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FOREWORD

The importance of food irradiation to reduce post-harvest food losses,
improve the hygienic quality of foods and facilitate trade promotion has been
recognized by the region of Asia and the Pacific. Several of the regional
countries have initiated national programmes on food irradiation in the 50s
and 60s. The first coordination programme sponsored by the Agency under RCA
in 1974-79 was the Coordinated Research Programme (CRP) on Radiation
Preservation of Fish and Fishery Products. Considerable work was achieved by
this CRP, and interest in adopting this technology on a practical scale grew
over the years in the region. Several countries continued R&D on food
irradiation on specific food items of economic importance. The Asian Regional
Cooperative Project on Food Irradiation (RPFI) was implemented by the Agency
in 1980 under the sponsorship of the Government of Japan. Bangladesh,
People's Republic of China, India, Indonesia, Republic of Korea, Japan,
Pakistan, the Philippines, Sri Lanka, Thailand and Vietnam participated in
this Programme.

Under the scope of this regional project R&D work was carried out on:
(i) insect disinfestation and improving hygienic quality of dried and cured
fishery products, (ii) insect disinfestation and shelf-life extension of
mangoes; (ui) control of sprouting of onions, and (iv) improving hygienic
quality of spices. In addition some work related to economic feasibility of
food irradiation was also carried out. This publication contains the results
of R&D conducted under the RPFE. Although the RPFI ended in 1984 most of the
papers were submitted by the authors in 1985, and some of the results were
verified in 1986. Considering their scientific merits, these papers were
rewritten, and edited for publication, resulting in some delays.

Under the RPFI, it was demonstrated that the food irradiation technology
could play an important role in reducing food losses and facilitating wider
distribution of certain food products. The RPFI provided a strong impetus for
Asian countries to coordinate their research programmes effectively towards
the practical application of the technology to combat food losses and to make
more food available to the population in the region. The financial support of
the Japanese Government to enable the RPFI to reach its objective is
gratefully acknowledged.

The Scientific Secretary of this CRP was Mr. P. Loaharanu, Head, Food
Preservation Section, Joint FAO/IAEA Division of Nuclear Techniques in Food
and Agriculture, Vienna, Austria.
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SUMMARY REPORT

More than four decades of research and development work on the
preservation of food by irradiation have shown that this technology can reduce
post-harvest losses of food and make more food available to mankind. Its
applications include, among others, sprout inhibition of root crops; insect
disinfestation of grains, dried fish and meat; shelf-life extension of fresh
fruits and vegetables; enhancing hygienic quality of fresh and frozen food,
spices, etc. Due to high level of post-harvest loss of food and the
possibility of increasing export of certain surplus food items, countries in
Asia and the Pacific showed keen interest in conducting research and
development works on this technology with a view to adopting it as a method
of food preservation. After the establishment of the Regional Cooperative
Agreement for Research and Development and Training Related to Nuclear Science
and Technology (RCA) by the IAEA in 1972, Radiation Preservation of Fish and
Fishery Products (RPF) was the first project selected to be studied under RCA.

RADIATION PRESERVATION OF FISH AND FISHERY PRODUCTS (RPF)

Research was successfully conducted under the RPF from 1973 to 1978, with
the participation of eight institutions in Bangladesh, India, Indonesia, the
Republic of Korea, Pakistan, the Philippines and Thailand. The results of
this work showed the technological feasibility of irradiation for shelf-life
extension of fresh mackerel and milk-fish, which are common fish species in
the region. The use of irradiation for insect disinfestation of dried fish
appeared to be very promising. In addition, microorganisms of public health
significance in fresh, dried and processed fish products can be controlled or
eliminated by appropriate radiation treatment.

Results of research and development work on radiation treatment of fish
and fishery products, especially from the Asian and Pacific region, were
reviewed at the FAO/IAEA Advisory Group Meeting (AGM) on Radiation Treatment
of Fish and Fishery Products, held in Manila, 13-16 March 1978. The AGM
recommended very strongly that radiation preservation of dried and cured
fishery products should be given the highest priority for Africa and Asia,
where annual production of these products was 345000 and 723000 tonnes,
respectively, at that time. Dried and cured fish provide the most important



source of animal protein to the population in these regions, but this
commodity suffers high losses, mainly due to insect infestation during storage
and marketing. Often, insecticides were used to overcome the infestation
problem.

The Agency therefore initiated a new co-ordinated research programme
(CKP) on "Radiation Preservation of Dried Fish Indigenous to Asia - RPDF" in
1978. The CRP was in the initial stage of operation when the Japanese
Government decided to join the RCA in mid-1978 with a special interest in
supporting a project on food irradiation. Consequently a special mission was
sent by the IAEA, under the sponsorship of the Japanese Government, in
September 1979 to evaluate the status of food irradiation and to assess the
interest and the need of developing Member States in the region in
implementing food irradiation programmes on practical scale. From the six
countries visited by the mission, it was clear that the interest in the
application of food irradiation in these countries as well as in other
countries in Asia was not limited to dried and cured fish. Therefore, the
mission felt the need to expand the scope of the RPDF to a regional project on
radiation preservation of food of economic importance to the region.

WORKSHOP ON FOOD IRRADIATION

Under the sponsorship of the Japanese Government, a three-week workshop
on food irradiation was convened at different institutions responsible for
research and development in this field in Japan, from 22 October to 15
November 1979. The objectives of the workshop were to train senior scientists
from developing Member States of RCA on methodology and research on
large-scale radiation treatment of food items of interest to the region.
Fourteen scientists from seven developing countries in Asia participated in
the workshop. One outcome of the workshop was a proposed plan of research on
radiation preservation of a number of food items to be co-ordinated by the
IAEA on a regional basis.

ASIAN REGIONAL GO-OPERATIVE PROJECT ON FOOD IRRADIATION (RPFI)

Considering the interest of a number of countries in Asia and the Pacific
in realizing the practical application of food irradiation, and based on the
recommendations of an expert mission, the IAEA proposed to the Japanese
Government during 1979 to consider funding of a co-ordinated research
programme (CRP) in this field for three years at a total cost of US$236000.
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After careful consideration, the Japanese Government agreed to sponsor the CRP
under the title "Asian Regional Co-operative Project on Food Irradiation
(RPFI)" for three years, with the amount requested. The objective of RPFI is
to conduct research and development, including pilot-scale studies in the
field of food irradiation aimed at achieving commercialization of selected
food items of economic importance to the region.

A legal agreement establishing the RPFI was developed and entered into
force on 28 August 1980 when the Japanese Government and the Governments of
Indonesia, the Republic of Korea and the Philippines notified the Agency of
their acceptance of the agreement. Eventually, eleven governments i.e.
Bangladesh, India, Indonesia, Japan, the Republic of Korea, Malaysia,
Pakistan, the Philippines, Sri Lanka, Thailand and Vietnam, became a party to
this agreement.

Owing to the limited financial resources available for the project and in
order to concentrate efforts on studies on irradiated food items which are
likely to find practical application in the near future, only fishery
products, mangoes, onions and spices were selected for research under the
RPFI. Consequently, fourteen research contracts and agreements were concluded
with twelve institutions to carry out the work during the past four years.

SCOPE OF VJORK

To conduct research on the use of irradiation for:

(a) insect disinfestation and improving hygienic quality of dried and cured
fishery products;

(b) insect disnfestation and shelf-life extension of tropical fruits such as
mangoes ;

(c) control of sprouting of onions;

(d) improving hygienic quality of spices.



Progress and achievements

Results of work conducted under the RPFI in the past four years were
reviewed annually by the RPFI Project Committee which consisted of
representatives of Governments party to the RPFI Agreement. These results may
be summarized as follows:

(a) Dried and cured fishery products

A radiation dose of 0.3 - 0.5 kGy can effectively destroy insect
species which cause infestation in dried and cured fish. Together with
proper packaging, the treated products, which have a moisture content
below 20%, can be kept insect-free at ambient temperatures for several
months. Irradiation of prepackaged dried fish having intermediate
moisture content (20-40%) with a dose of 2-4 kGy together with potassium
sorbate or with an oxygen absorber resulted in a shelf-life extension of
the products up to 6 months at ambient conditions. Irradiation plus
packaging costs for dried fish using a dose of 1 kGy were estimated to be
less than 3% of the price of the product.

(b) Tropical fruits (manRoes)

A minimum dose of 0.5 kGy resulted in no adult emergence of Oriental
fruit flies (Dacus dorsalis) in mangoes. A dose of 0.75 kGy together
with a hot water dip treatment (55 G for 5 minutes) can extend the
shelf-life of mangoes at ambient conditions from 8 to 12 days. Trial
shipments of irradiated mangoes from the Philippines to the Netherlands
by air and from Bangkok to Singapore by surface showed promising results.

(c) Onions

Pilot scale studies showed that a dose of 0.1 kGy is effective for
sprout inhibition and reduction of weight losses of onions stored under
ambient conditions in a model storage facility with good ventilation in
India. A similar dose can inhibit sprouting of onions and other crops
such as potatoes and garlic in a natural low temperature storage room
(2-20°C, 70-80% R.H.), which is equipped with internal forced
ventilation in Korea. Similar results were achieved on sprout inhibition
of shallots stored under ambient conditions in Bangladesh. An economic
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feasibility study in the Philippines on the use of irradiation in
combination with low temperature storage of onions and garlic has
indicated clear economic benefits. All studies used ton quantities of
onions.

(d) Spices
A dose of 5 kGy could reduce the microbial load of spices (black and

white pepper, nutmeg) by as much as 2-4 log cycles for the total plate
count and 1-3 log cycles for the total mould and yeast counts. Packaging
irradiated spices either in tin cans or in woven polypropylene bags lined
with polypropylene film caused no significant change in aw values and
moisture content during prolonged storage. A trial shipment by surface
from Jakarta to Wageningen, the Netherlands, showed that irradiation with
5 kGy could effectively decontaminate spices without altering their
chemical composition and sensory properties.

In addition, an evaluation mission consisting of experts on food
irradiation from Japan, India, the USA and the IAEA was sent by the Agency to
several countries participating in the RPFI in June 1983. The mission
concluded that the work conducted under the RPFI has demonstrated the
technological and economic feasibility of radiation treatment of fishery
products (dried and cured), tropical fruits (mangoes), onions and spices.
Food irradiation technology in several RPFI countries has reached the stage
where it can be effectively transferred to the relevant food industries. The
infrastructure required for such a technology transfer is already existant in
these countries. In most cases, pilot or large scale demonstration
irradiators are either being constructed or are planned for this purpose in
several RPFI countries {Bangladesh, India, Indonesia, the Republic of Korea,
Pakistan, the Philippines and Thailand).

Based on encouraging results obtained under the RPFI, Bangladesh, the
Republic of Korea and Thailand decided to build multipurpose irradiators to
treat food and medical products. The Government of Bangladesh approved
irradiated wheat, potatoes, onions, chicken, papaya, rice strawberries and
fish for human consumption on an unconditional basis in December 1983. During
the tenure of the RPFI, other regional countries such as India, Indonesia, the
Republic of Korea and Thailand were considering a number of food items to be
approved for human consumption (subsequently they approved irradiated foods:
Ref. Food Irradiation Newsletter, 12 (1) supplement, April 1988). During this
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period Pakistan and Malaysia also decided to establish either large or
demonstration irradiators and/or commercial irradiators (Pakistan established
a commercial irradiator in 1987 to sterilize medical supplies and products as
well as to treat foods in future and Malaysia established a demonstration
facility which became operational in early 1989).

The GRP on RPF1 was successfully completed in 1984, with strong
recommendations to continue this study in order to transfer the results to
local industry.

The results of the research work conducted at different institutions in
the region under the scope of the RPF1 are included in this publication.

The encouraging results obtained under the RPFI from 1980 to 1984
prompted the interest of the Australian Government to fund the next phase of
the RPFI with emphasis on transferring the technology to local industry in the
region. The report of findings of the next phase under RPFI will be published
separately.
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STORAGE PROPERTIES OF JAPANESE ONIONS
IRRADIATED ON A LARGE SCALE

K. KAWASHIMA, T. HAYASHI, K. UMEDA
National Food Research Institute,
Ministry of Agriculture, Forestry and Fisheries,
Yatabe-machi, Tsukuba-gun, Ibaraki-ken,
Japan

Abstract

One ton each of dried onions of var. Kitamki and var. Ohotsuku were
obtained. Half of each variety was irradiated with doses of 38.1 to
65.2 Gy. Both irradiated and unirradiated onions were stored either at 0 or
5 C from September 1982 to spring 1983. Cold storage inhibited sprouting of
unirradiated onions, but not the development of green inner buds. Sprouting
and green inner bud development were accelerated by room-temperature
storage. Browning of small inner buds in irradiated onions held in cold
storage was insignificant; room temperature storage increased browning. Only
onions that were irradiated and stored at a low temperature had satisfactory
commercial quality in March and April.

INTRODUCTION

In Japan, annual production of onions exceeds 1 million tons.
28-29% of this production is harvested in the autumn in Hokkaido, and
marketed in the spring of the following year. No onions are harvested in
winter. These onions, however, sprout in March or April when stored at
room temperature, and this causes the price to rise. The availability of
wholesome onions would be effective in stabilizing their price in the
off-season. The irradiation of onions is expected to be one solution for
this problem.

Much research work on the irradiated onions was carried out by
Japanese scientists and their results have been reported to the Japanese
government. Most of the work was done with a small number of onions.
Data from studies with a large number of onions will be helpful in
avoiding problems with commercialization. Our observations from work
with a large number of onions indicated that in irradiated onions
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browning of the inner buds occurred; whereas in unirradiated onions which
had not sprouted there was the development of green buds. These
phenomena should be considered prior to commercial irradiation.

MATERIALS AND METHODS

1) Onions

Onions of var. Kitamiki and var. Ohotsuku grown in Hokkaido were
used in this investigation. The onions were cut in the field, dried and
harvested in September, 1982.

2) Irradiation and Storage

One ton of each variety of onions was collected from a farmer's
warehouse and half of them were irradiated in the commercial potato
irradiator in Shihoro, Hokkaido, in September, 1982; the remainder was
used as the unirradiated control. Doses applied were 38.1 to 65.2 Gy.
Onions were stored at either 0 or 5 C until spring, 1983.

3) Observations

The onions were withdrawn on March 17th or April 17th in 1983, and
then stored at room temperature. The numbers of onions which had
sprouted, rooted or spoiled were determined by observing the onion
outside, and the number of onions which developed browned inner buds or
green inner buds were determined after cutting the onions into halves.

RESULTS AND DISCUSSION

1) Sprouting

All the unirradiated onions did not show sprouting during storage at
0 C. Unirradiated onions of var. Kitamiki sprouted to some extent
during storage at 5 C. Green inner buds developed to a high degree in
the unirradiated onions which had not sprouted, irrespective of storage
temperature. A high percentage of the unirradiated ones showed either
sprouting or the development of green inner buds (Figs. 1-4). The
irradiated onions did not sprout, but showed browning of small inner
buds. The browning was observed in most of the irradiated samples in the
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middle of April, independent of storage temperature (Figs. 5-6). The
browned buds were not large unless the onions had been stored at room
temperature.
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Fig.l. Percentages of unirradiated Kitamiki onions
stored at 0 C which sprouted or which sprouted
and had green inner buds.
o: withdrawn on March 17, sprout
•: withdrawn on March 17, sprout + green inner bud
a: withdrawn on April 17, sprout
•: withdrawn on April 17, sprout + green inner bud
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Fig. 2. Percentages of unirradiated Kitaraiki onions
stored at 5 C which sprouted or which sprouted
and had green inner buds.
o: withdrawn on March 17, sprout
•: withdrawn on March 17, sprout + green inner bud
n: withdrawn on April 17, sprout
•: withdrawn on April 17, sprout + green inner bud
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Fig. 3. Percentages of unirradiated Ohotsuku onions stored
at 0 C which sprouted or which sprouted and had green inner buds,
o: withdrawn on March 17, sprout
•: withdrawn on March 17, sprout + green inner bud
o: withdrawn on April 17, sprout
•: withdrawn on April 17, sprout + green inner bud
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Fig. 4. Percentages of unirradiated Ohotsuku onions stored at 5 C
which sprouted or which sprouted and had green inner buds,
o: withdrawn on March 17, sprout
•: withdrawn on March 17, sprout + green inner bud
o: withdrawn on April 17, sprout
•: withdrawn on April 17, sprout + green inner bud

16



100 8 g « *

o o

50c
o

0 3-17 4-1 4-17 5-2 5-15 6-1
Month-day

Fig. 5. Percentages of stored irradiated Kitamiki onions
which had brown inner buds,
o: withdrawn on March 17, stored at 0 C
•: withdrawn on March 17, stored at 5C
a: withdrawn on April 17, stored at 0 C
•: withdrawn on April 17, stored at 5°C
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6. Percentages of stored irradiated Ohotsuku onions,
which had brown inner buds.
o: withdrawn on March 17, stored at 0 C
•: withdrawn on March 17, stored at 5 C
o: withdrawn on April 17, stored at 0 C
•: withdrawn on April 17, stored at 5 C
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2) Rooting

The unirradiated onions rooted slightly during storage at a low
temperature; some of the unirradiated ones which had not rooted showed
enlargement of the bottom. None of the irradiated onions rooted but some
of them showed enlargement of the bottom.

3) Spoilage

With the exception of those unirradiated onions which had sprouted
there was no significant amount of spoilage of the stored irradiated and
unirradiated onions. There was however, spoilage of sprouted onions.

CONCLUSION

Cold-storage inhibited sprouting of unirradiated onions but did not
inhibit development of green inner buds. It also did not prevent
browning of inner buds in the irradiated onions. The amount of browning
was insignificant when the onions were stored at a low temperature.
Storage at room temperature accelerated sprouting and development of
green inner buds in unirradiated onions and of browning of small inner
buds in irradiated onions. In the off-season, March and April, only the
onions irradiated and stored at a low temperature were satisfactory
commercially.

18



INTEGRATED STUDIES ON IRRADIATED
PHILIPPINE MANGOES

J.A. MANALO*, C.C. SINGSON**, E. LEGASPI*,
R. QUARTEROS*, L. GRIMARES*, L. ESCANO*,
A. MARZAN*, A. LANUZA*

* Division of Science and Technology,
The Philippine Women's University,
Manila

** Department of Nuclear Services,
Philippine Atomic Energy Commission,
Diliman, Quezon City

Philippines

Abstract

The presence of the fruitfly, Dacus dorsalis Hendel, has restricted
export of Philippine mangoes to Japan and other countries with strict
quarantine requirements. The anticipated banning of the ethylene
dibromide (EDB) as fumigant necessitated studies to find a suitable
replacement. Based on the encouraging results of previous disinfestation
experiments (15/16) further studies utilizing irradiation and its
combination with a hot water dip were undertaken. The objective of the
studies was to interrelate the effects of the disinfestation method to
fruit maturity, storage temperature, and some related processes,
including shipping, on the shelf-life, chemical, and sensory attributes
of the carabao mango.

Carabao mangoes in bamboo crates, obtained from various provinces
depending upon the season, were used for the tests. They were harvested
1-3 days before they were subjected to the disinfestation treatment.
Mangoes were classified according to treatments to be applied,
transported to the Philippine Atomic Energy Commission in Diliman, Quezon
City for irradiation and returned to Manila for storage at the prescribed
temperature.

Green (Stage 1-2) and Yellow Green (Stage 4-5) mangoes were
subjected to irradiation at 0.65 kGy and a combination treatment of a hot
water dip at 50°C for 5 minutes and irradiation with a dose of 0.65
kGy. Immature and yellow mangoes were used for irradiation and hot-water
dip tests respectively. Mangoes were stored at ambient temperature and
at 15°C before or after ripening. Domestic and international shipping
tests were also conducted.

In all these tests, samples were withdrawn periodically from storage
and evaluated for effects on shelf life, % decay, other physical,
chemical, and sensory characteristics.

For the chemical tests, fruit pulp was homogenized and analyzed
chemically for peroxidase activity, reducing sugars, ascorbic acid,
pectin, total acidity, and protein content using standard analytical
methods.
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For sensory evaluation, paired comparison and preference tests using
the nine point hedonic scale were used by a trained panel in evaluating
the aroma, flavour, colour, and acceptability of the samples.

Immature mangoes picked early to meet market demands, developed a
brownish black colouration upon irradiation and are therefore not
suitable for the process.

Mangoes that ripen during transport up to stage 4-5 responded
favorably to irradiation and the combination treatment. The shelf life
of green fruits which received the combination treatment was extended by
6 days while 50% of the yellow green fruits similarly treated had a 4 day
shelf life extension. Controls, however, stored for a period that
yielded the same percentage of marketable fruits had a quality superior
to that of the treated fruits.

For samples of yellow fruit of maturity 6-7 that were subjected to
the hot water dip at 55°C for five minutes and stored at 10°C decay
was reduced by 70% when in cold storage for up to several weeks.

A high percentage of mangoes that were hot-water dipped and stored
overnight at 15°C before irradiation developed a bronze skin
colouration, a condition which was not observed with mangoes stored
overnight at ambient temperature or irradiated shortly after the hot
water dip.

Green mangoes stored at ambient temperature immediately after
shipping exhibited no significant differences in quality characteristics
during the first two days of storage, but after 5 days, disease and
texture ratings of the combination treated fruits were generally higher
than others. Color and texture ratings of yellow green controls were
comparatively higher, but disease and appearance ratings of treated
fruits were higher regardless of whether they were shipped or retained.

Treated green fruits shhipped to Europe, and stored at 12°C
exhibited delay of ripening and no decay, even after two weeks of
storage, in contrast to the 100% decay exhibited by the controls.
Treated samples retained in Manila exhibited delayed ripening and a 28%
reduction in decay after two weeks of storage at 15°C.

Chemical studies showed that peroxidase was completely inactivated
by the combination treatment but only temporarily by irradiation.
Delayed ripening effects induced by irradiation were reflected in the
lower sugar and carotenoid contents of the treated fruits. Total acidity
and ascorbic acid content decreased while sugar content increased with
storage, regardless of treatment. Pectin content did not change
regardless of treatment and temperature storage.

All sensory evaluation results showed that although control fruits
were generally favoured over the treated samples, the treated fruits also
were acceptable as indicated by scores higher than 5.

Results, therefore, show that the combination treatment of 0.65 kGy
and a hot water dip at 50°C for 5 minutes can be a good alternative for
ethylene dibromide with the added benefit of shelf life extension. The
chemical, nutritive and sensory characteristics of the fruit also are
retained.
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INTRODUCTION

Among the harmful insects taking a heavy toll on fruits annually is
the oriental fruitfly, Dacus dorsalis Hendel. This insect is difficult
to control because of the female's habit of laying its eggs beneath the
skin of fruits. The larvae develop in the pulp, damaging the fruit and
subsequently enhancing the development of decay-producing bacteria and
fungi.

This infestation by fruit flies has prevented exportation of
Philippine mangoes without treatment to foreign countries which have
strict quarantine regulations. For this reason, fruits have been
fumigated with ethylene dibromide (EDB) before shipment to importing
countries.

The recent banning by the US Environmental Protection Agency of EDB
as fumigant for insect disinfestation due to its carcinogenic effects has
made many exporting countries seek suitable alternatives.

An effective alternative should not leave any hazardous residue on
the product or have any adverse effect on its quality. While vapour heat
treatment and chemical .fumigation with methyl bromide and phosphine may
be used as alternatives, their effectiveness has not been established.

Phosphine generated from magnesium phosphide has been found to be
phytotoxic to Florida mangoes and some varieties of avocado and cannot be
recommended as a substitute for EDB as fumigant. (Spalding, et. al) (26).
Vapor heat treatment (Seo, et. al) (24) requires eleven hours to raise
the temperature of papayas from 23.3 C to 44.4 C and in addition,
holding for 8 3/4 hours at 44.4 C to produce the complete kill of
oriental fruit larvae. Such high temperatures may affect the
physiological activities of the fruit and thus prove injurious.

Gamma irradiation has been shown to be an effective disinfestation
technique against several species of fruit flies, with the added benefits
of delayed ripening and increased shelf life. Benison and Ahmed (9)
reported that mangoes of the Zill variety irradiated at 2.1 kGy dipped in
water at 49 C for 7 minutes and stored at 20 C underwent a
significant reduction of anthracnose infection.
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Mathur (17) in India also reported that 0.75 kGy extended the shelf
life of Alphonso mangoes.

Our early studies (16) showed that the low dose of 0.65 kGy applied
directly to eggs, larvae, and pupae prevented adult emergence and
developed sterility in adults. A radiation dose of 0.35 kGy shortened
the survival time of the adult flies to 10 days.

Earlier findings also showed that 0.65 kGy applied 24 hours after
egg laying was sufficient to kill all the 24 hour old eggs although 0.80
kGy did not completely eradicate larvae collected on fruits exposed to
fruit flies for 48 to 72 hours. Lustre (14) however, reports that a low
dose of 0.50 kGy was effective for disinfestation against the oriental
fruitfly.

Based on the earlier findings and reports, mangoes were exposed to
0.65 kGy to ensure an effective disinfestation dose for fruits which may
have had previous exposure to fruit fly infestation in the field for at
least 24 hours. Heat was also found to improve the effectiveness of
irradiation. Combining ionizing radiation with heat treatment provides
the advantage of synergistic effects resulting from the combination.

To determine if the combined treatment would be an economically and
technically feasible replacement for fumigation, evaluation studies on
its effects on the shelf life and on the chemical and sensory attributes
of the carabao mangoes were undertaken. Domestic shipping trials to
simulate export activities plus actual shipment to the Netherlands were
made. The shipped fruit samples were evaluated in ways similar to those
done with laboratory samples.

No economic feasibility studies were conducted due to lack of a
Philippine irradiation facility capable of large scale handling and
irradiation, and the inability, therefore, to obtain costs for such
operations.
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PROCEDURES

l. GENERAL

Carabao mangoes packed in dried banana leaves in bamboo crates
obtained from various provinces at different seasons were used for the
tests. Depending upon the distance of the province from Manila, the
fruits on arrival in Manila were 1 to 3 days from harvest. Fruits were
classified according to maturity and divided according to the treatment
method to be applied, packed in carton boxes, and transported to the
Philippine Atomic Energy Commission (PAEC) in Diliman, Quezon City for
irradiation. They were returned immediately to The Philippine Women's
University (PWU), Manila for storage at the prescribed temperature.

Mangoes were irradiated at 0.65 kGy. Those subjected to the
ination treatment were hot dipped at 50 (

exposure to an irradiation dose of 0.65 kGy.
combination treatment were hot dipped at 50 C for five minutes prior to

During storage at a prescribed temperature, they were observed for
changes in physical characteristics. Samples were withdrawn for chemical
and sensory evaluation.

2. SHELF LIFE STUDIES

Several tests were conducted to determine effects of treatment on
the physiological and pathological factors affecting the shelf life of
mangoes.

One bad practice of mango growers is the early picking of fruits to
meet the demands of the market. These fruits ripen improperly and never
achieve the desirable qualities of fruits picked at full maturity. Since
this problem cannot be avoided in the actual fruit trade, a study was
made to determine the effects of radiation on such fruit.

Another problem encountered is the ripening of mangoes during
transport. As this is a normal happening, the effects of the
preservation treatment on fruits that had ripened were also determined.
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Mature green mangoes (stages 1-2) and yellow green (stage 4-5)
mangoes were subjected to irradiation and combination water dip and
irradiation treatment and then stored at ambient temperature and at
15°C.

Brodrich (4) showed that irradiation of mangoes at the ripe stage
was only partly effective. An attempt was made to follow up the samples
that had turned yellow and ripened during transport. Because they were
too fragile to undergo transport and irradiation exposure, they were
tested only for the effe<
low temperature storage.
tested only for the effect of hot water dip at 55 C for 5 minutes and

The degree of ripening based on the modified scale (Appendix 1) was
determined by visual inspection, as was percentage decay of fruit.

Ratings for amount of decay, texture, appearance and colour of fruit
used in shipping trials were based on the Brodrich Scale (Appendix 2).

3. TECHNOLOGICAL ASPECTS

A. Effects of Temperature of Storage

Several tests were conducted to determine the effects of the
temperature of storage. Fruits were stored at:

1. Ambient temperature (28 C - 32 C) immediately after
irradiation.

2. Cold temperature (15 C) for 12-14 days, then at ambient
temperature (28°C - 32°C) for 2-4 days to allow fruits
to ripen, and then returned to 15 C.

3. Ambient temperature after shipment.

B. Effects of Different Time Periods between Hot-Water Dip and
Irradiation and Temperature Storage
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To determine the effects of the length of time between hot-water
dipping and irradiation, mangoes were hot-water dipped, stored at
15 C overnight and irradiated. Another batch was subjected to
irradiation immediately after the hot water dip. The mangoes were
then stored either at 15 C or ambient temperature.

