Average log 

count of three samples with the highest and lowest values, estimated for total viable count, 

aerobic spores, Enterobacteriaceae, yeasts and moulds. The sóup-greéns wire packed in 

polystyrene trays, overwrapped with P V C  foil and stored at 1 0 °C.

Usually the soup-greens were only s lig h t ly  infected w ith moulds. The in i t ia l  
count was 102 g-1 commodity and increased very slowly during storage 
(figu re  2). Irrad ia tio n  gave a reduction of approximately 1 decimal, sú 
that hardly any fungi were noticeable (< 102 g-1) a fte r the treatment.
I t  appeared from p a ra lle l experiments tha t the mould growth was strongly 
dependent on the moisture content of the soup-greens, o r, fo r that matter, 
on the centrifugation time a fte r washing; in a moist product the mould 
growth was stronger than in a dry product.

3.3 Sensory q ua lity

3*3.1 Fresh_groduct

During the course of the storage period (at 10 °C) the prepacked
soup-greens discoloured only s lig h t ly .  An exception was formed by the cut
surfaces of some white parts of leek and cau liflowers, which, a f te r a 
storage of two to three days started to turn into a very lig h t pink-brown. 
Under the influence of beginning decay th is  d iscolouration increased 
a fte r four days (figu re  3).
An irrad ia tio n  treatment did not appear to prevent th is  s lig h t pink-brown 
d isco louration, but a f te r four days the irrad ia ted  samples were awarded 
higher marks than the control samples, because the irra d ia tio n  treatment 
had delayed the decay.
This experiment showed that an O2 content of 15% in the packet (Section
3.1) was too high to prevent a l l  d iscolouration. To obtain a lower O2
content in the packets, a fo i l w ith a lower permeability to gases should 
be used.
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FIG.3. Effect of irradiation on the colour, desiccation and decay of prepacked soup-greens 

during storage at 10°C. The soup-greens were packed in polystyrene trays overwrapped with 

PVC foil. The quality was evaluated by a sensory test.

FIG.4. Effect of irradiation on the odour and total quality of prepacked soup-greens during 

storage at 10° C. The soup-greens were packed in polystyrene trays overwrapped with PVC 

foil. The quality was evaluated by a sensory test.

The prepacked soup-greens also showed desiccation symptoms, such as a du ll 
colour and a sh rive lled  appearance. These symptoms accelerated the 
senescence. The irrad ia tio n  treatment did not affect the desiccation 
(figure  3). The desiccation symptoms mentioned above may be prevented to 
some extent by a shorter centrifugation time and by using a fo i l w ith a 
lower permeability.
Due to the high microbial count in the soup-greens, decay became v is ib le  
a fte r three days; some carrots pieces were slimy. A fte r four days these 
symptoms worsened, and the leek and onion slices became waxy (figu re  3)• 
During the storage period no v is ib le  decay occurred in the irrad ia ted  
samples, because the microbial load remained below 107 g"1 commodity.
A very c lear re la tio n  was found to ex is t between the microbial count, the 
decay and the flavour of the prepacked soup-greens. The non-irradiated 
samples already developed a sour smell a fte r a storage of one day; they 
appeared to be spoiled, which agrees w ith the to ta l v iab le  count of > 107 
g** (see Section 3.2). During the storage period no sour smell was observed 
in the irrad ia ted  samples (figure  k ) .
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FIG.5. E ffect o f  irradiation on the colour, odour and consistency o f  cooked soup-greens. 
The cut product was packed in polystyrene trays overwrapped with PVC fo il and stored at 
10 C. The quality was evaluated by a sensory test.

At the beginning of the storage period the odours of onion and c e lle ry  were 
dominant, but th is  typ ica l "soup-greens odour" disappeared a fte r four days. 
This odour was an important c r ite r io n  fo r the estimation of the to ta l 
q ua lity . From the viewpoint of appearance and microbial load, the irrad ia ted  
samples could be kept fo r s ix days, but the loss of odour res tric ted  the 
maximum keeping qua lity  to only four days at 10 °C (figu re  4).
The non-irradiated product also had a good appearance, but already a fte r 
one day i t  was no longer acceptable due to its  bad smell.

3-3-2 Cgoked_grgduct

The irrad ia tio n  treatment did not adversely affect the colour of the 
cooked soup-greens (figu re  5)- The non-irradiated product, however, appeared 
to have discoloured brown during cooking, which was due to the presence of 
the cut onions. This browning grew more intensive according as the storage 
period of the uncooked product had been longer.
The browning defect can be p a r t ia l ly  prevented by centrifug ing the cut 
onions for a longer period of time so that the ce ll sap is removed, and by 
storing them in an atmosphere w ith a very low O2 content (< 3%)• The former 
treatment, however, destroys the specific onion odour and the la t te r  is con
ducive to fermentation.
The resu lts  of the experiments showed that an irra d ia tio n  treatment also 
prevented th is  browning e ffec t, the cause of which is as yet not c le a r ly  
understood. Also the specific odour of the cooked product decreased, with 
the storaqe time of the fresh prepacked soup-greens. In the irradiated 
samples no off-odour was detected; the non-irradiated samples, however, 
diffused a sour smell a fte r a storage time of one to two days due to 
spoilage (see Section 3-3.1). These samples were no longer acceptable for 
consumption a fte r three days (figu re  5).
When the fresh non-irradiated product was cooked a fte r a storage period of 
two to three days, the consistency appeared to be very weak, probably as a 
resu lt of spoilage. The consistency of the irrad ia ted  samples remained 
better than that of the control samples, and became worse a fte r only four 
days (f igure 5).
No difference was noticed between the taste of the irrad ia ted  samples and 
that of the non-irradiated ones.
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Experiments w ith prepacked soup-greens showed that the s to ra b ility  of 
th is  commodity was hardly longer than one day at 10 °C. Although the soup- 
greens s t i l l  had a good appearance, a sour odour, caused by microbiological 
spoilage, lim ited th e ir accep tab ility .
An irrad ia tio n  treatment w ith 100 and 200 krad reduced the number of micro
organisms (to ta l v iab le  count, E n te ro b a c te r ia c e a e , and yeasts) in such a 
way that the she lf l i f e  was extended to approximately s ix  days.
However, the maximum shelf l i f e  at which an acceptable q ua lity  was retained, 
appeared to be res tric ted  to four days, as a resu lt of desiccation and loss 
of the specific soup-greens odour. A shorter centrifugation time a fte r 
washing of the cut product and the use of a fo i l w ith a lower permeability 
to gases as packaging m ate ria l, may improve the sensory qua lity .
The after-cooking-browning developed by cut onions could be prevented by 
an irra d ia tio n  treatment, so that i t  became possible to include cut onions 
in the soup-greens composition.

4. CONCLUSIONS
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DISCUSSION

N. OKAFOR: Your data did not show how much reduction occurred in the 
number of lactic acid bacteria. It looks to me as if one needs to have this infor
mation in order to determine how much irradiation to apply, bearing in mind 
your observation that unirradiated vegetables soured within 24 hours.

D.I. LANGERAK: In earlier experiments carried out at Euratom-ITAL by 
K. Nouchpramool we studied the composition of the microflora in vegetables and 
the influence o f irradiation on this flora during storage [External Report No. 44]. 
It appears from this study that the initial contamination of lactobacillus was low 
(10 1 — 102 g '1) and that this group o f microorganisms was eliminated completely 
after treatment with 10 krad o f gamma radiation.
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Abstract

IRRADIATION OF FRESH CAVENDISH BANANAS (Musa cavendishii) AND MANGOES 
(Mangifera indica Linn. var. carabao): THE MICROBIOLOGICAL ASPECT.

Spoilage-causing organisms of Cavendish bananas and Carabao mangoes were isolated 
by subculturing spoiled fruit tissues and their pathogenicity determined by subsequent 
inoculation of the organisms into healthy fuits. Isolated from bananas were species of 
Colletotrichum and two types of Fusarium and Thielaviopsis and from mangoes species of 
Colletotrichum, Diplodia and Aspergillus. Results of in vitro radiation-resistance studies on 
two spoilage organisms of mangoes showed that the Colletotrichum sp., with Dio of 54 krad, 
is more radiation-resistant than the Aspergillus sp., which has a Dio of 25 krad. Bananas 
exposed to radiation doses ranging from 5 to 37 krad developed darkening of peel, softening 
of texture and acceleration of spoilage with increasing dose. Doses of 16 to 28 krad applied 
to mangoes delayed the rate of appearance of spoilage organisms and had no adverse effect 
on the general appearance of the fruit.

1. INTRODUCTION

Cavendish bananas and Carabao mangoes are two o f the few Philippine fruits 
that are gaining widespread acceptance in the international market. The 
Cavendish banana was listed by the National Economic Development Authority 
as No. 7 among the principal exports o f the Philippines in 1975 and No. 6 in 
1976 [1]. In April 1977 a 178.38% increase in income from Cavendish banana 
exports corresponding to a volume increase of 62% over the 1976 figures was 
reported by the Bureau o f Plant Industry.

Although for the last fifteen years (1 9 6 1 -1 9 7 6 ) Philippine exports o f  
mangoes have been limited to Hong Kong, export o f  Carabao mangoes to Japan, 
the biggest export market o f  local fruit, has started with the lifting o f the ban on 
Philippine fresh mangoes by the Japanese government in 1976. The Japanese 
demand for Carabao mangoes is estimated to be 200 000 t/a [2]. Carabao
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mangoes are also being exported to the Middle East, Singapore, Guam, the 
People’s Republic of China and Australia. In 1976 the volume o f mango exports 
increased by 17.75% over the 1975 value.

The local fruit industry, especially the mango industry [2], however, has to 
contend constantly with the recurrent problem of spoilage during storage and 
transport [3 ,4]. Although chemical means o f  preventing microbial spoilage 
have been tried and found helpful [5], the undesirable residues in the fruit 
present a disadvantage to their use.

Fruits for export have to meet certain specifications set by the importing 
country. Mangoes for Japan, for example, should be free from pests, diseases 
and blemishes and should weigh at least 250 g per fruit. With these requirements 
only about 10—15% of the harvest o f local mango growers is suitable for export 
to Japan [6].

The known bactericidal and fungicidal properties of ionizing radiation 
present an adequate substitute for fumigation in the control o f post-harvest 
diseases. Two of the potential advantages o f  the method are: (1) complete 
absence o f chemical residues, and (2) due to its penetrating property, organisms 
deep within the host tissues may be treated as readily as if they were on the 
surface [7].

This work is one o f the very few local research projects directed towards 
the beneficial utilization o f atomic energy for the control o f post-harvest 
disease. Its specific objectives are:

( 1 ) To identify the microorganisms belonging to the natural microflora of 
selected fruits (specifically Carabao mangoes and Cavendish bananas) 
that cause their spoilage

(2) To assess the qualitative and quantitative changes in the microflora of the 
fruits after irradiation and during storage

(3) To determine the radiation resistance of these microorganisms
(4) To determine the effects o f some factors such as age o f culture, concen

tration o f microorganisms, postirradiation incubation temperatures and 
heat treatments on the radiation resistance of the microorganisms

(5) To establish the radiation dose levels that will appreciably delay the 
growth o f spoilage-causing organisms.

2. REVIEW OF LITERATURE

2.1. Post-harvest diseases

2.1.1. Bananas

Spoilage of bananas during shipping and storage has been reported to be 
caused mainly by multiple infections o f fungi [3, 8—10]. The most common
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types of spoilage that are of economic importance are discussed in the following 
section.

2.1.1.1. Anthracnose. This type o f  spoilage is manifested by dark sunken 
spots that later coalesce, forming larger spots [4,11 ]. Under moist conditions 
the sunken regions become covered with pink to rusty red spore masses. 
Symptoms develop most severely when the fruit surface is injured. Infected 
fruits ripen prematurely and finally turn black and rotten [11].

Ferguson et al. [9] reported that infection becomes apparent only during 
the ripening process. Allen [11] noted that although the fruits can be infected 
at an early age, the infection is arrested after the fungus penetrates the surface 
and remains inactive until the fruit ripens or an injury occurs.

Gloeosporium musarum, sometimes referred to as Colletotrichum musae, 
has been implicated as the causal organism. In addition to anthracnose, it also 
causes crown rot, black rot, ripe fruit rot, black end and finger rot [4]. Studies 
by Dastur (1916), as cited by Ferguson et al. [9], demonstrated that this 
organism, when artificially inoculated into immature bananas, is inactive for 
relatively long periods but becomes active when the fruit ripens. Inhibition of 
G. musarum during the green stage was reported to be due to the tannin present 
in the juice of the green banana skin, which disappears as the fruit ripens [9,12]. 
A comprehensive discussion on the works devoted to this area is provided by 
Wardlaw [12].

2.1.1.2. Crown rot and black end. Wound infections o f the cut ends of 
the crown tissue lead to crown rot, while those o f the broken ends of the finger 
stalk lead to black end. In green fruits infections progress to some extent into 
the tissue, preceded by a dark, water-soaked band. In ripe fruits rot advances 
rapidly down the stalks and to the pulp. Finger stalks are easily broken off [11].

Botryodiplodia theobromae is one o f the organisms that cause crown rot 
as well as fruit rot, specifically black end [4 ,1 2 ,1 3 ]. It is a wound parasite 
often implicated in more severe forms o f main stalk rot wherein splitting of 
stem occurs. It can cause finger stalk rot and dropping. The infection originates 
in or immediately below the decayed perianth or style and spreads uniformly 
along the fruit, causing a progressive black discoloration and softening of the 
pulp. Because o f its considerable capacity for utilizing carbohydrates when 
present in high concentrations, the fungus rapidly exploits the fruit flesh, 
making it soft or even semi-liquid with a sweetish odour [10]. Wardlaw [12] 
and Ogawa [4] reported that infections by B. theobromae can lead to premature 
ripening of fruits.

Other fungi that could cause crown rot include Fusarium roseum, 
Ceratocystis paradoxa and Colletotrichum musae [4 ,13]. As with B. theobromae, 
main stalks infected by C. paradoxa decay rapidly, the tissue blackens and softens
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with the development o f a characteristic sweetish odour. Finger dropping results 
as soon as finger stalks are affected. These changes consequently induce 
premature ripening o f fruits.

2.1 .1 .3 . Squirter. This is manifested by a dark, watery rot in the pulp of 
the fruit. Fruits may appear sound externally. In severe cases the peel assumes 
a characteristic blue-black coloration. Despite the sound external appearance in 
mild cases, the pulp beneath the peel is decomposed, brown and semi-liquid. 
Squeezing the fruit results in the pulp gushing out of the peduncle or at the side. 
Decay starts in the central region, generally at the side o f the peduncle, and 
extends at varying distances in the direction o f the point [10].

Squirter develops most severely in bruised fruits that are subsequently 
ripened and stored under warm, moist conditions. Spores contaminate freshly 
exposed tissues at the stem end [11]. They germinate and grow through finger 
stalk and centre. Causal organisms include Nigrospora musae and Nigrospora 
sphaerica. They also cause black end symptom on the finger stalk [11,12].

2.1 .1 .4 . False squirter. Rhizopus rot resembles the firm, watery rot caused 
by the squirter fungus, hence the term false squirter [11]. Infection occurs in 
fruits that receive severe injuries as a result o f the fruit splitting or the finger 
stalk being badly bruised. The causal organism is Rhizopus sp.

2 .1.1.5. Thielaviopsis rot. This infection is evidenced by a black end 
symptom and pulp decay which is creamy white to gray in colour and o f cheesy 
consistency. The peel o f infected fruit presents irregular black coloration [10].
It often occurs on the green fruit [11]. The causal organism, Thielaviopsis 
paradoxa, is a wound parasite and does not invade intact tissues.

In addition to these diseases, the other important types o f spoilage are:
(1) cigar-end disease (Stachylidium theobromae); (2) black tip (Helminthosporium);
(3) banana freckle (Macrophoma musae)-, (4) pitting disease (Piricularia grisea);
(5) black finger tip (Fusarium); and (6) Lasiodiplodia fruit rot (Lasiodiplodia 
theobromae).

2.1.2. Mango

A number o f post-harvest diseases, often occurring as multiple infections, 
commonly cause the spoilage of mangoes, leading to wastage. The most frequently 
encountered diseases o f Philippine mangoes include anthracnose, stem end rot, 
scab and aspergillus rot.

2.1.2.1. Anthracnose. Of the diseases mentioned, anthracnose is considered 
to be the most serious and destructive. The disease is brought about by a widely
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distributed fungus, Colletotrichum gloeosporoides [2 ,13] sometimes referred to 
as Gloeosporium mangiferae [5]. The fungus attacks not only the developing 
and immature fruits but also the young shoots, leaves, inflorescence and flowers.

The disease is characterized by black or dark brown circular spots on the 
fruit that enlarge gradually and coalesce to form bigger and sunken spots as the 
fruit matures [2, 5]. As in bananas, the decay that develops in mature fruits 
begins as latent infections when fruits are quite small. Severity o f the disease 
is dependent upon the prevailing weather conditions; the development and 
spread o f the disease is favoured by continuous rainfall, high relative humidity 
and heavy dew [2].

2.1 .2 .2 . Stem end rot. Another serious disease o f economic importance 
is stem end rot caused by the fungus Diplodia natalensis Pole Evans [2, 5 ,13].
The rot usually starts at the stem end of the fruit but the fungus can also attack 
any injured part o f  the fruit [14]. The lesion first appears as violet, becoming 
light brown and as infection advances it turns black. Since the fungus is 
capable of producing pectinolytic enzymes, the rot is characterized by softening 
and water-soaking o f the fruit tissues [5].

2.1 .2 .3 . Mango scab. Another widespread mango disease in the Philippines, 
mango scab, is caused by the fungus Elsinoe mangifera Bet and Jenkins. Hapitan
[2] described the disease as characterized by grayish brown lesions with a dark 
irregular margin which enlarge as the fruit matures. The lesions appear on the 
fruit surface as cork-like spots [13]. Although the disease does not penetrate 
deep into the flesh o f  the fruit, market acceptability is reduced due to unsightly 
appearance.

2.1 .2 .4 . Aspergillus rot. The occurrence o f this rot in Philippine mangoes 
was reported only in 1974 [13]. The causal organism is Aspergillus niger. The 
infection is characterized by water-soaked, depressed, circular, light brown 
lesions.

In South Africa a disease similar in symptoms to stem end rot is responsible 
for the spoilage o f mangoes kept in cold storage. This disease, soft brown rot, 
is caused by the fungus Hendersonia creberimma Syd and Butl [7].

Other diseases such as sooty mould, pestallozia rot, pitting disease and 
black tip, which are of minor importance, were mentioned also by Quimio and 
Quimio [13] in their review o f post-harvest diseases o f mango.

2.2. Control o f post-harvest diseases through irradiation

Microbial spoilage has been shown by many researchers to be retarded by 
the use o f  ionizing radiations. The rotting o f lemon and oranges caused by
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Pénicillium digitatum was found to be delayed by 150 to 250 krep for 17 days 
for fruits stored at 55°F or 12 days at 75°F [3]. Rhizopus rot o f peaches was 
observed to be delayed for 10 days when irradiated at 250 krep and stored at 
50—55°F.

2.2.1. Banana

The work of Ferguson et al. [9] revealed that anthracnose spoilage in 
bananas inoculated with spores o f G. musarum was markedly retarded by 
gamma irradiation doses o f 150 krad or higher. Bananas irradiated in a well- 
ventilated chamber compared favourably with control fruits.

Ferguson and co-workers noted that their findings agreed with those of 
Meredith [15], who reported that 250 krad caused complete inhibition of
G. musarum. Saravacos et al. [16] reported that fungi are generally radiation- 
resistant to doses varying from 250 to 600 krad. In studying the effects of  
gamma radiation on the growth o f storage rot-causing organisms in Lacatan 
bananas, it was found that lethal doses were 400 krad for G. musarum, 400 krad 
for C. gloeosporoides, 500 krad for B. theobromae and 300 krad for Pestallozia 
sp. [3]. It was reported by Gonzales [17] that doses between 25 and 30 krad 
are optimum for the shelf-life extension o f Lacatan bananas. Doses below this 
range caused accelerated ripening, while above this there was an increase in the 
rotting of the fruits.

2.2.2. Mango

Several studies on the irradiation o f mangoes to increase market life through 
delayed ripening and microbial spoilage have been conducted. Studies made on 
Alphonso mangoes [5] showed that the optimum radiation dose for Alphonso 
mangoes is 25 krad, giving a shelf-life extension o f 6 to 8 days at ambient 
temperature. A study made on Bocado mango [5] revealed that 75% of fruits 
irradiated at 1 krad and stored at 62°F and 80% R.H. were still edible after 
15 days as compared with only 25% of the control samples. In South Africa 
control o f anthracnose and soft brown rot was achieved with a dose o f 75 krad 
combined with a conventional hot water treatment [18].

In the Philippines Herrerra and Valencia [19] reported that a dose of  
16.6 krad was enough to control rot organisms o f mango. In a study made on 
Carabao mangoes [5] it was found that 60 krad is the optimum dose for 
maximum shelf-life extension at 82°F.

Although most o f the results o f studies favour irradiation o f mangoes, some 
authors [5, 20] found that radiation treatment of the fruits to control post
harvest diseases had no significant effect.
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2.3. Factors affecting radiation dose requirements

Sommer and Fortlage [21 ] presented an extensive review o f literature on 
the factors affecting dose requirements. These factors are classified as: (1) 
genetic; (2) population size; (3) fungicidal and fungistatic effect required and
(4) dose-modifying factors.

2.3.1. Genetic

The radiation sensitivity of the fungus may be determined by its inherent 
resistance, which is a genetically controlled characteristic. In yeast, for example, 
diploid cells are more radiation-resistant than haploid cells of the same species. 
Multicellularity of spores in fungus presumably imparts resistance since escape 
of lethal injury by any one constituent cell allows the spore to retain the 
ability to form a colony.

2.3.2. Population size

In a study by Covey and Bramlage [21 ] the number of cells in a population 
has been found to greatly influence the minimum dose required to inactivate all 
cells. Thus, radiation-sensitive fungi may require higher doses if the population 
is large. This is clearly demonstrated by two Prunus fruit decay fungi, Monilinia 
fructicola and Rhizopus stolonifer. Although the spores of the latter are more 
radiation-resistant than the conidia o f M. fructicola, it appears more sensitive if 
its population is less.

2.3.3. Fungicidal or fungistatic effect

Radiation dose is greatly influenced by the degree o f the fungicidal effect 
sought. A temporary halt in lesion growth is usually achieved with relatively 
low doses. This is useful in providing good and sufficient control in commodities 
that normally have a short physiological life.

2.3.4. Dose-modifying factors

Some experimental conditions may magnify the damaging qualities of  
radiation or they may alter the ability of the living cell to withstand injury. 
Among them are oxygen, water, hydrogen ion concentration and composition 
of the medium.

2.3 .4 .1 . Oxygen. The lethality o f a given radiation dose is enhanced by 
the presence o f oxygen. This is attributed to the consequent formation of



2 9 0 ALABASTRO et al.

toxic peroxides. Hollaender et al. [22] found that removal o f oxygen from the 
cell suspension o f Escherichia coli may increase the resistance o f the cells to 
radiation to as much as three-fold.

2.3 .4 .2 . Water. Generally, cells in the dry state or in low water activity 
environments such as in the frozen state are more resistant to ionizing radiation
[22]. This has been explained on the basis o f the mechanism o f radiation action 
on living cells. In low water activity environments less free radicals are formed 
so that less biochemical and genetic damage can occur.

2.3 .4 .3 . Hydrogen ion concentration. The effect of pH on the radiation- 
resistance of organisms depends on the pH requirements of individual types of 
microorganism. Williams-Walls [22] observed that the sensitivity of Cl. botulinum 
and PA 3679 spores to radiation was not altered by changing the pH within the 
range o f 3.2 to 3.4. But spores of Bacillus coagulans were noted to be more 
sensitive at low pH values.

2.3.4.4. Composition o f  the medium. This will include the substrate and 
the presence o f substances that could give protection to the organisms [21]. 
Generally, microorganisms are more radiation-resistant in natural food substrates 
than in buffered suspensions [22]. The protective effect o f proteins has been 
demonstrated by Desrosier and Rosenstock [23].

3. EXPERIMENTAL PROCEDURE

3.1. Raw materials

3.1.1. Bananas

Bananas of the Cavendish variety, mature but hard and green, o f  export 
quality and at approximately the same stage of maturity (85—90 days from the 
flowering stage) were obtained from Del Monte in Davao. They were used for 
the later part o f the study.

Bananas used for preliminary trials were also of the Cavendish variety but 
were obtained only from local markets so that their maturity and quality were 
not controlled.

3.1.2. Mangoes

Mature but hard and green mangoes o f the Carabao variety, practically free 
from defects and diseases, were obtained from local markets. The mangoes were 
specified to be about 120 days old from the flowering stage.
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3.2. Irradiation studies

3.2.1. Preparation o f  the fruit

The fruit were washed in tap water, air-dried to remove surface moisture 
and packed in low-density polyethylene bags with perforations constituting 
0.3% of the total surface area. The packaged fruit were placed in carton boxes 
to facilitate handling and transport.

3.2.2. Irradiation

Cavendish bananas were irradiated at dose levels ranging from 15 to 37 krad, 
while the mangoes were irradiated at 16 to 28 krad. Fricke dosimetry was used 
to determine the actual absorbed dose of the fruit. Irradiated fruit and control 
samples were allowed to ripen at ambient conditions o f  about 81% R.H. and 
2 8 -3 0 °  C.

3.2.3. Quantitative and qualitative assessment o f  the effects o f  irradiation

The effect o f different doses o f irradiation on the commodities tested was 
determined by microbiological tests and visual observations to get the percentage 
and type o f spoilage occurring in the fruits immediately after irradiation and at 
various times during storage until most of the fruits were spoiled.

3.3. Spoilage-causing organisms

The specific organisms causing spoilage o f the fruit tested were established 
by subculturing spoiled tissues in solidified agar plates to isolate the micro
organisms and the inoculation o f spores of isolated organisms into healthy fruits 
to test their pathogenicity.

3.3.1. Subculturing o f  spoiled fruit tissues

Samples o f spoiled fruit tissues that represent specific types o f diseases 
were obtained and subcultured in acidified potato dextrose agar (PDA) and 
nutrient agar plates. The plates were incubated at room temperature (2 8 -3 0 ° C) 
until growth o f colonies was observed. Typical colonies were then picked out, 
purified and grown in agar slants and kept at refrigerated temperature to 
preserve them for future use.

3.3.2. Pathogenicity test

To confirm pathogenicity o f microorganisms isolated from spoiled tissues, 
spores were inoculated into healthy fruit which had been previously disinfested
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with HgCl2 (1000 ppm). Spores were collected from 10—15 day old cultures 
and suspended in neutral phosphate buffer with Tween 80 (1.0 ml/1). Spore 
count was determined by direct microscopic count and verified by colony count. 
The spores were inoculated into fruit by pricking the surface with a needle or 
by surface swabbing o f the spore suspension. Inoculated fruit were then packed 
in perforated polyethylene bags.

Inoculated fruit were stored at ambient conditions together with control 
samples. At regular intervals visual observations were made to determine 
specific types o f spoilage of the fruit originating from the point o f  inoculation.

The organisms were identified through their morphological and cultural 
characteristics with the assistance of mycology experts from the Department of 
Plant Pathology, University o f the Philippines at Los Baños.

3.4. Radiation-résistance studies

Preliminary in vitro radiation-resistance studies were conducted with the 
isolated spoilage-causing organisms using neutral phosphate buffer with Tween 80 
as suspending medium. One ml o f the spore suspension containing about 105 
spores was placed in each screw cap tube. At least six tubes were used per 
radiation dose.

The tubes were exposed to radiation doses ranging from 25 to 200 krad at 
50 krad/h. Immediately after irradiation, a series o f dilutions in neutral phosphate 
buffer were made from all the tubes such that countable plates would be obtained. 
One ml o f the final dilution for each screw cap tube was plated in acidified PDA 
and the plates were incubated at room temperature for an appropriate period of 
time. The average count o f colonies was then determined.

Radiation response curves were made by plotting the log per cent of 
surviving organisms against radiation dose. The D i0 value was taken as the 
number o f rads necessary to reduce the initial population by one log-cycle 
(the 90% destruction or 10% survival dose).

4. RESULTS AND DISCUSSION

4.1. Spoilage-causing organisms

4.1.1. Bananas

Subculturing, pathogenicity tests and morphological examinations revealed 
the presence of a number of moulds causing spoilage in Cavendish bananas. They 
are shown in Table I, including their cultural and morphological characteristics.

All these types o f disease-causing organisms have been found to infect local 
bananas coming from city markets. Only two o f these organisms, Fusarium a
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TABLE I. SPOILAGE-CAUSING ORGANISMS OF CAVENDISH BANANAS 
AND THEIR CHARACTERISTICS'1

Organism Cultural characteristics in PDA Morphological characteristics

Fusarium a 
(Sources:
Del Monte and 
local market)

Salmon orange with cottony 
mycelia

Four-celled crescent-shaped 
macroconidia; septate hyphae, 
simple or branched and bearing 
small oval, spherical microconidia.

Fusarium b 
(Source: 
local market)

Purple to pink with abundant 
white cottony mycelia

Macroconidia are crescent-shaped 
and multicellular; hyphae vary 
from simple to branched and bear 
oval to elongated microconidia.

Colletotrichum
(Source:
Del Monte and 
local market)

Rhizoid in appearance, 
pink to purple in colour, 
not cottony

Conidia ovate to oblong, elongated 
with rounded ends, variable in length, 
one-celled, occurring singly or in groups 
of four or more; conidiophores simple.

Thielaviopsis 
(Source: 
local market)

Greenish to black with 
abundant white to grey 
aerial mycelia

Conidiophores are subhyaline to dark, 
the terminal cell slightly broader at the 
base and tapering upward; endoconidia 
hyaline, rod-shaped formed in chains or 
masses; on other branches the apical row 
of cells becomes a dark, thick-walled 
chlamydospore that eventually breaks 
apart.

a See Fig. 1 for photomicrographs of these organisms.

and Colletotrichum were observed in export quality Del Monte bananas, which 
understandably were o f better quality and had suffered less damage due to 
handling. Thielaviopsis was not found in export-quality bananas. Being a wound 
parasite, it causes spoilage only in fruits with bruises.

Fusarium and Colletotrichum appear to be the most predominant spoilage- 
causing organisms o f local Cavendish bananas tested. This observation is widely 
reported in the literature. Wardlaw [12] noted that Cavendish is one o f  the 
three varieties most susceptible to Gloeosporium/Colletotrichum  infection. The 
organism is o f great economic importance not only as a cause o f  wastage in 
scratched or wounded fruits but even in the most carefully handled fruits. 
Fusarium, on the other hand, is nearly unavoidable in bananas since it easily 
attacks the wounded banana crown, causing crown rot.
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Pathogenicity of each microorganism was characterized by darkening, 
softening and a watery appearance of the inoculated area of the fruits. 
Gloeosporium/Colletotrichum  has been implicated in a number o f spoilage 
types, namely: crown rot, anthracnose, black rot, ripe fruit rot and finger rot. 
The thielaviopsis rot caused by Thielaviopsis often shows an irregular black 
coloration in the peel accompanied by softening and deep brown discoloration 
of the pulp. Fungal penetration by Fusarium leads to the blackening o f the 
tissue that is characteristic of black finger tip infection.

TABLE II. SPOILAGE-CAUSING ORGANISMS IN CARABAO MANGOES 
AND THEIR CHARACTERISTICS2

Organism Cultural characteristics in PDA Morphological characteristics

Colleto trichum Abundant white, aerial mycelia 
with orange-coloured spores

Dark, cylindrical setae; conidia 
oblong with rounded ends

Diplodia Dark green to black coloured 
with abundant grey aerial 
mycelia

Conidia ellipsoid or ovate, two-celled; 
pycnidia black

Aspergillus Black spore pustules Black and globose conidial heads; 
globose conidia borne on sterigmata

a See Fig. 2 for photomicrographs of these organisms.

4.1.2. Mangoes

Spoilage o f  Carabao mangoes was found to be caused by three genera of  
moulds, namely Diplodia, Colletotrichum and Aspergillus. These organisms 
were consistently observed in the subculturing of spoiled tissues and were 
confirmed to be spoilage causing through pathogenicity tests. Table II shows 
the cultural and morphological characteristics o f these moulds.

The types of lesions that appeared in fruit inoculated with spoilage organisms 
were characteristic o f diseases described in the literature. These post-harvest 
diseases observed during the experiments are enumerated in Table III, together 
with their identifying descriptions and causal organisms.
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FIG.2. Spoilage organisms isolated from Carabao mangoes: (a) Colletotrichum spores 

(1230X); (bj Aspergillus spores (1230X); (c) Diplodia mycelia (126X).

TABLE III. POST-HARVEST DISEASES OF EXPERIMENTAL MANGO 
SAMPLES AND THEIR CAUSAL ORGANISMS

Disease Description symptom Causal organism

Anthracnose Characterized by black or dark 
brown circular specks on the fruits 
which enlarge gradually and coalesce 
to form bigger and sunken spots.

Colletotrichum

Stem end rot Characterized by softening of the 
mango tissue together with blackening 
usually starting from the stem end.

Diplodia

Aspergillus rot Characterized by water-soaked, 
depressed, circular lesions.

Aspergillus
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4.2. Effects of radiation on fruit and spoilage organisms

4.2.1. Bananas

Fruit were exposed to three sets o f radiation doses ranging from 5 to 37 krad 
and were stored at room temperature (2 8 -3 0 ° C). Increasing doses appeared to 
result in the following observations:

(1) Increased intensity o f brown discoloration of fruit peels
(2) Accelerated spoilage
(3) Increased softening.

Apparently radiation has an adverse effect on the appearance, texture and 
rate of spoilage of the fruit sampled. The onset o f brown discoloration was 
observed generally on the third day o f storage. Softening was evident even on 
the first day after irradiation. With doses as low as 5 and 10 krad these effects 
were minimal.

The literature revealed the existence o f such problems in irradiating bananas. 
Thomas and Nair [24] studied the effect of gamma irradiation on polyphenoloxidase 
activity and its relation to skin browning in bananas. Desrosier and Rosenstock
[23] reported that susceptibility of fruit to pathogens is greater in irradiated fruit 
as radiation dose is increased. Softening o f fruit due to radiation has been a 
common observation in many studies [25, 26].

Results o f plate counts with PDA as medium showed rather erratic trends. 
There are many limitations in the use of plate count as a parameter to assess 
quantitatively the changes in the microbial flora of samples. The main limitation 
of this method lies in the inherent differences among fruit samples, which make 
sampling difficult. Although plate counts showed no definite trend with radiation 
dose and storage time, one definite observation noted was the appearance of  
spoilage organisms only when the fruit, both irradiated and unirradiated, 
approached the ripe to overripe stage. Conditions in the green fruit such as pH 
and tannin content may be unfavourable to their growth.

All the types of spoilage organisms were found in both control and irradiated 
fruit. Fusarium a, described as a salmon orange colony with cottony mycelia, 
was observed in both Del Monte and local market samples. It was more pre
dominant than the other spoilage organisms in Del Monte bananas. The local 
market samples, on the other hand, contained several types o f predominating 
organisms. Fusarium a was generally absent in PDA plates during the first day 
of storage. Growth in both control and irradiated samples was observed on the 
third storage day. The number o f colonies was relatively greater in the irradiated 
samples than in the control even in subsequent storage.

Fusarium b was found only in local market fruit. Its appearance was noted 
at a later storage day (eighth), when fruits were overripe. Radiation seems to be
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effective in delaying its growth since its occurrence was generally limited to 
control samples.

Occurrence of Colletotrichum was evident in the first day of storage in the 
control fruit but not in irradiated samples. Subsequent storage showed growth 
of this organism in the irradiated samples but significantly less than in the 
controls.

Thielaviopsis, a wound parasite, was not observed in the first storage day 
when the fruit were still green. The concentration increased as fruits approached 
the ripe to overripe stage. It appeared to occur in greater quantity in irradiated 
samples compared with the control samples.

From these results it appears that radiation has varying effects on the 
organisms. It seems to have an inhibiting effect for a limited period on 
Fusarium b and Colletotrichum at a minimum dose level of 5 krad. However, 
it does not have this effect on Fusarium a and Thielaviopsis at the same dose 
level.

TABLE IV. PERCENTAGE SPOILAGE OF MANGOES DURING STORAGE 
AT 30°C, 81% R.H.

Absorbed dose3 
(krad) 3 4

Days in storage 
6 9 15

0 0 3.4 31.03 41.38 44.82

16.17 0 0 7.14 17.86 21.42

19.78 0 0 10.71 14.28 21.42

22.35 0 0 15.38 26.92 30.76

3 Average of 18 readings.

4.2.2. Mangoes

Unlike in bananas, no obvious adverse effects o f irradiation were observed 
in mangoes. The general appearance of the fruits was not affected at all within 
the range of radiation doses tried. One very significant observation in the prelimi
nary results was the delay in spoilage of samples that absorbed radiation doses 
of 16 to 22 krad, as shown in Table IV. All the irradiated samples had less 
percentage o f spoilage than the control,. However, at the higher dose level of 
22 krad the per cent spoilage of samples was higher than o f those receiving the 
lower dose levels of 16 and 19 krad. This observation may be due to a greater 
susceptibility o f fruit absorbing the higher doses to contamination during 
storage due to their reduced resistance following irradiation.
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DOSE ( krad )

FIG.3. Dose response curves for Aspergillus and Colletotrichum spores.

As in bananas, plate count results in mangoes also showed the appearance 
of spoilage organisms only when the fruits reached the ripe to overripe stages. 
An important observation in most trials done was the marked delay in the 
appearance o f spoilage organisms in the irradiated samples. Diplodia and 
Colletotrichum were generally observed in the control between the seventh and 
eighth storage day. However, they appeared only between the eleventh and 
thirteenth storage day in irradiated samples.

In all the trials made anthracnose was the predominant infection in both 
control and irradiated samples. The irradiated samples, however, had compara
tively less anthracnose infection than the control.
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Two of the spoilage-causing organisms of mangoes, Aspergillus and 
Colletotrichum, were subjected to radiation-resistance studies. Spore suspensions 
with neutral phosphate buffer as medium were exposed to radiation doses 
ranging from 25 to 100 krad. The initial population was 105 spores in each tube. 
Immediately after radiation they were stored at a refrigeration temperature of 
about 40° F overnight prior to plating in PDA.

The results obtained (Fig. 3) showed that spores of Aspergillus are more 
radiation-sensitive than those of Colletotrichum. The D 10 of Aspergillus spores 
is approximately 25 krad while that of Colletotrichum is about 54 krad.

It is apparent from these data and those o f radiation effects on mangoes that 
radiation could be an effective method for controlling diseases o f the fruit caused 
by these organisms.

5. CONCLUSION

Spoilage organisms of Cavendish bananas and Carabao mangoes were 
isolated by subculturing spoiled fruit tissues and were inoculated into healthy 
fruits to test their pathogenicity. Local market bananas contained species of 
Colletotrichum, two types of Fusarium  and Thielaviopsis, while the export 
quality from Del Monte had only Colletotrichum and one type o f Fusarium. 
Organisms isolated from Carabao mangoes included species o f Colletotrichum, 
Diplodia and Aspergillus.

Radiation, even at low doses, seemed to have unfavourable effects on 
bananas. Darkening of peel, softening o f texture and acceleration o f spoilage 
became noticeable three days after exposure of fruit to radiation doses of 5 to 
37 krad. These effects were minimal if the fruit were exposed to low doses of 
5 and 10 krad but intensified with increasing dose.

On the other hand, the general appearance o f mangoes was not adversely 
affected by radiation doses of 16 to 28 krad. Results further showed general 
delay on the rate o f appearance o f  spoilage organisms.

In vitro radiation-resistance studies of spores of spoilage organisms of 
mangoes, Aspergillus and Colletotrichum indicated greater radiation-resistance 
of Colletotrichum than Aspergillus. The D 10 value obtained for Colletotrichum  
was 54 krad in contrast with Aspergillus, which showed a D 10 of 25 krad.
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DISCUSSION

P. THOMAS: You mentioned that skin discoloration of Cavendish bananas 
occurred even at low doses. It seems to me that the 81 % relative humidity used 
in your studies is too low for green bananas, as under such humidity conditions 
skin discoloration often occurs during storage. Our experience is that irradiation 
accentuates the skin discoloration in bananas when stored at low humidities.
With several Indian varieties, including Cavendish, we have noticed skin discolor
ation only when the dose exceeded 40 krad.

With regard to mangoes, I should like to know whether the low disease 
incidence observed in the irradiated samples is due to a delayed ripening effect 
or to a reduction in the fungal pathogens.

Estrella F. ALABASTRO: In the dose range below 30 krad I would attribute 
the low disease incidence to both a reduction in the microflora and a delay in the 
ripening, since the pathogens do not attack the fruit unless it has reached the 
ripe stage.
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Abstract

STUDIES ON THE STORAGE STABILITY AND FEASIBILITY OF RADURIZATION OF 
INDIAN MACKEREL (Rastrelliger kanagurta).

Mackerel (Rastrelliger kanagurta) is one of the commercially important varieties of fish 
in India, preferred by the consumer in a fresh condition. Due to its short storage life, large 
portions of the catch are either sun-dried or cured with salt, yielding products that fetch a very 
low price. The conservation of fresh fish would facilitate better distribution in the interior of 
the country. Radurization of mackerel offers a potential for extending the shelf-life in ice by 
a factor of three. A dose of 150 krad was observed to be optimal to enhance the storage life 
to 2 5 —28 days from 1 0 -1 2  days without inducing undesirable changes in the organoleptic 
attributes. Time-temperature-tolerance (TTT) between 0 —20°C of the radurized and unirradiated 
mackerel was ascertained with reference to physico-chemical, microbiological and organoleptic 
parameters. The rate of spoilage of unirradiated mackerel was 3-fold higher than that of 
radurized samples when the storage temperature did not exceed 5°C. It was observed that 
alterations in shear force, water-holding capacity and plasticity index were less in radurized 
samples, pointing to the retention of textural attributes during the extended storage. The 
microflora of mackerel during storage revealed that the terminal flora of the unirradiated 
mackerel were predominantly gram-negative including Pseudomonas and Enterobacteria spp. 
while that of radurized fish comprised mainly Bacillus and Micrococcus spp. The spores of 
Bacillus sp. 128 isolated from radurized mackerel were observed to exhibit exceptionally high 
resistance to both u.v. and gamma radiation. Packaging and transportation have also been 
examined to ascertain the feasibility of this process for general application.

INTRODUCTION

Our results on the radiation preservation o f various species of tropical sea
foods have been reviewed earlier [1—3]. Although promising results have been 
obtained, the commercialization of these processes has lagged behind although the 
scope for application of this technology exists most in regions where conventional 
processing practices are limited or inadequate. Therefore, as part of a co-ordinated

3 0 5



3 0 6 GHADI et al.

FIG.l. Percentage of mackerel in total marine landings in 1966-1975.

effort, studies on mackerel were undertaken with a view to obtaining as much 
information as possible with one species of fish [4]. Storage stability and micro
biological changes are reported in this paper, while our experiments on whole
someness testing are covered in other presentations at this Symposium [5—7].

DISTRIBUTION AND PROCESSING OF MACKEREL

The mackerel (Rastrelliger kanagurta) catch in India constitutes on average 
approximately 10—12% of the annual marine landings. The landings were maximal 
in the early seventies but declined in recent years, as shown in F ig .l, which perhaps 
presents a cyclic profile relating to the breeding o f  this species and may show a 
similar pattern during the next decade. Table I indicates that o f the total mackerel 
catch about 65% is consumed fresh, about 25% is cured or sun-dried, and the rest 
is wasted. Unlike other seafoods, mackerel is obtainable in great abundance for 
a short season comprising three months of the year, November to January. Only 
a small percentage of the catch is utilized for canning and freezing since both 
these operations entail exorbitant expense. Mackerel is generally preferred by the 
consumer in the fresh condition. Unfortunately, the transportation o f fresh fish 
poses a serious problem for inland distribution, due to the lack of infrastructure
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TABLE I. APPROXIMATE DISPOSITION OF THE 
ANNUAL CATCH OF MACKEREL3

Disposition
Percentage 
of mackerel catch

Marketed wet without ice 50

Marketed wet in ice 2 0 -2 5

Marketed wet under refrigeration 5 - 1 0

Dried or cured and marketed 2 0 -2 5

Frozen and exported Nil

Frozen and marketed Negligible

Canned and exported Nil

Canned and marketed Negligible

Boiled/blanched/semi-cooked/cooked 
and marketed without canning Nil

Converted to fishmeal Nil

a Information obtained from Central Institute of Fisheries Technology, Cochin

FIG.2. The radurization process for mackerel.
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FIG.3. Changes in total bacterial count and chemical parameters in vacuum-packed radurized 

mackerel during storage in ice.

for maintaining a refrigeration chain from catching centres to retail markets. The 
inadequate facilities for chilling the produce, coupled with a comparatively short 
shelf-life even at ice temperatures, make this fish available for distribution only 
in the coastal areas. A large quantity of the fish is therefore either sun-dried or 
cured with salt, yielding poor quality products that fetch comparatively low prices. 
Radiation processing may therefore offer scope for the transport of fresh mackerel 
to distant areas.

RADURIZATION OF MACKEREL

The process developed for radurization o f mackerel is shown in Fig.2. Fresh 
mackerel, purchased in a local market soon after landing, were brought to the 
laboratory in ice. The fish were thoroughly washed, eviscerated and beheaded. 
The dressed fish were washed again, wrapped in cellophane film and then sealed 
in polyethylene bags either aerobically or under vacuum. Prior wrapping o f the 
dressed fish with cellophane film helped to keep the pouches dry and facilitated 
vacuumizing and sealing. The packaged fish were irradiated (0—200 krad) in a 
Cobalt-60 Package Irradiator (Atomic Energy of Canada Ltd.), as described 
earlier [6]. The optimum dose was found to be 150 krad. Irradiated and 
unirradiated samples were kept in cold cells maintained at 0, 5, 10, 15 and 20°C.
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TABLE II. EXTENSION OF REFRIGERATED STORAGE OF MACKEREL
BY GAMMA IRRADIATION

Dose
(krad)

TBA value
(jig malonaldehyde/g)

Organoleptic
score

Shelf-life
(d)

0 1.0 7.7 1 0 -1 2

50 1.9 7.0 1 4 -1 5

100 1.8 6.6 1 8 -2 0

150 1.8 6.6 2 5 -2 8

200 1.8 6.0 2 5 -2 8

TABLE III. EFFECT OF PRIOR STORAGE ON POST-IRRADIATION 
EXTENSION IN SHELF-LIFE OF MACKEREL

Storage 
in ice 
(d)

A
TBC/g

в С
TVBN 

A В
(mg/100 g)

С
Post-irradiation
shelf-life
(d)

0 1.3 X 104 1.6 X 103 2.1 X 106 6.11 6.93 8.12 2 5 -2 8

3 1.6 X 10s 1.7 X 104 6.6 X 10s 5.84 6.45 7.53 2 2 -2 5

5 1.4 X 106 9.0 X 104 2.4 X 10s 6.81 6.73 8.81 2 0 -2 3

7 8.7 X 106 1.7 X 10s 1.1 X 106 9.32 9.54 12.31 1 4 -1 5

9 1.2 X 107 4.1 X 10s 1.3 X 106 13.41 13.51 18.71 1 2 -1 3

A. Unirradiated samples analysed on various days during storage.
B. Samples irradiated on various days of ice-storage and analysed immediately.
C. Samples irradiated on various days of ice-storage and analysed on 15th day of storage.

Temperatures during storage were recorded round the clock using thermographs. 
Representative samples were examined at regular intervals for physical, chemical, 
bacteriological and organoleptic parameters including total bacterial count (TBC), 
total volatile basic nitrogen (TVBN), thiobarbituric acid value (TBA), free fatty 
acids (FFA), peroxide values and organoleptic evaluation (OS), as reported 
earlier [8].

The high resistance to radiation o f some enzymes in foods could lead to 
undesirable textural alterations during storage. Therefore the effect o f irradiation 
was assessed in terms of shear force (SF), water-holding capacity (WHC), plasticity 
index (PI), drip loss and pH o f mackerel stored at 0 —2°C, according to techniques 
described by Awad and Diehl [9].
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FIG.4. Effect of storage temperature on the spoilage rate of unirradiated and radurized 

mackerel. Spoilage rates were computed for TBC, TVBN, OS, FF A and TVA with the equation 

of Spencer and Baines [10].

The effect o f various doses on freshness indices o f mackerel is presented in 
Fig.3, which shows that a dose of 150 krad was optimal for radurization of  
mackerel, giving about 2 to 3-fold extension in the refrigerated storage life. This 
was in keeping with the observed organoleptic scores, as shown in Table II.
Spoilage of both unirradiated and radurized samples was marked by the devel
opment o f putrid odours.

Fishing operations at sea can involve long periods, thus causing possible 
delays prior to irradiation. The duration of ice storage o f the fish before irradiation 
was found to have a marked influence on the post-irradiation shelf-life. It was 
observed, as shown in Table III, that mackerel stored in ice up to a maximum of
5 days prior to irradiation could give maximal shelf-life after radiation treatment.

EFFECT OF TEMPERATURE ON STORAGE STABILITY

The TTT data shown in Fig.4 were calibrated in respect o f the spoilage rate 
in terms of chemical indices, viz. TVBN, TVA and FFA, bacteriological index 
(TBC) and OS, as a function of storage temperature. The rate o f spoilage of
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FIG.5. Changes in physical parameters of unirradiated and radurized mackerel stored at 0-2°C.

PEROXIOE VALUES mg/g  
5 4 3 2 1“ I---

F F A  VALUES >umol/g 
30 ¿0 50 60

5 4 3 2 1
CARBONYL VALUE m g /100 g

1 2 3 4 5 6 7
ТВ A VALUES m g MALONALDEHYOE /  kg

FIG.6. Oxidative changes in mackerel processed by different treatments, expressed in terms 

of FFA, TBA, peroxide value and carbonyl value.
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FIG. 7. Changes in TBA and peroxide values in air and vacuum-packed mackerel on irradiation 

and during subsequent storage in ice.
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FIG.8. Microflora profiles of unirradiated and radurized mackerel stored at 0 and 5°C.
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FIG.9. Microflora profiles of unirradiated and radurized mackerel stored at 10, 15 and 20°C.

control and radurized samples was ascertained using the classical Spencer and 
Baines equation, viz., u = v (1 + с в), where u = rate of spoilage at 0°C, v = rate 
of spoilage at 0°C and с = temperature coefficient [10]. It is apparent that in the 
control samples TBC, TVBN, TVA and FFA increased progressively as a function 
of storage temperature and showed a good correlation with OS. These findings 
agree with those o f other workers [11]. However, the irradiated samples registered 
no significant increase in TBC, TVA and FFA during storage at elevated temper
atures — only TVBN values parallelled those o f OS.

STUDIES OF PHYSICAL PARAMETERS

The radurized fish samples exhibited better textural properties during 
storage, as shown in Fig.5. The SF values in both the control and radurized 
samples indicated a reduction during storage at 0—2°C. However, the initial SF 
of 2.6 kg in the control samples was reduced to 1.3 kg after 10 days’ storage, 
while a similar effect was observed in the radurized samples only after 20 days.
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FIG.10. Microflora profiles of unirradiated and radurized mackerel stored at 0—20 C. The 

unirradiated samples were examined after storage for 10, 5, 5, 3 and 2 days at 0, 5, 10, 15 and 

20°C, respectively. The irradiated samples were stored for 25, 15,10, 4 and 3 days at 0, 5, 10 

and 20°C, respectively.
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FIG.ll. Ultra-violet and gamma radiation survival curves for Bacillus sp. 128 spores isolated 

from radurized mackerel. Corresponding radiation survival curves for Clostridium botulinum 
33A spores were taken from Ref. [7].

The WHC values also reduced rapidly both in the control and radurized samples 
within 5 and 10 days respectively, and thereafter stabilized during the entire 
storage period. PI increased concomitantly with the decrease in WHC of control 
and radurized samples. The drip loss was similar in both control and radurized 
samples, in the range of 3—5%. The pH o f the muscle in both the control and 
radurized samples increased from 5.9 to 6.3 within the first 5 days and remained 
constant thereafter.

COMPARATIVE OXIDATIVE CHANGES IN MACKEREL PROCESSED BY 
DIFFERENT METHODS

An assessment o f  the oxidative deterioration in processed and stored 
mackerel was made by estimating the primary and secondary products o f oxidative 
reactions. These included analysis o f peroxide value, carbonyl value, thiobarbituric 
acid value and free fatty acid in the muscle, according to the method o f Kamat 
and Kumta [12]. Figure 6 depicts the status of peroxides, malonaldehyde, 
carbonyls and free fatty acids in processed mackerel. It is evident that all these
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TABLE IV. QUALITY ATTRIBUTES OF RADURIZED MACKEREL 
TRANSPORTED FROM BOMBAY3

Storage Organoleptic score TBC/g TVBN
period (mg/100 g)
(d) Control Radurized Control Radurized Control Radurized

7 8 9 4.5 X 10s 2.8 X 104 21.20 24.40

13 7 8 9.2 X 10s 3.9 X 105 30.84 28.84

21 4 7 3.5 X 106 8.9 X 10s 36.80 29.52

28 - 6 8.5 X 107 4.6 X 107 40.19 31.15

a Analysis done by Department of Food Technology and Biochemical Engineering, 
Jadavpur University, Calcutta.

values were highest in sun-dried mackerel. In radurized mackerel oxidative 
degradation during storage was comparable to that in fresh and processed mackerel. 
These findings therefore indicate that the radiation treatment does not seem to 
cause excessive oxidative deterioration so as to adversely affect the quality 
attributes.

Since radiation-preservation processes essentially depend on the destruction 
of bacteria, radiation-processed foods should be packed in suitable containers to 
prevent recontamination o f the food. Our earlier studies with different types of 
foods have shown the suitability o f polyethylene pouches for radurized fishery 
products [13]. For radurized mackerel, too, the fish were packed in polyethylene 
bags (0.075 mm thickness) prior to irradiation and subsequent storage. It was 
anticipated that mackerel, being a medium fatty fish, would be susceptible to 
rancidity. However, although the TBA and peroxide values tended to be high in 
air-packed pouches, the radurized mackerel were organoleptically ácceptable. It 
was observed that vacuum packaging of mackerel could cause considerable 
reduction in these chemical indices, as shown in Fig.7. However, vacuum packaging 
exhibited a major limitation in respect o f excess drip exudate in the pouches on 
prolonged storage, which could lead to lack of consumer acceptance o f the 
product. On the other hand, air-packaging of irradiated fresh mackerel afforded 
fairly satisfactory results, particularly because the products were otherwise 
comparable on the basis o f sensory evaluation.

EFFECT OF STORAGE TEMPERATURE ON MACKEREL MICROFLORA

From 50—100 colonies were picked up for taxonomic studies from, each 
sample stored at different temperatures. The individual isolates were streaked on
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Storage Organoleptic score TBC/g TVBN
period (m g/1 0 0 g)
(d) Control Radurized Control Radurized Control Radurized

8 8 8 1.5 X 103 8 .8  X 103 16.50 21 .4 9

15 6 8 2 .4  X 106 2 .6  X 10s 3 5 .96 25 .23

23 4 7 3.1 X 10 7 5.8 X 106 4 2 .3 6 31 .4 6

35 - 5 7.5 X 108 3.2  X 10s 51 .18 4 2 .3 0

TGE agar and examined for morphological features and routine biochemical tests 
for identification up to the generic level. Figures 8, 9 and 10 depict the generic 
distribution o f bacteria isolated from the fish samples stored at 0, 5, 10, 15 and 
20°C. As can be seen, the initial and terminal microflora o f radurized mackerel 
were predominantly Micrococci at all storage temperatures.

The initial flora of the unirradiated samples stored at 0—10°C were pre
dominantly Pseudomonas spp. and Micrococcus spp., while the terminal flora 
consisted mainly of Pseudomonas spp. and Enterobacteria spp. On the other hand, 
the initial microflora of mackerel stored at higher temperatures (15 and 20°C) 
consisted o f a high percentage of Micrococci, while the terminal flora comprised 
Micrococcus spp., Enterobacteria spp. and Bacillus spp. In the irradiated mackerel 
stored from 0—20°C Micrococci were consistently encountered both on the initial 
and final days of storage. However, a high incidence of Bacillus spp. was observed 
in the terminal flora of radurized fish stored at 15 and 20°C.

Several isolates of Micrococcus spp. and Bacillus spp. from radurized mackerel 
were examined for their response to gamma radiation. Of these, the spores of 
Bacillus sp. 128 were observed to exhibit exceptionally high resistance to both
u.v. and gamma radiation (Fig.l 1). The gamma-radiation survival curve o f spores 
of Bacillus sp. 128 was characterized with a shoulder extending beyond 500 krad 
and the D 10 value o f the exponential portion was 375 krad. The u.v. survival 
curve of these spores was exponential, with a D 10 value of 8550 erg/mm2. The 
reported survival curves o f the most radio-resistant spores of Clostridium botulinum  
Type 33A [14] have been included for comparison. It can be seen that the spores 
of Bacillus sp. 128 were more radio-resistant than those of Cl. botulinum  Type 33A 
by several orders o f magnitude. Studies with both spores and vegetative cells of 
Bacillus sp. 128 are in progress.
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Studies on the transport o f the processed fish were conducted in collaboration 
with Jadavpur University, Calcutta. Fresh mackerel were dressed and air-packed 
in polyethylene bags and irradiated at 150 krad, as described above. The fish 
were then packed with three times their weight o f ice in plywood boxes 
(60 X 50 X 40 cm) lined with 20 mm thermocole, and despatched by rail to 
Calcutta, about 2000 km away from Bombay and requiring two days in transit. 
After reaching Calcutta the fish were stored at 0 —2°C. Representative samples 
were examined periodically for chemical, bacteriological and organoleptic quality 
indices. Table IV shows the pattern of change of TBC, TVBN and organoleptic 
score o f the transported fish as analysed at Calcutta, which revealed that the 
extension in shelf-life reported from Calcutta for the transported fish was compa
rable with the results obtained with the counterparts held in our laboratory 
(Table V).

