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MECHANISMS OF RRDIATION INDUCED CHEtCCflL MO ENZYMATIC CHflNGES IN THE

IJPID SOLUBLE BRSIC COMPOUNDS OF FOODS.

Paul P.Tobback and Frans A.Snauwaert

Catholic University of Leuven,Belgium.

Introduction.

During the past few years there has been an increased interest on an
international level, in studies on the radiation chemistry of important
chemical constituents of foodstuffs.
The main reason for this is to be found in the fact that one of the
major goals' of scientists working in the field is to obtain the clearance of
food irradiation as a process.
Until recently this has seemed an almost impossible task due to the requi-
rements of the international health authorities to demonstrate the products
of radiolysis in a given food item to be unharmful.
Such requirements are unrealistic as a result of the fact that a given
foodstuf contains a multitude of chemical species each of which being capable
of undergoing radiolytic changes and giving rise to a large number of new
components.
The nature of these components is largely unknown and will be formed in such
small quantities that the analytical tools available today may fail to detect
them.
For a very long time,feeding irradiated foodstuffs to animals has been the
on3y way of assessing the wholescmeness of these products.
Such studies are both time consuming and very expensive.Furthermore they only
procure wholescmeness data for a limited number of items,since any change
in product-variety or processing conditions will require new investigations.

It is clear .that,if feeding studies continue to be the sole
approach of assessing the wholescmeness of irradiated foodstuffs it will take
another 25 years before sufficient ccmmodities are cleared to make the
process of food irradiation appealing fron an economical point of view.

On an international level it is generally agreed today among
food irradiation scientists that in order to short-cut this period the
development of short-term, in vitro mutagenicity studies for screening a
large number of foodstuffs and the development of methods for determining
radiation chemical pathways leading to significant product formation are
necessary.
Our present work ought to be situated in this area.

Most of our investigations have been carried out on model systems.
The purpose of radiochemical studies on models is twofold:
(i) trying to get an insight in the intricate mechanisms that are underlying

the degradation patterns when irradiating some basic constituents such
as e.g. vitamins.
One of the problems here is to chose suitable solvents for components
that are present in foods but that are insoluble in water (e.g. lipid-
soluble vitamins).

(ii) trying to extrapolate the data,with respect to degradation patterns and
products in model systems,to real foodstuffs.
Depending on the nature of the model system the validity of such extra-
polations can be questioned.
It is our opinion that the study of emulsions is a step forward in solving
this problem.Tndeed the oil-water interface constitutes a barrier to the
reactive species which cause the formation of radiolytic compounds.



Further more emulsification creates compartments which we believe can
• . stand model,at least to sane extent,for sane of the compartments present

in cellular systems.
Finally, the use of emulsions provides a manner of keeping a system in the
liquid state while increasing the phisico-chemical conplexity,all other
factors,such as e.g. the overall concentration of the components present,

- . remaining constant.
The feasibility of radiopasteurizing fish species was evaluated by monitoring
radiation induced oxidative processes.
By chemical analyses the overall effect of an irradiation treatment on the
complex lipid system in situ was obtained.
However no mechanistic interpretation can be deduced fron such studies.
On the other hand a relation between chemical analyses and organoleptic scores
was established.
In this way the study was a contribution to the evaluation of fish irradiation.
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RADIATION DESTRUCTION OF VITAMIN A IN LIPID SOLVENTS.

P. SNAUWAERT, P. TOBBACK, B.BHUSHAN, E. MAES.

Abstract.

The radiation response of vitamin A alcohol and its
acetate derivative was conî  reel in different lipid
solvents. In all the solvents vitamin A alcohol exhi-
bited a much higher radiation sensitivity than its
ester counterpart. The nature of the solvent and the
initial concentration was found to have a great influ-
ence on the extent of radiation degradation of vitamin
A alcohol. In contrast to a high radiolability in non-
polar solvents, vitamin A alcohol exhibited a remar-
kable stability in isopropanol. Also, in isopropanol
the G (_) relationship with radiation dose showed a
reverse trend than that observed for other solvents.
A thin layer Chromatographie procedure was Jevdoped
for separation of the radiation degradation products.