4. CHEMICAL METHODS

Fruit pulp was homogenized and analyzed chemically using standard
AOAC analytical methods (32) for total reducing sugars, ascorbic acid,
pectin, carotene, and total acidity. Peroxidase activity was measured
based on the guaiaol hydrogen peroxidase method of Reddi et al (22).
Protein was determined using the biuret reaction method.

5. SENSORY EVALUATION METHODS

Mangoes were allowed to ripen to eating quality before evaluation of
their sensory characteristics.

A panel of trained judges evaluated the mango samples for their
aroma, flavour, colour, and acceptability. Paired comparison tests using
the nine-point hedonic scale were used to determine differences.
Preference tests between controls and treatment samples using the same
scale were made. Results were analyzed statistically.

6. SHIPPING STUDIES

Mangoes were stored at 15 C after irradiation until shipment on
the following day. Mangoes shipped internationally had to be cleared by
the Customs Quarantine Section of the Bureau of Plant and Industry and
thus required an additional day of storage prior to shipment.

In some trials, mangoes were wrapped in onion skin paper and packed
in compartmentalized boxes? in others, they were packed in carton boxes
without wrapping or separation. Cartons were labeled "fragile" and
shipped without special handling. Total travel time by Philippine
Airlines for domestic shipping from Manila Airport to Cebu and back to
PWU was approximately 2 2/2 hours. When received they were stored at the
prescribed temperature.
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For international trial shipment, mangoes were shipped through
London to the International Facility for Food Irradiation Technology at
Wageningen, the Netherlands. Total travel time by air, train, and bus
was about 40 hours. Mangoes were stored at 12 C upon arrival at
Wageningen.

RESULTS

1. Immature Mangoes

Irradiated immature mangoes developed wrinkles, brownish black
colouration, and never reached the golden yellow stage. Carotene content
was below normal and fruits were blackened as an effect of irradiation.
Controls matured up to stage 7 and had no black spots nor did they look
dirty. These results confirm earlier reports that irradiation
accentuates negative attributes of the fruits exposed at an improper
stage or if of inferior quality.

To reduce the problem of varying maturity of individual fruits among
a lot, in subsuquent experiments mangoes were placed in water and mangoes
that floated were discarded on the assumption that they were still
immature.

A requirement for a certain minimum maturity for irradiation must be
established. Mangoes picked at the very early stage of maturity are not
suitable for irradiation.

2. Ripening During Transport

Yellow-green mangoes at maturity stage 4-5 may still be subjected to
preservation treatment. The combined hot-water dip and irradiation
treatment extended the shelf life of 50% yellow green samples to four
days when stored at ambient temperature. When kept in cold storage they
exhibited a much lower percentage of decay and better quality as compared
with controls. This is attributed to the fact that yellow green mangoes
had ripened practically before treatment, thus enabling them to develop
the golden yellow colour and smooth texture, which irradiated green
samples never achieve due to inhibition of ripening.
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Yellow mangoes at maturity 6-7 were dipped in water at 55 C for 5
minutes and stored at 15°C. The data of Table (3) indicate that a 70%

oreduction of decay is obtained with fruits stored at 15 C for up to
several days.

TEMPERATURE OF STORAGE

A. Effects of Different Times between Hot-Water Dip and Irradiation
and of Temperature of Storage

oA high percentage of mangoes stored overnight at 15 C after a
hot water dip and irradiation developed a bronze-skin colouration.
Mangoes irradiated immediately after hot water treatment and kept at
low temperature thereafter showed a 50% decrease in the percentage
of mangoes discolored. Mangoes stored at ambient temperature after
hot water dip and irradiated immediately or after overnight storage
did not exhibit this skin coloration. Results are shown in Table 1.

TABLE 1: Effects of Different Times Between Hot-Water Dip and Irradiation
and also of Storage Temperature on Bronze Skin Discolouration

% of Bronze-colouredMangoes

Controls 0.65 kGy 55°C - 5 min
Hot Water Dip
55°C - 5
0.65 kGy

Hot water clipped and
Qstored overnight at 15 C

prior to irradiation

Stored at 15°C for two
weeks after irradiation 0% 0% 34%

Stored at 25-30°C after 0% 0% 0*
irradiation

Irradiated on the same day 0* 01 17%
after hot-water dip and stored
at 15°C after irradiation

Stored at ambient 0% OX 0%
temperature
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Tests with Keitt mangoes done by Spalding (22) showed that
treatment for 5 minutes in water at 55 usually injured the skin
of fruits stored at 15 C. On the other hand, mangoes ripened at
22 C immediately after hot water dip treatment showed no visible
injury. Fruit kept in cold storage overnight and irradiated while
still cold became black. As the recommended shipping and holding
temperature for mangoes is 13 C, Spalding feared heat-treated
mangoes would show symptoms of heat injury on the market.

The reasons for development of heat injury with fruits stored at
13 C and not 22 C are not known. One explanation of
discolouration presented by Brodrich (4) is that phytotoxity is
caused by condensation of moisture on fruit after the heat
treatment. Low temperature storage adds to this condition. For
this reason, the discolouration is observed only with mangoes stored
at 15 C and not with mangoes stored at ambient temperature.

A comparison of the responses of green and yellow green mangoes
stored at ambient temperature (Table 2) showed that green mangoes
subjected to combination treatment had ripened completely on the

Table 2.Effects of Preservation Treatments on the Percentage Decay and Maturity
Stages of Mangoes Stored at Ambient Temperatures

Days GREEN YELLOW GREEN

Storage C CT CT

2 stage 5 stage 3-4 stage 3-4
3 stage 8-75 % stage 8-30 % stage 8-100 % stage 8-50%
5 stage 8-80 % stage 8-30 % stage 8-100 % stage 8-60 %

% decay -20%
8 % decay -40% stage 8-50 % % decay -15 % % decay -60% % decay -100% stage 8-70 %

% decay -30 %
10 % decay -90 % % decay -100% % decay -50 % % decay -40 %
11 stage 8-70 % % decay -30 %
13 % decay -100 %
14 % decay -90 % % decay -80%
16 % decay -100% % decay -70 %
19 % decay -100 %

C - Controls
I - Irradiated
CT - Combination Treatment
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fifth day after irradiation. Only 30% of the irradiated green and
60% of the irradiated yellow green had fully ripened. These results
agree with findings of Lustre (14), who reported that combination
treated fruits had a larger percentage of yellowish fruits up to the
5th day of harvest as compared with fruits subjected to the other
treatments.

Twenty percent of green controls had started to decay on the 5th
day when treated fruits were just starting to ripen and 100% were
decayed on the 13th day as against 50% of the irradiated and 30% of
those given the combination treatment.

Yellow green controls decayed completely on the tenth day as
against 50% of the irradiated and 40% of those given the combination
treatment.

Green mangoes stored at ambient temperature, subjected to the
combination treatment, had a shelf life extension of 5-6 days. For
yellow green mangoes, in 50% of samples an extension of about days
was observed.

Yellow green mangoes at stage 4-5 may be subjected to
preservation treatment and the extension of shelf life by four days
makes these fruits exportable to those nearby foreign markets which
require a relatively short shipping time. The combination treatment
applied to green mangoes provides a shelf life extension of 5 to 6
days and enables shipment to more distant markets.

Mangoes that had ripened to stage 6-7, when hot water dipped at
55 C for five minutes and stored at 15 C also exhibited a shelf
life extension of 4-10 days as shown in Table 3. The hot water dip
and cold storage apparently controlled anthracnose and stem-end rot
infections.
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Table 3: Effects of Hot-Water Dip Treatment on Yellow Carabao Mangoes
Stored at 15°C

Hot Water Dipped
Days of Storage Controls 55 C/5 minutes

2
5
8
10
14
20

stages 6-7
decay 5%

60%
70%
90%
95%

stages 6-7
decay 0

0
0
25%
60%

In Table 4 are shown the effects of preservation treatments on
ripening and shelf life of mangoes with two different initial
maturities which were stored first at 15 C, then moved to ambient
temperature for ripening and then returned to 15 C for storage.

Low temperature storage reduced biochemical changes in the
fruit, thereby delaying the ripening of both controls and treated
samples. When brought out to ambient temperature to ripen, both
green and yellow green controls decayed rapidly. A return to
low-temperature storage after ripening did not prevent further
decay. Both green and yellow fruits preserved by the combination
treatment exhibited delayed ripening and lower % of decay.
Irradiated yellow green samples, however, decayed faster than the
green samples. Samples subjected to the combination treatment
exhibited a very low 7% decay even on the 24th day of storage, as
compared with the 17-18% decay of the irradiated samples and 100% of
the controls.

Table 5 gives data on the efffects of irradiation and of the
combination treatment on the physical characteristics of initially

temperature and then stored at 15 C. These mangoes were harvested
green mangoes which, after treatment, were first ripened at ambient
temperature and th<
in the dry season.

30



Table 4 Effects of Preservation Treatment on Ripening and Shelf Life
of Two Maturities of Mangoes Stored at 15 C, Ripened at
Ambient Temperature and then Returned at 15 C

Stage of Maturity and % Decay

Days of Storage
at 15°C after
irradiation

2
9
14

15-17
transferred
to ambient
temperature

18
returned
to 15 C

22
24

Controls

Green

stage 1
stage 6-85 %
stage 8-50 %

decayed 58 %

decayed 80 %
100 %

Irradiated

YG

stage 5
stage 7
stage 8-50 %

decayed 35 %

decayed 75 %
100 %

Green

stage 2-3
stage 6-60 %
stage 6-100 %

stage 6-7

decayed 17 %
17 %

Combination

YG

stage 4-5
stage 6
stage 6-7

decayed 18

stage 7
decayed 18

Treatment

Green

stage 2-3
stage 5-90 %
stage 6-7

% stages 6-7

stage 7
% decayed 7 %

YG

stage 5
stage 6-90 %
stage 6-7

stage 7-8

stages 7-8
decayed 7 %



*Table 5 Effects on the Physical Characteristics of Treated Green Mangoes
allowed to ripen at ambient temperature and stored at 15 C

Storage Days after Controls Irradiated Combined Treatment
Irradiation C A T D C A T D C A T D

5 4.5 4.8 4.2 4.9 4.0 4.9 4.9 4.9 4.0 4.8 5 4.8
7 4.9 4.9 4.9 4.9 4.4 4.8 4.8 4.7 4.3 4.9 5 4.9

10 5 4.8 4.9 4.6 4.9 4.4 4.4 4.4 4.6 4.8 4.5 4.8
12 5 3.7 3.7 4.3 5 3.2 3.4 4.3 5 3.3 3.6 4.4
14 5 3.1 3.1 4.2 5 2.6 2.4 4.3 5 3.6 3.1 4.3
17 5 2.1 2.2 4.0 5 2.2 2.2 4.3 5 2.6 3.4 4.2

C - Colour A - Appearance T - Texture D - Decay
* Brodrich Scale (See Appendix 2)

Delayed colour development occurred in the treated samples.
Controls were fully ripe on the 10th day, while treated fruits
exhibited a delay of two to five days. Controls exhibited better
appearances and higher texture readings than the treated ones.
Because of low temperature storage there was not much difference
among samples, although appearance ratings of combination-treated
fruits were slightly higher than those of the controls on the last
days of storage.

This corroborates earlier findings that low-temperature storage
inhibits decay. Heating during the combined treatment generally
helps in preventing the development of infection.

These last experiments, all done during the hot season, also
showed that the treatments were not of great advantage when
conditions for bacterial infection are unfavorable because of dry
weather.
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SHIPPING STUDIES

A total of seven domestic shipping trials was conducted; six to Cebu
and one to Davao. Only results of the shipments to Cebu are summarized.
Three trials were conducted on green mangoes while the other three were
conducted on yellow green mangoes. Three international shipping trials
were conducted.

Table 6 provides data on the effects of the combination treatment on
the physical characteristics on green mangoes, first treated, then
shipped to Cebu and returned to Manila and stored at ambient
temperature. A parallel group of samples was retained in Manila, but
otherwise handled in the same manner as those shipped.

Between shipped and retained samples, regardless of treatment, no
significant difference in quality characteristics was observed until
after the fifth day of storage. In the next 5 to 10 days after shipping,
the treated samples had higher ratings than did the controls as regards
decay occurrences and texture.

Table 7 provides data on changes in the physical characteristics of
mangoes which were first treated, then shipped to Cebu and returned to
Manila, ripened at ambient temperature and stored at 15 C. A parallel
group of mangoes was retained in Manila but otherwise handled in the same
manner as those shipped.

Between shipped and retained samples, all characteristics except
colour were different from each other, particularly on the 10th and 14th
days of storage. On the 10th day of storage, significant differences
were observed in appearance and texture between controls and samples
subjected to preservation treatment. Disease and texture ratings of
irradiated shipped samples were always higher than the controls and the
combination-treated fruits up to two weeks of storage, but retained
controls were slightly harder afterwards.
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*Table 6. Effects of the Combination Treatment on the Physical Characteristics
of Green Mangoes Stored at Ambient Temperature after Shipping

*Days Colour
after Controls Combination
ship- S U S U
ment

2 2.7 3 3 4.2
3 3.3 3.3 3.1 3.0
4 3.8 3.7 3.6 3.6
5 4.1 4.3 3.8 4.1
8 4.5 4.7 4.2 4.6
10 4.9 4.7 4.2 5.0
11

*Appearance
T Controls Combination
S

4.7
4.4
4.1
3.5
2.8
2.1
1.7

U

4.8
4.4
4.2
4.0
2.4
1.7
1.1

S

4
4
4
4
3
1
1

.9

.7

.2

.2

.4

.9

.3

U

4.
4.
4.
4.
4.
2.
1.

8
7
3
0
0
3
1

* *Decay Texture
T Controls Combination T Controls Combination T
S

4.9
4.8
4.5
4.2
3.5
1.8
1.3

U S U

4.5 4.8 4.9
4.3 4.7 4.8
3.8 4.3 4.5
3.4 4.2 4.5
2.4 2.6 3.6
1.6 2 2.8

1.6

S U S

4.7 4.7 4
4.5 4.6 4
4.3 4.4 4
3.6 3.8 3
3.0 2.4 2
2.3 1.6 2

1

.7

.6

.2

.2

.7

.0

.3

U

4
4
4
3
3
2
1

.7

.6

.3

.5

.2

.0

.4

S - Shipped
U - Retained
ft Brodrich Scale - see Appendix 2



Table 7 : Effects of Preservation Treatments on the Physical Attributes of Green Mangoes
Shipped Domestrically, Ripened at Ambient Temperature and Stored at 15 C

Days of Storage
after Treatment

Appear ane

15C
2
4
10
14
17

S
5
5
4.9
2.8
2

U
5
4.8
4.5
2.3
1.6

Controls
Texture

S
4
4
3
2
1

.9

.7

.8

.7

.9

U
4.9
4.9
4.8
3.4
1.8

Colour Decay

S
4.9
5
5
5
5

U
4.9
5
5
5
5

S
5
4.8
4.7
4.3
3.9

U
4.9
4.8

4.4
3.8

S
5
4.9
4
2.4
1.6

Irradiated Combination Treatment
Appearance Texture Colour Decay

U

4.8
4.5
2.8
1.6

S U

4.8 4.7
4.5 4.5
2.5 2.5
2.3 1.6

S U
4.6
4.9 4.7

5 5
S 5

S
5
4.7
5
4.6
4.5

U
5
4.7
4.6
4.2
4.0

Appearance Texture Colour Decay

S
5
4.7
4.5
2.4
1.4

Ü
5
4.7
3.9
2.5
1.3

S
4
4
4
2
1

.8

.5

.4

.6

.5

Ü
4.8
4.5
3.9
2.2
1.2

S
4.8
4.9
4.4
5
5

U
4.7
4.9

5
5

S
4.7
4.5

4
3.7

U
5
4.5
4.3
4.2
4.0

S
5
4.5
4.2

Brodrich scale - see Appendix 2
Average of 3 trails
S - Shipped
U - Retained
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Table 8 : Summary Effects of the Combination Treatment on the Physical Characteristics
of Yellow Green Mangoes Shipped To Cebu and Stored at 15 C.

Days of Storage Colour Appearance Texture Decay
after shippment Controls Combination T Controls Combination T Controls Combination T Controls Combination T

S U S U S U S U S U S U S U S U

2
3
4
8
9
10
11

4.5 4.2 4.3 4
4.6 4.6 3.8 4.3
4.7 4.8 4.5 4.4
4.9 4.8 4.7 4.7
4.9 5 4.8 4.8
5 5 4.7 5
5 5 5 5

4.9 4.8 5.0 4.9
4.9 4.7 4.8 4.8
4.5 4.2 3.9 4.7
3.6 3.5 3.4 3.8
3 2.1 2.8 3.1
2.1 1.4 2.2 2.2
1.8 1.5 1.4 1.5

4.9 5 4.4 4.7
4.4 4.5 4.2 4.7
4.2 4.5 3.6 4.0
3.6 3.4 3.1 3.4
3.1 3.1 2.6 2.5 5
2.10 1.5 2 2.3
1.8 1.3 1.1 1.5

4.8 4.8 4.9 4.8
4.7 4.6 4.9 4.8
4.5 4.3 4.3 4.5
3.4 3.5 3.8 4.1
3.5 3.2 3.8 3.8
2.8 2.6 3.3 3.5
2.2 1.8 2.1 2.5

S - Shipped
U - Retained
* - Brodrich scale - see Appendix 2



Table 8 provides data on changes on the physical characteristics of
green mangoes first given the combination treatment, shipped to Cebu,
returned to Manila and then stored at 15 C. A parallel group of
samples was retained in Manila but otherwise handled in the same manner
as those shipped.

Few significant differences in characteristics were found between
shipped and retained. Marked significant differences between the
appearance of the controls and those which received the combination
treatment were observed on the 4th and 9th days of storage. Colour and
texture ratings of controls were generally higher than the treated fruits
but their decay and appearance ratings were higher than the controls.

Table 9 gives data on changes in physical characteristics of mature
green mangoes shipped to Wageningen via London and stored there at 12 C.

Table 9: Changes in the Physical Characteristics of Mature Mangoes Shipped
to Wageningen, via London and stored at 12 C

Days after
shipping

1
3
5
7
9
14

3rd week

Colour*
C
4.5
4.5
4.5
5
5
5

CT
3.5
3.5
3.5
3.8
4.0
5

Appearance*
C
4.6
4.3
3.8
3.8
3.5
2.1

CT
4.5
4
3.8
3.8
3.5
2.8

Texture*
C
3.8
3.7
3.4
3
3.5
1

CT
3.2
3.2
3.2
2.8
2.8
2.3

Decay*
C
5
4.8
4.5
3
3
1
100%

CT
5
5
5
5
5
5
70%

*Brodrich Scale - see Appendix 2
C - Controls
CT - Combination Treatment

Results show distinct and significant colour differences up to nine
days of storage indicating delayed ripening in mangoes subjected to the
combination treatment. Controls had slightly better appearances and
harder texture up to the 9th day of storage but no decay was observed in
treated mangoes even after two weeks of storage. In the third week, only
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70% of the treated samples had decayed against 100% of the controls,
which decayed as early as the first week.

Table 10 provides data on the physical characteristics of mangoes
retained in Manila/ which otherwise were the same as those shipped to
Wageningen. After two weeks of storage, average scores of treated
samples were higher in all aspects as compared to controls. Only 27% of
the treated had decayed, whereas 55% of the controls already had. 63.6%
of the treated mangoes and 100% of the controls had ripened at the same
period as evidenced by the average scores.

Table 10: Changes in the physical characteristics of mangoes retained in
Manila which were otherwise the same as those shipped to
Wageningen

Days stored Colour*
after
shipment
Ambient

1
2
12°C
4
5
7
10
15
17

C

3.1
3.8

4.1
4.6
4.9
5
5

CT

2
3

3
4
4
4
4
5

.7

.3

.8

.2

.6

.8

.8

Appearance*

C

4
4

4
4
3
2
2
2

.8

.5

.4

.1

.6

.8

.8

.3

CT

5
5

4.9
4.8
4.6
4.0
3.5
2.9

Texture*

C

4
4

4
4
3
2
2
2

.8

.6

.9

.2

.6

.9

.5

.4

CT

5
5

4.5
4.9
4.6
4.1
3.1
3.0

Decay

C

4.8
4.7

4.9
4.6
4.1
3.8
3.4
3.0

*

CT

5
5

4.9
4.9
4.7
4.5
4.4
4.4

*Brodrich Scale - see Appendix 2
C - Controls
CT - Combination Treatment

Shipped mangoes were softer than those retained. These may have
been due to an effect of the hot-water dip which made the mangoes more
sensitive to compression occurrences during transit.
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CHEMICAL STUDIES

As may be seen from the data of Table 11, the enzyme in the control
increased its activity during storage, possibly due to its role in
chlorophyll degradation during ripening. In the irradiated samples, the
enzyme was temporarily inactivated immediately after irradiation.
Activity was restored on the third day regardless of the storage
temperature. This enzyme reactivation agrees with findings of Thomas and
Janave (29) who observed reactivation of polyphenoloxidase in mangoes on
the 6th day of storage after exposure to 3 kGy. Its activity increased
with storage time.

The reactivation could be attributed to the activation of a
proenzyme or latent enzyme present in the fruit by conformational changes
in the enzyme structures. This observation also agrees with earlier
findings of Monelise and Kahan (19) on peroxidase and catalzse activation
in citrus fruits.

Extracts of samples dipped in hot water at 55 C for 5 minutes
prior to irradiation at 0165 kGy showed no activity when analyzed
immediately after irradiation and even after storage. Carabao mango
peroxidase appears to have been fully inactivated. Enzyme inactivation
by heat has been confirmed by previous studies conducted by Nangundaswamy
(21). Peroxidase from other fruits has been found to require longer heat
exposure for complete inactivation.

The protein content and enzyme activity of the controls increased
with storage time but no definite pattern could be established among
protein, pH, and enzyme activity of the treated sample on any of the days
of analysis.

As shown in Table 12, the delayed ripening effect induced by
irradiation and low temperature storage is exhibited in the lower sugar
content of the treated samples. On the ninth day of storage, controls
had 15 mg sugar and the treated samples only 11 and 13 mg. Fruits stored
at ambient temperature showed progressive increases in sugar content
regardless of treatment, which is attributed to the normal physiological
ripening of the fruits.
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Table 11 : Enzyme Activity of Controls and Treated Mangoes Stored at Ambient Temperature

Storage Days Controls 0.65 kGy

pH mg protein
per ml
extract

1 3.5 6.5
3 3.5 6.8
5 3.7 7.4
7 3.8 7.6

Enzyme
Activity 1
(units/min/
mg protein)

32.31
33.30
36.48
39.47

Combination Treatment

pH mg protein
per ml
extract

3.3 5.7
3.4 5.4
3.7 7.1
3.5 7.8

Enzyme
Activity 1
(units/min/
mg protein)

*Nil
27.78
30.58
34.62

pH mg protein
per ml
extract

3.3 6.1
3.5 5.4
3.6 7.8
3.5 7.0

Enzyme
Activity 1
(units/min/
mg protein)

*Nil*Nil
*Nil
*Nil

1 The enzyme unit of activity is the amount of an enzyme that converts 10 mole of substrate per minute
under specified conditions of temperature, substrate concentration and pH of the assay.

No substantial activity detected.



Table 12: Total Reducing Sugar Content* of Treated Mangoes Stored at
Two Temperatures

Days of
Storage

0 day
5 days
9 days

12 days

Control

15 C

3.00
7.75
15.20
25.00

Ambient

2.
9.
25.
40.

01
00
00
00

0.65 kGy

15 C Ambient

3
7
13
22

.0

.13

.80

.75

3
7

19
35

.0

.13

.20

.00

15 C

2
5

11
18

Combination
Treatment
Ambient

.75

.00

.85

.20

1
5
18
32

.73

.80

.20

.00

* Expressed in mg/100 ml of sample

Table 13 shows increasing pH during storage. Fruits subjected to
combination treatment had the lowest pH among the samples. In
correlating degree of ripeness with total acidity and sugar content,
total acidity decreased while sugar content increased in all samples
while ripening during storage. These findings corroborate the lowest
carotenoid content observed in combination treated fruits (Table 15),
which confirm earlier findings that irradiation and heat treatment delay
ripening and thus inhibit formation of carotene and sugar which are the
manifestation of ripening in fruits.

Table 13: Table Showing Total Acidity* of Green Mangoes Stored at 15 C

Days of Storage

0
3
5
7
9

12
15
18
20

Controls

3.1
3.4
3.9
4.2
4.9
5.3
5.8
6.5
7.0

0.65 kGy

3.0
3.3
3.8
3.9
4.1
4.7
5.2
5.6
6.2

Combination Treatment

3.0
3.0
3.1
3.2
3.7
4.0
4.2
4.7
5.2

*Expressed in pH
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Table 14 shows that the pectin content of treated samples did not
change during storage regardless of temperature. Controls, however,
showed a higher pectin content which can be correlated with the
relatively firm texture of the fruits during the first week of storage.
Results are in agreement with findings of Buangsuwon and associates (8)
on the approximate percentage of pectin obtained in Pensen Pare mangoes.

Table 14 : Table Showing Pectin Content* of Treated Green Mangoes Stored
at Ambient Temperature and at 15 C

Days of Storage Control 0.65 kGy Combination Treatment

3
5
7

Ambient 15°C Ambient 15°C Ambient 15°C

2.9 1.4 2 1.2 2 1.2
2 1.2 2 1.2 2 1.2
2 1.2 2 1.2 2 1.2

* Expresses as % Ca pectate

As may be seen from the data of Table 15, total carotenoid content
of all samples increased with storage, which is attributed to the normal
physiological ripening process. Carotenoid contents of all samples
regardless of treatment were less in fruits stored at 15 C compared

Table 15: Effects of Irradiation and Combination Treatment on the Total
Carotenoid Content* of Mangoes Stored at Ambient Temperature
and at 15 C

Days of Controls 0.65 kGy
Storage 15°C Ambient 15 C Ambient

0 day 8.85 9.60 7.80 9.50
5 days 25.32 36.00 20.80 22.40
9 days 36.00 28.37 26.00 29.27
12 days 40.90 41.70 35.70 41.20

Combination Treatment
o15 C Ambient

2.05 2.17
12.80 19.20
15.95 21.40
22.95 35.20

*Expressed in mg/110 gm sample
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with those stored at room temperature, possibly due to the inhibiting
effect of low temperature on the ripening process. Treated fruits
exhibited less carotene content than controls. Combination-treated
fruits had less than fruits subjected to irradiation alone. This may be
due to the combined inhibitory effects of heat and irradiation on the
carotene formation.

As shown in Table 16, ascorbic acid content decreased with storage
and was less at the higher temperature, except for the irradiated (only)
fruits. This has been attributed to substances which act chemically as
Vitamin C.

Table 16: Effects of Irradiation and Combination Treatment on the Total
Ascorbic Acid Content* of Green Mangoes Stored at Two
Temperatures

Days

0
5
9
12

Controls 0.65 kGy Combination Treatment
15 C Ambient 15 C Ambient 15 C Ambient

55.00 48.00 47.00 50.00 48.00 48.00
51.20 51.50 45.00 49.30 45.00 45.00
45.00 43.00 43.75 47.00 44.75 42.00
42.75 40.00 42.75 45.00 43.00 40.00

* Expresses as mg/100 g sample

Table 17 provides a summary of the results of sensory evaluation
conducted on green mangoes stored at 15 C and at ambient temperature.
Mangoes were allowed to ripen to eating quality and then served to the
panelists. Green mangoes stored at ambient temperature were generally
rated higher by panelists over those stored at 15°C, possibly due to
sweeter taste brought about by a greater degree of ripening. No
significant differences in the sensory characteristics were observed by
panelists between the controls and treated fruits regardless of storage
temperature.
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Table 17: Evaluation of Sensoty Characteristics of Green Mangoes
Stored at 15 C and at Ambient Temperature

15°C Ambient Temperature

Characteristics* C 0.65 CT 0.65 kGy CT

Colour
Odour
Flavour
Texture
General
Acceptability

6.5
6.7
6.8
6.4

6.7

6.4
6.5
6.5
6.3

6.6

6.5 6.8 7.0
6.7 6.8 7.0
6.8 7.0 6.9
6.3

6.8 7.0 7.0

6.8
6.7
6.7

6.8

* Based on 9 point Hedonic Scale
CT - Combination Treatment
C - Control

Table 18 provides the results of the evaluation of sensory
characteristics of yellow green mangoes subjected to preservation
treatments and stored at 15 C. No significant differences in sensory
characteristics were observed by panelists between the controls and the
fruits subjected to irradiation or the combination treatment.