In India there has yet been no reported case of food poisoning where 
Clostridium botulinum  has been implicated as the etiological agent. This is 
probably for two reasons: (a) the preference is for fresh seafoods, which are 
always consumed after cooking; and (b) smoked seafoods, which pose the greatest 
threat o f botulinum poisoning, have not yet been put on the market. Nevertheless, 
as a safeguard against C. botulinum  Type E hazard, it has been stipulated that 
radurized seafoods be transported in ice or stored below 3°C. In the event of the 
radurized seafood consignment being inadvertently exposed to higher temperatures 
for prolonged periods, it is presumed that spoilage sets in prior to toxin formation 
and the fish is rejected. In the rare instance that the radurized seafood contains 
an abnormally high content of C. botulinum  Type E spores and this seafood has 
been exposed to high temperatures either during transportation or storage, leading 
to toxin formation before spoilage, one may expect that the food would still be 
safe since it would be cooked before consumption. The most heat-resistant strains 
of C. botulinum  Type E are reportedly inactivated by a factor of 1010 after boiling 
at 100°C for only 20 seconds and the toxins are even more heat-sensitive, being 
destroyed after heating to 65°C for 5 minutes [13].

TRANSPORTATION STUDIES ON IRRADIATED MACKEREL
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DISCUSSION

J.G. VAN KOOIJ : Why do you employ two kinds o f packaging material? 
This makes the radurization process expensive.

G.B. NADKARNI: I agree. In the present studies packaging was used to 
prevent reinfection. However, we shall be reconsidering the packaging procedure 
with a view to reducing costs.

T. GRÜNEWALD: I understand from your tables that the shelf-life of 
the unirradiated mackerel is 10— 12 days but that if you irradiate just before the 
end o f this period, say on the 9th day, you prolong the shelf-life by 12—13 days. 
What was the criterion for the end o f the shelf-life — sensory evaluation or 
microbial count?

G.B. NADKARNI: Sensory evaluation was the main criterion. As stated 
in our earlier publications, the spoilage organisms are quite radiosensitive and 
destroying them by irradiation leads to the reduced spoilage.
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K.H. CHADWICK: Could you tell us how long the fish can be kept at 
ambient temperature after irradiation at 150 krad?

G.B. NADKARNI: The storage life of fish at ambient temperature under 
tropical conditions is not extended to any significant degree. Radurization 
eliminates certain spoilage microorganisms but does not control hydrolytic 
enzyme activity. The fish becomes unacceptable within a short time if stored 
at tropical ambient temperature.
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Abstract

SOME CONCLUSIONS FROM SHIPBOARD EXPERIM ENTS ON THE RADURIZATION  
OF WHOLE FISH IN THE FED ER A L REPUBLIC OF GERMANY.

Redfish and haddock were radurized (1 0 0  krad) with the X-ray facility onboard the 
research vessel “ Anton Dohrn” . The whole fish were stored under crushed ice. In addition, 
whole haddock packaged in plastic pouches under vacuum were studied. In general, during 
the first 16 days of storage no marked difference in the sensory quality between irradiated 
and unirradiated samples was observed. Bacteriological and chemical analyses proved the 
effectiveness of radurization to reduce the microbial flora usually responsible for spoilage. 
When compared with the results from other shipboard experiments and laboratory studies, 
the results of sensory evaluation are also in general accordance -  if the same criterion for the 
judgement of final quality is used. After a storage period longer than 16 days occasionally 
the irradiated samples were scored higher than the unirradiated ones, but then the quality 
was no longer acceptable. If a lower criterion for shelf-life extension is used, it may be stated 
that a considerable shelf-life extension results from irradiation. By the standards used in our 
experiments, it is not possible to  preserve an acceptable quality and to  extend the shelf-life 
of ocean fish under the conditions prevailing in practical fishing. Taking into account the 
many factors that influence the results of such studies, it is not excluded that under other 
conditions the beneficial effects of radiation processing may be observed.

INTRODUCTION

Shipboard irradiation o f whole fish could be o f great significance to the 
German fishing industry [ 1 ]. Distances from fishing grounds o f Greenland and 
Iceland to German harbours are such that wet fish has often reached the limit

321
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of its storage life at the time of landing. Any method extending the shelf-life 
would reduce the losses and would improve the economics o f the fishing opera
tion. As early as 1967 a mobile irradiator was used to demonstrate to the German 
fishing industry the possible extension of shelf-life by irradiation [2]. At the 
same time information became available that in the USA research vessels would 
be equipped with onboard irradiators. This led to the development of a research 
programme in the Federal Republic o f Germany and the fisheries research vessel 
“Walter Herwig”, later renamed “Anton Dohm ”, was provided with an onboard 
X-ray irradiator. The preliminary results obtained up to March 197 5 have been 
published elsewhere [3-6] Two further cruises in 1975 served for radurization 
experiments with haddock [7] and redfish [8].

Soviet investigators reported that the research vessel “Akademik Knipovich” 
was equipped with an onboard irradiator called “Stavrida” [9]. Dosimetric 
studies [10] and preliminary results [11] have been published. Another report 
concerns only land-based studies [12]. In the USA three vessels were supplied 
with onboard irradiators. The “Oregon” served for onboard studies with shrimp 
[13, 14], the irradiator was also used for some land-based studies. The “Miller 
Freeman” was used for studies with Pacific varieties of ocean perch, cod and 
other species [15, 16]. Probably the most extensive studies were conducted on
board the “Delaware” [17, 18]. Some early studies on unpackaged redfish [19] 
were not followed up [20] and nearly all other studies used whole fish packaged 
in sealed plastic pouches [21, 22]. The onboard experiments in the USA were 
terminated in 1967.

Although the majority o f  publications on radurization o f fish deal with 
prepackaged fish fillets, earlier reports [23-25] suggested that shipboard irradia
tion might be a successful tool for shelf-life extension of unpackaged whole fish. 
Our own preliminary experiments [26, 27] seemed to confirm these findings, 
but later studies [5, 6] could not prove the shelf-life extension. To elucidate 
the possible reasons for these differences some experiments with haddock [16,
17, 21, 28-30] were repeated on board the “Anton Dohrn”. In addition, the 
influence o f dose distribution and gas atmosphere was studied [31]. The main 
experiments on haddock [7] and redfish [8] were supplemented by smaller studies 
with cod and saithe [6].

MATERIALS AND METHODS

The fish samples were caught off Iceland, the Faroes and the Lofoten. The 
biological variations between the various series were large due to the different 
seasons and fishing grounds. The samples were processed with the onboard X-ray 
irradiator [32]. The irradiator was set to achieve an average dose of 100 krad per 
pass o f the samples. This resulted in a minimum dose o f 65 krad, a maximum
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dose of 130 krad and a uniformity ratio o f 2.0. A few supplementary experi
ments used a minimum dose of 100 krad. For the latter series the diameter of 
the irradiation cartridges was reduced, resulting in uniformity ratios o f 1.8 and 
1.4 [7, 31]. The dose was monitored by thermoluminescent dosimeters (lithium 
borate, Teflon embedded) at the same position in each cartridge. The dose 
distribution was measured for the different irradiation geometries.

Immediately after catch the fish were sorted, washed and stored in a 
refrigerated room at about 0°C before further treatment. In the series with 
packaged fish the plastic pouches were evacuated and sealed and then treated 
as the other series. Generally, the fish were placed together with crushed ice 
into the irradiation cartridges. An irradiation cycle took about 45 minutes with 
an actual treatment period of 15 minutes. Irradiated and unirradiated samples 
were stored in large plastic boxes or wooden hocks for the series. All samples 
were buried under melting ice. One series of irradiated redfish samples was 
re-irradiated on the sixth day of iced storage.

For sensory evaluation the fillets o f one fish sample were put in a loosely 
covered glass jar and cooked for 30 minutes in a water bath. The coded samples 
were presented to 6 to 12 testers. A 9-point scoring scheme was used [7]. 
Chemical freshness indices were also determined. For the bacteriological in
vestigations skin samples were taken. In a first step aerobic counts were deter
mined; no anaerobic counts were estimated. From the plate cultures (80-100 
samples for each treatment and time of sampling) colonies o f microorganisms 
were transferred to suitable media and differentiated by taxonomy. The isolates 
were also examined for their biological activity on proteins and amino acids 
present in fish. The details o f the procedures are given elsewhere [3, 6, 33]. 
Sensory, chemical and bacteriological evaluations took place on board and were 
estimated after return to the laboratory.

EXPERIMENTAL RESULTS

The redfish experiment of July 1975 (185th cruise of “Anton Dohm”) is 
most important in relation to sample size, number o f treatments and variations 
in storage, and size of the taste panel. Figure 1 shows the results of the flavour 
evaluation. In general, there is no significant difference to be observed between 
irradiated and unirradiated samples whether stored in boxes or in hocks. A 
tendency to higher ratings for the irradiated samples may be seen only after 
storage for three weeks and more, but the general quality is already low. If we 
choose 5 as the limiting value for marketable quality (which is a reasonable 
choice [7, 34, 35]), this borderline was reached after about 16 days of iced 
storage by all samples regardless of differences in treatment. Consequently, 
onboard radurization treatment o f unpackaged redfish does not offer a useful
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storage time in days

FIG.l. Flavour scores o f  irradiated and unirradiated redfish as a function o f  storage time 
(185th cruise o f  “A nton Dohrn”). A ll samples stored unpackaged, whole, under crushed 
ice in plastic boxes and wooden hocks. The vertical bars indicate the one-sigma range o f  
judgements. On the 18th and 25th day few  samples were served in duplicate. 9-point 
sensory scale: 9 - superior quality; 6 - limit o f  high-quality life; 5 ■ limit o f  practical 
storage life; 2 - borderline o f  spoilage.
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FIG. 2. Relative composition o f  the bacterial flora from  irradiated and unirradiated redfish 
(185th cruise o f  “Anton Dohrn ”) stored under different conditions under crushed ice. A ll 
samples stored unpackaged whole.
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flavour sco re

183. + 185 c ru is e  "Anton Dohrn"

+  X  unirradiated, u n p a c k e d  

О  A  unirradiated, p la s tic  p o u c h e s

FIG.3. Flavour scores o f  irradiated and unirradiated haddock as a function o f  storage time 
(183rd and 185th cruise o f  “A nton Dohrn "J. The fish were stored unpackaged or in plastic 
pouches under vacuum and buried under crushed ice. The vertical bars indicate the one-sigma 
range o f  judgements. 9-point sensory scale: 9 - superior quality ; 6 - limit o f  high-quality 
life; 5 - limit o f  practical storage life; 2 - borderline o f  spoilage.

extension o f shelf-life. Figure 1 presents only the scoring for flavour, the 
evaluations for odour and general appearance showed a similar development. 
Repeated irradiation did not cause any difference in the general sensory judgement.

The total viable count in the irradiated samples was lower than in the un
treated ones until the 18th to 25th day o f storage. The flora o f the irradiated 
samples was dominated by biologically active Pseudomonas, whereas the un
irradiated samples showed an unusual large portion of Moraxella species (Fig. 2).

The chemical indices (content o f TMA-N and TVB-N) were in accordance 
with the sensory and bacteriological evaluation for the unirradiated redfish. 
Chemical indices increased considerably more slowly in the irradiated samples 
than in the untreated ones. Thus, in contrast to the sensory evaluation, the 
chemical indices indicated a shelf-life extension due to irradition.

The flavour evaluation of whole haddock is presented in Fig. 3. For the 
first 16 days o f storage no difference between the several treatments is obvious. 
After more than 16 days the irradiated, vacuum-packaged samples are rated 
significantly higher than the unirradiated ones. There is no marked difference 
between the unpackaged and the packaged unirradiated fish. If a score o f 5 is 
again chosen as the borderline for acceptability, the effect o f irradiation becomes 
only noticeable after more than 16 days o f storage, when the samples have no 
longer a good or even fair quality.
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storage time in days

FIG. 4. Comparison o f  sensory evaluation o f  haddock from  similar experiments onboard 
the “Delaware” and the “A nton Dohrn". (The sensory scales are adjusted for borderline 
o f  spoilage, i.e. score 2 o f  5-point scale and score 4 o f  9-point scale.)

COMPARISON WITH OTHER SHIPBOARD EXPERIMENTS 
AND DISCUSSION

Most experiments reported in the literature have been carried out under 
conditions different from those prevailing in our shipboard experiments. Our 
studies were designed to take into account the condition o f the fisheries in the 
Federal Republic o f Germany [ 1 ] : storage, unpackaged and in bulk, is indispens
able. Redfish is an important species by amount and value to the German market. 
Hardly any studies with redfish are reported in the literature. The few available 
data on Pacific ocean perch seem to correspond to our experiments. An average 
dose o f 100 krad was chosen with minimum and maximum dose values o f  70 
and 140 krad, resulting in a uniformity ratio of 2.0. No significant shelf-life 
extension was observed. The odour of all samples gradually deteriorated with 
storage time. A slight discoloration was observed in the fillets cut from the 
irradiated fish [36]. This finding shows some relationship to our observations 
with redfish [6]: in some cases the red skin of the fish showed a discoloration 
to yellow, the red shade o f the fillets was intensified, inconsistently, and some
times a very specific flavour of rancidity was noticed in the fat portion o f the 
fillets. The final conclusion from the experiments onboard the “Miller Freeman” 
was that the fish irradiated in the round should be processed within two weeks 
after catch [16]. This is an indication o f insufficient shelf-life extension and in 
accordance with the conclusions from our experiments.
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The number o f publications on the microflora o f radurized redfish is small.
An experiment by Soviet authors studied the influence of vacuum packaging on 
the microflora of redfish fillets [37]. American authors compared the effect of 
chemical preservatives, freezing and irradiation [38]. Pseudomonas, which 
determined the composition o f the initial flora on the redfish fillets, were domi
nated after irradiation with a dose o f 100 krad by Achrom obacter (today 
differentiated as Moraxella and Acinetobacter). A model study [39] in which 
aseptically incised fish muscle was inoculated with laboratory strains of Pseudo
monas and Achrom obacter in general showed similar results. Even under quite 
different experimental circumstances a similar shift in the microflora was ob
served with Bombay duck [40]. It is well known that shifts in the composition 
o f the microflora caused by irradiation can lead to the appearance o f new smells 
and new paths o f  spoilage [41-47]. This may explain our sensory observation 
o f the absence of any shelf-life extension. The usual spoilage flora is reduced 
by irradiation and the usual chemical indices do not increase, while the surviving 
microflora causes a different spoilage pattern that is well recognized by sensory 
methods. In our experiments with unpackaged whole redfish the reduced flora 
of the irradiated samples was dominated by Pseudomonas and the surviving 
proteolytic bacteria showed only low activities. This observation explains the 
low chemical indices for these samples.

Multiple dose irradiation is said to be more effective than a single treatment. 
Irradiation with 50 krad immediately after catch and a second treatment after 
a suitable storage interval again with 50 krad was reported to have the same result 
as a treatment with one dose as high as 300 krad [48, 49]. In our experiments 
the effect of re-irradiation could be traced (Fig. 2) but with regard to sensory 
quality and shelf-life o f redfish no difference to the other treatments was observed.

The haddock irradiated on board the “Delaware” was evaluated using a 
5-point scale. To be comparable with our data the scale had to be transformed.
A conversion factor of 2 is used in Fig. 4, adjusting the scores for onset o f spoilage 
(2 on the 5-point scale and 4 on the 9-point scale). The sensory evaluation of 
haddock from the “Delaware” [17] and o f haddock from our experiments on 
board the “Anton Dohrn” is in agreement. No significant difference between 
irradiated and unirradiated samples, packaged in hermetically sealed plastic pouches, 
was observed during the first two weeks o f storage. The unirradiated samples 
from the “Delaware” showed a retarded spoilage when compared with the samples 
from the “Anton Dohrn”. However, this became noticeable only after a storage 
over more than two weeks when the general quality was already low. By our 
definitions (cf. Refs [7, 34]) 5 is the limit value for marketable quality. This limit 
was reached after 2-3 weeks. A useful shelf-life extension should preserve a high 
quality. Such a shelf-life extension could not be observed with packaged whole 
haddock.
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From our experiments and from the data reported in the literature we have 
to conclude that the onboard irradiation of whole, unpackaged or packaged 
ocean fish is not worthwhile. The final quality of the fish irradiated on board 
does not include a quality reserve for the consumer. This does not exclude that 
under other circumstances, e.g. with shrimp meat in retail packs [50] or with 
filleted fish, beneficial effects o f irradiation may be observed.
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DISCUSSION

P. LOAHARANU: Your results appear to contradict those o f work done 
on the on-shore irradiation o f fish. Could you please tell me what the microbial 
load o f the fish was after catching and both immediately before and after 
irradiation?

D.A.E. EHLERMANN: The initial microbial load was 104 organisms/cm2 
of the skin, and immediately after radiation treatment it was less than 100/cm2. 
The full details will be published soon (see also Ref. [33] of the paper).

I cannot agree that our results contradict those o f the many dock-side studies 
with fish. The effectiveness o f radiation processing is dependent upon all the
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relevant conditions, such as dressing, packaging and storing o f the fish. We applied 
the conditions prevailing in the German fisheries for redfish: ungutted fish are 
washed and stored in bulk under melting ice. These different preconditions lead 
to different results. However, our results agree quite well with those o f similar 
and comparable experiments.

G.F. WILMINK: You used an X-ray facility and a dose of 100 krad for 
radurizing whole fish, although the Joint FAO/IAEA/WHO Expert Committee 
(in 1977) recommended isotope sources and fast electrons as the most suitable 
type o f radiation for reducing the microbial spoilage o f unpackaged fish. Could 
it be that machine sources are less favourable for the irradiation o f fish?

D.A.E. EHLERMANN: No, I don’t think so. The physical effectiveness of 
X-rays and gamma rays is essentially the same in the range of energies used in 
food irradiation, and in our studies with vacuum-packed fish fillets, irradiated on 
board with X-rays, the expected extension o f shelf-life was in fact achieved.
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Abstract

IRRADIATION O F FISH ER Y PRODUCTS, ESPECIA LLY SHRIMPS AND COD/PLAICE  
FILLETS.

A great number of experiments have been carried out on irradiation of shrimps and 
prepacked cod and plaice fillets. The aim of these studies was to  discover whether the irradiation 
of these products is justifiable from a technological point of view. Thus, much attention was 
paid to organoleptical properties during storage periods in actual conditions (4°C ). These 
properties in fact determined the shelf-life. Chemical and microbiological changes have not 
been neglected, however, in our studies.

INTRODUCTION

Although many foreign institutes had published their irradiation results in 
the last 10—15 years [1—4], we started research on the irradiation o f cod and 
plaice fillets and of shrimps some years ago [5, 6]. The reason was that, despite 
these publications, we were unable to give a justifiable answer to the question:
“is the irradiation o f these fishery products feasible or not? ” . An answer to a 
question like this was difficult not only on the basis o f foreign studies but also 
because several parameters such as catching season, fishing grounds, freshness o f  
the raw material and hygiene in processing both at sea and ashore may influence 
the shelf-life o f fish in general and o f irradiated products in particular. Even if 
these influences were known, it is hard to believe that they could be transferred to 
Dutch circumstances. The crucial point was that we had a strong wish to advise 
industry about irradiation possibilities in connection with the above-mentioned 
parameters, for which we could not take the responsibility at that moment.

The research was sponsored by the Dutch government. Part of the work, 
that on shrimps, was also subsidized by the EEC Commission.

Our work was limited to technological research, although due account was 
taken o f chemical and microbiological1 changes. Wholesomeness was not 
considered in our studies.

1 F or further details see van SPREEKENS, Kitty J.A ., TO EPOEL, L ., these Proceedings, 
Paper IAEA-SM -221/45.
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From the beginning a Steering Committee has taken part in the discussions 
about this work, composed of representatives o f the government, industry and 
institutes. Towards the end o f the work this Committee was convinced that the 
introduction of irradiated fish and shrimps should be given a fair chance. They 
therefore supported a request to our Ministry o f Health for a permit to irradiate 
the products concerned and to sell them, albeit on a limited scale.

There is no indication so far that if  such a wide experiment is successful, 
the process as such will be permitted in future. The experiments were started at 
the beginning of September. The initiator is a company that supplies food to  
institutions. This company wished to deal with fish under two, in principle 
contradictory, conditions. They are:

(a) Ice (0°C) could not be used because melting water is not allowed to 
drain in the cold storage room;

(b) Throughout the distribution cycle (one week) the fish should be kept 
in a good condition.

It would be hard to find a solution to these requirements other than 
irradiation.

Although permission to irradiate shrimps under the same conditions was 
also given, there is no indication that this will start soon. One o f the bottlenecks 
is undoubtedly the fact that the permission is limited to our country and that 
the biggest problems, if any, occur with the exporters. We expect that as soon 
as our export countries remove their restrictions the irradiation of shrimps on a 
limited scale will start as well.

FRESH FISH 

Introduction

Our experiments were limited to cod and plaice fillets because these were 
the most important fish products when the experiments started. In the Steering 
Committee’s opinion, fillets offered more problems than ‘whole’ fish, so for 
financial reasons priority was given to fillets. The following parameters may 
influence the shelf-life o f  fish:

Number o f days after catching
Method o f handling (cuts, bruises, blemishes, etc.)
Storage temperature 
Hygienic conditions.

It is easier to keep the last two under control with whole fish than with fillets. 
During filleting the fish temperature rises again. It is not very easy to cool them
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down because it is inadvisable to bring fillets into direct contact with ice. The 
level o f hygienic working is o f  importance for the shelf-life as well, especially 
because filleted fish is much more sensitive to bacteria than whole fish with the 
skin on.

The influence of the above-mentioned parameters has been studied.
Because o f  the difficulty of temperature control after filleting, we carried out 
most of our experiments at a storage temperature o f 4°C, this being a tempera
ture that can be maintained in refrigerated counters under certain conditions.

The shelf-life o f  irradiated fish depends to a certain extent on the irradiation 
dose. This effect was part of the studies as well, though not very extensively.

Materials and methods

Raw material

In general, fish that had been kept on ice for about one day was used. On 
special occasions, i.e. where the influence o f  freshness was studied, fish was 
kept longer in our institute.

Normally the fish was filleted under good hygienic conditions in the same 
way as done in more sophisticated factories. In a few cases bad industrial 
practices were employed.

Packaging materials

Two types o f packaging were tested, aerobic and anaerobic. In the former 
the fillets were placed on a paperboard tray, which was wrapped with a foil with 
good gas-permeable properties.

Irradiation

During irradiation, which took place in the Wageningen pilot plant (60Co,
150 000 Ci), the fish have been kept at 0°C, which was very easy because 
the packages to be irradiated were surrounded by ice. In most cases the dose 
was 100 krad. The total irradiation time was 50 min.

Storage temperature

Except in a few cases the samples were stored at ~4°C.

Analytical methods

The main conclusions were drawn from organoleptical sessions on the basis 
o f a 9-point scale with 0 as the lowest and 9 as the highest quality.
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The sample was assumed to be unfit for human consumption where the 
4.0 line was passed by one o f the characters raw odour, odour and flavour in the 
cooked state, or consistency. The consequence o f this system is that a sample 
may be discarded because of bad consistency and not because o f freshness; in 
such a case the chemical indices or the bacterial count are not high. It may also 
occur that the raw odour is below and the odour and flavour scores are above 
the borderline. In such cases the samples were also discarded. The members of 
the taste panel were also asked to indicate whether they detected any special 
irradiation odour or flavour.

Testing in the cooked state was done after cooking the fillets in a casserole 
which was put above a steam bath for 15—20 minutes.

In addition, spoilage products such as trimethylamine (TMA) for plaice and 
hypoxanthine (Hx) were determined2 [7 ,8 ]. Due attention was given to micro
biological changes3.

Results

The results o f these experiments are summarized in Tables I to X. 

Discussion o f the results

An irradiation dose o f 200 krad may be successful in destroying micro
organisms, from the consumer’s point o f view, however, it cannot be accepted.
A dose o f 100 krad is to be preferred since, although same gourmets may detect 
a little off-odour or flavour, it results in a quite acceptable product.

Although not mentioned in the tables, irradiated cod and plaice have a 
somewhat less pronounced character than unirradiated ones. This means that 
immediately after irradiation consumers may like very fresh unirradiated fish 
more than irradiated products from the same raw material.

In both plaice and cod a much better shelf-life was achieved for vacuum- 
packed irradiated fillets. We do not advocate this type o f packing because it has 
a bad appearance and may give rise to troubles that cannot be foreseen.

The freshness o f the raw material has a very clear influence on the shelf- 
life o f irradiated fillets.

2 Those who are interested in the analytical methods are requested to write to the 
chemical department of our institute.

3 F o r details of this part of the experiments see the paper by van SPREEKENS, Kitty J.A., 
TOEPOEL, L ., these Proceedings, Paper IAEA-SM -221/45.
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TABLE I. INFLUENCE OF IRRADIATION DOSE AND PACKAGING ON THE
SHELF-LIFE OF PREPACKED COD FILLETS STORED AT 4°C (in days)

Dose

Packaging 0  krad 1 0 0  krad 2 0 0  krad

Aerobic 3 .0 6.5 a

Vacuum 3.2 1 2 .0
a

a Samples discarded because of a too pronounced irradiation odour and flavour.

TABLE II. INFLUENCE OF IRRADIATION DOSE AND PACKAGING ON THE 
SHELF-LIFE OF PREPACKED PLAICE FILLETS STORED AT 4°C (in days)

Dose

Packaging 0  krad 50  krad 1 0 0  krad

Aerobic 4.1 9.3 11.9

Vacuum 9 .0 21 .9

TABLE III. INFLUENCE OF FRESHNESS ON SHELF-LIFE OF IRRADIATED 
VACUUM AND NON-VACUUM PREPACKED COD FILLETS STORED AT 
4° С (in days)

Freshness and 
packaging 0  krad

Dose 

50  krad 1 0 0  krad

0  days in ice, aerobic 6.4 9 .6 1 1 .6

0  days in ice, vacuum 16.0 23 .0

7 days in ice, aerobic 3.2 3.6 5.5

7 days in ice, vacuum 4.3 15.5
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TABLE IV. INFLUENCE OF FRESHNESS ON SHELF-LIFE OF IRRADIATED
NON-VACUUM PREPACKED COD FILLETS STORED AT 4°C (in days)

Days in ice
Dose
(krad) 1 5 8 12

0 7.8 4.7 4 .6 1.9

1 0 0 18.5 10.3 1 0 .0 6.3

TABLE V. INFLUENCE OF FRESHNESS ON SHELF-LIFE OF IRRADIATED 
NON-VACUUM PREPACKED PLAICE FILLETS STORED AT 4°C (in days)

Dose Days in ice
(krad) 1 6  10 13

0 9.1 5 .6  2 .6 2.3

1 0 0 14.7 11.3 5.7 2.5

TABLE VI. AVERAGE NUMBER OF DETECTIONS OF WHETHER A SAMPLE 
OF PREPACKED COD FILLETS HAD BEEN IRRADIATED WITH 100 krad, 
EXPRESSED IN % AS A FUNCTION OF NUMBER OF DAYS IN ICE

Days in ice
Dose
(krad)

Raw odour Odour and flavour

1 0 3 1

1 0 0 23 23

5 0 12 6

1 0 0 31 26

8 0 11 5

1 0 0 24 18

12 0 8 4

1 0 0 17 7
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TABLE VII. AVERAGE NUMBER OF DETECTIONS OF WHETHER A
SAMPLE OF PREPACKED PLAICE FILLETS HAD BEEN IRRADIATED WITH
100 krad, EXPRESSED IN % AS A FUNCTION OF NUMBER OF DAYS IN ICE

Days in ice
Dose
(krad)

Raw odour Odour and flavour

1 0 4 5

1 0 0 50 16

6 0 2 7

1 0 0 52 14

10 0 5 5

1 0 0 43 19

13 0 0 5

1 0 0 40 11

TABLE VIII. SHELF-LIFE OF PREPACKED COD AND PLAICE FILLETS IN 
RELATION TO DAYS IN ICE AND HYGIENIC CONDITION STORED AT 
4°C (in days)

Species Days in ice
Filleting
procedure 0  krad

Dose

1 0 0  krad

Cod 1 I.F.P . 6 .0 1 1 .6

commercial 4 .3 11.4

6 I.F.P . 3 .0 8 .0

commercial 0.5 3.1

Plaice 1 I.F.P. 7.9 13.0

commercial 5.6 9.8

6 I.F.P . 4.2 10.0 '

commercial 2.9 6.9
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TABLE IX. INFLUENCE OF THE STORAGE TEMPERATURE ON THE
SHELF-LIFE OF IRRADIATED PREPACKED COD AND PLAICE FILLETS
(in days)

Species
Dose
(krad) o ° c

Storage temperature 

2°C 4° С 6 °C

Cod 0 7.6 5.3 5.1 4.3

1 0 0 9.5 13.3 9.5 7.1

Plaice 0 15.2 1 0 .6 6 .8 5 .4

1 0 0 1 2 .0 1 2 .1 9.1 9.2

TABLE X. DEVELOPMENT OF SPOILAGE PRODUCT AS A FUNCTION OF 
INDICATION AND TIME3

Chemical index

Storage time TMA Hx

(d) plaice cod

0  krad 1 0 0  krad 0  krad 1 0 0  krad

0 1.1 1.1 5 .0 5 .0

1 - - 5.5 5.5

2 1.1 1.1 - -
3 - - 17 7.5

4 1 .2 1.1 - -
7 6.5 2 .0 40 15

8 - - 90 25

9 8 .0 2 .0 - -

11 - - -, 25-

12 - 2 .0 - -

14 - - - 25

15 - 2 .0 - -
16 - 25

The determination of Hx for plaice makes no sense because its content may vary 
enormously. For cod Hx is a better spoilage indicator than TMA.
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Plaice is more sensitive to irradiation than cod, i.e. there is a fair chance that 
the consumer will observe a slight strange odour after opening a package of  
prepacked irradiated plaice fillets. This will hardly be the case in the cooked 
state (see Table VII after deduction o f the number o f mis-indications). The slight 
off-odour is more heat resistant in cod than in plaice. There is a tendency for 
other odours to mask any irradiation odour and flavour as the product grows 
older.

The influence o f good and bad manufacturing practices is very clear, as is I 
quité logical because any reduction o f bacteria by irradiation can be negated by 
an infection during the filleting procedure.

The influence o f the storage temperature is clear, although some results 
are a little confusing. One of the reasons may be the method of testing, as 
mentioned in the section on analytical methods. After a certain point factors 
other than merely freshness may downgrade a sample.

Trimethylamine is a good spoilage indicator for plaice. After an initial 
increase the content remains rather constant in irradiated plaice during the 
storage period. The same can more or less be observed with the hypoxanthine 
content o f  irradiated cod fillets.

SHRIMPS

Introduction

The shelf-life problems o f Dutch shrimps are to a certain extent different 
from those o f fresh fish. Immediately after the catch the shrimps are sorted, i.e. 
separated from the by-catch [9]. They are then boiled in either plain seawater 
or seawater enriched with salt. After boiling the shrimps contain 1% or 3% 
cooking salt, respectively. In the first case the shrimps are destined for inland 
consumption and in the second case for export [2].

After cooking, which lasts 6—10 minutes, the shrimps are practically 
sterile. They are then, however, immersed in seawater to cool them and to 
wash away the remaining by-catch. Because this seawater is not sterile, reinfection 
with the normal marine microflora takes place [10]. The growth rate of such 
flora is rather great, occasionally even one log-cycle per day. The shelf-life of 
Dutch cooked shrimps thus depends on the extent of reinfection. Two methods 
are used to keep them in good condition as long as possible: keeping the 
temperature low and adding a preservative like benzoic acid. Cooling down a 
load o f shrimps is not easy because they are very voluminous and the air included 
acts as insulation [11].

Although benzoic acid is a rather good preservative, it is not liked by many 
consumers because o f its somewhat unpleasant taste. In Holland 1% may be added 
to peeled shrimps.
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As already mentioned, shrimps are rather sensitive, i.e. they may spoil 
quickly. One factor that can hardly be influenced is the composition. Shrimp 
flesh is, in general, richer in free amino acids than that o f fish; moreover, the 
pH is usually rather high. These factors are undoubtedly also responsible 
for the high spoilage rate [12—16].

Landings in Holland are not made every day. Peaks are generally found 
towards the weekend. If irradiation takes place at one Or more ports, an 
irradiation plant will only be profitable if it can work almost every working day. 
This means that the supply has to be spread over more days. Untreated shrimps 
may spoil before irradiation can take place, especially if they are from several 
day-trip boats. We therefore strongly advise the use o f some benzoic acid 
immediately after landing [17]. In our experiments we added 0.4% o f benzoic 
acid. Because it is not easy to spread this small amount o f preservative homo
geneously over the shrimps, the benzoic acid was mixed with cooking salt in a 
ratio o f 1:1. The control samples were given an extra 0.4% o f cooking salt so that 
the final salt concentration was the same for the controls and for the shrimps 
that contained benzoic acid.

Because the shelf-life o f peeled shrimps differs from that o f  unpeeled oneSj 
half the lots were peeled before being packed.

Materials and methods

Raw material

Immediately after catching the by-catch is removed by a rinsing-grading 
machine. The cleaned mass is cooked in boiling seawater. The cooking period is 
prolonged a few minutes after the water starts boiling again. Directly after the 
cooking process the shrimps are cooled down in seawater for about five minutes 
and kept at 0°C up to and including irradiation. As already mentioned, a salt- 
benzoic acid mixture or only salt was added so that shrimps contained either
0.4% extra cooking salt + 0.4% benzoic acid or only 0.4% extra cooking salt. 
Some o f the shrimps were hand-peeled before being packed.

Packaging material

In most cases the shrimps were packed on a plastic tray wrapped with 
polyethylene.

Irradiation

The irradiation conditions were the same as those for fillets.
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Storage temperature

Except for a few cases the samples were stored at 4°C.

Analytical m ethods

The same principles as used for the fish experiments were applied. The 
panel members always received the samples in the peeled condition even if  the 
unpeeled varieties were concerned.

Trimethylamine, hypoxanthine and ammonia were chosen as spoilage 
indices.

An extended microbiological survey was carried out as well [5, 18].

Results

The results o f the shrimp experiments are summarized in Tables XI to XV.

Discussion o f the results

The shelf-life o f shrimps is strongly dependent on the storage temperature in 
both the unirradiated and the irradiated state.

In both unirradiated and irradiated shrimps the shelf-life depends on the 
benzoic acid concentration. In one case the curve was not in conformity with the 
expectations. The samples with higher concentrations were discarded before they 
were spoiled from a bacteriological point o f  view because o f the combination less 
freshness — high benzoic acid concentration. This fact influenced other results 
at higher levels too. A concentration of 0.4% benzoic acid would appear to 
offer good possibilities in practice.

Despite the fact that during peeling the shrimps are infected, peeled shrimps 
have a longer shelf-life than unpeeled ones. The effect o f irradiation with 
100 krad as such and of 0.4% benzoic acid is almost the same. The longest 
shelf-life can be obtained by a combination o f benzoic acid and irradiation. With 
peeled shrimps a synergistic action of 0.4% benzoic acid and irradiation with 
100 krad can be observed. This is not the case with unpeeled shrimps.

The amount o f  the spoilage products TMA and Hx found in shrimps towards 
the borderline o f acceptability depends on the treatment, i.e. whether they have 
been irradiated or not or whether benzoic acid has been added. If no benzoic 
acid is added, a considerable amount o f  TMA can be found in both the irradiated 
and the unirradiated condition. The same can be observed when hypoxanthine 
is determined. The formation o f NH3 seems hardly to be influenced by either 
irradiation or benzoic acid.
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TABLE XI. SHELF-LIFE OF UNPEELED SHRIMPS CONTAINING 0.4% 
BENZOIC ACID AS A FUNCTION OF THE STORAGE TEMPERATURE (in days)

Dose Storage temperature

(krad)
0°C 2°C 4° С 6 °C

0 15.3 11.5 8 .0 6.4

1 0 0 2 7 .6 2 2 .0 16.4 10.9

TABLE XII. SHELF-LIFE OF PEELED AND UNPEELED SHRIMPS AT 4°C 
AS A FUNCTION OF THE BENZOIC ACID CONCENTRATION (in days)

Benzoic 
acid conc. 

(%)
0  krad

Dose
Peeled

1 0 0  krad 0  krad
Unpeeled

1 0 0  krad

0 2.9 7 .9 4.2 1 0 .2

0 .2 6 .3 10.4 6 .2 1 1 .6

0 .4 8 .6 1 1 .0 9.7 14.8

0 .6 1 0 .0 16.0 10.4 19.6

0 .8 11.3 15.2 12.7 17.5

1 .0 14.6 11.3 14.3 2 1 .0

TABLE XIII. AVERAGE SHELF-LIFE OF PEELED AND UNPEELED SHRIMPS 
AS A FUNCTION OF BENZOIC ACID CONCENTRATION AND IRRADIATION 
(in days)

Treatment Peeled Unpeeled

0  krad + 0 % 3.4 2.7

0 krad + 0.4%  benz. 9.1 7 .2

1 0 0  krad + 0 % benz. 7 .0 8.5

100 krad + 0.4%  benz. 17.6 12.9
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TABLE XIV. AVERAGE CONTENT OF CHEMICAL SPOILAGE PRODUCTS 
TOWARDS THE BORDERLINE OF ACCEPTABILITY

Treatment
TM Ain  
mg % N

Spoilage products

Hx in
mg % N

NH3 in
mg % N

Peeled

0  krad + benz. 1.7 2 .2 31

0  krad -  benz. 4.1 1 2 .0 29

1 0 0  krad + benz. 0 .9 4 .6 31

1 0 0  krad -  benz. 4 .8 1 2 .0 26

Unpeeled

0  krad + benz. 2 .6 1 1 .0 28

0  krad -  benz 1 0 .6 18.0 40

1 0 0  krad + benz 2.4 1.1 33

1 0 0  krad -  benz. 3.7 1.5 29

TABLE XV. AVERAGE NUMBER OF DETECTIONS OF WHETHER A SAMPLE OF 
OF SHRIMPS HAD BEEN IRRADIATED WITH 100 krad (in %)

Treatment Peeled Unpeeled

0 krad + 0.4%  benz. 13 13

0  krad + 0 % benz. 4 4

100 krad + 0.4%  benz. 2 0 25

1 0 0  krad + 0 % benz. 19 13

Taking into consideration that in a not negligible number of instances 
members o f the taste panel indicated the wrong samples as irradiated, the chance 
that the average consumer will observe an off-flavour or odour due to irradiation 
is rather small, at least when irradiated with 100 krad under the Wageningen 
conditions.
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CONCLUSIONS

Irradiation o f fish fillets and shrimps may be very helpful in prolonging 
storage life. This may especially be the case if the products are to be sold in 
supermarkets or exported. The former is very suitable because it is not easy to 
sell prepacked fish at 0°C. After irradiation the shelf-life is rather long even at 
4°C. The highest shelf-lives may be obtained if the quality o f the raw material 
is good to excellent and good hygienic conditions are maintained. It cannot be 
excluded that a minority o f  the consumers may detect a slight off-odour or 
flavour, especially with fish fillets. If this is the case it will hardly lead to dis
carding the product. At the beginning of the storage period irradiated fillets may 
may get a somewhat lower score than unirradiated ones.

Under the experimental conditions (4°C, 100 krad and 0.4% benzoic acid 
for shrimps) the shelf-life can be more or less double that o f unirradiated products 
under the same conditions.
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Abstract

RADIATION-RESISTANT VEGETATIVE BACTERIA IN A PROPOSED SYSTEM OF 
RADAPPERTIZATION OF MEATS.

After irradiation in the frozen state with 1 Mrad fresh minced pork or chicken contained 
approximately 1 0 - 1 0 0  colony-forming units of highly radiation resistant asporogenous bacteria 
per gram. Some of these had greater radiation resistance than Clostridium botulinum  spores. 
Much of the radiation resistance was apparent as a shoulder in the death curve, which was 
markedly reduced by heating prior or subsequent to irradiation. Nature of the meat, such as 
variation in fat content (5 —44% ), had no significant effect on the radiation resistance of bacteria 
therein. Even though these bacteria were isolated from meat, it was not a favourable micro
environment for their growth. The water activity was too low. Heat sensitivity of isolates 
indicated the pre-irradiation enzyme inactivation treatment required for radappertization of 
meats would destroy or injure most vegetative cells. Thus, the combined process o f heat, 
irradiation, and unfavourable microenvironment would ensure that these radiation resistant 
cells would not be a problem in radappertized meats.

INTRODUCTION

Radiation resistant asporogenous bacteria have been found in various 
foods (1, 2, 3, 4, 5, 6, 7). Some of these bacteria, w hich wer e  obtained 
from beef, exhibited radiation resistance equivalent to or greater than 
the most radiation resistant bacterial spores (1, 6, 7). There was no 
known literature on a systematic effort to isolate the most radiation 
resistant asporogenous bacteria from pork and chicken. Highly radiatión 
resistant asporogenous bacteria are potentially important, because pro
posed processes of radappertisation are based on destruction of the most 
radiation resistant bacterial spores, Clostridium botulinum (8).

* Paper No.5 4 5 5 , Nebraska Agricultural Experiment Station.

347



348 MAXCY and ROWLEY

Factors other than radiation per se may influence survival and growth 
of bacteria in a radappertization process. Heat resistance for example, 
may be a factor since radappertization of meats involves heating to inacti
vate the enzymes, and many of the radiation resistant vegetative cells have 
been shown to be relatively heat sensitive (7). The microenvironment sub
sequent to irradiation may influence bacterial survival as the system 
involves adding salt and polyphosphates as well as vacuum packing.

Previous wor k  to isolate the most radiation resistant asporogenous 
bacteria from beef (7) was extended to chicken and pork. The radiation 
resistance of the bacteria therefrom was observed and certain factors in 
the microenvironment conceivably involved in radiation resistance and/or 
recovery of irradiated cells were studied. These factors of microenviron
ment as influenced by the overall process of preparation, radappertization, 
and subsequent storage were studied to determine the effectiveness of the 
total process.

MATERIALS AND EXPERIMENTAL PROCEDURES

Meat samples

Pork was obtained as minced fresh pork prepared in a supermarket and 
as commercial packages prepared in central processing operations. Chicken 
consisted of skin, cartilage, and muscle from wings. Samples represented 
a wide geographic area and seasonal extremes of war m  and cold weather.

Packaging and irradiation

Meat samples were vacuum packed at 125 m m  mercury pressure, frozen, and
irradiated at -30° ±  10°C. A  Cobalt-60 source similar to the one described
by Teeny and Miyauchi (9) provided a dose rate of approximately 8 Krad/min.

Isolation and enumeration procedures

A  1 Mrad dose applied to meat resulted in approximately 10 colonies
per plate on Plate Count Agar (PCA) after a 1:10 dilution of the sample.
These were considered potentially highly radiation resistant vegetative 
bacteria. Incubation of the plates was for 5 days at 32°C to allow ade
quate opportunity for the slower growing radiation injured cells (10). 
Representative colonies, or all when there were less than 10 per plate, 
were picked for further observations and classification according to 
previously described procedures (7).

The selective process for radiation resistance was continued by 
growing the individual isolates on a shaker incubator at 32 С in m-Plate 
Count Broth (PCB), freezing in the culture medium in which they had grown, 
and irradiating wi t h  2 Mrad. Comparison of counts before irradiation and 
after irradiation gave an indication of relative resistance. The most 
radiation resistant cultures were maintained for further study.

Spores of Clostridium botulinum 33A wer e  produced by the biphasic 
method of Anellis et al. (11).

Fat and lean meat for determining radiation and heat resistance

Specially selected lean beef containing 3.0-7.0% (average 5.2%) fat 
was compared to high-fat minced beef. The latter contained 42.0-46.5%
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(average 44.4%) fat, which was the approximate maximum that could be 
incorporated into a product to simulate "commercial minced beef." These 
products we r e  radiation "sterilized" (2 Mrad) after which inocula with 
aseptic care were added and dispersed by grinding in a food chopper.

To determine comparative radiation resistance in the high-fat and 
low-fat products, samples we r e  vac u u m  packaged, frozen, and irradiated at 
-30° ±  10°C.

To determine heat resistance, patties of 3 m m  thickness in poly
ethylene bags were heated in a water bath for various times (7).

Estimating the population density of radiation resistant Mora^ella-
Aclnetobacter

Estimates of Moraxella-Acinetobacter (M-A) were based on differential 
counts. Total counts were made on PCA. The radiation resistant count was 
made by plating on PCA, allowing the agar to solidify at 32°C followed by
pouring an overlay. The plates were then irradiated with 400 Krad at ambi
ent temperature and subsequently incubated for 48-72 hr at 32°C. Spore 
counts were made after heating the initial test material for 10 min at 80°C. 
The radiation resistant count less the spore count represented radiation 
resistant M-A.

RESULTS

Radiation resistant bacteria from pork and chicken

Samples over a period of approximately two years provided 36 isolates 
that survived the 1 Mrad treatment of the isolation procedure. Further 
observations of morphological and physiological characteristics indicated 
most were M-A. The three most radiation resistant isolates were identi
cal to the M - A  isolated from beef by Welch and Maxcy (7). Their arbitrary 
numbering system therefore was used throughout this report.

Radiation resistance in frozen meat -f

The general pattern of destruction of the highly radiation resistant 
Isolates 4, 7, and 13 of M - A  is shown in Figure 1. A  major shoulder in 
the death curve is apparent for each of the isolates.

The comparative radiation resistance of these M - A  with spores of 
botulinum is shown in Figure 2. These data show that the vegetative 

cells of M - A  are far more radiation resistant than spores of C. b o t u l i n u m .

Heat resistance of M-A

General exploratory w o r k  with the previously described 36 isolates 
indicated that few had more than moderate heat resistance and far less 
than would be expected for spores. Those isolates with the highest 
radiation resistance wer e  the most heat resistant of the 36 isolates 
observed. The heat resistance of Isolates 4 and 7 in minced chicken is 
shown in Figure 3. At 72°C the Dio value for Isolate 4 was found to be 
6.6 min and for Isolate 7 it was 7.3 min (Figure 3). These data were in 
general agreement wi t h  the observations using beef as the menstruum (7). 
These data indicated that the heat processing, w h i c h  is an integral part 
of the procedure for radappertizing meat, is an added destructive factor.
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MEGARAD

FIG.l. Radiation resistance o f  Isolates 4, 7 and 13 in chicken: • Isolate 4; A Isolate 7;
* Isolate 13.

Sequential heating and irradiation of M - A

Various heat treatments were given pure cultures of M - A  grown in PCB 
Times of heating at a specific temperature were chosen to obtain a 1-2 
log reduction in the viable count. Initially, the cultures were heated 
at 70°C for 5 min, frozen, and subsequently irradiated to determine the 
effect of sequential heat and irradiation treatments. The pattern of 
radiation destruction after a typical heat treatment is shown in Figure 4 
The shoulder of an irradiation death curve was eliminated by a heat treat 
ment destroying approximately 99% of the population prior to irradiation.

Further study indicated a heat treatment was equally effective when 
applied before or after irradiation. This is evident in Figure 5; cul
tures of Isolate 4 wer e  grown in PCB at 32°C, and either stored at 50°C 
for 24 hr  prior to or subsequent to freezing and irradiation.
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MEGARAD

FIG.2. Comparative radiation resistance o f  Cl. botulinum 33 A spores and Isolate 4 in ground 
beef at -30° C.

Meat composition and radiation resistance of M-A

Major changes in composition such as the extremes of low-fat and 
high-fat beef had no  apparent effect on the radiation susceptibility of 
M - A  (Figure 6). Other observations indicated there was no apparent 
difference in radiation resistance of M - A  when suspended in minced beef, 
pprk> or chicken.

Fate of M - A  in ainced meat at 32°C

The highly radiation resistant M - A  as exemplified by Isolates 4, 7, 
and 13 were dispersed in minced meat which was then incubated at 32°С 
under atmospheric pressure. There was no growth in either chicken or 
beef during incubation for as much as 7 days as determined by  plate 
counts (Figure 7).
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FIG.3. Heat resistance o f  Isolates 4 and 7 in chicken at 72° C: A Isolate 4; • Isolate 7.

The results were surprising in so far as these bacteria were origi
nally isolated f.rom meat and identical isolates wer e  found subsequently 
in various meat sources. Further w o r k  by Snyder (12) showed that the 
limiting factor was lack of available water even in fresh unsalted 
minced meat.

Sensitivity of radiation injured M - A  to osmolar concentration

Observations on Aw  sensitivity of the M - A  were extended to compari
sons of counts on PCA and TSA. The former show slightly more than a 
1 log higher count than the latter (Figure 8). When a culture grown in 
PCB was irradiated and comparative counts were made on P C A  and TSA, the 
difference in counts increased wit h  increasing radiation doses (Figure 8). 
Similar results we r e  obtained when an equal osmolar concentration of 
glucose was substituted for the sodium chloride in TSA (Wilson and Maxcy; 
to be published e lsewhere). These results indicated salts added to meat 
in preparation for the radappertizing process were a destructive factor 
for radiation injured and uninjured M-A.
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MEGARAD

FIG.4. The effect o f  heating for 5 min at 70° С prior to freezing and irradiation on the death 
curve o f  Isolate 4.

Habitat of the radiation resistant Isolates

A  great variety of samples was taken to represent different micro
environments. Normally, four samples were taken from each source 
indicated. The test for radiation resiâtant bacteria was run on each 
sample. Emphasis was given items that might have vector meat. Some 
areas of exploration we r e  human hair, hands, animal hair, feathers, 
intestinal contents, soil of livestock pens, animal feed, sewage, and
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MEGARAD

FIG.5. The effect o f  heating at 50° С for 24 h before or after freezing and irradiation on the 
death curve o f  Isolate 4.

farm soil. Radiation resistant M - A  cells were isolated from each of these 
sources. Wit h  exception of samples from humans, the total counts were 
over 10 million per gram. The radiation resistant M - A  count was from 0.01 
to 1% of the total count. One of the consistently rich sources of radiation 
resistant M - A  was hair from beef animals. Poultry feathers and litter were 
nearly as rich a source. The most surprising result was that radiation 
resistant M - A  were found in so many sources, and there was no apparent expla
nation in terms of commonly recognized microenvironmental factors.
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FIG. 6. Comparative radiation resistance o f  Isolate 4 in low-fat and high-fat minced beef.

DAYS

FIG. 7. Fate o f  Isolate 4 in minced meat at 32° C.
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FIG.8. Comparative recovery o f  Isolate 4 in PCA and PCA + 1% NaCl after irradiation in frozen 
PCB.

DISCUSSION

Highly radiation resistant asporogenous bacteria are widespread in 
nature as indicated by previous publications (1, 2, 3, 7). At this time, 
the only known common, unique characteristic is their radiation resistance, 
and this is the only particularly resistant characteristic of these bacteria.

Characteristics of these bacteria, other than radiation resistance, 
perhaps minimize their significance in irradiation preservation of foods.
For example, the most radiation resistant M - A  were not able to grow in fresh 
meat because of their high water requirement. Thus, if the highly radiation 
resistant cells wer e  to survive a relatively high dose irradiation treatment, 
they would not grow when dispersed in fresh meat or any meat product without 
added water.
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In further studies of the nature of the highly radiation resistant iso
lates, it was observed that the shoulder of the death curve could be altered 
or eliminated by sequential heat and irradiation treatments. Perhaps this 
phenomenon has to do with the injury and recovery mechanism.

The highly radiation resistant bacteria found in this w o r k  were not a 
product of a native flora having been exposed to radiation, thereby pro
ducing a few aberrant forms with higher resistance (10) . On the contrary, 
when a population of radiation resistant cells was exposed to radiation, 
the survivors were weakened and unable to compete with the native flora (10). 
Thus, the fear of still more resistant strains being developed in meat pro
cessing appears unwarranted.

In light of presently available knowledge these bacteria are not asso
ciated with food spoilage in presently accepted methods of processing, 
distribution, and storage. They only occur in significant numbers as a 
residual flora of low or medium dose irradiated food (5). The extremely 
radiation resistant asporogenous bacteria were present at a concentration 
of less than 100 per gram as indicated by these results on chicken and 
pork as well as by the wo r k  with beef by  Maxcy et al. (6). The only known 
study reporting a higher concentration of radiation resistant vegetative 
cells was by  Krabbenhoft et al. (13). It should be noted that our work, 
irradiating at -30°C, was a systematic effort to isolate and quantitate 
highly radiation resistant asporogenous bacteria from meats collected from 
a wide variety of sources during different seasons of the year. Krabbenhoft 
et al. were working with meat from a single processing operation.
In the radappertization process foods are formulated, placed in cellulose 
casings or metal molds, heated to an internal temperature of 73-77°C to 
inactivate autolytic enzymes, and chilled to -3 to 5°C. It is then vacuum 
packaged in cans or in flexible pouches, frozen to about -40°C, and irradi
ated within a temperature range of -40°C to -8°C to obtain the desired 12-D 
dose. The latter is based on destruction of C. botulinum spores. No viable 
bacteria have been found in radappertized food products. The absence of 
radiation resistant M - A  in such processed foods is likely due to a combina
tion of such factors as low initial concentration, heat sensitivity, heat 
injury, and a high dose of irradiation.
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DISCUSSION

A.S. AIYAR: Although you did mention that the radiation-resistant 
Moraxella-Acinetobacter are o f no significance from the food spoilage point of 
view, is there any possibility o f health hazard (pathogenicity) due to selective 
proliferation o f these organisms in the irradiated product?

R.B. MAXCY: I see no reason to anticipate a health hazard from these 
bacteria and I would emphasize again that they are not able to grow in fresh 
meat on account o f their high water requirement.

A.S. AIYAR: I wonder if you could tell us whether any studies have been 
conducted on the repair efficiency o f these organisms or any other aspect, to 
explain their very high radiation resistance.
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R.B. MAXCY: We know of no studies on the repair efficiency.
K. SUNDARAM: There has been evidence o f a resistance factor (RF) for 

antibiotics which may be transferred from one organism to another through 
plasmids. Is there any possibility that the high radiation resistance is not located 
in the plasmids, or do these organisms carry plasmids?

R.B. MAXCY: I know of no other organisms that are sufficiently similar 
to suspect a transfer phenomenon.

A. MATSUYAMA: In the case o fM  radiodurans, it has been shown that 
postirradiation incubation at a non-permissible temperature (42°C) is very 
effective in reducing the radioresistance of this bacterium to the level o f that of
E. coli. In your case the isolate of “M—A” is not sensitized so much by post
irradiation heating at 50°C. Did you try to maintain cells at the non-permissible 
temperature?

R.B. MAXCY: We have not made further observations on this phenomenon.
A. MATSUYAMA: Is there any characteristic cellular component or unique 

G—С content in the DNA of these isolates?
R.B. MAXCY: Our observations on the G-С  indicate that there is no unique 

ratio associated with this group o f M—A or other highly radiation-resistant 
asporogenous bacteria.
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Abstract

COMBINED TREATM ENT O F UV AND GAMMA RADIATION O F PAPAYA FO R DECAY  
CONTROL.

An exploratory study was made to  determine if combining u.v. and gamma radiation 
treatment at selective doses would decrease the fungal decay incidence in papaya (Carica papaya 
L. var. Solo), and thereby increase the marketable life of the fruit. Also studied was the effect 
of the combined treatment on the spores o f Aschochyta  spp., Colletotrichium spp. and Phyto- 
phthora spp., which are commonly found on papaya grown in Hawaii. This was to  test the 
postulate that the combined treatment would prevent photoreactivation of the disrupted nuclei 
in microorganisms and lead to  eventual death. Experimental results did not indicate a conclusive 
trend to effectiveness but suggested a number o f problems to be resolved before the treatment 
can become useful in fungal decay control of fruits.

INTRODUCTION

The onset of decay in many tropical fruits in the form of stem-end 
rot and surface rot is caused by a number of fungal pathogens. It is a 
serious economic loss to the fruit trade because the decay often precedes 
the fruit's physiological changes, making the fruit unsalable. In p a p a y % 
there are seven organisms that would cause stem-end rot and eight that 
w ould cause surface rot and spots [1]. Table I shows these pathogens in 
decreasing order of importance for the two categories of rots.

While gamma-radiation from a cobalt-60 source has been found to be 
effective in controlling three species of fruit flies and in extending the 
shelf life of papaya at 26 and 75 krad respectively [2], it is not effective 
in controlling fungal decay even at a higher dose. Thermal treatment in 
the form of hot-water dip or spray has been used. However, it is not 
completely effective in controlling surface fungal diseases.