INTRODUCTION.

Simple model systems have been adopted to understand
the complex mechanisms involved in the radiation de-
gradation of food constituents. These studies provided
knowledge on the radiation chemistry of amino acids
(1),{2), proteins (3),(4),(5) lipids (6),(7),(8),(9),
carbohydrates (1O, 11, 12) and vitamins (13),(14).
Using such systems information was gained on the na-
ture and the quantity of the new compounds produced.
Thus, while Merritt (15) and Nawar (16) demonstrated
that the radiation degradation products were not dis-
similar to those of the chemically produced compounds,
studies with irradiated sucrose (17), lipids (18) vita-
min A and ß-carotene (19) established the formation
of physiologically active compounds.
However, the likelihood of a compound of toxicologi-
cal interest being formed at levels above l mg/100 g
from the major constituents of foodstuffs irradiated
with a dose of 500 krad appears small. More informa-
tion, provided by chemical studies, on the nature of
the radiation degradation products, is still required
to clear food irradiation as a process.
Earlier studies from this laboratory revealed that the
nature of the solvent, the concentration of the mole-
cule and the competitors for reactive free radicals
greatly influenced the net radiation degradation pat-
tern of ß-carotene. In an oxygen •. free medium the de-
gradation products of ß-carotene were mainly colour-
less deconjugated ß-carotene derivatives, ct-isomers
and cis - trans isomers (20). In oxygenated model sy-
stems some vitamine A -active substances and other
oxygen containing derivatives were identified (21),(22) .



3.

Vitamin A, a structural analogue of ß-carotene, is
known to respond differently to partial permanganate
oxidation. Therefore it was of interest to compare
the radiation degradation patterns of vitamin A and
ß-carotene as influenced by their concentration and

the nature of the solvents used.

MATERIALS.

Vitamin A acetate, dissolved in cottonseed oil and
stabilized by antioxydants as tocopherol, butylhy-
droxyanisole (BHA) and butylhydroxytoluene (BHT),
was purchased from Hubert Lando Jr.,Inc. U.S.A.
This solution had a concentration of 33.4 mg/g of
all-trans retinyl acetate equivalent to 29.1 mg/g
Of retinol. Vitamin A alcohol was prepared by sapo-
nification of vitamin A acetate. Cristalline vitamin
A was also procured from Roche Products (Brussels).
All the solvents used in the present studies were of
p.a. grade.

Methods,

Samples were irradiated at room temperature by expo-
sure to gamma rays from the Cs137source H.E.L.G.A..
This Gammator M34-3 has a total activity of 1200 Ci
J. 5 % and a dose rate of 82.5 krad/h.

*

Irradiatign_of_yitamin_A.

Vitamin A alcohol or-acetate was dissolved in cyclo-
hexane, benzene, isopropanol or petroleum ether

(40° C - 60° C). Irradiation was carried out in boro-
silicate glass stoppered (B-IO) vials with a total
content of 2.5 ml. The vitamin A solutions were expo-
sed to radiation doses ranging from 2O krad to 240
krad under the atmosphere of N2. Destruction of vita-



min A was estimated by the U.V. spec trophotorae trie

method using the Morton and Stubbs correction (23)
for irrelevant absorption. The Ej*m of vitamin A
alcohol and - acetate were determined for all sol-
vents used 'in the irradiation experiments. Spectra
were recorded using a Hitachi-Perkin-Elmer Model
124 double beam spectrophotometer .

Since it was of interest to characterise the nature
of the radiation degradation products the irradiated
Vitamin A solutions were subjected to column- and
thin layer Chromatographie separation. The solvent
from irradiated vitamin A solutions was completely
evaporated under vacuum in a Rotavapor and the resi-
due was dissolved in approximately 2 ml of petroleum-
ether (40° C - 60° C) .