Table 18: Evaluation* of Sensory Characteristics of Yellow Green Mangoes
Subjected to Preservation Treatment and Stored at 15 C

Sensory Attributes Controls 0.65 kGy Combination Treatment

Colour
Odour
Flavour
Texture
General Acceptability

6
6
6
6
6

.6

.5

.3

.6

.7

6
6
6
6
6

.4

.3

.4

.4

.6

6
6
6
6
6

.6

.5

.4

.5

.6

* Based on 9-Point Hedonic Scale
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Table 19 shows the results of the evaluation of sensory
characteristics of mangoes shipped domestically. Ratings given by
panelists on colour and general acceptability of the shipped combination
treated green mangoes were significantly different from the controls.
Odour and colour were judged only slightly different. The taste of the
combination-treated, shipped and retained fruits was significantly
different. Highly significant differences in all sensory attributes
except the odour of controls were noted by the panelists in their
judgement between shipped and retained yellow green samples. Between
controls and combination-treated yellow green samples, the panelists
found the colour and odour of the retained samples, and the odour and
taste of the shipped ones also significantly different. Very little
difference in general acceptance between the controls and combination
treated fruits was observed by the panelists in the shipped samples, and
no differences were noted in the retained samples.

TABLE 19 : Evaluation of Sensory Characteristics* on Mangoes Shipped
Domestically

Green Mangoes

Control 7.7

Colour Odour Taste Gen. Acceptability

7.8

Combination 7.02 7.02
Treatment

7.3

6.9

7.3

6.8

7.6

7.2

7.6

6.7'

7.6

6.9

U
7.61

7.1

Yellow Green Mangoes
Colour Odour Taste

S U S U S U
Control 7.2 5.82 6.71 6.81 7.72 6.8

Combination 7.4 6.42 7.21 6.31 5.91 6.8
Treatment === === === === === ===

Gen. Acceptability
S U
7.3 6

7.5 6
===

.i!

.8
==

* Based on 9-point hedonic scale
S - Shipped
U - Retained
2 - Highly significant at 1% level between controls and combination treatment
1 - Significant at 1% level between controls and combination-treated fryuts
_ Significant at 1% level between shipped and retained samples of same treatment
=•= Highly significant at 1% level between shipped and retained samples of same treatment
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CONCLUSIONS

1. Mangoes picked at an early stage are not suitable for irradiation
treatment.

2. The shelf life of green mangoes subjected to irradiation at 0.65 kGy
and stored at ambient temperature was extended by four days.
Combination treatment of hot water dip at 50 C for 5 minutes
irradiation at 0.65 kGy extended it by 5-6 days.

3. Mangoes that ripen to the yellow green stage (4-5) during transport
may still be subjected to irradiation at 0.65 kGy. When stored at
at ambient temperature, the shelf life is extended by four days by
the preservation tre<
is extended further.
the preservation treatments. When stored at 12 - 15 C, shelf life

4. The time interval between hot-water dip and irradiation must be as
short as possible and fruits must be stored at ambient temperature
prior to irradiation to prevent discolouration.

5. Yellow mangoes, too fragile for transport and for irradiation
because of the soft texture, may be hot-water dipped at 50 C for 5
minutes and stored at 15 C. Shelf life is extended indefinitely.

6. Fruits harvested during the dry months and given the combination
treatment were not markedly better than similar control fruits.

7. Peroxidase activity was only temporarily inactivated by 0.65 kGy but
was completely inactivated by the combination treatment of hot-water
dip and irradiation.

8. Delayed ripening of treated fruits is reflected in the lower sugar
and carotenoid contents and higher acidity readings.

9. No significant differences in ascorbic acid and pectin contents
occur between controls and treated samples.

10. Retained controls of yellow green mangoes were rated higher than the
shipped ones during the first few days of storage. No significant
differences in quality attributes between shipped and retained green
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mangoes were noted later. Treated green mangoes had delayed colour
development, whether shipped domestically or internationally. With
longer periods of storage time, green or yellow-green treated
fruits, whether shipped or not, exhibited a lower percentage of
decay.

11. Sensory evaluations indicated no marked differences in colour,
aroma, appearance, and acceptability. Although controls were always
rated higher than the treated samples, scores higher than 5 given to
the treated samples showed that they were also generally acceptable.

Appendix 1
MODIFIED MATURITY SCALE

1 - Mature Green 100%
2 - 90% green 10% yellow
3 - 80% green 20% yellow
4 - 70% 30%
5 - 60% 40%
6 - 50% 50%
7 - 20% 20%
8 - 100% yellow
9 - spotted, edible but non-marketable
10 - decayed
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Appendix 2

MANGO RATINGS FOR DISEASE, TEXTURE, APPEARANCE AND COLOUR

CATEGORY DISEASE TEXTURE APPEARANCE COLOUR

No decay notice-
able

Firm hard and
unyielding to
pressure

Attractive,
good appear-
ance; a few
small marks
accepted

100% of skin
surface is
yellow

Very slight
decay, less
than 5% of the
skin surface is
affected

First signs
of softening

Fruit slightly
marked only

75% of skin
surface is
yellow

Fair decay,
more than 5%

3 but less than
10% of the skin
surface affected

Elasticity can
be felt -
resistance
in texture,
edible ripe

Still acceptable 50% green
for market - 50% yellow
first signs of
disease or areas
of fruit softening

Moderate decay,
more than 10%

2 of the skin
surface

No elasticity,
fruit is soft

Poor appear- 75%
arance caused is g
by over ripe-
ning. Fruit is
rejected.

of skin
»reen

Severe decay,
more than 75%
of skin surface
affected

Very soft,
completely
collapsed

Bad appear-
arance, fruit
rejected at
a glance

100% of skin
surface is
green

H. T. Brodrich (1982)
(From: Langarak (13))
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QUALITY CHANGES OF IRRADIATED SPICES STORED
IN DIFFERENT INDIGENOUS PACKAGING MATERIALS

Tjetje Surja SAPUTRA+, Munsiah MAHA, Z.I. PURWANTO
Centre for the Application of Isotopes and Radiation,
National Atomic Energy Agency,
Jakarta, Indonesia

Abstract

The changes in quality of irradiated spices, i.e., nutmeg (Myristica
frasrans), black pepper and white pepper (Piper nisrum) stored in
different indigenous packaging materials were evaluated. Packaging
materials used were tin cans; tin can lined with polypropylene film, tin
can lined with wrapping paper, woven polypropylene bag and woven
polypropylene bag lined with polypropylene film. Packaging in woven
polypropylene bag could cause significant changes in aw-values and
moisture contents of the spices. In the tin can, no significant change
was found during storage. By applying a polypropylene film liner inside
the plastic bag, the changes could be retarded. The other parameters
observed, i.e. total plate count, total mould and yeast count and
organoleptic scores of the samples were not significantly affected by the
packaging method. A dose of 5 kGy could reduce the microbial load of the
spices by about 2-3 log cycles, A significant decrease in aw-value and
moisture content of nutmeg, and organoleptic scores of pepper was also
found due to irradiation. Prolonged storage caused a significant
decrease in organoleptic properties of the spices. After prolonged
storage, the microbial load of nutmeg and black pepper showed a
significant decrease, while in white pepper a slight increase was
observed.

INTRODUCTION

In general, commercial spices such as black pepper, corriander,
paprika, mace, white pepper, nutmeg, etc., contain a high microbial

3 8load. The bacterial load ranges from 10 to 10 organisms/g or even
higher as reported by BAXTER and HOLZAPFEL (1) and SAPUTRA et al (2).

The use of irradiation to decontaminate spices has been proved to be
effective (2-4). Results of a previous investigation (2) showed that a
dose of 5 kGy could reduce the microbial load of black pepper, white
pepper, and nutmeg by as much as 2-4 log cycles for total plate count and
1-3 log cycles for total mould and yeast count.

Deceased.
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In commercial practice, spices are commonly packed in gunny sacks.
However, such a packaging material can not protect the content from
insect infestation and microbial contamination during storage and
transportation. Therefore, it is considered necessary to use other
suitable packaging materials for irradiated spices to stabilize the
quality.

HIGHLAND (5) reported that a tightly sealed polypropylene (PP) film
overwrap can significantly increase insect resistance of rigid or semi
rigid unit packages. Polypropylene film is also an execellent moisture
and gas barrier (6), and, therefore, could protect the content from
gaining or losing moisture.

MAHA et al (7) reported that an irradiation dose of up to 10 kGy
does not produce any significant effect on the physical properties of
woven polypropylene bags. Therefore, woven polyprolene bags lined with
PP films seems to be suitable for packing irradiated spices.

The tin container, which is commonly used for packing dried
products, such as tea, cashewnut, and roasted coffee, may also be
considered for packing irradiated spices, since, according to KILLORAN
(8), irradiation has no effect on tensile properties of tin plate. The
commercial tin can also has been reported to be suitable for the
packaging of radappertized beef (9).

The present study was undertaken to evaluate chemical,
microbiological and sensory changes of irradiated spices packed in woven
polypropylene bags and tin cans.

MATERIALS AND METHODS

Materials

Nutmeg, black pepper, and white pepper in the whole form obtained
from ttanado, Lampung, and Pangkal Pinang, respectively were used as the
material of the experiment.

The packages used were tin cans of 10.7 cm diameter and 11.7 cm
height, and polypropylene woven bags. Both were obtained from producers
in Jakarta.
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PP film of 0.06 mm thick or commercial wrapping paper were used as
inner liners for the tin cans and polypropylene woven bags.

Sample preparations and treatments

Samples of black and white pepper were sorted and sun-dried upon
arrival at the laboratory to reduce the moisture content to about 10%.
The nutmeg was used directly without additional drying since the moisture
content was already low enough, i.e., about 7%.

The samples were packed using 5 different methods:

1. In tin can without inner liner (TO
2. In tin can lined with PP film (TC + PPF)
3. In tin can lined with wrapping paper (TC + WP)
4. In woven PP bag without inner liner (WPB)
5. In woven PP bag lined with PP film (WPB + PPF)

The packed samples were irradiated at 0 or 5 kGy in a panoramic
batch type Co-60 irradiator and stored at room temperature.

The samples were examined every 3 months from 0 up to 9 months
storage. The parameters observed were total plate count (TPC), total
mould and yeast count (TMYC), moisture content, a -value, and
organoleptic properties, i.e., odour and flavour.

Each experiment was conducted in 2 replications.

Method of analyses

Moisture content (MC) was measured using toluol distillation method
. -valu«w

by Beckman.
and a -value was determined using Hygroline Recorder Model VFB produced

Total plate count (TPC) for bacteria was done on Trypton Glucose
Yeast Agar and total mould and yeast count (TMYC) was on Saboursud
Dextrose Agar media, respectively.
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Subjective evaluations for odour and flavour were done by submitting
the samples to 10 panelists using a 9-point hedonic scale (9 = liked
extremely, 5 = neither liked nor disliked, 1= disliked extremely).

Visual inspection consisted of observation for mould growth and
insect infestation on the samples.

Results obtained were evaluated statistically using analysis of
variance followed by Duncan's new multiple range test.

RESULTS AND DISCUSSIONS

The effects of packaging methods on the qualitites of nutmeg, black
pepper and white pepper are summarised in Table I. Regardless of the
storage period, the a and the moisture content of nutmeg packed in tin
cans was higher than that packed in woven PP bags. However, for black
pepper and white pepper, the a
samples packed in woven PP bags.
pepper and white pepper, the a and moisture contents were higher in

In general, the packaging method did not affect the microbial load
and organoleptic characteristics of the spices.

Table II summarizes the effect of irradiation on the qualities of
the spices. A dose of 5 kGy reduces the TPC of nutmeg, black pepper and
white pepper by 2, 3.4, and 2.4 log cycles, respectively; whereas the
TMYC decreased by 2.5 log cycles for nutmeg, 2.7 log cycles for black
pepper, and 2.6 log cycles for white pepper. An irradiation dose of 5
kGy did not affect the a and moisture content of black and white

wf
pepper. In nutmeg, a significant decrease occurred. However, a slight
change in the odour and flavour of pepper due to the irradiation
treatment was detected.

Text continued on p. 63.
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TABLE I(a). MOISTURE CONTENT AND WATER ACTIVITY OF BLACK PEPPER PACKED IN
DIFFERENT KINDS OF PACKAGING MATERIAL AND STORED AT AMBIENT CONDITIONS

TC
HC {%)

^^_^_JL___
TC+PPF

MO (*)
aw

TC+WP
———— MC U)

aw
•>»»••————••

—— MC (u)

\

WPB+PPF
MC (#)

aw

Storage time (months)

o | 3 | 6 | 9

0 kGy

8.4
0.463 .+ 0.001

8.4
0.463 _+ 0.001

8.4
0.463 _+ 0.001

8.4
0.463 i 0.001

8.4
0.463 ± 0.001

5 kGy I 0 kGy

8.5
0.482 _+ 0.003

8.5
0.482 JK 0.003

8.5
0.482 i 0.003

8.5
0.482 + 0.003

8.5
0.482 +. 0.003

9.0 + 0.5
0.485 +. O.OO3

8.8 i 0.3
0.49? _+ 0.040

9.2 i 0.2
0.509 i 0.014

9.9 ± 0.?
0.591 ± 0.005

9.1 ± 0.2
0.520 HH 0.024

5 kGy ] 0 kGy | 5 kGy | 0 kGy

9.8 i 0.1
0.468 +, O.O21

9.1 + 0.1
0.461 _t 0.003

9.3 ± 0.8
0.465 i 0.016

9.4 j. 0.1
0.540 i 0.013

9,1 i 0.1
0.462 _+ 0.004

8.1 i 0.3
0.478 i 0.015

8.9 i 0.1
0.500 i 0.028

9.5 + 0.1
0.551 + 0.023

10.2 jt 0.3
0.600 + 0.014

9 - 3 + 0.3
0.525 ± 0.034

7.9 + 0.2
0.533 + 0-°39

8.6 i 0.1
0.500 ^ 0.013

9.4 i 0.1
0.553 ± 0.011

9.9 ± 0.2
0.548 +. 0.067

9.2 i 0.2
0.537 i 0.012

8.9
0.462 _+ 0.025

8.7 +. 0.7
0.437 i 0.008

9.1 i 0.1
O.'i50 H; 0.009

9.5 ± 0.4
0.449 i 0.006

9.1 +. 0.4
0.448 ^ 0.012

5 kGy

8.9 + 0.1
0.475 ± 0.057

8.7 i 0.4
0.466 ± 0.001

8.8 ± 0.6
0.491 _+ 0.023

9.2.1 0.1
0.489 i 0.016

9.1 i 0.1
0.458 i 0.014

') TC = Tin container ; TC +
woven plastic bag ; WPB

PPF = Tin container + PP liner ; TC + WP = Tin container + wrapping paper liner ; WPB = Double layer
PPF = Double layer woven plastic bag + PP liner



00

TABLE I(b). MOISTURE CONTENT AND WATER ACTIVITY OF WHITE PEPPER PACKED IN
DIFFERENT KINDS OF PACKAGING MATERIAL AND STORED AT AMBIENT CONDITIONS

TC— MC (SO
aw

TC+PPF
MC (50
aw

TC+WP
MC (#)
aw

—— MC (%)
aw

WPB+PPF
MC U)
aw

Storage time (months)
0

0 kGy

9.3 ± 0.1
0.1*69 i 0.001

9.3 i 0.1
0.469 ± 0.001

9.3 ± 0.1
0.469 i 0.001

9.3 i 0.1
0.469 i 0.001

9.3 ± 0.1
0.469 +_ 0.001

5 kGy

8.7 + 0.2
0.469 ± 0.005

8.7 ± 0.2
0.469 ± 0.005

8.7 i 0.2
0.469 ± 0.005

8.7 i 0.2
0.469 i 0.005

8.7 i 0.2
0.469 i 0.005

3
0 kGy

8.3 i 0.3
0.446 i 0.016

8.3 i 0.3
0.441

8.9 +. 0.4
0.434 i 0.005

10.3 ± 0.3
0.488 i 0.020

8.8 i 0.8
0.458 +. 0.001

5 kGy

9.0 _+ 1.0
0.457 _+ 0.023

8.0
0.442 i 0.001

9.8 i 0.3
0.455 i 0.003

10.5
0.492 +. 0.003

10.3 ± 0.3
0.464 _+ 0.003

6
0 kGy | 5 kGy

8.2 ± 0.5
0.4p_5 + 0.007

8.4 + 0.3
0.566 +. 0.010

7.4 i 0.1
0.516 +. 0.037

10.6 +. 0.8
0.574 _+ 0.008

9.8 i 0.4
0.538 +. 0.081

9.1 ± 0.1
0.490 i 0.028

9.6 ± 0.3
0.520 i 0.042

8.4 i 0.3
0.535 ± 0.035

10.7 i 1.1
0.546 +_ 0.051

9.4 i 0.2
0.520 i 0.014

9
0 kGy

9.9 ± 0.1
0.48? i 0.01?

9.4 + 0.2
0.449

9.3 ± 0.4
0.449 ̂  0.064

11.1 ± 0.3
0.476 i 0.010

9.8 i 0.1
0.454 +̂  0.004

5 kGy

9.3 i 0.7
0.488 _+ 0.029

9.3
0.419 _+ 0.013

9.7 i 0.3
0.453 ± 0.006

10.9 i 0.1
0.495 +. 0.068

10
0.495 ± o.oo4

*) TC = Tin container ; TC +
woven plastic bag j WPB +

PPF = Tin container + PP liner ; TC + WP = Tin container + wrapping paper liner ; WPB = Double layer
PPF = Double layer woven plastic bag + PP liner



TABLE I(c). MOISTURE CONTENT AND WATER ACTIVITY OF NUTMEG PACKED IN
DIFFERENT KINDS OF PACKAGING MATERIAL AND STORED AT AMBIENT CONDITIONS

P»ck»ging

TC MC u:
aw

TC+PPF
MC (̂ ;
aw

TC+WP
MC «
aw

WPB
MC (%
aw

WPB+PPF
MC (%
aw

Storage time (months)
0 |

0 kGy

7.5 i 0.2
0.648 ± 0.003

7.5 iO.2
0.648 + 0.003

7.5 ± 0.2
0.648 +. 0.003

7.5 i 0.2
0.6'i8 i 0.003

7.5 i 0.2
0.646 i 0.003

5 kGy J 0 kGy

7.0
0.67̂  i 0.003

7.0
0.674 i 0.003

7.0
0.674 i 0.003

7.0
0.674 ± 0.003

7.0
0.6?1* i 0.003"*

7.0
0.610 + 0.028

6.5
0.620 i 0.004

6.6 .+ 0.1
0.620 i 0.007

6.0 i 0.1
0.565 ± 0.006

6.3 i 0.3
0.631 ± 0.003

I 15 kGy 1 0 kGy | 5 kGy

6.3 i 0.3
0.631» i 0.006

5.9 +. 0.1
0.650 i 0.005

6.5 i 0.1
0.592 +, 0.039

7.0 i 0.1»
0.600

6.1 i 0.1
0.614 _+ 0.004

8.1 + 0.3
0.73̂  i 0.026

11.0 +. 0.1
0.814 ± 0.017

9.8 ± 0.4
0.796 +. 0.011

6.9 i 0.1
0.673 ± 0.015

7.1 i 0.2
0.695 + 0.008

8.0
0.655 i 0.014

7.8 i 0.4
0.676 i 0.017

7.k i 0.2
0.656 +. 0.003

7.6 + 0.4
0.628 i 0.002

8.1 ± 0.1
0.682 +. 0.021"~

9
0 kGy

11.5 ± 3.9
0.586 i 0.052

7.7 ± 0.3
0.775 i 0.173

11.3 ± 1.8
0.892 +. 0.052

6.2
0.44? i 0.002

6.5
0.511 ± 0.034

5 kGy

7.0
0.595 i 0.031

6.5
0.528 + 0.062

6.1 JK 0.1
O.S1*! i 0.014

6.7 + 0.1
0.50? ± 0.021

7.5
0.559 ± 0.001

') TC = Tin container ; TC
woven plastic bag ; WPB

PPF = Tin container + PP liner ; TC + WP •= Tin container + wrapping paper liner ; WPB = Double layer
PPF = Double layer woven plastic bag + PP liner
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TABLE II(a). TPC AND TMYC PER GRAM OF BLACK PEPPER PACKED IN DIFFERENT
KINDS OF PACKAGING MATERIAL AND STORED AT AMBIENT CONDITIONS

ï£ TPC
TMYC

TC+PPFTPC

TMYC

TC+WP

TMYC

U£B TPC

TMYC

tfPB+PPF
TPC
TMYC

Storage time (months)

0

0 kOy

(4.5 i 0.8)io7

103

(4.5 ± o.8)io7

103

(it. 5 + o.8)io7
103

(4.5 ± o.8)io7
103

(4.5 + 0.8)107
103

5 kGy

(4.6 + 0.5)10"*

(4.6 i o.JJio1*

(4.6 i 0.5)10**

(4.6 i 0.5)10**

(4.6 i 0.5)10'*

3
0 kGy | 5 kGy

(2.0 ± 0.6)107

(3.8 ± 1.6)103

(1.4 + 0.1)10'
(3.0 i 1.0)10-

(2.3 i 1.6)107

(3.3 i 1.1)10-

(4.4 ± 2.8)10'
(6.1 + 2.3)10-

(2.6 i 1.5)10'
(2.8 i 0.1)10-

(1.4 + o.9)10

(2.6 .+ 1.7)10*

(2.1 i 0.8)10'*

(7.5 i 3.2)103

(2.1 +. 0.4)10'

6
0 kGy § 5 kGy

(3.6 i 0.5)107

(2.1 i 0.2)103

(1.9 i 0. 1)107
(4.8 ± 2.2)103

(2.6 i 0.2)107

(2.8 i 2.1)103

(2.1 i 0.2)107

(2.2 i 0.1)103

(1.1 i 1.5)107
(1.1 i 1.4)103

4.1 x 10
1.0 x 102

(1.5 i L5)105
(2.1 i 0.2)102

j.(3.9 ± 0.9)10
0.5 x 102

(2.4 i 1.?)103

0.5 x 102

L(2.6 i 1.6)10
(0.9 i 0.2)102

9
0 kQy

(1.9 i O.D107

(1.3 + 0.1)103

(2.8 ± 0.9)107

(1.7 ± 0.3)103

(2.0 i 0.4)107

(6.4 ± 3.5)102

(3.0 i 2.2)107

(2.1 ± 2.0)105

(2.6 i 0.9)107
(6.2 t, 0.1)102

5 kGy

(1.8 ± o.sîio1*
4.8 x 10

(1.1 ± 0.1)10**
(7.4 ± 3.6)10

(1.0 +. 1.8)10**

(1.3 i 0.2)103

(3.8 i 1.3)10

(6.6 i 2.3)103
(2.0 +. 0.6)10

•) TC = Tin container ; TC
woven plastic bag ; WPB

+ PPF = Tin container + PP liner ; TC + WP = Tin container +
+ PPF = Double layer woven plastic bag + PP liner,

wrapping paper liner ; WPB = Double layer



TABLE II(b). TPC AND TMYC PER GRAM OF WHITE PEPPER PACKED IN DIFFERENT
KINDS OF PACKAGING MATERIAL AND STORED AT AMBIENT CONDITIONS

P«ek»ging

2- TPC

TMYC

Û !TPC
TMYC

TC+WF TPC

TMYC

^ TPC
TMTC

WPB+PPF
TPC
TMYC

Storage tine (months)
0

0 kOy 1 5 kGy

(4.0 ± 0.9)10*
(4.1 i 0.2)10**

(4.0 +_ 0.9)10
(4.1 i 0.2)10

(4.0 +. 0.9)10
(4.1 i 0.2)10*

(4.0 i 0.9)10*

(4.1 ± 0.2)10*

(4.0 i 0.9)10*
(4.1 +. 0.2)10'*'

17.0 i 8.7)102

; 2.0 i 0.5)102

!17.0 i 8.7)102
; 2.0 i 0.5)102

:i?.o + 8.?)io2
: 2.0 i 0.5)102

(17.0 i 8.7)102
: 2.0 i 0.5)102

:17.0 i 8.7)102
: 2.0 ± 0.5)102

3 | 6
0 kOy | 5 kQy | 0 kOy | 5 Wy

(10.5 +. 1.4)10-
( 5.5 i l.4)1o'

(11.4 i 7.1)10'
( 8.0 i 1.9)10'

(10.1 + 2.1)10*'
( 8.5 i 0.8)10'

( 4.0 i 1.0)10*
(11.2 ± 2.4)lo'

( 8.3 ± 2.6)10!
( 7.6 ̂  0.4)lo'

(1.2 + 0.2)102

102

(2.8 i 1.1)102

(5.0 i 4.2)102

(2.5 ± 2.1)102•

(3.8 i 0.6)105

(7.5 +, O.Dio1*

(1.4 il4.4)io6

(6.2 ± O.̂ IO1*

(4.1 + 0.3)105

(5.5 ± 2.0)10**

(9.2 + 2.D105

(4.7 i 0.9)10"*

(5.6 ± 4.2)105
(6.8 i 0.1)10̂

(0.8 i 0.7)103

102

(2.1 i 1.3>103

(1.1 i 1.1)102

(2.1 + 2.2)103

4.8 x 10

(8.6 i 5.2)102

4.9 x 10

(1.0 +. 0.7)102
(8.7 i. 1.8)10

9
0 kGy 1 5 kGy

1.7 i 0.6)105

(6.1 i 1.?)103

(1.6 i 1.1)105

(1.4 i O.Olo'*

(3.6 i 0.4)10**
(1.7 i 1.0)10

(3.0 i 0.2)105

(1.2 ̂  0.4)10*

(1.5 i 0.2)105
(1.0 +. 0.6)10*

(1.8 +. 0.4)10*
(1.0 +. 0.1)10*

(9.5 iH.7)io2

(2.3 ;t 0.1)10*
(1.0 i 0.3)10*

(2.3 i 0.4)102

(3.0 t 1.4)103

(5.8 t 6.4)io2
(0.8 ± 0.6)10̂

') TC = Tin container ; TC + PPF
woven plastic bag ; WPB + PPF

= Tin container + PP liner ; TC+WP « Tin container + wrapping paper liner ', WPB » Double layer
n Double layer woven plastic bag + PP liner.
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TABLE II(c). TPC AND TMYC PER GRAM OF NUTMEG PACKED IN DIFFERENT
KINDS OF PACKAGING MATERIAL AND STORED AT AMBIENT CONDITIONS

material*

TC TPC

TMYC

TC+PPF————— TPC
TMYC

TC+WP I'PC

TMYC

WPB
—— TPC

TMYC

WPB+PPF
TPC
TMYC

Stor«g« time (months)
0

0 kGy | 5 kGy

12.1* ± 5.2)10*

'. 3.3 i 1.0)105

12. k ± 3.2)1<>*

3.3 ± 1.0)105

[12.4 i 3.?)1o'*

C 3-3 i i.o)io5

(12.4 + 3.2)10

C 3.3 jt 1.0)105

(12.4 i 3.2)10̂
C 3.3 i 1.0)105

o(1.6 _+ 0.6)10

(1.6 ± 0.6)102

(1.6 i 0.6)102

(1.6 ± 0.6)102

(1.6 i 0.6)102

3
0 kGy

13.5 i 2.D103

16.5 i12.0)l03

6.5 i 't.gîio3
6.0 i *U2)105

3.5 ± 2.1)103
5.3 i ̂.6)103

13-3 i11.0)l03

[26.2 i24.'f)lo5

;io.o i 8.o)io3
[20.5 i19.0)l03

5 kGy

102

(3.8 ± 1.3)102

(3.5 i 2.5)102

(3.5 ± 0.7)102

(3.3 ± 1.8)102

6
0 kGy

(4.7 i 1».3)102

(i+. 6 i 5.8)103

(5.7 i 7.̂ )102
(9.8 i 1.1)10

(9.9 ± 0.3)10
(1.2 i 1.6)105

(3.6 i 3.7)102

103

(1.5 i 1.0)102
(1.1 i 0.5)10

5 kQy

2.5 x 10
(2.7 + O.'tJlO2

7.5 x 10
2.0 x 102

2.5 x 10
(3.1 i 3.3)102

(?.6 + 3.7)1Q2

1.3 x 102

(2.7 + 3.2)10

9
0 kQy

(4.3 ̂  2.8)103

(5.0 i 2.6)102

(3.1 i 1.6)102

(3.8 i 3.1)102

(6.1 ± 2.8)lo't

(1.2 i 1.7)106

(2.1 +. 1.7)10̂
(S.'t i 1.2)102

(1,«> i LÇJlO4
(4.1 i 2.7)103

5 kOy
102

Ct.6 + 1.9)10

(4.6 i 1.9)10
3.3 x 10

(4.6 i 1.9)10
6.0 x 10

102

(3.5 ± 3.5)10'

(6.6 + 0.5)10
io2

•) TC = Tin container ; TC
woven plastic bag ; WPB

PPF = Tin container + PP liner ; TC + WP = Tin container + wrapping paper liner ; WPB = Double layer
+ PPF = ,Double layer woven plastic bag + PP liner.