A  relatively recent concept was advanced by some microbiologists to 
combine ultraviolet (UV) radiation with gamma-radiation to impede m i 
crobial growth. The postulate suggested that UV-radiation followed by

* Presentation of this paper by the senior author was supported in part by the US 
National Science Foundation Award No. E N G 7723624.
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Stem-end rot Surface rots and spots

*Ascochyta caricae *Colletotrichum gloeosporioides

Rhizopus stolonifer, Rhizopus stolonifer

Botryodiplodia theobromae Ascochyta caricae

Phomopsis sp. Cercospora papayae

*Colletotrichum gloeosporioides *Phytophthora parasitica

Fusarium solani Botryodiplodia theobromae

*Phytophthora parasitica Phomopsis sp.

Fusarium solani

Studied wi t h  combined UV-Gamma treatment

Pathogens listed in decreasing order of importance for stem-end 
and surface-rot categories.

gamma irradiation would cause breaks in the double-strand of microbial 
DNA which could not be repaired by photoreactivation or other comparable 
means [3]. Such damage of the DNA would be irreversible and, therefore, 
lethal.

If this theory could be proven as a workable mechanism in papaya, it 
could mean a greater potential for gamma-radiation as a means of food p r e 
servation. It will serve not only to disinfest, to extend the shelf life, 
but also to help control fungal decay at a dose lower than those that would 
cause undesirable texture changes such as softening. The additional ad 
vantages of UV-radiation treatment could mean energy conservation and could 
be part of a continuous process by substituting UV for hot-water treatment 
or some other energy-required process.
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Reduction of microbial populations in foods by UV  irradiation has been 
studied and found useful 14,5,6,7]. No literature is available, however, 
on the combined application of UV- and gamma-radiation to foods.

An exploratory study was made to determine if combining UV- and gamma- 
radiation treatment at selective doses would decrease the fungal decay 
incidence in papaya, and thereby increase the marketable life of the fruit. 
Also studied was the effect of the combined treatment on the spores of 
Aschochyta spp., Collectotrichum spp., and Phytophtora spp. which are most 
commonly found on papaya grown in Hawaii.

Some of the anticipated problems in this study were: (a) uniformity
of UV-radiation because of the shape of the fruit; (b) the distance and 
sequence of UV-radiation since it is impractical to carry out both UV- and 
gamma-radiation treatments simultaneously; and (c) decay judgment since 
most of the harvested fruits are presumed to have been infected to varying 
degree.

MATERIALS AND METHODS 

Fruit Samples and Treatments

Papaya (Carica papaya L. var. Solo) harvested from the Waimanalo 
Experimental Farm of the College of Tropical Agriculture, University of 
Hawaii, were used as experimental samples. Fruits were sorted according 
to two degrees of ripeness prior to treatment : mature green to 1/4 r i p e ,
and 1/4 ripe to 1/2 ripe. Fruits we r e  usually two days old after"harvest 
w h e n  treatment began.

Besides the control group, five treatments were applied in each 
experiment: hot-water dip (49°C for 20 min.), UV-radiation only
(3.91 x  10 erg/mm^); gamma-radiation only (25 to 75 krad); UV  plus gamma; 
and gamma plus UV. Ten fruits were used in each treatment with duplicate 
runs. For UV  treatment, each fruit was rotated to four positions facing 
the lamp: stem-end, blossom-end, front half (upright) and back half
(upright). Fruits were kept in the dark during the time between gamma- 
radiation and UV  treatment.

Sources of Radiation

Gamma-radiation was carried out wi t h  a Co-60 source at the Hawaii 
Research Irradiator located next to the Food Technology Building of the 
University of Hawaii. At the time of the experiments, the dose rate was  
about 3.626 krad/min.

The UV  source was from a Raymaster "Uviarc", germicidal, mercury vapor 
lamp (General Electric, U.S.A.). Its tube diameter was 3/4 in. (1.9 cm) 
w i t h  an arc length of 6 in. (15.2 cm). At 120 v, 60 cycle, the line watts 
we r e  420 and the arc watts we r e  360. It was equipped with a reflector of 
6.5 in. wide (16.5 cm) and 14 in. long (35.6 cm).

The U V  lamp used covered the wavelength range of 2537 to 3654&. A c 
cording to Jagger [8], for germicidal lamp, 1 microamp is equal to about 
0.74 erg/mm^/sec (2400-3000A). Fro m  the table given in the operating 
manual, it could be calculated that about 43% of the total energy emitted 
was for germicidal effect.
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DISTANCE OF SAMPLE TO UV SOURCE, cm

FIG.l. Exposure time versus distance o f  sample to u.v. source. Values given are resultant 
energy absorbed by the exposed surface o f  a papaya.

Figure 1 depicts the UV  exposure time in seconds per each side of the 
fruit vs the distance of the fruit from the UV  lamp. The numbers on the 
plot represent UV  dosage in 10^ x erg/mm^. A  sample calculation can be 
given as follows:

At a distance of 30.5 cm (12 in.), the intensity received from the UV 
lamp was 2,500 microamp, w hich was equivalent to 1.85 x 10^ erg/mm /sec.
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The amount of germicidal energy was 0.796 x 10^ erg/mm^/sec. With 90 
seconds of exposure, the energy received would be about 7.16 x  10 erg/mm . 
The amount of U V  energy received by each finite surface of the papaya could 
be a little more than this value since rotating of the fruit resulted in 
some areas that would "see" the UV  lamp more than once. However, it was 
difficult to determine this "overlapping" due to the nonuniform nature of 
the fruit geometry.

Treatments of Three Fungi

The three fungi, Phytophthora spp., Colletotrichum spp. and Aschochyta 
spp. were grown in separate petri dishes under optimal conditions for spo
rulation. Wh e n  sporulation was observed, 20 ml  of sterile water were 
added to each of the petri dishes to mak e  a spore solution. Three dilu
tions, each a 10-fold reduction, plus the original solution were used for 
inoculation in an agar with the following composition:

10% canned vegetable juice 
0.2% calcium carbonate 
1.5% plain agar 
88.3% distilled water

After sterilization the medium had a pH  of 6.48. After inoculation, 
various samples in petri dishes we r e  treated wit h  different doses of gamma 
and UV-radiation. Non-treated controls were kept for comparisons. Plate 
counts we r e  made after 4 days of incubation at 27°C.

RESULTS AND DISCUSSION

Results of measuring the average marketable life of papayas w hich had 
been subjected to various treatments are shown in Table II. In most cases, 
combining UV- and gamma-radiation treatment did not exhibit any noticeable 
improvement in the marketable life of the fruits. The groups showing 
reasonable increase in marketable life were those receiving UV-radiation 
of 3.91 x 10^ erg /mm plus gamma-radiation of 25 and 75 krad.

Results of treatments of combined UV-gamma radiation on the three 
most prevalent fungi on papaya showed that:

(a) Phytophthora spp. we r e  more radiation sensitive as compared to 
the other two fungi. Gamaa-radiation dose of 25 krad plus U V  dose of 
3.58 x  10 erg/mm was sufficient to prevent growth and colony formation.

(b) Colletotrichum spp. çurvived^gamma-radiation doses up to 250 krad 
or UV  doses of up to 7.33 x 10 erg/mm^ wh e n  applied separately. However, 
the combined doses of 150 krad and 1.19 x  10^ erg/mm^ wer e  effective in 
controlling the growth of these fungi.

(c) Aschochyta spp. were the most resistant to radiation of the three 
fungi treated. Gamma-radiation doses up to 250 krad and UV doses of up
to 7.33 x 10 4 erg/mm^ alone or combined we r e  not sufficient to prevent 
complete growth and colony formation.

Of the three fungi studied, Aschochyta has a morphological 
constitution which make them very resistant to these treatments. Therefore, 
the trends of these results were reasonably expected.



TA BLE  I I .  M ARKETABLE L I F E  OF EAPAYA® (V A R . SOLO ) TREATED  BY UVb , G AM M A-RAD IAT IO N c , HOT-W ATERd , OR 
U V -G A M M A  COM BINED, TH EN  STO RED  A T  22°C

E x p e r i 
ment

Initial
Ripeness

C o n 
trol

Hot-
water UV, 10^ x  ergs/mm^

- Treatments - ■

G a m m a , 
krad UV +  Gamma or Gamma

1111
>

1 
XD 

I 
+

(А) (В) (C) (D) (E)
3.91 4.77 7.16 9.55 19.1 25 75

Averagé shelf life of fruits, days marketable - - ■

1 Mature 
green to 
к ripe

6.0 10.5 ..................  4.0 6.0 6.0 9.5 7.5
(UD G 25 )

6.0
<иВ С 75>

6.5
<U EG 25>

8 -5 e 
<U EG 75>

2 к ripe 
to % 
ripe

3.5 6.0 4.0 —  4.7 --- 4.7 8.5 6.5
(UBG 25)

4.3
(U BG 75^

4.0
(Ud G 25)

5.0
(u d G7 5 )

3 Mature 
green to 
к ripe

6.2 7.0 ........... 6.2 — —  7.8 9.0 7.8
(UC G 25)

6.0
(G25uc )

6.5
(u C g 75)

9.2
(G 75uc)

4 Mature 
green to 
к ripe

9.3 10.4 7.6 .................. 9.9 10.3 10.7
(Ua G 2 5 )

12.9
(g 25u a )

12.4
(u a g 75 )

12.0
(g 75u a )

a Marketable life of a papaya was counted from the day of treatment to the development of decay lesion of 
about 5 m m  in diameter, 

b U V  source used was varied in distance from sample and time, but converted to ergs/mm . 
c Gamma-radiation was a Co-60 source, wi t h  dose rate at 3.6 krad/min. 
d Hot water treatment was by immersing fruits in 49 С water for 20 min.
e U g G 25 and UgGyg mean respectively, U V  treatment at dose E, plus gamma at 25 and 75 krad.
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Because of limitations indicated in this exploratory study, statistical 
analysis of data were not made. The results cannot be considered conclusive 
because of the following:

(a) The gamma-radiation doses of 25 and 75 krad for treating the 
papaya could be low. They were chosen because they represented effective 
disinfestation and shelf life extension dose respectively;

(b) No inoculated fruits were used because a method for having non
infected fruits had not been worked out;

(c) The uniformity of UV-radiation of the fruits and the initial 
degree of infection of fruits are problems to b e  resolved.

CONCLUSION

A  limited, exploratory study on the benefit of combined application 
of UV-radiation and gamma-radiation to fresh papayas for fungal decay 
control did not indicate a conclusive trend but suggested a number of 
problems to be resolved. More wo r k  is needed to prove the concept of 
disrupting the nuclei of microorganisms in foods with a sequential treat
ment of UV- and gamma-radiation.
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DISCUSSION

G.F. WILMINK: I should like to point out that the irradiation o f papaya was 
recently cleared by a joint FAO/IAEA/WHO expert committee. The purpose of
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the irradiation is, however, to control insect infestation and to improve the keeping 
quality by delaying ripening, and not to control decay by fungi. Your experiments 
were not conclusive, in my opinion, as the irradiation dose is too low to prevent 
moulding. Perhaps you should look further into combined treatments o f  irradiation 
plus heat and/or treatment with an acceptable fungicide to cope with the problem 
of decay o f papayas.

J.H. MOY : Thé petition for the irradiation o f papayas has not yet been 
submitted to the United States Food and Drug Administration (FDA) for review 
and approval; when it is submitted, it will relate only to disinfestation by 
irradiation. The main purpose o f our work was to test the concept o f combining 
u.v. and gamma radiation for fungal decay control. Although the results were not 
very conclusive, we have gained an insight into a number o f problems that need 
to be resolved. Fungicides for decay control in papaya have been studied by plant 
pathologists at our university, but no definite recommendations have been made.

In any combined treatment, whether it be u.v. plus gamma, or heat plus gamma, 
the aim is to achieve the desired objective at a dose level lower than that required 
with either treatment alone. While our results on combined u.v. and gamma- 
radiation treatment were inconclusive, it is possible that this technique may be 
more practicable in products that are more uniform in size and shape and not 
amenable to either thermal or fungicide treatment for decay control.

M. LAPIDOT: The synergism between u.v. irradiation and gamma irradiation 
was demonstrated several years ago, in the case o f microorganisms, by Dr. N. Grecz 
o f the Illinois Institute o f Technology (cf. Paper IAEA-SM-221/64 by Grecz, 
presented by J. Farkas) who, I’m sure, will be pleased to supply information to 
anyone interested.
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Abstract

RADIATION CHEMISTRY OF HIGH PROTEIN FOODS IRRADIATED AT LOW 
TEM PERATURE.

Chemical considerations have been made concerning the radiation sterilization of foods 
at low temperatures. Essential to these considerations is understanding the basic radiolytic 
events and the influence that the physical and chemical characteristics of the medium and the 
irradiation conditions have on the chemistry. The fact that the aqueous phase is frozen has 
been emphasized. Consequently, results on the reactions of the solvated electron (es~) with 
chloroacetic acid and of the hydroxyl radical (OH4) with ferrocyanide ion in polycrystalline 
ices are presented. In both cases high concentrations of solutes are needed to scavenge these 
primary radicals, the scavenging being more efficient at temperatures > - 2 0 ° C .  Results on 
e¿~ and OH- reaction with these and other solutes in the liquid and frozen states have been 
compared. Effects due to  these indirect actions are markedly reduced, G-values for the ice 
phase being between 0.01 to 0.1 of that for the liquid phase. Free radicals in model, hydrated 
proteins (myosin and actomyosin) irradiated at —40°C  were also investigated, using primarily 
ESR techniques. The same spectral pattern was observed for all samples, irrespective of the 
protein, the state of dénaturation of the proteins and their physical combination in intact 
myofibrils. The ESR  signal is attributable to several, similar radicals in the main peptide chain. 
These radicals decay above — 10°C and do not persist in the protein, the myofibrils or beef 
muscle upon thawing. It is concluded that chemical changes in irradiated frozen foods should 
be minor and primarily due to direct action.

INTRODUCTION

The successful application of radiation sterilization techniques to 
high protein foods (beef, chicken,Qham, pork) is a consequence of irradiat
ing these foods while frozen ( -40 C) {1}. Sensorially, these foods retain the 
same features of taste, aroma, and color as unirradiated samples stored in 
the frozen state. Chemically, the amount of change occurring is relatively 
small, despite the high doses of electron or gamma irradiation. The reason 
for the diminution in chemistry is the almost complete elimination of indi
rect effects and the reduction in net effects of direct action when the 
aqueous phase is frozen, which prevents molecular diffusion. The consider
ations regarding the influence of compositon, phase (or state of hydration), 
temperature, dose-rate, or total dose are discussed in this paper. These 
are put into perspective first by reviewing the basic radiation chemical 
phenomena, then by considering the expected effects on the chemistry due to 
different irradiation conditions, and lastly by drawing on several related 
studies to test the predictions made.

371
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The deposition of ionizing radiation energy in a condensed medium leads 
directly to the formation of ions, excited molecules, and free radicals 
all initially distributed in a nonuniform way. Regions of high concentra
tion are described as "spurs.” As these primary entities in the spurs 
diffuse about, some react while others become more uniformly distributed 
throughout the medium. Subsequently, reactions with other compounds in the 
system occur, leading to the indirect formation of secondary free radical 
entities. All primary or secondary reactive entities ultimately produce 

stable compounds that correspond to the net chemical change in the system 
{2}. The extent to which these changes take place and the time domain over 
which these phenomena occur depend on the nature and physical state of the 
system.

For water, the radiolysis leads to the formation of OH" (hydroxyl 
radical), e (solvated electron), H- (hydrogen atom), H_, and H.O. with final 
G-values ofs2.8, 2.7, 0.55, 0.45, and 0.7 respectively {2}. These reactive 
entities can undergo reactions with common constituents in food (free amino 
acids, salts, vitamins, peptides, carbohydrates). Abstraction of hydrogen, 
addition to double bonds, and redox reactions are known for OH*, e , and H - .
The extent of reaction is determined by the rate constant (many of which have 
been compiled (3,4})and the concentration of the constituent. The free 
radicals derived from such reactions subsequently decompose, disproportionate, 
or dimerize. Depending on the nature of the entity, the presence of other 
solutes (particularly 0£) can influence the reactions and consequent forma
tion of products. Examples of such processes are given by reactions 1-8 {5-10}.

Abstraction: H- +  CH3CH2OH CH3¿H0H +  H 2 (la)

B A S IC  R A D IA T IO N  C H E M IS T R Y

OH- + CH3CH2OH ■+■ CHjCHOH (lb)

Addition: H- +  сн2=снсн2он сн3снсн2он (2)

OH- + (3)

Redox: e +  Fe(CN)“ 3 -*• Fe(CN)T4 s o  6 (4)

OH- +  NO,'2 N02 + OH (5)

Decomposition: ( 6 )

Disproportionation: 2 CH3¿H0H -*■ CH3CH2OH +  CH3CH0 (7а)

Dimerization: 2 CHjCHOH -*• сн3снонснонсн3 (7b)

Peroxy Formation: H- +  02 ( 8 )

If the water is frozen into a crystalline, polycrystalline, or amor
phous solid, the primary radicals are expected to be in closer
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LIQUID, 20eC ICE, -4 0 eC

.
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^ O H  J
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s H+ OH-
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H +
s

H" OH e? 3

f  oh\ f  o \  ^* 1  B m o f i !►«

FIG.l. Idealized representation o f  spur processes in liquid water and ice. The upper frames 
correspond to the time required for e j  formation (~  10~n  sj, the lower to the time for 
dissipation o f  spurs in the liquid. The dotted line represents the path o f  the ionizing particle. 
For gamma-ray and high-energy electron irradiation, the spurs would be ~  15 ООО К  apart and 
~ 2 0  Â in diameter initially; these are not shown to scale. Ignored in this representation o f  the 
spurs are hydrogen atoms and molecular products. Note that in the liquid diffusion away and 
reaction o f  all entities occur; in the ice diffusion o f  OH• and e j  are limited, but some reaction 
occurs in the spur (the circle around the OH- radicals implies the persistence o f  a non-uniform 
distribution).

proximity (corresponding to spurs of smaller radii) and the subsequent 
diffusive processes are impeded by the high viscosity of these rigid 
matrices. The G-values are lower in crystalline Ice (G(e ) = 0.3
and G (OH•)^1) than In the liquid and these entities are "caged" in or near 
spurs In which they were formed. Optical and electron spin resonance 
studies on OH-, e , and H" in crystalline ice have provided information 
on their diffusiv?ties and modes of disappearance at different temperatures 
{11,12}.

The distribution and reaction of the primary radicals in liquid and 
crystalline water at two different stages in time after irradiation are 
shown in Fig. 1. Though it is highly oversimplified, this figure summarizes 
the differences between the fluid and frozen systems described above.
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TABLE I. G-VALUES FOR PRIMARY RADICALS IN AQUEOUS SYSTEMS

SYSTEM es H ’ OH-

Liquid Water (pH7, 295 K)a 2.7 0.6 2.7

Crystalline Ice (neutral, 273 К)*5 0.3 0.7 1.0

Amorphous Ice (8N NaOH, 77 K)c 1.9 0.03 1.7 (0T)

dragante, I.G., Draganic, Z.D., The Radiation Chemistry of Water, 
Academic Press, New York (1971) 140.

'’References {11) and {12}.

CKevan, L., "Radiation chemistry of frozen aqueous solutions," 
Radiation Chemistry of Aqueous Systems, (G. Stein, ed.),
Weizmann Science Press, Jerusalem/J. Wiley & Sons, New York
(1968) 35.

The observed G-values for the primary water radicals in different systems 
are summarized in Table 1. These values represent yields determined by different 
chemical and physical techniques and correspond to the most uniform (or final 
distribution) of the primary radicals before recombining or forming secondary 
radicals.

A  similar set of phenomenological events occur in irradiated nonaqueous 
systems. Besides H* being formed, entities analogous to e and OH* are formed, 
and their distributions are affected by the physical properties of the medium.
For the most part, the OH- analogue in the organic systems is the carbon- 
centered radical, denoted by R * . No detailed discussion of differences 
between the aqueous and organic systems will be given {13} .

INFLUENCE OF IRRADIATION CONDITIONS

Any factor that can Influence the reaction of the primary radicals or 
cause additional reactions of secondary radicals will modify the overall 
chemistry. Composition of the medium, the physical state of the molecular 
entitles (hydration, crystallization, etc.), temperature of the medium 
(which actually affects viscosity), Irradiation dose-rate and total dose are 
factors that in principle can modify the chemistry. Possible modifications 
can be understood by considering the kind of system encountered and the 
mechanistic basis for the ensuing chemical reactions.

Composition of the Food

Compositionally, the high protein food (65Z ^ 0 ,  20% protein, and 15% 
lipid) intended for radiation sterilization can be thought of as being a 
triphasic system. The predominant phase Is aqueous, comprised of unbound water 
and dissolved salts, vitamins, free amino acids, and sarcoplasmic proteins.
The hydrated myofibrillar proteins constitute another aqueous-llke phase. 
Comprising the third phase are the lipids (trigylcerides and fatty acids) 
and dissolved components such as vitamins. Though the phases are mixed 
together, the chemistry at -40 С in each can be considered independent
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and treated separately. Consequently, any change In the relevant proportion of 
each or In the dissolved components will change the partition of the 
energy deposited and the distribution of final radiolytic products.

In general, the discussion of other factors influencing the chemistry 
will be limited to the aqueous or the aqueous-like protein phases.

Physical State of Molecular Components

Depending on whether the system is dessicated or hydrated, liquid or 
solid, and amorphous or crystalline solid, the chemistry will differ 
significantly.

If water is the major component, the involvement of the highly reactive 
primary radicals tends to predominate and the structure and kinetic charac
teristics of other components become modified. Irradiation of dessicated 
or low moisture foods will be comparable to a solid organic system. Typically 
in such systems long-lived free radicals are observed, as illustrated by the work 
of Bachman on gelatin {14}.

The difference in chemistry between a liquid and solid phase reflects 
the influence of viscosity on the distribution and kinetic behavior of the 
reacting entities, as indicated above and as will be illustrated below. In 
a highly viscous or rigid system, the larger entities of lower diffusivity 
will tend to react with partners derived from the same or neighboring 
molecules, reforming the original compounds. If large secondary radicals 
are formed and are widely dispersed in the system, they will persist unless 
combined with smaller entities of high diffusivity.

For frozen water, the distinction between having a crystalline or amor
phous structure has a secondary influence on the chemistry beyond the primary 
effect of high viscosity. Crystalline ice has a regular structure that is 
not efficient for trapping electrons and impedes the migration of molecular 
entitles. An amorphous ice with its open and irregular structure efficiently 
traps electrons, accomodates and contains solute molecules, and allows diffu
sion of small entities to occur. As a consequence, the yield of solvated 
electrons is low In crystalline or polycrystalline ices, but high in aqueous 
glasses (see Table l),and reactions of electrons with solutes can take place 
{15}. Since the ice in frozen meats is predominantly crystalline (although 
some amorphous regions are probably formed, depending on the level of 
solutes and rate of freezing), the chemistry will resemble that 
of polycrystalline aqueous systems.

Temperature of the System

Temperature influences the course of reactions in the aqueous and non- 
aqueous phase as it affects the viscosity, rotational motion, and related 
dielectric properties. The viscosity of ice increases and the dielectric 
relaxation times {16}become longer as the temperature decreases. Rota
tional motion of the water molecules is eliminated at about -130 C. As a 
consequence, radical diffusion and interactions are Impeded as the temperature 
is lowered and prevented below -130°C. Similar effects are observed in 
organic systems. Over certain ranges of subfreezing temperatures,
discernible effects of temperature would be observed In both the aqueous 
and lipid phases.

Dose-Rate

The rate at which the dose is delivered to the frozen system should not 
have a significant effect on the chemistry because the free radicals are 
nonuniformly distributed and solute concentrations are high. Dose-rate
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effects arise because of competing second order and first order reactions, 
the competition being determined by the specific rate constants and the 
instantaneous free radical concentrations. The nonuniform distribution of 
free radicals determines the mode of reaction, which is complex and inde
pendent of radical concentration. The rate of reaction in such cases pri
marily depends on the distance separating the reactive entities. Moreover, 
the high solute concentration (amino acids, soluble proteins, etc.) con
verts the second order radical-solute reactions involving any uniformly 
distributed radicals into a pseudo-first order reaction, which is insensitive 
to dose-rate. Consequently, electron irradiation and gamma irradiation, 
which differ in dose-rate by a factor of about 10^, become similar in terms 
of net chemical effects.

Total Irradiation Dose

If' products accumulate in the system, the reactions that take place at 
low dose become perturbed by additional radical-product pathways for 
reaction. Those products that are formed with high yield and that are very 
reactive to e or OH- or H- will compete, leading to still other (secondary) 
products. The dependence of Initial product yield on dose will no longer 
be linear with dose. However, in the irradiation of frozen food, the pro
duct concentrations are apparently quite low, so these side reactions 
are not expected to occur until very high doses are obtained. The signifi
cance of such considerations to extrapolating results on wholesomeness from 
high dose studies to low dose applications has been discussed elsewhere 
{17}.

ILLUSTRATIVE CHEMICAL STUDIES

The anticipated effects of freezing on the radiation chemistry of food 
can be demonstrated by examining systems specifically related to the Indirect 
action of radicals with solutes and to the direct effects on major protein 
constituents.

Reactions of e”---------------  s
Using chloroacetic acid as a model for compounds reactive to e , studies 

were undertaken to determine the effectiveness with which electron! react 
with solutes in a polycrystalline aqueous system. Chloracetic acid_is
a useful probe because the reaction proceeds with the elimination of Cl , 
which can be easily detected with a chloride specific electrode. Reaction 
9-11 show some of the relevant chemistry. The effect of chloroacetic 
acid concentration and temperature on the yield of Cl were examined 
closely {18}.

es +  C1CH2C00H +  Cl +  • CH2C00H (9a)

->• H- +  C1CH2C00 (9b)

H- +  C1CH2C00H -*■ Cl" +  fl+  +  -CH2C00H (10a)

+  С1СНС00Н (10b)

e +  CH.COCH, ■+ CH,C0HCH, s 3 3 3 3 (ID
(competing solute)
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FIG.2. Dependence o f  G(Cl ~) from CICHiCOOH in ice on irradiation temperature. Yields 
are based on ion selective electrode measurements o f  Cl~ form ed in 0.1 m ol/l solutions o f  
CICHiCOOH frozen initially at -8 0 ° С and irradiated at the temperatures indicated. The 
formation o f  Cl~ was linear over the dose range used.

If the temperature is held constant at -40°C and the chloroacetic acid 
concentration is varied, the yield of Cl increases significantly at high 
concentrations (0.5 mol/l). As a point of reference, G(C1- ) is 0.2 at 
{C1CH2C00H} *» 10 mol/l and 2.2 at {C1CH.C00H} = 5 mol/l, the highest 
concentration used. These results indicate that in contrast to solutions 
at room temperature, the reaction in which chloroacetic acid scavenges an 
electron in ice occurs only when the two are very close together initially. 
For appreciable interaction to take place, there would need to be a 
chloroacetic acid molecule within about 15 A  of where an electron is 
formed. These results demonstrate that indirect effects involving electrons 
and reactive components in a food could occur only if the component were in 
very high abundance.

If the chloroacetic acid concentration is held constant at 10 ^ mol/l 
and the temperature is varied, the yield of Cl increases only above -20°C. 
Fig. 2 shows this dependence on irradiation temperature. G (Cl- ) is <0.2 
below -20°C and reaches 0.6 at -5°C, the highest temperature used. These 
data can be explained by assuming that the higher temperature facilitates 
stabilization and migration of electrons away from the spurs and/or enhances 
the efficiency of the interaction between reaction partners. In any case, 
it can be predicted that certain radiolytic products derived from electron- 
component reaction in food would increase in yield when the irradiation 
temperature is -20°C or higher.

If the CICH^COOH concentration and the temperature are held constant 
and the concentration of a solute reactive towards e- is varied, then 
(providing that the reaction does not produce Cl”) tñe yield of Cl“ 
decreases {19}. The example of acetone as a competing solute is shown in 
reaction 11. By determining the concentration of the solute that decreases
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TABLE II. % SOLUTE REACTED WITH e“ AT -40°C AFTER 5 MRAD
8

TAUB et al.

SOLUTE

REACTIVITY 
COMPARED TO 
C1CH2C00H

CONCEN
TRATION,
mol/1

CICH2COOH
EQUIVALENT,

mol/1
% e“ 
REACTED

% SOLUTE 
REACTED

Nitrate 0.2 1.6 X 10-3 0.3 X 10-3 <1 -6

Ascorbic Acid 0.1 3.2 X 10-3 0.3 X io“3 <1 -3

Metmyoglobin -2a 1.5 X 10-3 3 x  1 0 ' 3 <3 -20

aEstimate value.

^Calculated on the basis of 75% H^O in wet muscle tissue.

the Cl yield to half its original value, one can define the reactivity of
the solute towards e relative to С1СН.С00Н.s /

Using data on these relative reactivities and the dependence of G(C1 ) 
on {C I C ^ C O O H } along with the concentration of specific components in 
food, it is possible to estimate the amount of a component that would 
react with e in a food Irradiated at -40 С to 5 Mrad. Table II shows 
the estimates for nitrate, ascorbic acid, and metmyoglobin, if each were 
present without the others. The calculation involves translating the 
concentration of the solute and its reactivity into an equivalent concen
tration of C1CH2C00H and then using the G (Cl ) data to determine the moles 
of e and solute reacted. In the case of metmyoglobin, a value of 
10 mg?(lg wet muscle tissue) was used, and certain assumptions were made 
regarding its distribution in the aqueous phase; consequently the estimate 
is very rough. The results for all three solutes are upper limits and 
indicate that reaction of e with these would not be appreciable. Expe
riments on actual meat sampîes are being undertaken and preliminary results 
support these predictions.

Reaction of O H -

Similar studies have been carried out on hydroxyl radical reactions 
in polycrystalline ices using the ferrocyanide ion as a probe. The oxida
tion that occurs gives rise to the ferricyanide ion, which is easy to 
detect by its strong optical absorption at 430 nm. Since the OH* diffuses 
only very slowly in ice, reaction with components will be even less likely 
than foung for eg. Results showing the dependence of G(Fe(CN)g- ) on 
{Fe(CN)g } bear out this prediction. Even at 0.5 mol/1 of ferrocyanide (the 
highest practical concentration obtainable),_^nly 4% of the OH' radicals 
can be scavenged. The dependence of G(Fe(CN), ) on temperature shows a 
similar but not as marked increase above -20 C. Reactions with OH-, if they 
occur in food at all, would take place exclusively in the hydration sphere 
of proteins and with the very reactive amino acid moieties.

Comparison of e^ and OH Reaction in Liquid and Frozen Systems

Comparisons between the liquid and frozen state of four different reactions 
involving es or OH- and solutes have been made. Two solutes, chloro
acetic acid and glycine,involve "dissociative electron attachment;" the
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□+ 20“C -  40°C

о+ z+
2.0 6.0

1.6

G

1.2

4.8

G

3.6

0.8 2.4

0.4 1.2

CICHgCOOH GLY N 0 , Fe(CN)6- 4

FIG.3. Comparative G-values for radiolytic effects on selected solutes reacting with the 
solvated electron or hydroxyl radical in liquid and frozen solutions. A positive sign before the 
compound designated above each pair o f  histograms indicates 'formation'; a negative sign 
indicates ‘loss’. The ferricyanide ion was determined spectrophotometrically, the other 
compounds by use o f  selective electrodes. For both the liquid and frozen solutions the same 
solute concentration was used, a high value being chosen to ensure obtaining reasonable levels 
o f  each compound for measurement. In all cases these levels were linear with dose. Unshaded 
histograms correspond to liquid solutions, shaded histograms to poly crystalline ices at -4 0 ° C. 
An arrow by the histograms indicates which G-value scale applies.

nitrate involves electron addition; and ferrocyanide transfers an electron 
to hydroxyl radical. Conditions were adjusted to simplify the chemistry 
and emphasize the reaction of interest. Reactions 9 and 12-14 
show the key step in each case.

e” + +H,NCH,C00- -*• NH, + -CH.COO" (12)s 3 2 3 L

e“ + N0~ -*■ N03* ( -► NO") (13)

OH- + Fe(CN)74 *  Fe(CN)73 + OH- (14)о 0

The results are shown in Fig. 3 in which the unshaded histograms 
correspond to irradiation at 20 С and the shaded histogramsto -40 C. In 
all cases the extent of reaction occurring at -40°C is from 0.01 to 0.1
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TABLE III. LOSS OF THIAMINE IN PORK LOINa

TAUB et al.

TREATMENT CONTENT, mg/100g % LOSS

None 3.69 -

Thermally Sterilized 0.76 80
Irradiated (4.5 Mrad, +5°C) 0.14 96
Irradiated (4.5 Mrad, -80°C) 3.14 15

Reference {21}.

of what occurs at 20°C. These comparisons offer a striking demonstration 
of the significance freezing the water has on the radiation chemistry and 
explain why substantial Improvements are achieved by radiation sterilizing 
a food while frozen.

Similar comparisons have been made previously on food and show this 
clear advantage. A particularly good example is from the work of Thomas and 
coworkers on the loss of thiamine In pork, which Is summarized In Table III 
{21}. Note that thermal sterilization and radiation sterilization at +5 
destroy most of thiamine, while radiation sterilization at -80 С retains 
85% of the thiamine. Based on the studies described here, there should be 
no significant difference between results for -80 С and -40 C.
Free Radicals from Myosin and Actomyosln

Radiolytic effects on proteins in food are predominantly due to direct 
action, involving ionization and subsequent bond scission and forming free 
radicals in the peptide chain or on side groups. Small fragment radicals 
could diffuse away; the larger entities will be constrained by the caging 
effect of the rigid matrix. The nature of these entitles and their kinetic 
behavior in systems simulating high water content, high protein foods at 
-40 С were Investigated using electron spin resonance (ESR) techniques.

Native and heat denatured, hydrated myosin and actomyosin handled as 
precipitates or suspensions were irradiated at -40°C to several doses and 
examined at different post-irradiation temperatures. The samples contained 
either no or very little chloride ion to avoid the formation of Clj'•
Heat denaturing involved holding the samples at 70°C for 0.5 hr and was 
done to simulate the dénaturation occurring when the food to be radiation 
sterilized is precooked. Prior to irradiation, these samples were molded 
by freezing into cylindrlcally shaped sticks that could be handled during 
irradiation and examination without a quartz holder, thereby avoiding 
extraneous signals.

The major findings are that conformation has no significant influence 
on the nature of the radicals, that the entities stable at -40°C are 
carbon-centered radicals, and that these do not persist above -10°C.

The predominant ESR signal obtained from native or heat denatured 
myosin or actomyosln samples irradiated at -40 С is a broad doublet with
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^30 gauss peak-to-peak separation, superimposed on eight weaker lines 
symmetrically covering about 130 gauss {22}. Distinguishing features 
associated with sulfur-or nitrogen-centered radicals are absent. The 
spectrum is primarily attributed to a collection of carbon-centered 
radicals in the chain formed from the loss of hydrogen or a side group and 
having the unpaired electron in each case interacting with one proton on 
the associated methylene group:

0 H
« ■ I.С, С . N

H r' о

where R and R1 are determined by the specific amino acid moiety. Contri
butions to the interaction from methyl groups (R=R'=H) are also expected»

The spectrum obtained at -40°C increases linearly in intensity and 
without a change in shape as the dose is increased up to 20 Mrad. A leveling 
off to constant intensity is observed with increasing dose, 40 Mrad being 
the highest used. Reaction of this type of radical with other reactive 
entitles during the irradiation is implied.

As long as the temperature is held to -40°C or lower, the signal Is 
unchanged in shape or Intensity. The presence of large, Immobile free 
radicals derived from the long (160 nm), helically entwined main chains of 
myosin (molecular weight of about 500,000 daltons) is indicated.

If the temperature is raised to -10°С* the signal Intensity slowly 
decreases, but the spectral pattern remains unchanged. Monitoring the 
intensity over the course of 36 hr Indicates a half life (т. ) for the 
decay of about 8 hr. Fig. 4 shows the decay curve for free radicals in 
myosin Irradiated to 5 Mrad. The mechanism (and kinetic rate law) for the 
decay is currently unresolved. It probably involves combination of diffe
rent free radicals in close proximity, the rate being governed by the 
separation distances and molecular relaxation processes. Some combination 
between radical pairs involved in the initial bond scission would reform 
the original compound. If the sample is thawed and the spectrum retaken, 
no absorption is seen. The decay of the radicals in the unfrozen state 
presumably is very rapid.

To see if the formation and fate of these free radicals would be dependent 
upon other physical or structural factors, myofibrils and fibrous muscle 
tissue were also investigated {22}. The myosin molecules in the intact 
myofibrils are packed close together in the thick filament segments. 
Nevertheless, the ESR results are qualitatively similar. The same spectral 
pattern is observed, and the signal disappears upon thawing. The spectrum 
observed for fibrous tissue clearly shows a significant contribution from 
the protein radicals; there is also a contribution that can be shown to arise 
from some lipid components. These signals too do not persist in a thawed 
sample. Consequently, the information obtained from myosin and actomyosin 
in an unassociated state applies generally to proteins in food.

Since the free radicals are intermediate entitles in the overall 
chemistry and could lead to permanent chemical modifications in the 
proteins, electrophoretic studies and amino acid analysis were also 
made on the irradiated myosin and actomyosin. Much of the results 
have been reported elsewhere {23,24}. They show that there is no 
significant aggregation or degradation of the peptide chains and 
that there is no discernible change in the ratio of amino acids.
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FIG. 4. Decay at - 1 0 ° С o f  the ESR signal from myosin irradiated at -4 0 ° C. The sample in 
the form  o f  3 mm X 15 mm rods was y-irradiated to 5 Mrad and maintained in the temperature- 
controlled cavity throughout the course o f  the decay. The signal intensity is defined as the 
peak-to-peak height o f  the dominant doublet in the spectrum. No change in the spectral 
character was observed as the free radicals disappeared.

CONCLUSION

These experimental observations confirm the predictions that the 
chemical changes in foods irradiated in the frozen state and stored 
at room temperature should be minor. Indirect effects are practically 
eliminated and direct effects are substantially reduced, since the 
diffusion of free radicals Is limited. None of these free radicals, 
however, has been detected in the thawed product. This understanding 
of the radiation chemistry should facilitate health authorities in 
evaluating the sterilization process and promote the use of chemical 
data for granting new or broadened clearances on similar foods processed 
under related Irradiation conditions.
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DISCUSSION

J. SCHUBERT: There are reports that the ‘dry’ electron may produce 
reactions in more or less rigid media to an extent sometimes greater than the 
solvated electron. Therefore what role, if any, do you ascribe to the dry electron?

I. A. TAUB: From steady-state experiments on polycrystalline ices and pulse 
radiolysis experiments on amorphous ices, it has been shown that both ‘dry’ and 
solvated electrons can react with solutes relevant to food. Except for reaction 
with H+, the chemistry appears to be the same for both entities. Since dry 
electrons would be solvated rapidly at —40°C, any reaction of electrons occurring 
in systems containing high concentrations o f solutes would predominantly involve 
solvated electrons.

J. RAFFI: You said that the ESR signal includes other lines in addition to 
the principal doublet. Are these independent peaks or multiple lines and can you 
identify the corresponding radicals?

I.A. TAUB: There are several radicals contributing to the overall spectrum. 
The weak lines on the wings o f the doublet are attributed to contributions from 
other main chain radicals, such as those having a methyl side group, and from 
radicals with the electron on the side group, such as in the case o f the H atom 
adduct to phenylalanine.
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Abstract

PULSE RADIOLYSIS STUDY OF EGG WHITE.
Radiolytic processes in egg white in intervals o f 0.1 fis to  several seconds have been 

studied by the pulse radiolysis technique. The formation and decay of short-lived intermediates 
and their absorption spectra were observed under varied experimental conditions. The results 
show that intermediates are produced predominantly in reactions of radicals formed in water 
radiolysis with egg white proteins. The intermediates decay mainly in the first-order inter- 
molecular processes, though the mechanism of transformations is very complex.

INTRODUCTION

Proteins and water are important food constituents. The radiolysis of water 
has been studied extensively and radiolytic processes aré well known [1 ]. Less is 
known about the changes taking place in proteins [2] since they are rather complex 
systems whose structure and content vary. The study o f the nature o f the effect 
of ionizing radiation on proteins is of great interest with regard to the use o f  
ionizing radiation for the preservation o f protein-rich foods.

This work is an application o f the pulse radiolysis technique to egg white, 
a system representative of biological matrixes characterized by high concentrations 
of proteins and protein-bound water. Egg white, a somewhat specific system, 
has been selected because it is a food product that can be studied in the native 
state and is sufficiently transparent to allow the use o f the pulse radiolysis tech
nique combined with kinetic spectrophotometry. This technique gives the 
possibility to follow on different time scales the formation and decay of inter
mediates, i.e. free radicals, produced during irradiation. No experimental results 
are available about the pulse radiolysis o f  egg white, apart from the study of  
absorption spectrum of hydrated electrons on a nanosecond basis [3].

We have investigated the formation and decay o f short-lived intermediates 
and the optical spectra o f different transients. The work illustrates, directly, 
the processes taking place in irradiated egg white at intervals of 0.1 jus to several 
seconds.

385
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EXPERIMENTAL

Pulse radiolysis equipment

The experiments were performed using a pulse radiolysis set-up consisting 
of a Suprasil quartz irradiation cells, a Febetron 707 pulse electron accelerator, 
Field Emission Inc., Oregon, USA, a device for fast kinetic spectrophotometry, 
and a system for synchronization.

The electron accelerator produced short electron pulses o f about 15 ns.
The total energy was sufficient to produce a concentration o f short-lived inter
mediates o f the order of 10-6 to 10-4 mol • dm-3, which could be easily measured 
by optical absorption. The main features o f the kinetic spectrophotometry 
set-up were as follows:

Light source, an Osram XBO 450 W xenon lamp with a Suprasil quartz bulb, 
fed by a stabilized current source Oltronix AB, RACPAC B32—30—R 
All Suprasil quartz lenses and an irradiation cell 
Aluminium mirrors with MgF2 coating 
A double-prism quartz monochromator OPTON MM 12 
A RCA 1P28 photomultiplier tube coupled directly to a Tektronix 454 
scope and a storage 564B scope.

The overall rise time o f the system (with 454 scope) was about 0.1 ns. The whole 
pulse radiolysis set-up has been described in more detail elsewhere [4].

Doses o f about 5 krad/pulse were used. The absorbed dose was measured 
in situ using a ferrocyanide dose meter [5]. Absorption of the Fe(CN)|~ ion was 
measured at 420 nm (A420 = 1000 dm3 - mol-1 • cm-1) and the absorbed dose 
calculated using G(Fe(CN)|") = 5.8. The use o f an u.v. cutoff filter and a light 
shutter minimized the photo-induced oxidation o f the dosimetric system.

Materials

The egg white was obtained by mechanical separation from the egg yolk. 
Argon and N20 , used for saturation o f egg white, were provided by Tehnogas, 
Pancevo, and Lek, Ljubljana, respectively. The argon contained about 2 ppm o f  
oxygen, while the N20  was o f  medical grade.

To avoid foaming o f samples during the saturation with gas, N20  or argon 
were allowed to stream over the surface o f a thin layer o f the egg white. Samples 
prepared in this way were stored in a 50 ml all-glass syringe and transferred 
directly into a closed irradiation cell.
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About 15 pulses were usually given successively to the same sample, with 
a total absorbed dose o f up to about 75 krad. Repeated measurements with 
fresh samples were used to check if this was permissible. Identical results were 
obtained.

RESULTS AND DISCUSSION 

Radiolysis o f egg white

Egg white consists mainly o f proteins and water. The composition o f  egg 
white is known [6]. It contains 87% o f water and 10.5% o f proteins (7% of 
ovalbumin). All other constituents — ovoconalbumin, ovoglobulin, ovomucoid, 
carbohydrates and minerals — are present in less than 1 %. Lipids are present in 
a negligible amount. Among the 16 amino acids present in egg albumen the most 
abundant are: arginine, aspartic acid, glutamic acid, isoleucine and valine. However, 
some other amino acids (e.g. cystine) present to a lesser extent appear to be 
important in degradation because o f their high reactivity with radicals formed in 
egg white.

Egg white contains predominantly water and so water radiolysis is a major 
consequence o f overall energy absorption. The radiation chemical decomposition 
of water may be represented as

H2o ^ v — ► 0H ,e¡q ,H ,H 20 2,H 2,H 30 +,0 H ¡ q (1)

where the hydroxyl radical (OH), hydrated electron (e“  ) and hydrogen atom (H) 
are unstable species, while all others are stable radiolytic products. It seems 
reasonable to assume that intermediates observed during the irradiation o f egg 
white are formed in reactions with OH, e¡^ and H. The sites o f attack are different 
functional groups o f  amino acids in proteins. Beside the indirect effect, which is 
the consequence of the reactions with hydroxyl radicals, hydrated electrons and 
hydrogen atoms, the possibility o f  the direct effect o f  radiation on local places of 
high protein concentrations in egg white is not excluded.

The concentrations o f  amino acids in egg white and their reactivities toward 
e“ and OH radicals are given in Table I. The reactivities were calculated using 
data available in the literature for aqueous solutions o f amino acids. They can 
serve for comparison o f amino acid behaviour toward e¡q and OH when they are 
free or bound in protein. Almost all amino acids absorb in the wavelength region 
below 350 nm. Exceptions are histidine [7] and cystine [8], which have second 
absorption maxima about 400 nm.
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TABLE I. REACTIVITIES OF AMINO ACIDS IN EGG WHITE TOWARD e~ 
AND OH RADICALS

Amino acid wt%a

Reactivity*3

k(e“ + H A ) X [H A ] 

s’ 1

Reactivity*3

k(OH + НА) X [HA] 

s' 1

Alanine 0 .2 1 2.8 X 10s 1.8 X 106

Arginine 1.05 9 .0  X 106 2.1 X 108

Aspartic acid 0.81 6.1 X 10s 1.2 X 106

Cystine 0.23 1.2 X 108 4 .6  X 10 7

Glutamic acid 1.32 1.8 X 106 1.2 X 107

Glycine 0 .28 3.1 X 10s 6 .3  X 10s

Histidine 0 .2 2 5.6 X 1 0 7 7.2 X 1 0 7

Isoleucine 0.73 - 9 .8  X 107

Leucine 0 .76 5.8 X 10s 9 .5  X 107

Lysine 0 .6 8 9 .2  X 10s 2.9 X 107

Methionine 0.63 1.5 X 106 3.7 X 10s

Phenylalanine 0 .76 6 .9  X 106 2 .7  X 108

Threonine 0 .53 4 .4  X 10s 1.7 X 107

Tryptophan 0 .1 9 3.8 X 106 1.3 X 10s

Tyrosine 0 .5 4 8.3 X 106 4 .2  X 108

Valine 0 .79 3 .4  X 106 4 .7  X 107

a Percentage concentration calculated according to  the known concentration of amino acids 
in egg albumen, taken from Ref. [6 ]. 

k Rate constants -  k(e^q + HA) and k(OH + HA) — taken from Refs [9, 10].

Reaction with eaq and OH

From the exponential decay o f the hydrated electron absorption, recorded 
at 600 nm, in argon-saturated egg white after a 50 ns pulse o f 5 krad/pulse, the 
half life time for the decay of e ^  was calculated to be 48 ns, which is in good 
agreement with the previously published value of 45 ns [3]. Taking into account
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that egg white is a 10.5% solution o f proteins in water consisting mainly o f the 
protein ovalbumen (molecular weight 45 000), it was possible to determine the 
rate constant for reaction o f egg albumen with e ^ , к = 5.8 X 109 dm3 • mol-1 ■ s-1 . 
An attempt has been made to analyse the rate constant obtained for egg albumen 
in terms o f the reactivities o f the individual component amino acids. According 
to a previoulsy published study o f proteins in dilute aqueous solutions [11], the 
reactivity o f  a hypothetical mixture o f egg albumen can be expressed as the 
algebraic sum o f the products o f the rate constant and concentration for each 
amino acid in egg white, i.e. k(e“q + egg albumen) X [egg albumen]
= k(e~ + НА) X [НА]. All amino acids present in the egg white were taken into 
account in this calculation. No agreement has been found between calculated, 
к = 7.3 X 1011 dm3 • mol-1 • s-1 , and experimentally determined values. It shows 
that this approach is not correct for egg white. Moreover, the experimentally 
determined value is smaller than that previously published [11], 
к = 1.3 X 1010 dm3- m ol-1 ' s '1, obtained for a dilute aqueous solution o f  
ovalbumin. The disagreement observed can be ascribed to the decrease in the 
reaction rate o f hydrated electron in the viscous matrix o f  egg white.

The reaction o f egg albumen with OH radicals was observed in the presence 
of N20 . In solutions saturated with N20  hydrated electrons are converted into 
OH radicals according to the reaction

e“ + N20  -*> N20 ~  -> N2 + OH + OH-  (2)

In egg white this conversion occurs in less than 5 X 10"9 s [3]. The transient 
produced in the reaction with OH radicals was observed 0.2 jus after the electron 
pulse. The absent or only very small initial absorption (Fig. 1, insert a) indicates 
that the observed absorption is only due to OH adduct. From the exponential 
formation of the absorption, recorded at 410 nm, the half-life time T  ̂ = 0.25 jus 
and к = 1.1 X 109 dm3 ■ mol-1 • s-1 were determined. The rate constant calculated 
for the hypothetical mixture o f egg albumen is, as in the case for the reaction with 
e¡^ , much higher, i.e. к = 8.6 X 10 10 dm3 • mol-1 • s-1 .

Optical spectra o f  free radicals

The short-lived intermediates formed in reactions with e¡q and OH radicals 
have characteristic optical spectra. The absorption spectra were recorded in argon- 
satured egg white, and in order to simplify the processes in irradiated egg white 
they were also recorded in the presence o f N20 .

Absorption spectra in N20-saturated samples, determined at the end o f the 
pulse, 8 ms and 450 ms after the pulse are shown in Fig. 1. The absorption 
spectrum at the end o f the pulse was obtained by extrapolating the traces 
measured in the first 5 microseconds following the pulse. The slow decay o f
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WAVELENGTH tnm]

FIG . 1. Absorption spectra recorded in NiO-saturated egg white: •  at the end o f  the pulse; 

о  8  ms after the pulse; X  4 5 0  ms after the pulse. Insert: absorption changes at 4 1 0  nm,

5  krad/pulse: (a) formation of O H  adduct; fb) and (c) decay processes.

initial absorption permits a reliable extrapolation. From Fig. 1 it can be seen 
that absorption spectra change with time, the absorbancies decrease and the 
shape o f the spectrum is changed.

Absorption spectra in argon-saturated egg white are shown in Fig. 2. Spectra 
were recorded at three different times, i.e. at the end o f the pulse, 8 ms and 
450 ms after the pulse. Absorbancies measured during the first 5 /us after the 
pulse were extrapolated to zero time. It can be seen from Fig. 2 that absorbancies 
are higher in Ar-saturated egg white than those obtained in the presence o f N20  
(Fig. 1). The reason for this can be the higher absorption o f charged species.
The spectrum recorded at the end o f the pulse has a maximum at 420 nm and is 
sufficiently similar to that of the cystine anion radical [8]. It has also been noticed
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FIG . 2. Absorption spectra recorded in Ar-saturated egg-white: •  at the end o f  the pulse; 

о 8  ms after the pulse; X  4 5 0  ms after the pulse; 5  krad/pulse.

before in the same system 0.5 ¡is after the electron pulse [3]. Since in N20-  
saturated egg white the spectrum with a maximum at 420 nm is not produced 
(N20  converts the hydrated electron into an OH radical), it is reasonable to 
assume that it is due to hydrated electron adducts. This is in agreement with 
results obtained for some other proteins [9] where electron localization at disulphur 
bridges has been observed directly. These adducts are formed by direct attack o f  
e“ or by instantaneous intramolecular electron transfer following initial attack 
elsewhere in the molecule. It should be pointed out that the reactivity of cystine 
(Table I) is much higher than the reactivities o f  other amino acids in the egg white.

Egg white has also been irradiated with the gamma source with 15 krad.
No change o f absorption spectrum in either the N20  or Ar-saturated samples was 
observed. This means that the absorption spectrum o f egg white after irradiation 
shows no change, while different reactive short-lived intermediates are formed 
in the time between 0.1 pis and several seconds.



TABLE II. DECAY KINETICS OF FREE RADICALS IN IRRADIATED EGG WHITE

N•2О-Saturated egg white Argon-saturated egg white

Process
Half-life
(s)

Observed at 
wavelength 
(nm)

Process
Half-life
(s)

Observed at 
wavelength 
(nm)

OH + egg albumen Rj 

к = 1.1 X 109 dm3 ' mol" 1 • s-1

0 .25  X 1 0 ' 6 4 1 0 eaq + e8S albumen -> Rj 

к = 5 .8 X 10® dm *• mol-1  • s_1

4 .8  X 10 ' 8 6 0 0

Ri R2 1.9 X 10 ‘ 3 3 4 0 - 5 0 0 Ri -*■ R2 1.8 X 10~3 3 4 0 - 5 0 0

R2 -*■ R3 Rn 3 6 0 - 4 5 0 R i -»■ R3 -*■ Rn 3 6 0 - 4 5 0

Rln R 2 n 0 .1 3 6 0 - 4 5 0 Rln R 2 n 0 .0 4 3 6 0 - 4 5 0

R 2 n ^ R 3n ~ 2 5 30 R 2n “*■ R3n ~ 2 530

392 
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Transformations o f intermediates

The decay o f initially formed intermediates in irradiated egg white was 
followed on a time scale from 0.1 jus to several seconds. The intermediates 
formed in reaction with OH radicals have a half-life o f 0.25 us and decay notice
ably only on a ms time scale, by a first-order process with T  ̂= 1.9 ms. The decay 
of the absorbance is the same in the whole wavelength region from 340 to 500 nm. 
The dose rate has no effect on this rate o f decay. After 8 ms the decay of 
absorbance indicates rather complicated processes. In the time interval from 
8 to 50 ms the decay is o f mixed order, after 50 ms it is approximately first 
order with a half-life of about 0.1 s. After 450 ms there is a small increase in 
absorbance (Fig. 1) in the range from 500 to 600 nm, which totally disappears 
after 5 s. The formation o f the first transient at 0.2 pis and transient decay at 
1 ms and 50 ms, all observed at 410 nm, are given in the inserts in Fig. 1.

The electron adduct, observed in Ar-saturated egg white, is long lived and 
decays by a first-order process with T i = 1.8 ms. The half-life is independent of 
dose rate and is constant in wavelength range from 340 to 500 nm. Kinetic 
analysis shows the same transformations as in N20-saturated samples; in the 
time interval from about 8 ms to 50 ms the decay is o f mixed order, but after 
50 ms it is again first order with a half-life of about 0.04 s. The kinetic data 
for N20  and Ar-saturated samples o f egg white, obtained by following changes 
in absorbancies as a function of time, are summarized in Table II. The results 
given in Table II clearly show that, though the intermediates are o f different 
origin, they decay in the same way. It means that characteristic functional 
groups in intermediates show the same transformation processes.

The intermediates produced in air-saturated egg white are the same as those 
in Ar-saturated samples. They react with oxygen and, most likely, peroxy 
radicals are formed. The results obtained for air-saturated egg white indicate 
that the absorption spectra o f peroxy radicals are shifted towards shorter 
wavelengths. Unfortunately, since egg white absorbs strongly in the wavelength 
region below 340 nm, it was not possible to measure peroxy radical absorbancies. 
Analysis o f decay kinetics o f peroxy radicals in the wavelength interval from 
450 to 600 nm show that they decay with half-lives ranging from 0.02 to 0.1 цs. 
This suggests that peroxy radicals are formed as a result of reactions of different 
functional groups o f  constituent amino acids.

CONCLUSION

The results obtained in this work show the great significance of the indirect 
effect of radiation on egg white, though there are no grounds for supposing that 
direct effects do not contribute to a lesser extent to chemical changes in irradiated
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egg white. The absorption spectra recorded at the end o f 15 ns electron pulse 
support the assumption that intermediates are produced in the reactions of 
radicals formed in water radiolysis with egg white proteins.

The transients decay mainly in first-order processes in a complicated 
sequence and with the total life o f about a few seconds. Doses o f several tens 
of kilorads, as used in this technique, produce no significant changes in the 
protein content o f egg white. However, processes observed under various 
different experimental conditions show that reactive short-lived intermediates 
are formed in egg white. Irradiated egg white appears to be a complex system, 
even though water is a major energy absorber.
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DISCUSSION

I. A. TAUB: In your calculations of the rate constants for solvated electrons 
and hydroxyl radical with albumen on the basis o f known rate constants for the 
constituent amino acids, did you take into account accessibility o f the amino 
acids in the intact protein?
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Ljubica JOSIMOVIC: No, in our calculations we used the concentrations 
of all amino acids present in egg white.

I. A. TAUB: Did you consider the possibility that the locus of electron 
attack on the protein might be the peptide linkage forming a ketyl-type radical?

Ljubica JOSIMOVIC: The only evidence we have concerning the site of  
electron attack on egg white protein is the absorption spectrum with a maximum 
at 420 nm. It indicates that some radical centres are located at disulphur bridges. 
However, according to the mechanism suggested by some authors (Adams et al., 
and Faraggi), the first sites o f the e“q reaction are the carbonyls o f the protein 
exposed to the solvent. In slightly alkaline solution (pH o f egg white is 7.6) 
some of the electrons migrate to the S—S bond.