- Column chromatography : IO g Al-C^ (Merck 1O76) ,
deactivated with 1 :ml of distilled water, was packed
in a sintered glass column (3O x 1.5 cm) to the height
Of approximately 20 cm. The components were eluted
with 50 ml of petroleum ether (40° C - 6O° C) and 100ml
each::... of 1, 10 or 12 % diethylether in petroleum
ether. Chromatography was carried out in a dark room.
The collected fractions were, after evaporation to
dryness, examined for their ultraviolet spectral cha-
racteristics in an appropriate solvent.

- Thin layer chromatography : Since the radiation
degradation products were not completely separated
by column chromatography thin layer Chromatographie
separations were developed. Silicagel G plates were
prepared as described earlier (24) . Due to the high
a'dsorption capacity of the active silicagel layer
artefacts were produced during Chromatographie proce-



dures using mixtures of apolar elution solvents.
Especially anhydro vitamin A was formed. Finally a
mixture of petroleum ether (40° C - 60° C) : 6-
methyl-5 heptene.2~on,- (8O:16) was used as elution

solvent.

Preliminary experiments were carried out injecting

a solution of vitamin A directly into a Hewlett-
Packard 9882 A instrument. However, due to the heat
lability of vitamin A, peaks recorded from mass spec-
trometer were not reproducible. Therefore this tech-
nique could not be used until now for the identifi-
cation of the radiation degradation products of vi-
tamin A.

RESULTS AND DISCUSSION.

Comparison of the radiation response of vitamin A
alcohol and vitamin A acetate in organic solvents.

Prom the data compiled in table I it can be observed
that both the acetate and the alcohol form of vita-
min A showed a remarkable difference in their radia-
tion response in different solvents. The maximum
sensitivity 6f vitamin A acetate was observed in iso-
propanol compared to a high stability in benzene. It
is likely that apart from the similar direct effect
of Y-radiation in organic solvents, the reactive spe-
cies and their rate constants differ markedly from
solvent to solvent. Also, benzene is known to offer
protection by virtue of its aromatic nature.
As reflected in the G(_)-values the radiation degra-
dation pattern of vitamin A acetate and vitamin A
alcohol is influenced by the functional groups in the
Vitamin A molecule and by the irradiation dose. The

•7;
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G (-vit.A alcohol) 'value showed a gradual decrease
with the increase in radiation dose. This is in agree-
ment with the geheral trends earlier observed for ß-
carotene (25) and vitamin A (26-)... These decreases in
G(_)-values with increasing doses were explained by
termination of radical reactions and by decrease in
the concentration of the irradiated compound and the
subsequent decrease in its degradation rate (2O).
For vitamin A acetate however, exhibiting a reverse
trend, the G(_j-values almost linearly increased with
increasing doses. Such a deviation might be attribu-
ted to the antioxydants or the cottonseed oil present'
as a minor impurity. During the early phase of irra-
diation these compounds provide protection to the vi-
tamin A acetate molecule by acting as competitors for
free radicals. This is in accordance with our earlier
observations, where the presence of oleic acid or
stearic acid provided protection to fa-carotene against
destruction by irradiation (2O) .
From the table I it is obvious that under similar ex-
perimental conditions vitamin A alcohol was remarka-
bly more radiosensitive than its acetate ester deri-
vative. This definitely confirms that the alcohol-
and ester function in this molecule display a striking
difference in reactivity toward radicalar attack.

Influence of initial concentration and solvent nature
on vitamin A alcohol response to gamma irradiation.

Comparing the results in fig. I it is obvious that

for a given radiation dose the G(_j-values increase
with increasing concentrations. This is in agreement