The effects of the storage period on the qualities of nutmeg, black
and white pepper are presented in Table III. A -values and moisturew
contents of the spices fluctuated during storage. This is probably due
to the fluctuations in the relative humidity (70 to 90%) of the
surroundings during the storage period. Such changes can occur only in
samples packed in non-air tight packaging materials, such as
polypropylene woven bags. In these packages, the samples can lose or
absorb moisture through the package to reach an equilibrium with the
humidity of the surrounding.

After storage, the microbial load of nutmeg and black pepper
decreased significantly. In white pepper a slight increase was observed.
The fact that prolonged storage reduces microbial counts of spices is in
conformity with the results of the previous experiment (2). The decrease
might be caused by the low a of the samples, i.e., 0.68 for nutmeg,
0.50 for white pepper and 0.52 for black pepper. These a -values are
below the a ranges for growth of bacteria, yeasts and moulds.
Therefore, microbial growth can be suppressed as stated by TROLLER (10).
Furthermore, the decrease in microbial counts of the spices also may be
caused by the essential oils of spices which have antimicrobial
activities, as reported by some investigators (11-15).

No mould growth was observed on both irradiated and unirradiated
samples. Insect infestation were found only on unirradiated nutmeg.
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TABLE III(a). FLAVOUR AND ODOUR OF BLACK PEPPER PACKED IN DIFFERENT
KINDS OF PACKAGING MATERIAL AND STORED AT AMBIENT CONDITIONS

TC— Odour
flavour

TC+PPF
Odour
Flavour

TC+WP
Odour
Flavour

^^mmmt^tmmf^

WP8
Odour
Flavour

WPB+PPF
Odour
Flavour

Storage time (months)
0

0 kGy

7.3 ± 0.2
6.9 i 0.2

7.3 ± 0,2
6.9 i 0.2

7.3 ± 0.2
6.9 ± 0.2

7.3 ± 0.2
6.9 ± 0.2

7.3 ± 0.2
6.9 ± 0.2

5 kGy

5.9 i 0.2
6.1 +_ 0.2

5.9 i 0.2
6.1 i 0.2

5.9 ± 0.2
6.1 + 0.2

5.9 i 0.2
6.1 i 0.2

5.9 i 0.2
6.1 ̂  0.2

3
0 kGy I 5 kGy

6.0
5.5 ± 0.3

6.0 + 0.1
5.8 +. 0.5

5.? i 0.3
5.2

6.0 ± 0.1
5.6 ± 0.2

5.5 + 0.2
5-5 ± 0.3

5.5 i 0.2
5.1* + 0.2

5.5 i 0.6
5.3 i 0.1

5.7 i 0.7
5.̂  ± 0.3

5.6 i 0.1
5.3 i 0.2

5.9 i 0.2
5.7 i 0.5

6
0 kGy

6.1 i 0.1
6.0 i 0.1

6.2 ± 0.2
6.1* i 0.1

6.5 + 0.3
6.1 + 0.1

6.1 i 0.1
6.1 ± 0.2

6.1
6.2 +_ 0.1

5 kGy

6.1 i 0.1
6.0 i 0.1

6.0 i 0.1
6.1 +_ 0.1

6.4 i 0.1
6.1 .+ 0.2

6.0
6.1 i °'2

6.1 i 0.1
6.2 + 0.1

9
0 kGy

6.2 ± 0.4
6.0

6.1
6.1

6.0
6.0

6.3
6.0

5.9 ± 0.2
6.0

5 kGy

6.2 ± 0.1
6.0

6.1 i 0.1
6.0

6.2
6.0

6.2 £ 0.1
6.0

6.3 ± 0.2
6.0

*) TC = Tin container ; TC
woven plastic bag ; WPB

+ PPF = Tin container + PP liner ; TC + WP = Tin container + wrappinc paper liner ; V/PB = Double layer
+ PPF = Double layer woven plastic bag + PP liner.



TABLE III(b). FLAVOUR AND ODOUR OF WHITE PEPPER PACKED IN DIFFERENT
KINDS OF PACKAGING MATERIAL AND STORED AT AMBIENT CONDITIONS

m»terx«l*

TC— Odour
Flavour

TC+PW
Odour
Flavour

TC+WP
Odour
Flavour

WPB
Odour
Flavour

WPB+PPF
Odour
Flavour

Storage time (months)
0

0 kGy

7.5 i 0.1
7.0 _+ 0.1

7.5 ± 0.1
7.0 i 0.1

7.5 ± 0.1
7.0 +. 0.1

7.5 ± 0.1
7.0 +_ 0.1

7.5 ± 0.1
7.0 +. 0.1

5 kGy

6.4 t_ 0.?
6.5 +. 0.2

6.4 i 0.2
6.5 i 0.2

6.4 j- 0.2
6.5 i 0.2

6.4 £ 0.2
6.5 i 0.2

6.4 i 0.2
6.5 i 0.2

3
0 kGy

6.2 ± 0.2
6.3

6.5 i 0.1
6.5 ± 0.1

6.4 ± 0.4
6.4 +. 0.1

5.8 i 0.3
6.5 i 0.1

6.3 i 0.1
6.5

5 kGy

6.3 i 0.2
6.1 j. 0.?

6.1 ± 0.?
6.5 ± 0.1

6.0 i 0.3
6.3 i 0.1

6.5 .+ 0.5
6.4 +. 0.1

6.0 ± 0.2
6.8 + 0.2

1 1 10 kGy 1 5 kGy | 0 kGy j 5 kGy

6.7 ± 0.6
6.0 ± 0.3

6.5 +. 0.1
6.2 i 0.1

6.8 i 0.1
6.4 + 0.2

6.8 i 0.1
6.2 _+ 0.2

6.6 ̂  0.3
6.3 ± 0.2

6.6 i 0.3
6.2 i 0.1

6.6 i 0.1
6.4 i 0.1

6.5 i 0.3
6.3 i 0.3

6.7 i 0.1
6.4 i 0.1

6.7 +. 0.1
6.3 + 0.3

6.6 i 0.1
6.5

6.6 .+ 0.1
6.6 +. 0.2

6.7 + 0.1
6.5 ± 0.1

6.5 i 0.1
6.3 ± 0.1

6.5 i 0.2
6.4 ± 0.1

6.4 +_ 0.1
6.4 +̂  0.1

6.6 i 0.1
6.5 ± 0.1

6.6 i 0.1
6.5 i 0.1

5.7 i 0.1
5.8 + 0.1

6.6
6.1

*) TC = Tin container ; TC
woven plastic bag ; WPB

+ PPF = Tin container + PP liner ; TC + WP = Tin container + wrapping paper liner ; WPB = Double layer
+ PPF = Double layer woven plastic bag + PP liner.
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TABLE III(c). FLAVOUR AND ODOUR OF NUTMEG PACKED IN DIFFERENT
KINDS OF PACKAGING MATERIAL AND STORED AT AMBIENT CONDITIONS

Packaging
material*

TC— Odour
Flavour

TC+PPF
Odour
Flavour

TC+UP
Odour
Flavour

WPE
Odour
Flavour

WPB+PPF
Odour
Flavour

0
0 kGy

7.5 + 0.1
6.3 +. 0.2

7.5 ± 0.1
6.3 +. 0„2

7.5 + 0.1
6.3 i 0.2

7.5 i 0.1
6.3 i 0.2

7.5 i 0.1
6.3 i 0.2

5 kGy

6.1 i 0.2
5.9 i 0.2

6.1 i 0.2
5-9 i 0.2

6.1 i 0.2
5.9 ± 0.2

6.1 + 0.2
5.9 i 0.2

6.1 i 0.2
5-9 i 0.2

Stor»g« time (months)
3

0 kGy

6.0
5.3 ± 0.4

5.4 ± 0.3
5,7 ±0.1

5.5 i 0.5
5.5 i 0.4

5.5 ± 0.1
5.2 i 0.3

5.6 i 0.5
5.3 i 0.1

5 kGy

5.7 i 0.1
5,5 i 0.1

5.4 i 0.6
5.0

5.5 i 0.3
5.3 i 0.1

5-8 i 0.1
5-3 i O.Ï

5.8
5.4

6
0 kGy

5-9 ± 0.3
5.8 i 0.4

6.1 i 0.1
5.9 + 0.2

6.0 i 0.1
5.9 ± 0.1

6.1 i 0.2
S.8 + 0.2

6.1 i 0.5
5.9 i 0.4

5 kGy

6.1 i 0.2
5.9 ± 0.1

6.3 i 0.1
5.9 i 0.1

5.9 ± 0.1
5.8

6.4 _+ 0.1
5.9 i 0.1

5.9 i 0.1
5.7 i 0.1

•) TC = Tin container ; TC + PPF « Tin container + PP liner ; TC + UP » Tin container -f wrapping paper liner ;
WPB * Double l«yer woven plastic bag j VIJ>B + PPF « Double layer woven plastic bag + PP liner.



CONCLUSIONS

Packaging of spices in air-tight packaging materials such as the tin
can or woven plastic bags lined with polypropylene film, can prevent
changes in moisture content or a -values of the spices during storage.
Irradiation with a dose of 5 kGy can reduce the microbial load of spices
by about 2-3 log cycles. A substantial further reduction in microbial
load in spices containing less than 10% moisture occurs with prolonged
storage.

Organoleptic properties of the spices also decrease after prolonged
storage.
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Abstract

The quality of irradiated whole nutmeg (ttyristica fra&rans) and
whole white pepper (Piper nisrum) packaged in locally available material
was evaluated. The spice samples were packaged in tin-containers or
woven polypropylene (PP) bags, with or without oxygen absorber in the
package, irradiated at 5 kGy, and shipped from Jakarta to Wageningen by
sea-freight. The shipment was made in small and in commercial-size
packages. Irradiation effectively disinfested and decontaminated spices
without altering their chemical composition and sensory properties. (PP)
bags, particularly those without an inner liner, did not withstand rough
handling and did not prevent reinfestation during shipment. Tin
containers did withstand rough handling and prevented re-infestation.
The oxygen absorber had no effect on microbial count and the other
parameters of the spices.

INTRODUCTION

Deterioration of Indonesian spices due to mouldiness and insect
infestation often appears after they arrive at the importing countries,
and the leading importing country of Indonesian spices, the U.S.A. often
complains about the poor quality. Actually, the exporters have taken all
possible precautions to prevent deterioration of the commodities before
exportation. However, they have no control over shipping and storage
conditions such as fluctuation of temperature and humidity, as well as
insect infestation and rodent damage. Hence, the spices may deteriorate
during the shipment. In addition, the commonly used packaging material
for spices, namely jute bags, cannot prevent insects from entering
through the existing openings.

In commercial practice, the exporters use chemical fumigation to
maintain the quality of spices. The banning and phase-out of ethylene
dibromide (EDB) as a chemical fumigant for stored insect products by the

Deceased.
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United States Environmental Protection Agency (1) has encouraged efforts
to find alternatives. The use of gamma irradiation is one of the
alternatives that can be considered, since this method has showed
promising results (2,3). Moreover, the recent clearance for irradiated
spices by the United States Food and Drug Administration (4) will
encourage the application of irradiation to control microbial
contamination in spices in the near future.

Irradiated spices should be packaged properly to protect the
commodities from reinfestation, and moisture gain or loss during storage
and shipment. HIGHLAND (5) has shown that composite cans are resistant
to insects. Spiral-wound cans made of various combinations of heavy
kraft paper, aluminium foil, polymer film and glassine paper are
resistant to insects. The can prevented insect infestation for up to 29
months of exposure to heavy insect populations. Our previous
investigation (6) showed that tin containers or woven polypropylene (PP)
bags with PP liners prevented changes in the moisture content of nutmegs
and white peppers stored for 9 months at 70-90% RH. Woven PP bags have
been found to be suitable for packaging irradiated food (7). However,
woven PP bags without PP liner did not maintain the moisture content of
the samples.

The present study was carried out to evaluate quality of irradiated
and unirradiated spices packaged in tin-cans and woven PP bags after
shipment under practical conditions. The effect of an oxygen absorber
placed in the packages also was observed.

MATERIALS AND METHODS

Materials

Whole nutmegs (Myristica fragrans) and white pepper (Piper nigrum)
obtained from Manado and Lampung, respectively, were used for the
experiment. The packaging materials used were tin containers (TO of 0.5
and 13 kg capacities, and woven PP bags, with or without PP film liners
of 0.5 and 22 kg capacities, respectively.

The oxygen absorbers used was Z-TYPE "AGELESS" produced by
MITSUBISHI GAS CHEMICAL CO., INC., Japan.
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Sample preparation and treatments

The samples were sorted and packaged and then irradiated with doses
of 0 or 5 kGy. Some of the samples packaged in tin containers were
provided with the oxygen absorber.

Irradiation was done in a panoramic batch type irradiator located at
the Centre for the Application of Isotopes and Radiation (CAIR), Jakarta,
with a dose rate of 1.5 kGy/hour.

The first shipments consisting of samples in small size packages
left Jakarta by sea-mail on 5 February and 15 February 1982. The samples
reached Wageningen on 31 March and 24 April, 1982, respectively. The
qualities of the samples were evaluated at the International Facility for
Food Irradiation Technology (IFFIT), Wageningen, The Netherlands; Central
Food Research Institute (CFRI), Budapest, Hungary; and Laboratory of the
Ten Doesschate B.V., Wapenveld, The Netherlands.

The second shipment consisting of samples packed in commercial size
packages went by sea-freight on 7 June and reached Wageningen on 12
August, 1982. The quality of the spices and the condition of the
packages were evaluated at the IFFIT and Ten Doesschate B.V.

Some samples of each shipment, were kept at CAIR. In order to
enable comparison with those shipped the quality was compared with the
despatched. The quality of these was evaluated after a period of storage.

Visual observation of the packages

The packages were visually inspected upon arrival at Wageningen to
observe any damage.

Evaluation of insect infestation

One sample of each treatment of the first shipment was evaluated for
insect damage. The number of insect-punctured nutmegs was determined.
The total weight of the samples and the weight percentage of
insect-punctured fraction were measured. The residues obtained by
sieving the spices, using a VIPO sieving machine which was operated for 5
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minutes, were examined for the presence of insects and excrement. The
evaluations were carried out at CFRI and IFFIT.

Filth-test and evaluation of insect infestation on the second
shipment samples were performed using the Warenwet method (8) at IFFIT.

Microbiological evaluation

Total aerobic bacterial count (TPC) and total mould and yeast count
(TMYC) were determined using the streak-plate method on tryptone glucose
yeast agar (TGYA) for TPC and on Saboraud agar (TGYA) with 0.05%
CuSO .5H 0 (SA), and oxytetracycline glucose yeast agar (OGYA) for
TMYC. The plates for TPC were incubated at 30°C for 48 hours. The
plates for TMYC were incubated at 24°C for 5 days. The tests on the
samples not shipped were carried out at CA1R and on those shipped at CFRI
and IFFIT.

Chemical evaluation

Moisture content of the samples was determined using toluene
distillation method. A value was measured at CFRI by a Novasianaw J

instrument and at CAIR by a Beckman Hygroline Recorder. Volatile oil
content was determined at IFFIT according to the AOAC method (9).
Non-volatile oil ether extract and ash content were determined at Ten
Doesschate B.V. standard methods of the Netherlands (10,11).

Sensory evaluation

Organoleptic tests were done at CAIR, IFFIT and Ten Doesschate B.V.
At CAIR, the test was done on finely ground samples by 12 panelists using
a 9-point hedonic scale (12).

The procedure for organoleptic testing used at IFFIT was slightly
different from that used at CAIR. At IFFIT, ground spice samples were
first mixed with a neutral-taste carrier made of a starch-like powder
prepared by the Naarden International Holland B.V., and used as a neutral
base in the evaluation of their flavour products. Forty grams of this
powder were added to 20 ml of boiling water with continous stirring and
the suspension was cooked until a homogenous gelled puree was formed.
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The puree was then cooled to room temperature and mixed with 0.2% ground
white pepper or 2% ground nutmeg. After thoroughly mixing, the samples
were judged by 6 panelists using a 7 point scale of flavour intensity (1
= imperceptible, A = slightly pronounced and 7 = very pronounced). The
scores were ranked and the rank-sum were evaluated by Kramer's quick rank
test (13).

Ten Doesschate B.V. laboratory assessed the quality of spices based
on odour, colour and grade.

RESULTS AND DISCUSSION

From visual inspection on the packages upon arrival at Wageningen,
it was observed that the lid of one of the tin containers from the first
shipment had become loose and that some nutmegs were outside the
container. Two of the woven PP bags from the first shipment were
broken. The damage may have been caused by rough handling during the
shipment.

In samples of the second shipment, two woven PP bags were broken,
one containing nutmegs and the other white pepper.

The woven PP bags, particularly the one without an inner liner, did
not withstand severe treatment during shipment. The hard kernals in the
bags did not provide a cushioning backing for the packaging material when
raachanical stress occurred.

The use of a double layer of woven PP bags may prevent the damage.
However, such a method needs further investigation, especially from the
view-point of cost. Furthermore, the labourers in the sea-port usually
use hooks or other tools to handle the packages and this can damage
them. Instruction for careful handling should be placed on the packages
in order to prevent the damage.

Tables 1 and 2 present the results of the entomological evaluation
of nutmegs from the first shipment. Insect damage was found in both
unirradiated and irradiated nutmegs. The incidence of worm-punctured
nutmegs was 11.3 +, 5.4% in unirradiated samples and 7.5 + 4.3% in
irradiated ones. However, living larvae or living beetles were found
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TABLE 1. RESULTS OF THE ENTOMOLOGICAL EVALUATION OF NUTMEG SAMPLES FROM THE FIRST
SHIPMENT (CFRI, 9 April 1982)

Sample*

TC/A/DO-II

TC/DO-II

PPL/DQ-H

TC/A/D -II

TC/Ü -II

PPL/D -II

:et-w>ight
of sample

(e)

i.38.8

^29.1

1*18.3

>M.t>

^37.^

<*3'ul

Total
number of

nutmegs

115

113

110

11?

115

11^

Numb
worm-pu

natir

16

16

3

9

9

8

er of

egs

AR % Of
total

1^

TV

3

8

8

7

weight ll'erecntage weight

of worm-punctured nutmegs

< B >

63. 4

61.9

13.<+

37.6

38.8

26.5

(S<)

1^.5

•rt.4

3-2

8.5

8.9

6.1

Sieving
residua

content

UBetl îS
und mites
insect sßftß

living p.nd
dead beetles
and mites

Beetles and
mites;
excrement

&*ad
beetles

Dead mites
and beetles

Uead
beetles

Entomologien!* *

evaluation

tretleo:
Oryznrphiluo curinr-ncnsis
Triboliun; "raeocer\ic ^3)
i l i tes«
Tvrophftrus palmnrum
Cheyictue; Acodiledon

beetles!
OryaaenliiluB surini'tnensig
^ribolium; Aqthribidne
fûtes:
T'Tophirus pnj.p|nriitn
Cheyletus! Acodiledon

Beetles :
Oryzaephilus SurinameDois
"ites :
Tyropluigus pnlmarum
Uheyletus; Acodiledon

Beetles:
Ory7n.ephilus üurinnmeiißis

Beetlas :
Tribolium sp
M î t e s :
Tyropliagua palmarum

Beetles
Oryz.ier-hiliis Surinamensis

* TC = tin container, A = oxygen absorber, PPL = woven polypropylene (PP) bag with PP liner,
D = unirradiated, D = irradiated with 5 kGy, II = replicate.

** Done by the Natural History Museum, Budapest, Hungary.



TABLE 2. RESULTS OF THE ENTOMOLOGICAL EVALUATION OF NUTMEG SAMPLES FROM THE FIRST
SHIPMENT (IFFIT, 4-6 May 1982)

Sample*

Code

TC/A/DO-I

TC/DO-I

PPL/DO-I

TC/A/D^-I

TC/D -I

PPL/D -I

Number of
worm-puncturet
nutmegs

10

7

2

12

11

as * of
total

12

9

6

2

10

10

Sieving
residue
containing

Living and
dead beetles
and larvae;
living aites
lot of ex -
crenents
living beetle
and Dites
dead
larvae (18);
lot of ex -
crements
living and
dead beetles
and larvae ;
excrements

Deed beetles

Dead beetles
and dead
larvae;
excrements

Dead beetles
and dead
larvae ;
excrements

Entomological
«valuation**

4 Tribolium
16 Oryzaephilus

(mercator? )
6 Lasioderma

serricorne
2 Tribilium
castaneum

12 Orrzaephilus
5 Lasioderma

serricorne

3 Oryzaeuhilus
(merc*tor?)•5 Lasioderma
serricorne

3 unidentified
fragmenta

1 Tribilium
cajjtapeum

1 Lasiodcrna
serricorne

3 Oryzasphilus
(mercator?5

3 Laeanophloeus
sp.

3 Lasiocierraa
.c£rricorn<*

3 Oryzae-chilus
(mercator?)

2 Triboliun
cns,taneua

2 Laemnotthloeus
^P*

3 Trib ilium
1 Lasioderaa
ssrricorne

2 Orvzcechilus
tmercator?)

>i Unidentified
fragments

Other remarks

One nutmeg
completely
mouldy

* TC = tin container, A = oxygen absorber, PPL = woven polypropylene (PP)
bag with PP liner, DQ = unirradiated, D, = irradiated with 5 kGy,
I = replicate.

** Done by the Entomological Department of the Agricultural Universi ty,
Wageningen, Netherlands (mites were not involved).
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only in unirradiated samples. This indicates that insect damage to
irradiated samples had occurred before irradiation. All the nutmeg
samples had an incidence of worm-punctured kernel greater than the
maximum level permitted by Dutch Merchandise Act, i.e. 5%., (14).
However, to a certain extent, the quality of the samples still met the
USFDA requirements, i.e. an incidence of less than 107« of worm-punctured
nutmegs (15). The genera of insects found in this study were more than
those found in the previous one (2). All of the insects are the common
ones associated with spices (16,17).

Table 3 presents the data of entomological evaluation on white
pepper from the first shipment. No insect infestation or insect damage
was found in any of the samples. Mites were found only in the
unirradiated samples.

TABLE 3. RESULTS OF THE ENTOMOLOGICAL EVALUATION OF WHITE PEPPER SAMPLES
FROM THE FIRST SHIPMENT (CFRI, 9 April 1982)

Sample*
Code

TC/A/D -II
TC/D -II0
PPL/D -II
TC/A/D -II
TC/D -II
PPL/D -II

Net weight
of sample (G)

424.1
431.0
436.3
430.7
433.5
456.2

Sieving residue
contents

Mites
Mites
Mites
No insects
No insects
No insects

Entomological**
evaluation

Tyrophagus palmarum
Tyrophasus palmarum
Tyrophagus palmarum

_

_

_

* TC = tin container, A = oxygen absorber, PPL = woven polypropylene (PPJ
bag with PP liner, D = unirradiated, D = irradiated with 5 kGy.
II = replicate.

** Done by the Natural History Museum, Budapest, Hungary

76



Table 4 shows the results of entomological evaluation of the nutmegs
from the second shipment. It can be seen that both unirradiated and
irradiated nutmegs packed in woven PP bags contained living insects. The
amount of worm-punctured nutmegs from samples packed in plastic bags was
greater than those packed in tin containers. It is concluded that woven
PP bags without an inner liner did not prevent reinfestation. it should
be noted that spices are usually stored in the hold of the ship together
with other crop products; hence cross infestation may occur during the
shipment. Therefore, an insect-resistant packaging material, such as a
tin container, is needed.

In unirradiated nutmeg samples packed in tin containers, the amount
of worm-punctured kernels was at least 3 times greater than in the
irradiated. This difference reflects the progress of insect infestation
in the unirradiated samples between the date of radiation treatment and
the entomological evaluation. Filth occurrence did not follow the same
pattern as the incidence of worm-punctured kernels.

Table 5 summarizes microbiological analyses of spices from the first
shipment. The results show that the different packages had no
appreciable effect on microbial counts. Therefore, the results for the
same dose level but with different packaging methods were pooled (Table
6). Both the mould counts and the bacterial counts were 2 log cycles
lower in irradiated samples than in unirradiated ones. The same decrease
was also obtained in our previous investigations (2,6). According to the
recommended microbiological limits for spices published by the
International Committee on Microbiological Specifications for Foods (22),
the samples of both the unirradiated nutmegs and the irradiated white
peppers had unacceptable mould counts. The mould counts of nutmeg
samples were extremely high compared with literature values (18).

Measures seem to be needed to prevent mould growth in white pepper
and in nutmeg, and insect infestation in nutmeg. The radiation treatment
should be used as a preventive measure, when both microbial contamination
and insect damage are still under the critical levels.
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TABLE 4. RESULTS OF THE ENTOMOLOGICAL EVALUATION OF NUTMEG SAMPLES OF THE SECOND
SHIPMENT (IFFIT, September 1982)

— — — ——— 1
Sample*
Code

TC/A/DO
TC/D0

FP/D0

TC/A/D,.

TC/D5

PP/»,

Total weight
of nutmegs
checked

Ce)

807
10^5
960
1020

1018

903

Weight of
worro-punctured

nutmegs

37.2

36.2

71.0

3-8

18.8

89.1

Number of
worm-punctured

nutmegs
as % of
total

6 k.è

8 3.5

18 ?.̂

1 O.'t

5 1.9

18 9.9

Number of insects found

living
beetle

-

-

H

-

-

17

living
larvae

-

V

It
-
-
-

dead
beetle

-

6

-

-

2

-

pupae

-

-

3
-
-

3

Filth-test(Insect
fragments/2Sg)

1*

1JO

92

26

J*8

2U

* TC = tin container, A = oxygen absorber, PP = woven polypropylene bag,
D = unirradiated, D = irradiated with 5 kGy.



TABLE 5 RESULTS OF MICROBIOLOGICAL ANALYSES OF SPICES FROM THE FIRST SHIPMENT

Sample*

Code

Nutmeg :
TC/A/DO
TC/D0
PPL/Ü
TC/A/D,.
TC/D

HVD5

White pepper:

TC/A/DQ
TC/DO
PPL/DO
TC/A/i)
TC/D,.

5

Log number of colony — forming unit per gram
M o u l d s

first observa-
tion at CAIR
(February, 1982

j
L 5.65 ± 0.16
j
i
L 2.68 + 0.02

j "

}

M.1*? + 0.16I '
"I
1.2.66 ± 0.23

J

Next observation at :
CAIB

(March, 1982)

4.21 + 0.23
4.03

3.79 ± 0.03
3.68 + 0.29
3.65 ± 0.56
3.53 ± 0.54

3.83 ± 0.26
3.77 i. 0.12
3.81 i 0.18
0.84

2.53 ± 0.20
2.31 ± 0.15

cm
15 April 1982)

4.87
5.20

5.91
3-71
3.05
3.23

4.16
4.22
4.10
3.24
1.82
2.12

total aerobic bact«ri«

First observa-
tion at CAIR
(February, 1982)

j
[• 6.40 i 0.49

T
I 2.78 i 0.07

J

1
L 5.22 ± 0.20

J
1
V 4.46 + 0.40
J

Next observation at :
CAIIÎ

(March, 1982)

3.99 ± 0.10
3.63 * 0.10
4.21 ± 0.56
3.63 ± 0.10
3.33i 0.17
3.58 i 0.77

4.84 i 0.18
5,45 -»- 0.05
4.76 i 0.06
2,24 ± 0.07
2.76 ± 0.35
2.4? + 0.07

CFHI
15 April 1982)

3.84
5.27
4.92
3.07
2.71
2,52

4.27
3.97
4,16
2.78
3.26
2.93

IFFIT
(4 Hay 1982)

5.81
4.73
4.17
?.57
1.48
2,?8

4.69
5.60
5.58
2.36
1.85
2.«,8

* TC = tin container, A = oxygen absorber, PPL = woven polypropylene (PP) bag with PP liner,
D = unirradiated, D,. = irradiated with 5 kGy.
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TABLE 6. SUMMARY OF THE MICROBIOLOGICAL EVALUATION OF THE FIRST SHIPMENT

Log number of colony-forming units per gram*

( kQy )

0

5

C A I B

Nutmeg
TMYC

3-93 ± 0.39

3.56 ± 0.28

TPC

3.9̂  dfc 0.38

3.51 ± 0.<»2

White pepper
TMYC

3.80 +. 0.1?

2.2? £ 0.32

TPC

5.01 ± 0.31*

2.49 + 0.^1

I F F I T

Nutmeg

TMYC

5.23 ±. 0.53

3-33 + 0.3̂

TPC

**.79 ± O.?1

2.52 i 0.56

White pepper
TMYC

<t.l6 JK 0.06

2.39 i 0.75

TPC

ft.?'* A 0.72

2.61 + O.'t9

* Mean values for all packages or for all mold-culture media referred to the same dose.