J.-F. DIEHL: You found different reaction rate constants in egg white 
protein as compared to the corresponding amino acids, and you attributed this 
to the higher viscosity o f the egg white. There could be other explanations.
Much evidence is available that indicates that the radiation sensitivity o f  free 
amino acids is different from that o f the same amino acids present in a protein 
and that the conformation of the protein influences the reaction rate constants.
I find your work most interesting and I think that you could obtain an answer 
to the question of what role viscosity may play by determining reaction rate 
constants in egg white diluted in order to reduce the viscosity.

Ljubica JOSIMOVIC: Yes, that is a good idea and I shall keep it in mind 
for our future work.
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Abstract

RADIOLYSIS OF TRYPTOPHANE IN Penaeus setiferus.
A comprehensive review of the literature confirms that shrimp meat has 23 different 

amino acids, and all of the data observed present the shrimp aminogram with the same extremes: 
the major amino acid is glutamic acid ; whereas the amino acid having the least concentration is 
tryptophane. Among the amino acids that are essential to  humans, tryptophane and lysine are 
the most important for evaluating quality of a protein. This lends importance to the evaluation 
of changes that could occur in the amino acids during processing procedures employed for 
preservation. This investigation was designed to  study the radiolysis of tryptophane during 
ionizing radiation of shrimp, with 60Co, and ascertain its relative importance in relation to  the 
improvements that this method could offer for shrimp preservation. The primary variables 
considered to  determine the effect, if any, on the tryptophane content of shrimp were:
(1 ) temperature during irradiation (8 0 , 39 , and — 2 °F ), (2 )  moisture content of shrimp (fresh 
and freeze-dried), and (3 ) pasteurizing and sterilizing radiation dose levels (0 .2 , 1.0 and 4 .5  Mrad). 
The experimental results showed that freeze-drying the shrimp prior to radiation had no 
significant effect on the tryptophane-protein ratio after radiolysis. There was a statistically 
significant difference (p <  0 .0 5 )  in the tryptophane-protein ratio.in the fresh and freeze-dried 
shrimp due to irradiation dose levels and to  the temperature during radiation. The actual 
decreases, however, in the tryptophane-protein ratios were very small, between - 1 .5  and -1 .8 6 % ,  
and could be considered as essentially negligible when compared with the benefits that radiation 
method could yield in controlling bacterial activity and blackening in shrimp preservation.

INTRODUCTION

This investigation was designed to study amino acid radiolysis of 
shrimp muscle. Such information is necessary for the successful 

application of processing shrimp by irradiation. Previous experiments 
have shown that low dose gamma radiation results in quality and flavor 
retention of many fish and shellfish.

397
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Shrimp was selected because of its economic importance. This 
shellfish has more than twice the value of any other U.S. fishery pro
duct, and previous research has indicated the commercial feasibility 
of preserving it by irradiation, providing that the process is approved 
by regulatory agencies.

Radiolysis of amino acids was considered for investigation, be
cause of the need to ascertain changes in nutrients during gamma radi
ation, and to evaluate the role of chemical reactions in the formation 
of undesirable odors during radiation.

To evaluate these reactions it was necessary to study the influ
ence of the irradiation dose, the water content of shrimp meat, and 
the temperature during the irradiation process.

The amino acid selected for this project was tryptopane because 
of its importance as an essential amino acid and the dearth of know
ledge concerning its occurrence in raw and processed shrimp.

EXPERIMENTAL

In the present investigation of the radiolysis of tryptophane in 

shrimp Penaeus setiferus caught off the Georgia Coast, U .S .A ., and ir
radiated, three major factors were studied, namely,
a) temperature during irradiation (80 , 39 , and -2 F),
b) moisture content of shrimp (normal and freeze-dried),
c) irradiation dose levels (0 .2 , 1 .0 , and 4.5 Mrad).

Irradiation

The radiation source was a 4419 curie Cobalt-60 irradiator located 
in the Nuclear Science Center, Louisiana State University, Baton Rouge, 
Louisiana. A temperature controlled system (Fig.l ) was developed to 
decrease the temperature inside of the Cobalt-60 irradiator diving bell, 

and a temperature of -2 F was obtained through mechanical refrigeration 
processes. The cooling system was constructed with a water bath cooler, 

water/ethylene glycol (50/50) as cooling medium, one on-off temperature 
controller, a solenoid valve, a copper-constantan thermocouple, a stain
less steel vacuum chamber, and a copper coil located inside of the 
vacuum chamber and connected with the water bath cooler by insulated 
and isolated tubulations. This system controlled the shrimp tempera
ture by immersion in water/ethylene glycol bath kept inside of the 
vacuum chamber and refrigerated by the cooling medium that passed 
through the copper coil.

The possibility of influence of the variations on the experimental 
data was controlled through:

a) careful sampling, using all samples prepared from the same original 
materi al;
b) only shrimp without defects in the body and exoskeleton were used in 

sample preparation;

c) sample homogenization was obtained through manual mixing of all the 
original shrimp after they were cut in 4-cm pieces;
d) all the 60 samples utilized in the present investigations were pre

pared and packed under similar conditions;
e) the chemical analysis of the tryptophane was effectuated under con
trolled conditions of temperature, light, amount of chemical reagents, 

and reaction time.
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Of the 60 samples, 27 were freeze-dried and irradiated in groups 

of three replicates for each irradiation dose level (0 .2 , 1 .0 , and 4.5  
Mrad) and each temperature (80 , 39 , and -2 F); 27 were processed in 
the same way but under normal moisture (fresh) condition, and then, 
after the irradiation treatment, they were freeze-dried in the usual 
manner. The last 6 samples were freeze-dried and analyzed to evaluate 

the sampling and analytical operations.



TABLE I: Analysis of Variance for Tryptophane-Protein Ratios of Shrimp, 
(grams of tryptophane in 100 grams of protein)

Source of Variation d .f.

-6

SS 1 X 10

-6

MS 1 X 10 F

Critical Values 

d .f.

Total 53 424437

R - Replicate 2 281 140 0.21 2/34 3.28 5.29

A - Temperature 2 5159 2580 3.79* 2/34 3.28 5.29

В - Moisture 1 1667 1667 2.45 1/34 4.13 7.44

С - Irradiation 2 6026 3013 4.43* 2/34 3.28 5.29

A В - Temp, x Moist. 2 678 339 0.50 2/34 3.28 5.29

A С - Temp, x Irrad. 4 910 230 0.34 4/34 2.65 3.93

В С - Moist, x Irrad. 2 1144 572 0.84 2/34 3.28 5.29

А В С - T x M x I 4 3452 863 1.27 4/34 2.65 3.93

Error 34 23111 680

** p<0.01 

* p<0.05
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Tryptophane determination

The method used for the tryptophane determination was a modified 
procedure of Miller (12) wherein barium hydroxide was substituted for 

sodium hydroxide to hydrolize the shrimp samples. It was observed that 
barium hydroxide produced a faster and more efficient hydrolysis of the 

material with less damage to tryptophane than sodium hydroxide.

Statistical analysis

The tryptophane-protein ratio data were evaluated according to a 
3 x 2 x 3  factorial arrangement with 3 replicates. Also an analysis 
of variance was applied to the results obtained from the 6 non-irradi- 

ated shrimp samples, and a t test was used to compare the overall mean 
values from the irradiated and non-irradiated shrimp samples.

RESULTS AND DISCUSSION

The tryptophane-protein ratios (grams of tryptophane in 100 grams 

of protein) for each of the 54 irradiated samples of shrimp were sub

jected to a standard analysis of variance which examined the effects on 
the mean values of the ratios of 3 replicate experiments, 3 levels of 
temperature of the shrimp during irradiation, 2 levels of moisture con
tent of shrimp during irradiation, and 3 dose levels of gamma ray ir
radiation. The results of the analysis of variance are given in 
Table I .

The mean values for tryptophane-protein ratios of headed shrimp for: 
A, temperature of the shrimp while being irradiated; B, moisture content 
of shrimp, i. e ., fresh or freeze-dried; C, dose levels or irradiation; 
the three bivariate interactions, A x В, A x C, and В x C; and the tri- 
variate interaction, A x В x C, together with the overall mean are given 
in Table I I .

Among the 54 individual samples of headed shrimp, the tryptophane- 
protein ratios ranged from 1.21 to 1.34, with the overall mean being 1.28. 

The mean values associated with Replicates I, II and III were 1.274,
1.280 and 1.278, respectively. The slight differences among these 
values were not significant (p>0.05); this indicates that replication 

of the experimental operations did not affect the observed tryptophane- 
protein ratios.

The temperature of the shrimp during irradiation had a significant 
effect ( p<0.05) on the ratio of tryptophane to protein. Mean values of
1.265, lft289 and 1.278 were associated with irradiation temperatures of 
-2 F, 39 , and 80 F, respectively. These values indicate that the 
tryptophane-protein ratio is significantly smaller wjjen shrimp are ir
radiated at -2 F than when they are irradiated at 39 F.

Freeze-drying the shrimp prior to irradiation had no significant 

(p>0.05) effect on the tryptophane-protein ratio. A mean value of 1.272 
was associated with freeze-dried samples, whereas 1.283 was associated 
with the samples that had not been freeze-dried.

Increasing the dose level for the irradiation of shrimp from 0.2 

Mrad was significantly (p<0.05) related to a reduction in tryptophane- 
protein ratio: increasing the dose level further to 4.5 Mrad was not
accompanied by a further reduction of the tryptophane-protein ratio.
The mean values obtained with the three dose levels of irradiation, 
namely 0 .2 , 1.0 and 4 .5 Mrad, were 1.292, 1.268 and 1.272 respectively.
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TABLE-II: Means for Tryptophane-Protein Ratios 
of Shrimp, (gram of tryptophane in 

TOO grams of protein)

Trivariate Interaction, A x В x С Bivariate

Moist. Irrad. Temp.°F В x С

Levels Mrad

ОО0
0 -2° СО V

O о (Moist, x Irrad.)

M 0.2 1.293 1.283 1.313 1.297

1.0 1.263 1.267 1.277 1.269

4.5 1.280 1.270 1.300 1.283

D 0.2 1.303 1.267 1.293 1.288

1.0 1.277 1.253 1.273 1.268

4.5 1.253 1.250 1.277 1.260

Bivariate 
A x С

Irrad. Means 
С

0.2 1.298 1.275 1.303 1.292

1.0 1.270 1.250 1.275 1.268

4.5 1.267 1.260 1.288 1.272

Bivariate 

A x В

Moist.

Moist Means 

В

M 1.279 1.273 1.297 1.283

D 1.278 1.257 1.281 1.272

Temp. Means 1.278 1.265 1.289 Overall Mean 

1.277

M: Normal Moisture D: Freeze-Dried

None of the three bivari ate interactions, A x В, A x C, and В x C, 

for mean tryptophane-protein ratios of headed shrimp were significant 
(p>0.05). This indicates that with respect to mean tryptophane ratios, 
the relationships between (1) levels of moisture in shrimp x tempera
ture of shrimp (A X  B), (2) temperature of shrimp during radiation x 
dose levels (A X C) and (3) levels of moisture in shrimp x dose levels 
(В X C) were consistently maintained for all samples of shrimp.

In the trivariate interaction, A x В x C, for both moisture levels 
the largest mean tryptophane-protein ratios were associated with the 
lowest dose level of irradiation, namely, 0.2 Mrad. The smallest mean 

ratios for samples that had not been freeze-dried were associated with 
a dose level of 1.0 Mrad, whereas the smallest values for freeze-dried 
samples, with one exception, were associated with a dose level of 4.5  
Mrad. The 39 F temperature of irradiation was associated with the
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largest mean values of the samples that had not been freeze-dried, 
whereas, with one exception, the 80 F temperature of irradiation was 

associated with the largest mean values of the freeze-dried samples. 
Statistically, the trivariate interaction was not significant (p>0.05). 

This indicates that, with respect to mean tryptophane-protein ratios, 
the relationships among levels of temperature at which shrimp were ir
radiated x levels of moisture in shrimp x dose levels of irradiation 

were consistently maintained for all samples of shrimp.
The individual tryptophane-protein ratios of the non-irradiated 

samples ranged from 1.22 to 1.34. The results of the analysis of 
variance of these data are presented in Table 111.The F values indicate 

that neither the difference between duplicates nor the differences 

among the samples were statistically significant (p>0.05). These find
ings indicate the sampling techniques and methods of chemical analysis 
did not significantly affect the observed tryptophane-protein ratios of 
the non-irradiated freeze-dried shrimp samples.

A comparison of the overall mean value (1.277) of the irradiated 
samples with that (1.271) of the non-irradiated samples by means of the 

t test indicated that the difference between these two values was not 
significant (p>0.05). This is not to be interpreted that the irradi

ation operation had no effect on the tryptophane-protein ratios, but 
rather, that the effects of irradiation on the ratios were not linearly 
proportional to the levels or irradiation.

The decrease due to irradiation of tryptophane-protein ratios in 

the shrimp samples of this investigation agree with the results observed 
by Chaudhry and Evans ( 4) and by Johnson and Moser ( 7 ) .

Research with irradiation of aqueous solutions of tryptophane sug

gests its decomposition through the indirect action of the radiation 
energy, which first acts on the water with the formation of free radi
cals, and then these radicals act on the tryptophane (15, 14, 6 ) .
Similar effects were observed with other amino acids. It is possible 
that the mechanism presented by Jayson, Scholes and Weiss ( 6 ) to 
explain tryptophane radiolysis in aqueous solutions, could have occurred 
in the present investigation, because the shrimp were irradiated in the 
presence of oxygen, which is required for this mechanism, and also be
cause the products formed under these modifications are not detected by 
the method utilized in determining tryptophane in the shrimp samples.
The reactions are:

CH2CH(NH2)C02H

OH

N N H

H

N H 

H

N H 

H

(b)

(a): tryptophane

(b): formylkynurenine



TABLE III: Analysis of Variance for Tryptophane-Protein Ratios 
in the Non-Irradiated Freeze-Dried Shrimp, 

(grams of tryptophane 1n 100 grams of protein)

Source of Variance d .f . S .SOxlO  -6) M .S .(1x10 " 6 ) F

Critical

d .f.

Values

F.05 F.01

Total 11 11492

D-Duplicates 1 9 9 0.018 1/5 6.65 16.25

S-Samples 5 8942 1788 3.520 5/5 5.05 10.97

D x S 5 2541 508

**p<0.01

*p<0.05
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The mean tryptophane-proteiii ratio of the non-irradiated freeze- 
âfied shrimp was 1.271, which agrees with the values reported by Beach, 
Hunks and Robinson ( 2 ) , 1.24; with that reported for the same species 
by Jones, Moeller and Gerdorff ( 8 ) , 1.21; higher than that obtained 
by Master and Magar ( 11), 0 .4 ; by Dabrowski, Kolakowski and Karnicka 
( 5 ), 0 .98; and by Konosu èt al. ,  ( 9 ) , 1.0 . It is smaller than the 
values detected by Chari ámTViñkataraman ( 3 ) , 1 .82; and Antunes,
Tenuta and Novak ( 1 ) , 1.5. In general, the values found for trypto
phane in the prëSëht investigation are comparable to those of beef, 

pork and chifckeh (1.28, 1.25 and L 23 ) presented by Konosu and Matsuura 
( 10) with the determination effectuated after 8 hours of hydrolysis 
with Ba(0H)¿. This condition was similar to the experimental method 
used in the present research. Neil and s et al_. (13 ) also presented values 

for tryptophane content in beef and pork that are very close to those 
stated by konosu and Matsuura (10 ) and to those obtained with both ir

radiated ahd non-irradiated shrimp samples in this work. All of these 
Pèsults show the importance of shrimp as a source of tryptophane in the 
human diet.

R E F E R E N C E S

"1. ANTUNES, S .A ., A. TENUTA, FÎLH0, A.F. NOVAK. 1971. Aminoácidos
na carne do càmarao Penaeus brasiliensis. (Portuguese). Paper read 
before the "XÜÏII Reuniao da sociedade Brasileira para о Progresso 

da Ciencia", turitiba, Brazil. T-l. 1 p.
2. BEACH, E .F ., B. MUNKS, A. ROBINSON. 1943. The amino acid composition

of animal tissue protein. J. Biol. Chem. 148:431-439.
3. CHARI, S .T ., R. VENKATARAMAN. 1957. Serrii-drying of prawns and its 

effeets on the amino-acid composition. Ind. Jour. Med. Res. 45; 81-84.
4. CHAUDHRY, M .T.N ., R.A. EVANS. 1971. The effect of gamma-irradiation 

on the amino acid content of proteins. BiocHem. J. 124:29P-30P.
5. DABRÔWSKI, T .,  E. KOLAKÔWSKI, B. KARNICKA. 1969. CHimical composi

tion of shrimp flesh (Pafapenaeus Spp.) and its nutritive value. J.
FiSh Res. 6d. Can. 26:2969-2974.

6. JAYSON, G .G ., G. SCHOLES, J. WEISS. 1954. Formation of formylky-
nurenine by the action of X-rays on tryptophan in aqueous solution.

Biochem. J. 57.:386-390.
7. JOHNSON, B.È»> К. MOSER. 1967. Amino Acid destruction in beef by

high eftergy électron beam irradiation. Chapter 15 In: Radiation pre
servation of foods. Robert F. Gould, Editor. pp:l7T-l7!T American 
Cherhical Sô'Ciety Publications. Washington, D.C.

8. JONES, D .Ô ., 0. MOELLER, C.E.F. GÈRSDORFF. 1925. The nitrogen dis-

tributiôn and percentages of some amino acids in the muscle of the
shrimpj Penaeus setiferus (L .) .  J. Biol. Chem. 65:59-66.

9. KONOSU, S .,  S. KATORI, T. AKIYAMA, T. MORI. 1958. Amino acid compo
sition of crustacean muscle proteins. (Japanese, English Summary). 
Bull. Japan. Soc. Scient. Fish. 24:300-304.

10. KONOSU, S .,  F. MATSUURA. 1960. Tryptophan content of fish meat.
Ibid., 26:1040-1049.

11. MASTER, F ., N.G. MAGAR. 1954. studies in the nutritive value of 
Bombay fish. Part II. Amino-acid composition. Ind. Jour. Med.
Res. 42:509-513.

12. MILLEÏÏ7 E.L. 1967. Determination of thé tryptophan content of 
feedingstuffs with particular reference to cereals. J. Sci. Food 
Agr. 18:381-386.



406 ANTUNES and NOVAK

13. NEILANDS, J .B ., R.J. SIRNY, I. SOHLJELL, F.M. STRONG, C.A.

ELVEHJEM. 1949. The nutritive value of canned foods. II. Amino
acid content of fish and meat products. J. Nutr. 39:187-202.

14. PROCTOR, B .E ., D.S. BHATIA. 1953. Mode of action of high-voltage
cathode rays on aqueous solution of amino-acids. Biochem. J. 53: 
1-3. ~

15. STENSTROM, W., A. LOHMANN. 1931. Effect of roentgen radiation on

solutions of tyrosine, phenol, and tryptophane. Radiology. 17:432- 
434. —

DISCUSSION

G.F. WILMINK: Were the shrimps treated with sulphite before irradiation 
to prevent black spot?

A.F. NOVAK: No. All the shrimps used in these experiments were caught 
in the Gulf o f Mexico under complete supervision at all times. Commercial boats 
and experienced shrimp fishermen were used to obtain regular production 
conditions, and only shrimps of known history and containing no additives were 
selected for treatment. As a food scientist, I object to the use o f any chemical 
dips or additives as a substitute for good handling and proper preservation. 
Irradiation of fresh shrimps has proved to be a highly successful method both 
for retaining the quality and increasing the storage life o f this expensive food 
product.
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Abstract

BIOCHEMICAL E FFEC T S OF GAMMA RADIATION ON KEMBUNG FISH (Rastrelliger 
neglectus).

Investigations on the changes of SH-protease and acid phosphatase activity, total volatile 
base nitrogen (TVBN) and hypoxanthine concentration of fish during chilled storage were 
carried out. It was found that during storage for 12 days at 2 —S°C the concentration of 
hypoxanthine and TVBN value in Kembung fish increased steadily, while the specific activity of 
the fish SH-protease and acid phosphatase decreased remarkably. Evidently the increase in 
hypoxanthine concentration during storage proceeded faster than the increase in TVBN value.
It was proved that radiation treatment at doses of 0.1 and 0 .2  Mrad had no significant effect 
either on SH-protease activity or on the activity of acid phosphatase. Analyses of variance of 
the TVBN value and hypoxanthine concentration in unirradiated and irradiated fish during 
storage indicated that storage and radiation treatments produced highly significant effects; 
furthermore, irradiation effects on both parameters were significant after two days’ storage.
The significantly lower TVBN value and hypoxanthine concentration in samples irradiated at 
0 .2  Mrad as compared with those irradiated at 0.1 Mrad appeared after 7 days’ storage.

INTRODUCTION

It is generally believed that the muscle o f most aquatic species contains 
inherent hydrolytic enzymes capable o f  acting on the muscle after death through 
autolysis, in addition to microbial action, which is also enzymatic in nature. 
SH-protease and acid phosphatase are among the hydrolytic enzymes responsible 
for the deterioration of fish.

On the other hand, the degradative compounds produced by microbial growth, 
such as volatile reducing substances and volatile nitrogen bases, seem to have a 
limited value, as pointed out by Dugal [1], since these compounds are produced 
when the fish is already entering and passing through the point o f  incipient 
spoilage. Spinelli et al. [2] concluded that the rapid changes occurring in the post
mortem degradation of fish muscle nucleotide are o f considerable technological 
importance because the amount o f  these degradative compounds might correlate 
with the freshness o f the fish. Nucleotide degradation in fish muscle commences

407
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soon after death and proceeds throughout storage. The autolytic process involves 
hydrolytic dephosphorilation and deamination o f adenosine triphosphate to form 
inosine monophosphate, which degrades to inosine and finally to hypoxanthine. 
Saito et al. [3] described the use of a combination of hypoxanthine and inosine 
partitioned from the nucleotide fraction to measure freshness o f fish by showing 
adenine degradation. Jones [4] proposed that hypoxanthine levels alone seemed 
to be a good indication o f freshness. The determination of hypoxanthine in 
muscle o f channel catfish stored at 2°C was done by Beuchat [5] and a good 
correlation between hypoxanthine concentration and degree o f freshness was 
achieved.

The purpose of the present investigation was to study the biochemical changes 
such as changes of SH-protease and acid phosphatase activity, total volatile base 
nitrogen (TVBN) and hypoxanthine concentration of fish during chilled storage, 
as well as the changes resulting from gamma radiation treatments at doses of  
0.1 and 0.2 Mrad.

MATERIALS AND METHODS 

Sample

Kembung fish (Rastrelliger neglectus) obtained from the local market in 
Jakarta was used.

Chemicals

Reagent grade chemicals were used in all experiments. Sodium 13-glycero
phosphate as substrate o f phosphatase was obtained from Wako Pure Chemical 
Industries Ltd, Japan. “Casein nach Hammarsten” as protease substrate was 
obtained from Merck Darmstadt, Federal Republic of Germany. Hypoxanthine 
standard and xanthine oxidase were obtained from Serva Feinbiochemica, 
Heidelberg, Federal Republic of Germany.

Fish preparation

Fresh Kembung fish obtained from local markets were transported in ice 
to the laboratory. After eviscerating and washing the fish were packaged in poly
ethylene bags, 4 pieces per bag. The samples were then stored at 2 -5°C  in a 
refrigerator until analyses were performed.
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F IG .l . Changes in fish SH-protease and acid phosphatase activity during storage at 2- 5 °C  

(for units see text). A *  =  SH-protease activity, FA *  =  2 1 .5 1 6 2  - 1 .5 3 5 6 X  (r - - 0 .9348 ); 

B a  =  acid phosphatase, У ва  = 1 0 7 .8265  - 6 .8 4 6 6 X  (r =  - 0.9866).

Biochemical analyses

SH-protease activity was determined by the method o f Kunitz [6], using 1% 
casein in 0 .0 1M phosphate buffer at pH 7 as the substrate and 0.02M L-cysteine 
HC1 as the activator. Fish homogenate prepared in 0 .0 1M phosphate buffer of 
pH 7 containing 1 mM of ethylene diamine tetraacetic acid, Na2-EDTA, was used 
as the enzyme solution. The caseine substrate and enzyme solution were incubated 
at 37°C. After a 30 minute incubation the reaction was terminated by the 
addition o f 5% trichloroacetic acid (TCA). Blanks were performed without 
incubation and TCA was added first. One activity unit is expressed as the quantity 
of enzyme that produced an increase in absorbance (ДА276 nm) of 1 -00 in the 
assay under specific conditions.

The determination o f acid phosphatase activity was also carried out at 
37°C [7]. The solution of 0.05M sodium glycerophosphate in 0 .0 1M acetate 
buffer pH 5 containing 0.25M sucrose, and fish homogenate prepared in the same 
buffer solution containing 1 mM EDTA were used as the substrate and enzyme 
solution respectively. Further analytical procedures were as described in the
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F IG .2. The increase in hypoxanthine concentration and T V B N  value in Kem bung  fish during 

storage at 2- 5°C . A *  =  hypoxanthine, YA *  =  62 .1345  +  5 2 2 2 1 X  (r =  0.9951 ); В  a. = T V B N , 

У ВА =  8 .2 8 1 3  +  3 .1 9 4 6 X  (r =  0 .9802).

SH-protease determination above, while the inorganic phosphorus from the super
natant obtained after the reaction was measured by the method of Fiske and 
Subbarow [8]. The unit o f activity is expressed as micromoles inorganic phosphorus 
produced per mg protein under specific conditions.

Hypoxanthine analysis was done by a manual calorimetric method using the 
redox dye 2,6-dichlorophenolindophenol (DIP) and xanthineoxidase, as described 
by Beuchat [5].

The TVBN in the fish TCA extract was measured by the titrimetric method 
of Farber and Ferro [9] using Conway microdiffusion units.

The protein content was determined by Biuret method [10].
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TABLE I. ANALYSES OF VARIANCE OF UNIRRADIATED AND
IRRADIATED FISH SH-PROTEASE

Sources Degree of freedom Mean square F

Treatment 2 0 .0 2 1 2 5 1 .5 6 2 5 n's'

Error 6 0 .0 1 3 6 -

Coefficient of variation = 2 .9546%

n.s. = not significant.

TABLE II. ANALYSES OF VARIANCE OF UNIRRADIATED AND 
IRRADIATED FISH ACID PHOSPHATASE

Sources Degree of freedom Mean square F

Treatment 2 2.4161 0 .6 6 6 7 ns-

Error 6 3 .6 2 4 4 -

Coefficient of variation = 8 .9679%

n.s. = not significant.

Irradiation

Irradiation was carried out in a Gamma-cell 220 60Co source at a dose rate 
of 2.31 X 10s rad/h. Fricke dosimetry was used.

Experiment I

In this experiment 12 bags o f sample were used. Two bags were taken after 
0 ,2 ,5 ,7 ,9  and 12 days and then analysed for the parameters mentioned above.

Experiment II

Thirty-six bags o f sample were divided into three batches and irradiated in a 
Gamma-cell 220 60Co source at doses o f 0, 0.1 and 0.2 Mrad. The activity changes 
of SH-protease and acid phosphates were measured only directly after irradiation. 
While the changes in hypoxanthine concentration and TVBN value in unirradiated 
and irradiated samples were analysed periodically as in the first experiment, the 
zero storage time for irradiated samples was analysed immediately after irradiation. 
A completely randomized design (CRD) with two factors was used.
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FIG.3. Changes in TVBN value of unirradiated and irradiated fish during storage at 2-5°C.

A *  = control, УА*  = 9.0126 + 3.1587X (r = 0.9814j; S a  = 0.1 Mrad, Ува =  12.5713 + 0.7979X 

(r = 0.9855); Cn= 0.2 Mrad, Yc a= 12.4508 + 0.4571X (r = 0.9870).

RESULTS AND DISCUSSIONS

The results of experiment 1 showed the existence of biochemical differences 
between fresh and spoiled fish. It was found that when spoilage was in progress 
the activity o f the fish SH-protease and acid phosphatase increased remarkably. 
These characteristics can be used as objective indices for assessing fish freshness. 
However, since the activity is rather low, an attempt to increase the sensitivity of 
the assay is obviously important. The labelled substrate of Losty et al. [11] 
could be used. On the other hand, the hypoxanthine accumulation and the TVBN 
value in Kembung fish increased steadily. Data obtained from three replicates 
are presented in Figs 1 and 2. In Fig.2 it is shown that the increase in hypoxanthine 
concentration during storage proceeded faster than the increase in TVBN value. 
Furthermore, the r value of hypoxanthine (0.9951) was greater than that value 
of TVBN (0.9802) and so it is apparent that for assessing freshness of Kembung 
fish the hypoxanthine determination by the colorimetric method seems to be 
better than the titrimetric method of determining the TVBN value. After five 
days o f storage the spoilage became visually obvious, at that time the concentration 
of hypoxanthine was 88.25 jug/g and the TVBN value was 24.25 mg N /l 00 g.
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FIG.4. Changes in hypoxanthine concentration in unirradiated and irradiated fish during 

storage at 2—5°C. A •  = control, Уд* - 61.0684 + 4.84S0X (r = 0.9890); B a  = 0.1 Mrad, 

Yb a = 60.3851 + 1.9740X (r = 0.9811); Cn= 0.2 Mrad, Yc a= 60.9336 + 1.5914X 

(r = 0.9808).

The activity changes of fish SH-protease and acid phosphatase after irradiation 
were determined. The analyses o f variance summarized in Tables I and II indicated 
that irradiation treatment at doses of 0.1 and 0.2 Mrad had no significant effect 
either on SH-protease activity or on the activity of acid phosphatase.

The increases in TVBN value and hypoxanthine concentration in irradiated 
fish during storage were significantly lower than those of unirradiated fish, as 
shown in Figs 3 and 4. Analyses of variance o f the TVBN value and hypoxanthine 
concentration in unirradiated and irradiated fish during storage are shown in 
Tables III and IV. It can be seen that storage and radiation treatment gave a 
highly significant effect, and that irradiation effects are significant after two days
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TABLE III. F-CHART OF TVBN VALUE
OF UNIRRADIATED AND IRRADIATED
FISH STORED AT 2 -5 °C  FOR 12 DAYS

Sources F

Treatment 6 9 .1 6 4 5 * *

Radiation (R ) 1 9 1 .5 0 7 7 **

Storage (S) 9 1 .9 7 4 8 * *

R X S 3 3 .2 8 5 1 **

Coefficient of variation = 10.3092%

** Significant at 99% confidence level.

TABLE IV. F-CHART OF HYPO XANTHINE 
CONCENTRATION OF UNIRRADIATED AND 
IRRADIATED FISH STORED AT 2 -5 °C  
FOR 12 DAYS

Sources F

Treatment 1 7 5 .9 4 7 4 **

Radiation (R ) 4 4 6 .1 5 8 1 * *

Storage (S) 2 0 1 .2 1 6 3 **

R X  S 1 0 9 .2 7 1 2 **

Coefficient of variation = 2.6893%

** Significant at 99% confidence level.

of storage. However, significantly lower TVBN values and hypoxanthine concen
trations in samples irradiated at 0.2 Mrad as compared with those irradiated at 
0.1 Mrad appeared after seven days o f storage (see Appendices and B J . The 
effect o f storage on hypoxanthine concentration and TVBN value are presented 
in Appendices A 2 and B2. It appeared that the hypoxanthine concentration 
increased significantly in samples irradiated at 0.1 and 0.2 Mrad, while the TVBN 
value indicated that the difference was not significant for several storage periods. 
It was clear that for assessing the freshness of both unirradiated and irradiated 
Kembung fish the determination o f hypoxanthine concentration would be 
preferable to that of the TVBN value.
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CONCLUSIONS

When spoilage is in progress the activity of the fish SH-protease and acid 
phosphatase are increased remarkably. These characteristics can be used as 
objective indices for assessing fish freshness. However, since the activity is rather 
low, any attempt to increase the sensitivity of the assay is obviously important.

For assessing the freshness o f both unirradiated and irradiated Kembung fish 
the determination of hypoxanthine concentration seemed to be better than that 
of the TVBN value.

Gamma irradiation at doses o f 0.1 and 0.2 Mrad could not inactivate the fish 
SH-protease and acid phosphatase.

Storage and radiation treatment at doses o f 0.1 and 0.2 Mrad gave highly 
significant effects either on TVBN value or on the concentration o f hypoxanthine. 
Irradiation effects were significant after two days of storage. The significantly 
lower TVBN value and hypoxanthine concentration in samples irradiated at 
0.2 Mrad as compared with those irradiated at 0.1 Mrad appeared after 7 days of 
storage.
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Appendix Aj

MEAN DIFFERENCE OF HYPOXANTHINE CONCENTRATION OF 
UNIRRADIATED AND IRRADIATED FISH DUE TO RADIATION TREATMENT

Radiation dose 
(Mrad)

Storage time 
(d)

Mean difference 
П0.1 П0.2

0 0 o.i3n-s- 0.70n's'
0.1 - 0.83ns-
0.2 -
0 2 2 oon s- 2.40n's'
0.1 - 0 40n-s.
0.2 —
0 5 20.35** 21.48**
0.1 - 0.13"-s-
0.2 -
0 7 23.40** 25.60**
0.1 - 1.90n-s-
0.2 -
0 9 26.62** 30.48**
0.1 - 3.87*
0.2 -
0 12 32.02** 35.35**
0.1 - - 3.33**
0.2 -

LSDo.oi — 6.03 ; LSDo.oi — 2.86,
n.s. = not significant; * significant at 95% confidence level; ** significant at 99% confidence level.
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Appendix A 2

MEAN DIFFERENCE OF HYPOXANTHINE CONCENTRATION OF 
UNIRRADIATED AND IRRADIATED FISH DUE TO STORAGE TREATMENT

Radiation

dose

(Mrad)

Storage time 

(d) n2
Mean difference

Пб П7 П9 П12

0 0 -10.33** -30.75** -38.83** ^47.58** -56.42**

2 - -20.42** -28.50** -37.25** -46.08**

5 - - 8.08** -17.83** -25.67**

7 - - 8.75** -17.58**

9 - - 8.83**

12 -

0.1 0 - 8.47** -11.53** -15.57** -2 1 .1 0 ** -24.53**

2 - - 3.06** - 7.10** -12.63** -16.07**

5 - - 4.03* - 9.57** -13.00**

7 - - 5.53** - 8.97**

9 - - 3.43*

12 -

0 .2 0 - 7.23** -10.57** -12.83** -16.39** -20.57**

2 - - 3.33* - 5.60** - 9.16** -13.33**

5 - - 3.26* - 5.83* -1 0 .0 0 **

7 - - 3.57* - 7.73**

9 - - 4.16*

12 -

LSDo.oi — 6.03; LSDo.os — 2.86.
n.s. = not significant; *significant at 95% confidence level; ** significant at 99% confidence level.
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Appendix Bi

MEAN DIFFERENCE OF TVBN VALUE OF UNIRRADIATED AND 
IRRADIATED FISH DUE TO RADIATION TREATMENT

Radiation dose 
(Mrad)

Storage time 
(d)

Mean difference

no. 1 П0.2

0 0 0 i 7n-s. 0 .2 4 n's'

0 .1 - 0 .0 7 n's'

0 .2 -

0 2 1 .2 9 ns- 2  2 0 n s-

0 .1 — 0 9 in.s.

0 .2 —

0 5 5 .2 0 * 6 .4 5 **

0 .1 - 1 .3 2 n-s-

0 .2 -

0 7 9 .2 0 ** 11 .92**

0 .1 - 1,7 2 ns-

0 .2 -

0 9 18 .42** 2 1 .6 8 **

0 .1 - 3 .2 6 *

0 .2 -

0 1 2 28 .4 5 ** 3 1 .9 2 **

0 .1 - 3 .4 7 **

0 .2 -

LSDo.oi — 5 .9 2 ; LSDq.os — 2.8 1 .
n.s. = not significant; *significant at 95% confidence level; **significant at 99% confidence level.
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Appendix B2

MEAN DIFFERENCE OF TVBN VALUE OF UNIRRADIATED AND 
IRRADIATED FISH DUE TO STORAGE TREATMENT

Radiation
dose
(Mrad)

Storage time 

(d) n2 n5

Mean difference

П7 П9 П12

0 0 - 3 .2 4 * _ 9  41 ** - 1 5 .9 0 * * - 2 6 .3 7 * * -3 7 .3 6 * *

2 - - 6 .1 7 * * - 1 2 .6 6 ** -2 3 .1 3 * * - 3 4 .1 2 * *

5 - -  6 .4 9 ** -1 6 .9 6 * * -2 7 .9 5 * *

7 - -1 0 .4 7 * * -2 1 .4 6 * *

9 - - 1 0 .9 9 * *

1 2 -

0 .1 0 - 1  78i.s . - 4 . 1 1 * -6 .5 2 * * - 7 .7 8 * * - 8 .7 4 * *

2 — —2 .3 3 n,s - 4 .7 4 * -5 .9 9 * - 6 .9 6 * *

5 - _ 2  4 1  ".s. - 3 .6 7 * - 4 .6 3 *

7 - - 2 .2 6 n,s‘ - 3 .2 2 *

9 — - 0 .9 6 ns-

12 -

0 .2 0 _ 0  8 0 n s- _2  7 2 n-s - 3 .3 7 * - 4 .4 5 * -5 .2 0 *

2 — —1,9 2 n's - 2 .9 3 * - 3 .6 5 * -4 .4 0 *

5 — —i.oins- _ 1  73".s. - 2 .8 8 *

7 - _ 0  7 2 n-s. _1 4 7 4 .8.

9 - -0 .7 5  ns-

12 -

LSDq.oi — 5.92; LSDqoj — 2.81.
n.s. = not significant; *significant at 95% confidence level; **significant at 99% confidence level.
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DISCUSSION

D.A.E. EHLERMANN: Your observation that hypoxanthine content is one 
o f the few useful chemical quality indices for irradiated fish is in good agreement 
with the published data. Do you have any information available concerning the 
correlation of microbial load and hypoxanthine content?

Rochestri SOFYAN IYAD: No, I’m afraid not. However, the correlation 
o f organoleptic evaluation and hypoxanthine content has been described in detail 
by Beuchat (see Ref. [5] o f  the paper). A collaborative study on the correlation 
of organoleptic evaluation, microbial test and hypoxanthine content as a chemical 
index is at present being considered.

A.S. AIYAR: The enzymes which you report as decreasing during storage 
are both o f lysosomal origin. Is it the total activity or the free or bound forms 
of the enzyme that decrease? If it is the bound form, one could visualize greater 
labilization of the latter and release o f the free form. If not, what other 
explanation can you offer?

Rochestri SOFYAN IYAD: Since the preparation of the fish homogenate 
as enzyme solution was carried out in the buffer solution with low ionic strength, 
both enzymes are free enzymes from the sarcoplasmic fraction.
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THE LEVEL OF SULPHYDRYL GROUPS 
AS AN INDICATOR OF 
RADIATION TREATMENT OF MEAT

K. STOCKHAUSEN, W. BÔGL 
Institute o f Radiation Hygiene,
Federal Health Office,
Berlin (West)

Abstract

THE L EV EL  OF SULPH YD RYL GROUPS AS AN INDICATOR O F RADIATION  
TREATM ENT O F MEAT.

A biochemical procedure for the identification of irradiated pork meat (fillet, liver and 
heart) for doses ranging between 0.1 and 2.5 Mrad is described. Spectrophotometric deter
mination of the sulphydryl content in irradiated and unirradiated (control) animal tissue using 
6 ,6 ’-dithiodinicotinic acid (DTDNA) is applied. Ionizing radiation causes a permanent loss of 
sulphydryl groups in animal tissue such as meat. The dose-effect relations for this radiation- 
induced decrease in sulphydryl content does not follow a single function. It may be correlated 
with a double-exponential function, indicating that the sulphydryl content consists of two 
classes of widely different radiosensitivity. The most radiosensitive fraction represents 
approximately 2 0 —50% of the total sulphydryl content. The G-values for the radiation-induced 
oxidation of sulphydryl groups in this fraction are close to 23 molecules per 100 eV radiation 
energy absorbed by the animal tissue. F o r the fraction of the lower radiosensitivity the 
G-values reach 3 —7 molecules per 100 eV. Irradiation conditions, preparations of protein 
suspensions from meat, spectrophotom etric investigations and other experimental details are 
reported. The results presented demonstrate that spectrophotom etric determination of 
sulphydryl groups in irradiated meat is a promising specific and comparatively simple method 
of irradiation control in the dose range between a few krad and several Mrad.

INTRODUCTION

Exposure o f human or animal erythrocytes to doses o f ionizing radiation 
greater than few thousand rads will lead to a decrease o f membrane sulphydryl 
groups, as established by serious radiation-biochemical studies [1 ,2 ]. Among 
these studies different methods have been elaborated to estimate the radiation- 
induced decrease o f sulphydryl groups in erythrocytes or erythrocyte ghosts [1—4]. 
The most appropriate way o f estimating the sulphydryl level o f  such complex 
proteins after irradiation seems to be spectrophotometric determination o f the 
sulphydryl content using 6 ,6’-dithiodinicotinic acid (DTDNA). DTDNA is a

421
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FIG.I. Schematic presentation of the reaction of protein sulphydryl groups and DTDNA  

resulting in the formation of a highly coloured thione (II).

disulphide compound that reacts specifically with reactive sulphydryl groups [ 5 ].
This reaction produces one mole o f a thione (5-carboxy-2-thiopyridone; stable 
form: thione) per one mole sulphydryl groups, as illustrated in Fig. 1.

The thione split o ff by the decomposition of the disulphide bond of DTDNA 
is highly coloured. Hence it can be used to measure the sulphydryl concentration 
spectrophotometrically, as demonstrated below. In our studies on the action of 
ionizing radiation on pork meat we applied this method for resolving some problems 
o f irradiation control. For this purpose we have carried out a number o f irradiation 
experiments with various sorts o f  meat such as pork, chicken and fish [6]. This 
paper presents our results from irradiation experiments with pork fillet, liver and 
heart.

MATERIAL AND METHODS

Assorted pork meat (fillet, liver, heart) was purchased in a supermarket. 
The material was washed superficially using cold water and then sealed in 
polyethylene bags for storage in a food freezer at — 18°C. Before beginning the 
experiments small pieces were sliced o ff and used after they had thawed 
thoroughly at room temperature. For irradiation pieces o f about 5 g wet weight 
were put in glass containers and irradiated with gamma rays from a Linac 
(10 MeV, 250 цА, tantalum target) and from a 60Co gamma source. The 
irradiations were carried out at room temperature in the presence o f air. The 
various meat samples were irradiated at doses ranging between 0.1 and 2.5 Mrad.
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The dose rate in a fixed geometric position o f the samples was 9.0 X 1019 eV/g h 
for the Linac and 1.25 X 1019 eV/g-h for the 60Co gamma source. The dosimetry 
was performed with a Fricke dose meter (Gpe3+ =  15.5 [7]). Irradiated and un- 
irradiated material (control) was cut into smaller pieces (0.5 — 1 g) and homogenized 
mechanically (Ultra Turrax, 20 000 rev/min; 15 s) in 5 ml buffer solution 
(0.01N Na2H P04 in 0.9N NaCl solution; pH =  7.2). The resulting suspensions 
were diluted with lauryl sulphate solution (0.2 wt%) up to 15 ml volume and 
centrifuged (Labofuge I, 3500 rev/min, 1500 g) to precipitate the larger particles. 
Only the supernatant was used for the subsequent experimental steps. During 
preparation o f the suspensions up to the addition o f  the sulphydryl test solution 
all the homogenates and suspensions were cooled in an ice bath.

The protein content o f  the intact wet tissue was determinated according 
to the Biuret method by means o f  the test set from Merck (Mercko-test) using 
the protein suspensions before centrifugation. The determinations for the mean 
protein content led to the following values: 22.1 ± 2 wt% fillet, 19.9 ± 2 wt% 
liver and 19.2 ± 2 wt% heart.

The protein content o f  suspensions for the sulphydryl determinations was 
measured using the same procedure. After dilution with lauryl sulphate solution 
they generally contained 1 —5 mg protein per ml. Spectrophotometric sulphydryl 
determinations were carried out in the following manner: After centrifugation 
4 - 8  ml o f the supernatant, containing 1 - 5  mg protein per ml, were put in a 
100 ml flask and mixed with 0.5 ml o f  the DTDNA test solution. The reaction 
mixture was then made up to 100 ml with lauryl sulphate solution.

DTDNA is not easily soluble in pure water. To bring it into solution, it has 
to be solved first in a few millilitres (2ml) o f  0.5N NaHC03 solution. Subsequently 
this solution was diluted with 0 .145N NaCl solution to a final concentration o f
0.01 mole DTDNA per litre (0.303 g DTDNA/100 ml). The DTDNA solution 
has to be prepared freshly every day. The colour development was measured as 
a time function according to the formation o f thione. For each sample of 
irradiated tissue the absorbance at 344 nm was recorded 30 min after the protein 
suspension and DTDNA solution had been mixed. As controls, parallel experi
ments were carried out with unirradiated material. All o f  the spectrophoto
metric measurements were carried out against buffer/lauryl sulphate solutions as 
blanks. Kinetic studies o f the bimolecular rate constants o f the reaction between 
protein sulphydryl groups o f  assorted meat and DTDNA result in practically the 
same rate constants, i.e. к =  43.6 ± 3 mol-1 I s-1 .

RESULTS AND DISCUSSION

Figure 2 shows the absorption spectra o f DTDNA in buffer solution o f  
pH =  7.2 (curve I) and the thione resulting from the reaction o f DTDNA with
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FIG.2. Absorption spectra of DTDN A  (I) and the thione (II) after addition of glutathione: 

I: 10 4 mol/lDTDNA in phosphate buffer, pH  =  7.2; II: 10~* mol/lDTDNA in phosphate 

buffer, p H =  7.2 +  5 X. 10~s mol/l glutathione.

glutathione (curve II). The thione has a strong absorption at 344 nm with a molar 
extinction coefficient o f e =  10 000 mol-1 • 1 • cm-1, while DTDNA has only a 
very small absorption at this wavelength, but a very high absorption peak at 
290 nm with a molar extinction coefficient o f e =  19 000 m ol-1 • 1 • cm-1 .

Figure 3 represents the spectra obtained in the same manner from the 
protein suspensions o f the different meat samples. The initial absorption o f the 
protein suspensions o f all meat samples was only o f  any significance in the u.v. 
region below 300 nm. The absorption at larger wavelengths was comparatively 
low. After the reaction o f protein sulphydryl groups with DTDNA (curve II) 
the absorbance at 344 nm is considerably increased due to the formation of the 
thione, as illustrated in Figs 1 and 2. The optical absorption at 344 nm increased 
about two-fold when the protein concentration was doubled (curve III). Since
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FIG.3. Absorption spectra of protein suspensions from (A) pork fillet, (B) liver and, (C) heart 

before and after addition of D TD N A : I: protein suspension, phosphate buffer, pH  =  7.2;

II: protein suspension, phosphate buffer, pH  =  7.2 +  5 X  10~s mol/l D TDNA ; III: as II, 

but double protein concentration (A: 88.3 mg protein/l, B: 235.3 mg protein/l, C: 88.0 mg 

protein/I).
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the fresh DTDNA solution itself has practically no absorption at 344 nm, the 
sulphydryl content o f the protein suspension has to be calculated as follows:

[-SH] =
Д 344 _  д  344 . P)

^protein

e344 d [protein]
(1)

where

= concentration o f SH groups (mol/mg protein)

=  absorbance at 344 nm

= absorbance o f the protein suspension at 344 nm 

= molar extinction coefficient 

=  10 000 mol-1 1 c m ' 1 

= dilution factor 

[protein] =  protein concentration (mg/1) 

d =  optical path length =  1.0 cm.

[-SH]

A 344

A 3 4 4  • ^protem
,344

D

The results o f series o f such determinations for the sulphydryl content of the protein 
from the different sorts of pork meat before irradiation are summarized in Table I.

As a general result o f the irradiation experiments with various pork meats, 
the sulphydryl content decreases with increasing dose. Reappearance or repair 
during storing over a period o f several weeks was not observed.

Figure 4 shows the radiation-induced loss o f sulphydryl groups as a function 
of applied dose. These curves resulted from at least four irradiations. The full 
lines represent curves calculated from experimental measurements by the least 
squares method [8]. The significance o f these dose-effect curves is that they do 
not follow a single function. After a dose o f about 0.25 Mrad about 25% of 
the sulphydryl groups had disappeared in all meat samples. The extent of  
radiation-induced loss, expressed as A[-SH ]/[-SH ]0/A dose, is considerably 
higher at doses below approximately 0.5 Mrad than at doses above approximately
1.0 Mrad. This suggests that more than one class o f sulphydryl groups must exist 
with respect to the radiosensitivity.

The radiation-induced loss o f sulphydryl groups in the protein fraction o f  
the different meat tissues can be expressed in the form o f a double-exponential 
function as follows:

[—SH]/[—SH]0 =  a e-“ D +  b e ^ D (2)



IAEA-SM-221/19 427

TABLE I. SULPHYDRYL CONTENT OF UNIRRADIATED MEAT, DETECTED 
SPECTROPHOTOMETRICALLY USING DTDNA

Material —SH concentration3

(mole/mg protein) (mole/g wet tissue)

Fillet 1.15 X 1(T 7 2.3 X 10 ~5

Liver 0 .85  X 1 0 ‘ 7 1.7 X 10 ~5

Heart 1.00 X 10 " 7 2 .0  X 10 ' 5

3 The experimental error from the spectrophotometric determinations of protein and —SH 
groups was estimated to be approximately 1 2 %.

In this formula a and b represent the relative ‘amount’ o f more radiosensitive 
sulphydryl groups (below 0.5 Mrad) and the less radiosensitive fraction (above
1.0 Mrad). The factors a  and j3 are a measure o f different radiosensitivities of 
these portions o f the sulphydryl groups in the dose ranges below 0.5 Mrad and 
above 1.0 Mrad, respectively.

These dose-effect curves are plotted in Fig.5 in semilogarithmic graphs. It 
can be seen that the original curves fall o ff with increasing dose and obviously 
follow straight lines at higher doses, i.e. above approximately 1.0 Mrad. 
Subtracting the values o f the last straight parts o f curves from the composite 
curve, each o f the dose-effect curves could be broken down into two single 
straight lines. These two lines correspond to radiation-induced oxidation of 
sulphydryl groups in the two fractions o f different radiosensitivity as a semi
logarithmic presentation. By extrapolating the straight portions back to zero 
(dose =  0) the factors a and b can be obtained. The factors a and b and a  and 
f3 are listed in Table II. The data suggest that the most radiosensitive fraction 
constitutes about 23—50% of the total sulphydryl content. The radiosensitivity 
o f this portion o f the sulphydryl groups is about four to ten times higher than 
that o f the other portion.

To estimate the number o f sulphydryl groups oxidized per 100 eV radiation 
energy absorbed in the animal tissue (G-value) the standard conversion unit 
(1 rad =  6.24 X 1013 eV/g) and the Loschmidt’s number were applied, assuming 
a tissue density close to 1 and taking iijto consideration the mean protein content 
of the various meat tissues. The relevant dose D 37 that correlates with 
Д[—SH]a =  0.63a X [—SH]0 as well as A[-SH](j =  0.63b X [—SH]0 may be taken 
from the straight lines o f the semilogarithmic graphs in Fig.5. The results o f these 
estimations are summarized in Table III.
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FIG.4. Dose-effect relations from irradiation (A) pork fillet, (B) liver and, (C) heart.
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dose Mrad

FIG.5. Semilogarithmic graphs of the dose-effect relations in Fig.4.



TABLE II. CHARACTERISTIC DATA OF THE DOSE-EFFECT RELATIONS

4 3 0  STOCKHAUSEN and BÓGL

Material a b a a
(rad-1)

0 a
(rad’ 1)

Fillet 0 .47 0.53 2 .0  X 10 ' 6 0 .45  X 10" 6

Liver 0 .50 0 .5 0 2.5 X 10 ' 6 0 .52  X 10 " 6

Heart 0 .23 0.77 8 .0  X 10 ' 6 0 .7 0  X 10~6

a The experimental error was estimated to be close to 15%.

TABLE III. G VALUES FOR THE RADIATION-INDUCED LOSS OF 
SULPHYDRYL GROUPS IN PORK MEAT

Material Ga (dose below 0 .5  Mrad)a 
(m olecules/100 eV)

Gp (dose above 1.0 Mrad)a 
(m olecules/100 eV)

Fillet 21.3 3.5

Liver 2 1 .0 3.1

Heart 23.9 7 .0

a The experimental error was estimated to be approximately 15%.

The radiation effects in these materials must be due partly to direct and 
partly to indirect action o f ionizing radiation. No further attempt has been made 
to elucidate this question, but it seems likely that the indirect effect via diffusible 
radicals plays the major role in the radiation-induced oxidation o f sulphydryl 
groups in animal tissue such as meat. Meat contains 70—80% water and the main 
part o f the radiation energy is most probably absorbed by this water. The 
phenomenon o f sulphydryl groups falling into two classes o f widely different 
radiosensitivity is difficult to explain. The oxygen-effect hypothesis may suggest 
that there are no differences in the radiosensitivity o f  the sulphydryl groups but 
two different mechanisms o f oxidation by radicals in the lower and higher dose 
ranges. Assuming that the oxygen content in the meat samples is high enough 
to scavenge reducing radicals such as e 'q and H atoms, these radicals will be 
changed to oxidizing radicals, i.e. the perhydroxyl radical H 0 2(H +  0 2 -> H 0 2 
and e¡q +  0 2 +  H+ H0'2). Since the dissolved oxygen will be used up during
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irradiation, e~q and H atoms may react with other compounds in the tissue without 
oxidizing the sulphydryl groups. The result should be a decrease in the oxidizing 
radiation action in the higher dose range, meaning relatively fewer sulphydryl 
groups are oxidized per dose unit.

CONCLUSIONS

From the experiments described above it may be concluded that spectro- 
photometric determination of the sulphydryl content in irradiated and un
irradiated meat possibly represents a helpful method in irradiation control. 
Provided that raw meat is not treated with sulphydryl-lowering chemicals, the 
method promises to be specific with regard to radiation treatment in the dose 
range between a few krad and several Mrad. To identify suspicious material 
in practice it is recommended to determine the sulphydryl content first. Together 
with the dose-effect relations in this study one should be able to differentiate 
between irradiated and unirradiated material. In the case o f a completely different 
sort o f meat the sulphydryl content at the zero dose will usually not be known. 
Nevertheless, re-irradiation experiments at several different doses will lead to 
similar dose-effect relations as described above, together with these curves and 
the preceding sulphydryl determination should allow undetected treatment 
with ionizing radiation to be recognized.
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DISCUSSION

I.A. TAUB: The high, dose-dependent G-values for loss of —SH that you 
show suggest that less protein is solubilized or that protein fragments without 
-SH  are preferentially dissolved as the dose increases, which would invalidate 
an analysis based o¡n -SH  in the supernatant and total protein in the suspension. 
Did you therefore determine protein in the supernatant? Also, was the loss of 
—SH in the controls very high due to exposure to 0 2 at room temperature?

K. STOCKHAUSEN: Yes, we also determined the protein concentration 
in the supernatant o f the different suspensions (see legends to Fig. За-c as an 
example). The structural alterations in the proteins due to exposure to ionizing 
radiation are well known. To eliminate this effect as far as possible, the protein 
suspensions were produced in concentrated laurylsulphate solution (0.2 wt%). 
Laurylsulphate, a so-called ‘chaotropic reagent’, has the capacity on the one 
hand to lacerate intact cell membranes and on the other hand to separate the 
lipid and protein components from each other. Therefore, the effect of protein 
aggregation caused by irradiation should be reduced to a minimum in the presence 
of laurylsulphate. Furthermore, the solubility of protein fractions of the 
irradiated as well as the unirradiated material increases appreciably in the presence 
o f laurylsulphate. In addition, we found a drastic change in the G-values in the 
lower dose range, i.e. below a dose o f about 1 Mrad. But in this dose range any 
structural change should be small and not as significant as in the higher dose range. 
Although, we have not yet investigated this question in detail, we think that the 
remarkably high G-values of sulphydryl loss in the lower dose range can be ex
plained by the hypothesis of the oxygen effect. Assuming that the OH radical 
abstracts a H atom from a -SH  group, the remaining sulphur radical R-S- will 
add molecular oxygen, forming a sulphur peroxyradical o f the type R-SO-2 .
This radical attacks the very radiation-sensitive sulphydryl groups again. Peroxy- 
radicals are known to act more selectively than the OH radical. The cycle .will 
finally come to a halt when the oxygen concentration in the animal tissue reaches 
a minimum. The result will be an extraordinarily high G-value for the sulphydryl 
loss in the animal tissue.
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Only very little is known about the direct effects of ionizing radiation in 
complex biological systems like meat, including energy and/or radical transfer 
over large distances. Detailed ESR studies might be very helpful in this field. 
Finally, in answer to your second question, we did not observe — over a period 
o f approximately one hour -  any appreciable change in the sulphydryl content 
of the protein suspensions due to exposure to oxygen.

G.B. NADKARNI: As amino acids are sensitive to radiation-induced 
modifications, I wonder whether they could also be used in a similar system 
for identifying irradiated protein foods.