with earlier findings on 3~carotene which revealed a
Similar relationship (25). However, rather high G(_)~
values were observed during the initial stages of
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vitamin A irradiation in cyclohexane. In contrast to
this, the obtained G(_j-values were exceptionally
low in a polar solvent like isopropanol. From the
basic mechanisms of radiation chemistry it may be
inferred that the free radical chain reaction -. .:
in cyclohexane was much higher than in isopropanol.
It is important to note that a decreasing trend for
the change in G(_)-value with radiation dose was ob-
served in cyclohexane and petroleum ether. Such an
effect was readily visible at a 10OO I.U./ml concen-
tration compared to a IO ..I.D./ml concentration and
may be attributed to the formation of degradation pro-
ducts, sufficient in number to compete for the sol-
vent free radicals. Such a trend is in accordance
with our earlier observations on ß-carotene (20).
Also the slope of the curves representing the G(_j
-relationship with the radiation dose shows a rever-
'se trend in isopropanol. An exceptionally different
degradation pattern of vitamin A in jsopropanol may
be ascribed to possible qualitative and quantitative
differences in the free radical species and their
reaction rate constants. According to Williams (22)
gamma irradiation of oxygen containing compounds
preferentially results in ionization of the oxygen
atom. This means that in our model system it is like-
ly .that the alcohol functional groups in the vitamin
and the isopropanol compete for the radiation energy.
An increase in the G (_j-values with the dose for the
experiments in isopropanol is suggestive of an enhan-
ced participation of reactive free radical species in
the destruction of vitamin A.

Chromatographie analysis.

Much attention has been paid to develop a convenient
Chromatographie procedure to separate the unaltered
vitamin A molecules from their radiation degradation
products.

î



8.

On the alumina column, deactivated as described in

the experimental, it was possible to separate vita-

min A acetate from the antioxydants and the cotton-

seed oil, using 1 % diethyl ether in petroleum ether

as elution solvent. The efficiency of this Chromato-

graphie procedure ranged between 93 % and 96 %, Vita-

min A alcohol, present as an impurity in the cotton-

seed oil and amounting up to 1 %, was eluted with

10 % diethyl ether in petroleum ether,

using mixtures of petroleum ether and diethyl ether

as elution solvents, it was impossible for an irra-

diated vitamin A acetate- as well as an irradiated

vitamin A alcohol solution to separate completely the

radiation degradation products.

A thin layer Chromatographie procedure on silicagel

G was developed for the separation of vitamin A alco-

hol from its radiation degradation products.

'The solvent mixture petroleum ether (4O0C - 6O0C) :

6 methyl-5-hepten-2-on (88:16) was found, until now,

the best elution solvent.

Two ml of a 1000 I.u./ml solution of vitamin A alco-

hol in petroleum ether, irradiated with doses from

20 krad to 16O krad, were analysed.

For all irradiation doses a fraction with a RF value

of O was found. The u.V. absorption spectrum of this

fraction is represented in fig. 2 . Although no quan-

titative data are available, a definite increase in

production of this radiation degradation- product was

noticed for increasing radiation doses. Regardless the

irradiation dose, the U.V. absorption spectral charac-

teristics, represented in fig.2 , remained identical.

Fraction 2 on the plates with a„ RF value of 0.35 was

the unaltered vitamin A alcohol fraction.

A third fraction on the plates had a:. RF value of 0.5.

At an irradiation dose2evel of 4O krad this fraction

had an absorption maximum at 225 nm while for an

irradiation dose of 160 krad the maximum was shifted

to 230 nm. (fig.3).
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These three fractions were observed for an irradia-

tion dose of 2O krad or higher.

Strove a dose level of 16O krad a fourth fraction, with

an Rp value of 0.7, appeared on the plate. No special

characteristics of this fraction could be recorded,

due to its high instability . . All

these separated radiation degradation products exhi-

bited a colour reaction with Sb CIg.

The chemical nature of these radiation degradation

products was not yet established.



TABLE I. Effect of the solvent nature on the radiation destruction patterns of vitamin A
acetate and vitamin A alcohol.