The mould flora of the two spices were considerably different. In
nutmeg, Aspersillus niger-type moulds dominated, while in white pepper,
Pénicillium SPP and yellow Aspergilli were dominant. The microflora of
white pepper seemed to be more heterogenous than that of nutmeg, this
finding is in agreement with those of several other authors (19,20,21).

Table 7 presents data of microbiological evaluation of spices from
the second shipment. The mould counts on Saboraud agar and on OGYA
medium were similar. The method of packaging used did not show a
clear-cut effect on the microbiological counts of the samples.
Therefore, to indicate the effect of irradiation, the viable cell counts
at a given dose level but from various packages, or mould counts obtained
with different media were pooled (Table 8).

A comparison of these data with the results of the microbiological
analyses of the first shipment, indicates that nutmegs from the second
shipment had lower microbial counts than those of the first. The white
pepper showed similar contamination in both shipments, and irradiation
with 5 kGy resulted in a similar reduction of the viable counts in both
cases. These results are in conformity with the previous observation
(2,6).

Table 9 summarizes results of chemical analyses on spices from the
first shipment. The initial moisture contents of nutmegs and white
pepper were 7 and 12%, respectively. The moisture content of nutmegs
stored at CAIR increased during storage, while that of those stored at
IFFIT showed a slight decrease.

Upon arrival at IFFIT, the moisture contents of the majority of
nutmeg samples were higher than the maximum level permitted by the
Canadian Department of National Health and Welfare, i.e., 8% (18);
however, the moisture contents of white pepper samples were below the
allowable maximum of 15%. In general, moisture content and A value of
spices packed in woven PP bags were found to be lower than those packed
in tin containers.
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TABLE 7. RESULTS OF MICROBIOLOGICAL ANALYSES OF SPICES FROM THE SECOND SHIPMENT

Sample*

Code

Nutmeg :

TC/A/DQ
TC/DQ
PP/D0

TC/A/D-

TC/D5

PP/D5

White pepper)

TC/A/DO

TC/D0

PP/D0

TC/A/D5

TC/P5

»/B5

Log number of colony forming unit per grnm

M o u l d s

First observa-
tion «t CAIR
( June 1982 )

. 5-33 ± 0.04

Ï
[• 2.70 ± 0.14

,

L 4.42 ± 0.03

'

,
L 1.26 ± 1.09

J

Next observation »t :

CAIR
( August 1982)

2.99 ± 0.92

3.62 + 0.14

<1.21

1.70 *. 0.19

1.48 i 0.24

<1,00

4.22 i 0.11

4.14 i 0.02

4.29 ± 0.04

1.88 4 0.39

1.68 ± 0.28

1.78 i 0.24

IFFIT.Stptember 1982
SAB

3.36

3.92

2.23

2.00

1.50

1.83

4.00

4.18

4.59

1.83
1.52

1.83

OQYA

2.90

4.40

<2.0

<2.0

<2.0

<2.0

3.60

3-78

4.49

<2.0

<2.0

<2.0

Total aerobic bacterif t

First observa-
tion at CAIR
( June 1982 )

1

r 5.01 ± 0.07

^
1
[ 2.0? jfc, 0.11

j
I 5.22 + 0.17

*

T

1 2.07 i 0.11

^

Wext übse rv f i t i on at :
CAIR

( August 1982 )

2.07 ± 0.21

3.53 ± 0.19

1.54 ± 0.38

1.42 i 0.34

<1.?6

<1.22

4.19 ± 0.19

3.84 ± 0.35

4.38 + 0.53

<1.52

1.52

<1.52

IFFIT
(September 198?)

3.80

4.04

3.36

O.52

1.52

<1.52

3.52

4.76

4.60

2.36

2.48

3.18

* TC = Cirt container, A = oxygen absorber, PP = woven polypropylene bag,
D = unirradiated, D_ = irradiated with 5 kGy.



TABLE 8. SUMMARY OF THE MICROBIOLOGICAL EVALUATION OF THE SECOND SHIPMENT

1

D o s e

( kCJy )

0

5

Log number of colony-forming units per gram*

C A I R

Nutmeg | White pepper

TMYC

3.0 ± 1.0

1.69 ± 0.23

TPC

2.38 ± 0.92

1.5 ±0,30

THYC

I*. 21 i 0.09

1.75 ± 0.28

TPC

^.13 i O.l»0

1.52

I F F I T

Nutmeg

THÏC

<3.11

<1.93

TPC

3.73

£1.52

White pepper

T11YC

U. 11

41.91

TPC

k.2?

2.6?

* Mean values for all packages or for all mold-culture media referred to the same dose.
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TABLE 9. RESULTS OF CHEMICAL ANALYSES OF SPICES FROM THE FIRST SHIPMENT

sample*

Coda

Nutmeg i
TC/A/DO
TC/DO
PPL/DO
TC/A/D
TC/D
PPVD5

White pepper»
TC/A/DO
TC/DO
FPL/DQ
TC/A/D5
TC/5
PPL/D5

Firet observation
( CA1H, February 1982 )
Moisture
Content
(#)

,
I ?.3±0.6
J
1
1 7t2±0.7
J

1
Lll.6iP.5
J
1
M2. 0+0.1

Aw

|
lO. 715+0. 012
I
-,
L0.727±0.007

f

]
lo.?48±0.09
'
1
L 0.7̂ +0. 0081

Next observation !
Moisture Content ( /« )
CAIR
(April-
1982 )

6.5+0.3
8.0+0.3
7.9±0.2
8.7+0.3
8.6+0.3
7.1+0.1

13.1±0.1
12.6+.0.1
13.5±0.2
12.8+0.1
12.8+0.1
12.2+0.4

CFHI
(May-
1982)

7.3
9.9
8.3
8.8
9.4

10.3

13.0
12.8

13.7
13.1
13.2
13.2

IFFIT
(July-1982 )

7.2
7.0
6.7
6.7
6.6
6.1

13.0
12.8

13.7
13.1
13.2
13.2

Aw
CAIR

(April 1982)

0.734̂ 0.028
0.656+.0.037
0.65U0.018
0-735±0.009
0.734±o.009
0.621+0.029

O.?03±0.013
0.6?1ip.o80
0.671±0.004
0.735+0.023
0.6?2±0.073
0.712̂ 0.011

CFRI
(May-
1982)

0.733
0.730
0.623
0.715
0.705
0.723

O.?4o
0.775
0.700
0.698
0.698
0.660

Volatile Oil

IFFIT
(July 1982)

6.6
7-5
8.3
6-5
5-8
5.5

2.1
2.2
1.9
2.4
2.1
2.6

Non volatile -
oil, ether ex-
tract ( JS )
Ten Doesschate

July 1982)

38.8
33.7
39.7
36..1
36.7
35.9

7.8
7.1*
7.5
7.7
7.2
7.6

(*)
Ten -
Doesschote -

July 1982)

1.7
1.7
3.2
1.6
2.0
1.9

1.0
0.6
0.9
0.9
0.8
1.0

* TC = tin container, A = oxygen absorber, PPL = woven polypropylene (PP) bag with PP liner,
D = unirradiated, D, = irradiated with 5 kGy.



Table 10 summarizes the results of chemical analyses of spices from
the second shipment. The moisture contents of nutmeg and white pepper
after being shipped, still satisfy the requirement of the Canadian
Department of Health and welfare as mentioned above. Th A values of
the samples were low enough to prevent mouldiness. The volatile oil
contents of either irradiated nutmeg or irradiated white pepper tended to
be higher than those of the unirradiated ones.

Tables 11 and 12 summarize results of sensory evaluation of spices
from the first and second shipments, respectively. No significant
differences were found among the scores for the white pepper samples from
the first shipment. In general, no significant differences were found
among the nutmeg samples. The results of sensory evaluation of spices
from the second shipment were the same as the first one.
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TABLE 10. RESULTS OF CHEMICAL ANALYSES OF SPICES FROM THE SECOND SHIPMENT

Sample*

Code

Nutmeg s
TC/A/DQ
TC/D0
PP/D0
TC/A/D
TC/I)

PP/D5

Whit« pepperî
TC/A/DO
TC/DQ
PP/D0
TC/A/D
TC/D-
PP/D5

First observation
(CAIR, June 1982)

Moisture
content
OS)

- 8.3±0.2

. 7.7±0.1

I »I
I o%f °"\

Aw

• 0.715±0.030

. 0.699̂ 0.020

- 0.726+0.01

1
L 0.666jK0.02

J

N e x t o b s e r v a t i o n
( September 1982 )

Moisture ^intent
W)

CAIR

7.8 -i 0.3
6.9 ± 0.1
6.4 +. 0.4
6.7 ± 0.3
7.1 ± 0.3
6.3 ± 0.2

I2.4 ± 0.3
I2.3 ± 0.2
11.5 + 0.1
I2.4 i 0.1
13.1 ± 0.1
12.4 i 0.3

IFFIT

8.2

7.7
7.1
8.4
8.2
7.5

13.*
13.0
10.9
13.3
13.6
12.8

Av*

CAIR

0.61*7 + 0.080

0.680 + 0.011
0.'+71 ±_ 0.009
0.67̂  i 0.001
0.672 ±0.013
0.512 ± 0.010

0.67'f i 0.002

0.659 ± 0.070

0.531 ± 0.021
0.67't ± 0.002

0.659 ± 0.071
0.531 ± 0.021

Volatile oil
(*)

( IFFIT )

6.7
7.7
8.8
9.6
8.0
8.5

2.1
1.8
1.9
2.5
2.3
2.5

Ion volatile oil
ether exrnct CX)

( IFFIT )

37.1
36.4
39.0
39.0
yt.it
36.7

8.4
7.5
8.9
7.9
7.7
8.3

Ash
<*)

Ten Doesachate)

1.6
1.5
1.5
1.5
1.'*
1.7

0.6
0.6
0.7
0.6
0.7
0.7

* TC = tin container, A = oxygen absorber, PP = woven polypropylene bag,
D = unirradiated, DC = irradiated with 5 kGy.



TABLE 11. RESULTS OF THE SENSORY EVALUATION OF SPICES FROM THE FIRST SHIPMENT

Sample *
Code

Nutmeg !
TC/A/DO
TC/DO
PPL/DO
TC/A/DÇ
TC/D

PPL/DC

White pepper:
TC/A/DO
TC/DO
PPL/DO
TC/A/D
TC/Dg
PPL/DC

First observation !

C A I R
SCORE***

7.0

6.83 ± 0.29

1
1 6.90 + 0.1
I
I
1 6.80 i 0.1T
J

Next observation at s

C A I R
SCORE***

6.40 i 0.10
6.25 ± 0.056
6.37 ± 0.15
6.35 ± 0.08
6.48 i 0.32
6.23 +. 0.17

6.33 i 0.?5
6.66 £ 0.01
6.51 ± 0.16
6.56 ± 0.15
6.40 ± 0.10
6.52 ± 0.14

I T F I T
****Mean score

4.83
4.33
5.33
3.33
5.17
4.33

4.33
4.50
4.17
4.17
4.67
5.33

A*Bank total

18.5 ab

23.0 ab

14.0 b

30.5 a

16.5 ab
24.0 ab

21.0 a

21.5 *
23.5 a

22.5 *
22.0 a

14.5 a

Ten Doesechate

All samples
Odour : characteristic, aromatic.

Free from muatinesa and
rancidity.

Colour! brown. Only slight diffe-
rences in colour could be
observed.

Qrade : acceptable to good.

All sample B
Odour t typical pungent. *ree from

foreign odour.
Colour! whit« to gr««ni8h yellow.
Qrade ! acceptable to good.
No significant differences are
found between irradi«b«d and un-
irradiatad samples.

oo

* TC = tin container, A = oxygen absorber, PPL = woven polypropylene (PP) bag with PP liner,
D = unirradiated, D. = irradiated with 5 kGy.

** Rank total in the same column denoted by the same letter are not different significantly
from each other.

*** 9-point hedonic scale.
**** 7-point flavour intensity score.



CO
oo

TABLE 12. RESULTS OF THE SENSORY EVALUATION OF SPICES FROM THE SECOND SHIPMENT

Snmple *
Code

Nutmeg !
TC/A/DO
TC/D

^
PP/D

TC/A/D
TC/D
PP/D

White pepper:
TC/A/DO
TC/D
PP/D 0
TC/A/D
TC/D
PP/D 5

First observation «t:

CMSSCORE**

"I
i- 6.5 ± 0.2

j

1
[ 6.1 ± 0.2

J

T
L 6.9 +_ 0.1
I
/
,
I 6.7 ± 0.1II

Next observation «t t

CAIRSCOpE**

6.1 i 0.1
6.20

6.3 ± 0.5
6.2 ± 0.1
6.1 jt. 0.1
6.2 ± 0.1

6.8 i 0.1
6.7 i. 0.1
6.3 ± 0.1
6.U2
6.25

6.2 i 0.1

irrix

No significant
differences were
found between
the nutmeg sara -
pies

No significant
differences were
found between
the white pepper
samples.

Ten Doesschate

All samples
Odour i characteristic, aromatic.

Free from mustinees and
rancidity.

Colour « brown, Only slight diffe-
rences in colour could be
observed.

Grade : acceptable to good.

All samples
Odour i typical pungent. Free

from foreign odour.
Colour î white to greenish yellow.
rade • acceptable to good.

No sl-jnificnnt differences «re
found between irrudiated and un-
irradiated eumples.

* TC = tin container, A = oxygen absorber , PP = woven polypropylene bag,
D = unir radia ted, D = irradiated with 5 kGy.

** 9-point hedonic scale.



CONCLUSIONS

A dose of 5 kGy is sufficient enough to disinfest and decontaminate
properly packed spices without changing their chemical and organoleptic
properties. Tin containers are suitable for protection of the quality of
irradiated spices and are durable for intercountry shipment. The use of
an oxygen absorber in packages of spices has no effect on microbial load
and on chemical and organoleptic qualities of spices.
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PILOT-SCALE STUDIES OF DRIED FISH IRRADIATION:
BULK PACKAGING OF IRRADIATED DRIED FISH

Munsiah MAHA, Zubaidah IRAWATI,
Suyuti NASRAM, L.T.K. KICKY
Centre for the Application of Isotopes and Radiation,
National Atomic Energy Agency,
Jakarta, Indonesia

Abstract

Two methods of salting fresh chub mackerel (R. neglectus) were
examined: dry salting and brine salting. With dry salting (and sun
drying) moulding occurs after 1 month. Sorbate prevents moulding.
Irradiation reduces the bacterial population. Best results are obtained
with sorbate and radiation used in combination.

The brine salting investigation was not completed at the time of this
writing.

Packaging materials for study were selected on the basis of the
physical protection that could be obtained and also cost. Based on drop
tests, irradiation of polyethylene film with doses up to 10 kGy does not
significantly affect tensile strength or tear resistance. Similar results
were obtained with polypropylene woven cloth. Carton boxes were unchanged
with doses up to 5 kGy. Carton boxes are more suitable than woven bags
for large scale irradiation.

INTRODUCTION

In view of the promising results of laboratory scale experiments on
the irradiation of semi-dried salted fish conducted earlier, it was
decided to continue the experiments on semi-pilot scale with a view toward
practical application.

Selection of packaging materials suitable for irradiation,
transportation and marketing of dried fish is one of the important aspects
studied. The selection was based on the availability of the materials,
simplicity in handling, good physical protection, good appearance and
price.

The purposes of packaging are to protect a product from loss, dust,
insect infestation, microbial contamination, effects of temperature,
humidity, heat, light, etc.
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In this study, 3 kinds of investigations were conducted:

I. Preparation of dried fish samples
II. Packaging study

III. Dosimetry of bulk-packaged dried fish

I. PREPARATION OF DRIED FISH SAMPLES

In earlier experiments, dried fish samples were prepared using
the dry-salting method, and dehydration was done in a mechanical air
dryer to produce salted-fish containing about 55% of moisture.
However, such a product is still prone to mould growth and would need
a relatively high irradiation dose, i.e., 4 kGy in combination with
0.1% of potassium sorbate to prevent mould growth. From economic
considerations the use of a mechanical dryer and such a high
radiation dose is costly. Therefore, a more practical and economical
method has to be developed to produce salted fish with lower moisture
content, i.e., about 40%, as recommended at the 1979 Research
Coordination Meeting on Radiation Preservation of Asian Fish and
Fishery Products held in Tokyo in order to reduce the irradiation
dose needed for mould retardation and for insect disinfestation.
Moreover, the drying process can be simplified using sundrying and
the salting process can be done using brine-salting as recommended by
Dr. A.M. Dollar, an IAEA expert who advised us in this study.

Clean saturated brine can be prepared from low-cost crude solar
salt, such as usually used by fishermen, by removing the dirt and
impurities through settling. In this study, 2 methods of salting
were compared in order to select the more economical method; i.e.,
dry-salting and brine-salting, followed by sundrying.

1. Dry-salting method

This experiment had as its objective the preparation of
semi-dried salted fish of 40% moisture content using a combined
dry-salting and sundrying method.
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a. Materials and methods

Fresh chub mackerel (R. negleetus). each weighing about 70 g,
obtained from a fish landing place in Jakarta, and semi-purified
solar salt obtained from the market were used as the materials of the
experiment. Granular potassium sorbate from Merck was used as a
fungistatic agent.

The fresh fish were first eviscerated, washed and dry-salted
for 1 hour as usual (fish : salt =10 : 3). The salted fish were
divided into 2 lots. The first lot was directly sundried to a
moisture content of about 40% (S ). The second lot was firsto
soaked in 5% brine containing 2% of sorbate for 1 hour, then sundried
to 40% of moisture content (S ). The dried fish were packed in
polyethylene bags made of film 0.1 mm thickness, irradiated at 0, 1
or 2 kGy, and stored at room temperature. Observations were made
monthly from 0 up to 3 months of storage on total bacteria count
(TBC), total volatile base nitrogen (TVBN), organoleptic
characteristics, visible mould growth and insect infestation.

b. Results and discussion

Results of the experiment are summarized in Tables I and II.
The average moisture and salt contents of the salted fish produced
were about 32% and 13%, respectively.

Table I shows that sorbate treatment alone is not effective in
reducing the bacterial load of salted fish. However, by combining
the sorbate treatment with irradiation, a significant reduction was
obtained; i.e., 1 and 2 log cycles for doses of 1 and 2 kGy,
respectively. The bacterial counts decreased remarkably during
storage, which probably was due to the low a level of the product,
i.e., about 0.72. The increase in TVBN value was also very slow. A
value of about 174 mg % N was found in mouldy samples; i.e., samples
stored for 3 months without potassium sorbate and irradiation
treatments.

Mould growth started to be visible after 1 month of storeage in
1 sample of S (Table II). After 2 months storage, all So o
samples were mouldy, while the S samples were still mould-free,
even after 5 months storage.
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Table I. Chemical and microbiological evaluations of salted chub mackerel prepared by dry salting followed
by sundrying

Sample

So

S2

Storage
time
(months )

0
1
2
3

0
1
2
3

TVBN (mg % N)

0 kGy

132.3
138.18
152.88
1.74

124.95
88.2
119.07
120.85

1 kGy

164.40
164.64
147.0
212:58

76.44
88.2
104.37
131.04

2 kGy

99.96
117.60
123.48
174.72

86.73
142.59
105.84
160.16

TBC (Bacteria/g)

0 kGy

(7.0 + 0)xl06

(4.75 + 0.5)xl06
(4.2 + 4.38)xl05
(6.95 + 2.19)xl04

(8.35 +0.07)xl06
(6.0 + 1.41)xl06
(4.0 + 0)x 104
(2.9 + 0.85)xl02

1 kGy

(1.19 + 0.45)xl06
(7.95+ 1.34)xlo5
(6.75+ 3.18)xl04
(5.0+ 4.24)xl03

(3.3+ 2.97)x 105
(1.35+ 0.21)xlo4
(1.65 + 1.92/xlO3
(1.95+ 0.35)x 102

2 kGy

(6.55 +1.34)xio4
(1.95± 0.64)xio4
(1.1+ 1.28)xl03
(3.54+ 3.63)xlo2

(2.6 + 0.85)xlo4
(7.1+ 1.98)xlo3
(3.0+ 1.41)x 102

(1.75 +0.35)xlO

Average of 2 replications



Table II. Visual observations on salted chub mackerel prepared by dry-salting followed by sundrying.

Sample

So

S2

Storage
time
(months)

0

1
2

3

0
1

2

3

Mould/Insect

0 kGy

- / -

+ / -
+ / -

++ / -

- / +*
- / -

- / -

- / -

1 kGy

- I -

- 1 -

- 1 -

- 1 -

- 1 -

- / -

- 1 -

- 1 -

2 kGy

- / -

- / -
- / -

+ / -

- / -
- / -

- / -

- / -

Remarks

0 kGy

good, salt crys-
talized on the
skin
good, creamy
passable, creamy,
off-odour
borderline of
passability

good
good, light
creamy
passable, light
creamy off-odour
passable

1 kGy

good, salt crys-
talized on the
skin
good, creamy,
passable, creamy
off-odour
passable, creamy,
off-odour, still
acceptable

good
good, light
creamy
passable, light
creamy off-odour
passable

2 kGy

good, salt crys-
talized on the
skin
good, creamy
passable, creamy,
off-odour
passable, creamy,
off-odour, still
acceptable

good
good, light
creamy
passable, light
creamy off-odour
passable

VD * Necrobia rufipes



From the results it can be concluded that the sorbate treatment
is very effective in preventing mould growth on semi-dried salted
fish, while irradiation is effective in reducing bacterial
population. Therefore, combination of the two treatments will be
more successful for extending the shelf-life of salted fish.

It appears that shelf-life of this product is particularly
influenced by mould growth. Sundrying can give good results in the
dry-season and with sanitary conditions. The time needed to produce
salted fish of 40% moisture content ranged between 4 and 8 days,
depending upon the weather conditions.

2. Brine-salting method

This method was recommended by Dr. A.M. Dollar to simplify the
salting process, using available crude solar salt and water.

a. Materials and methods

Fresh chub mackerel (R. neglectus) each wieghing about 70 g,
were obtained from a fish landing place in Jakarta, and crude solar
salt was obtained from the market. Granular potassium sorbate from
Merck was used as a fungistat.

Saturated brine was prepared by dissolving crude solar salt in
tap water at a ratio of 3 kg of salt in 10 1 of water. The brine was
held overnight. Clear brine was decanted after removing any dirt
floating on the surface.

Cleaned and eviscerated fresh fish were immersed in brine for 5
hours. The ratio of fish and brine was 1 : 1 (w/v). The salted fish
were divided into 2 lots. The first lot (a) was desalted in water
for 1 hour, then sundried to a moisture content of about 40%. The
second lot (b) was soaked in 2% potassium sorbate solution for 1
hour, and sundried to 40% moisture. The dried fish were packed in
polyethylene bags made of film of 0.1 mm thickness and irradiated at
0, 0.5 or 1 kGy. Observations were conducted monthly from 0 up to 3
months storage. Parameters examined were organoleptic changes, mould
growth, insect infestation and TBC.
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b. Results and discussions

After drying to about 40% moisture, the salted fish treated
with sorbate (B) were better in appearance and odour than the
non-treated samples (A). The average moisture and salt contents of
the dried fish produced were 36% and 8%, respectively.

Results of visual and microbiological examinations are presented
in Table III. This experiment is still in progress.

II. PACKAGING STUDY

In Indonesia, dried or cured fish usually is sold unpacked from
an open container such as bamboo or rotan baskets, wooden boxes, jute
bags, woven polypropylene bags, carton boxes, etc. This container also
is used during transport of the product. Therefore, the product cannot
be properly protected from dust and microbial contaminations and from
insect infestation. Moreover, certain materials such as jute bags can
affect the odour and flavour of the contents.

The objectives of this study were to select suitable packaging
materials to be used in dried fish irradiation and to determine the
effect of irradiation on physical properties of the packaging materials.

1. Selection of packaging materials

In order to select from existing packaging materials produced
locally, those materials suitable for irradiated dried fish, surveys
were conducted in several markets and among wholesalers in the vicinity
of Jakarta and also among companies producing packaging materials.
Information about the development of packaging industries in Indonesia
was obtained from the Indonesian Packaging Federation and some
assistance in obtaining samples of packaging materials and testing
facilities was provided by some members of the Federation.

The selection of a packaging material was based on the physical
protection it could provide and on its price.
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Table III Visual and microbiological examinations on salted
chub mackerel prepared by brine-salting followed by sundrying,
then irradiation and stored at room temperature

Sample*
(duration - irrad.

dose)
Mould/Insect TBC (Bacteria/g) Remarks

A (0-0)

A (0-0.5)

A (0-1)

B (0-0)

B (0-0.5)

B (0-1)

- / - (3.40 + 0.66)xl07

- / - (8.93 + 0.25)xl06

(4.23 + 1.04)xl05

- / - (2.53 + 0.42)xl05

(2.13 + 0.49)xl04

/ - (1.56 + 0.99>xl03

good quality,
slight creamy,
off-odour
good quality,
slight creamy,
off-odour
good quality,
slight creamy,
off-odour
good quality,
light creamy,
no off-odour
good quality
light creamy,
no off-odour
good quality
light creamy,
no off-odour

A (1-0)

A (1-0.5)

A (1-1)

B (1-0)

B (1-0.5)

B (1-1)

- / - (2.4

- / - (1.8

- / - (4.0

- / - (4.43

- / - (5.6

- / - (1.5

± 1.3)xl07

± 1.0)xl06

± 1.0)xl05

± 0.6)xl06

± 1.6)xl05

± 0.8)xl04

good quality
creamy , off-odour
good quality,
creamy , off-odour
good quality
creamy, off odour
good quality
creamy, off odour
good quality
creamy , of f -odour
good quality
creamy, of f-odour

* A - No Sorbate. B - with Sorbate
Duration in months irradiation dose in kGy
Average of 3 replications

100



a. Materials and methods

Samples of materials selected were obtained from companies
producing them. The test materials included woven polypropylene bags
79 x 114 cm in size and with a denier of about 1000; low density
polyethylene (LDPE) film of 0.1 mm thickness; and carton boxes, single
wall with a flute, 19 x 39 x 39 cm in size. The boxes were made of a
substance 205/140 x 2/205 and had a moisture content of 8%.

The materials were tested in the laboratory with a drop test to
measure the ability of the packaging materials to withstand rough
handling and to protect the contents.

The drop test was done according to ASTM method D 959 for bags,
and D 775 for boxes, and adapted to the testing conditions.

Packages of certain sizes and capacities were loaded with dried
salted fish of 40% moisture content and about 11% of salt content, and
preconditioned at a temperature of 20 C and humidity of 60-90% for 24
hours. The packages were then dropped successively from heights of 4
ft. and 12 ft. for a certain number of times depending upon the size,
capacity and shape of the package. Each test was done in 3
replications. Damage to the package after dropping was observed.

Plastic bags, having capacities of 250 and 500 g, were tested by
dropping the packages from 4 and 12 ft. heights for 6 and 4 times,
respectively, on all sides and on both surfaces of the bag. These
packages were designed for consumer packaging units.

For woven polypropylene bags of 35 kg capacity provided with an
inner liner of LDPE film of 0.1 mm thickness, the drop-test method used
was similar with that applied for plastic bags. The lined bag was
semi-vacuumized before sealing to reduce the possibilities of damage
during dropping.

Carton boxes, containing either 9 and 7.5 kg of fish, were sealed
with gum tape and provided with and without strapping bands. They were
dropped from a height of 12 ft. 7 times successively on one bottom
corner at the joint, on the 3 edges radiating from this corner and on
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the 3 flat faces adjacent to this corner. They contained salted fish
packaged in 0.1 ram polyethylene bags of 250 g capacity.

b. Results and discussions

Results of a drop test of plastic bags made of LDPE of 0.1 mm
thickness showed that both capacities of 250 and 500 g could be dropped
from heights up to 12 ft. without any apparent damage of the package as
well as of the contents. Therefore, LDPE film of 0.1 mm thickness can
be used as consumer packaging of dried salted fish.

Results of drop tests of filled woven polypropylene bags lined
with polyethylene film showed that both of the outer and the inner bags
were still in good condition after dropping from heights up to 12 ft.

Results of drop tests of carton boxes containing polyethylene
bags, each with 250 g of salted fish, showed no obvious leakage or
damage of the box as well as of its contents. Boxes of 9 kg capacity
were provided with 2 strapping bands to prevent damage during
dropping. Those of 7.5 kg capacity required no strapping bands.

2. Irradiation study on some packaging materials

The packaging materials used in the previous experiment; i.e.,
LDPE film, woven polypropylene bags, and carton boxes were irradiated
to determine the effect on some of their physical properties.

a. Materials and methods

The materials used were LDPE film of 0.1 mm thickness, woven
polypropylene bags with denier of about 1000, and carton boxes with
single wall A flute, made of substance 205/140 x 2/205 and moisture
content of about 8.5%.