K. STOCKHAUSEN: Amino acids are indeed radiation sensitive, but sulphur 
compounds, especially sulphydryl compounds, are one o f the most radiation- 
sensitive classes o f compounds known. This has been amply demonstrated by a 
large number o f radiation chemical investigations and is confirmed by the very 
strong radiation-protective character o f these compounds in the case o f exposure 
of living organisms to ionizing radiation.
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Abstract

SOME CHEMICAL CHANGES IN IRRADIATED SPICES (CARAW AY AND CARDAMOM).
Some alteration in the chemical composition of, e.g., essential oils, lipid fraction and 

sugars have been investigated in selected spices. The paper presents studies on the effect of 
60Co gamma radiation in the range of 0 .5 X 104 to 1.5 X 104 Gy on the main components 
of caraway (Carum carvi L .) and cardamom (Elletaria cardamommi М.). These investigations 
are the continuation of our previous work on the radurization and radicidation of seasonings.

INTRODUCTION

Spices may introduce serious contamination in the range o f 103—108 
organisms per gram condiment into food products. Especially grave is contami
nation brought about by soil microorganisms such as spore-forming bacteria, 
proteolytic and gas-producing bacteria. This contamination degrades the 
hygiene of spices and of the final product where they have been introduced. 
Spices, being the subject o f  international trade, may cause different forms o f  
severe infections, sometimes not fully known [1—4].

The increasing demand for spices results from:
Increasing food standardization and a general return to old recipes, especially 
national dishes.
A better knowledge o f the chemical composition o f raw materials, their 
bacteriostatic (fitoncide) and antioxidative action etc.

Radurization or radicidation o f spices is very promising for reasons o f great 
efficiency in the inactivation o f infective microorganisms and almost no loss of 
flavour quality. These methods make it possible to sterilize spices in whole or 
broken form, in packages o f any size from different materials especially thermo
plastic ones, which protect the product from secondary infection.

Before a radiation method for the radurization or radicidation o f spices is 
approved by the appropriate health authority or regulatory body, it must be 
subjected to detailed studies on the influence o f  ionizing radiation upon the 
chemical composition o f those spices. As evidence o f its safety for human 
consumption feeding and toxicological tests must also be carried out.

435
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The variety in the chemical composition o f  spices makes it difficult to 
classify them according to their chemical composition. Consequently, classifi
cation is more often based on the morphological characterization of spices. In 
this way spices can be divided into berries (Fructus), seeds (Semen), barks 
(Cortices), flowers (Flores) and herbaceous plants (Herbae, Foliae).

In our previous studies we showed that doses in the range o f 0.5 — 1.0 X 104 Gy 
were needed to obtain the desired sterility [1]. These findings were also confirmed 
by other authors [1—3]. The aim o f our studies was to follow the changes in the 
chemical composition o f spices (essential oils, lipids, carbohydrates) previously 
irradiated with 60Co 7 -radiation in the dose range o f 0.5 to 1.5 X 104 Gy and 
with experimental doses higher than 1 .'5 X 104 Gy. As sample spices we have 
used caraway and cardamom from the morphological group o f seeds.

MATERIALS AND METHODS

The spice samples used in our studies were o f Polish production: the 
caraway seeds being from Herbapol Co. and the cardamom imported.

The samples were gamma irradiated at room temperature in polyethylene 
bags in the 22 kCi 60Co radiation chamber o f the Institute o f Applied Radiation 
Chemistry, tó d z , at a dose rate o f 0.5 X 104 Gy. To obtain a homogeneous 
radiation field the samples were placed on the revolving plate. Based on the 
ist>dose distribution the radiation homogenicity was ± 5—7%.

Extraction of essential oils and analysis [5]

The oil was obtained from accurately milled raw material by steam 
distillation in a Deryng’s apparatus. The distillation time was 1 hour, starting 
from the moment when the first drops of oil appeared in the distillate.

The oil was collected, dried with anhydrous MgS04 and deaerated with 
oxygen-free nitrogen. The samples o f  essential oils were stored in the sealed 
ampoules under nitrogen at + 4°C.

Gas-chromatography was carried out using a F-l 1 Perkin-Elmer chromatograph 
with flame ionization detector and programming temperature. For chromatographic 
separation o f oils a stainless steel capillary column, 50 m, 0.5 mm (I.D.), coated 
with silicon resin SE-52 was used.

Determination o f lipids [6 ]

Extraction of lipids was performed in a Soxhlet apparatus with chloroform 
at 80—90° C. The content of the lipid fraction was estimated by weight. For 
gas-chromatographic analysis the lipids were converted into methyl esters by
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adding appropriate amounts o f  0.5N KOH methanolic solution and BF3 in 
methanol to 50 mg samples. Gas-chromatographic studies were carried out on 
a PYE-105 chromatograph with a flame ionization detector and 2.5 m glass 
column, 4 mm(I.D.), withDEGS (12%) and PEGA (10%) on chromosorb W, 
100—120 mesh mixed together 2:1 before filling the column. 0.75 jul o f the 
solution was injected into the column.

The fat numbers were determined by the routine procedure.

Sugar determinations

Total sugars were estimated using the anthron method [7]. Reducing 
sugars were determined colorimetrically with ferricyanide pentoses with 
phloroglucine [8].

Gas-chromatographic determinations o f sugars were carried out on a 
PYE-105 chromatograph with FID, 2 m glass column, 4 mm (I.D.), 3% silicon 
resin SE-30 on Chromosorb G. The sugars to be determined were analysed 
after sillilation [9]. Deoxysugar was measured according to the method of 
Waravdekar and Saslav [10].

CARAWAY ( Carum carvi L.)

Caraway from the Umbelliferae family is generally used in various branches 
o f food and pharmaceutical industry. The amount and quality o f essential oil 
determines the taste and flavour properties o f caraway. The oil is a colourless 
liquid with a characteristic hot taste and flavour, and is used for ‘heavy’ types 
o f meat, mainly pork, cheeses and vegetables hard to digest, e.g. cabbage. 
Caraway oils evoke secretion o f the gastric juices and are disinfectant. The 
principal components of caraway oil are:

CH3

0
carvone and limonene

For our studies seeds from the 1973 crop and distributed by Herbapol Co. were 
used. The general chemical composition o f the raw material is shown in Table I. 
For comparison the corresponding values obtained by other authors are 
presented.

The oil obtained from control samples was characterized by density 
d = 9.008 g/cm 3, specific rotation (a)p = 78° and refractive index n^0 = 1.4859.



TABLE I. GENERAL CHEMICAL COMPOSITION OF THE CARAWAY SEEDS
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Component

Our investigations

Contents

(%»)

[13] [14]

Water 14.0 8-15.0 14-16
N X 6.25 21.8 19-20.0 20.0
Sugars 4.4 О1 7.5
Cellulose 4.3 - 20.0
Lipids 17.0 7.0 12.0
Essential oils 6.3 4-6.5 3.0— 7.0
Mineral subst. 7.0 5.5—7.0 5.5—6.0

The average yield of essential oils o f caraway amounted to 6.3%. A decrease in 
volatile yield oils on irradiation has been observed in caraway seeds. The results 
are given in Table II. A dose of 1.0 Mrad (104 Gy) decreased the yield by 10% 
and of 3.0 Mrad (3 X 104 Gy) by about 20%. One can assume that the change 
in the structure o f the caraway cell membranes speeds up the evaporation of 
oils in irradiated samples.

Gas-chromatographic analyses have not shown any change in the quantitative 
and qualitative composition of caraway oil. Figure 1 shows chromatograms of 
essential oils in the irradiated caraway seeds. The appropriate values are collected 
in Table III, which shows the composition of essential oils obtained from irradiated 
caraway seeds.

It was found that two basic caraway components, i.e. carvone (average 
53%) and limonene (average 46%), did not change even at doses higher than 
3 X 104 Gy. Other components (1%), carveol, dihydroxycarveol, dihydroxy- 
carvone, have been identified only on the basis o f retention times.

As an internal standard for quantitative calculations linalool [C10H18O] 
with an intermediate retention time between limonene and carvone was used.

Studies on the lipid fraction

The content o f  the lipid fraction in caraway seeds reaches 17% and may 
affect the quality of taste of the irradiated spices. The principal components 
of the lipid fractions are fatty acids: petrosellinic acid 26%, 6, octadecenoic



TABLE II. THE YIELD OF ESSENTIAL OILS OF CARAWAY IN %o OF DRY WEIGHT

Dose (Gy) 0 0 .5  X 104 0 .75  X 104 1 X 104 1.25 X 104 1.5 X 104 2 X 104 3 X  104 5 X 104

Yield 6 .2 8 6.06 5.75 5.65 5.44 5.23 5.13 4 .9 2 4.71

Relative 
yield (%o) 100 96 91 9 0 87 84 82 80 75

TABLE III. ESSENTIAL OIL CONTENT OF CARAWAY

Peak Component 0 0 .5  X 104
Dose i 

1 .0  X 104
Gy)

1.5 X 104 3 X  104 6 X 104

A 0.05 0 .0 6 0 .05 0 .05 0 .06 0 .0 4

В 0.22 0.22 0.20 0=20 0 .1 8 0 .1 6

С Iim onene 46.1 42 .8 4 6 .8 4 4 .2 46 .3 44 .7

D 0 .5 0 0 .57 0 .4 0 0 .5 0 0 .5 0 0 .4 2

E Carvone 53.0 56.3 52 .4 54.9 52.9 54 .6

F 0 .0 8 0 .0 9 0 .0 8 0.1 0 .0 9 0 .0 8
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acid, oleic acid 30%, 9, octadecenoic acid, linoleic acid 31%, 9,12 octadienoic 

acid and saturated acids (about 3%) like palmitic and stearic acids. Chromato

graphic analysis of fatty acids methyl esters has shown no distinct change in the 

amount of individual fractions. The content of petrosellinic and oleic acid was 

determined as a whole because some difficulty in their separation was encountered. 

The content of fatty acids was calculated with an internal standard. The results 

are shown in Table IV  and Fig. 2.

Studies of the lipid fraction showed no distinct change in its composition.

It can therefore be concluded that radiation does not influence the quality of 

an irradiated spice.

From the data shown in Table V  it can be seen that the total lipid fraction 

increases as the radiation dose rises up to 2 X 104 Gy, it then falls, but even at

5 X 104 Gy the amount of this fraction shows a distinctly higher value than 

that of the control sample. There is also a slight change in characteristic fat 

numbers. The acid and peroxide numbers increase slightly, whereas the iodine 

number shows an insignificant decrease.

The higher yields of lipid fractions obtained from irradiated spices may 

probably be attributed to a better extractibility of this component from 

caraway seeds.

Sugar determinations

Sugars are important constituents (4.4%) of caraway seeds. In aqueous 

extracts of caraway seeds the content of total and reducing sugars and of 

pentosanes was estimated. The values are given in Table VI.

In the dose range of 0.5 X 104 to 2 X 104 Gy a slight increase in the 

content of total and reducing sugars was observed. An experimental dose of

6  X 104 Gy caused no essential change in the content of these sugars in comparison 

with the changes observed when the 2 X 104 Gy dose was used. The observed 

increase of total sugars may be caused by loosening the tissues in the irradiated 

raw material, hence the better extraction of carbohydrates dissolved in water.

The increase in the reducing sugar content from 2.3% in control samples to 

3.1% after irradiation with doses of 2 X 104 to 6  X 104 Gy has shown some 

polysaccharide degradation under the action of radiation.

In view of the biological importance of deoxysugars formed in irradiated 

carbohydrate raw materials we determined them in the aqueous extracts of 

control samples and in irradiated seeds. Fructose, glucose, sucrose, slight 

amounts of pentoses and sugar alcohols (sorbitol, inositol) were found using 

gas-chromatography (Fig. 3). The deoxysugar content did not change in the 

range from 0 to 1.5 X 104 Gy and even up to 6  X 104 Gy.

Relatively small changes in the sugars of irradiated caraway seeds confirm 

that carbohydrates in natural systems are very resistant to radiation.



TABLE IV. FATTY  ACIDS OF  C A R A W A Y  CONTENT IN PER CENT

Component
0 0.5 X 104 0 .7 5  X 104

Dose (Gy) 
1 X 104 1.25 X 104 1.5 X 104 3 X 104

ей 5.6 5.5 5.4 5 .3 5.3 5.3 5.4

ci I 0 .1 0 .2 0.3 0 .4 0.4 0.3 0 .2

c i? 1.5 1.4 1.4 1.3 1.5 1.4 1.3

cïï 56.4 55.8 57.1 55.6 54 .9 55.8 56.1

c i  1 3 4 .0 34.9 33 .8 34 .7 34.6 34 .8 34 .7

^18 1.1 1 .0 1 .0 1 .2 1.1 1 .2 1 .0

Ció 0 .2 0 .2 0 .2 0 .2 0.15 0 .2 0 .2

C¿o 0 .1 0 .2 0 .1 0 .2 0.15 0 .2 0 .2

c£ 0 .6 0.4 0.5 0 .6 0.5 0 .6 0.5

с 22 0.3 0.4 0.3 0 .4 0.4 0.5 0 .4
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Broadly speaking, one can conclude that radurization of caraway seeds 

does not require higher doses than 0.75 to 1.25 X 104 Gy. Considering the 

aftereffects of radiation after 2 to 6  weeks, it appears that a 0.75 X 104 Gy dose 

is completely satisfactory [1]. In this dose range no significant change in the 

content of main compounds such as essential oils, fatty acids and sugars was 

observed. On the other hand, one can observe a better quality of taste and 

flavour as well as improved extractibility of the essential oils and lipid fractions.

C A R D A M O M  (Elletaria cardamommi Wand M.)

Cardamom from the Zingiberaceae family varietas minor was studied. 

Samples of whole cardamom were irradiated in non-deaerated sealed poly

ethylene bags at room temperature with the doses up to 5 X 104 Gy at a dose 

rate of 0.5 X 104 Gy/h. The chemical composition of the cardamom seeds is 

shown in Table VII.

Studies of essential oils

As in many other spices, the essential oils are important for the taste and 

flavour of cardamom.

The oil was extracted from the newly milled seeds. It was colourless and 

had a pleasant and intense smell. The refraction index of the oil from control 

samples was n¿° = 1.4615. This oil is easily soluble in 80% ethyl alcohol.

The main components of cardamom oil are:

terpinyl acetate, 46.7%

and cineole (eucalyptol), 37.8%

The yield of cardamom essential oils decreases with the dose in comparison 

with the control sample. Thus for samples irradiated with dose up to

1.5 X 104 Gy the yield of oil diminishes by about 9% (Table VIII).

Text continued on page 449.
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FIG.2. Gas-chromatograms o f  fa tty  acids o f  caraway seeds.
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TABLE V. RESULTS OF LIPID DETERMINATIONS: CHARACTERISTIC FAT NUMBERS OF C A R A W A Y  SEEDS

Dose (Gy) 0 0.5 X 104 0 .75  X 104 1 X 1 0 4 1.25 X IQ4 1.5 X 104 2 X 104 3 X 104 5 X 104

Lipids
(%з dry weight)

17.0 17.4 17.9 18.2 18.3 18.4 18.6 18.6 17.5

Fat Acid 
number number 4 .0 4 .0 4 .06 4 .1 0 4 .1 6 4 .35 4 .2 0 4.21 4 .3

Iodine 11.7 1 1 .6 11.5 11.5 11.4 11.3 11.5 1 1 .2 1 1 .0

Peroxide
number

8 .04 8.06 8 .08 8 .1 0 8 .1 0 8.15 8 .3 0 8.45 8.7
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TABLE VI. SUGAR  CONTENT IN AQUEOUS EXTRACTS OF  C A R A W A Y

Dose (Gy)

Sugar content 
(per cent dry weight)

Deoxysugars as deoxyglucose
Total sugars Reducing sugars 

calculated as glucose
Pentoses calculated as ribose

0 4 .4 2.3 0 .16 0 .0 8 2

0 .5 X 104 4 .6 2.3 0 .2 1 0 .0 8 8

0 .75  X 104 4.5 2.7 0 .2 4 0 .0 9 3

1.0 X 104 4.7 2.5 0 .2 2 0 .0 7 7

1.25 X 104 4.8 2 .6 0 .2 4 0 .082

1.5 X 104 4-7 2.7 0 .2 2 0 .0 8 2

2 .0  X 104 5.2 3.1 0 .27 0 .077

6 .0  X 104 5.6 3.1 0.23 0 .0 8 0
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FIG.3. Gas-chromatogram o f  TMS sugars o f  caraway seeds (controlJ.

TABLE VII. CHEMICAL COMPOSITION OF C A R D A M O M

Component

This work

Content
(%o)

[13] [ 1 2 ]

Water 17.3 13.0 15.0

N X  6 .25 9 .4 - 1 1 - 1 5

Starch 33.3 2 2 - 4 0 1 2 - 3 0

Cellulose 14.2 1 1 - 1 7 1 2 - 1 4

Lipids 8 .4 1 - 2 1 - 2

Essential oils 4 .8 3 - 7 5 - 7

Mineral subst. 7 .6 2 - 1 0 2 - 8
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TABLE VIII. THE YIELD OF  ESSENTIAL OILS OF  C A R D A M O M

Dose (Gy) 0 0 .5 X 104 0 .75  X 104 1.0 X 104 1.25 X 104 1.5 X 104

Yield (wt%) 4 .8 6 4 .8 6 4 .13 3.93 3.93 3.93

Relative 
yield (%) 1 0 0 1 0 0 85 81 81 81

The chromatogram of cardamom oil is very complex. In our studies we 

found 22 well-resolved peaks. The amount of terpinyl acetate increased a little 

up to 6 %  at the 1.25 X 104 Gy dose, but cineole decreased slightly (Fig. 4).

Cardamom oil consists of a  and /З-pinene, sabinene, terpineol and borneol, 

together with small amounts of camphene, myrcene, camphor, citronellol, 

geraniol etc. The quantitative changes in the individual components are shown 

in Table IX.

Lipid determinations

The content of the lipid fraction in cardamom seeds averages 8.4%. In 

irradiated cardamom seeds the yield of the lipid fraction increased a little with 

the dose used. At a dose of 1.5 X 104 Gy it was higher by about 14% (Table X).

Fatty acids make up about 20 to 25% of the lipid fraction. Gas-chromato- 

graphic analysis revealed the presence of 44% of oleic acid С ig, 28% of palmitic 

acid Ci° and 15% of linoleic acid Cig. Stearic acid Cjg and linolenic Cjg are also 

present. The results of cardamom fatty acids estimations are presented in Table X  

and the chromatograms in Fig. 5. The content of fatty acids did not change 

in the range of doses under study.

Sugar determinations

Determinations of total and reducing sugars and of pentoses demonstrated that 

their content does not change in the dose range 0.5 to 5 X 104 Gy (Table XI). 

From the more important sugars the presence of pentoses, glucose, fructose and 

sucrose has been established (Fig. 6 ). The decrease in pentoses and sucrose with 

the dose used from 5.2% for the control sample to 3.0% after irradiation with

1.5 X 104 Gy dose as well as some increase in fructose and glucose content has 

also been noticed (Table XII).

Text continued on page 455.
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FIG. 4. Gas-chromatograms o f  essential oils o f  cardamom.
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TABLE IX. ESSENTIAL OILS OF C A R D A M O M  (%o)

Peak Component
0 0.5 X 104

Do 
0 .7 5  X 104

se (Gy)
1.0 X 104 1.25 X 104 1.5 X 104

a a-pinene 1.33 1 .2 2 1.04 1.28 1 .2 1 .2 1

b /З-pinene + 
sabinene

3 .56 2.7 2 .36 2 .8 6 2.81 2.71

c 0.4 0 .36 0.35 0 .3 2 0 .32 0 .3 9

d 0 .6 4 0 .52 0 .7 2 0 .7 5 0 .5 4 0 .6 8

e 1 .8  cineole 
(eucalyptol)

3 7 .8 3 8 .02 35 .35 34 .5 7 36 .03 38 .0 4

f 0 .3 4 0 .3 2 0 .3 4 0.43 0 .23 0.35

g 0 .26 0 .3 8 0 .3 9 0 .6 0 .4 0 .23

h 0.17 0.13 0 .1 8 0 .29 0 .23 0 .2 1

i linalool - 2 .34 2.03 2.63 2 .0 1 2.03 2 .09

j 0 .2 4 0 .2  . 0 .23 0.31 0.17 0 .25

k 0 .2 2 0 .2 4 0 .1 8 0 .2 0 0.28 0 .23

1 • 1.08 0 .95 1.28 0 .9 4 0 .9 4 0 .93

m terpinenol-4 : 1.27 1 .0 1 1.13 1 .1 1 1.15 1.03

n 0.08 0.24 0 .1 2 0 .16 0 .07 0 .0 8

0 a-terpineol 1 .8 6 2.59 2 .6 2.83 2 .73 2 .3 4

P 0.1 8 0.16 0 .29 0 .1 8 0.15 0 .33

r 0 .1 2 0 .1 2 0 .1 2 0 .1 1 0 .0 4 0 .2

s terpinyl-
acetate

46 .7 7 47.31 49.1 4 9 .7 9 49 .4 5 4 7 .3 4

t 0 .33 0 .45 0 .2 2 0 .13 0 .2 0 0 .2 2

u 0.31 0 .3 4 0.36 0 .3 4 0 .32 0 .3 4

w 0.07 0 .1 0.35 0 .0 9 0 .07 0 .1 1

z 0 .5 4 0 .57 0.61 0 .63 0 .56 0.61



TABLE X. THE YIELD OF LIPIDS: FATTY ACIDS DETERMINATIONS IN CARDAMOM

Peak Component
0 0 .5 X 104 0 .7 5  X 104

D<
1.0 X 104

use (Gy)
1.25 X 104 1.5 X 104 3 .0  X 104 5 .0  X 104

The yield of lipids 
(dry weight %o)

7 .0 6.5 7.5 8 .0 7.5 8 .0 8.5 8 .8

A Palmitic acid c i? 29 .0 28 .0  .. 28 .5 29 .0 28 .0 28 .4 28 .6 28 .9

В C ii 2.5 3 .4 3.7 3 .8 2.9 4.1 3.5 3 .0

С Stearic acid CiS 2.9 4.0 4.1 3.5 3.2 4 .0 3.3 3.7

D Oleic acid Cii 44.5 44.1 4 4 .0 4 5 .0 44 .2 44 .3 4 4 .0 44 .5

E Linoleic acid C ii * 15.8 15.5 15.0 14.3 15.2 15.7 15.3 15.7

F Linolenic acid Cii 5.3 5.0 4.7 5.4 5.5 ‘ 5.5 5.3 4 .2
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TABLE XI. SUGAR  CONTENT  IN AQUEOUS EXTRACTS OF  C A R D A M O M

IAEA-SM-221/70 455

Dose 
Gy X 104)

Total sugars 
calculated as glucose

Surgar content 
(%o dry weight)

Reducing sugars 
calculated as glucose

Pentoses
calculated as ribose

0 6 .5 4 5 .30 0 .1 6 3

0.5 7 .9 4 5.75 0 .1 9 3

0 .75 6 .5 4 5.30 0 .193

1 .0 . 7 .1 0 5.75 0 .2 0 5

1.25 6 .4 2 4 .8 4 0 .1 6 6

1.5 6 .0 4 5 .30 0 .163

3 .0 6 .5 4 5.06 0.151

5.0 6 .8 2 5.30 0 .187

TABLE XII. SUGAR  CONTENT OF  C A R D A M O M

Peak Component

0 1.0 X 104

Dose
(Gy)

1.5 X 104 5 .0 X 104

A Pentoses 5.2 3 .4 3 .0 3.9

С D-fructose 37 .7 39 .4 4 0 .0 42 .6

D D-glucose 41 .5 42 .0 4 6 .0 38 .7

G Sucrose 13.9 13.6 9.9 13.5

In comparison with other spices the level of microbiological infection is 

relatively low (1.2 X 104 microorganisms/g) for cardamom. Hence a radicidation 

dose of 0.75 to 1.25 X 104 Gy is sufficient. The yield of oil decreases with dose 

and at 0.75 to 1.5 X 104 Gy drops by about 15—20%. No change in the amount 

of main oil components has been observed in this dose range. Most volatile 

compounds such as terpene hydrocarbons are resistant to irradiation.



FIG. 6. Gas-chromatograms o f  TMS surgars o f  cardamom.
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The yield of raw fat increased slightly after irradiation. The amount of 

principal fatty acids in the lipid fraction of cardamom showed no change. On 

the other hand, the content of total sugar increased a little as did that of 

pentoses, but the amount of reducing sugars did not change.

The changes occurring in the principal components of cardamom were 

small and speak in favour of the radiation treatment, which is extremely important 

for spices imported from tropical countries.

The application of radiation technology for radurization or radicidation of 

spices requires detailed studies on the influence of radiation on the main raw- 

material components. In view of their high unit price and small mass, spices are 

very suitable for irradiation in smaller facilities. The collection of information 

is an essential step for wholesomeness studies of irradiated spices and also towards 

fundamental studies, e.g. on essential oils, to elucidate the mechanism of radiolysis 

in these compounds. Similar studies on other spices are in progress.
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Abstract

E FFE C T  O F GAMMA IRRADIATION ON THE SUGAR AND PROTEIN COMPOSITION 
OF IRAQI DATES.

Completely ripened date fruits of several Iraqi varieties were irradiated with 3 0 , 70 , 100, 
2 7 0  and 500  krad of gamma irradiation and stored at a temperature of 2 5 —35°C  in wooden 
boxes or in plastic bags. At various intervals samples were taken and analysed by paper- 
chromatography, gas-chromatography and spectrophotometry for quantitative and qualitative 
changes in carbohydrates. The results showed no effect of gamma irradiation on reducing 
sugar and major carbohydrate components. The formation of malonaldehyde under gamma 
irradiation of dates and solid standard sugars was also studied up to 500  krad. The results 
showed no formation of malonaldehyde in irradiated date samples as well as standard sugars. 
Gamma irradiation showed no effect on the protein content of dates. However, storage showed 
some reduction in the protein content of both unirradiated and irradiated samples.

INTRODUCTION

Several insect species infest ripe date fruits in Iraq, causing considerable 

damage annually [1,2]. A  few of these insects feed on dates and continue breeding 

as long as dates are stored [3]. Consequently a large quantity of stored dates are 

unsuitable for export and human consumption despite fumigation with methyl 

bromide. Due to the importance of date production in Iraq and to the unsatis

factory results of fumigation for the control of insects of all. developing stages, 

another effective method is needed. Since one of the outstanding features of 

food irradiation is the ability to prevent spoilage and kill insects, a programme 

of this kind was established in our laboratories to study the possibility of the 

application of gamma radiation to the disinfestation of dates and the preservation 

of other foodstuffs.
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The major components of dates are carbohydrates. Proteins are also present 

and their concentration varies with stage of maturation [4]. To provide data for 

the assessment of the wholesomeness of irradiated dates, studies were carried out 

in an effort to show how these individual components react to irradiation [5 ].

An attempt is made in this paper to show whether there are any radiation-chemical 

changes in composition that take place after irradiation and storage for various 

periods of time.

EXPERIM ENTAL

Samples of ripe fruits of four varieties (Khastawi, Hillawi, Sayer and Zahdi) 

were selected and placed either in 1 kg plastic bags or wooden boxes. The 

wooden boxes were similar to those used for exporting dates. The plastic bags 

were then irradiated with 30, 70, 100, 270 or 500 krad. Samples in wooden 

boxes were treated in the following manner:

(a) Non-infested, not irradiated

(b) Infested with Ephestia cautella and Oryzaephilus surinamensis, not 

irradiated

(c) Infested as (b) but irradiated with 70 krad of gamma radiation

(d) Infested as (b) and fumigation with methyl bromide only.

These samples were all stored at 25°C and analysed at different intervals.

On the day of analysis 30 date fruits of various treatments were taken and passéd 

through a meat grinder (seeds were excluded), placed in plastic bags and stored 

at —25°C until analysed for sugars and proteins.

Protein

Two-gram samples from the ground fruits were taken for protein deter

mination and analysed by the Kjeldahl method.

Determination of reducing sugars

Ten-gram samples were homogenized in a Virtis 45 homogenizer with 

100 ml distilled water and the homogenized material centrifuged. The 

supernatants were decanted into a 250 ml graduated cylinder. The residue was 

washed twice more with first 100 ml and then 50 ml of distilled water. All the 

supernatants were combined. Ten to twenty ml samples from the extract wére 

taken for the analysis of reducing sugars by the Nelson’s colorimetric modification 

of Somogyi’s methods [6 ].
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Qualitative and quantitative determination of sugars

Samples for the qualitative determination of sugars were prepared by 

extracting 5—10 g of frozen ground dates with 50 ml of 2-methoxyethanol or 

with 50 ml distilled water. The extract was centrifuged and the residue discarded. 

The liquid phase was placed in a 50 ml volumetric flask and solvents were added 

tc bring it up to volume.

Paper-chromatography

Spots of each sample of sugar solution plus standard sugars were placed 

on Whatman No.l filter paper with a micro-pipette and dried in an air stream.

Two solvents that gave good separation of sucrose, glucose and fructose were 

used. They were: water-saturated n-butanol, 95% ethanol, 95% ethanol, 

trichloroethylene (6 :2 :2 , vol. ratio) and ethyl acetate; glacial acetic acid; water 

(14:3:3, vol. ratio). Chromatograms were developed descendingly for 42 h at 

room temperature. The chromatograms were dried at room temperature and 

sprayed with p-anisidine in ethanol or with 2 %  diphenylamine in acetone 

phosphoric acid (90:10) plus an equal volume of 2%, p-anisidine in absolute 

ethanol phosphoric acid (90:10). The chromatograms were treated at 100°C 

for 10-15 min.

Gas-chromatography

Fifty ml samples of 2-methoxyethanol extracts were taken and con

centrated in a rotary evaporator into syrup. The samples were dried in vacuum 

over P2O s at room temperature. Gas-chromatographic determinations of 

silylated derivatives were then carried out as described by Rumpf [7].

Determination of malonaldehyde

Estimation of malonaldehyde in irradiated dates and standard dry sugars 

was carried out by the method of Venkataramani et al. [8 ]. Ten grams of dates 

were extracted with 1 0 0  mlbf distilled water and the extract was used for the 

determination of malonaldehyde using the above procedure. 1 , 1 ,3 ,3  -tetra- 

ethoxy propane was used for the calibration graph.

RESULTS A N D  DISCUSSION 

Protein

The protein content of two different experiments is shown in Tables I and II. 

Data in Table I shows the results of dates irradiated with 70, 100 and 270 krad
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TABLE I. EFFECT OF IRRADIATION  A N D  STORAGE ON  THE PROTEIN 

COMPOSITION OF  THREE VARIETIES OF  IRAQI DATES (% FRESH WT)

Dose
(krad)

Zahdi Sayer

Storage time 
(weeks)

Hillawi

0 2 3 0 2 3 0 4

0 2 .45 2 .0 6 1.84 2 .45 2 .0 1 2 .0 1 2 .4 0 1.97

70 2.41 2 .28 1.97 2.36 2 .1 0 1.97 2.06 1 .8 8

1 0 0 2 .1 0 2.23 1.84 2.49 2 .2 0 2 .49 1.84 2.06

270 2 .1 0 2 .1 0 2 .14 2 .54 1.93 2 .0 1 1 .8 8 1.97

TABLE II. EFFECT OF  IRRADIATION, STORAGE, FUM IGATION  AN D  

INSECT INFESTATION O N  THE PROTEIN CONTENT  (%) FRESH W EIGHT 

OF  IRAQI SAYER  DATES

Treatment Storage time after irradiation
(weeks)

2 4 6 8

Non-infested, not irradiated 2.63 2.28 2 .30 2.19

Infested, not irradiated 2.49 2.45 2 .2 2 2 .2 1

Infested, irradiated 70  krad 2.54 2.37 2 .2 1 2 .37

Infested, fumigated with methyl bromide 1.90 2 .2 0 2 .39 2.39

TABLE III. THE EFFECT OF  G A M M A  IRRADIATION  O N  THE REDUCING 

SUGARS CONTENT  (%) FRESH W EIGHT OF THREE VARIETIES OF  DATE

Dose
rii-T-arfi Zahdi Hillawi Khadhrawi

0 6 3 .0  71 .6  60 .8

30  6 2 .0  72 .5  61 .7

70  61 .7  70 .0  62 .5

270  6 3 .0  71 .6  60 .8
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and stored in plastic bags in our laboratory. They were neither infested with 

insects nor fumigated with methyl bromide. The storage temperature ranged 

from 25-35°C.

The results in Table II represent a second experiment on one variety irradiated 

with 70 krad, infested and fumigated with methyl bromide, then stored in a 

storeroom at 25°C constant temperature.

The protein content of the three varieties, as shown in Table I, was not 

affected by irradiation. Storage showed some reduction in the protein content 

for some treatments after 3 or 4 weeks; however, this reduction was for both the 

unirradiated and irradiated samples. It was also apparent that after 8  weeks of 

storage reduction in the protein content was also detected for most treatments 

in the variety Sayer (Table II). Table II also shows that various treatments did 

not affect the protein content. Both fumigated and irradiated samples contained 

approximately similar quantities of protein except for those stored for 2  weeks. 

However, this could be due to handling, although the data in these tables are the 

average of three runs.

Sugars

Table III shows data on the effect of irradiation on reducing sugars of three 

varieties of date. It is apparent that irradiation up to 270 krad showed no change 

in reducing sugars. The content of reducing sugars in varieties Zahdi and 

Khadhrawi was less than in Hillawi, but this was because Zahdi and Khadhrawi 

are semi-dry and contain less reducing sugars.

Malonaldehyde

Estimation of malonaldehyde in irradiated dates and standard sugars was 

carried out on three varieties, Zahdi, Sayer and Hillawi, and glucose, fructose, 

sucrose and a mixture of these three standard sugars (2:2:1 by weight). The 

data from several analyses for malonaldehyde formation in irradiated samples 

showed no malonaldehyde in all samples irradiated up to 500 krad.

Paper-chromatography and gas-chromatography

The paper-chromatographic separation of date extract of unirradiated and 

irradiated samples is shown in Table IV. The RG value of the five spots identified 

on the chromatogram labelled consecutively from the base corresponding to the 

Rg  value of unknown (spots 1 and 2) and for sucrose, glucose and fructose 

(spots 3, 4 and 5). Similar patterns and identical chromatograms were obtained 

in all samples. It can also be seen that the RG values of irradiated and control 

samples are identical.



TABLE IV. Rq  V A LU E  OF  DATES SUGARS A N D  STAN DAR D  SUGARS DEVELOPED  IN WATER-SATURATED 

n-BUTANOL: 95% ETHANOLiTRICHLOROETHYLENE (6:2:2)

Dose
(krad)

1 2

Zahdi

3 4 5

Spot No. from origin

Sayer

1 2  3 4 5
Glucose Sucrose Fructose

0 0.11 0 .25 0.43 1.00 1.43 0.11 0.25 0 .43 1 .0 1.43 1.00 0.43 1.43

70 0 .1 1 0.25 0.43 1.00 1.43 0.11 0 .25 0.43 1 .0 1.43 - - -

1 0 0 0.11 0.25 0.43 1.00 1.43 0.11 0.25 0.43 1 .0 1.43 - - -

270 0.11 0.25 0.43 1.00 1.43 0.11 0 .25 0.43 1 .0 1.43 - - -

TABLE V. GAS-CHROMATOGRAPHIC ANALYSIS OF  D A TE  EXTR ACT  

VARIETY ZAHDI

Dose
(krad)

Fructose

g sugar/ 1 0 0  g dry date extracts 

Glucose Sucrose

0 22.3 23 .9 16.0

70 21.3 27 .2 15.1

1 0 0 23.6 30 .5 13.2

270 22.5 26.1 15.1

464 
AUDA 

et al.



IAEA-SM-221/29a 465

The results of gas-chromatography showed that the major components of 

date are glucose, fructose and sucrose. Glucose was the highest, followed by 

fructose and sucrose. No significant effect of irradiation on these three major 

sugars was observed (Table V). From these results it can be concluded that the 

gamma irradiation of dry dates shows no significant effect on the sugars and 

protein of various varieties of Iraqi dates.
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Abstract

E FF E C T  OF RADURIZATION ON THE CHEMICAL, MICROBIOLOGICAL AND 
ORGANOLEPTIC CHARACTERISTICS OF POULTRY MEAT.

The possible use of irradiation at three different doses, 0 .5 , 1.0 and 1.5 Mrad, to prolong 
the shelf-life of chicken meat was investigated. A pretreatment with salt solution (2.5% NaCl 
and 0.25%  Na5PH3 Oi0 ) was also studied. The effect of such pretreatments and irradiation 
doses on the chemical, microbiological and acceptability characteristics were evaluated. A 
shelf-life extension of 4 weeks with satisfactorily acceptable scores was obtained at 1.5 Mrad.
Salt pretreatment had an improving effect on the acceptability scores, even at 0 .8  Mrad after 
4  weeks. The microbial level directly after irradiation was reduced by about 80 to 95%  
in all the samples investigated. The rate of bacterial growth increased during storage 
and reached a maximum of 10 s /g at 0 .8  Mrad in the samples pretreated with salt.
At this level the samples were still acceptable. All the irradiated samples showed 
neither E. coli nor faecal streptococci, although they were both found in the controls. Irradiation 
apparently resulted in a net increase in the free amino acids, which increased from about 0 .6 7  in 
the control to  about 1.9 after four weeks of storage. This increase was clearer in lysine, methio
nine and valine. On the other hand, salt pretreatment revealed the same trend, reaching about 
1.2 especially in glutamic acid, aspartic acid, histidine, methionine and valine. Radiation at a 
dose of 0 .8  Mrad failed to prolong the shelf-life of the birds as TBA values increased significantly 
and rendered the flesh unacceptable to the consumer after two weeks. Higher radiation doses, 
i.e. 1.0 and 1.5 Mrad, kept the TBA values and consequently the organoleptic properties within 
the acceptable range, even after 4 weeks of storage. The use of salt and sodium pyrophosphate 
clearly lowered the TBA values even at 0 .8  Mrad. However, the TBA values at the end of the 
shelf-life did not exceed the normal range for unspoiled meat.

INTRODUCTION

Poultry meat is a perishable food commodity. Even with good cold-storage 

facilities poultry meat has a shelf-life of only a few days. Freezing is an essential 

preservative measure for prolonged storage. In developing countries the freezing
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preservation of food commodities is only used on a limited scale because of 

economic and technical difficulties.

Several investigations have shown the feasibility of using ionizing radiation 

for meat, poultry and fish preservation. Most of this work was concentrated on 

radappertization at high doses (1—5 Mrad). The radappertization process needs 

special preirradiation treatments in order to minimize the deleterious effects of 

the process on the sensory characteristics [ 1 — 3 ]. Inactivation of autolytic enzymes, 

irradiation at very low temperatures and specific precautions in packaging are rele

vant examples of such treatments.

Radurization and radicidation in the range of 0.1 Mrad doses have been success

fully used to reduce the numbers of yeasts, moulds and non-spore forming bacteria 

that cause food spoilage or diseases [4]. Extension of the shelf-life in chilled 

products for periods from a few days to several weeks has been achieved. This 

could provide sufficient time for distribution to retail outlets and final sale.

The radiation preservation of meat products has received considerable interest. 

Research work in this direction has dealt more with meats other than poultry, in 

spite of the fact that the experience of many developing countries clearly 

demonstrates that a poultry industry can now be established more successfully 

than an industry for other meats. The technology and proof of safety to the 

consumer of radurization and radicidation of chilled or frozen chickens are now 

well established, and chickens radicidized (700 krad maximum) to control sal

monella have been market tested.

The usual contaminating flora for poultry meat are largely aerobic bacteria, 

moulds and yeasts. Radiation pasturizing doses (0.1 to 0.8 Mrad) have been used 

by Josephson et al. [5] to destroy non-spore forming vacteria, and to eliminate 

salmonella in poultry and animal feed. Pseudomonas geniculata and related 

pseudomonads, which are responsible for rapid spoilage of meat, are among the 

most sensitive of all bacteria to gamma radiation [6 ]. However, the qualitative 

and quantitative differences in the microbial profiles vary greatly, depending upon 

the irradiation dose, storage and packaging conditions and types of food 

irradiated [7].

The physical and chemical changes in fish and poultry meat due to irradiation 

have been extensively investigated [8—10]. Free amino acids greatly influenced 

the flavour and palatability characteristics of meat [11]. An increase in free amino 

acids indicates the breakdown of protein in meat products [ 12]. The nature and 

quantity of free amino acids present in irradiated meats is greatly affected by the 

irradiation dose [13].

Lipid autoxidation due to irradiation, which is responsible for off-odour and 

off-flavour, may be indicated by the determination of TBA [14]. Determination 

of both free amino acids and TBA in correlation with acceptability scores may be 

used to evaluate the overall quality of irradiated chicken meat.
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In this investigation the use of low dose gamma radiation alone and in 

combination with presalting to extend the shelf-life of chicken meat was studied. 

The overall quality of the irradiated meat was organoleptically, microbiologically 

and chemically evaluated.

MATERIALS A N D  M ETHODS

Eight to ten month old chickens of the Faioumy variety (a local breed) 

were taken from the flock of the experimental station, Faculty of Agriculture, 

Cairo University. After slaughtering, scalding and evisceration, the breast and 

leg muscles were separated and freed from fat, connective tissues and tendons. 

Half the samples were immersed for half an hour in a solution containing 2.5% 

NaCl and 0.25% № 5РНзО10. The samples were then packed in polyethylene 

bags (0.03 mm thickness), wrapped on the outside with aluminium foil and kept 

under frozen conditions until irradiated.

Irradiation process

The samples were irradiated using a Noratom Norcontrol cobalt-60 gamma 

cell indoor facility in the Middle Eastern Regional Radioisotope Centre for Arab 

Countries at Dokki, Egypt. Irradiation was carried out at a dose rate of 100 rad/s 

at three different doses, 0.8, 1.0 and 1.5 Mrad. All treated samples were kept at 

8 — 10°C and analysed at weekly intervals, while the control samples were kept 

under freezing conditions.

Chemical evaluation

Free amino acids were extracted by the method of Thompson et al. [15] 

and were determined chromatographically according to the method of Rosein [16].

TBA determination was carried out in the intact muscle according to the 

method of Yu and Sinhuber [17] .

Microbiological evaluation

Total viable bacterial counts were made by the method of Lord [18] using 

nutrient agar medium. Plates were incubated at 37°C for 48 hours before counting.

Total viable yeasts and moulds were determined on a wart-agar medium using 

the method of Lodder and Kraiger van Rej [19].



470 EL-WAKEIL et al.

Coliform determination was accomplished using the Macconkey broth 

medium, as reported by the Coliform Subcommittee of Microbiology [20].

Tubes of positive results were tested for the presence of faecal types by incuba

ting 1 ml from each positive tube into tubes of Difco lactose broth medium and 

holding in a water bath at 44.5°C for 24 hours. Positive tubes (presence of acid 

and gas) were further checked for the presence of typical coliform colonies on 

eosine methylene blue agar medium.

Faecal streptococci in chicken meat were tested by using azide-dextrose 

“A D ” presumptive medium and ethyl violet azide as confirmation medium, as 

described by Litsky et al. [21 ].

Sensory evaluation

The organoleptic properties of cooked boiled chicken meat were judged 

subjectively by a trained panel of 15 members. Samples were prepared and 

served according to the procedure described by Larmond [22]. A  10-point 

hedonic scale was used for the quality evaluation where a score of 1 0  was 

the best quality and 1 was the poorest.

Statistical analysis was performed on all the data to determine significant 

differences between the samples in respect of the sensory characteristics and the 

preferance rating, using the analysis of variance table and the new low standard 

deviations (LSD) [23].

RESULTS A N D  DISCUSSION

Sensory evaluation

The acceptability scores for appearance, odour and flavour of chicken leg 

and breast meat are reported in Tables I and II for both irradiated and salt- 

pretreated samples before irradiation.

The irradiation dose had a considerable effect on the acceptability score 

of stored chicken meat. At 0.8 Mrad and 2 weeks of storage the samples were 

less acceptable than the frozen control and were completely unacceptable after 3 

weeks of storage. At 155 Mrad the differences between irradiated and control 

samples were significant only after 3 weeks of storage. On the other hand, the 

salt pretreatment clearly increased the acceptability scores, even at 0.8 Mrad, 

throughout the whole storage period of 4 weeks. The data also showed that the 

acceptability characteristics of irradiated chicken meat were not influenced by 

the type of muscle, whether white or red. The control samples kept at 8 —10°C 

were completely rejected after 6  days of storage. Hence, it could be concluded
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TABLE I. THE EFFECT OF GAMMA RADIATION ON THE ORGANOLEPTIC
PROPERTIES OF CHICKEN MUSCLE

Radiation dose
Storage 
time at 
8 —10°C

Organoleptic
properties 0 .8  Mrad 1.0 Mrad • 1.5 Mrad Controla

Breast Leg Breast Leg Breast Leg Breast Leg

1 week Appearance 8 .3 b 7 .3 b 8 .6 7.6 8 .6 7.7 9.3 8.3

Odour 8 .3 b 7 .8 b 8 .6 8 .0 8.4 8 .0 9.1 8.7

Flavour 8.7 7.8 8.5 7.8 8.5 7.9 9.2 8.4

2  weeks Appearance 6 .4 C 6.2° 7 .2 e 6 .4 b 7.6 7 .2 8.9 7.2

Odour 6 . I e 5 .9 e 7 .3 e 6 .8 b 7.5 7.1 8.3 7.9

Flavour 6 .5 ° 6 .4 e 7 .7 e 6 .7 b 8 .1 7.3 8.5 7.7

3 weeks Appearance _  d - 6 .0 e 5 .3 e 6 .7 b 6 .0 e 7.7 7.1

Odour - - 6 .2 e 5 .8 e 7 .0 b 6 .8 b 7.9 7.1

Flavour - - 6 .3 e 5 .8 b 6 .9 b 6 .7 b 7.8 7 .7

4  weeks Appearance - - - 5 .2 e 6 .4 b 6 .0 7.0 7 .0

Odour - - - 5 .7 e 6 .9 b 6 .2 6 .8 6 .8

Flavour - - - 5 .8 e 6 .9 b 6 .5 b 7.2 7.1

a Control sample kept under freezing conditions. 
b Not recorded because the samples were completely unacceptable.
0  Significant at the 0 .05  level.
^ Significant at the 0 .0 7  level.

that irradiation alone at 1 to 1.5 Mrad extends the shelf-life of chicken meat 

to at least 4 weeks, while the same storage time may be achieved by irradiation 

at only 0.8 Mrad in combination with salt pretreatment.

Microbiological aspects

The total viable counts of bacteria, mould and yeast were determined for 

chicken meat treated with various doses of gamma radiation alone and in combina

tion with salt pretreatment. Typical results are shown in Figs 1 to 4. The total
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TABLE II. THE EFFECT OF  G A M M A  RADIATION  IN COMBINATION 

WITH SALT PRETREATM ENT O N  THE ORGANOLEPTIC  PROPERTIES 

OF  CHICKEN MUSCLE

Storage 
time at 
8 —10°C

Organoleptic
properties 0 .8  Mrad b 

Breast Leg

Radiation dose 

1.0 Mrad 

Breast Leg

1.5 Mrad 

Breast Leg

Control

Breast

a

Leg

1 week Appearance 9 .0 9 .0 9 .2 8 .6 7.8 8 .2 9 .3 8.3

Odour 9 .0 8 .0 9.5 8.3 7.8 8.7 9.1 8 .7

Flavour 8.9 8 .1 9.2 8 .1 9.1

0000 9.2 8 .4

2  weeks Appearance 8.3 8 .1 8.7 7.8 8.7 8.7 8 .1 7.2

Odour 8 .0 7.7 8.9 7.3 8 .0 8.4 8.3 7.9

Flavour 8 .1 7.5 8.9 7.8 00 00 8.3 8.5 7.7

3 weeks Appearance 7.6 6.9 7.7 7.3 7.8 7.4 7.7 7.1

Odour 7.7 7 .0 8 .1 6 .9 7.9 7.3 7.9 7.6

Flavour 7.3 7.1 7.5 7.1 7.7 7.3 7.8 7.6

4  weeks Appearance 7.5 6 .8 6.7 7.0 7.6 7 .0 7.0 7 .0

Odour 7 .6 6 .8 7.0 6 .8 7.8 7.1 6 .8 6 .8

Flavour 7.4 7 .0 6 .8 7.1 7.5 7.2 7.2 7.1

a Control kept under freezing conditions.
^ All the scores were not significantly different from the control.

viable counts underwent a reduction exceeding 90% following irradiation at all 

dose levels investigated.

During storage spoilage of fresh samples occurred after 6  days, while after

0.8 Mrad it took place after 2 weeks. The viable counts of bacteria, yeast and 

moulds increased during storage, but did not exceed those of the frozen control 

samples.

Irradiated, salt-pretreated samples were acceptable after 4 weeks of storage, 

even at an irradiation level of 0.8 Mrad, with viable counts not exceeding those 

of the frozen control. In the former case the viable counts were 6  X 10s for
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FIG .l. E ffect o f  gamma irradiation on the 
total viable count o f  chicken meat.

FIG.3. E ffect o f  presalting and gamma 
irradiation on the total viable count o f  
chicken meat.
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FIG.2. E ffect o f  gamma irradiation on the 
total mould and yeast in chicken meat.

FIG. 4. E ffect o f  presalting and gamma 
irradiation on the total mould and yeast 
in chicken meat.



TABLE III. THE EFFECT OF  G A M M A  IRRADIATION  A LO N E  A N D  IN COM BINATION  WITH SALT PRETREATM ENT 

O N  THE INCIDENCE OF E. coli A N D  FAECAL STREPTOCOCCI

Storage 
period at 
8 —10°C

E. coli

Irradiation

Faecal streptococci

Fresh Frozen 0.8  Mrad 1.0 Mrad 1.5 Mrad Fresh Frozen 0 .8  Mrad 1.0 Mrad 1*5 Mrad

Zero time + + + + + + ____ a — -- + + + + + + ___ ___ ___

1 week N .R.b + + + -- -- -- N.R. + + + -- -- --

2  weeks Ditto + + - -- -- -- Ditto +-f -- -- --

3 weeks Ditto + + - N.R. -- -- Ditto + + N.R. -- --

4  weeks Ditto + + Ditto N.R. -- Ditto + + Ditto N.R.

Irradiation +  salt pretreatment

E. coli Faecal streptococci

Zero time + + + + + ____ a ___ -- + + + + + + ___ -- ___

1 week + + + + + + -- -- -- + + - + + + -- -- --

2  weeks N .R.b + + - -- -- -- N.R. + + - -- -- --

3 weeks Ditto + + - -- -- -- Ditto -Ы— -- -- --

4  weeks Ditto + + -- -- -- Ditto + + - -- -- --

a Complete absence.
^ Not recorded because the samples were completely spoiled.
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bacteria and 2.1 X 103 for mould and yeast, while for the latter they were 

7.6 X 103 and 4 X 103 respectively.

Irradiation at doses as low as 0.8 Mrad was sufficient for the complete 

elimination of both E. coli and faecal streptococci (Table III). This is in obvious 

contrast with the control frozen samples, which were not free from such undesirable 

microorganisms.

It is therefore evident that irradiation at adequate dose levels is more effective 

than freezing alone in checking the numbers of contaminating microorganisms 

during storage of food commodities. Furthermore, it appears to be superior to 

the well-established freezing process from the standpoint of freedom from health- 

hazardous microorganisms.

frozen meat о -------- о

FIG.5. E ffect o f  gamma irradiation and presalting before irradiation on the free amino acid 
content o f  chicken leg muscle: 1—3 radiation treatments; 4 - 6  presalting treatments; 7 control 
(frozen meat).

Chemical changes

Figures 5 and 6  show the changes taking place in the free amino acid content 

of chicken meat (breast and leg muscles) immediately after irradiation at 0 .8 ,

1.0 and 1.5 Mrad, and during storage for 4 weeks. The same figures also show 

the changes taking place in salt-pretreated meat irradiated at the same dose levels. 

The free amino acid content increased with increasing dose level. In leg muscle 

irradiated at 0.8 Mrad the content increased from 1% immediately after irradiation 

to 1.5% after 4 weeks, while at 1.5 Mrad the increase was from 1.1 to 1.8 %. On
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FIG.6. E ffect o f  gamma irradiation and presalting before irradiation on the free amino acid 
content o f  chicken breast muscle: 1 - 3  radiation treatments; 4 - 6  presalting treatments;
7 control (frozen meat).

the other hand, in the case of breast muscle the respective increases were from 

1.08 to 1.8% at 0.8 Mrad, and from 1.7 to 2.3% at the 1.5 Mrad level. Therefore, 

the increase in free amino acid content, which is an indication of the activity of 

proteolytic enzymes, was higher in the breast than in the leg muscles. Meanwhile, 

the increase in the control frozen samples was much lower, reaching 0 .8  and 1 .2 %  

in leg and breast muscles respectively at the end of the storage period.

It is evident, therefore, that irradiation increases the activity of proteolytic 

enzymes and consequently the breakdown of protein [2 ].

Irradiated, salt-pretreated muscles revealed the same general trend of increase 

in free amino acid content, only the rate of increase was much lower. It appears 

that salt at this concentration (2.5%) may have a slight inhibitory effect on 

proteolytic enzyme activity.

Eighteen amino acids were fractionated and identified using paper- 

chromatography. The findings in leg muscles were different from those in breast 

muscles for the treatments investigated. In irradiated leg there was a pronounced 

decrease in the content of valine, therionine, alanine and phenylalanine, no change 

in the content of lysine, isoleucine, serine and histidine, and an increase in the 

content of other amino acids. This occurred immediately after irradiation, while 

after 4 weeks of storage at 8 —10°C most of the amino acids increased, except 

proline and glycine which decreased. In salt-pretreated leg muscles irradiation



IAEA-SM-221/10 477

FIG. 7. Effect o f  gamma irradiation and presalting before irradiation on the TBA o f  chicken 
leg muscle: 1 - 3  radiation treatments; 4 - 6  presalting treatments.

FIG.8. E ffect o f  gamma irradiation and presalting before irradiation on the TBA o f  chicken 
breast muscle: 1 - 3  radiation treatments; 4 —6 presalting treatments.

increased the liberation of certain amino acids, especially immediately after 

application. Proline, histidine, cystine, valine, glycine, tryptophane, leucine, 

alanine, aspartic acid and glutamic acid all showed such an increase. On the other 

hand, there was a simultaneous decrease in methionine, therionine, serine, lysine 

and phenylalanine. After storage most of the amino acids increased except leucine, 

isoleucine tryptophane and therionine, which decreased.
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The amino acid content of breast muscle was only slightly influenced by 

the treatments used in the investigation. The general trend was an increase in 

most of the amino acids investigated, in both irradiated and irradiated, salt- 

pretreated samples. The most pronounced decrease occurred in lysine, tryptophane, 

valine, proline and phenylalanine.

Figures 7 and 8  show the changes in TBA numbers taking place during 

storage of leg and breast chicken meat samples irradiated at various dose levels 

with and without salt pretreatment. The TBA increased with increasing irradiation 

level after application and during storage. No apparent difference appeared to exist 

between the two types of muscle.

In the case of salt-pretreated samples the TBA values showed an initial 

decrease, which was followed by a tendency to increase starting from the third 

week of storage. The TBA values in the salt-pretreated samples were obviously 

lower than those of samples not treated with salt. This latter, therefore, appears 

to prevent autoxidatiori either by interference with the responsible enzyme 

systems and/or its inhibitory effect on contaminating microorganisms.

The changes in TBA values in irradiated meat were higher than those observed 

for the frozen control. Despite this, however, the values for all treatments were 

within the safe margin (not exceeding 0 .2 ) and, in addition, in salt-pretreated meat 

the differences were not excessive.
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DISCUSSION

R.M. ULM ANN : Why was it necessary to use such high irradiation doses,

i.e. 1 Mrad and 1.5 Mrad? In the Netherlands we have found that doses up to 

0.4 Mrad are sufficient to extend the shelf-life of fresh chickens, even without 

presalting.

Salwa B. EL-MAGOLI: As described in the paper, we found that unsalted 

chicken (at a viable count level of 107/g) treated with a dose of 0.8 Mrad was 

unacceptable organoleptically after 2—3 weeks at 8 —10°C, presumably on 

account of chemical changes. The results presented were obtained under 

normal conditions of slaughtering and handling of chickens in Egypt, and it is 

clear that what applies in one country does not necessarily apply in another. 

Therefore the parameters of the food irradiation process must be matched to 

local conditions.

E.S. JOSEPHSON: In our experience, chickens irradiated while frozen 

are organoleptically acceptable for several weeks after exposure to 0 .8  and

1.5 Mrad doses, depending on the postirradiation storage temperature. The 

organoleptic quality of the chickens can be improved if oxygen is excluded 

from prepackaged chickens during irradiation. With postirradiation storage 

at 8  to 10°C, it is possible for irradiated chicken to become toxic because of the 

survival of and toxin production by Clostridium botulinum in the absence of 

competing flora, before the onset of spoilage. This possibility should be care

fully considered and steps should be taken to prevent it in developing the 

irradiation process best suited for conditions as they exist in Egypt.
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Salwa B. EL-MAGOLI: As we deal with chicken meat and not fish, 

Clostridium botulinum Type E is not likely to be predominant. Moreover, as 

the chicken must be cooked before eating, the toxins will be completely 

destroyed by heat. With regard to the postirradiation storage temperature, I 

would point out that, according to the Codex Alimentarius, irradiated chickens 

may be considered completely safe at storage temperatures below 10°C, and 

in our experiments the chickens were kept at 8 —10°C. Therefore there should 

be no problems from this point of view.