The materials were obtained from companies producing tham in
Jakarta.

The parameters studied for the plastic film were tensile strength
(TS), elongation at break (EB), tear resistance, and colour changes.

102



The plastic film was first prepared as test specimens using a specimen
punching machine, in machine and transversal directions, according to
ASTM method Ü 882 for tensile strength and D 1922 for tear resistance.
The apparatus used for tensile strength and elongation at break was
Toyoseiki Strograph C No. 5727 . For tear resistance measurements, an
intensity tearing resistance 191/1/1 machine, Elemendorf type was
used. Colour was observed visually.

For plastic bags, tensile strength, elongation at break and
tenacity measurements were done on polypropylene tapes of 90 cm length,
and maximum load and elongation at break measurements were done on

2polypropylene woven cloth of 5 x 20 cm in size, according to SII
(Indonesian Standard of Industry) 0250/1979, in warp and filling
directions. The machines used were Toyoseiki Strograph C No. 572/ and
RS No. 208/ for tapes and woven cloth, respectively.

The test specimens were then packed in plastic bags and
irradiated at 0, 5 or 10 kGy and stored at room temperature.
Examinations were performed periodically every 2 months from 0 up to 6
months of storage on the parameters mentioned above.

For carton boxes, 5 boxes were first irradiated at 0 or 5 kGy.
The boxes were then opened, and from each box, 16 specimens needed for
the tests were randomly picked. The tests were: bursting strength,
puncture, pin adhesion, end crush vertical and flat crush. No storage
treatment was performed due to limited box samples.

Each experiment was done in 5 replications,

b. Results and discussions

Results of the irradiation of polyethylene film are presented in
Tables IV and V. It appears that tensile strength at machine direction
is higher than that of transversal direction. On the other hand,
elongation at break is lower at machine direction than at transversal
direction. Storage time caused significant decrease in tensile
strength of the plastic film. However, irradiation doses of up to 10
kGy seems to have no significant effect either on tensile strength or
on tear resistance of the film.
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Table IV. The changes in tensile strength (TS) and elongation at break (EB) of polyethylene film of 0.1 mm thickness due to
irradiation and storage treatments.

\Irrad. dose
\( kGy)
\.

Storage N.
(months) N^

0

2

4

6

0

TD
TS

(kg/cm2)

ISA. 22
-1= 20.53

98.81
+ 14.62

122.75
± 12.80

140.66
+ 20.06

EB
(%)

505.47
+ 30.46

444.53
+ 58.16

450.78
+ 44.85

393.75
+ 35.20

MD
TS

(kg/cm )

150.38
± 30.26

124.52
+ 40.47

148.38
+ 21.03

147.24
+ 18.63

EB
(%)

442.19
+ 49.36

285.16
+ 80.58

311.52
+ 15.09
256.25
+ 30.96

5

TD
TS

(kg/craZ)

145.09
± 7-68

111.75
+ 20.56

121.89
+ 32.24
133.92
+ 17.24

EB
(%)

484.38
+26.92

495.31
+ 28.49
439.06
i 56.58
427.73
i 7.48

MD
TS ,

(kg/cm^)

173.03
± 15.41

151.98
+_ 28.71

128.17
+ 38.56
166.01
± 12.11

EB
(%)

299.22
+ 35.55

345.31
+. 35.44
273.44
± 9̂ .72
297.66
i 21.82

10

TD
TS

(kg/cm )

133.56
i 4.32

91.50
+ 43.27

129.13
i 17.01

135.84
± 6-26

EB
(%)

473.44
+ 10.11

437.50
+ 60.77

414.06
± 114.62
453.13
± 36.23

MD
TS

(kg/cmZ)

136.76
± 34.47

138.34
+ 9.82

135.25
± 34.77

168.76
± 23.88

EB
(%)

271.09
± 63.45

310.94
+ 17.60
269.53
± 70.96

310.94
± 23.70

Average of 5 replications
TD = transversal direction
MD = machine direction



Table V. The changes in tear resistance of polyethylene film of 0.1 mm thickness due to irradiation and storage
treatments.

>v Irrad. dose
XkGy)

Storage x.
(months X.

0

2

4

6

0

TD

133.5 + 3.35

144.83+ 6.09

140.59+ 4.34

MD

276.10 + 25.25

2 7 9 . 2 6 + 72.67

315.94 + 27.23

5

TD

159.18 ± 63.53

141.79 + 5.59

186.47 + 39.15

MD

252.52 + 17.86

299.24 + 55.31

325.64 + 33.91

10

TD

127.23 + 8.46

186.08 + 12.21

178.50 + 39.94

MD

219.78 + 55.89

267.56 + 64.95

265.26 + 70.34

TD = TRANSVERSAL DIRECTION

MD = MACHINE DIRECTION



Results of the irradiation of woven polypropylene bags are shown
in Tables VI-VIII. Table VI shows that tensile strength and elongation
at break of polypropylene tapes are higher in warp direction than in
filling direction. Irradiation doses up to 10 kGy seem to have no
significant effects on TS, tenacity, and EB of the polypropylene woven
cloth. Storage time, however, caused substantial decrease on maximum
load of the polypropylene woven cloth (Table VIII).

Results of the irradiation of carton boxes are presented in Table
IX. In general, no substantial change occurred in physical properties
of the carton box due to irradiation treatment at 5 kGy.
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Table VII. The changes in tenacity (T) of polypropylene tapes due to
irradiation and storage treatments.

^̂  Irrad.dose
\x ( kGy )

Storage ^̂
(months) v̂

0

2

4

6

0

Warp

1.16
+ 0.37

2.54
+ 0.85
1.75
+_ 0.97

1.60
+ 0.24

Filling

0.71
+ 0.62

1.62+ o;63
1.03
+ 0.62
0.92
+ 0.30

5

Warp

1.28
+ 0.32
2.34
+ 0.52
2.64
+ 0.45

1.61
+ 0.70

Filling

1.12
+ 0.45

1.73
+ 0.73
1.49
+ 0.31
1.29
+ 0.69

10

Warp

1.59
+ 0.15

2.11
+ 0.83

1.83
+ 0.45
2.27
+ 0.30

Filling

0.72
+_ 0.24

1.48
+_ 0.46

0.79
+ 0.41

1.19
+ 0.29
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Table VIII. The changes in maximum load (ML) and elongation at break (EB) of polypropylene woven cloth due to irradiation
and storage treatments.

N. Irrad.dose
\( kGy )
\

Storage î\
(months) \\

0

2

3

4

Ö

War p

ML
(kg)

46.36
+ 9.44
21.62
+ 6.19
22.64
+ 4.56
16.88
+ 3.14

EB
(kg/ctr/)

26.25
+ 3.23
21.50
+ 5.76
24.50
+ 1.12

29.50
+ 6.23

Filling

ML
(kg)

47.44
+ 13.98

26.62
+ 3.69
29.92
+ 4.54

19.58
+ 2.87

EB 2(kg/cm )

24.50
+ 5.70
23.00
+ 7.79

24.50
+ 5.42
24.38

5

Warp

ML
(kg)

43.00
+ 8.83
23.60
+ 5.52
23.96
+ 5.66
16.48
+ 4.96

EB 2
(kg/cm )

23.50
+ 2.24

25.50
+ 4.81

27.50
+ 3.95
27.00
+ 2.74

Filling

ML
(kg)

47.28
+ 4.68
24.92
± 3'71
26.34
+ 4.51

18.00
+ 2.62

EB
(kg/crn )

24.50
+ 5.12

23.00
+ 4.81
22.00
+ 5.12
25.50
+ 5.42

10

Warp

ML
(kg)

46.94
+ 8.18
19.60
+ 5.54

25.52
+ 6.05
18.70
+ 3.54

EB
(kg/crn )

25.50
+ 8.73

22.00
+ 3.26
26,00
+ 3.35
29.50
+ 5.70

Filling

ML
(kg)

47.14
+ 6.24

25.08
+ 4.05
27.60
+ 0.43

19.16
+ 3.30

EB 2
(kg/cm )

21.50
+ 6.02

25.00
+ 3.06

21.50
+ 7.20

24.50
+ 4.81

Average of 5 replications



Table IX. Some physical properties of unirradiated and irradiated (5 kGy)
cardboard boxes (Substance : 205/140 x 2/205).

Parameter Un irradiated Irradiated at 5 kGy

Bursting strength (kg/cm ) 14.19+0.19 14.15+0.17

Puncture (kg - cm) 95.25 + 3.23 100.67 +1.40

Pin adhesion (kg) 23.45 + 0.47 22.92 + 0.60

End crush vertical (kg) 62.32+1.24 65.22+0.49

Flat crush (kg) 98.69 + 1.13 96.57 + 1.04

Average of 5 replications

III. DOSIMETRY OF BULK PACKAGED DRIED FISH

This study was carried out to determine the dose distribution in a
large package of dried fish, and to evaluate the feasibility of the
packaging materials to be used in large scale food irradiation.

a. Materials and methods

The irradiation facility used was a semi-pilot scale panoramic
batch type irradiator which had an original activity of 80,000 Ci
Co-60. The Fricke dose meter was used as a reference dose meter and
clear Perspex was used as a secondary dose meter in the irradiation
process.

The packaging materials used were carton boxes of 19 cm x 39 cm x
39 cm in size loaded with 9 kg of dried fish, and polypropylene woven
bags of 46 cm x 80 cm in size loaded with 25 kg of dried fish.
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The box was irradiated on a conveyor at a dwell time of 7 sec,
for a total of 196 sec of exposure time. Dose meters were put at 27
locations in the package as indicated in Fig. 1.

21

FIG. 1. Dose distribution measurement in carton box loaded with dried salted fish.

The woven polypropylene bag was irradiated in a stationary
condition, in two different ways. The first method was done by
irradiating the bag at 4 of its sides for 30 minutes for each
position. Total exposure time was 2 hours. Dose meters were put at 13
locations in the bag as indicated in Fig. 2A. The second method was
done by irradiating the bag at 6 positions, i.e., on 4 of its sides and
on 2 of its surfaces (Fig. 2B) for 20 min for each position. Total
exposure time was 2 hours. Dose meters were put at 11 locations in the
bag.

B Ofliin

I V

5 Dmin

IV

FIG. 2. Dose distribution measurement in woven polypropylene bag exposed on 4 sides (A) and on 6 positions (B).

I l l



The changes in optical density of the dose meters at 305 mm were
measured using Beckman 26 Spectrophotometer.

b. Results and discussions

The bulk density of the dried fish packages was 0.328.

Results of the irradication of carton boxes are presented in
Table X. It shows that maximum absorbed dose was obtained at point 3
and minimum absorbed dose was obtained at point 13.

D /D . = U = 1.73.max min

Results of woven bag irradiation are shown in Tables XI and XII.
D /D . is lower if the package was exposed in more directions ormax mm
positions. However, it would be more complicated in operation, since
the package must be manually turned.

From the results it can be concluded that cardboard boxes are
more applicable for use in large scale irradiation, based on the
following reasons:

1. Better dose distribution.
2. More practical in operation, as the package can be irradiated

on a conveyor system.
3. Less time needed for irradiation.
4. Less manpower needed.
5. Irradiation can be done continuously.
6. Safer for the operator.
7. Less transient dose effects.

Therefore, carton boxes will be used as packaging materials for
irradiated dried fish in the semi-pilot scale studies.
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Table X. Dose distribution in carton boxes of 39 x 39 x 19 cm
in size containing 9 kg of dried fish.
Bulk density = 0.328

Location Absorbed dose (krad)

No.*
Test I Test II Test III

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.

16.223
20.264
21.955
13.528
18.114
19.605
13.758
18.229
20.264
13.872
17.885
20.007
12.640
14.503
16.194
14.503
18.315
19.977
12.927
17.083
19.089
14.016
17.140
19.089
13.328
17.455
19.432

16.681
21.296
23.073
13.958
18.716
20.264
14.388
19.404
20.837
14.761
18.458
20.149
13.328
14.990
16.280
15.019
18.860
20.694
13.528
17.770
19.260
14.216
17.627
19.376
13.528
17.856
19.376

16.051
20.551
21.697
13.500
18.458
20.350
13.758
18.114
19.576
13.766
17.742
20.006
12.525
14.589
15.879
14 . 188
18.516
20.006
12.927
17.341
18.946
13.930
16.968
18.745
13.041
17.169
18.315

* See Fig. 1
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Table XI. Dose distribution in woven polypropylene bag of
46 cm x 80 cm in size containing 25 kg of dried fish and
irradiated in stationary condition at 4 positions, using
clear Perspex dosemeter

Location
No.*

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

Absorbed dose
(krad)

389.04
338.05
342.00
847.16
1027.47
817.08
947.09
316.50
432.61
536.47
491.25
678.80
355.41

* See Fig. 2
D = 1027.47 kradmax

min = 316.50

D /D . = U = 3.246max min
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Table XII. Dose distribution in woven polypropylene bag of
46 cm x 80 cm in size containing 25 kg of dried fish
and irradiated in stationary condition at 6 positions
using clear Perspex dosemeter.

Location
No*

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Absorbed dose
(krad)

517.40
426.69
371.29
528.84
336.41
519.08
461.32
711.21
425.76
562.55
349.34

* See Fig. 2
D = 711.21 kradmax

D . =336.41 kradmm
D /D . =2.114max min
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In practice, dwell time was calculated using a calibration curve
of bulk density versus D or D . .max nun

For example, for D . =50 krad:mm

total exposure time 50 69378
dwell time ( = ———————————————— ) = ——— X ————— X 60

28 202 59511
= 17.31 minutes

x 63378
D (= X) : —— x ———— x 60 = 17.31380max

340 59511

D =84.16 kradmax

69378 = source activity in Ci at the time of the preparation of
the calibration curve.

59511 = source activity in Ci at the time of irradiation.

The figures 202 and 340 were read from the calibration curve.
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TRANSPORTATION AND CONSUMER ACCEPTANCE
STUDIES OF IRRADIATED DRIED FISH
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Abstract

TRANSPORTATION AND CONSUMER ACCEPTANCE STUDIES OF IRRADIATED FISH.
To evaluate the feasibility of dried fish irradiation, transportation
studies of irradiated dried fish, either by land or by sea under
practical conditions, have been carried out. A small-scale consumer
acceptance test was also done to support the possible commercial
application of the irradiation process. Dried salted chub mackerel
(Rastrelliger neglectus) packaged in polyethylene pouches and then packed
in master cartons of up to 20 kg capacities were transported by truck
from Jakarta to Bandung, and from Jakarta to Ujung Pandang by cargo boat
after being irradiated at 0.5 kGy. Unirradiated samples were also
included in the trials in order to compare the results. It was found
that carton boxes of 20 kg capacity provided with strapping bands are
durable for transportation of dried fish. A dose of 0.5 kGy was
sufficient to prevent insect damage and also reduced the incidence of
mould growth on dried fish. However, chemical deterioration, such as
oxidative rancidity and brown discolouration could not be prevented by
irradiation. In general, organoleptic properties of unirradiated and
irradiated dried fish showed no significant difference. Irradiated dried
fish could be marketed for about 3-4 months at ambient conditions.

INTRODUCTION

In Indonesia, the distribution channel of dried fish is through
dried fish collectors at the centres of production, to wholesalers in big
cities and inland markets, and then to retailers and consumers. For
distributing the dried fish, transportation by land and by sea is
commonly used.

In West-Java, the biggest inland market for dried fish is Bandung
which is located at about 180 km from Jakarta. Dried fish received in
Bandung are mostly from Jakarta, Central-Java, East-Java, Bali,
South-Kalimantan, South-Sumatra, and North-Sumatra. Inter-island
shipment usually is conducted using sailing boats, and transportation by
land is done by truck or rail.
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To protect the dried fish against insect infestation and microbial
contamination during distribution and prolonged storage, a suitable
packaging method should be utilized. The result of a previous experiment
(1) showed that the carton box can meet the requirements for packaging of
irradiated dried fish. However, the environmental conditions during
distribution, such as the fluctuation in temperature and humidity and
handling method can affect the physical strength of the carton box as
well as the quality of its contents.

This study was conducted to evaluate the suitability of carton boxes
to be used in the shipment of irradiated dried fish. A. second objective
was the collection of data on consumer acceptance of irradiated dried
fish as compared with dried fish not irradiated.

MATERIALS AND METHODS

Sample preparations and treatments

Samples of dried fish used in this experiment were freshly prepared
salted chub mackerel (RastrellJRer neglectus) containing about 32-40%
moisture and 6-9% salt. The dried fish were packaged in polyethylene
pouches made of film 0.08-0.10 mm thick; each pouch contained 250 g of
fish. The pouches were packed in carton boxes of 7.5, 10 or 20 kg
capacities, sealed with gum tape, and for the 20 kg capacity, provided
with 2 strapping bands. The boxes were irradiated with doses of 0 or 0.5
kGy (minimum) in a panoramic batch type irradiater. The dose rate was
207 krad/h and the dose meter used was clear Perspex batch 5.

Transportation by land

Samples of dried fish packed in carton boxes of 7.5 kg capacity were
transported to Bandung under practical conditions by truck. Upon arrival
in Bandung, the boxes were inspected for any damage caused during
transportation. The samples were divided into 3 lots. The first lot (8
boxes) was stored in a dried-fish wholesalers' godown in Bandung. The

(1) MAHA, M., PURWANTO, Z.I., KICKY L.T.K., "Studies on bulk packaging
of irradiated dried fish", Food Irradiation for Developing Countries
in Asia and the Pacific (Report of a Seminar on Food Irradiation for
Developing Countries in Asia and the Pacific, Tokyo, 9-13 November 1981),
IAEA-TECDOC-271,IAEA, Vienna (1982), Abstract only.
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other two lots were transported back to Jakarta; 1 lot was stored at the
Centre for the Application of Isotopes and Radiation (CAIR) and the other
one at the Research Institute of Fishery Technology (RIFT). Temperature
and humidity of the storage rooms were recorded.

The quality of the samples was evaluated subjectively upon arrival
at each destination, and again after 1, 2 and 3 months' storage. Sensory
tests and visual observations of mould growth and insect infestation were
employed.

For consumer acceptance, tests of the fish samples were given to
about 28 panelists in Bandung, 28 panelists at CAIR and 25 panelists at
RIFT, Jakarta. The panelists were staff members of the institutes
concerned. At the last observation, the panelists were asked to give
their comments concerning the quality of the experimental product in
comparison with commercial products.

Transportation by sea

Samples of dried fish packed in carton boxes of 10 and 20 kg
capacities were shipped by cargo boats to Ujung Pandang, a big city in
the eastern part of the country. The samples, consisting of 8 large
boxes of unirradiated and irradiated samples and of 4 small boxes of
irradiated ones, were first sent to the harbour of Jakarta by car, and
after waiting for 4 days in a warehouse in the harbour, were shipped to
Ujung Pandang about 875 miles distant. The samples arrived at Ujung
Pandang harbour within 4 days.

The parcels were inspected upon arrival at the quality control
laboratory of South Sulawesi Fisheries Service in Ujung Pandang to
evaluate any damage of the carton boxes.

Three boxes of the samples were distributed to about 50 panelists
taken from staff members of the Fisheries Service. Each panelist
received 1 pair of unirradiated and irradiated samples to be evaluated.
The panelists were told beforehand that one of the samples has been
irradiated, but none of them knew which one was irradiated.
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The panelists were asked to score the samples using a 9-point
hedonic scale. Some comments concerning the quality of the samples
indicating preference in comparison with local products also were
requested.

The presence of insect infestation and visible mould also was
noted. Observations were conducted monthly from 0 up to 3 months'
storage at the Fisheries Service. The first observation in Ujung Pandang
was carried out 1 month after irradiation of the fish.

For comparison, 4 boxes of samples were kept in the laboratory at
CAIR Jakarta, and evaluated organoleptically at the same time as the
evaluations of the sample that had been shipped. For these tests, 40
panelists were selected from staff members of the CAIR.

RESULTS AND DISCUSSION

Transportation by land

The condition of the boxes upon arrival at the final destination,
i.e., Bandung and Jakarta was still good and such as to be reusable.

The temperature and relative humidities of the storage rooms
recorded during the experiment ranged respectively from 21-25 C and
84-96% in Bandung, 25-32.5°C and 60-97% at the RIFT, Jakarta, and
24-31°C and 65-96% at the CAIR, Jakarta. The storage temperature in
Bandung was lower than in Jakarta, but humidity was higher due to the
presence of a large number of salted fish in the godown.

Results of the whole experiment are summarized in Table I. It
appears that at the beginning of the storage period, the average
organoleptic scores of the unirradiated and irradiated samples were
similar. The organoleptic score decreased slowly with storage time, but
at up to 3 months' storage, the scores were still above borderline
acceptability, although the colour of the flesh was turning brown.

In general, organoleptic scores of unirradiated and irradiated
samples showed no significant difference. Significant differences were
found only in the percentage of mould growth and insect infestation;
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Table I. Results of visual observations and consumer acceptance tests on unirradiated and irradiated
dried f ish stored in Bandung and Jakarta

Duration
(months)

Parameter

Bandung
Mould ( % )
Insect ( % )
UO

CAIR. Jakarta
Mould ( % )
Insect ( % }
OS

RIFT, Jakarta
Mould ( X )
Insect ( % )
OS

0

A

-

7.1 i 1.1

-
-
-

-
-
-

B

-

-
-
-

-
-
-

1

A

3.33

7.7 ± 1.1

3.33
-

6.5 ± 0.7

10
5

6.8 ± 0.9

B

-

7.0 ± 1.0

-
-

6.8 + 0.7

-
-

6.8 + 0.7

2

A

9.4

6.9 ± 1.2

-
3.6

6.7 + 0.7

17.4
4.3

6.3 + 0.9

B

6.3

6.7 ± 1.0

-
-

6.8 t 0.7

8.7
-

6.4 + 1.0

3

A

13.33
3.33

6.9 + 0.9

6.7
-

6.5 t 0-9

66.7
3.33

5.7 ± 1.4

B

3.33

6.6 ± 0.7

3.33
-

6.7 ± 0.7

23.3
-

5.7 + 0.7

A : unirradiated control
B : samples irradiated at 0.5 kGy
OS : organoleptic score; 9-point hedonic scale



i.e., more mould grew on the unirradiated controls than on the irradiated
samples; whereas insect infestation was found only on the unirradiated
control.

Organoleptic scores of samples stored at RIFT were found to be lower
than those stored at CAIR and Bandung. This is probably due to the
higher storage temperature. After 3 months' storage, about 25% of the
unirradiated samples stored at RIFT were rejected by panelists due to
spoilage, in contrast to only 8.3% rejection in irradiated samples.

Besides mould growth, the reduction in quality of this product was
due to discolouration and the occurrence of a rancid odour. From the
point of view of palatability, commercial dried fish was found to have
better texture and taste than the laboratory-dried fish. However, the
product prepared in the laboratory was superior in relation to storage
properties, general appearance and hygienic quality.

Transportation by sea

Physical conditions of the boxes upon arrival in Ujung Pandang are
summarized in Table II.

Table II. Physical condition of carton boxes loaded with dried fish after
overseas shipment from Jakarta to Ujung Pandang.

^̂ •-»̂ Capacity (kg)
Parameter "̂̂ ""-̂ ^̂

Gum tape

Strapping band

Carton box only

10

good : 2 good
torn : 2 torn

good
missing
loose

good : 2 good
torn : 1 torn
deformed : 1 deformed

20

6
2

4
2
2

1
3
4
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It appears that overseas shipment has more risks of damage than
transportation by land. This is due to rough handling in the harbour and
also owing to wet conditions during the shipment.

The size or capacity of cartox box used must also be taken into
consideration, since greater physical damage was found with the larger
boxes. By using smaller boxes, the damage can be reduced, but it will be
less economical. Carton boxes of 20 kg capacity can be used in overseas
shipment if additional strapping bands can be provided.

In these results, a deformed box was classified as acceptable, since
there was no tear or hole in the box, and recontamination or
reinfestation did not occur.

Results of visual observation and the consumer acceptance test on
the product conducted in Ujung Pandang and Jakarta are presented in Table
III. Storage temperatures in Ujung Pandang and Jakarta were 26-30 C,
and 24-31 C respectively. The results show that organoleptic scopes of
samples stored in Ujung Pandang were lower than those stored in Jakarta.
At the end of the observation period, i.e., 3.5 months after its arrival
in Ujung Pandang or 4 months following irradiation, the amounts of
samples stored in Ujung Pandang which were considered acceptable for
distribution to panelists were only about 37% for the unirradiated
control, and 75% for the irradiated samples. The rest was discarded due
to spoilage and insect damage. In irradiated samples, no insect
infestation was found during the storage.

All samples stored in Jakarta were still acceptable at the end of
the observation period.

Visible mould was detected in unirradiated samples after 1 month,
and in irradiated samples after 2 months. The panelists accepted the
product after being informed that irradiated food is safe for human
consumption, and that in some countries, irradiated food has been cleared
for human consumption.

Objections from panelists were mostly on the texture, flavour and
colour of the product. Most panelists preferred traditional products
with softer texture and more salty flavour. Such a product is prepared
through a longer salting process to allow fermentation to occur and
produce a characteristic odour and flavour.
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Table III. Results of visual observations and consumer acceptance tests on irradiated and unirradiated dried
fish stored in Ujung Pandang and Jakarta.

Duration
(months)

Parameter

Ujung Pandang
Mould ( % )
Insect ( % )
OS

CAIR. Jakarta
Mould ( % )
Insect ( % )
OS

0

A

-
-

6.3 + 1.2

-
-

6.6 ± 1.1

B

-
-

6.8 + 1.1

-
-

6.8 ± 0.6

1

A

12.7
2.5

5.9 + 1.0

2.5
-

6.6 + 0.4

B

-
-

5.8 + 1.1

-
-

6.7 t 0.7

2

A

13
9

6.1 + 1.2

5
10

6.8 + 0.9

B

12
-

5.7 + 1.2

2.6
-

6.6 + 0.7

3

A

16.7
26

5.4 + 1.8

15
10

6.2 + 1.0

B

12.5
-

5.9 + 0.9

13.5
-

6.4 + 0.7

A : unirradiated control
B : samples irradiated at 0.5 kGy
OS : organoleptic score; 9-point hedonic scale



CONCLUSIONS

Carton boxes of 20 kg capacity provided with strapping bands are
sufficiently durable for transportation of irradiated dried fish either
by land or by sea under practical conditions. The irradiation treatment
does not cause any detectable effect on the organoleptic properties of
dried fish. A dose of 0.5 kGy is sufficient to prevent insect damage in
properly packed dried fish. Such a dose also can reduce the incidence of
mould growth on dried fish. However, chemical deterioration, such as
oxidative rancidity and brown discolouration, cannot be prevented by
irradiation.

Irradiated dried fish could have a market life for about 3-4 months
at ambient conditions.
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SHELF LIFE EXTENSION OF DRIED SHRIMPS
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Abstract

By reducing the number of bacteria, irradiation with a dose of 3 kGy
increased the shelf Life of dried and salted shrimp. Combining radiation
with low-temperature storage further increased shelf life. Vacuum
packaging the shrimp in polyethylene-laminated polyethylene bags resulted
in extension of the shelf life by more than 15 weeks. Packing in
tupperware and polyethylene bags was less effective.

Most of the bacteria in the dried and salted shrimps were
halophiles. Salmonellae and coliforms were not detected in the samples
studied.

During storage, ammonia was formed in the shrimps. Irradiation
caused less ammonia to be formed. Low-temperature storage also reduced
ammonia formation. The sensory quality of the shrimps decreased with
increasing amounts of ammonia.

I. INTRODUCTION

Shrimps are a marine product vital to the economy and the livelihood
of the people of Thailand. Dried shrimps are a favourite food and can be
used as an ingredient for many kinds of dishes. Sundried commercial
shrimps occupy a major portion of shrimps processed in Thailand.
Twenty-five percent of the total catch is used for making dried shrimps,
which is only second to fresh consumption. At present there is no
quality control of dried shrimps. They are sold in open market and are
easily subjected to contamination by dust and microorganism. Moreover,
it is consumed as food without undergoing heat treatment or cooking.
Based on results obtained from experiments on the irradiation of dried
shrimps conducted earlier, irradiation at 3 kGy could extend the shelf
life of dried shrimps. The control sample of dried shrimps began to
produce an ammoniacal odour after storage for a few weeks; whereas the
sample irradiated at 3 kGy had only an incipient ammoniacal odour.
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During storage for two months, irradiation had very little effect on the
chemical properties of dried shrimps. Improvement of the hygienic
quality of dried shrimps also was obtained.

Irradiation technique, temperature of storage and packaging material
all play an important role in the effectiveness of the process.

The objectives of this study are:

1. To determine the effect of irradiation and temperature on shelf
life extension.

2. To compare the effectiveness of several packaging materials.

3. To correlate the number of microorganisms and the quantity of
ammonia with the sensory changes during storage.

II. MATERIALS AND METHODS

Dried shrimps used in these experiments were obtained from the local
market. Samples were packed in polyethylene bags, polyethylene-laminated
polypropolene bags (PE/PP) and tupperware containers. Samples in PE/PP
were packed under vacuum. The samples were irradiated at a dose of 3
kGy. A gamma irradiation Co-60 facility at the Office of the Atomic
Energy for Peace, Ministry of Science, Technology and Energy, was used.
The samples, together with the untreated control were subdivided into two

o ogroups and one group stored at 4.5 C and the other at 28-30 C.

The stored samples were regularly inspected for changes in physical
appearance, as manifested by the onset of mould, for the production of
ammonia and for deterioration of the texture. At set time intervals,
samples were examined using both chemical and microbiological analyses.
Total bacteria, halophilic bacteria, coliform bacteria and Salmonellae
were enumerated according to the recommended procedures (Anonymous, 1976;
Speck, 1976). Chemical analysis, including analyses for salt, moisture,
fat and ammonia contents were done according to standard methods of
analysis (Anonymous, 1975).

The 9 - point hedonic scale was used for sensory evaluation.
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III. RESULTS AND DISCUSSION

The results of the shelf life study of dried shrimps packed in
polyethylene bags are shown in Figs. 1 through 9. The total bacterial
counts of both control and irradiated samples and is shown in Fig. 1.
The initial count was approximately 4.0 x 10 organisms/g. After4irradiation, only 6.0 x 10 organisms /g were found in the sample, a
reduction of up to two log cycles. The control had the good keeping
quality only for three weeks. The total bacterial count increased

8rapidly during storage, reaching a level of more than 10 organisms/g
within 4 weeks. Samples irradiated at 3 kGy had a shelf life of 8-9 weeks.
Fig. 2 showes the total counts of samples stored at 4.5 C. For irradiated
dried shrimps, a shelf life extension of more than 3 months was obtained
at refrigeration temperatures. During this storage period, the
difference between the total count of the control and that of the
irradiated samples was in the range of 2 - 3 log cycles. The results
shown in Fig. 3 indicate that the combination of irradiation and low
temperature could Improve the shelf life of dried shrimps. The halophile

ocounts of the samples stored at ambient temperatures and at 4.5 C, as
shown in Figs. 4 and 5, were almost the same as the total bacterial
count. Hence, the majority of the microorganisms in the shrimps were
halophilic bacteria. Fig. 6 shows the counts of irradiated shrimps
stored at both temperatures.

Pathogenic bacteria also were investigated. Salmonellae and
coliform bacteria were not detected in any samples, including those not
irradiated. Since the shrimps contained 4.5 to 5% salt, there should be
no problem with Salmonellae and coliform bacteria.

The effect of irradiation on the chemical characteristics of dried
shrimps packed in polyethylene bags also was investigated. Most of the
dried shrimps had a salt content of about 4.60%, and a fat content of
2.87%. The samples maintained a good level of moisture, in the range of
30 - 31%.
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control

i
o
g

3 4 5 6 7
Storage time (weeks)

1O

Fig. 1. Effect of irradiation on the total bacterial count of
dried shrimps in polyethylene bag and stored at 28-30°C.

10
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10

10

10,

control

3 kGy

8 10 11 12

Fig. 2.

1 2 3 4 S 6 7
Storage time (weeks)

Effect of irradiation on the total bacterial count of dried
shrimp, packed in polyethylene bag and stored at A.5 C.
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10

6 8

Storage time (weeks)

10

Fig. 3. Comparision of the total bacterial count of dried shrimp
packed in polyethylene bag and stored at 4.5°C and at 28-30°C.

control

Fig.

102 4 6 8

Storage time (weeks)

4 The ef fec t on irradiation on halophiles in polyethylene
packed dried shrimp stored at 28-30 C.
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10

10

10 control

10

4 6
Storage time (weeks)

3 kGy

10

Fig. 5. The effect of irradiation on halophiles in polyethylene-packed
dried shrimp stored at 4.5 C.

10

6 8 10
Storage tiire (weeks)

control (4.5 C)

3 kGy (4.5 C)

12 14

Fig. 6. The Cortparision of the counts of total bacteria in shrimp stored at
two temperatures.
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As shown in Fig. 7, the ammonia content of shrimps increased as the
storage time was extended. The taste panel began to detect the
ammoniacal odour when ammonia reached a level of 1590-1830 ppm. The
sample was unacceptable to the taste panel members when the ammonia
content was in the range of 2064-2512 ppm. At this stage the shrimp had
a very putrid odour. Ropiness was observed on the surafce of the
samples. The pink colour changed to a very pale pink and then to a
slightly brown colour. Stored shrimp had a soft texture.

028-30 C)

control C4,5 CJ

3 kGy C4,S°C)

67 8 9 10 11 12 13 14 15

Fig. 7. Ammonia produced in dried shrimp,
packed in polyethylene bags and
stored at 28 - 30 C and at ^.5°C.
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The ammonia content correlated with the microbial counts and sensory
evaluation. As ammonia increased, the number of organisms also
increased. The sensory quality deteriorated and became unacceptable.
Figs 8 and 9 give the results of the sensory evaluation of flavor,
texture and over-all quality of the samples. Samples, both control and
irradiated, stored at 4.5 C had acceptable flavour, texture, and
over-all quality. However, with storage at 28-30°C, the samples
irradiated at 3 kGy were more acceptable than the controls. Fig. 7
indicates that initially there was no difference in the amount of ammonia
present in both the nonirradiated and irradiated samples. The amount of

en 4

control
(28-30 c)

Flavour

3 kGy (4 .5 C)

control (4.5°c)

3 kGy (-28-30 C)

10 12 14

8 Texture

3 kGy (4.5 C)
control (4.5 C>

8 10 12
Storage time (weeks)

Fig. 8. The e f f e c t of i r radiat ion on f l avour and tex ture of
dried shrimp placed in PE bags and stored at 28-30 C
and at 4.5 C (9 point Hedonic scale).
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8

7

3

3 kGy (4.5°C)
control (4.5°C)

Fig. 9.

3 4 5 6 7 8 9 10 11 12 13 14 IS 16
Storage time (weeks)

The over-all sensory quality of dried shrimp in PE bags and
stored at two temperatures. (9 point Hedonic scale)

ammonia increased very rapidly in the nonirradiated samples stored at
28-30 C. A similar build-up occurred in the irradiated samples, but it
lagged that of the nonirradiated samples. Nonirradiated and irradiated
samples stored at 4.5 C produced a smaller amount of ammonia than did

othose stored at 28-30 C. Again, the build-up in the irradiated samples
lagged that of the nonirradiated. It is clear that the combination of
irradiation and low-temperature storage reduces the production of ammonia
in shrimps.

The results of dried shrimps packed in tupperware and irradiated at
3 kGy are shown in Figs. 10 through 18. The initial total bacterial
count was 5 x 10 organisms/g. After irradiation, the count dropped to39.0 x 10 , a reduction of 99.9%. The shelf life of the control sample
packed in tupperware was 7 weeks, after which spoilage occurred.
Irradiation extended the shelf life to 9 weeks (Fig. 10). Although the
bacterial count was high, some taste-panel members still regarded the
shrimps as acceptable. This may be attributed to the fact that
irradiation altered the outgrowth pattern of the bacteria in such a way
as to reduce changes ordinarily associated with bacterial apoilage. The
survival of bacteria in dried shrimps stored at 4.5 C is shown in Fig.
11. The bacterial count remained low for 8 weeks.

As shown in Figs, 12 and 13, the growth of halophiles during storage
followed patterns similar to those observed with the total bacteria.
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control (28-30 C)

3 kGy (28-30 C)

0 1 2 3 4 S 6 7 8

Fig. 10. The effect of irradiation on the total bacterial
count of dried shrimp packed in tupperware and
stored at 28-30°C.
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control (4.5 C)

3 kGy (4.5 C)

5 6 7 8 9 l O
Storage time (weeks)

ll

Fie. 11. The effect of irradiation on the total bacterial count ofodried shrimp packed in tupperware and stored at 4.5 C.
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control (2&-30 C)

3 kGy (28-30°C.)

4 5 6 7 8
Storage time (weeks)

Fig. 12. The ef fec t of irradiation on halophiles in dried shrimp packed
in tupperware and stored at 28-30 C.

c
00

10

10

10

10
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control C4.S Cl

3 kGy 1.4.5 C)

5 6 7 8

Storage time (weeks)
10 11

Fig. 13. The effect of irradiation on halophiles in dried shrimp,
packed in tupperware and stored at 4.5 C.
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4 6 8
Storage time (weeks)

10

Fig. 14. The Comparision of the notai bacteria in. dried shrimp,
packed in tupperware and stored at two temperatures.

control (28-30 C)

3 kGy (28-30 C)

control (4.5 C)

3 kGy (4.5 C)

10

10
4 6 8
Storage time (weeks)

10

Fig. 15. The Comparision of halophiles in dried shrimp packed
in tupperware and stored at two temperatures.
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Fig. 16. Ammonia produced in nonirradiated and irradiated dried
shrimp, packed in tupperware and stored at 28-30 C and
at 4.5 C.
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3 kGy (4.5°C)

control (4.5°C)

3 kGy (28-30 C)

control (28-30 C)

10 12
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Flavour

3 kGy (4.5 C)
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Fig. 17. The effect of irradiation on flavour and texture of dried
shrimp packed in tupperware and stored at 28-30°C and at
4.5 C. (9-point hedonic scale)
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3 fcGy (4.5°c)

control (4.5°C)

3 kGy (28-30 C)

6 8 10
Storage time (weeks)

12

Fig. 18. The effect of irradiation on overall quality of
dried shrimp packed in tupperware and stored at
28-30°C and 4.5°C. (9-point hedonic scale)

Hence, it may be concluded that most organisms in dried shrimps are
salt-tolerant organisms. Fig. 14 shows the survival of microorganisms in

o osamples stored at 4.5 C and 28 - 30 C. At 7 weeks, the results
demonstrated that low temperature storage reduced the bacterial count by
one and a half log cycles and two log cycles for the control and
irradiated samples respectively. The results on the halophiles are shown
in Fig. 15. Storage at ambient temperature for 7 weeks increased the
halophiles by one and a half log cycles for both controls and irradiated.

Salmonellae and coliform bacteria were not detected in any samples.

Chemical analyses of dried shrimp packed in tupperware showed a salt
content of 4.81%, and a fat content of 3.67%. During the study period
the moisture content changed very little, ranging between 28.5 and
30.4%.

Ammonia increased as the storage time was extended, as shown in Fig.
16. The same was true for the polyethylene packed samples. The taste
panel began to detect the ammonia odour at the level of approximately
1600-1700 ppm. When the sample contained ammonia up to 1900-2100 ppm, it
became unacceptable. The shrimp had very poor quality with a strong
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putrid odour, pale colour and soft texture. Moreover, a pink dust-like
material and a white film coating were observed over all the surface of
the shrimp.

A low storage temperature maintained the best sensory quality for
all parameters. The data given in Figs. 17 and 18 indicate that dried
shrimps irradiated at 3 kGy had better texture, flavor and overall
quality than did the nonirradiated control. Figs. 19 through 25 show the
results obtained with shrimps vacuum packed in polyethylene-laminated
polypropylene bags and irradiated at 3 kGy. At both temperatures, total
bacterial count dropped during the early stage of storage. However,
after 4 weeks storage the count increased slightly and became almost
stabilized.

The shelf life of the vacuum-packed control was more than 8 months
at 25 to 30 C. The irradiated (3kGy) counterpart maintained a low
count of 10 organisms/g. The combination of irradiation and vacuum
packaging reduced the count by 99.9%. Additionally, as shown in Fig. 20,
low temperature storage, as expected also extended the shelf life.

As shown in Fig. 21, the total bacterial counts obtained with all
treatments were almost all the same. After 8 weeks of storage, only the
control samples stored at the ambient temperature showed a slightly
higher count than those stored at lower temperatures. Figs. 22 through
24 give the counts of halophilic bacteria. Since the results with the
halophiles are almost the same as with the total bacteria, this seems to
indicate that halophiles were the main microorganisms present.
Salmonellae and coliform bacteria were not detected. Salt and fat
contents were 4.54% and 2.18% respectively. Moisture content remained
fairly constant throughout the study.

As shown in Fig. 25, flavour scores indicate that the amount of
ammonia produced was lower in shrimps vacuum packaged in PE/PP bags than
in the other packaging materials tested. In addition, the texture and
flavour scores decreased at a low rate.
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Fig. 19. Effect of irradiation on the total bacterial count of
dried shrimp vacuum packed in polyethylene-laminated
polypropylene (PE/PP) and stored at 28-30°C.
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Fig. 20. Effect of irradiation on the total bacterial count of dried
shrimp vacuum packed in PE/PP and stored at 4.5°C.
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Fig. 21. Comparision of the to ta l bacterial count of dried shr imp
vacuum packed in PE/PP and stored at 4.5°C and at 28-30 C.
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Fig. 22. Effect of irradiation on halophiles in PE/PP vacuum-packed
dried shrimp stored at 28-30°C.
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Fig. 23. Effect of irradiation on halophiles in PE/PP vacuum-packed
dried shrimp stored at 4.5 C.
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Fig. 24. Comparison of halophiles in PE/PP vacuum-packed
dried shrimp stored at 4.5°C and at 28-30 C.
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Fig. 25. E f fecc of i r rad ia t ion on f l a v o u r and t ex tu re
of PE/PP vacuum-packed dr ied shr imp stored at
28-30°C and at 4.5°C.

By reducing the number of bacteria, irradiation with a dose of 3 kGy
increased the shelf life of dried and salted shrimp. Combining radiation
with low-temperature storage further increased shelf life. Vacuum
packing the shrimp in polyethylene-laminated polyethylene bags resulted
in extension of the shelf life by more than 15 weeks. Packing in
tupperware and polyethylene bags was less effective.
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Most of the bacteria in the dried and salted shrimps were
halophiles. Saltnonellae and coliforms were not detected in the samples
studied.

During storage, ammonia was formed in the shrimps. Irradiation
caused less ammonia to be formed. Low-temperature storage also reduced
ammonia formation. The sensory quality of the shrimp decreased with
increasing amounts of ammonia.
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Abstract

The bacterial flora of sun-dried, Cybium suttatum (Mackerel)
irradiated at 0.0, 0.50, 1.0, 2.0 or 4.0 kGy and stored at temperatures
of 10,20 or 28°C, was investigated. The reduction of bacterial flora
was determined both qualitative and and quantitatively. In studies over
three months' storage, the occurrence of both mesophiles and
psychrophiles/psychrotolereant was determined. No over-all reduction of
significance was achieved during this period. Only in case of mesophiles
was an 80% reduction obtained. The psychrophiles/psychrotolerants were
found to be less sensitive to these dose levels.

Several hundred bacterial isolates (both mesophiles and
psychrophiles) were made from the count-plates and identified.
tticrococcus. Staphylococcus» Corynebacterium and some Bacillus were found
to be the prominant groups in mesophiles while Bacillus dominated
psychrophiles. Salmonella was not found either in control or irradiated
samples. Only few coliforms and moulds (less than 30/gm) were found.
Yeast was absent in both control and irradiated samples.

Tin containers, gunny bags lined with polythene and carton boxes
were used as packaging materials. About half of the unirradiated dried
fish spoiled due to fungus growth. Weight loss due to insects varied
from 6 - 10%. Tin containers proved best as packaging material during
two months of storage.

INTRODUCTION

Bangladesh is a small country of about 55,000 square miles with a
population of 90 million. Traditionally, people eat fish. Annual per
capita consumption is much less than 12 kg, but the country has the
potential for increasing fish production both in inland waters and in the
sea. Due to a very high density of population, live-stock farming is

+ Presented at the Seminar on Food Irradiation for Developing Countries in Asia and the Pacific, Tokyo,
9-13 November 1981, IAEA-TECDOC-271, IAEA, Vienna (1982), Abstract only.
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getting to be very expensive. The government is trying to introduce
intensive pisciculture in its 1.47 million ha of inland waters consisting
of rivers, streams, canals, ponds, tanks, dams, natural depressions,
lakes, estuaries etc. and 2.8 million ha of submerged rice fields. Fish
is the major source of protein. Every effort is being made to raise the
percapita consumption to 14 kg in the near future.

Earlier (Ahmed, 1979) , an account of fisheries in Bangladesh was
given. Since then, much progress was made in terms of total production
of fish, principally from marine waters. Because of the increasing
volume of fish from marine waters, more importance has been attached to
preservation and processing of fish. Sun-drying of marine fish is the
most important traditional processing technique in the country.
Radiation disinfestation studies and investigation of packaging materials
were reported earlier (Ahmed, 1979) .

Some work has been done on the microbiology of dried fish by
Pablo(2) and Maha(3). Bangladesh dried fish contain less than 20%
moisture and no salt is used, and are, therefore, somewhat different from
fish studied in other countries. This present study is the first one in
Bangladesh on the microbiology of sun-dried fish. One objective of it is
to obtain information on the microbial content of sun-dried fish as it
ordinarily is produced in order to relate irradiation to present
practices. Another objective of the study is to investigate widely used
packaging materials in relation to sun-dried fish. This investigation
must precede pilot-scale studies.

I. MICROBIOLOGICAL STUDIES OF IRRADIATED DRIED FISH

MATERIALS AND METHODS

a) Collection of sample; The sun-dried samples of the fish "Cybium
guttatum". locally called Matia fish, were collected from the local
markets. Any fishes apparently spoiled were discarded. A number of
whole dried fishes were cut into small cubes (1/4 inch.) and combined to
make a single composite sample. 100 gm of this composite sample were
placed in individual polythene bags for use in this study.

150



b) Irradiation; The dried fish cubes in polythene bags were
subjected to irradiation doses of 0.5, 1.0, 2.0, 4.0 or 8.0 kGy using a
50,000 Curie Cobalt-60 source. The dose rate was 1.4 kGy/hr.

c) StoraRe of Irradiated samples: The irradiated samples were
stored for 2 months at several temperatures as follows: - ambient
temperatures (25-32 C), 20 C and 10 C. At one month intervals, the
samples were examined for apparent deterioration and were analyzed
microbiologically. Control samples (i.e., unirradiated samples) were
stored along with the irradiated samples and subjected to the same
examinations. The samples contained moisture in the range of 13-15%.

d) Microbiological Examination; The microflora (bacteria, mould
and yeast) of unirradiated as well as irradiated samples was determined
both quantitatively and qualitatively.

The irradiated and unirradiated samples were examined within 24
hours of irradiation and again after 1 and 2 months of storage. The
samples were homogenized in 1/4 strength Ringer1s solution and the
following microbiological studies were carried out:

(i) Determination of total viable count: The counts of both mesophilic
(at incubation temperature 30 + 2°C) and psichoropilic/psychrotolerant
(at incubation temperature of temperature 10°C) bacteria were determined
after an incubation period of 3-5 days and 7-10 days respectively.
The pourplate method with suitable dilutions of sample suspensions using
plate-count agar or nutrient agar (4,5) was followed.

(ii) Identification of bacterial flora: Isolates were made from the
above-mentioned count plates by removing discrete colonies without
discrimination. The isolates were purified by streaking. These
were identified according to the criteria described in the 18th
Edition of Bergey's Manual (6) after carrying out the necessary
tests for identification (4,7). For determination of coliform, ENDO
agar medium was used (8) and Salmonella was determined according to
the method recommended in FDA Manual (9). Quantitative
determination of Staphyloccoccus was done by using staphylococcus
110 medium (10).

(iii)Determination of moulds and yeasts: Potato Dextrose Agar (5) was
used for determination of moulds and yeasts.
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RESULTS AND DISCUSSION

Effect of Irradiation on the total viable count of bacterial flora:

As the data of Fig. 1 show, radiation reduced the count of viable
bacteria linearily with increasing dose up to 8 kGy. At this dose level,
irradiation was less effective in reducing the count. The reduction
pattern was almost the same for mesophiles and psychrophiles. At 4 kGy
about a 10-fold reduction was achieved in both cases. At 8 kGy, the
reductions were more than 800 and 400 times for mesophiles and
psychrophiles respectively. This indicates that
pschrophiles/psychrotolerants were comparatively more resistant to
radiation than mesophiles. A dose of 8 kGy, however, is considered to be
a rather high radiation dose. Chung (11) reported that doses of 0.5 -
2.5 kGy were promising for preservation of Korean fish and shell-fish.
Ghadi et. al. (12), experimenting with Indian Mackerel, reported good
effects of radurization at the dose level of 1.5 kGy, Liston and Matches
(13) found that radurization with a dose of 3 kGy was effective. All
those dose levels were applied to undried fishery products, in which the
moisture content was quite high. Pablo (14) achieved 80 to 95% reduction
at 0.1 Mrad with dried striped mackeral, but secured only a 25% reduction

Mesophilic
Psychrophil ic

2 3 4 5
Radiation dose in kGy

Fig. - 1 : Effect of Radiation on total viable count of bacteria
of dried fish (Cybium Guttatum)
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of melophile count. Reduction by only one log cycle was achieved with a
dose of 4 kGy (Fig. 1). It appears, therefore, that for dried fish, high
doses may be needed, as mentioned above. Further investigation is
necessary in order to establish the required dose.

When dried fish fillets in polythene bags were stored at different
temperatures, decreases in counts occurred in general for
psychrophiles/psychrotolerants in all irradiated and control samples
(Table 1 & 2). These reductions in counts were attributed to the less
humid condition in the closed polythene bags. But with mesophiles in
samples stored at ambient temperature (around 30 C), some increase was
observed, especially in those samples irradiated at 1.0, 2.0 and 4.0 kGy.
This might have been caused by recovery of some partially damaged bacterial
cells. This increase, however, was temporary, since after 2 months of
storage, there occurred notable reductions in viable bacterial counts
(Table 1).

Table 1: Changes in viable count of Mesophiles at different storage
conditions.

Radiation Dose
( kGy )

0
0.5
1.0
2.0
4.0
0
0.5
1.0
2.0
4.0

Period of
storage
(months)

1
1
1
1
1
2
2
2
2
2

RT

- 52
- 35
+132.6
+111.0
+169.0
- 88.9
- 93.4
- 18.4
- 65.0
- 75.7

Changes in total viable
(% of the initials*)

20°C

- 84.4
- 30.6
+116.2
- 24.0
- 3.0
- 88.3
- 96.6
- 16.0
- 84.0
- 81.0

count

10°C

- 91.1
- 95.6
- 90.7
- 99.0
- 90.0
- 93.1
- 86.4
- 17.0
- 80.8
- 85.5

+ = Increase; — = Decrease
See Fig. 1 for initial counts,
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Table 2: Changes in viable counts of Psychrophiles/Psychrotolerants at
different storage conditions.

Radiation dose
( kGy )

0
0.5
1.0
2.0
4.0
0
0.5
1.0
2.0
4.0

Period of
storage
(months)

1
1
1
1
1
2
2
2
2
2

Changes in total viable count
(% of the initiala)
Storage

20°C

- 81
- 82.9
- 78.6
- 74.5
- 56.5
- 87.6
- 80.0
- 79.5
- 79.6
- 66.7

temperature
10°C

- 90.5
- 91.9
- 88.1
- 79.6
- 66.7
- 85.7
- 89.3
- 73.8
- 54.1
- 73.9

+ - Increase; — * Decrease;
oSee Fig. 1 for initial counts

The type of bacterial flora in irradiated and un-irradiated dried fish;

a) Mesophiles; In unirradiated dried fish, the very significant
predominance of Gram-positive cocci (98%) was noted (Table 3); most were
of the genus Staphyloccoccus (84%), which is known to produce toxin. The
effect of radiation on Staphylococci was determined separately (Table
5). Somewhat reduced counts of staphylococci (50-60%) after storage of
two months were observed. The other bacteria found were Micrococcus and
a few Corynefonus. After storage of 2 months, Bacillus was detected,

oespecially in the samples held at 10 C. One of the most notable facts
was that radiation killed Staphylococcus. As the dose was increased, the
counts of this group of microorganisms decreased. Bacillus and
Micrococcus were found to be less affected by irradiation. In irradiated
samples besides the types of bacteria mentioned above, Coryneforms.
Pseudomonas. a few Lactobacilli. Streptoccocci and species belonging to
Enterobacteriaceae also were found.
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Table 3 : Qual i ta t ive determinat ion of mesophilic bacteria of i r radia ted f i sh .

Sample

Control

0.5 kGy

1.0 kGy

2.0 kGy

4.0 kGy

Storage
Temp.

RT
20°C
10°C
RT
20°C
10°C
RT
20°C
10°C
RT
20°
10°
RT
20°
10°
RT
20°C
10°C
RT
20°C
10°C
RT
20°C
10°C
RT
20°C
10°C
RT
20°C
10°C

Period of
storage

0 month
M
it

2 monthit
"

0 monthii
"

2 monthit
tt

C month
ii
11

2 month
M
tl

0 month11
M

2 monthn
ft

0 month
»
it

2 month"
it

Staphylococcus
tt)
84
62
8
50
58
60
42
42
22
50
56
38
20
2
10
44
14

2
2

12
28
2
_
_

-
4
36
34

Micrococcus
tt)
14
18
22
30
34
12
10
4
18
_
14
20
_
_

6
4
48

_
_
-
34
48
62
_
_

-
22
10
50

Sarcina
<%)
_
_

6
10_
-
2
4
4
22
24
14
6_
2
14
4
-
12
2
18
6
6
6
44
2
2
_
_

8

Bacillus
tt)
_
_

-
10
8
20
2
38
20
10
4
12
38
46
26
18
12

44
16
64
36
14
16
—

58
22
52
36
2

Coryneform
tt)
2
8

36
5
_

-
8
8
2
_
_

-
2
22
16
8
8

20
60

6
2
2
22
32
34
8
—
-

Pseudo-
mo na s

(7=)
_
_
-
_
_
-
_
_
-
_
_

-
_
4
2
_
_
-
10
2

_
-
6
_

12
_
_
-

Entero- Lacto-
bacteriacaae bacillus

tt) (%)
_
_ __
-
_
_
-
_ _
_ _
-
— —

— »-

-
4

— 2
2
_
_
-
2
2 2

_
— —

-
2
2 2
2 2
_
_ _
-

Strepto-
coccus

(7„)
_
_

-

_
_
-
4
_

6
2
_

-
_
_
2
_
6

-
_
-
_
_
-
_
_

-
_
4
4

* About 50 isolates studied in each case.



Table 4: Qualitative determination of psychrophilic bacteria of irradiated dried fish

Sample

Control

0.5 kGy

1.0 kGy

2.0 kGy

4.0 kGy

Storage
Temp.

20°C
10°C
20°C
10°C
20°C
10°C
20°C
10°C
20°C
10°C
20°C
10°C
20°C
10°C
20°C
10°C
20°C
10°C
20°C
10°C

Period of
storage

0 monthit
2 month

M

0 monthn
2 monthn
0 monthn
2 month

Tl

0 monthn
2 monthn
0 monthn
2 monthn

Staphylo-
coccus
(%)

-
54
24
2
-
_

26
2
-
10
8

_
-
32
8

_
-
14
-

MiCrococcus
(%)
2
-
34
40
18
-

100
54
4
-
76
89
2
-
46
92
_
-
80
90

Sarcina
U)

-
4
6
_
-
_

6
_
-
10
-
_
-
6
-
_
-
_
-

Bacillus
(%)
22
34
6
10
36
84
_

14
38
44
2
4
90
74
14
-
20
52
_

10

Corynef orms
<%)
60
6
_
10
24
8
—

-
18
46
_

2
2
-

-
38
18
_
-

Pseudomonas
(%)
2
10
_
-
2
2
_

-
10
4
_
-
2
4
_
-
12
4
—
-

Enterobact
eri acea
tt)

-

-
_
4
_
-
4
2
_
-
_
-

-
4
-
_
-

Streptococcus
(%)

_

-
_
-
_
-
_
-
2

_
-

-
2
-

-

*About 50 isolates studied in each case.



b) Psychrophiles/psychrotolerant bacteria in irradiated and
un-irradiated samples: - As seen from the data of Table 4, in
unit-radiated samples, Bacillus and Coryneforms were found to be most
predominant bacteria. After storage of two months, the
cold-temperature-tolerant types of Staphylococci and Micrococci
prevailed. In irradiated samples held at 20 C for two months
Micrococcus persisted. Considering the over-all results, the effect of
radiation was considerably less on Micrococcus and Bacillus. More
Pseudomonas were found in both un-irradiated and irradiated samples. The
same trend of occurrence of Coryneforms was also found. A few Sarcina.
Streptococci and species belonging to Enterobacteriaceae were also found
in irradiated samples.

c) Staphylococcus: As mentioned above, radiation affected the
Staphylococci greatly and this became most notable at 4 kGy. As seen
from the data of Table 5, in unirradiated samples, during storage
Staphyloccocci increased. In samples subjected to low doses of radiation
(0.5 and 1 kGy), a similar increase in numbers of Stapylococci occurred.
Higher radiation doses (2 and 4 kGy) caused a reduction of count in
stored samples.

d) Salmonella and Coliform; Salmonella was not found in either
control or irradiated samples. Only a few coliform (less than 30/gm)
were detected in unirradiated samples. The, lowest dose of radiation (0.5
kGy) used eliminated those organisms from the samples.

e) Moulds and Yeasts; Only a few moulds (less than 30/gm) were
found in control samples and these were eliminated by the lowest dose
(0.5 kGy) used. Yeasts were not found either in control or in irradiated
samples.
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Table 5: Quantitative estimation of Staphylococcus in the stored
irradiated samples

Sample Period of storage Storage temperature Staphylococcus/gm.