A. M ATSU YAM A : The question of microbial growth or metabolism 

during postirradiation storage of products at non-refrigeration temperatures 

after radurization treatment was discussed by the W H O  Expert Committee 

last year. I would recommend that some prior microbiological safety studies 

be carried out, if an irradiated product is to be marketed at temperatures above 

normal refrigeration temperature.

J.-F. D IEHL {Chairman): I would like to re-emphasize that a radiation 

process developed in one geographical area often cannot be directly transferred 

to another area, as climate, eating habits, trading customs and other such 

factors have to be taken into consideration. Although the Dutch studies have 

shown that a satisfactory shelf-life extension of refrigerated chicken can be 

achieved with a dose of 0.4 Mrad, it may well be that the particular conditions 

in Egypt (higher initial microbial load, higher storage temperatures) require a 

dose of 0.8 Mrad to achieve a comparable shelf-life extension.
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Abstract

RADIOLYSIS OF PHOSPHOLIPIDS.
The effects of gamma rays on dipalmitoyl-phosphatidyl-ethanolamine (PE) and some 

palmitic acid-containing glycerides were compared. Samples were irradiated at 50 Mrad, the 
volatile components collected by cold-finger distillation and the distillate further fractionated 
into oxygenated and non-oxygenated fractions. Identification of the volatile radiolytic 
products was accomplished by gas chromatography using a capillary column and combination 
gas chromatography-mass spectrometry. Non-volatile products were separated and identified 
by thin layer chromatography (TLC). Qualitatively, the volatile compounds recovered from 
monopalmitin (MP), dipalmitin (DP), tripalmitin (TP) and PE were very similar. They include 
a series of alkanes and alkenes, hexadecanal, 2-dodecylcyclobutanone, methyl palmitate and 
ethyl palmitate. In addition, a number o f compounds, not previously reported, were identified. 
These include short chain aldehydes, methyl esters and ethyl esters as well as 2-ketones, 
3-ketones and 4-ketones. Quantitative analysis revealed that the amounts of volatile products 
produced from phospholipids were significantly less than those formed in glycerides, especially 
in the case of aldehyde production. The quantity of aldehyde recovered from PE, for 
example, was approximately 90% less than that recovered from tripalmitin. Other radiolytic 
products, which contained phosphorus and nitrogen were identified in irradiated P E .

INTRODUCTION

Phospholipids are an important part of biological and food systems, 
even though they are not a major constituent of these systems. Little in
formation has been reported concerning the effect of ionizing radiation on 
phospholipids. However, extensive work has been performed on triglycer
ides, fatty acids and various natural fats and oils [1-4]. The purpose of 
this study was to compare the effects of ionizing radiation on triglycer
ides and phospholipids. The effects of radiation on monoglycerides and di
glycerides were also studied.

EXPERIMENTAL

Materials

DL- oí -dipalmitoylphosphatidylethanolamine (PE), purchased from Sigma 
Chemical Co., was used as a model system for phospholipids. Monopalmitin 
(MP) with palmitic acid located in the oc -position was also purchased from

481
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Sigma Chemical Co. Dipalmitin (DP) was purchased as ¿4 , /S  -dipalmitoyl-L- 

glycerol from Calbiochem. Tripalmitin was purchased from Eastman Kodak Co. 
All reagents and reference compounds were purchased and were of the highest 
purity available commercially.

Irradiation

One gram samples were sealed in glass tubes and irradiated with gamma
rays from the cobalt 60 source at the U.S. Army Natick Research and Develop
ment Command, Natick, MA. Each received a dose of 50 Mrads (1.28 x 1 0 $
rads/min.) at ambient temperature.

Analytical methods

The volatile compounds were recovered from the irradiated samples by 
cold-finger distillation as described by Nawar et al. [5] and the distillate 

fractionated on silica gel into oxygenated and non-oxygenated fractions. 
These were analyzed on a 500 ft. x 0.02 in. I.D . Carbowax 20M capillary col

umn connected to a Hitachi Perkin-Elmer RMU-6A mass spectrometer. For quan
titative analysis appropriate internal standards and correction factors were 
used to correct for differences between the various compounds in recovery, 
fractionation and detector response. Free fatty acids and non-volatile com
pounds were analyzed on TLC plates coated with Adsorbosil-5 silica gel and 
quantitated by densitometry.

RESULTS AND DISCUSSION

Gas chromatographic traces of the volatile radiolytic products of PE 
are shown in Fig. 1. The identified compounds are listed in TABLE I. 
Quantitatively, the volatile components in the irradiated PE were very sim
ilar to those recovered from irradiated TP, DP and MP. They represent 
the compounds expected from the radiolysis of palmitic acid according to 
previously reported work. These essentially consist of a series of alkanes, 
with pentadecane being the major saturated hydrocarbon; 1 -alkenes with te- 
tradecene being the major alkene; certain long-chain aldehydes; methyl es
ters and ethyl esters [2 ]; the free fatty acid substrate; and the symmetric 
ketone [6,7]. The close similarity of the volatile patterns of PE and the 
acyl glycerides is not surprising since all of these substrates contained 
palmitic acid. The mechanisms of formation of these compounds, based on 
preferential radiolytic cleavage in the fatty acid molecule and recombina
tion of free radicals, have been published [2,6,7]. Radiolytic products 
of higher molecular weights, also expected on the basis of such mechanisms, 
could not be detected with the techniques used in this study. However, 
the use of capillary columns and prefractionation of the distillates before 
GC analysis permitted the identification in irradiated PE, as well as irra
diated TP, DP and MP, of radiolytic compounds not previously reported.
These include series of methyl, ethyl and propyl ketones, as well as short 
chain aldehydes and methyl and ethyl esters. The mechanisms by which these 
compounds are formed are not clear. One can only speculate that the ke
tones may result from recombination of acyl with alkyl free radicals ; the 
aldehydes of less than 16 carbons from splitting at carbon-carbon bonds 
along the fatty acid chain in addition to the abundant cleavage at the
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FIG. 1. GC analysis o f  the volatile components in irradiated PE.

TABLE I. RADIOLYSIS PRODUCTS IDENTIFIED 

FROM  DIPALM ITOYLPHOSPHATIDYLETHANOLAM INE

n-Alkanes C8-C17
1-Alkenes C10-C15 
n-Alkanals C6-C17
2-Alkanones C5-C18
3-Alkanones C8-C15 \
4-Alkanones C8-C15
Methyl Esters of C12-C16 Alkanoic acids 
Ethyl Esters of C11-C16 Alkanoic acids 
2-Dodecylcyclobutanone 
Palmitic Acid 
Palmitone

Lysophosphatidylethanolamine 
Ethanolamine Phosphate
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TABLE II. QUANTITATIVE ANALYSIS OF  THE M AJOR  RADIOLYTIC 

PRODUCTS FROM  DIPALM ITOYLPHOSPHATIDYLETHANOLAM INE, 

TRIPALMITIN, DIPALMITIN A N D  M ONOPALMITIN

MP

Microgram/gram of substrate 

DP TP PE

Pentadecane 2600 4000 4400 275
Tetradecene 59 39 150 15
Hexadecanal 500 500 500 5
2-pentadecanone 220 94 170 5
Methyl Hexadecanoate 300 300 300 26
Ethyl Hexadecanoate 1500 , 1500 1500 23
Palmitic Acid 82x10 78x10 110x10 гбхю0

acyl-oxygen bond; and the shorter-chain methyl esters by C-C bond cleavage 
in addition to rupture between the alpha and beta carbons of the glyceryl 
moiety. Short-chain ethyl esters may be produced by radiolytic splitting 
in the alkyl chain of ethyl palmitate which is formed in relatively large 
quantities.

Quantitive analysis of the radiolytic volatile components revealed 
striking differences between PE and the glycerides. Space limitations do 
not permit us to provide the quantitative values obtained for each of the 
radiolytic products identified from all four substrates. These will be pub
lished elsewhere. However, some of the significant quantitative observa
tions are shown in TABLE II. In general, the alkanes and alkenes are form
ed in much smaller quantities in PE than in the other glycerides. Of the 
alkanes, pentadecane was produced in the largest quantity and among the al
kenes 1-tetradecene was the major compound. PE, however, produced much 
less of these two compounds than the glycerides. Similarly, all the oxy
genated compounds recovered from PE were at very low levels. The major 
oxygenated compounds produced by irradiation of PE were- 2-pentadecanone, 
ethyl hexadecanoate, methyl pentadecanoate, methyl hexadecanoate, 2-dode- 
cylcyclobutanone and palmitic acid. However, as shown in TABLE I I , they 
were formed at radically lower levels from PE than from the other glycer
ides. Hexadecanal, which was a major oxygenated product from MP, DP and 
TP, was reduced to nearly trace amounts in PE. Only traces of other methyl 

and ethyl esters were recovered.

As described in previous reports, the primary event when a substance 
is bombarded with ionizing radiation is loss of an electron. In the case 
of glycerides, the electron is lost from the carbonyl oxygen--the final 
result of which are the compounds identified. A comparison of the quanti
tative data obtained in the present study shows that there must be fewer 
electrons lost from the carbonyl oxygen of PE since smaller quantities of 
products are formed. In the case of PE, it is theorized that there exist 
high probabilities of electron loss at two sites in addition to carbonyl 
oxygen. Ionization at these additional sites is thought to compete with
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ionization at the carbonyl oxygen thereby reducing ionization there and in 
turn reducing the quantities of products formed as a result of bond clea
vages in the vicinity of the carbonyl group. One such site is at the amino 
nitrogen of ethanolamine which has an unshared electron pair. Loss of an 
electron here would result in the formation of ammonia. Electron loss 
could also occur from the phosphate oxygen to yield a neutral free radical 
at oxygen while retaining a positive charge at nitrogen. Further reaction 

with bond scission would yield ethanolamine phosphate. The further reduc
tion of aldehydes recovered from PE probably results from reaction of the 
aldehydes produced with the free amino group to form Schiff bases.
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DISCISSION

R.A. BASSON: Do you have any results on the radiolytic oxidation of 

phospholipids?

W.W. NAW AR : No. We deliberately excluded oxidative conditions, to 

enable us to investigate the reactions which are strictly radiolytic. Oxidative 

breakdowns would be superimposed on, and might overshadow, the radiolytic 

decomposition pattern.

P.L. BALLIGAND: Does the radiolysis of phospholipids affect the 

wholesomeness of irradiated food?

W .W . N AW AR : I do not know. First we have to find out what compounds 

are produced by irradiation. Then we can investigate their biological effects.

R.S. KAHAN : Just a comment on the last question. Professor Nawar was 

working at 50 Mrad, which is ten times or more in excess of the doses envisaged 

in practice, even in radappertization. Mr. Nawar’s work is on a model system 

and the quantities involved are only very small. They will be far smaller in any 

practical process.
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W.W. N AW AR : We used a high dose to facilitate the detection and identifica

tion of the small amounts of radiolytic products. Once we knew what to look for, 

it was possible to find the same compounds when the phospholipid was irradiated 

at 6  Mrad. It is true that these compounds would be formed in smaller quantities 

in food. Their level would depend on the concentration of the phospholipid in 

the food irradiated.

A.S. AIYAR: In your proposed scheme for the radiolytic breakdown of 

dipalmitoylphosphatidylethanolamine the ketones with carbon atoms greater 

than 16, e.g. C-18, presumably arise by scission of the glycerol backbone. Is this 

correct, and, if so, how do the C-17 alkanes arise?

W.W. NAW AR: The compounds of relatively high molecular weight are 

formed by the recombination of free radicals.
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Abstract

THE SUSCEPTIBILITY O F GAMMACYCLODEXTRIN (SCHARDINGER D EXTRIN ) TO 
IONIZING RADIATION.

The irradiation of gammacyclodextrin (7 CD) in the solid state and aqueous solution 
leads to rupture of the cyclic a  1—4 glycosidic system, which does not follow the simple 
cleavage of acid hydrolysis. Glucose was not detectable as a product for irradiated solid or 
aqueous solutions. However, acid molecules, reducing compounds including malondialdehyde 
(MDA) and deoxysugars (DS) are found to  be present after radiolysis. Hydrogen peroxide was 
formed abundantly in irradiated aqueous solutions of oxygen or a nitrous oxide saturated 
environment. In the liquid state DS were produced and no MDA could be detected. However, 
the situation was reversed in irradiated solids. The most striking feature of our data is to 
report the significant production of a dialdehyde-like material G (0 .59) at a dose of 2 krad 
using the Febetron. In contrast, 1 Mrad would not be enough to detect a similar amount in 
gamma-irradiated 7 CD using chemical analytical methods. Quantitative estimations of the 
number of molecules damaged or formed per 100 eV (G values) have been achieved.

INTRODUCTION

Studies of the effect of ionizing radiations on carbohydrates date back 

to the year 1912 when Cowell and Russ [ 1 ] noticed that dextrins are produced 

when starch solutions are irradiated with X-rays. In the carbohydrate field the 

effects of radiation have not been fully explained owing to the highly complex 

nature of the various molecules and the different glycosidic linkage present [2, 3].

General features of the irradiation of carbohydrates are the formation of 

acids and of compounds that absorb u.v. light maximally at 260 nm [4]. However, 

recently it was demonstrated that the permanent absorption at this wavelength 

in irradiated carbohydrates is due to M D A  and DS [5]. Different chemical 

reactions can take place at different sites in mono, oligo or polysaccaride 

molecules, i.e. reactions can readily occur at the hydroxyl group, hydrogen can 

be abstracted by hydrogen atoms (H -) and hydroxyl radicals ("OH ), whereas 

hydrated electrons (e 'aq )  are relatively unreactive towards these saccharides [6 ].
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TABLE I. G-VALUES OF  PRODUCTS FO R M ED  IN GAMMA-IRRADIATED 7 CD

Concentration  
(X  1 0 ‘ 4 M)

Dose
(eV'g-1 X 10~19)

G (acid )in  
0 2 NjO Ar

G (reducing)
o 2 n 2o Ar

G(H 2 0 2)
0 2 N20

G(DS)
0 2 Ar 
(X 10"3)

G(MDA)

1 -  6 2 .0 1.4 0.9 0 .8  2 .1 1 .2 2 .1 0 .2 2 .6  12.5

5 1 -  6 3.2 1.5 1.1 3 .8  3 .7 2 .7 2 .4 0 .4 3 .6  13.7

1 0 1 -  6 4.3 2.5 1.5 4 .6  5.8 3 .4 2.7 0 .8 4 .0  15

50 1 -  6 5.0 2.9 1.7 5.2 8 .0 4.8 3.0 1.1 7.1 17.2

Solid in 51 30 ± 2 14.8 ± 0 .3
air 96 15 ± 2 11.6  ± 0 .5

655 3 .0  ± 0 .5 7 .2  ± 0 .2 6 .0  X 1 0 ' 3 0.7

1 3 6 0 -2 6 8 0 2 .4  ± 0 .4 2.9  ± 0 .3
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Pulse radiolysis results demonstrate that the • O H  radicals react about ten times 

faster than eâq. However, the electron spin resonance (esr) spectra of carbohydrates 

are still not fully understood.

The present article demonstrates quantitatively the chemical changes induced 

when 7 CD is irradiated under steady-state and pulse radiolysis conditions in an 

effort to determine whether toxic compounds are formed.

M ATERIAL A N D  M ETHODS

Bacillus macerans strain 8160 was used. Cultures were grown in a medium 

containing peeled potatoes (potatoes stored for one year) and calcium carbonate. 

Four weeks after incubation the crude solutions were filtered in order to obtain 

a clear microbial free enzyme solution.

Gammacyclodextrin was prepared according to the method of Tilden and 

Hudson [7]. After further crystallization our preparation showed a specific 

optical rotation [a]o of 117 ± Io, which is identical to that of the commercial 

preparation.

Samples were irradiated in glass tubes. Liquids were bubbled with either 

oxygen, nitrous oxide or argon. For pulse radiolysis measurements samples 

were irradiated in a silica cell prebubbled with gas. The electron beam was 

displayed as an oscilloscope trace and photographed with a polaroid camera. For 

esr measurements samples were irradiated in tubes partially immersed in a Dewar 

flask containing liquid nitrogen.

Dose and dose rates were determined by the use of the Fricke dosimeter,

KCNS and Perspex H X  standard pieces.

RESULTS 

Acid hydrolysis

Information about the extent of hydrolysis was obtained by monitoring 

glucose formation. A  linear relationship between glucose and time was obtained. 

Results of paper chromatography showed that the shorter the time of acid 

hydrolysis (15-40 min) the clearer the separation between the eight spots 

obtained on chromatogram. No single spot was observed on chromatograms of 

irradiated 7 CD. Long streaks of reducing products were shown, which failed 

to separate into spots, even after mixing the irradiated 7 CD with Dowex resin 

ion exchange to remove acids. The chromatograms showed certain products 

with larger Rq values than D-glucose and these are certainly molecules with 

less than six carbon atoms.
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FIG.l. CNS competition method -  measurement o f  the reaction rate of: OH with y  CD in 
aqueous solution, y  CD concentration 2 -  8 X 10~л M; CNS concentration 1 X 10~4 M.

Products

Yield-dose curves for acid, reducing sugers, hydrogen peroxide, DS and M D A  

production were determined for gamma-irradiated 7 CD over the range 

1—2683 X 1019 eV'g" 1 in various atmospheres. The G  (products) calculated 

from the results are summarized in Table I.

Pulse radiolysis

(1) Reactivity o f  • OH radicals towards yCD

The rate constant for the reaction of ■ O H  radicals with yCD (10_4 M) was 

calculated by using the KCNS competition method [8 ] (10_4 M). The rate
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X nm

FIG.2. Transient spectra observed for intermediates formed during the pulse radiolysis o f  
aqueous solution o f  yCD (10~гM).

constant (K2) of • O H  + 7 CD was measured to be 1.5 X 109M 1 s 1. Solutions 

were irradiated with a dose of 2000 rads in a 30 ns pulse (Fig. 1).

(2) Electron rate measurement

The first order was constructed from the oscilloscope trace. In the 

presence of 7 CD the eâq T 1/2 was 3 ms. The T 1/2 of eâq in water was found to 

be 5 ¡is. The calculated was = 57.75 X 104 s' 1 and the absolute second-order 

rate constant for the reaction eâq + 7 CD = 4.4 X 108 M -1 's_1.

(3) Decay rate o f  transient species

A  typical oscilloscope trace is shown in Fig.2. The transient absorption 

spectra of unstable intermediate products were observed following a single pulse
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FIG.3. Typical ultra-violet absorption spectra o f  gamma-irradiated solid yCD hydrate after dissolution in water.
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i i

3260 . 3280  Gauss

FIG.4. Esr spectra o f  gamma-irradiated yCD hydrate at 77 K. Arrows denote the et 
contribution in the composite spectrum.

of aqueous solution of 7 CD ( 1СГ3 M) in both deaerated nitrogen and nitrous 

oxide saturated solutions. The spectral results show that the absorption maximum 

is approximately doubled for N 20  saturated solutions over that for N 2.

(4) Formation o f  dialdehyde-like substances

A  G  (dialdehyde-like substances) of 0.59 was obtained at a dose of 2000 rads 

per pulse. The absorption maximum was at 270 nm.

Diffuse reflectance spectra

After gamma irradiation, solid 7 CD contain products that show a broad u.v. 

absorption in the region of 200-400 nm, with maximum in the 285 nm region.
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Absorption spectroscopy

Spectra were measured in an SP 800 u.v. spectrometer. No absorption was 

observed in the visible region. Results showed a linear relationship between 

absorption at 256 nm and absorbed dose. Figure 3 shows a typical u.v. absorption 

of gamma-irradiated solid 7 CD hydrate after dissolution in water.

Electron spin resonance

Free radical production

The approximate radical yield of the species, which disappears on photo- 

bleaching, is G  = 0.42. The yield dose curve is linear up to a dose of nearly

7 X 1019 eV g-1, corresponding to a radical concentration 3 X 1018 spin-g'1.

The 7 CD yield is G  = 1.8 . The yields were obtained using glycin as a standard 

with G  value = 4.2 at room temperature. The typical esr spectra are shown in 

Fig. 4.

DISCUSSION

Carbohydrates represent an integral and essential part of our food. Therefore 

when we consider the effects of ionizing radiation on carbohydrates in relation 

to food preservation, it is necessary to investigate a wide range of saccharides 

ranging from the more widely studied monosaccharides to the highly complexed 

polysaccharides. 7 CD could be considered as a suitable oligosaccharide for use 

in monitoring the efficiency of radiation-degradation processes of carbohydrates. 

7 CD was chosen, first, because its reducing end groups are absent and any increase 

in the reducing power can be taken as a measure of the radiation decomposition; 

secondly, because 7 CD is a homologous oligosaccharide in a cyclic molecule of 

eight a — D —glucopyranose units in which each D-glucose unit is linked to the next by 

an a 1—4 glycosidic bond [9]. However, an estimation of the radiation-induced 

formation of products from this homologous 7 CD can provide a simple and 

convenient means for routine gamma-dosimetry in the range 0.1—2 Mrad.

Partial acid hydrolysis of 7 CD showed the formation of glucose and 

seven oligosaccharides ranging from 2  to 8  glucose units, indicating that the main 

reaction is random scission of a 1 —4 glucosidic bonds. Standard chromatograms 

were compared with chromatograms prepared for radiolytic products. The 

comparison was difficult due to poor resolution of the latter. The chromatograms 

exhibited certain features, i.e. streaking, that are possibly due to acid and 

reducing products. The chromatograms confirmed that low molecular weight 

substances having Rg values greater than unity were formed during radiolysis
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and possibly high molecular weight material at the origin. It can be tentatively 

said at this stage that the chromatographic differences between hydrolytic and 

radiolytic products demonstrate that distinctly different mechanisms are operative.

In aqueous solution the G (7 CD radicals) are nearly 3.2 (G OH  (2.6) + GH(0.6))

[10], assuming no reactivity of 7 CD with eaq. However, surprisingly, the 

summations of G(products) = (G acid + G  reducing + G  H 20 2) are 13.5 in oxygen, 

12 in N 20  and 6.5 in argon, for 5 X 10-3M  after a dose of 6  X 1019 eV'g-1.

These values are higher than expected for the reaction of • O H  and H  • radicals.

In this instance, G-values do not agree with G(products). These observations lead 

us to assume that the acid product might have reducing groups. If this 

assumption is correct, then the G  (products) value expected would be doubled.

Here also the G ( ' O H  + H  • = 3.5) do not fit with the G(products). However, it is 

worth suggesting here that one 7 CD molecule might break down during irradiation 

to give small fragment molecules, each of which contain either acid or reducing 

end groups. These suggéstions can give an explanation for the G  (products) 

obtained.

On the other hand, for hydrated solid 7 CD, e.g., G(acid) after a dose of 

5 X 1020 eV'g -1 was nearly 30 ± 2, which is similar to the yield of acid up to 

this dose for some carbohydrates [10]. Surprisingly, Ahmed et al. [11] found 

G(acid) for a-lactose monohydrate to be 45 after a dose of 6  X 1019 eV'g-1.

For 7 CD as the dose is increased the G  (acid) decreases (Table I). After a dose of 

30 X 1021 eV'g ' 1 the G(acid) falls to 2.2 ± 0.2. Such behaviour is probably 

related to the damage of acid molecules or to the build up of products in the 

crystal, which disturb the radiation sensitivity of the 7 CD. However, Phillips 

and Baugh [12] demonstrated that water in the crystal has an effect on the 

breakdown of these compounds.

Pulse radiolysis results demonstrate that the • O H  radicals 

(K 2 = 1.6 X 109 M -1 -s"1) are the radicals species primarily responsible for 

indirect effects in radiation decomposition as measured in terms of transient or 

M D A  products and that H  • atoms and eaq (0.9 X 108 M -1 -s_1) are not signifi

cantly involved. The rate constant for reaction of the O H  radicals with 7 CD 

is fast and typical of those obtained for hydrogen abstraction from carbohydrates 

in general.

Using esr, in frozen aqueous solutions 7 CD was shown to be capable of 

trapping mobile electrons. However, when such 7 CD ices are irradiated, a 

composite esr is obtained that consists of the absorption of the • O H  radical, 

the trapped electron and 7 CD radicals superimposed on each other. The esr 

spectrum from the trapped electron has been removed by photobleaching with 

visible light; the spectrum remaining is composed of the resonance of O H  and 

7 CD radicals (Fig. 4).

It can be concluded from the pulse radiolysis and esr results that the • O H  

radicals are the major radicals responsible for 7 CD decomposition.
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FIG.5. Radiolysis o f  gammacyclodextrin. (NB. The central portion is reproduced on both 
parts o f  the split figure for convenience. An enlarged drawing o f  the centre is also shown overleaf.)
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In the irradiated 7 CD solution the formation of DS is a general reaction 

that takes place upon irradiation of carbohydrates [13]. These compounds 

were found to have an absorption maximum 265 nm. However, irradiation 

in N 20  saturated atmospheres led to a doubling of the G-values, which 

emphasized that • O H  radicals are the main precursors responsible for the 

formation of DS. On the other hand, in the solid 7 CD substantial quantities 

of dialdehyde G(0.4— 1.0)-type products monitored as M D A  were detected. 

For DS very low quantities of G(0.09) were formed. No exact explanation 

can be given for their formation at the present time [14].

Ultra-violet absorption of irradiated solid 7 CD after dissolution in water 

was monitored and the products showed Xmax = 256 nm. These products have
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an identical absorption region with MDA. However, the calculated extinction 

coefficient has been found to be 104 M -1 - cm-1, which is nearly similar to that 

of M DA.

With the aid of diffuse reflectance spectroscopy it was possible to study 

directly the u.v. and visible absorption of irradiated 7 CD products. The maximum 

absorption of species was at 285 nm. These spectra have shown the rate of solid- 

state absorption in 7 CD at a particular wavelength agrees favourably with that 

of the M D A  of dissolved solid 7 CD in water.

In conclusion, a wide spectrum of products must be anticipated arising 

mainly by oxidative degradation processes (Fig. 5). The yield of such products 

will clearly depend on the radiation dose employed.

Hydroxyl radicals are the main degradative species. Oxidation at the 

extremities of the molecule will occur to give acid and ring scission process will 

yield aldehydic products. However, the addition of an • O H  radical scavenger 

can directly reduce decomposition. It will be apparent from the discussion that 

it might be possible to radioprotect food products by administering an • O H  

radical scavenger. This might be achieved by rendering food more resistant to 

radiation by some suitable treatment. No doubt radioprotectors will be found 

of technological significance for the food industry. The result of the current 

investigation of the high production of H 20 2) DS and M D A  (might be toxic) 

suggest that in spite of the considerable research already made, much remains 

to be accomplished before irradiation can take its place as an acceptable process 

for the preservation of food. Not only are there gaps to be filled in scientific 

knowledge but certain prejudices in the minds of the general public need to be 

overcome.
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DISCUSSION

ч
L.R. SAINT-LEBE: Amongst the radiation-induced acids you identified, 

what was the proportion of formic acid present?

A.M. AL-RAWI: We measured only the monobasic acids and did not attempt 

to determine any others.

R.A. BASSON: You have said that large amounts of hydrogen peroxide 

are formed, and this finding may have toxicological significance. However, 

hydrogen peroxide may disappear in thermal post-radiolysis reactions. Have 

you looked at the yield of this product as a function of time after irradiation?

A.M. AL-RAWI: No; in these experiments we confined ourselves to 

determining the G-values immediately after irradiation.

RL. BALLIGAND: The penultimate sentence of your paper seems rather 

pessimistic. After all, what happens when you simply cook food? Have you 

made any comparisons between irradiated and cooked foods?

A.M. AL-RAWI: No, I have not, but papers have been published on this 

subject by Professor Schubert in the United States of America.

J.-F. DIEHL (Chairman)'. The sentence referred to by Mr. Balligand includes

the statement “ ....much remains to be accomplished before irradiation can take

its place as an acceptable process for the preservation of food.” I think that your 

work is an interesting contribution to the radiation chemistry of carbohydrates - 

but it does not justify this statement. If one analyses radiation effects in a 

purified system and following high radiation doses, one can find many effects 

that are not found — or are found to a much smaller extent — in irradiated foods. 

The formation of traces of malonaldehyde, deoxysugars, sugar acids and hydrogen 

peroxide in irradiated carbohydrates was observed some years ago. The relevance 

of this for the feasibility of the food-irradiation process can best be judged on the 

basis of analytical studies on foods irradiated under practical conditions.

A.M. AL-RAWI: The reason for my statement was the yield of malon- 

dialdehyde — G  =  0.59 at 2 krad pulse — which is very high at this energy level.

I would add that chemical analysis methods are not as sensitive as the pulse 

technique for detecting such amounts.
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Abstract

TOLERANCE, QUALITY AND STORABILITY OF GAMMA-IRRADIATED EGYPTIAN RICE.
The effect of gamma irradiation on some organoleptic and physico-chemical properties 

and the storability of Egyptian rice was investigated. Radiation up to 50 krad was chosen as 
an adequate dose causing non-significant changes in eating and cooking qualities. The effect 
o f irradiation on degradation of starch and protein molecules is demonstrated on the basis of 
studies on the viscosity and solubility o f rice paste. Irradiation at relatively low dose levels 
up to 50 krad did not affect the chemical and nutritional qualities o f rice regarding amino acids 
and В vitamins. It was also found that irradiation maintains better storability o f rice under 
ambient temperature.

INTRODUCTION

In recent years the potential use of irradiation for the control of insect 

infestation and microorganism damage in stored grain has become well recognized. 

Egypt, like other Middle Eastern countries, has highly favourable conditions for 

grain-storage insects and microbial spoilage, which cause great losses. In view of 

the social impact of irradiated foods, studies were conducted to establish the 

effect of irradiation on one of the main grain crops in Egypt, rice. Several review 

articles are available on the irradiation of rice, which is a national project in some 

countries [1 , 2 ].

With regard to the problem of utilization, it is important to keep in mind 

consumer acceptance and the commercial qualities of the irradiated foodstuff. 

Therefore, the objective of this study was to investigate the changes in organo

leptic and physico-chemical properties and the storability of rice in the hope that 

this information would contribute some helpful data on the alterations in quality 

that may occur in irradiated rice.
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EXPERIM ENTAL 

Varieties and sources of rice

Two varieties of rice were selected on the basis of prevalence in the Middle 

East, one short-grain (Giza 172) and one long-grain variety (Sakha 1). Samples 

of freshly harvested rough rice were shelled and milled with a universal laboratory 

mill to obtain brown and milled rice. The samples were obtained from the Rice 

Research Department of the Egyptian Ministry of Agriculture. The approximate 

analysis of rice samples is as follows:

Giza 172 Sakha 1

Brown Milled Brown Milled

Moisture % 12.37 12.23 12.14 12.44

Protein % 8.30 6.78 9.03 8 .1 1

(N X 6.25)

Fat % 2.49 0.56 2.16 0.50

Starch % 75.00 80.00 74.00 78.00

Fibre % 1.48 0.84 1.13 0.63

Ash % 1.16 0.25 1.15 0.37

Irradiation conditions

The samples were air-packed in polyethylene bags and irradiated in a 

Noratom-Norcontrol A.S. Gamma 3500 unit at MERRC (Middle Eastern Regional 

Radioisotope Centre, Dokki, Cairo) equipped with a 60Co gamma source at a dose 

rate of 105 rad/s. In the first series of experiments samples were subjected to 

irradiation at exposure levels of 10, 25, 50, 75 and 100 krad and associated 

superexposures of 250, 500 and 1000 krad. In the second series only dose levels 

necessary for insect control were applied (10, 20, 30 and 50 krad).

Post-irradiation storage

For storability experiments, post-irradiation storage was under ambient 

conditions at 25—29°C and 65—85% R.H. The stored samples were examined 

after various time intervals.

Sensory and physical studies

Sensory evaluation was based on the procedure described by Larmond [3]. 

The rice samples were cooked in a 1.5% salt solution, coded and served to a panel
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of 15 to 19 experienced members. The sensory qualities measured for rice were 
aroma, taste, colour and texture (cohesiveness, hardness and fluffiness), which were 
rated on a 6-point hedonic scale, a score o f 6 being excellent, 1 being very poor 
and 3 being fair as an acceptability limit.

A Brabender Amylograph was used to determine the viscosity o f  rice ground 
to 80 mesh, according to the official method described in the AACC [4]. The 
protein solubility o f  the parent ground samples was determined at pH 6.5 using 
the method o f Lawhon et al. [5].

In a cooking-quality study the following criteria were examined: water 
uptake, volume expansion o f the grain, cooking time and pH o f water extract.

Vitamin assay

Thiamine was determined by the thiochrome method and riboflavin by the 
fluorescence method o f AACC [4]. Niacin was extracted by autoclaving the sample 
in 1 .ON sulphuric acid for 30 min and pyridoxine was extracted by autoclaving the 
sample with 0.1N hydrochloric acid for 5 h, adjusting the pH to 4.5 and filtering. 
Niacin and pyridoxine were determined by microbiological assay [6 ].

Chemical analysis

Moisture, ash, crude protein, fat, starch and fibre were determined by the 
methods o f AOAC [7]. Amino acids were separated and determined according 
to the method described by Block et al.[8]. Fat acidity was determined according 
to Bahr et al. [91-

RESULTS AND DISCUSSION 

Tolerance dose o f irradiation

The aim o f the sensory evaluation was to find out the unacceptable organo
leptic factors upon irradiation and to select a suitable irradiation dose without 
altering the characteristics o f  rice. Aroma, taste, colour and texture scores o f  
the cooked rice subjected to various doses o f irradiation are shown in Figs 1 —4. 
There was no significant difference between the sensory scores of the control and
10 krad irradiated samples. At 25, 50, 75 and 100 krad the sensory scores were 
significantly lower than those o f the control. Highly significant differences were 
found at 250, 500 and 1000 krad. Moreover, considerable deterioration in colour 
and texture were detected when rice was irradiated at 500 and 1000 krad. How
ever, the acceptability limits were 100 krad for brown rice and 250 krad for 
milled rice.
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0 100 250 500 1000
IRRADIATION DOSE ( krad )

FIG .l. Colour score o f  cooked  rice (Gb: Giza brown; Gm: Giza milled; Sb: Sakha brown; 
Sm: Sakha milled).

0 100 250 500 1000
IRRADIATION DOSE ( krad )

FIG. 2. Aroma score o f  cooked  rice (symbols as in Fig.l).



TE
XT

UR
E 

SC
OR

E 
TA

ST
E 

SC
OR

E

IAEA-SM-221/11 505

О 100 250 500 1000
IRRADIATION DOSE ( krad  )

FIG.3. Taste score o f  cooked  rice (symbols as in Fig.l).

IRRADIATION DOSE ( krad  )

FIG.4. Texture score o f  cooked  rice (symbols as in Fig.l,).



TABLE I. EFFECT OF IRRADIATION ON COOKING QUALITY OF RICE

Cooking
quality

Water uptake 
(%)

Expanded volume 
(%)

Cooking time 
(%)

pH

Dose
a b с d a b с d a b с d a b с d(krad)

Control 230 280 400 420 300 347 480 500 26 18 21 16 6.8 6.5 6.2 6.1
10 210 260 380 400 262 321 433 450 24 11 16 12 6.7 6.4 6.0 5.8

25 2 10 230 340 370 237 321 411 450 24 11 16 11 6.7 6.4 6.0 5.6

50 200 230 320 350 225 308 322 425 24 11 15 11 6.7 6.3 6.0 5.6

75 200 230 300 330 213 295 300 425 24 11 15 10 6.7 6.3 6.0 5.6

100 190 190 290 320 213 268 255 400 22 10 14 10 6.6 6.3 6.0 5.6

250 190 190 240 270 2 12 296 255 350 22 10 13 10 6.6 6.2 5.9 5.5

500 160 170 240 260 200 230 233 300 22 10 13 10 6.6 6.2 5.9 5.4

1000 140 160 190 220 175 229 166 250 22 10 12 10 6.6 6.0 5.8 5.3

a: Giza 172 (brown); b: Giza 172 (milled); c: Sakha 1 (brown); d; Sakha 1 (milled).
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IRRADIATION DOSE (k ra d )

FIG.5. E ffect o f  irradiation dose on maximum viscosity o f  rice paste (symbols as in Fig.l).

IRRADIATION DOSE ( kfad )

FIG.6. E ffect o f  irradiation dose on solubility o f  rice protein at pH 6.5 (symbols as in Fig.l).
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Cooking quality and physical properties

The effects o f  irradiation on individual characteristics o f  cooking quality, 
which are sensitive indicators forjudging rice quality, are shown in Table I. Some 
change was noticeable in water uptake and expanded volume o f rice grain, even 
in rice samples irradiated at 10 krad; a slight change in acidity o f  water-extract 
was detected and a reduction in cooking time was also noticed. Although changes 
in the cooking behaviour o f rice were proportional to the irradiation dose, most 
characteristics changed abruptly at a certain dose level, those dose levels forming 
the limiting doses. The safe limit for the preservation o f rice quality was reached 
at 50 to 75 krad. At 100 krad and above the deterioration in cooking and eating 
quality was unfavourable.

The effects o f  irradiation on the Amylograph maximum viscosity (in Brabender 
units, BU) o f rice paste are shown in Fig.5. The maximum viscosity tended to 
decrease in relation to the dose. Furthermore, the time and temperature to reach 
the Amylograph peak were less with irradiated samples. The appreciable decrease 
in the viscosity o f irradiated rice paste is probably attributable to the high starch 
content o f rice. It is apparent that the water uptake and expansion volume of 
rice is closely related to the viscosity characteristics since viscosity is a function of 
water absorption and swelling o f macromolecules. In studies on the effects of 
irradiation on some physical properties o f  rice it has been found that with increases 
in irradiation dose the viscosity and hydration were considerably reduced [ 10] 
and starch degradation occurred [ 11].

The protein solubility o f  irradiated rice is shown in Fig.6 . The results indicate 
a marked increase in protein solubility at relatively high dose levels and thus give 
an indication o f the molecular degradation o f protein. Increasing the solubility 
o f protein may affect the rheological properties and the water uptake capacity 
o f irradiated rice.

Effect o f irradiation on some chemical aspects

Irradiation at low dose levels had a minimal effect on the eating and cooking 
qualities of rice. Therefore, a tolerance dose of 50 krad was selected to investigate 
the effect o f irradiation on some chemical aspects.

Amino acids

The amino acid composition o f  the two varieties o f rice is shown in Tables II 
and III. The total amino acids profiles o f  irradiated rice were not significantly 
different from those o f  the control. However, the content o f glutamic acid, 
threonine, tyrosine, phenyl alanine and arginine showed some decrease in both



TABLE II. EFFECT OF IRRADIATION ON TOTAL AMINO ACID COMPOSITION OF GIZA 172 RICE
(mg AMINO ACID PER g DRY BASIS)

Irradiation dose 
(krad)

Amino acid
Control 10 20 30 50 .

Brown Mffled Brown Mffled Brown Milled Brown Milled Brown Milled

Cysteine 1.1 0.9 0.9 0.7 0.9 0.8 0.8 0.8 0.7 0.8
Lycine 2.4 2.4 2.5 2.4 2.4 2.2 2.0 2.3 2.0 2.4

Histidine 1.3 1.2 1.4 1.3 1.1 1.4 1.0 1.3 1.0 0.9

Arginine 3.7 3.8 3.4 3.0 3.6 3.1 2.3 3.1 1.5 2.2
Aspartic acid 4.8 5.9 5.7 5.4 3.4 5.3 4.7 4.5 4.7 3.9

Glutamic acid 8.0 10.2 6.7 5.8 7.6 5.9 4.2 5.8 4.8 4.8

Serine 3.7 3.0 3.5 2.6 2.4 3.5 3.0 4.7 2.7 2.2
Glycine 3.2 2.6 3.1 2.0 3.2 2.4 3.1 2.7 2.8 2.2
Threonine 4.1 4.0 3.4 3.4 3.5 2.2 2.7 2.7 3.0 2.1
Tyrosine 2.0 1.0 2.0 0.8 1.8 0.4 1.2 0.3 0.9 0.3

Methionine 1.4 0.9 1.2 1.0 1.2 1.0 1.2 0.6 i .2 0.3

Valine 2.3 2.6 1.4 1.8 2.1 1.7 2.3 1.8 1.6 1.2
Phenylalanine 3.3 3.0 2.2 1.7 2.2 1.5 1.6 1.5 1.8 1.4

Leucine 2.8 4.0 2.4 3.9 Ï.4 3.5 1.6 3.9 1.8 3.3

Isoleucine . 1.7 . 1.5 . 1.8 0.9 2.0 0.9 1.8 1.0 1.7 0.7
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TABLE III. EFFECT OF IRRADIATION ON TOTAL AMINO ACID COMPOSITION OF SAKHA 1 RICE
(mg AMINO ACID PER g DRY BASIS)

Irradiation dose 
(krad)

Ammo acids
Control 

Brown Milled Brown

10

Milled

20

Brown Milled

30

Brown Milled

50

Brown Milled

Cysteine 0.9 0.9 0.7 0.9 0.9 0.7 0.5 0.7 0.7 0.7

Lycine 2.4 1.8 2.2 1.6 2.1 1.7 1.9 2.1 1.4 1.8
Histidine 2.1 1.9 1.9 1.1 1.6 1.4 1.3 1.3 0.9 1.2
Arginine 6.0 4.7 4.6 4.4 5.6 2.4 4.9 2.4 2.8 3.8

Aspartic acid 7.5 7.6 7.5 8.0 5.9 7.8 4.0 7.4 4.6 4.8

Glutamic acid 12.6 9.9 12.4 10.8 14.0 7.7 14.1 7.8 12.0 7.9

Serine 4.3 3.9 3.0 3.3 3.9 3.9 2.0 3.3 1.7 2.6
Glycine 2.6 2.3 2.6 2.6 2.9 2.4 3.3 2.8 2.5 2.3

Threonine 4.1 3.9 3.5 4.1 3.7 3.4 2.9 3.7 3.2 2.6
Alanine 3.5 3.6 3.3 3.9 2.7 4.1 2.7 4.0 2.2 3.7

Tyrosine 4.5 3.9 3.5 3.6 4.2 3.8 4.5 3.4 4.5 3.0

Methionine 2.3 1.9 2.3 1.4 7.4 1.1 1.4 1.0 0.5 1.1
Valine 6.9 4.7 6.3 5.2 6.2 5.2 5.5 5.2 3.1 4.5

Phenylalanine 5.2 5.2 3.7 5.0 3.5 4.6 2.5 4.9 3.4 3.8

Leucine 3.4 5.0 3.4 4.1 3.5 3.6 2.9 3.9 2.2 3.9

Isoleucine 4.1 3.9 4.1 3.7 4.2 3.6 3.7 3.6 2.7 3.3
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TABLE IV. RADIOSENSITIVITIES OF В VITAMINS IN RICE

Vitamin
(mg per 100 g, dry basic)

Rice
samples

Control 10

Irradiation dose 
(krad)

20 30 50

G brown 0.275 0.213

Thiamine

0.290 0.224 0.268

G milled 0.079 0.065 0.065 0.050 0.050

S brown 0.320 0.380 0.420 0.360 0.360

S milled 0.086 0.072 0.071 0.072 0.053

G brown 0.143 0.125

Riboflavin

0.131 0.132 0.134

G milled 0.055 0.049 0.039 0.035 0.043

S brown 0.102 0.085 0.082 0.084 0.084

S milled 0.059 0.058 0.054 0.058 0.055

G brown 2.78 2.70

Niacin

2.73 2.69 2.50

G milled 1.27 1.28 1.26 1.20 1.20
S brown 1.88 1.90 1.91 1.68 1.68
S milled 0.97 0.94 0.96 0.90 0.90

G brown 0.279 0.270

Pyridoxine

0.280 0.263 0.260

G milled 0.123 0.120 0.120 0.124 0 .122
S brown 0.301 0.320 0.297 0.300 0.300

S milled 0.197 1.95 0.195 0.190 0.195

G: Giza 172; S: Sakha 1.
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rice varieties under investigation. Other amino acids changed slightly in concen
tration upon irradiation. The response o f amino acids to gamma radiation varied 
according to the type o f rice and dose applied. For example, glutamic acid, which 
has a higher concentration, showed a different decrease in milled rice to that in 
brown rice and this decrease was not proportional with the increase in irradiation 
dose. It has been reported that the total amino acid in brown and milled rice 
exposed to 20 and 40 krad was affected slightly [12].

Retention o f  В vitamins

The retention o f thiamine, riboflavin, niacin and pyridoxine in irradiated 
rice was compared with that in unirradiated controls. The data are shown in 
Table IV and indicate that the four В vitamins studied are not significantly 
impaired in their nutritional quality. The destruction o f riboflavin in irradiated 
samples was negligible. Thiamine showed a significant decrease upon irradiation 
only in the milled rice, whereas the thiamine content o f irradiated brown rice 
was surprisingly increased. Losses o f niacin and pyridoxine were comparatively 
low in brown and milled rice.

Storability o f  irradiated rice

Stored rice irradiated at 10, 20, 30 and 50 krad was periodically examined 
for the development o f  free fatty acids. Fat acidity can be taken as an index o f  
grain deterioration and soundness. Tables V and VI show the development of 
fat acidity in irradiated rice during storage. It can be seen that there was a slight 
decrease in fat acidity in the samples irradiated with 10—50 krad against the 
control in any group o f samples. The fat acidity o f  each o f these groups (i.e.
Giza milled and brown, Sakha milled and brown) during 5 months’ storage was 
also slightly increased. However, the development o f fat acidity was less in 
irradiated samples than in controls. In practice, this means that irradiation at 
low dose levels assists the storability o f  rice grain.

CONCLUSIONS

The following conclusions can be drawn from the results o f  this study:
(1) The organoleptic characteristics and cooking qualities o f rice were 

influenced in proportion to the irradiation dose. The hydration properties suffered 
a decrease through irradiation. Irradiation with doses up to 50 krad does not 
alter the acceptable sensory and cooking qualities and so these were chosen as the 
most suitable doses for the irradiation o f rice.
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TABLE V. EFFECT OF IRRADIATION ON FAT ACIDITY OF
GIZA 17 2 RICE DURING STORAGE

Storage
period
(months)

Fat acidity

Control

Irradiation dose 
(krad)

10 20 30 50

1 month

G brown 61.62 60.48 59.11 59.34 54.43

G milled 1.32 1.32 1.32 1.30 1.30

2 months

G brown 67.90 66.76 66.19 67.33 66.76

G milled 2.85 2.28 2.16 2.16 2.16

3 months

G brown 85.59 85.55 85.50 85.50 85.50

G milled 3.85 2.85 2.85 2.85 2.85

4 months

G brown 98.15 96.99 95.29 95.29 95.29

G milled 3.42 3.19 3.19 3.19 3.08

5 months

G brown 107.27 104.99 104.99 104.99 101.56

G milled 5.69 5.13 5.13 5.13 5.13

(2) Irradiation seemed to produce a degradation in some of the macro
molecules such as starch and protein with attendant alterations in physical proper
ties, namely viscosity, swelling and solubility.

(3) The chemical and nutritional qualities o f rice regarding amino acids and 
В vitamins were not adversely affected by irradiation up to 50 krad.

(4) Irradiation at low dose levels would presumably further the storability 
of rice. The fat acidity was less in irradiated rice stored under ambient conditions 
than in the unirradiated control.
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TABLE VI. EFFECT OF IRRADIATION ON FAT ACIDITY OF 
SAKHA 1 RICE DURING STORAGE

Storage
period
(months)

Fat acidity

Control

Irradiation dose 
(krad)

10 20 30 50

1 month

S brown 63.74 62.59 92.83 63.97 63.74

S milled 5.70 5.59 5.48 5.48 5.19

2 months

S brown 97.09 92.99 92.99 87.29 88.44

S milled 11.99 10.85 99.71 9.71 9.71

3 months

S brown 102.44 101.29 101.29 101.29 101.29

S milled 12.22 12.56 11.99 11.99 12.22

4 months

S brown 108.13 108.13 108.13 108.13 106.99

S milled 17.70 15.42 14.27 14.27 14.27

5 months

S brown 129.75 127.48 124.10 122.90 122.90

S milled 27.27 26.27 26.25 25.58 25.12
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DISCUSSION

A. MATSUYAMA: According to a report published by the Japanese National 
Food Research Institute, the sensory quality o f  irradiated rice is significantly 
effected by storage after irradiation. Did you store your irradiated rice samples 
before sensory evaluation?

Ferail A. ISMAIL: No, the sensory quality o f irradiated rice was tested 
immediately after irradiation, as the results o f the organoleptic tests also served 
as a basis for selecting the most suitable doses for the second series o f experiments, 
i.e. the storability studies.
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Abstract-Résumé

RADIOLYSIS OF STARCH.
In the first part of the paper the results of work on the identification and determination 

of the gamma (“ Co) radiolysis products of maize starch are brought together and, wherever 
possible, a balance drawn up by chemical class. The second part of the paper deals with the 
main parameters governing radiolysis: dose, irradiation temperature and atmosphere, water 
content and the conditions under which the irradiated starch is stored. The third part, devoted 
to the mechanisms believed to be involved, contains the following conclusions: (a) the forma
tion of radiation-induced products with a carbon skeleton probably results from a breaking 
of the -> С — О — C -é- chains with rearrangement of the radicals and/or a reaction involving 
the water and the oxygen — the oxygen has an activating effect which does not fundamentally 
modify the mechanism, whereas the effect of the water is more complex and varies according 
to the product; (b) the formation of hydrogen peroxide probably implies the addition of 
atmospheric oxygen to the radiation-induced hydrogen atoms in the water or to the organic 
radicals obtained by abstraction of a hydrogen from the starch. Lastly, the different methods 
envisaged for confirming or improving the mechanistic hypotheses are discussed.

RADIOLYSE DE L ’AMIDON.
On regroupe dans une première partie les résultats des travaux d’identification et de 

dosage des produits de radiolyse gamma ( 60Co) de l’amidon de maïs en faisant, chaque fois 
que cela est possible, un bilan par classe chimique. La deuxième partie est relative aux 
principaux paramètres régissant la radiolyse: dose, température et atmosphère d’irradiation, 
teneur en eau et conditions de stockage de l’amidon irradié. La troisième partie, consacrée 
à l’exposé des mécanismes envisagés, mène aux conclusions ci-après: a) la formation des 
produits à squelette carboné radioinduits résulterait d’une coupure des enchaînements 
^  С — О -  C <■ avec réarrangement des radicaux et (ou) réaction sur l’eau et l’oxygène; ce 
dernier a un effet activateur qui ne modifie pas fondamentalement le mécanisme alors que 
l’effet de l’eau est plus complexe et varie selon les produits; b) la formation du peroxyde 
d’hydrogène impliquerait l’addition de l’oxygène atmosphérique sur les atomes d’hydrogène 
radioinduits dans l’eau ou sur les radicaux organiques obtenus par abstraction d’un hydro
gène de l’amidon. Enfin, sont abordées les différentes méthodes envisagées pour confirmer 
ou améliorer les hypothèses mécanistiques.
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1. INTRODUCTION

La majeure partie des études qualitatives et quantitatives consacrées à la 
radiolyse gamma des glucides [ 1 ] ont porté jusqu’ici sur les monosaccharides. Les 
polysaccharides n’ayant été abordés que sous l’angle qualitatif, nous avons entre
pris de doser les produits qui se forment pendant leur irradiation et d’analyser 
l’influence des divers paramètres de la radiolyse. Une telle enquête biochimique, 
outre son intérêt direct pour le toxicologue, est en effet un préliminaire indis
pensable à l’étude du mécanisme d’action du rayonnement sur les aliments.

Nous avons choisi de prendre pour modèle l’amidon de maïs, car c’est un 
produit naturel à la fois assez bien défini sur le plan moléculaire et à l’abri de 
toute interaction avec les lipides et surtout les protéines avec lesquels il est 
habituellement mélangé dans les aliments.

De nombreux résultats analytiques ont déjà été publiés par notre groupe; 
c’est la première fois que nous en présentons une synthèse. Nous examinerons 
successivement les bilans radiochimiques, l’influence des principaux paramètres 
de la radiolyse, les hypothèses réactionnelles auxquelles nous ont conduits les 
résultats expérimentaux et les différentes méthodes envisagées pour étudier le 
mécanisme de radiolyse de l ’amidon de maïs.

2. BILANS RADIOCHIMIQUES

Nous nous limiterons dans ce paragraphe aux produits hydrosolubles 
issus de la radiolyse gamma (60Co), sous oxygène et à la température ambiante, 
de l’amidon de maïs à sa teneur en eau commerciale (12—13%) et obtenus 
comme suit: x grammes d’amidon irradié sont agités durant 1 h 1/2 dans
2 x cm3 d’eau distillée, puis la suspension est filtrée et le dosage est effectué 
sur l’extrait aqueux ainsi obtenu.

La plupart des produits de radiolyse peuvent être classés en trois familles — 
sucres, acidité, carbonyles — que nous allons examiner successivement.

2.1. Sucres [2—4]

Les sucres radioformés (tableau I) sont pour la majeure partie glucosidiques 
et proviennent d’une simple dépolymérisation de l’amidon. Les chaînes gluco
sidiques modifiées par l’irradiation portent, soit à leur extrémité soit à l’intérieur, 
une fonction chimique radioinduite, par exemple un carbonyle. Les sucres de 
bas poids moléculaire non glucosidiques existent à l’état de traces, ce qui rend 
tout bilan impossible étant donné la quantité de dextrinès radioformées.
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TABLEAU I. SUCRES RADIOFORMES (/xg • g_1 • Mrad-1 )

51

6000 jug ■ g 1 • Mrad 1 dont:

Glucose et chaînes glucosidiques non modifiées 73,5%

Glucose et chaînes glucosidiques éventuellement modifiées =  99%

Glucose 5,8

Maltose 7,4

Isomaltose ? a

Mannose 0,1 à 0,3

Galactose 1 'j

fructose

Arabinose

?

?
< 2 ,5 b

<  5 HZ ■ g 1 • Mrad

Ribose 0,6
Xylose 0,4

Erythrose 1,2

a ? — Produit identifié mais non dosé, 
b Le fructose et l’arabinose sont dosés ensemble.

2.2. Acidité [2 ,5 ,6 ]

Nous avons défini [5] deux sortes d’acidité qui, par convention, sont les 
suivantes:
— l’acidité libre, qui correspond à la quantité de soude nécessaire pour 

ramener à pH 7 l’extrait aqueux d’amidon irradié;
— l’acidité libérable, qui s’exprime par la quantité de soude nécessaire pour 

ramener à pH 7 l’extrait aqueux préalablement chauffé durant 30 min à 
50°C et à pH 11 : avant la titration on ajoute de l’acide chlorhydrique en 
quantité égale à la soude nécessaire pour ramener avant traitement l’extrait 
aqueux à pH 11.

2.2.1. Acidité libre

Il faut distinguer deux domaines de doses (tableau II): en dessous de 
1,5 Mrad l’acide formique représente la totalité de l’acidité libre, au-delà ce 
n’est plus le cas; toutefois, il représente encore à 2 Mrad 80% de l’acidité 
totale. Les autres acides identifiés jusqu’à présent sont ceux qui se forment
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TABLEAU II. ACIDITE LIBRE 
(microéquivalents H+- g-1 • Mrad-1 )

Jusqu’à 1,5 Mrad

Entre 1,5 et 3 Mrad

Total 2 ,0  ± 0 ,2  

Acide formique 2 ,3  ± 0 ,3  ( =  100%)

Total 2 ,9  ± 0,3  

Acide formique 2 ,3 ± 0 ,3  (=  80%)

Acides uroniques 0 ,0 6  

acétique 0 ,03  

oxalique 0 ,0 2  

malique 0,01 = 0 ,1  à 0 ,15

gly colique < 0 ,0 1  

glyoxylique <  0,01  

pyruvique < 0 ,0 1

Acide lactique présent dans le témoin

(0 ,8 7  ± 0 ,0 9 )  juéqu ■ H+ • g " 1

TABLEAU III. CARBONYLES RADIOFORMES

Absorption (en densité optique) du complexe formé entre la 2-4-DNP et

— l’ensemble des carbonyles 1,47 ± 0 ,2 2 a

— les carbonyles non fixés aux dextrines 0 ,65  ± 0 ,1 0  (44% )a

— les carbonyles fixés aux dextrines

— insolubles dans l’éthanol 0 ,43  ± 0 ,0 7  (29%)^

-  solubles dans l’éthanol 0 ,1 4  ± 0 ,0 3  (10% )^

Reste à identifier 0 ,25  (17% )

a Y  compris l’hydroxyméthylfurfural du témoin et l’érythrose radioformé.
^ Valeur obtenue par le calcul, à partir de l’étude théorique de la radiodépoly- 

mérisation de l’amidon de mais [3 ,4 ] .
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avec le minimum de transformations à partir du cycle glucosidique, donc a priori 
les plus probables. On peut alors se demander si l’acidité restante n’est pas due 
à des réactions secondaires n’apparaissant que pour des doses élevées.

2.2.2. Acidité libérable

Elle est de même ordre (2,6 ± 0,2 цН+ • g-1 • Mrad-1 ) que l’acidité libre et 
est composée de carbonates (=  32%) et formiates (=22%) de bas poids molé
culaire et de 5-gluconolactone (=  46%) fixée sur les radiodextrines. Une étude 
théorique de la radiodépolymérisation [3 ,4 ] permet de montrer que si la majeure 
partie de cette lactone est fixée en bout de chaîne, une fraction de l’ordre de
3 à 4% se trouve à l’intérieur même des chaînes de dextrines [6 ].