Control

0.5 kGy

1.0 kGy

2.0 kGy

4.0 kGy

0 month
1
2

0 month
1
2 "

0 month
1
2

0 month
1
2 «t

0 month
1
2

RT
RT
RT

RT
RT
RT

RT
RT
RT

RT
RT
RT

RT
RT
RT

125
208
450

105
400
300

400
137
100

4

4

4x 10
xlO3

3x 10

4x 10
3x 10

xlO3

3x 10J
xlO3

3x 10

4x 10
30
30

4x 10*
30
30

II. PACKAGING STUDIES OF DRIED FISH

MATERIALS AND METHODS

Unsalted dried mackerel (Cybium guttatum) was used for this
experiment. The moisture content was brought down to 13% by sun-drying
the dried fish which had had 18-20% moisture content when brought from
the market.

The following packaging materials, which are most commonly and
widely used in Bangladesh for various purposes, were used in this study.
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(i) Tin Containers (TC). These were made of tin sheets of 28 gauge and
size 9" x 9" x 13". These were commonly known as kerosene tins or
biscuit tins because of the commercial use for this container. Tin
containers of various sizes are used in households for storing
grains, dried foods and even for dried fish. The tin container used
in this experiment is the largest container commonly used
industrially for handling, storing and transporting materials.

(ii) Gunny bags with polythene lining (GBP). Gunny bags lined with
different thickness of polythene are available in the market. In
this experiment, polythene had the thickness of 0.1 mm and the size
of the bag was 30" x 24". These bags are not very commonly used.

(iii)Carton boxes, into which were placed dried fish packed in polythene
pouches made of film 0.1 mm thick (CBP). The dried fishes were
first packed in a polythene pouch and then put into the carton box,
which was closed. These boxes are of standard sizes (12" x 8" x
14") used through out the country.

Two kg of dried fish were placed in each of the containers tested.
Sets of three replicate samples for each different treatment,
including unirradiated controls, were prepared in numbers sufficient
to provide samples for each of the periodic tests and analyses made
during the storage period.

Irradiation was carried out by using a 50,000 Curie Gamma Beam 650
source. The dose rate was 1.4 kGy/hour. The D . and D inmm max
each container of dried fish were 0.85 and 1.00 kGy respectively.

Observations were made at 1 to 2 months, at 3 to 4 months and at 5
to 6 months.

All the samples were placed randomly on wooden racks at a storage
temperature of 30 ± 3 C and a humidity of 75-95%.
Observations were made fortnightly on weight loss, insect incidence,
moisture content, physical appearance, insect damage etc.
Organoleptic tests and microbial analyses were made at 1 to 2 months
of storage and additionally at 3 to 4 months and at 5 to 6 months.
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RESULTS AND DISCUSSION

Physical appearance of the samples; - Control samples stored at
ambient temperature (30°C + 2°C) and humidity (75-95%) showed heavy
infestation of fungus. About 50% of the samples was spoiled by moulds
after 2 months' of storage. Discolouration also appeared in some
samples. The irradiated samples showed no fungal infestation for the
same period of storage. Moreover, irradiated samples maintained the
natural colour and texture of the dried fish.

Table 6 shows the weight loss and moisture content of the dried fish
with different containers. The weight loss of the samples in each
container varied from 6% to 10%. This was due to the feeding by insects

Table 6 : Weight loss/gain and moisture content of irradiated/unirradiated
dried fish stored for two months in different packaging materials.

Type of Weight of samples % moisture content
container Initial After 2 months % weight Initial After 2 % gain

(kg) ( kg ) loss months

Unirra-
diated

TC

GBP

2.00

2.00

1.92

1.86

13

13

15

16

CBP 2.00 1.87 6.5 13 15

Weight

Irradiated TC 2.00 2.06 13 16

GBP 2.00 2.05 2.5 13 15

CBP 2.00 2.05 2.5 13 15

TC = Tin Container.
GBP = Gunny Bag with polythene lining.
CbP = Dried fish packed in polythene pouch then put inside carton

box.
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within the packages. The moisture content of the samples increased up to
16% due to the humid storage condition. In the case of irradiated
samples, there was no loss due to insects, but there was a similar rise
of moisture content as occurred in the control.

Table 7 shows the incidence of insects and the number of punctures
in each packaging material. Large numbers of insects were found in all
the control samples. Most were Dermestes maculatus. followed next by
earwigs. The largest number of insects was observed in carton boxes.
The number of punctures varied with the number of insects in the
packages. No infestation was observed in irradiated samples. Some
aspects of the behaviour of the insects also was observed in this study.
The last instar larvae left the polythene bag (CBP) and completed their
pupation inside the carton box. The presence of exuviae inside the box
was evidence for such behaviour. Besides, most of the punctures were on
the upper side of the packages.

"fablo 7 : Total numbers, types and developmental stages of insects and damage
done in differet packaging materials stored for two months.

Types of developmental stages of insects
Types Total Total

1 2 1of No. Dermestes Necrobia Earwigs Lasioderma No,
Container Insects L ft P

Unirra- TC 88 67 3 10(3) - 1
diated

GPB 102 44 6 16(3) 2 22

CBP 214 130 6 12(3) 6 54

Punctures

4 0

4 11

3 25

Irradiated TC

GBP

L = Larva,
P = Pupa,
A = Adult,
Numbers in parentheses are dead insects.
1 2Adults Adults and last nymphal stages
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It is evident from the observations that the tin container proved
best, followed by carton box, as packaging material. Although tin
containers are expensive ( $ 1.25 each), they are reusable and made for
easy handling. Carton boxes are widely used by commercial exporters.
From this two months' storage study, it was observed that carton boxes
also could be utilized in the better managed storage operations. With
disinfested and dried fish tin containers could be used throughout the
entire commercial operation and into households.

III. FUTURE PLAN OF STUDIES

1. Extension of (mould free) useful life of packaged dried fish,
(i) Determination of suitability of the selected packaging

materials for extension of shelf-life at different storage
temperatures after radiation treatments.

2. Sanitation studies of radurized dried fish for extension of
storage life:
(i) Determination of useful physical and chemical parameters

related to quality evaluation.

3. Suitability of some packaging materials of local origin for
their usefulness for food irradiation:
(i) Physical (mechanical) properties (e.g., tensile strength,

sealing, puncture resistance).
(ii) Insect permeability studies to determine the minimum

requirements as to the thickness, sealing and other
properties, as well as radiation effects,

(iii) Studies on the effect of film thickness on microbial
penetrability,

(iv) Studies on gas and vapour permeability with special
reference to oxygen and water vapour,

(v) Studies on permeability to any foreign chemicals from the
environment.

(vi) Economic analysis of the use of promising materials
(vii) Consumer acceptability (colour, design size etc.).
(viii) Economic analysis of the use of these materials with

respect to the existing condition of the country,
(ix) Determination of costs for radurization and radicidation of

packaged dried fish.
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4. Semi-pilot scale studies of irradiated dried fish.
(i) Storage trials in co-operation with traders,
(ii) Transportation studies,

(iii) Studies on consumer's acceptance.
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ECONOMIC FEASIBILITY OF USING GAMMA RADIATION
FOR THE PRESERVATION OF SOME AGRICULTURAL
COMMODITIES IN THE PHILIPPINES*

C.C. SINGSON
Department of Nuclear Services,
Philippine Atomic Energy Commission,
Diliman, Quezon City,
Philippines

Abstract

Onions irradiated with an average dose of 8.7 krad and stored under
refrigeration for 5 months had 20 to 31% less loss than non-irradiated
onions.

Garlic irradiated with an average dose of 9.3 krad and stored under
refrigeration for up to 7 months had 7.5% less loss at 5 months and 14.6%
less loss at 7 months than non-irradiated garlic.

Irradiation with 50 krad delayed yellowing of mangoes, but the
effect varied with variety. The emergence of adult fruit flies was
prevented by irradiation.

Economic analyses of the irradiation of onions, garlic and mangoes
indicated that irradiation can provide advantageous savings.

O N I O N S

1. Objective

Studies conducted by the FTI and PAEC under IAEA RC 2086 have
established that irradiation combined with refrigeration is effective in
controlling storage defects such as decay, moulds, weight loss and
rooting in Philippine onions. The present practice of extending the shelflife
of onions is by cold storage at 2-5 C. This investigation attempts to
determine the economic feasibility of the radiation process for the
preservation of this crop.

* The research was carried out by the Philippine Atomic Energy Commission in co-operation with Food
Terminal Inc. (FTI), Taguig, Rizal, National Onions Growers Cooperative Marketing Association (NOGRO-
COMA Cold Storage), Caloocan, Rizal, and Mariano Marcos State University (MMSU), Batac, Ilocos Norte.
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2. Methodology

a. Irradiation and storage

(1) Two tons (100 bags) of yellow grannex onions from Nueva
Ecija were obtained two weeks from harvest from the FTI. One ton
was irradiated at an average dose of 8.7 krad at the PAEC and stored
at the FTI Central Refrigerated Warehouse together with the
remaining one ton at 2-5 C and 80-90% RH for a period of 5 months.

After the storage period the onions were evaluated for storage
defects and marketability. The income after storage of the
marketable bulbs was calculated.

(2) One ton (50 crates at 20 kg/crate) of yellow grannex onions
from Bongabong, Nueva Ecija was also obtained from the Nogrocoma.
Twenty five crates were irradiated at the PAEC at an average dose of
7.3 krad and stored for 5 months at the Nogrocoma cold storage at
1-5 C together with the other 25 crates as control. After the
storage period they were evaluated as were the onions in 2 a (1).

Results:

The effect of irradiation on the quality of irradiated and
non-irradiated onions after a five month storage period at the FTI
and Nogrocoma warehouses is shown in Table I.

The good bulbs that remained after the five month storage period
in both warehouses were similar. Those irradiated were classified
as Grade A. The bulbs from the control lots were Grade B due to
extensive rooting. Studies conducted by Lustre (1983) showed that
bulbs with roots are good. The roots however dried out during the
reconditioning but the bulbs were a little softer compared with the
good bulbs from the irradiated lot. Sprouting and decay were
controlled by irradiation. At the FTI storage, chilling injury and
molds occurred in the bulbs. Chilling injury was higher in the
irradiated lots. These defects were not observed in the lots stored
at Nogrocoma,
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TABLE I. A Comparison of Quality of Irradiated and Non-irradiated Yellow
Grannex Onions after 5 months of Storage at FTI Refrigerated
Warehouse and NOGROCOMA Warehouse at 1-10°C and 75-80% RH

QUALITY

FTI REFRIGERATED
WAREHOUSE
% by Weight

NOGROCOMA WAREHOUSE
% by Weight

a.

b.

c.

Good bulbs

Defective
Bulbs
sprouted
decayed
chilling
injury

molds
Loss in
weight
Total

Control

53.65
(Grade B)

17.04
2.42

13.5
7.04

6.35
100.00

Irradiated Control Irradiated

71.62 41.94 76.65
(Grade A) (Grade B) (Grade A)

2.64 48.9 14.5
0.6 0.66 1.4

17.02
1.9

6.22 8.5 7.45
100.00 100.00 100.00

The refrigerant at FTI warehouse is ammonia while that at
Nogrocoma is freon. This probably explains the difference observed
in the 2 lots.

The percentage marketable weight of irradiated and
non-irradiated onions stored in both warehouses are shown in Table
II. The percentage marketability agrees with the study of Lustre
(1983) during the previous year.

A cost analysis of the effects of irradiation on the storage of
yellow grannex onions was done according to the procedure of
Sudarsan (1975) and is shown in Table IV. The net benefit of
irradiation was higher with lots stored at Nogrocoma compared with
those stored at FTI and was P230.10 per ton and P801.60 per ton,
respectively.
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TABLE II. Difference in Percentage Marketable Weight Between Irradiated
and Non-Irradiated Onions Stored at FTI & NOGROCOMA Warehouse
After 5 months storage.

____Marketable Weight (%)_________________
Non-Irradiated Irradiated Difference

FTI Cold Storage 56.4
NOGROCOMA Warehouse 46.42

76.3
77.92

19
31

.9

.3

1984 was considered to be a bad year in the onion trade because
many traders lost considerably with their investments. The
increased cost of electricity and the breakdown of some
refrigeration warehouses resulted in the early disposal of stored
onions. The market price was 5.00 - 7.00 per kg. compared with
about 14.00 the year before. Some traders observed the good results
obtained with irradiation and it is our hope that during this year's
harvest, they will consider this technology in their future
investments.

Table IV shows the cost analysis on the effect of irradiation
with storage at different refrigerated warehouses. The Nogrocoma
storage facility seems to be more efficient for onion storage. The
increment benefit of Nogrocoma storage and of FTI is 2,110.80 and
957.90 per ton, respectively.

Table III gives a comparison between cold storage versus
irradiation/cold storage for the storage and handling of onions.
The table shows clearly the benefit of the irradiation/refrigeration
process over refrigeration alone.
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TABLE III. Cost in Pesos per Ton Storage and Handling of Onions in Bulk
under Different Conditions and Product Life-Extension Methods

Item
Cold Storage Irradiation and Cold

Storage________
FTI NOGROCOMA FTI NOGROCOMA

Handling, sorting,
crating and transport 665 665
from farm to storage
facility
Transport cost from
storage to Irradiator
(PAEC) and back to
storage
Irradiation cost
Storage cost
(5 months) 1350 1125

Total cost for
storage handling, 2015 1790
transportation &
irradiation ______ __

665 665

100

200

1350

2315

100

200

1125

2090

Ton loss per ton .463 50 .578 70
Ton available product .536 50 .421.30
per ton

.283 80

.716 20
.284 30
.715 70
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TABLE IV. Cost Analysis of the Effects of Irradiation on Storage of
Onions

_ _ _ O N I O N S
FTI NOGROCOHA

Control Irrad. Control Trrad.

1. Market price at harvest 3,500
per ton (pesos)

2. Total losses during 46.35
storage period (%)

3. Quantity sold (tons)
4. Prevailing Market price

per ton (pesos)
5. Revenue (4) X (3)

(pesos)

(pesos)
7. Net income (5) - (6)
8. Net benefit of irrad.

& cold storage (7) - (1)
(pesos)

9. Incremental benefit of
irrad. (pesos)

0.5365
7,000

6. Total cost of handling , 2015
çtransportation , irrad-

iation and storage

3,500 3,500 3,500

28.38 57.87 28.43

0.7162 0.4213 0.7157
7,000 7,000 7,000

3,755.50 5,013.4 2,949.10 5,359.90

2315

1740.50 2698.40
-1759.50 -801.60

+957.90

1790 2090

1159.10 3269.90
-2340.9 -230.10

+2110.80

a) Harvest time = February
Irradiation time = March

b) Handling = 665
c) Transportation = 100 (irrad.

samples only)
d) Assume 200/ton

e) FTI:
4.50/day/pallet; 1 pallet = 1/2 ton
9.00/day/ton
for 5 months:
9/day/ton X 30 days/mo. X 5 months =
l,350/ton/5 mo.
NOGROCOMA:
4.50/crate/mo.; 1 ton = 50 crates
For 5 months:
4.50/crate/mo. X 50 crates/ton
X 5 mo. = l,125/ton/5 mo.
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Conclusion:
The results of this experiment show the beneficial effect of

irradiation in controlling losses during storage. If 10 percent of
the present annual production of 42,000 metric tons (1983) figure)
is irradiated and stored for 5 months an income of about 20 million
can be generated from the onion trade.

The effectiveness of Nogrocoma as a better storage warehouse may
be demonstrated when the new facility of the PAEC will be
operational, perhaps during the next crop season.
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G A R L I C

1. Objective:

The conventional methods of storing garlic is to hang them on
bamboo racks or to pile them one over another in a big mound or to
place them in sacks at ambient temperature. Lustre (1982) reported
the control of insect infestation and storage defects such as
sprouting and decay by a combined radiation/refrigeration
treatment. This investigation attempts to quantify the economic
benefit of the treatment during a seven month storage period. This
period was chosen because this is the time when the unirradiated
bulbs are needed for the next planting season and a supply of
irradiated bulbs is also needed for domestic consumption, due to the
scarcity and prevailing high prices of the commodity.

2. Methodology:

316 kg. of white garlic were obtained from the HMSU at Batac,
Ilocos Norte, a part of the annual harvest. Eight bags having a
total weight of 158 kg. were brought to Manila and irradiated at the
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PAEC irradiator at an average dose of 9.3 krad. They were stored at
the FTI Central Regrigerated Warehouse, Taguig, Rizal at 0-5°C and
70-75% RH. The remaining 158 kg were stored at the storage rooms of
the MMSU at ambient temperature (28-38°C and 60-90% RH). The
samples were inspected at 5 and 7 months in order to determine the
storage losses and insect infestation. After storage, the bulbs
were brought back to the MMSU at Batac, Ilocos Norte for evaluation
of storage defects. The income derived from the sale of the
marketable bulbs from the 2 lots was determined and the economic
benefit of irradiation calculated.

Results:

The results of the study on the storage defects of unirradiated
and irradiated garlic kept at the MMSU and FTI storage for 5 and 7
months are shown in Table V. They confirm that irradiation is
effective in controlling storage defects in garlic. Storage can be
extended up to about 9 months (until harvest) but we had to
terminate the study in order that the unirradiated bulbs could be
used for the scheduled planting season and also to generate more
income from the sale of the irradiated garlic for domestic use.
There was a rapid deterioration of the stored garlic from the 5th to
the 7th month due to the increased humidity during a recent typhoon
which the region suffered during the months of October and November,
1984.

The difference in percentage marketable weight was also
calculated (Table VI). On the 7th month of storage, the percentage
marketable weight is about 15% greater for the irradiated samples.
Although the cost of handling and storage is higher for the irradiated
samples, as shown in (Table VII and VIII) the net benefit of irradiated
over control samples is still higher and is 19,500 and 15,150 per ton,
respectively.
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TABLE V. Comparison of Quality of Unirradiated Garlic Stored at the MMSU
at 28 - 33 C and Irradiated Garlic Stored at the FTI
Refrigerated Warehouse at 0-5 C and 70-75% RH for 5 to 7
months.

% by weight
QUALITY

Good Bulbs
Defective Bulbs
Decayed
Loss in weight
Total

Unirradiated
5 months

84.55
8.23

7.22
100 . 00

7 months

71.63
12.07

15.5
100.00

Irradiated
5 months

92.68
0.27

7.05
100.00

7 months

88.10
0.51

11.39
100.00

TABLE VI. Difference in Percentage Marketable Weight Between Irradiated
and Non-Irradiated Garlic Stored at FTI Cold Storage and MMSU
Storage Room

Storage Time
months) Unirradiated

5 85.15
7 73.55

Final Marketable Weight (%)
Irradiated

92.7
88.16

Difference

7.55
14.61

Formula:
Total loss of marketable wt. (%) = (100 - % loss in wt)

X (% defects/100 + (% loss in wt.)
Final marketable weight (%) = 100 - (total loss of marketable wt.)
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TABLE VII. Costs in pesos per ton for Storage and Handling of Garlic
in Bulk under Different Conditions and Product-life Extension
Methods

Item Ambient Storage
at MMSU, 30-32°C
60-90% RP

Irradiation + Cold
Storage at FTI, 2-5°C
80-90% RH

Handling charges in
Farm in pesos 665

Transport from Batac,
Ilocos Norte to
PAEC Irradiator
to FTI in pesos

QIrradiation fees
in pesos

Storage fees at FTI
in pesos

Handling charges at
PAEC & FTI6

Total 250

665

600
200

2835

250

4550

Losses (tons) .405
Total for the available .595
product (tons)

.119

.881

a - Handling charges for sorting, crating etc. 13.00
per crate (20 kg/crate)

b - Transport from Batac to PAEC to FTI
12/crate (50 crates/ton)

c - Irradiation fees assume 200.00 per ton
d - Handling charges at PAEC & FTI at 3.00/crate

3 pallets for 1 ton
4.50/day/pallet
4.50 X 3 X 210 days = 2835
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TABLE VIII. Cost Analysis of the Effects of Irradiation on Storage of
Garlic

Item Control
(MMSU)

Irradiation
(FTP

1. Market price at harvest 20,000
per ton (pesos)

2. Total losses during storage 28.47
period (%)

3. Quantity sold (tons)
4. Prevailing market price

per ton (pesos)
5. Revenue (4) X (3) (pesos)
6. Total cost of handling ,

c»transportation , irradia-
tion and storage (pesos
per ton

7. Net income (5) - (6) (pesos per 35,150
ton

8. Net benefit of irrad. & cold 15,150
storage (7) - (1) (pesos
per ton

9. Incremental benefit of irrad.
(pesos per ton)

20,000

11.9

.7163
50,000

35,815
665

0.881
50,000

44,050
4550

39,500

19,500

4,350

a) Harvest time = March 30, 1984 b) Handling = 665 per ton (control)
Irradiation time = May 2, 1984 915 per ton (irrad.)

d) Assume 200/ton irradiation fee c) Transportation = 600 per ton
e) FTI: (for irradiated sample only)

4.50/day/pallet at FTI: 1 pallet =
1/3 ton

13.50/day/ton
For 7 months:
13.50/day/ton X 30 days/mo. X 7 mo. = 2,835/ton/7 months
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Conclusion:

The results confirm the earlier investigation of Lustre (1982)
that irradiation of garlic combined with refrigeration gives a
positive income from sales after storage compared with unirradiated
bulbs stored at ambient conditions. When the new irradiator becomes
operational we hope to conduct additional studies with larger
quantities of garlic.
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M A N G O E S

1. Objective:

Studies conducted by Lustre (1983) and Manalo, et al (1984) on
the carabao mango variety have shown that irradiation is effective
in the delayed ripening and quarantine treatment of this export
commodity. Mangoes exported to Japan are fumigated with ethylene
dibromide. With the expected ban of this fumigant, radiation was
considered to be an alternative to the chemical treatment. This
study attempts to compare the ripening and sensory characteristic of
irradiated and fumigated mangoes. This will also help to
demonstrate to the mango exporters that irradiation can be a good
stustitute for fumigation in the quarantine treatment of mangoes.

2. Methodology:

A. Four boxes (10 kg. per box) of export quality mangoes (Crop
year 1984) obtained from Litton Agro-Marine Co., Inc. and Pellican
Agro Products, Inc. were irradiated at an average dose of 50 krads.
Another 4 boxes (2 boxes from each company) from the same batch were
simultaneously fumigated at their respective fumigation chambers
based at the FTI Complex.
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The mangoes were stored at room temperature and evaluated for
ripening and organoleptic characteristics such as colour of flesh,
texture, flavour and desirability. Some of the mangoes were sent to
the Chemistry Division, Atomic Research Center (ARC) for
wholesomeness testing.

B. Four boxes (10 kg per box) of mature green mangoes (Crop
year 1985) were obtained from Pellican Industries. They were
divided into 4 lots namely Control, Fumigated, Irradiated and Hot
dip treated/irradiated.

Hot water treatment was carried out by immersing the fruits in
water at 50 C for 5 minutes. They were then immediately taken out
and the fruits were air dried by a blower. The fruits were packed
in cartons and irradiated at 50 krad. They were stored at room
temperature and observed for percentage ripening and decay.

3. Results:

A. For Crop year 1984

Table IX shows a comparison of the % yellowing of the fumigated
and irradiated fruit. The data show that the irradiated Pellican
mangoes demonstrated a more delayed yellowing up to the 9th day
after harvest but on the 10th day, the ripening was almost the same
for both groups.

TABLE IX, Percentage of Yellow Fruits of Fumigated and Irradiated Carabao
Mangoes stored at Ambient Temperature

Storage Time
(days after harvest)

5
6
7
8
9
10

Pellican
Fumigated
3.22
-
-

41.9
64.5
80.6

% Yellow
Agro Products

Irradiated
8.3
-
-

33.3
50.0
91.6

Fruits*
Litton Mangoes
Fumigated

50.0
100.0
100.0
100.00

Irradiated
25.0
31.5
56.25
100.00

* - Fruit was considered yellow when it was uniformly yellow throughout
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On the other hand, the mangoes obtained from Litton attained 50%
yellowing for the irradiated lot on the 7th day after harvest. The
fumigated lot was already 100% ripe during this period. This shows
the advantage of irradiation for the delayed ripening of the fruit.

With regard to the role of irradiation as a quarantine measure,
no adult fruit flies were observed to emerge during the ripening
process. Although the boxes had holes, the holes were covered with
a thin cloth screen to prevent exit of hatches flies.

Table X gives the results of organoleptic tests conducted on the
4 lots of mangoes. The data show that there is no marked difference
between irradiated and fumigated samples with respect to the
organoleptic characteristics studied.

TABLE X. Sensory characteristics of Carabao Mangoes Stored at Ambient
Temperature.

Mean Score
Attribute

QTexture
Colour
Odour
Taste

QPreference

Texture 5
Colour 5
Odour 5

dTaste 5
Preference

PELICAN MANGOES LITTON MANGOES
Fumigated

2.1
2.0
2.1
2.4
2.1

= soft; 1 = very
= light yellow; 1
= off flavour; 1
= sour; 1 = very
5 = Dislike very

Irradiated Fumigated

2.3 2.5
2.5 1.85
1.8 2.05
2.0 2.45
1.7 1.8

firm
= red orange

= very discernible
sweet
much; 1 = very much like

Irradiated

2.13
2.25
1.8
1.7
1.5

B. For Crop Year 1985

Table XI gives the cost of processing fresh mangoes for both
fumigation and irradiation. The cost of irradiation is much lower
by 9,450 per ton. However, this difference is diminished because of
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TABLE XI. Cost in Pesos per ton for Processing of Fresh Mangoes for
Export

Item Fumigated
(Ethylene
Dibromide)

Irradiated
(50 krad)

Hot Water Dip/
Irradiated

Transport from 625
Pangasinan to
Litton or Pelican

Packaging, handling 15,860/ton
and storage

Fumigation fee 2,300
Irradiation fee -
Transport from
Pelican or Litton
to PAEC and back
to storage facility
(Litton or Pelican -

Total cost of
Processing 18,785

625'

8,000

500

200

9,325

625

8,300

500

200

9,625

a - Transport from Pangasinan to Litton or Pelican at the Food Terminal
Compound

b - Present fumigation fee
c - 4,000 for packaging and 4,000 handling and storage fee per ton
d - 500 per ton irradiation fee was assumed based on an earlier estimate

of irradiation costs

15.4% loss due to decay of irradiated and combination treated
samples. This is shown in Table XII. This figure also is in
agreement with the findings of Manalo et al (1984) on the decay of
irradiated samples on the 8th day after irradiation (llth day for
our samples because we started counting at harvest). In spite of
the loss, the incremental benefit of irradiation is 8,382.00 per
ton. In the study of Lustre (1983) on the effects of irradiation
and hot water dip treatment/irradiation (Combination Treatment) on
Philippine mangoes, the ripening was delayed by another 2 days for
the water-treated batch. The percentage decay also was reduced from
53 to 29% for irradiation and combination treatment, respectively.

179



For the Crop Year 1985 mangoes, the percentage decay of irradiation
and combination-treated mangoes was similar.

TABLE XII. Cost Analysis on the Effects of Fumigation and Irradiation
on One Ton of Mangoes for Export

Fumigation Irradiation

Price at harvest per ton
in pesos
Export price per ton
in pesos
Total losses during
ripening period up to
llth day of storage
period (fully ripe stage)
Cost of loss per ton
in pesos
Total cost of processing
in pesos per ton.
Fraction of total of
available product
Net Income in pesos
per ton
Incremental benefit of
irradiation, in pesos per
person

7,000

30,000

18,785

1.00

4,215

7,000

30,000

15.4%

1,078
9,325

0.846

12,597

8,382

a. Export price = $1.50/kilo
(exporter's price)

$ 1 = 20
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Conclusion

The investigation demonstrated to the mango exporters that
irradiation is economically viable as a good alternate for fumigation in
the quarantine treatment of mangoes for export. The losses due to decay
of irradiated mangoes during the ripening period are offset by the lower
cost of processing by irradiation. The incremental benefit of
irradiation is calculated as 8,382 per ton.
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