2.3. Carbonyles [2, 7 , 8 ]

De nombreux dérivés carbonylés de bas poids moléculaire ont été 
identifiés, l’acétaldéhyde (40 fig ■ g ~1 • Mrad~1) et le formaldéhyde 
(20 /лg • g-1 - Mrad-1 ) étant les plus importants en masse. Un bilan est dressé 
(tableau III) par la mesure de l’absorption du complexe formé entre l’extrait 
aqueux et la 2-4-dinitrophénylhydrazine [8 ]. Les carbonyles liés aux dextrines 
sont étudiés grâce à des précipitations partielles dans les mélanges eau-éthanol, 
l’étude théorique déjà mentionnée permettant d’en déduire les quantités 
précipitables ou non par l’éthanol.

Il reste en principe 17% de carbonyles à identifier mais, étant donné les 
erreurs expérimentales, on peut se demander si la fraction inconnue n’est pas 
moindre. On s’oriente actuellement vers la recherche de composés identifiés 
dans les produits de radiolyse d’autres amidons [1 ], par exemple fécule de 
pomme de terre et amidon de manioc.

2.4. Autres produits

Le méthanol se forme à raison de 2,8 fig • g-1 • Mrad-1 . L’éthanol n’a par 
contre pas pu être dosé, car il est présent dans le témoin en quantités importantes 
et variables.

Le peroxyde d’hydrogène n’apparaît que lorsque tout l’anhydride sulfureux 
présent dans le témoin (environ 35 fig -g-1 ) a été oxydé, soit à partir de 0,1 Mrad 
environ. Entre 0,1 et 0,4 Mrad le peroxyde se forme à raison de 66 fig • g-1 -Mrad 
puis la loi n’est plus linéaire. Au-delà de 1 Mrad les résultats ne sont plus repro
ductibles, sans doute à cause d’une décomposition rapide du peroxyde.
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3. ETUDE DES PARAMETRES DE LA RADIOLYSE [2]

3.1. Dose d’irradiation

Dans le domaine étudié (doses de 0,2 à 3 ou 5 Mrad; débits de dose de 
50 à 750 krad • h-1 ) la quantité de substances radioinduites est toujours pro
portionnelle à la dose, exception faite du peroxyde d’hydrogène (voir 2.4) et de 
l’acétaldéhyde (maximum pour 1,5 Mrad).

3.2. Température d’irradiation

La quantité de produits radioformés croît le plus souvent avec la température, 
entre — 196°C et +  80°C (jusqu’à +  25°C seulement pour le peroxyde d’hydrogène).

3.3. Teneur en eau de l’amidon

L’effet de l’eau est complexe. Si les courbes représentant les quantités de 
produits de radiolyse en fonction de la teneur en eau [2 ] sont décroissantes 
pour ceux qui se forment en quantité importante (dextrines, acide formiqué, 
carbonyles totaux), l’eau a dans les autres cas un effet tantôt activateur tantôt 
inhibiteur.

3.4. Atmosphère d’irradiation

L’oxygène a, par référence à l’azote, un effet activateur, souvent plus 
marqué aux faibles teneurs en eau. Il semble toutefois que la présence d’oxygène 
ne change pas fondamentalement la nature du mécanisme de formation des 
produits de radiolyse, sauf dans le cas du peroxyde d’hydrogène, où l’oxygène 
est quasi indispensable à sa formation.

3.5. Durée du stockage

A la température ordinaire il n’y a pas, durant le stockage, de variation 
sensible de la quantité des divers sucres, de l’acide formique ou des principaux 
produits carbonylés. Les seules variations enregistrées sont une diminution des 
teneurs en aldéhyde malonique [7] et en peroxyde d’hydrogène, de l’acidité 
libérable, ainsi qu’une augmentation de l’acidité libre [5].

4. HYPOTHESES MECANISTIQUES [2]

Dans le domaine étudié (0 —5 Mrad), la probabilité d’interaction du rayonne
ment avec la matière étant faible, les photons ne peuvent induire qu’une seule
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F IG .l. Radiolyse de l ’amidon: mécanisme de form ation de l ’aldéhyde malonique.

rupture de liaison covalente par unité anhydroglycose. Lorsque la formation 
d’ün produit de radiolyse nécessite d’autres coupures, celles-ci doivent résulter 
du réarrangement d’un radical primaire ou de l’hydrolyse d’un composé peu 
stable (acétal, ester, etc.)- И a d’ailleurs été prouvé [3, 4] qu’il y a, à la dose de
1 Mrad, une seule coupure de liaison définitive (le plus souvent glucosidique) 
environ toutes les dix millions de liaisons.

L’amidon de maïs n’ayant été étudié que dans un domaine de teneur en 
eau de 2 à 25% environ, nous avons admis que l’effet indirect du rayonnement 
était peu important par rapport à l’effet direct. Nous donnons ici deux 
exemples de mécanismes envisagés: celui du malonaldéhyde, représentatif des 
carbonyles de bas poids moléculaire, et celui du peroxyde d’hydrogène, qui 
implique des réactions nettement différentes.

H H H,c=c-c; 
но ^ o
H H H
' C - Ç - C 'o ~
о н о
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4.1. Formation du malonaldéhyde

Nous supposons ici que l’absorption d’un photon gamma entraîne une 
rupture de la liaison glucosidique (fig.l A): le radical 1 formé se réarrange en
2 qui conduit, après élimination d’un groupement hydroxyle, à l’acétal 3 de 
l’aldéhyde malonique sous sa forme énolique, facilement hydrolysable. L’effet 
activateur de l’oxygène s’explique par la transformation (fig.lB) du radical 4 
en 1, unique possibilité d’obtenir du malonaldéhyde à partir de 4. Mais seule 
une étude radicalaire pourra renseigner sur le mécanisme exact de cette réaction. 
L’effet inhibiteur de l’eau est dû à sa réaction sur les divers radicaux 1, 2 et 4 
(avec élimination de H ou -OH selon les cas) empêchant ainsi les réactions
1 2, 2 -*■ 3 et 4 -> 1 nécessaires à la formation du malonaldéhyde.

D’une façon plus générale tous les produits radioinduits à squelette carboné 
étudiés jusqu’ici peuvent résulter du réarrangement des radicaux issus de la 
coupure des enchaînements >  С — О — C ■< et (ou) de la réaction de ceux-ci 
sur l’eau et l’oxygène:
— le rôle activateur de l’oxygène est attribué à la fixation sur un radical 

carboné d’un atome d’oxygène, donnant ainsi un surcroît du produit 
étudié;

— l’eau, lorsque son action se situe au niveau de la rupture initiale, inhibe la 
formation des produits de radiolyse en bloquant tout réarrangement 
ultérieur; elle peut également réagir sur les radicaux secondaires, l’effet 
global étant alors variable: présence d’un maximum (acétaldéhyde), 
constance (mannose) ou décroissance (malonaldéhyde).

4.2. Formation du peroxyde d’hydrogène

Deux voies mécanistiques pouvaient a priori être envisagées, en tenant compte 
du fait que l’oxygène atmosphérique est quasi indispensable à la formation du 
peroxyde:
— une première voie, impliquant la rupture préalable d’une liaison acétal et 

la duplication des radicaux-OH et qui peut s’écrire ainsi:

> C - 0 - C <  -► > C - 0 '  +  C <

> C - 0 -  O = O C <  -> > C - 0 ’ + 0 - C < + [ 0 ]

> C - 0 + H 0 H  -*• > C - O H + O H

2 OH -+ H20 2
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— une deuxième voie, faisant intervenir les atomes d’hydrogène issus de la 
radiolyse de l’eau et qui peut s’écrire ainsi:

HOH -► H +  OH

H +  0 2 -+ H 0 2 -*• H20 2 +  ...

*OH+ RH (amidon) -* H20  +  R-

R' +  0 2 -*• R 0 2 -► H2 0 2 +  ...

L’irradiation d’amidon en présence de H280  et de 160 2 ne donne [9] que 
du peroxyde H2160 2 : la duplication des radicaux ‘OH radioinduits dans l’eau 
est donc négligeable. Par contre, si l’irradiation est effectuée en présence de 
H2160  et d’un mélange gazeux 180 2 (1 5 % )-160 2 (85%), on obtient [9] du 
peroxyde d’hydrogène marqué dans les mêmes proportions: l’intervention de 
l’oxygène atmosphérique se fait donc sans coupure de la molécule, ce qui 
écarte la première voie mécanistique: en présence d’oxygène c’est la deuxième 
qui est prépondérante.

5. PERSPECTIVES

Les mécanismes que nous venons de proposer sont certes en accord avec 
les résultats expérimentaux mais restent à l’état d’hypothèses puisque nous n’en 
avons aucune preuve directe. On peut pour l’avenir envisager dans ce domaine 
plusieurs axes de recherches:
— étude de la variation des rendements de formation des principaux produits

de radiolyse hydrosolubles lorsque l’on passe du glucose aux maltose, 
maltotriose et polysaccharides pour préciser le rôle de la liaison glucosidique 
dans les divers mécanismes; .

— détermination de l’origine précise, à l’intérieur de l’unité anhydroglucose, 
des principaux produits de radiolyse en utilisant du glucose et des oligo
saccharides marqués spécifiquement (D ou T, 13C ou i4C), ce qui donnera 
des renseignements sur les premières étapes du mécanisme;

— étude directe des radicaux et comparaison avec d’autres traitements 
(chauffage, attaques acide et enzymatique, etc.) par résonance électronique 
de spin; l’utilisation de produits marqués peut également aider à l’identifica
tion des radicaux formés.

Il serait par ailleurs intéressant d’aborder le problème des modifications
chimiques radioinduites à l’intérieur de la macromolécule compte tenu du fait
que nous disposons d’une théorie simplifiée de la radiodépolymérisation [3 , 4 ].
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Tous ces travaux devraient permettre de mieux préciser le mécanisme de 
radiolyse et de répondre ainsi à la question de savoir si tel ou tel produit toxique 
a des chances de se former, soit dans l’amidon soit dans un aliment à forte teneur 
en amidon.
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DISCUSSION

J. SCHUBERT: How certain are you that what you identify as malonal
dehyde may not consist o f somewhat longer-chain (4—6 carbon atoms) carbonyls 
with similar structure and optical or absorption properties?

J. RAFFI: Apart from its use to establish the overall balance, absorption 
of the complex formed with the 2 —4 DNP was used only for identifying carbqnyls 
fixed to radiodextrins: studies o f partial precipitations in water-ethanol mix
tures coupled with the theory o f radiodepolymerization formulated in the 
laboratory1 enabled us to demonstrate that the carbonyls in question are fixed 
at the extremity o f the dextrins2 . The carbonyls of low molecular weight were 
identified and determined in various forms by gas chromatography, mass spectro
metry and isotope dilution techniques3 .

1 MICHEL, J.-P ., Thesis, Marseilles (1 9 7 7 ); MICHEL, J.-P ., R A FFI, J ., 
SAINT-LÈBE, L ., Die Starke (in preparation).

2 MICHEL, J.-P ., RIGOUARD, М., B ER G ER , G., SAINT-LÈBE, L ., Die Starke 29  
(1 9 7 7 )  254.

3 MICHEL, J.-P ., RIGOUARD, М., B ER G ER , G., SAINT-LÈBE, L ., Die Stàrke 27
(1 9 7 5 )  363 .
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R.A. BASSON: You propose a mechanism in which certain radicals dis
appear in reactions with water. Thermodynamic considerations suggest that 
such reactions will have a low probability. Could you please comment on this?

J. RAFFI: As the influence o f water is especially great below 12—13% 
(“equilibrium” content o f starch), it is the molecules associated with the macro- 
molecular network that are involved, as a result o f which the possibilities o f  
intervention may be greater, if more complex. It should be noted that, although 
electron spin resonance may be the only way o f obtaining direct proof regarding 
the mechanisms, investigations by other means have shown there to be pre
ferential passage for radicals o f  type 1 in the case o f  gamma radiolysis o f  
cellulose. In addition, we have already demonstrated in the laboratory4 , in the 
case o f glucose specifically labelled on 1 or 6 ( 14C), that malonaldehyde is 
formed, at least in part, from carbons 1, 2 and 3.

I.A. TAUB: Considering that the conversion o f radical 2 to radical 3 
involves the elimination of OH', which is thermochemically unfavourable, could 
you propose an alternative route to these products: And secondly, could you 
comment on the possibility that the reduction in products in the presence of 
water involves promoting reconstitution reactions rather than radical reaction 
with water, which is unfavourable?

J. RAFFI: These two questions complement Dr. Basson’s question. A 
reaction o f the type ©  +  H‘ -> ©  +  H20  can be ruled out, in particular 
because it would result in the secondary effect — in this case radiolysis o f water — 
having an importance out o f proportion to all the other phenomena we are 
familiar with in connection with the radiolysis o f starch. Since the intervention 
o f water is experimentally proven, and since it is known that water molecules 
enter into the complex structure of the molecular network o f starch, one can 

• in fact envisage a mechanism that is physical in nature rather than a simple 
reaction o f radicals with water.

’  RIGOUARD, A., Thesis, Marseilles (1 9 7 4 ).
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Abstract-Résu mé

CONTRIBUTION TO AN UNDERSTANDING OF THE ACTION OF GAMMA RADIATION  
ON GRANULAR STARCH -  INTERPRETATION OF RESULTS OBTAINED USING THE  
ENZYMATIC AND CHROMATOGRAPHIC METHOD.

Besides compounds of low molecular mass, the gamma irradiation of granular starch 
produces radiodextrins with a mass lying between that of the low-molecular-mass compounds 
and that of the amylose and amylopectin macromolecules from which they derive. The 
authors present the main results relating to characterization of the radiodextrins of strongly 
irradiated normal and waxy maize starches. The method of study — both enzymatic and 
chromatographic — is the one that has been in use for some ten years for studying the fine 
structure of a -1 .4 — 1.6 glucanes. An attem pt is made to interpret and integrate the results 
in the light of new data derived from a study of the controlled acid hydrolysis of starch.
In particular, the following hypothesis is advanced: the ‘hydrolytic’ effect of irradiation is, 
at the qualitative level, independent of the nature of the starch and similar to the effect 
produced by acid hydrolysis; as with acid hydrolysis, the breaking of the covalent bonds is a 
function of the internal structure of the grain and especially of its amorphous/crystalline 
organization; the zones of an amorphous character are more easily degraded; on the other 
hand, the ‘crystalline’ zones are better protected; in fact, the ‘hydrolytic’ effect of irradiation 
is not homogeneous and does not conform to a statistical pattern.

CONTRIBUTION A LA CONNAISSANCE DE L’ACTION DU RAYONNEMENT GAMMA 
SUR L ’AMIDON G RANULAIRE -  INTERPRETATION DES RESULTATS DE L’ETUDE  
PAR LA METHODE ENZYMATIQUE ET CHROMATOGRAPHIQUE.

L’irradiation gamma de l’amidon granulaire produit, en plus des composés de faible masse 
moléculaire, des radiodextrines de masse intermédiaire entre celle des composés précédents et 
celle des macromolécules d’amylose et d’amylopectine dont elles sont issues. Le mémoire 
rapporte les principaux résultats concernant la caractérisation des radiodextrines d’amidons de 
maïs normal et cireux fortement irradiés. La méthode d’étude, à la fois enzymatique et 
chromatographique, est celle qui est utilisée depuis une dizaine d’années pour l’étude de la 
structure fine des a -1 ,4 — 1,6 glucanes. On s’est efforcé d’interpréter et d’intégrer les résultats

* Laboratoire de technologie alimentaire, Centre d’étude, de recherche et de documentation 
des Industries agricoles et alimentaires, Massy.

**  Centre de recherches agro-alimentaire de Nantes, La Géraudière, Nantes.
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obtenus, dans le cadre des données nouvelles que l’on a pu, par ailleurs, dégager à partir de 
l’étude de l’hydrolyse acide ménagée de l’amidon. On émet en particulier l’hypothèse suivante: 
l’effet «hydrolytique» de l’irradiation serait, sur le plan qualitatif, indépendant de la nature 
de l’amidon et serait à rapprocher de l’effet provoqué par une hydrolyse acide; tout comme dans 
ce traitem ent, la scission des liaisons covalentes est fonction de la structure interne du grain et 
en particulier de son organisation amorphe/cristalline; les zones de caractère amorphe seraient 
plus facilement dégradées; par contre, les zones «cristallines» seraient mieux protégées; en fait, 
l’effet «hydrolytique» de l’irradiation ne serait pas homogène et ne suivrait pas un schéma 
statistique.

1. INTRODUCTION

Pour une question de commodité d’analyse, on s’accorde généralement pour 
distinguer deux classes de produits formés au cours de l’irradiation gamma de 
l’amidon granulaire: d’une part, les produits de radiolyse de faible poids 
moléculaire tels que les divers composés carbonylés; d’autre part, les produits 
de masse moléculaire plus élevée ou radiodextrines, qui sont en fait les macro
molécules résiduelles de l’amylose et de l’amylopectine, les deux constituants 
de l’amidon.

Les travaux réalisés sur les petites molécules radioformées sont, de loin, les 
plus nombreux [1—7]. De nombreux travaux ont également permis de caractériser 
diverses propriétés physico-chimiques de la fraction macromoléculaire de l’amidon 
irradié [1, 8—14], telles que la viscosité des solutions aqueuses, le pouvoir réducteur, 
la solubilité, la coloration à l’iode, etc. Par contre, peu d’études ont porté sur la 
répartition et la structure des chaînes polyosidiques radioformées.

Depuis une dizaine d’années, la possibilité d’utiliser les enzymes amylolytiques 
spécifiques, alliée au développement des méthodes de fractionnement chromato- 
graphique permettant la séparation des produits obtenus après réaction enzymatique, 
a ouvert une voie de choix dans la recherche de la structure des a-l ,4 — 1,6 glucanes. 
Cette technique enzymatique d’analyse des structures, mettant en oeuvre essentielle
ment la pullulanase ou enzyme déramifiante et la fî-amylase, a été largement 
utilisée dans notre laboratoire pour étudier les structures fines du glycogène [15], 
de l’amidon natif [16] ou hydrolysé par l’acide [17].

C’est avec cette technique enzymatique que nous avons entrepris l’étude 
des caractéristiques des chaînes ou dextrines obtenues après irradiation gamma, 
à forte dose (10—75 Mrad), de l’amidon granulaire. Les premiers résultats de 
cette étude, réalisée à partir de l’amidon de maïs cireux irradié à la dose de
50 Mrad, ont fait l’objet d’un rapport présenté en 1973 à Karlsruhe par Tollier 
et Guilbot [18]. Ces résultats ont permis, d’une part, d’acquérir une première 
idée sur la distribution macromoléculaire des radiodextrines, d’autre part, de 
mettre en évidence l’existence de barrières qui inhibent l’action des enzymes 
amylolytiques.
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L’objet de cette communication est de résumer les principaux résultats que 
nous avons pu obtenir depuis, par la même technique d’étude, à partir des amidons 
de maïs normal et cireux irradiés. La comparaison de tels résultats, d’une part, 
avec ceux précédemment acquis dans le cas de l’amidon de maïs cireux irradié à 
la dose de 50 Mrad, d’autre part, avec les données fournies par l’étude du traitement 
d’hydrolyse acide ménagée de l’amidon granulaire (amidons dits «lintnérisés»), 
permet leur intégration dans le cadre de la structure nouvellement dégagée pour la 
macromolécule d’amylopectine [17, 19, 20].

2. MATERIELS ET METHODES

Les amidons irradiés utilisés pour cette étude sont issus d’amidons de maïs 
normal et cireux industriels. La teneur apparente en amylose de l’amidon de 
maïs normal est voisine de 23% (substance sèche). Les doses de rayonnement 
gamma reçues par ces amidons, sous une humidité de 17% (substance sèche) 
et en atmosphère d’air confiné, sont de 10, 30, 50 et 75 Mrad. Elles ont été 
fournies par une source de 60Co, d’activité 2000 Ci, délivrant un débit de dose 
de 100 krad/h.

Une extraction à l’éthanol 80° permet d’éliminer les petites molécules 
radioformées qui ne sont pas liées aux chaînes macromoléculaires. Rappelons 
que cette extraction éthanolique, pratiquée couramment au laboratoire, est l’un 
des moyens, assez arbitraire d’ailleurs, permettant d’effectuer la séparation entre 
ce que l’on appelle les glucides dits «libres», de degré de polymérisation (DP) 
inférieur à une quinzaine d’unités osidiques, et les macromolécules. Compte tenu 
de la fragilité des grains d’amidon irradié, cette opération est, dans le cas présent, 
réalisée d’une façon ménagée à la température du laboratoire. Dans de telles 
conditions, l’apparence granulaire [14] et la structure cristalline [21] de l’amidon 
irradié sont conservées.

Les résidus granulaires ainsi obtenus sont étudiés, après dispersion aqueuse 
totale (3 min à 100°C), par la méthode enzymatique et chromatographique [15,19].

Cette méthode consiste à fractionner par chromatographie de perméation sur 
colonne de gel les chaînes glucidiques ou les populations de chaînes obtenues soit 
directement après solubilisation de l’amidon, soit après diverses combinaisons 
[18, 19] dans les actions enzymatiques de la pullulanase et de la j3-amylase. Le 
gel retenu pour le tamisage moléculaire des chaînes libérées sous l’action des 
enzymes est, dans le cas des résultats que nous présentons ici, un gel de Dextrane, 
le Séphadex G-50; celui-ci permet la séparation des chaînes de masse moléculaire 
inférieure à 10 000. La détection des glucides est réalisée automatiquement, à 
l’aide d’un autoanalyseur, par la méthode à l’orcinol-sulfurique. La présence de 
radicaux absorbant la lumière ultraviolette est révélée par absorptiométrie continue 
à 254 nm.
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FIG.l. Comparaison entre les diagrammes d’élution obtenus par fractionnement, sur une 

colonne de Séphadex G-50, de dispersions aqueuses d’un amidon natif et d’amidons de mais 

normal ou cireux irradiés à diverses doses (MN: maïs normal; MC: maïs cireuxj.

3. RESULTATS ET DISCUSSION

3.1. Distribution des macromolécules des amidons irradiés à 10, 30, 50 et 75 Mrad

Le fractionnement direct des solutions aqueuses des divers amidons irradiés 
(fig. 1) montre que la quantité de dextrines radioformées de masse moléculaire 
inférieure à 10 0 00  est proportionnelle à la dose reçue par l’amidon, indépendamment 
de son origine botanique. Par ailleurs, du point de vue qualitatif, on constate, dans 
tous les cas, une large distribution de chaînes, l’allure générale des diagrammes 
d’élution étant identique quelles que soient la dose reçue et la nature de l’amidon.
On relèvera cependant que deux populations (X et Y) «émergent» de l’ensemble 
de la distribution, en plus de la population (I) de chaînes de DP supérieur à 10 000, 
«exclues» du gel. L’étalonnage de la colonne [15] permet d’attribuer un DP (degré
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FIG.2. Comparaison entre les diagrammes d’élution obtenus par fractionnement, sur une 

colonne de Séphadex G-50, de dispersions aqueuses: de l’amidon de maïs normal natif; d ’un 

résidu d’amidon de mais normal obtenu après une solubilisation de 32% de son poids sec par 

hydrolyse acide (hydrolyse par HCl 2,2 N  à la température de 35° C pendant 4 jours); de l’amidon 

de maïs normal irradié à la dose de 50 Mrad.

de polymérisation moyen en nombre) voisin de 15 à la population Y et un DP 
de 25—30 à la population X. Ces DP sont indépendants de la dose et de l’origine 
de l’amidon.

3.2. Comparaison entre les distributions des macromolécules des amidons 
irradiés et hydrolysés par l’acide chlorhydrique

Si l’on compare les diagrammes d’élution des résidus granulaires des amidons 
de maïs normal ou cireux obtenus après hydrolyse acide ménagée [17] avec les 
diagrammes d’élution de ces mêmes amidons après irradiation à la dose de 50 Mrad, 
on observe une grande analogie (fig. 2 , cas de l’amidon de maïs normal).

L’observation des deux populations X et Y précédentes dans le cas des ■ 
amidons irradiés, et surtout la coïncidence de leur DP avec ceux des deux popula
tions II et III, populations toujours obtenues quels que soient la nature de
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FIG.3. Diagrammes d’élution obtenus par fractionnement, sur une colonne de Séphadex G-50, 

des dispersions aqueuses de l’amidon de maïs normal irradié à la dose de 50 Mrad, puis déramifié 

par la pullulanase (P\), enfin ayant subi la ÇS-amylolyse des chaînes déramifiées (Pifii). En tirets, 

diagrammes d’élution de la fraction des radiodextrines contenant des unités porteuses d’une 

fonction absorbant les radiations ultraviolettes à 254 nm.

l’amidon et son taux de dégradation par l’acide, est un résultat important à 
considérer, car il montre l’incidence de la structure et permet, de ce fait, de penser:
— que la population X est principalement constituée par des chaînes uniramifiées 

dans lesquelles les deux chaînons constitutifs, d’un DP voisin de 15, associés 
vraisemblablement sous forme de double hélice dans l’amidon natif, sont reliés 
par une liaison a -1,6 située à proximité de l’extrémité réductrice, fait que l’on a 
confirmé pour la population II, dans le cas des amidons hydrolysés par l’acide;

— et que la population Y est principalement constituée par des chaînes linéaires, 
fait également confirmé pour la population III, dans le cas des amidons hydro
lysés par l’acide.

Les radiodextrines des populations de chaînes X et Y proviendraient donc, 
comme les dextrines des populations II et III obtenues après hydrolyse acide de 
l’amidon, des chaînes d’amylopectine, fraction de l’amidon responsable de la 
cristallinité [17].

3.3. Analyse chromatographique d e ï’amidon de maïs normal irradié à la dose 
de 50 Mrad, après actions enzymatiques

Les diagrammes d’élution obtenus lorsque la suite de traitements enzymatiques 
de l’amidon irradié débute par une déramification sont représentés sur la figure 3.
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Sans rentrer dans le détail de l’analyse, on relèvera surtout:
— la disparition, après déramification, de la «bosse» caractéristique de la 

population II et le renforcement, de ce fait, de la population III constituée 
essentiellement par les chaînes linéaires de DP voisin de 15 ; un tel résultat appuie 
d’une part la déduction faite précédemment selon laquelle les chaînes de la 
population II seraient principalement des chaînes uniramifiées, et d’autre part, 
l’analogie de comportement avec les amidons traités par l’acide;

— l’évidence de dextrines contenant une ou plusieurs unités modifiées porteuses 
d’un groupement carbonylé [7], évidence que l’on peut tirer de l’analyse des 
diagrammes d’élution lorsque la détection est effectuée par absorptiométrie 
continue à 254 nm.

Ces unités modifées pourraient être à l’origine des dextrines non déramifiables 
observables en particulier au niveau du «volume mort» de la colonne et sont sans 
nul doute à l’origine des dextrines réfractaires à la /З-amylase. Un tel résultat 
suggère donc que l’unité glucosidique modifiée, inhibant l’action de la (3-amylase, 
se trouve être située à l’extrémité non réductrice de la radiodextrine (ou à son 
voisinage).

Les résultats que l’on peut tirer de l’analyse des diagrammes d’élution 
obtenus quand les traitements enzymatiques débutent par une j3-amylolyse 
corroborent ceux obtenus préalablement dans le cas de l’amidon de maïs cireux 
et confirment les résultats et hypothèses qui viennent d’être exposés.

4. CONCLUSION

De la convergence de l’ensemble des résultats on a pu dégager l’hypothèse 
suivante, indépendante de l’origine botanique de l’amidon:

L’effet «hydrolytique» de l’irradiation gamma peut être rapproché de celui 
occasionné par une hydrolyse acide ménagée de l’amidon granulaire; tout comme 
dans ce dernier traitement, la formation des dextrines serait liée à l’organisation 
macromoléculaire dans le grain et en particulier à la dualité amorphe-cristalline de 
celui-ci.

L’effet des rayons gamma sur les macromolécules du grain d’amidon ne 
serait ni tout à fait homogène, ni tout à fait statistique, contrairement à l’hypothèse 
généralement admise [1, 7,  22]. Les chaînes participant aux zones organisées, ou 
«cristallites», seraient mieux protégées de l’effet «hydrolytique» des rayons gamma 
que les chaînes constituant les zones de caractère amorphe. Ainsi, la fraction 
amylose, qui ne prend pas une part essentielle à la formation de zones cristallines 
dans l’amidon, serait la plus facilement dégradée, hypothèse conforme à celle 
proposée dès 1962 par Samec [23].

On a montré par ailleurs [17, 19, 20] que les chaînons élémentaires de la 
macromolécule d’amylopectine schématisée sur la figure 4 étaient, dans le grain
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0

FIG.4. Représentation schématique d’une macromolécule d’amylopectine à l’état «natif», 

dans le grain d’amidon.

1: couches «cristallines», dans lesquelles les chaînons sont régulièrement associés; 2: couches 

moins denses, de caractère plus amorphe, contenant les points de ramification a-1,6; 

ф: groupement réducteur de la chaîne, chaînes A DP =  15, chaînes B DP =  45.

d’amidon natif, organisés dans une structure tertiaire caractérisée par une alternance 
de zones cristallines (zones 1) et de zones moins organisées (zones 2 ), ces dernières 
contenant les points de ramification a -1,6 .

Tout comme dans le cas de l’hydrolyse acide, l’effet hydrolytique de 
l’irradiation porterait de préférence sur les zones 2 ; on peut ainsi comprendre qu’il 
résulte de cet effet les radiodextrines linéaires de la population III et les radio
dextrines uniramifiées de la population II. Toutes ces radiodextrines conserveraient 
dans l’amidon irradié la conformation hélicoïdale et l’organisation cristalline
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présentées par l’amidon natif. Cependant, l’affaiblissement de la cohésion macro
moléculaire, manifestée par une grande solubilité à froid, indiquerait que celui-ci ne 
serait pas seulement lié à la diminution de la taille des molécules, mais également à 
des effets secondaires dans lesquels le surplus d’énergie pourrait être consommé, 
dans les zones cristallines, par la rupture des liaisons hydrogène intercaténaires, 
hypothèse qui rejoint celle émise par Berger et al. [7].
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DISCUSSION

J. RAFFI: Looking at the chromatograms, it might appear that the popula
tions “ 15” and “25—30” have been singled out arbitrarily. In fact the theory
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developed in our laboratory1 on the depolymerization of starch under the effect 
of gamma radiation and/or protons shows that the macromolecule is depoly
merized in random fashion and that therefore populations o f dextrins in equal 
numbers are produced. The humps on the chromatograms are consequently 
abnormal and call for investigation.

1 MICHEL, J.-P., Thesis, Marseilles (1977); MICHEL, J.-P„ RAFFI, J., SAINT-LÈBE, L., 
Die Starke (in preparation).
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Abstract

CHANGES IN FLAVOUR AND TASTE OF IRRADIATED COFFEE BEANS.
The possibility of changes in the smell and taste of coffee from beans submitted to 

irradiation for preservation is a significant gap in the programme devoted to increasing the 
product life time with such a process. Therefore, the main objective of the paper was to 
evaluate changes in aroma and flavour that can be noticed by the consumer. Coffee beans 
were given disinfestation doses of 50 krad, producing an insect mortality rate of 98.33%
± 2.89 in Araecerus fasciculatus (adult stage). The samples, provided by IBC, were from 
the same crop and free from pesticides. Some of the material was kept by that Institute 
for organoleptic tests. The remainder was sent to the National Institute of Technology for 
gas-chromatographic analysis. Should any significant changes be noticed, it could be assumed 
that the gamma-irradiation process would be rejected by the consumer. However, no signific
ant change was observed in the most important characteristics, flavour and aroma, that might 
induce the consumer to reject irradiated coffee beans.

INTRODUCTION

Brazilian coffee losses are estimated to be about 15%, due not only to 
inadequate storage but also to inadequate insect control measures. Considering 
that the annual production in Brazil is 20 million 60 kg sacks and that the price 
on the international market is US$ 400 per sack, it is easy to demonstrate that 
some process of improving the storage conditions and disinfestation is necessary. 
In addition, considering that the application of chemical fumigants has no 
significant effect on insect eggs but does introduce changes in the coffee's taste 
and aroma, it is clear that this technique will have a negative effect on the 
consumer.

Ionizing radiation has been shown to be effective when applied in low 
doses for the disinfestation of grain attacked by Araecerus fasciculatus [1].
A very important point is whether radiation will have any effect on the coffee 
components [2 ] and whether this variation can be detected by the human sense 
of smell and taste so that the consumer will reject all products submitted to 
any gamma-irradiation preservation process. In organoleptic tests by the IBC 
tasting panel it was not possible to determine any change o f flavour and aroma

539
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in irradiated coffee. They used a classification for the various categories of 
coffee beverages, made by a board of tasters specially trained for this purpose, 
and they can detect the slightest change in the flavour or aroma.

However, by using gas-chromatography to determine the volatile compo
nents [3], it is also possible to verify small variations in the components, 
especially in the volatile acids, which may be connected with the flavour and 
aroma o f coffee [4].

The present paper has been given a more quantitative than qualitative 
character, since it seems, according to the different quantities of the components
[5], to be possible to verify the variation in coffee type [6 ]. Thus the main 
object o f the chromatograms discussed in this paper was a quantitative comparison 
of the volatile acids, especially acetic acid. As the organoleptic panel and the 
chromatograms show that no significant quantitative change was observed, there 
are two alternatives:

( 1 ) There was some variation but it was not significant and was detectable 
neither by the human senses nor by the high-precision chromatograph.
But it is possible to consider that the variations in the volatile acids are, 
really, not significant or can be interpreted as included in the instrument 
error.

(2) There was no change in flavour and aroma.

Therefore, it seems that the gamma-irradiation process does not alter the 
main characteristics that influence coffee selection, which are, as far as the 
consumers are concerned, the characteristic flavour and aroma.

MATERIAL AND METHODS

The coffee beans used for experiments had the following characteristics:

Source: Brazilian Coffee Institute (IBC)
Drink: Rio-Zone
Grinder: 16/19 mesh 
Colour: greenish 
Harvest: 1976/77

The grains were roasted and ground under the following conditions:

Roasting: test point 190-208°C (374-406°F)
Grinding: test point
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The grains were not roasted to consumption point because this point could 
influence a set of interesting characteristics in such determination.

Before roasting and grinding the coffee beans were irradiated in the 
Brookhaven Portable Cesium Development Irradiator (BPCDI), 137Cs,
105 000 Ci, at a dose rate of 450 krad/h (± 5%) at room temperature and 
pressure.

All samples were separated into two groups, each consisting of 6 units, 
and then irradiated with the doses listed below, in a total o f 12 samples:

0 kGy ( 0 rad) Control
0.10 kGy ( 10 krad)
0.25 kGy ( 25 krad)
0.50 kGy ( 50 krad)
0.75 kGy ( 75 krad)
1.00 kGy (100 krad)

The irradiation of each group o f 6 samples took place on two different 
days. After irradiation, each group was roasted and ground on different days 
according to previous specifications (test point), and part of the sample was 
sent for organoleptic testing by the IBC taste panel. The remaining part was 
analysed with the INT Perkin-Elmer 900-Gas Chromatograph.

Chromatograms were made o f the volatile acids o f the coffee beans after 
extraction by the method o f Kung et al. [3], and those obtained from the 
irradiated samples were compared with those o f unirradiated samples for the 
quantity of the volatile acid.

The object o f this study was to detect any change in flavour and aroma 
by two methods, organoleptic panel tests and gas-chromatography, and com
paring the results o f these two methods.

Nevertheless, some changes in the extraction method were introduced 
as follows: A brew was made with 11.5 g o f ground coffee and 200 ml of 
boiling deionized water. After cooling to room temperature, this was filtered 
with a paper filter. 0.5N NaOH was then added up to pH 9. The solution 
was concentrated to 50 ml in a rotary evaporator at 45°C ( 1 13°F) under 
5 mmHg pressure. 150 ml o f methyl alcohol were added to the concentrate 
to precipitate any substances that might cause an emulsion in the subsequent 
extraction using the solvent. After filtering, the precipitate was concentrated 
to 50 ml. To 25 ml o f this solution 1.5 ml o f HC1 1:1 were added and this 
was extracted 10 times with 20 ml o f  ethyl ether. The extracts were combined 
and concentrated to 10 ml using a fractional distillation condenser (Type 
Vigreux) in order to avoid acid losses during the concentration process. This 
solution was used for gas-chromatography. It was always kept in a dark, cool 
(5°C) room.
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Chromatograph: Perkin-Elmer 900, equipped with a flame 
ionization detector
Carbowax 20M -  chrom W 80/100 12’5 X 1/8Column: 

Temperature: 
Spraying jet: 
Detector:

130°C (266°F) 
170°C (338°F) 
170°C (338°F)

Drag gas outlet (N 2 ): 25 ml/min
N2 pressure: 20  lbf/in2
Air pressure: 40 lbf/in2

Quantity injected: 1 ml.

RESULTS

The taste panel of the Brazilian Coffee Institute submitted the following 
verdict on the beverage prepared from 12 coffee samples remitted to the 
Institute:

“Eleven samples showed no variation in flavour and taste. Only one of 
these samples (25 krad), labelled “J”, belonging to the first group, exhibited an 
intensification o f the “Rio Type” taste.”

The chromatograms show two higher peaks o f the constituents. One of 
them is identified as acetic acid; this identification was accomplished by using 
the comparison process, injecting this acid into the chromatograph, this peak 
occurring 4.82 min after the beginning of the first peak. The other peak 
corresponds to the solvent used and the percentage of ethylic ether. The 
comparison o f the rate values o f the peak areas related to the acetic acid, or 
its amplitudes, exhibits a result that shows a very small variation and is very 
difficult to detect with the human senses, and can be interpreted as changes 
in the sample, error o f the device, error during the extraction or even during 
the injection of the extract.

CONCLUSIONS

In view o f the IBC’s verdict, there is a deep feeling that the fact 
that they were aware that they were examining a product treated by a 
process entirely new for them, a radioactive process, had some influence 
on the results. However, as soon as the sample identifications had been pro
vided, together with explanations o f the doses and the control samples (letters 
“G” and “U”) supposed by them to be that labelled “J”, they formally admitted 
that such an error could be introduced and that the irradiation preservation 
process does not introduce any strange flavour and taste in the coffee beans,
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but that there áre highly significant variations when the product is submitted 
to chemical processing, particularly when treated with maletheol.

From the chromatograms and the area rates that provide the constituents 
of the volatile acids it was not possible to detect any direct or indirect relation 
connecting the variations with the doses applied. Besides, the difference between 
the various rates can be identified as errors arising either from the device, the 
extraction process or the injection of the extract.

After some further discussion with the IBC’s tasters, it was finally agreed 
that the gamma-irradiation preservation process must be recommended for 
application in coffee bean disinfestation, since the process does not introduce 
any detectable alteration in flavour or taste.
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DISCUSSION

L.R. SAINT-LEBE: Have you carried out irradiation in the presence of 
nitrogen and, if so, what sort o f  chromatograms do you obtain?

M. DIAS FILHO: No, all the experiments were performed under normal 
pressure and temperature conditions.

A.S. AIYAR: Is any information available on the effects o f radiation on 
caffeine, either in model systems or in the coffee bean? I am asking this 
because any chemical alteration o f the molecule may influence its pharma
cological as well as its suspected genetic toxicological effects.

M. DIAS FILHO: No, we have not investigated this, but I agree that it 
could be important, and I shall try and include it in future investigations at our 
laboratory. Thank you for the suggestion.
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Abstract

EFFECT OF IRRADIATION ON THE FLAVOUR OF IRAQI DATES.
A method was developed to study the effect of gamma irradiation on the flavour of 

dates that involved low temperature distillation under reduced pressure. The distillate was 
freeze concentrated before solvent extraction. Zahdi dates were given three doses of 50,
100 and 150 krad. Combined treatments of heat plus irradiation were also applied:
50 krad + 50°C, 100 krad + 50° С and 150 krad + 50°C. Flavour analyses were carried out 
immediately after irradiation and after 3 weeks of storage. Both the acid and non-acid 
fractions of the distillates were found to retain the initial aroma. Gas-chromatographywas 
used to separate the fractions into their various constituents. The volatile free fatty acids 
isolated from date distillates are Се, C8, C9, Сю, Си, C12, C14, Cie, CI8, Cis:2 and C20. 
Increases in the quantity of most of the free fatty acid contents of dates over those of 
controls were noticed. This increase did not impart any odd flavour to the product, indicating 
that the free fatty acids are present in concentrations below their threshold values. Little 
change was noticed when the non-acid fractions were separated by gas-chromatography, 
indicating that irradiation at this low level and the combined heat and irradiation treatments 
used in this experiment have no effect on the flavour of the product.

Currently dates are preserved, internationally, by many methods such as 
low temperature steam treatment, pasteurization, drying, fumigation, low 
temperature storage, and packing in vacuum or in inert gas.

The use o f heat higher than 55°C has an adverse effect on the colour and 
flavour of this product. Drying gives an uneven, tough, fibrous or rubbery 
texture. Methyl bromide is the main fumigant used; however, residual accumu
lation in the fumigated commodity might entail serious problems limiting the 
use of this chemical as a fumigant. The other methods of preservation are too 
expensive and would need careful consideration. For this reason a more effective 
method of preservation than those mentioned above is needed. The radiation 
preservation o f dates, or a combination o f mild heat and low doses of irradiation, 
seemed to be the alternative.

Before adopting radiation techniques for such purposes, the effect of  
radiation on the chemical composition o f the date must be known, which also 
includes the effect on the flavour chemistry of the product.

5 4 5
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EXPERIMENTAL PROCEDURES

The Zahdi date variety was used in this study and three doses, 50, 100 and 
150 krad, were delivered. This range was found to be adequate in an earlier 
study by Farkas et al. [1 ], in which they found that low doses o f 1 0 -3 0  krad 
prolonged the shelf-life o f the product and considerably reduced the microbial 
spoilage.

A combination treatment o f heat plus irradiation was also applied, in which 
dates were exposed to 50° С and the same three irradiation doses were also applied 
to each sample. The heat treatments were performed in an oven for a period of
1 h, irradiation followed immediately after. Dates were analysed at day one and 
after 3 weeks’ storage for each treatment. Controls were also analysed for each 
treatment.

The method used for flavour analysis involved distillation o f the dates 
using mild heat under reduced pressure. The fairly large volume o f distillate 
that was produced was then concentrated by freeze-concentration, a technique 
that has been used previously by us with various food commodities and had proved 
to be satisfactory [2], see also Refs [3 -6 ]  etc.

The procedure followed in this study was as follows: A 100 g sample was 
mixed well in a blender with warm water and the mixture made as a slurry.
A silicone antifoaming agent (BDH) was added, together with 2 /Л of laevulic 
acid and ethyl laevulate. The laevulic acid acts as internal standard for the acid 
fraction and the ethyl laevulate for the non-acid fraction. Distillation to dryness 
was carried out under reduced pressure (1 0 -1 5  mmHg) at 45°C. About 800 ml 
of distillate was collected, and by using the freeze-concentration technique it 
was possible to reduce the volume to 100 ml o f concentrate.

The aqueous concentrate was made alkaline (pH 9) and extracted with 
distilled ether. The ether was evaporated o ff to yield the non-acid fraction.
The pH of the aqueous fraction was then reduced to 3 and also extracted with 
distilled ether to yield the acid fraction.

The non-acid fraction was separated into its various constituents by gas- 
chromatography and the following chromatographic conditions were used:

(a) 1.5 m X 4 mm glass column of 5% FFAP on 100—120 mesh Diatomite CQ
(Pye).
Gas flow rates: Nitrogen carrier gas: 40 ml/min

Hydrogen: 30 ml/min
Air: 350 ml/min

Column oven temperature: 2 min at 120, 120—230° at 8°C/min 
Detector oven temperature: 250°C 
Injection port kept at 230°C.
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(b) The other column, which was used to confirm the identity o f  the volatiles 
by retention time, was 3% SE — 30 (Pye) on 100—120 mesh Diatomite CQ. 
Flow rates were as above, and the temperature limits were 100—250°C at 
4°C/min.

The acid fraction was methylated before gas-chromatography using a
0.2 wt/vol.(%) solution o f HC1 in methanol. Méthylation was carried out in an 
esterification sealed ampoule after the addition o f an appropriate volume of 
the reagent to give a fatty acid concentration o f 30 to 40 mg • ml-1. The ampoule 
was sealed, heated for 20 minutes at 100°C and allowed to cool for 30 minutes.
The esterified solution was analysed by gas-chromatography using three different 
column packings in order to confirm the presence and identity o f the compounds.

The column packings and the chromatographic conditions used were as 
follow:

(a) 10% EGSS -  X (organosilicone polymer) on Diatomite C, AW. Column 
oven temperature: 120—200°С at 6°C/min.

(b) 10% SE — 30 on 100—120 mesh Diatomite C, AW. Column oven 
temperature: 100—220°C at 4°C/min.

(c) 10% polyethylene glycol adipate (PEGA) on 100—120 mesh Diatomite C, AW. 
Column oven temperature: 80—190°Cat 8°C/min.

For all the above columns the detector oven temperature was maintained 
20°C above the maximum column oven temperature. The flow rates were the 
same as for the non-acid chromatographic conditions.

RESULTS AND DISCUSSION

All the distillates isolated from dates retained the initial date aroma. 
Furthermore, both acid and non-acid fractions were found to retain the date 
aroma, as judged by our flavour panellists.

The acid fraction (F ig .l)

The volatile free fatty acids isolated from date distillates were the following: 
C6, Cg, C9, Сю, Сц, Cj2» Cj4, Cjg, Cj8, Cig¡2 and C2o> shown in Table I. 
Retention times were taken on three different column packings and matched 
those of known compounds. The choice o f 4 — 0 X 0 — pentanoic acid as 
internal standard was because this compound elutes from the column in an
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FIG.l. Gas-chromatogram of the flavour volatiles of dates (acid fraction) after irradiation.
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TABLE I. RETENTION TIMES OF THE METHYLATED FATTY ACIDS 
COMPARED WITH THOSE OF KNOWN COMPOUNDS 
+ Methyl 4-0 X 0-pentanoate used as internal standard. Retention times in min.

20% PEGA 10% EGSS-X 10% SE-30

Compound Date
sample

Known
Date
sample

Known
Date
sample

Known

c 6 7.3 7.4 1.8 1.8 2.5 2.5

c 8 10.5 10.6 4.0 3.9 6.0 6.1

C9 11.9 11.9 5.3 5.3 8.7 8.7

Сю 13.0 13.1 6.8 6.7 11.4 11.5

c „ 13.8 13.9 8.0 7.9 14.3 14.5

Cl2 15.2 15.3 9.5 9.3 17.1 17.0

Ci4 17.9 18.1 12.2 11.8 22.6 22.6

Ci6 22.4 22.7 15.5 15.2 27.5 27.6

Cl8 30.5 30.9 20.8 20.3 34.2 34.0

Cig:2 36.6 36.9 - - 42.5 42.6

c 20 45.5 44.9 27.5 27.5 47.8 47.8

+ Methyl
4-0X0-
pentanoate

13.5 13.5 9.1 9.1 3.5 3.5

area where it does not interfere with the sample peaks. There is also some 
similarity in the structure of this compound and the acid samples.

Figure 2 shows the changes o f the free fatty acids in dates treated with 
irradiation and combined heat and irradiation treatments before storage. The 
following free fatty acids showed some increase in quantity: C8, C10, C12, CJ4>
C16 and Clg. However, panel members were not able to detect any odd flavours 
due to this increase in the free fatty acids, which indicates that their concentrations 
are below their threshold values, and they did not impart any objectionable flavour 
to irradiated date samples.

The primary effect o f irradiation on fats is to form free radicals, which may 
react in several ways to produce a number o f new compounds, among which 
hydroperoxides and carbonyls are the most prominent. In addition, the partial 
destruction o f certain antioxidants, which might be present in dates before 
irradiation, might also explain such an increase.
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FIG.4. Gas-chromatogram of the flavour volatiles of dates (high acid fraction) after irradiation.
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The effect o f  irradiation on the free fatty acids after three weeks o f storage 
is shown in Fig.3. Apart from C16, which showed a slight increase with increased 
dose rate, all the other free fatty acids showed no significant change due to the 
different treatments. A possible explanation o f this is that not all the antioxidants 
were destroyed by irradiation and were effective in preventing irradiation- 
induced changes.

The non-acid fraction (Fig.4)

About 100 peaks were separated by the gas-chromatographic methods mentioned 
above. The changes found due to different treatments, calculated relative to the 
internal standard, were slight. For this reason the identification o f those peaks 
was not o f great importance, as we were looking for changes due to irradiation.
Even so they will be identified in a further study in order to define the flavour 
of dates chemically.

From this study we concluded that neither irradiation at this low level nor 
the combined treatment of heat plus irradiation used in our experiments had any 
effect on the flavour of dates, as we could detect no odd flavour or odour in any 
of our date samples.
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DISCUSSION

R.S. KAHAN: How was the heat applied to the dates, and were they 
heated individually or in batches?

H.A.W. JADDOU: The dates wefe heated individually in a dry oven at 
50°C.

I. KHAN: Your gas chromatograms from the dates contained about
100 peaks. What were the major compounds responsible for the flavour among 
these peaks?
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H.A.W. JADDOU: The chromatograms were used as finger prints for the 
volatiles rather than for chemical determination o f data flavour. We did not 
bother with identification, as we did not observe any changes due to the 
different treatments.

D.A.E. EHLERMANN: You concluded in the case o f  the acid fraction 
that some of the free fatty acids increase, depending on the treatment. How
ever, in my opinion your experimental data do not support such a conclusion. 
Experimental error and biological variation from sample to sample seem to be 
of the same order; furthermore, your dose scale is not consistent in magnitude 
and therefore not suitable for linear regression analysis. Consequently, your 
data lead rather to the conclusion that irradiation neither changes the chemical 
composition nor influences the flavour o f dates.

H.A.W. JADDOU: The chromatograms shown for the acid and non-acid 
fraction relate only to one treatment. The calculation o f the other chromato
grams relative to the internal standards used showed no significant changes 
between treatments. The slight increase observed is thought to be due to 
experimental errors.

J.-F. DIEHL (Chairman): These results, like those presented by Mr. Dias 
on coffee beans (IAEA-SM-221/5), confirm the finding of many other authors 
that it is practically impossible to show definite radiation chemical product 
formation in complex foods irradiated with doses o f  up to around 100 krad.
In all biological products there is considerable variation in the composition, 
e.g. in fruits, depending on ripeness. The evidence available indicates that 
radiation-induced product formation in this low dose range is much lower than 
the normal biological variation.
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Abstract

INFLUENCE OF EMULSION NATURE ON RADIATION RESPONSE OF (3-CAROTENE 
IN AN AQUEOUS MEDIUM.

The radiation response of (3-carotene was followed in lipid solvents and in aqueous prepara
tions. The nature of the solvent was found to have a marked influence on the response of 
(3-carotene to 7 -radiation. In aqueous emulsions radiation destruction of (3-carotene was far 
less than that observed in solutions. Oil in water (O/W) emulsions of petroleum ether 
offered maximum protection to (3-carotene against radiation damage. This observation was 
attributed to the multiphase nature of the emulsion since a transparent aqueous preparation 
was observed to offer no protection upon irradiation. Solubility of crystalline (3-carotene in 
water was found to increase with the emulsifier concentration. Irradiation revealed that the 
extent of (3-carotene destruction was dose dependent and increased with the solubility of 
(3-carotene in water. In the presence of a free radical scavenger DPPH (3-carotene exhibited 
varied radiation response depending upon the nature of solvents used. Thus, in transparent 
aqueous preparations the protection afforded by added DPPH to (3-carotene was almost com
plete, while its influence was insignificant in O/W emulsions. The significance of these observa
tions in radiation processing of foods is discussed.

INTRODUCTION

The radiation chemistry o f  major food constituents has been extensively 
studied to understand the mechanisms involved in changes of colour [1—3], 
texture [4] and flavour [5, 6 ] in radiation-sterilized foods. Vacuum packaging 
and irradiation at low temperature are adopted to minimize the radiation-induced 
changes in such products. Aqueous model systems have been chosen to gain 
valuable information on the radiation chemistry o f proteins, amino acids, carbo
hydrates and water soluble vitamins [7 ,8 ] . Studies on lipids and fat-soluble 
vitamins and carotenoids are mostly restricted to their radiation response in lipid

* On IAEA fellowship from Biochemistry and Food Technology Division, Bhabha 
Atomic Research Centre, Bombay, India.
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solvents [9, 10]. However, very little is known about the radiation chemistry of 
such compounds in multiphase systems with water as one o f the immiscible 
constituents. Earlier work [1 1 -1 3 ] revealed that in contrast to the observed 
destruction o f /5-carotene and vitamin A in petroleum ether or isooctane, the 
coconut oil-water emulsions or aqueous preparations with proteins and carbo
hydrates provided significant protection to these molecules against radiation 
damage. Considering the occurrence o f j3-carotene as oil in water (O/W) or water 
in oil (W/O) emulsions in a variety of foods, it was o f  interest to study its radiation 
response as influenced by the nature and concentration o f the emulsifiers used.
The present paper provides further evidence that a heterogeneous multiphase 
preparation affords protection to the otherwise highly radiolabile /3-carotene in 
lipid solvents.

MATERIALS AND METHODS

Pure all-trans j3-carotene (E. Merck, F.R. Germany) was used for the present 
investigation. Pure liquid paraffin oil was supplied by VEL, Leuven. Emulsifiers, 
Tweens and Span-80, were gifts from Atlas Chemie, F.R. Germany, 1.1. diphenyl- 
2-picrylhydrazyl (DPPH) was procured from Fluka AG. Petroleum ether (4 0 -6 0 ) , 
diethyl ether and other solvents used were o f P.A. grade from E. Merck. All-glass 
double-distilled water was used for aqueous preparations. A Hitachi-Perkin-Elmer 
double-beam spectrophotometer 124 was used for spectrophotometric studies.

Preparation o f aqueous emulsions

The following two types o f  emulsions were prepared according to Boyd 
et al. [14]: (a) Oil in water (O/W) — emulsifiers with a hydrophilic lipophilic 
balance (HLB) value o f  12 were used for preparing this type o f  emulsion. Cal
culated amounts o f j3-carotene along with Span-80 were completely dissolved in 
paraffin oil with constant stirring and occasional warming. The content was 
slowly poured onto water containing Tween-40 and the mixture was homogenized 
at 20 000 rev/min for 3 min in an emulsion homogenizer (J&K, K.G., Staufen,
F.R. Germany). The milky solution thus obtained had an oil-water ratio o f 1:1.  
The j3-carotene and the total emulsifier concentration were respectively 0.5 X 10“4M 
and 1%. (b) Water in oil (W/O) — this type o f emulsion was prepared in the 
same way as described for the O/W emulsion. In this case only Span-80 (HLB 4.3) 
was used as emulsifier. While stirring the paraffin oil containing the carotenoid 
and the emulsifier known amounts o f water were added. This preparation was 
highly viscous in nature.

Similar procedures were adopted to prepare aqueous emulsions o f petroleum 
ether and terms like O/W and W/O were used to designate the ether in water and 
water in petroleum ether emulsions, respectively.
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Solubilization o f /З-carotene in water

A homogeneous paste obtained by constant stirring and occasional warming 
(40—50°C) o f preweighed /З-carotene and Tween-80 was solubilized in a calculated 
amount o f water to obtain clear, coloured solutions with emulsifier concentrations 
ranging from 1-2%. Such preparations are termed microemulsions [15, 16]. 
Aqueous preparations having lower Tween-80 concentrations were sonicated for 
30 min in a Philips sonicator to obtain a fine suspension o f /З-carotene in water. 
Similar treatment was followed for other solutions. In these preparations, the 
/З-carotene concentration was 0.5 X 10~4M.

Incorporation of DPPH in aqueous preparations

A known H scavenger DPPH was incorporated in both aqueous and oil phases 
of O/W and W/O emulsions for the purpose o f understanding the mechanisms of  
/З-carotene destruction during irradiation. In an oil phase DPPH was directly 
solubilized, whereas for solubilization in aqueous phase it was first dissolved in 
Tweens used as emulsifier. In the final preparation, the DPPH concentration was 
1X10"3M.

Irradiation

All irradiation experiments were carried out in a 137Cs Gammator M-34-3 
irradiation unit (Radiation Machinery Co., New Jersey) with a dose rate of  
82.8 krad/h. Samples were irradiated in borosilicate stoppered glass vials 
(13 mm O.D. X 36 mm) with a total capacity o f 2.5 ml. The vials were flushed 
with a stream o f pure nitrogen gas for 2 min before and after transferring the 
samples (2 ml) to the container. Similar irradiation conditions were used to 
determine the dose rate by Fricke dosimetry.

Extraction and determination o f Д-carotene from aqueous emulsions

A mixture o f solvents containing diethyl ether, ethanol and petroleum ether 
(2 : 1 : 1) was used for the quantitative extraction o f /З-carotene from aqueous 
emulsions. The emulsifier was washed out from the ether layer with three por
tions o f 10 ml distilled water. Moisture from the ether extract was removed by 
treatment with anhydrous sodium sulphate. The aliquot was evaporated to 
dryness, redissolved in petroleum ether and the /З-carotene was quantitated 
spectrophotometrically using E j°̂ m = 2500, at 450 nm.

Removal o f DPPH from /З-carotene solution

/З-carotene was extracted from the aqueous preparations according to the 
procedure described above. DPPH was then removed from the ether extract by
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FIG.l. Effect of y-radiation on spectral characteristics of ̂ -carotene. Irradiation of ¡¡-carotene 

was carried out in petroleum ether solution (a), O/W emulsions (b) or W/0 emulsions (c) with

doses of 0 (------- ), 20.7  (-------). 41.4 (— ), 82.8 (------) and 165.6 krad (.......J. The pigment

was extracted from emulsions according to the procedures described in the text. Spectra were 

recorded after suitable dilutions with petroleum ether.
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FIG.2. Influence of émulsification on radiation response of ¡¡-carotene in paraffin oil and 

petroleum ether. The radiation destruction of ̂ -carotene (0.5 X 10~* M) was calculated 

speçtrophotometrically as moles/l and plotted against the dose for irradiation in petroleum 

ether or paraffin oil (&) or their O/W (*) or W/0 emulsions (o). For the purpose of comparison 

p-carotene in lipid solvents was also irradiated at 1 X 10~*M concentration (o).



TABLE I. EFFECT OF EMULSIFICATION ON G(|3-CAROTENE) VALUES 
IN PETROLEUM ETHER AND PARAFFIN OIL

Radiation dose 
(krad)

Emulsions3 

O/W W/O

Petroleum ether

Solutions

0.05mM

b

0.1 mM

G (0-carotene) in

Emulsions

O/W

Paraffin oil 

a Solutionsb 

W/O 0.05mM 0.1 mM

20.7 0.16 0.78 0.83 0.52 - - - -

41.4 0.22 0.68 0.73 0.81 - - - -

82.8 0.30 0.46 0.55 0.71 0.06 0.06 0.12 0.19

165.6 0.22 0.31 0.36 0.49 0 .11 0.09 0.13 0.23

248.4 - - - - 0.09 0.09 0 .11 0.20
331.2 - - - - 0.08 0.09 0.09 0.18

a Emulsions were prepared as described in the text.
b Solutions containing 0.05mM 0-carotene are equimolar to emulsions. The 0.1 mM concentrations correspond to the amounts 

present in the non-aqueous phase of emulsions (oil-water, 1 : 1).
G(/3-carotene) values were calculated from the values plotted in Fig.2.
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three treatments with 5 ml each o f ethanol and IN KOH. The ether layer was 
washed with water till free from alkali, dried over anhydrous sodium sulphate 
and taken up for spectrophotometric analysis.

Determination o f DPPH

The radiation response o f DPPH in various solvents was examined spectro- 
photometrically by recording the decrease in its characteristic absorption peak.
In petroleum ether the absorption maximum was observed at 505 nm.

RESULTS

Influence o f émulsification on radiation response of (3-carotene

Figure 1 shows typical absorption spectra o f (З-carotene extracted from the 
aqueous emulsions. A dose-dependent decrease in absorption maxima without 
any shift in the spectra can be seen for the irradiation of (З-carotene in petroleum 
ether and its aqueous emulsions. It is obvious that in contrast to the complete 
distortion o f  the spectra observed in petroleum ether at a 165.6 krad dose, the 
extracted pigment from the irradiated emulsions exhibited characteristic spectral 
features o f untreated (З-carotene. Similar spectral patterns were observed when 
paraffin oil was used for the irradiation o f (З-carotene in homogeneous or in 
multiphase preparations.

The protective influence o f the emulsion is readily discernible from Fig.2, 
showing for each radiation dose a higher molecular destruction of |3-carotene 
(0.5 X 10“4M) in homogeneous solution than in multiphase aqueous preparations. 
Considering that in oil/ether-water (1:1)  emulsions (З-carotene remains solely 
distributed in the lipid phase, a better comparison can be made with solutions 
containing 1 X 10_4M (З-carotene. Such a comparison also reveals a protective 
influence o f the multiphase system over the homogeneous preparation on the 
radiation degradation o f (З-carotene. The aqueous emulsions containing petroleum 
ether in the dispersed phase and water in the continuous phase offered maximum 
protection upon irradiation. The higher G-values in petroleum ether than in 
paraffin oil demonstrate the influence o f  the solvent nature on the radiation 
response o f (З-carotene (Table I). The lower G ((З-carotene) values for emulsions 
confirm the protective nature o f the multiphase preparations.

Influence o f DPPH on the radiation response of (З-carotene in emulsions

It can be seen from Table II that the presence o f  DPPH in the oil phase 
enhances the radiation-induced destruction o f (З-carotene. In contrast to W/O



TABLE II. INFLUENCE OF DPPH ON RADIATION RESPONSE OF (3-CAROTENE 
IN PARAFFIN OIL-WATER EMULSIONS

Per cent retention of 0-carotene in

Radiation dose 
(krad) O/W emulsions W/O emulsions

Controla DPPH in oil DPPH in water Control3 DPPH in oil DPPH in water

82.8 78.2 ± 0.18 7 1 .5 + 6 .3 3 67.1 ± 3.66 89.0 + 4.04 49.6 ± 1.12 70.9 ± 1.50

165.6 53.1 ± 3.15 57.2 ± 2.34 ■ 55.0 ± 3 .9 9 65.3 ± 6.40 32.5 ± 1.00 48.9 ± 1.16

248.4 30.8 ± 1.94 56.1 ± 1.98 56.1 ± 8.96 49.9 ± 4.35 28.8 ± 0.82 49.9 ± 1.80

331.2 16.2 ± 2.00 53.8 ± 1.56 51.5 ± 8.87 33.4 ± 5.80 30.1 ± 0 .6 6 43.1 ± 0.43

a Control samples do not contain DPPH.
Emulsions were prepared as described in the text. Concentrations of Д-carotene, DPPH and emulsifiers were 0.5 X 10“4 M, 1 X 10~3M and 1%, 
respectively. The mean values of 4 different experiments are compiled with their standard deviation.
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TABLE III. EFFECT OF EMULSIFIER CONCENTRATION 
ON RADIATION RESPONSE OF /3-CAROTENE IN WATER

Concentration 
of Tween-80
(%)

Per cent retention at 

82.8 krad 165.6 krad

0.005 96.4 ± 4 .1 4 99.6 ± 0.45

0.01 92.9 ± 4.49 98.6 ± 1.48

0.10 64.9 ± 3.84 55.2 ± 0 .9 5

1.00 36.1 ± 0.40 4.0 ± 0.28

2.00 29.2 ± 0.15 7.0 ± 0.69

Values are mean of 5 readings ± S.D.

emulsions, oil in water emulsions exhibit minimum response to the radiation- 
enhancing influence o f  DPPH. The protective influence o f  DPPH can be seen 
at high radiation doses.

Effect of the emulsifier concentration on radiation response of /3-carotene

Tween-80, as emulsifier, helped in the solubilization o f 0-carotene in water. 
Complete solubilization was observed with a Tween-80 concentration o f 1 —2%. 
Such a preparation was transparent in nature and exhibited characteristic /3-carotene 
spectra with the only noticeable difference o f  a 8 nm shift o f peaks to longer 
wavelengths. Irradiation o f these preparations at two dose levels revealed that 
the extent o f j3-carotene destruction was dose dependent and was related to the 
emulsifier concentrations. Aqueous preparations containing 0.005% Tween-80 
only showed a destruction o f 4% for a radiation dose o f  82.8 krad. Under similar 
irradiation conditions radiation damage was as much as 71% when the emulsifier 
concentration was raised to 2% (Table III).

Influence o f phase separation on radiation response o f j3-carotene

The data presented in Table IV reveal that radiation destruction was signi
ficantly reduced when the pigment was distributed in the oil phase. In contrast 
to this observation, homogenization o f /3-carotene containing an aqueous Tween-80 
preparation with paraffin oil did not offer any significant protection against radia
tion damage. Centrifugation o f two preparations at 3000 rev/min for 10 min 
showed that the aqueous preparation, offering maximum protection, contained 
/З-carotene mostly in oil droplets; recovery o f the pigment in the aqueous phase 
was only 2.3 ± 0.24% compared with 78.0 ± 4.54% in the other preparation.
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TABLE IV. DIFFERENTIAL RADIATION RESPONSE OF 
/З-CAROTENE IN AQUEOUS PREPARATION WITH PIGMENT 
IN OIL OR WATER PHASE

Radiation dose 
(krad)

Per cent retention of /3-carotene 

Microemulsion Emulsion A

in

Emulsion В

6.9 83.3 ± 0.33 94.9 ± 3.44 92.8 ± 2.88

20.7 66.2 ± 0.65 85.8 ± 2.79 92.3 ± 5.34

41.4 54.4 ± 0.55 59.1 ± 1.53 89.1 ± 4.29

82.8 29.2 ± 0 .1 5 42.5 ± 5.68 82.5 ± 2.90

124.2 14.8 + 0.50 29.0 ± 1.62 81.0 ± 3 .9 6

165.6 7.1 ± 0 .6 9 14.3 ± 1.01 71.3 ± 5.41

The values are mean of 5 readings ± S.D.
The concentration of /З-carotene was 0.5 X 10~4 M and that of Tween-80 and paraffin 
oil 2%. Emulsion A was prepared by emulsifying the microemulsion with paraffin oil, 
whereas for Emulsion В paraffin oil solubilized /З-carotene was emulsified with water 
containing emulsifier to obtain a O/W emulsion.

Influence o f DPPH on the radiation response o f |3-carotene in microemulsion

Figure 3 shows that the incorporation o f DPPH in aqueous Tween-80 
preparation afforded almost complete protection to j3-carotene against radiation 
damage. In the absence o f  DPPH a dose-dependent decrease in spectral peaks was 
observed for irradiation o f /З-carotene in microemulsion.

Effect o f DPPH and solvent nature on radiation degradation of /3-carotene

The per cent retention o f (З-carotene plotted against the radiation dose on 
a logarithmic scale (Fig.4) shows a linear relationship when /З-carotene alone was 
irradiated in various solvents. The presence o f DPPH during irradiation in paraffin
oil caused deviation from such a relationship. Thus the pigment showed highest 
radiation stability in paraffin oil and highest lability in petroleum ether. In both 
solvents DPPH showed a sensitizing effect resulting in. enhanced radiation destruc
tion o f /З-carotene. In contrast to these observations, when benzene or aqueous 
Tween-80 preparations were used as the irradiation medium a higher radiation 
stability o f  /З-carotene was observed. DPPH itself was found to exhibit different 
responses to irradiation in various solvents. Its radiation stability was found to 
be greatest in benzene and least in petroleum ether.
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W A V E L E N G T H  (nm )

FIG.3. Protective influence of DPPH on radiation degradation of ̂ -carotene in microernulsions. 

Aqueous microemulsions containing no DPPH (a) or 1X10~3 M  DPPH (bj were used for

irradiation of 0-carotene with 0 ( ------- ), 6.9 (-----j, 20.7 (-•-), 41.4 (------), 82.8 (-------■) and

165.6 krad (.....J doses. Spectra were recorded following the extraction and DPPH removal

procedures described in the text.
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R A D I A T I O N  D O S E  (k rad )

FIG.4. Effect of DPPH and solvent nature on radiation response of ̂ -carotene. The dose 

response curves were obtained by plotting the per cent retention of molecules on a logarithmic 

scale against the radiation dose: л benzene; о paraffin oil; X petroleum ether and 

о aqueous microemulsions.
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An important observation which stems from the above results is that in 
contrast to homogeneous solutions, a multiphase system consisting o f a dispersed 
phase well separated from the continuous phase offered protection to /3-carotene. 
This important feature o f emulsions is no violation o f the general laws o f radiation 
chemistry since irradiation in multiphase systems showed similar spectral charac
teristics as has been observed in lipid solvents (Figs 1 and 3) and radiation destruc
tion followed a logarithmic relationship with the radiation dose used (Fig.4). These 
results and others on G-values (Table I) are in agreement with the earlier findings 
o f /З-carotene and vitamin A [7, 9, 10, 13]. Moreover, the absorption spectra o f  
irradiated /З-carotene revealed an absence o f new peaks in the visible region, thus 
suggesting that the radiochemical transformation o f /З-carotene into the colourless 
products was a common feature for irradiation in lipid solvents and their aqueous 
emulsions.

The observation that the G-values for the destruction o f (З-carotene were 
high and were concentration-independent suggested far more active participation 
of radiation-induced reactive free radicals in petroleum ether than in paraffin oil
[17]. It is likely that water, as a continuous phase o f O/W emulsion, provides an 
effective barrier against the propagation of free radical chain reactions initiated 
in the lipid phase by 7 -irradiation. This may explain why a better protective 
influence o f  émulsification was observed for petroleum ether preparations than that 
from paraffin oil. A higher radiation stability o f  (З-carotene in W/O emulsion o f  
paraffin oil may be largely attributed to the high viscosity of this preparation. 
Studies on the incorporation o f DPPH suggested that it was more effective as a 
sensitizer during the early phase of irradiation in oil phase (Table II, Fig.4). At 
high radiation dose levels, however, a protective influence was observed. At 
present it is difficult to offer any precise explanation for these observations. It 
is likely that DPPH and its radiation degradation products may show varied 
electron transfer properties, as suggested by Lohmann [18] for radio-sensitizing 
and protective compounds.

The observations in Table III are in agreement with the accepted theory of  
emulsifiers,which stabilize the two immiscible phases by lowering the interfacial 
tension [16]. At low emulsifier concentration, therefore, the higher radiation 
stability o f /З-carotene may be attributed to the poor solubility and partly to 
the crystalline nature o f  the pigment. Aqueous preparations containing 1—2% 
Tween-80 had sufficient emulsifier for complete solubilization in water. Such 
preparations, being transparent in nature and exhibiting typical spectral character
istics o f /З-carotene, are colloidal micellar solutions and are referred to as micro
emulsions [15]. It is likely that these microemulsions possess (З-carotene in 
micro crystalline form and therefore do not possess an effective phase barrier 
to protect /З-carotene during irradiation. The results in Table IV clearly show

DISCUSSION
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the significance o f  phase separation on the protective influence o f aqueous 
systems.

In microemulsions the marked radioprotective influence o f DPPH may not 
only be attributed to the emulsion nature since benzene also exhibited a similar 
effect. It may be related to the high radiation stability o f DPPH, possibly due to 
the poor H2  yield o f 0.45 and 0.039 for water [19] and benzene [20] compared 
with 5.3—5.6 for saturated hydrocarbons [21]. In addition, in microemulsions 
DPPH may be adsorbed on the (3-carotene molecule to marks its sensitive sites 
from damaging free radicals. Further radiation studies on microemulsions may 
be rewarding.

The present results therefore suggest that apart from the known chemical 
dose modifiers, physical phenomena like phase separation have a significant 
influence in determining the /З-carotene response to 7 -radiation. During radiation 
treatment o f  foods to extend their shelf-life such and other mechanisms will tend 
to reduce the possibility o f  radiation degradation products being formed in 
significant amounts. Recently enzyme-rich liposomes have been radiation- 
sterilized for their subsequent use in the treatment o f lysosomal storage diseases 
[22]. The present observations may be useful in providing suitable guidelines for 
the radiation processing o f liposomes, known to be another multiphase system.
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DISCUSSION

I.A. TAUB: Several precautions must be taken in interpreting these 
results, particularly in regard to “sensitization” and “protection” o f (3-carotene. 
First, the doses used would destroy much if  not all o f the /З-carotene, con
sidering the low concentration (5 X 10 - 5  M) and a G-value of about 0.5; 
secondly, the “solvent effects” are less likely to be related to differences in 
polarity but more likely reflect the significantly different radiation chemistry, 
such as in the case o f benzene in which H' is completely scavenged by the 
benzene; and, thirdly, the use o f emulsifiers would tend to form micelles in 
which the /З-carotene would concentrate and in which environment the chemistry 
would be very similar to a hydrocarbon solvent. Could you comment on these 
points?

B. BHUSHAN: In the present study G-values and radiation degradation 
patterns obtained from irradiation with multiple radiation doses were used to 
demonstrate a higher stability of /З-carotene in multiphase systems o f emulsions 
than in the freely dissolved state. The terms “protection” or “sensitization” 
imply comparative stability o f the pigment in a system compared to the proper 
control and do not relate to the intrinsic radiation sensitivity, which remains 
the same. The observed effect may be attributed largely to the compartmental 
effect o f emulsion, resulting in a reduced possibility o f interaction between 
(З-carotene and short-lived free radical species. Solvents like benzene were not 
used to correlate the radiation sensitivity of a molecule with the polarity o f the 
solvent. The intention was to use a lipid solvent having a hydrogen yield close to 
that o f water. We agree that the possibility o f  micelle formation, if any, will 
affect the radiation response o f  /З-carotene in emulsions.

J.-F. DIEHL (Chairman): Much information is available on the radiation 
chemistry o f lipids irradiated as such or in lipid solvents. In foods, however,
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these lipids are often present as emulsions, and the question has often been 
asked whether and to what extent the information that is valid for the situation 
in lipid phases can be extrapolated to the situation in food emulsions. I there
fore find the information that you have presented very valuable, and I think 
that similar work is needed on lipids other than 0 -carotene.
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Abstract

RADIATION DESTRUCTION OF VITAMIN A IN LIPID SOLVENTS.
The radiation response of vitamin A alcohol and its acetate derivative was compared in 

different lipid solvents. In all the solvents vitamin A alcohol exhibited a much higher radiation 
sensitivity than its ester counterpart. The nature of the solvent and the initial concentration 
was found to have a great influence on the extent of radiation degradation of vitamin A alcohol. 
In contrast to a high radiolability in non-polar solvents, vitamin A alcohol exhibited a remarkable 
stability in isopropanol. In addition, in isopropanol the G(-) relationship with radiation dose 
showed a reverse trend to that observed for other solvents. A thin-layer chromatographic 
procedure was developed for separation of the radiation degradation products.

INTRODUCTION

Simple model systems have been adopted to understand the complex mecha
nisms involved in the radiation degradation o f food constituents. These studies 
provided knowledge o f the radiation chemistry o f amino acids [ 1 , 2 ], proteins 
[3—5], lipids [6—9], carbohydrates [10—12] and vitamins [13,14]. Using such 
systems information was gained on the nature and the quantity o f the new com
pounds produced. Thus, while Merritt [15] and Nawar [16] demonstrated that the 
radiation degradation products were not dissimilar to those of the chemically 
produced compounds, studies with irradiated sucrose [17], lipids [18] and 
vitamin A and 0-carotene [19] established the formation o f physiologically active 
compounds. However, the likelihood o f a compound of toxicological interest 
being formed at levels above 1 mg/ 1 0 0  g from the major constituents of foodstuffs

* Research partly supported by the IAEA.
** NFWO (Nationaal Fonds voor Wetenschappelijk Onderzoek.

+ On IAEA Fellowship from Bhabha Atomic Research Centre, Bombay, India.
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irradiated with a dose of 500 krad appears small. More information, provided by 
chemical studies, on the nature of the radiation degradation products is still 
required to clear food irradiation as a process.

Earlier studies from this laboratory revealed that the nature of the solvent, 
the concentration o f the molecule and the competitors for reactive free radicals 
greatly influenced the net radiation degradation pattern of /З-carotene. In an 
oxygen-free medium the degradation products of /З-carotene were mainly colourless 
deconjugated /З-carotene derivatives, a-isomers and cis-trans isomers [20]. In 
oxygenated model systems some vitamin А-active substances and other oxygen- 
containing derivatives were identified [2 1 , 2 2 ].

Vitamin A, a structural analogue of /З-carotene, is known to respond 
differently to partial permanganate oxidation. It was therefore of interest to 
compare the radiation degradation patterns of vitamin A and (З-carotene as 
influenced by their concentration and the nature of the solvents used.

MATERIALS

Vitamin A acetate, dissolved in cottonseed oil and stabilized by antioxydants 
such as tocopherol, butylhydroxyanisole (BHA) and butylhydroxytoluene (BHT), 
was purchased from Hubert Lando Jr., Inc., USA. This solution had a concen
tration of 33.4 mg/g of all-trans retinyl acetate, equivalent to 29.1 mg/g of retinol. 
Vitamin A alcohol was prepared by saponification o f vitamin A acetate. Crystal
line vitamin A was also procured from Roche Products (Brussels). All the solvents 
used in the present studies were of p.a. grade.

METHODS

Samples were irradiated at room temperature by exposure to gamma rays 
from the 137Cs source HELGA. This Gammator M3 4 . 3  has a total activity of 
1200 Ci ± 5% and a dose rate of 82.5 krad/h.

Irradiation o f vitamin A

Vitamin A alcohol or acetate was dissolved in cyclohexane, benzene, iso
propanol or petroleum ether (40—60°C). Irradiation was carried out in boro- 
silicate glass stoppered (B-10) vials with a total content o f 2.5 ml. The vitamin A 
solutions were exposed to radiation doses ranging from 20 to 240 krad under N 2  

atmosphere. Destruction o f vitamin A was estimated by the u.v. spectrophoto- 
metric method using the Morton and Stubbs correction [23] for irrelevant
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absorption. The E } fm of vitamin A alcohol and acetate were determined for all 
solvents used in the irradiation experiments. Spectra were recorded using a 
Hitachi-Perkin-Elmer Model 124 double-beam spectrophotometer.

Chromatographic analysis

Since it was of interest to characterize the nature o f the radiation degradation 
products, the irradiated vitamin A solutions were subjected to column and thin- 
layer chromatographic separation. The solvent from irradiated vitamin A solutions 
was completely evaporated under vacuum in a Rotavapor and the residue was 
dissolved in approximately 2 ml of petroleum ether (40—60°C).

Column chromatography

Ten grams of A12 0 3  (Merck 1076), deactivated with 1 ml of distilled water, 
were packed in a sintered glass column (30 X 1.5 cm) to a height o f approximately 
20 cm. The components were eluted with 50 ml of petroleum ether (40—60°C) 
and 100 ml each o f 1, 10 or 12% diethylether in petroleum ether. Chromato
graphy was carried out in a dark room. The collected fractions were, after eva
poration to dryness, examined for their ultra-violet spectral characteristics in an 
appropriate solvent.

Thin-layer chromatography

Since the radiation degradation products were not completely separated by 
column chromatography, thin-layer chromatographic separations were developed. 
Silicagel G plates were prepared as described earlier [24]. Owing to the high 
adsorption capacity o f the active silicagel layer, artefacts were produced during 
chromatographic procedures using mixtures of apolar elution solvents. In 
particular, anhydro vitamin A was formed. Finally a mixture o f petroleum ether 
(40—60°C): 6-methyl-5-heptene.2-on (80 :16 ) was used as elution solvent.

Mass-spectrometry

Preliminary experiments were carried out injecting a solution of vitamin A 
directly into a Hewlett-Packard 9882 A instrument. However, due to the heat 
lability o f vitamin A, peaks recorded from mass-spectrometer were not repro
ducible. Therefore this technique could not be used for the identification o f the 
radiation degradation products o f vitamin A.



TABLE I. EFFECT OF THE SOLVENT NATURE ON THE RADIATION DESTRUCTION PATTERNS OF 
VITAMIN A ACETATE AND VITAMIN A ALCOHOL

Dose
(10 16 eV/g) Cyclohexane

G(- vit. A

Petroleum
ether

acetate)

Isopropanol Benzene Cyclohexane

G(- vit. A alcohol)

Petroleum
ether

Isopropanol

124.8 1.31 1.01 2.33 ~  0 17.20 7.96 3.54

249.6 1.47 1.16 2.12 ~  0 12.14 7.29 4.04

374.4 2.02 1.38 2.49 0.11 10.00 7.24 4.34

499.2 2.17 1.53 2.89 0.25 8.94 6.41 4.68

998.4 2.12 1.80 2.81 0.38 5.8 4.93 3.23

1497.6 2.02 1.80 3.01 - - - -

The concentration in all solvents was 1000 i.u./ml.
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RESULTS AND DISCUSSION

Comparison o f the radiation response o f vitamin A alcohol and vitamin A acetate 
in organic solvents

From the data compiled in Table I it can be observed that both the acetate 
and the alcohol form o f vitamin A showed a remarkable difference in their radia
tion response in different solvents. The maximum sensitivity o f vitamin A acetate 
was observed in isopropanol compared with a high stability in benzene. It is 
likely that apart from the similar direct effect o f 7 -radiation in organic solvents, 
the reactive species and their rate constants differ markedly from solvent to 
solvent. Moreover, benzene is known to offer protection by virtue of its 
aromatic nature.

As reflected in the G(-) values the radiation degradation pattern o f vitamin A 
acetate and vitamin A alcohol is influenced by the functional groups in the 
vitamin A molecule and by the irradiation dose. The G(-vit.A alcohol) value 
showed a gradual decrease with increase in radiation dose. This is in agreement 
with the general trends earlier observed for j3-carotene [25] and vitamin A [26].
These decreases in G(-) values with increasing dose were explained by termination 
of radical reactions and by decrease in the concentration o f the irradiated compound 
and the subsequent decrease in its degradation rate [20]. For vitamin A acetate, 
however, exhibiting a reverse trend, the G(-) values increased almost linearly with 
increasing dose. Such a deviation might be attributed to the antioxidants or the 
cottonseed oil present as a minor impurity. During the early phase o f irradiation 
these compounds provide protection to the vitamin A acetate molecule by acting 
as competitors for free radicals. This is in accordance with our earlier observations, 
where the presence of oleic acid or stearic acid provided protection to /3-carotene 
against destruction by irradiation [2 0 ].

From Table I it is obvious that under similar experimental conditions 
vitamin A alcohol was remarkably more radiosensitive than its acetate ester deri
vative. This definitely confirms that the alcohol and ester function in this molecule 
display a striking difference in reactivity towards radical attack.

Influence of initial concentration and solvent nature on vitamin A alcohol response 
to gamma irradiation

Comparing the results in F ig .l, it is obvious that for a given radiation dose 
the G(-) values increase with increasing concentrations. This is in agreement with 
earlier findings on 0-carotene, which revealed a similar relationship [25]. However, 
rather high G(-) values were observed during the initial stages of vitamin A irra
diation in cyclohexane. In contrast to this, the G(-) values obtained were excep
tionally low in a polar solvent like isopropanol. From the basic mechanisms of



15 \  c y c l o h e x a n e p e t r o l e u m  e th e r i s o p r o p a n o l

o
\

X  10 Cl - -
u
(в N.
< N. .0
«J N . o ^ o
’>
I

°

U 5 -

o ' o

° ' " ' " ' - ---------- ° ~ - 0 — _CL
D_______________

Л A  Й ---------------1---------- ---- Л л------- * — a ------Й-------------- :--------------- -- n------ P------° ------D--------------- ------------ °
О 2 5 0  5 0 0  750  100 0  0  2 5 0  5 0 0  7 5 0  1000  О 2 5 0  5 0 0  750 1000

R A D I A T I O N  D O S E  ( l 0 1 6 e V / g )

FIG.l. Influence of initial concentration and solvent nature on vitamin A response to gamma 

radiation, o 1000 i.u./ml concentration; Q 100 i.u./ml concentration; д  10 i.u./ml concentration.

576 
SNAUW

AERT 
et al.



IAEA-SM-221/2 5 7 7

W a v e l e n g t h  in nm

FIG.2. Absorption spectrum in cyclohexane of the radiation degradation product of 

vitamin A alcohol having a i p  value of 0 on the TLC plate. The irradiation dose was 40 krad.

radiation chemistry it may be inferred that the free radical chain reaction in 
cyclohexane was much higher than in isopropanol. It is important to note that a 
decreasing trend for the change in G(-) value with radiation dose was observed in 
cyclohexane and petroleum ether. Such an effect was readily visible at a 
1000 i.u./ml concentration compared with a 10 i.u./ml concentration and may be 
attributed to the formation of degradation products, sufficient in number to 
compete for the solvent free radicals. Such a trend is in accordance with our earlier 
observations on )3-earotene [20]. Furthermore, the slope of the curves representing 
the G(-) relationship with the radiation dose shows a reverse trend in isopropanol. 
An exceptionally different degradation pattern of vitamin A in isopropanol may 
be ascribed to possible qualitative and quantitative differences in the free radical 
species and their reaction rate constants. According to Williams [27], 
gamma irradiation o f oxygen-containing compounds preferentially results in
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W a v e l e n g t h  in nm  W a v e l e n g t h  in nm

FIG.3. Absorption spectra in cyclohexane of the radiation degradation product of vitamin A 

alcohol having a R f  value of 0.5 on the TLC plate. The irradiation dose was (a) 40 krad and 

(b) 160 krad.
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ionization of the oxygen atom. This means that in our model system it is likely 
that the alcohol functional groups in the vitamin and the isopropanol compete for 
the radiation energy.

An increase in the G(-) values with dose for the experiments in isopropanol 
is suggestive of an enhanced participation of reactive free radical species in the 
destruction o f vitamin A.

Chromatographic analysis

Much attention has been paid to develop a convenient chromatographic 
procedure to separate the unaltered vitamin A molecules from their radiation 
degradation products.

On the alumina column, deactivated as described above, it was possible to 
separate vitamin A acetate from the antioxydants and the cotton-seed oil, using 
1% diethyl ether in petroleum ether as elution solvent. The efficiency o f this 
chromatographic procedure ranged between 93 and 96%. Vitamin A alcohol, 
present as an impurity in the cotton-seed oil and amounting to up to 1 %, was 
eluted with 10% diethyl ether in petroleum ether.

Using mixtures of petroleum ether and diethyl ether as elution solvents, it 
was impossible for an irradiated vitamin A acetate or an irradiated vitamin A 
alcohol solution to separate the radiation degradation products completely.

A thin-layer chromatographic procedure on silicagel G was developed for the 
separation of vitamin A alcohol from its radiation degradation products. The 
solvent mixture petroleum ether (40—60°C): 6-methyl-5-heptene.2-on (88:16)  
has been found till now to be the best elution solvent.

Two ml of a 1000 i.u./ml solution of vitamin A alcohol in petroleum ether, 
irradiated with doses from 20 to 160 krad, were analysed. For all irradiation 
doses a fraction with a Rf value o f 0 was found. The u.v. absorption spectrum of 
this fraction is shown in Fig.2. Although no quantitative data are available, a 
definite increase in production of this radiation degradation product was noticed 
with increasing radiation dose. Regardless of the irradiation dose, the u.v. 
absorption spectral characteristics, represented in Fig.2, remained identical. 
Fraction 2 on the plates with a Rf value of 0.35 was the unaltered vitamin A 
alcohol fraction.

A third fraction on the plates had a Rf value o f 0.5. At an irradiation dose 
level o f 40 krad this fraction had an absorption maximum at 225 nm, while for 
an irradiation dose of 160 krad the maximum was shifted to 230 nm (Fig.3).

These three fractions were observed for an irradiation dose of 20 krad or 
higher. Above a dose level o f 160 krad a fourth fraction, with a Rf value of
0.7, appeared on the plate. No special characteristics o f this fraction could be 
recorded, due to its high instability. All these separated radiation degradation 
products exhibited a colour reaction with Sb Cl3. The chemical nature o f these 
radiation degradation products has not yet been established.
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DISCUSSION

I.A. TAUB: The high G-values for destruction o f vitamin A alcohol in 
cyclohexane are suspect, since most if not all o f the vitamin would be destroyed 
at low doses. Could there be experimental errors here?

F.A. SNAUWAERT: The G-values are calculated from the spectrophoto- 
metric data obtained. We do not think that there is any experimental error. 
Your argument is valid if the G-value is independent o f the vitamin A concentra
tion. We have shown that this is not so. In any case, you cannot simply use
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the indeed rather high G-value at one dose to predict the remaining vitamin A 
concentration at another dose.

I.A. TAUB: The increase in G-values with increasing concentration o f  
vitamin A alcohol suggests involvement o f primary radicals. Have you con
sidered what radicals and what intermediates are involved?

F.A. SNAUWAERT: We have done no experiments to characterize the 
radicals or intermediates involved.





GENERAL DISCUSSION

ON PAPERS IAEA-SM-221 /3 AND IAEA-SM-221/2

G.F. WILMINK: The results o f the model studies presented in Papers 
IAEA-SM-221/3 and IAEA-SM-221/2 are very interesting but I cannot really 
see what relevance these studies have to the practice of food irradiation and 
food technology. I do not think that the use o f “protectors” like DPPH, or o f  
solvents like cyclohexane, benzene and petroleum ether could be accepted in 
food processing.

F.A. SNAUWAERT: The purpose o f all radiochemical studies o f  models 
in this field is twofold. The aim is first to gain an insight into the mechanisms 
underlying the degradation patterns occurring when basic food constituents 
such as vitamins are irradiated. Clearly we need to know what happens when 
a given compound is irradiated and what the degradation products are. How
ever, one o f the problems here is to find suitable solvents for the compounds 
that are present in foods but are insoluble in water. We are forced to turn to 
organic solvents, although this is not the ideal situation. Most scientists doing 
research in this field are, however, very well aware o f this fact. Secondly, the 
purpose is to try and extrapolate the data on degradation products in models 
to real foods. Here also there are some problems with respect to the validity 
of such extrapolations but, again, scientists in this field are fully aware of this. 
The model studies we have presented are a basic approach to the problem and 
we believe, like many others, that such an approach is necessary. The authors 
never wished to imply that DPPH etc. should be used in practice.

As far as the question o f extrapolating the data obtained with model 
systems to real food systems is concerned, the authors would like to point out 
that the experiments described in Paper IAEA-SM-221/3 were conceived pre
cisely with a view to overcoming the objection Mr. Wilmink has raised. Indeed 
we believe that the study of emulsions is a step in the direction o f solving the 
problem of extrapolating the data obtained with models to real foods. By 
emulsifying lipophilic and hydrophilic solvents, compartments (droplets) are 
created, which we believe can act as models for some of the natural compart
ments that exist in living cells and which affect the radiation degradation 
patterns.

W.W. NAWAR: I should like to make two comments, one on the use of 
model systems and the other on comparison with cooking. First, I agree with 
the statement made earlier by the Chairman to the effect that conditions in the 
case o f  model systems are different from those in complex foods. The notion, 
however, that model system studies are only theoretical is a dangerous one.
In the case o f  lipids, the radiolytic compounds we identified in model systems 
were later found in irradiated meat and irradiated fish. Of course, these were

583



584 GENERAL DISCUSSION

present in lower amounts, but this can be predicted on the basis o f the con
centration o f the substrate compound in the food. Similarly, the compounds 
I listed earlier (Paper IAEA-SM-221/5 8) as products o f  one phospholipid 
irradiated at 50 Mrad were later found, at lower concentrations, in whole egg 
powder irradiated at 6 Mrad.

On the question o f cooking, our preliminary study indicates that heating 
of lipids produces many decomposition products. Some are similar to those 
of radiation, but there are some very important qualitative and quantitative 
differences between thermal and irradiation effects.
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Abstract

HISTOCHEMICAL DIFFERENTIATION BETWEEN UNIRRADIATED AND GAMMA- 
IRRADIATED TISSUE IN COMMERCIAL USE OF SOME IRRADIATED VEGETABLES.

The use of gamma irradiation as a commercial method for the preservation of fruits 
and vegetables calls for methods of differentiation between unirradiated and irradiated products. 
A new approach to studying the influence of gamma irradiation on vegetable tissue at the 
cellular level by histochemical techniques has been developed by the authors and already applied 
to a number of fruits and vegetables. The possibility of evidencing radiation effects in the 
polysaccharide components of the cell wall suggested that these detected differences could be 
applied to differentiate irradiated from unirradiated tomatoes and potatoes. Some work done 
to determine changes in the cell wall polysaccharides of gamma-irradiated potatoes and tomatoes 
and to relate these changes to some other factors, such as storage time and vegetable variety, 
is reported here. While significant differences have been found in the optical densities of the 
total polysaccharides of the cell wall as a function of irradiation and of the other variables 
mentioned, it is not yet possible to use these values as a means of reliable differentiation.

INTRODUCTION

The use of gamma irradiation as a commercial method for the preservation 
o f fruit and vegetables calls for-methods o f differentiation between unirradiated 
and gamma-irradiated products. In recent years two international meetings were 
dedicated to the problem o f identifying irradiated foodstuffs using chemical, 
physical or biological methods [1 ,2 ]. No approved method has, however, been 
found to detect the influence of gamma irradiation, for instance, on potatoes, 
which are already in commercial use.
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A new approach to the study of the influence o f gamma irradiation on 
vegetable tissues at the cellular level with the aid of histochemical techniques has 
been developed by the authors and has already been applied to a number of fruits 
and vegetables [3—7].

The possibility of evidencing radiation effects in the polysaccharide compo
sition o f the cell walls suggested that these detected differences could be applied 
to differentiate irradiated from unirradiated products. As in other similar methods, 
there are difficulties in applying the histochemical method because the effects 
observed may also be produced by causes other than radiation, such as ripening, 
harvesting, packaging, transport and even disease.

This paper reports some work done on tomatoes and potatoes to establish 
the feasibility and reliability of the histochemical method in differentiating 
irradiated from unirradiated tomatoes and potatoes.

MATERIALS AND METHOD

. Tomatoes o f the cultivar Azis and potatoes of three different cultivars, 
Mirka, Sponta and Up-to-date, were used in the experiments reported here.
All the irradiations were performed with the Marine Portable Irradiator (on loan 
to the Soreq Centre from the USAEC) at a dose rate o f 110 krad/h± 5%. All the 
staining was done with Schiff reagent prepared from basic fuchsin C.I.No.42510  

The method consists, briefly, o f photometrically measuring the optical 
density (OD) of the cell walls o f tissue subjected to a series of consecutively 
histochemical treatments to separate pectic substances, hemicellulose and non- 
cellulosic polysaccharides so that in the end only cellulose remains. After treat
ment, the tissues are stained by periodic acid Schiff (PAS), which gives a 
characteristic colour with the above-mentioned polysaccharides. The intensity 
of this colour is proportional to the amount of the polysaccharide present in the 
cell wall.

The factors that may influence the polysaccharide composition of the cell 
wall as a consequence of physiological changes in the tissue may be divided into 
four categories:

(1) Factors due to differences in variety, and in the same variety factors due 
to seasonal changes

(2) Mechanical factors, such as packaging and transport, which may produce 
wounds and consequently changes in tissue firmness or composition

(3) Differences due to storage time and conditions during harvesting and up to 
the time that the product reaches the consumer

(4) Gamma irradiation.
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In a first series o f experiments the separate effects o f some o f the above- 
mentioned factors on the polysaccharide composition of the cell wall were 
determined in the epicarp and mesocarp of ripe tomatoes and potatoes. In 
tomatoes the influence of some harvesting and packaging factors was compared 
with that o f irradiation using fruits of only one cultivar. Several cultivars, as well 
as storage time and different doses o f radiation from 1 to 50 krad, were examined 
in potatoes. The method used for preparing tissue blocks from tomatoes consisted 
of cutting each o f 17 tomatoes meridionally into two halves; one half was kept 
as a control and the other half was subjected to 10 krad irradiation. In this way 
the examined tissues, from which the mean value was obtained, originated from 
the same tomatoes and irradiation or non-irradiation was the only variable.

The potatoes used in our experiment were obtained from the experimental 
fields o f the Vulcani Institute. Mirka 307 and Sporta 311 samples were sorted 
on 3 January 1977 and were treated on the following dates: No. 307 alone on 
6 January, all the samples on 18 January and 7 and 28 February. Samples 
Mirka 308, Sponta 312 and Up-to-date 303 were sorted on 16 January and treated 
on the same three dates.

Sample 307 started the series of experiments and was used to determine the 
influence of irradiation on the polysaccharides of the potato cell wall at radiation 
doses of 1, 5, 10, 20, 30 and 50 krad. All the other samples were treated at 
5, 10 and 50 krad only, and each sample was subjected to 3 consecutive treatments 
at 20-day periods to determine the combined influence o f radiation and storage 
time on the polysaccharides o f the potato cell wall. One potato from each sample 
was used in each experiment. This was done to avoid differences in OD values 
arising from using different tubers, even if they originated from the same plant 
or group o f plants. The tuber was cut vertically from the apex into a number of 
sections corresponding to the desired number o f irradiation doses, plus one as 
control.

The control was kept in a glass jar on the laboratory bench during the time 
the other sections were brought to the irradiator and back to the laboratory.
At every stage after irradiation small blocks of two types of tissue ( 2 X 3 X 6  mm) 
were cut from the interior o f each section. One type, that studied here, included 
only blocks of the inner tissue. The other, which is now under study, was made 
up o f blocks from the cortex tissue, taking care to include some eye tissue in each 
block. After dissection each tissue block was immediately treated with absolute 
alcohol at —80°С for frozen substitution. The total time required for this first 
part o f  the treatment was o f the order of 1.5—2 hours. From these blocks 10 /лп 
thick slices were prepared for histochemical treatments.

The presence of a great number o f starch grains in the 10 ¿urn thick slices 
seriously interferes with the optical density measurements as starch is strongly 
stained by PAS. The potato tissue as such could not therefore be subjected to 
the conventional histochemical treatment [3]. A method was developed for
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TABLE I. OPTICAL DENSITY VALUES (X 100) OF PAS-STAINED TISSUE 
OF UNIRRADIATED AND 10 krad IRRADIATED TOMATOES

SHde
No.

Total polysaccharides3

Unirradiated Irradiated 
control at 10 krad

Residual polysaccharides*’

Unirradiated Irradiated 
control at 10 krad

1 36 62 10 31

2 39 131 15 10

3 60 46 24 32

4 53 43 18 12

5 37 63 10 11

6 50 76 9 12

7 44 46 13 36

8 70 90 26 13

9 44 57 10 19

10 52 47 23 18

11 64 64 7 14

12 57 70 9 30

13 64 61 32 32

14 80 80 2 19

15 63 80 - 18

16 74 50 - 28

17 48 - - 19

Mean values 55 60.6 15 21

a Mean of about 15 readings.
k Mean of about 10 readings per slide, hemicellulose, non-cellulosic polysaccharides, 

cellulose after pectin extraction.

dissolving these starch grains from the glass slide without causing changes in the 
other polysaccharides in the cell wall. The method consists of synergic treatment 
with 70°C water for one hour followed by a-amylase at 30°C in a pH 6 phosphate 
buffer overnight [8]. The starch-free slides may then be subjected to the standard 
method for polysaccharide determination [3] without interference in the OD 
measurement.

Twelve glass slides were prepared for each variable (three each for the control 
and for the treatments with pectinase plus ammonium oxalate, 4% and 17.5%
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TABLE II. MEAN VALUES OF OPTICAL DENSITY OF PAS-STAINED CELL 
WALL POLYSACCHARIDES OF MIRKA 307 POTATO TUBERS IRRADIATED 
AT VARIOUS RADIATION DOSES

Radiation dose 
(krad)

Total poly
saccharides

Pectinase 4% NaOH 17.5% NaOH

0 11.75 ± 1.59 6.00 ± 1.06 3.61 ± 0.80 2.27 ± 0.47

1 13.12 ± 2.42 6.56 ± 1.37 4.95 ± 1.04 2.23 ± 0.55

5 13.72 ± 3.41 7.29 ± 2.55 3.87 ± 1.13 2.13 ± 0 .3 4

10 9.60 ± 1.20 5.89 ± 1.23 4.43 ± 0.66 2.65 ± 0 .4 8

20 7.56 ± L67 5.09 ± 1.05 3.87 ± 0 .7 2 2.25 ± 0.63

30 9.12 ± 1.78 5.04 ± 1.46 3.30 ± 0.96 2.70 ± 0.84

50 14.03 ± 3.77 6.12 ± 1.85 3.73 ± 1.19 2.26 ± 0.44

sodium hydroxide). There were four radiation doses for each o f the 5 samples 
(0 ,5 ,1 0  and 50 krad) and each sample was treated three times at 20-day intervals, 
giving a total o f 720 glass slides in addition to the 84 slides used in the first experi
ment on sample 307 on 6 January. Specially adapted PVC boxes, each with a 
100-slide capacity, were used for the histochemical treatments from rehydration 
through the various stages to staining and back to final dehydration and mounting. 
Only the two hot treatments, at 70°C in water for starch dissolution and at 90°C 
in ammonium oxalate solution for pectin separation, required transfer of the slides 
to the conventional glass boxes, each with a capacity o f 19 slides.

Additional slides from the control block o f the first sample Mirka 307 used 
on 6 January were prepared and kept for use as reference standards for comparing 
the staining intensity o f each 100-slide batch with that o f the first batch. The 
ratio between the optical density o f the Mirka 307 first treatment and that o f the 
reference slide added to each o f the 100-slide batches was used as a correction 
factor for the evaluation of the optical density data.

The optical density o f the stained potato tissue was measured with a Mackbeth 
densitometer through a green filter and a 1 mm diameter diaphragm; 25 measure
ments were taken for each slide.

RESULTS AND DISCUSSION

The results o f optical density measurements o f  unirradiated and 10 krad 
irradiated tomato tissue are reported in Table I. The data given are the mean OD
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FIG.l. Optical density reflecting total and individual component polysaccharides in the 

cell wall of Mirka 307 potatoes 2 days after sorting, unirradiated and irradiated at various doses.

values of about 15 readings per slide for the total polysaccharides and o f about 
10 readings per slide for the residual polysaccharides (i.e. after the extraction 
of pectic substances). Analysis o f variance indicated a significant difference at 
the 5% level between unirradiated and irradiated tomato tissue. The difference 
between the OD o f the slides before and after treatment with pectinase and 
ammonium oxalate reported in Table I corresponds to the OD o f the extracted 
pectic substances. By relating these data, we derived the percentage o f pectic 
substances in the total polysaccharides. From the results obtained it appears 
that irradiation produced an increase in OD o f 10% in total polysaccharides and 
o f 40% in the other polysaccharides remaining after the extraction o f pectic 
substances.
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The scope o f the potato experiment was much larger than that o f the 
tomatoes. It was intended to show if  and how cell wall polysaccharides are 
influenced by gamma irradiation and to find a possible interaction between 
radiation and storage effects.

The results o f  the first experiment on a potato tuber o f cv. Mirka, sample 307, 
are summed up in Table II. In this experiment the only variable was the radiation 
dose. Analysis o f variance of the data relating to radiation dose and total cell wall 
polysaccharide content indicated that they are significant at the 1% level. The 
OD of cell wall total polysaccharides (TP) and o f the main cell wall polysaccharide 
components, pectin, hemicellulose, non-cellulosic polysaccharides and cellulose 
as a function o f radiation dose are shown in Fig. 1.

Curve (a) in Fig. 1 shows a clear radiation effect which causes, in a potato 
irradiated only 2 or 3 days after sorting, a reduction in total polysaccharides in 
the 5 to 20 krad range. After 20 to 50 krad doses there is a significant increase 
in total polysaccharides, which reaches its highest value at 50 krad. Curves (b)— (e) 
show the effect o f  radiation on the individual polysaccharides in the cell wall.
The trend o f the influence o f radiation on pectine is identical to that on total 
polysaccharides.

The curves in Fig. 2 show the effect o f  radiation on potato tubers after various 
storage times. The optical densities o f  total polysaccharides o f Mirka potatoes 
sorted on 6 January (sample 307) and 17 January (sample 308) are plotted as a 
function o f irradiation dose in Figs 2(a) and (b), respectively. The OD of Sponta 
(samples 311 and 312) are plotted in Figs 2(c) and (d), and of Up-to-date 
(sample 303) in Fig.2(e). For unirradiated potatoes the OD is seen to be inversely 
proportional to the storage time, except for Sponta sample 311. The potato 
stored for the longest period of time reaches a maximum OD at 10 krad, with the 
exception o f Up-to-date sample 303.

The optical densities reflecting the total polysaccharides and pectins as a 
function o f radiation dose for the various samples irradiated after the same 
storage period are plotted in Fig.3. The similarity in the curves o f the total 
polysaccharides and the pectins in almost all the samples is evident and indicates 
that pectic substances bear great responsibility for the changes in total poly
saccharides due to irradiation dose or to storage time before irradiation.

The influence o f irradiation on the pectic substances o f different fruit and 
vegetables has been studied now for more than 25 years [9—11 ]. It is therefore 
not surprising that such an influence has been also found in the present study. 
Ogawa and Uritani [12] studied the effect o f gamma irradiation on tissue brown
ing o f potato tubers irradiated at doses very similar to those used in our 
experiments. Their interest was directed at studying the enzyme activities 
responsible for the browning. Pectin enzymes, which are also very sensitive to 
irradiation, are responsible for the changes in pectic substances found in this 
work. A more detailed study should help in the identification o f the cause of
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FIG.2. Optical density reflecting total polysaccharides in the potato cell wall as a function of 

radiation dose after various storage times.
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FIG.3. The influence of irradiation dose on total polysaccharides (TP) and pectins (P) of 

the potato varieties at a constant storage time before irradiation.

these changes, whether due to irradiation alone or also to other causes o f a 
physiological nature. Only after examination o f the other group o f potato blocks 
made with the more radiation-sensitive eye tissue o f the same potatoes used in 
this experiment will it be possible to decide if a method o f differentiation between 
irradiated and unirradiated vegetables o f practical application has been found.
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DISCUSSION

T. GRÜNEWALD: Do you think that you would be able to identify 
an irradiated tuber without knowing anything about the variety and the storage 
conditions before the test?

E. FOA: It is rather difficult to say at this stage o f our research whether 
we shall be able to apply such a method in practice. We have now completed 
the first part o f the work on parenchymatic tissue. Only after the other treat
ments on meristematic tissue have been completed, will we know whether 
any correlation exists between irradiation, variety and storage time.
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The follow ing conversion table is provided fo r the convenience o f readers and to encourage the use o f  S I units.

FACTORS FOR CONVERTING UNITS TO  SI SYSTEM EQUIVALENTS*
St base u n its  a re th e  m etre  (m ), k ilo g ra m  (k g ), second {$), a m pere  (A ) ,  k e lv in  ( К ) ,  can dela  (cd ) and m o le  (m o l).
[F o r  fu r th e r  in fo rm a tio n , see In te rn a tio n a l S tandards  IS O  1 0 0 0  ( 1 9 7 3 ) ,  and IS O  3 1 /0  (1 9 7 4 )  and its several parts]

Multiply hy to obtain

Mass
p o u n d  mass (avo ird u p o is ) 1 Ib m = 4 .5 3 6  X  1 0 ' 1 kg
ounce mass (avo irdupo is) 1 o zm = 2 .8 3 5  X  1 0 1 9
to n  (lo n g ) (=  2 2 4 0  Ib m ) 1 to n = 1 .0 1 6  X  1 0 3 kg
to n  (sh o rt) (=  2 0 0 0  Ib m ) 1 sh o rt to n = 9 .0 7 2  X  1 0 2 kg
to n n e  (=  m e tric  to n ) 1 t = 1 .0 0  X  1 0 3 kg

Length
s ta tu te  m ile 1 m ile = 1 .6 0 9  X  10° k m
yard 1 y d = 9 .1 4 4  X  1 0 ’ 1 m
fo o t 1 f t 3 .0 4 8  X  1 0 " 1 m
inch 1 in = 2 .5 4  X  1 0 “2 m
m il (=  1 0 ”3 in) 1 m il = 2 .5 4  X  1 0 “2 m m

Area
hectare 1 ha = 1 .0 0  X  1 0 4 m 2
(s ta tu te  m ile )2 1 m ile 2 = 2 .5 9 0  X  10° k m 2
acre 1 acre = 4 .0 4 7  X  1 0 3 m 2
y a rd 2 1 y d 2 = 8 .3 6 1  X  1 0 ' 1 m 2
fo o t2 1 f t 2 = 9 .2 9 0  X  1 0 '2 m 2
in ch 2 1 in 2 = 6 .4 5 2  X  1 0 2 . m m 2

Volume
y a rd 3 1 y d 3 7 .6 4 6  X  1 0 ' 1 m 3
fo o t3 1 f t 3 = 2 .8 3 2  X  1 0 " 2 m 3
in ch 3 1 in 3 = 1 .6 3 9  X  104 m m 3
gallon (B r it , o r Im p .) 1 gal (B rit) = 4 .5 4 6  X  1 0 '3 m 3
gallon (U S  liq u id ) 1 gal (U S ) = 3 .7 8 5  X  1СГ3 m 3
litre 1 I = 1 .0 0  X  1 0 '3 m 3

Force
dyn e 1 d yn = 1 .0 0  X  1 0 ~ s N
k ilo g ra m  fo rce 1 kg f = 9 .8 0 7  X  10° N
pound al 1 pdl = 1 .3 8 3  X  1 0 '1 N
p o u n d  fo rc e  (avo irdupo is) 1 Ib f = 4 .4 4 8  X  10° N
ounce fo rc e  (avo irdupois ) 1 o zf = 2 .7 8 0  X  1 0 ’ 1 N

Power
B ritish  th e rm a l u n it/se c o n d 1 B tu /s = 1 .0 5 4  X  1 0 3 W
calo rie /seco n d 1 cal/s = 4 .1 8 4  X  10° W
fo o t-p o u n d  force /seco n d 1 f t - I b f / s = 1 .3 5 6  X  10° w
ho rsepow er (e lectric ) 1 hp = 7 .4 6  X  1 0 2 w
h o rsepow er (m e tr ic )  (=  ps) 1 ps = 7 .3 5 5  X  1 0 2 w
horsepow er ( 5 5 0  f t - Ib f /s ) 1 hp 7 .4 5 7  X  1 0 2 w

*  Factors  are given e x a c tly  o r to  a m a x im u m  o f  4  s ig n ifican t figures



M u ltip ly b y to obtain

Density
p o u n d  m ass/in ch3 1 lb m /in 3 = 2 .7 6 8  X  104 kg
p o u n d  m a s s /fo o t3 1 lb m /f t 3 = 1 .6 0 2  X  1 0 1 kg

Energy
B ritish  th e rm a l u n it 1 B tu = 1 .0 5 4  X  1 0 3 J
calorie 1 cal = 4 .1 8 4  X  10° J
e le c tro n -vo lt 1 e V at 1 .6 0 2  X  1 0 ‘ 19 J
erg 1 erg = 1 .0 0  X  1 0 - ’ J
fo o t-p o u n d  fo rce 1 f t - l b f = 1 .3 5 6  X  10° J
k ilo w a tt-h o u r 1 k W -h = 3 .6 0  X  1 0 6 J

Pressure
n e w to n s /m e tre 2 1 N /m 2 = 1 .0 0 Pa
atm o sp h ere0 1 a tm = 1 .0 1 3  X  1 0 s Pa
bar 1 bar = 1 .0 0  X  1 0 5 Pa
c en tim etres  o f  m e rc u ry  (0 ° C ) 1 cm H g = 1 .3 3 3  X  1 0 3 Pa
d y n e /c e n tim e tre 2 1 d y n /c m 2 = 1 .0 0  X  1 0 - ’ Pa
fe e t o f  w a te r (4°C ) 1 f t H 2 0 = 2 .9 8 9  X  1 0 3 Pa
inches o f m e rc u ry  (0°C ) 1 inH g = 3 .3 8 6  X  1 0 3 Pa
inches o f w a te r  (4 ° C ) 1 in H 20 = 2 .4 9 1  X  1 0 2 Pa
k ilo g ra m  fo rc e /c e n tim e tre 2 1 k g f/c m 2 9 .8 0 7  X  1 0 4 Pa
po u n d  fo rc e /fo o t2 1 lb f / f t 2 = 4 .7 8 8  X  1 0 1 Pa
p o u n d  fo rc e /in c h 2 (=  ps¡)¿> 1 lb f / in 2 = 6 .8 9 5  X  1 0 3 Pa
to rr  (0 ° C ) (=  m m H g ) 1 to rr = 1 .3 3 3  X  1 0 2 Pa

Velocity, acceleration
inch /second  
fo o t/s e co n d  (=  fps) 
fo o t /m in u te

m ile /h o u r (=  m p h )

k n o t
free  fa l l,  s tandard  {=  g) 
fo o t/s e c o n d 2

1 in /s  
1 f t /s  
1 f t /m in

1 m ile /h

1 k n o t

1 f t /s 2

=  2 .5 4  X  1 0 1 
=  3 .0 4 8  X  11Г1 
=  5 .0 8  X  10~3 
_  Í4 .4 7 0  X  W 1 
”  \1 . 6 0 9  X  10°  
=  1 .8 5 2  X  10°  
=  9 .8 0 7  X  10°  
= 3 .0 4 8  X  1 0 ~ ‘

m m /s
m /s
m /s
m /s
k m /h
k m /h
m /s2
m /s2

Temperature, thermal conductivity, energy /area' time
F ah re n h e it, degrees — 3 2  
R an kin e
1 B t u - in / f t 2 -s- ° F  
1 B tu /f t -s -  ° F  
1 c a l/c m -S '° C  
1 B t u /f t 2 -s 
1 c a l/c m 2 .m in

■321 С
К

5 .1 8 9 X 1 0 2 W /m -K
6 .2 2 6 X 1 0 1 W /m  К
4 .1 8 4 X 1 0 2 W /m -K
1 .1 3 5 X 104 W /m 2
6 .9 7 3 X 1 0 2 W /m 2

Miscellaneous
fo o t3 /second 1 f t 3 /s =  2 .8 3 2  X  1 0 '2 m 3 /s
fo o t3 /m in u te 1 f t 3 /m in  =  4 .7 1 9  X  1 0 -4 m 3 /s
rad rad = 1 .0 0  X  1 0 -2 J /k g
roentgen R = 2 .5 8 0  X  1 0"4 C /k g
curie C i = 3 .7 0  X  1 0 10 d is in teg ratio n /s

3 a tm  abs: atm ospheres absolute;
a tm  (g): atm ospheres gauge.

¿ M b f/in 2 (g) (=  psig): gauge pressure;
tb f / in 2 abs (=  p s ia ): absolute pressure.
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