Dose

tlO16 eV/g) •

124.8

249.6

374.4

499.2

998.4

1497.6

: G(- vit.A acetate) s c

: cyclo-
: hexane

1.31

1.47

2.02

2.17

2.12

2.02

: petroleum- s
: ether :

1.01 :

: 1.16 :

: 1.38 :

: 1.53 ' :

: 1.80

: 1.80

isopro- : : cyclo-
panol : benzene : hexane

2.33

2.12

2.49

2.89

2.81

3.01

•*• O : 17.20

1.0 : 12.14

0.11 ; 10.00

0.25 : 8.94

0.38 : 5.8

-

'(- vit. A alcohol)

:petroleum-
: ether

: 7.96

: 7.29

: 7.24

: 6.41

: 4.93

: —

: isopro-
: panel

: 3.54

: '4.04

: 4.34

: 4.68

: 3.23

5

The concentration in all solvents was 1000 I.U./ml.
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INFLUENCE OP EMULSION NATURE ON RADIATION RESPONSE OF ß-

CAROTENE IN AQUEOUS MEDIUM.

BHUSHAN B., TOBBACK P., SNAUWAERT F. and MAES E. 1

ABSTRACT.

The radiation response of. 0-carotene was followed in lipid
solvents and in aqueous preparations. The nature of the sol-
vent was found to have a marked influence on the response of
(5-carotene to Y~radiat±on. In aqueous emulsions, radiation
.destruction of ß-carotene was far less compared to that ob-
served in solutions. Oil in water (O/W) emulsions of petro-
leum ether offered maximum protection to ß-carotene against
radiation damage. This observation was attributed to the mul-
tiphase nature of the emulsion since a transparent aqueous
preparation was observed to offer no protection upon irradia-
tion.

Solubility of crystalline (5-carotene in water was found to
increase with the emulsifier concentration. Irradiation re-
vealed that the extent of ß~carotene destruction was dose de-
pendent and increased with the solubility of ß-carotene in
water. In the presence of a free radical scavenger DPPH, 0-
carotene exhibited varied radiation response depending upon
the nature of solvents used. Thus, in transparent aqueous
preparations, protection afforded by added DPPH to ß-carotene
was almost complete, while its influence was insignificant in
O/W emulsions. The significance of these observations in ra-
diation processing of foods has been discussed.

I



1.

The radiation chemistry of major food constituents has been
extensively studied to understand the mechanisms involved in
changes of colour (1-3), texture (4) and flavour .(5,6) in ra-
diation sterilized foods. Vacuum packaging and irradiation at
low temperature are adopted to minimize the radiation indu-
ced changes in such products. Aqueous model systems have been
chosen to gain valuable information on radiation chemistry of
proteins, amino acids, carbohydrates and water soluble vita-
mins (7,8). Studies on lipids and fat soluble vitamins and
carotenoids are mostly restricted'to their radiation response
in lipid solvents (9,10). However, very little is known about
the radiation chemistry of such compounds in multiphase sy-
stems having water as one of the immiscible constituents.
Earlier work (11-13) revealed that in contrast to the obser-
ved destruction of ß-carotene and vitamin A in petroleum
ether or isooctane, the coconut oil-water emulsions or aqueous
preparations with proteins and carbohydrates provided signi-
ficant protection to these molecules against radiation damage.
Considering the occurrence of ß-carotene as oil in water (0/W)
or water in oil (W/O) emulsions in variety of foods, it was
of interest to study its radiation response as influenced by
the nature and concentration of the emulsifiers used. The pre-
sent paper provides" further evidence that a heterogeneous mul-
tiphase preparation affords protection to the otherwise highly
radialabile ß-carotene in lipid solvents.

. MATERIALS AND METHODS.

Pure all-trans ß-carotene (E.Merck, Germany) was used for the
present investigation. Pure liquid paraffin oil was supplied
by VEL, Leuven. Emulsifiers, Tv/eens and Span-80, were gifts
-.: from Atlas Chemie, Germany, 1.1. Diphenyl-2-picrylhydrazyl
(DPPH) was procured from Fluka. AG.

Petroleum ether (40-60), diethyl ether and other solvents
used were of P.A. grade from E. Merck. All-glass double distil-
led water was used for aqueous preparations < A Hitachi-
Perkin-Elmer double beam spectrophotorneter, 124 was used for
spectrophotometric studies.

'
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Preparation of aqueous emulsions : The following two types of

emulsions were prepared according to Boyd_et al. (14)

(a) Oil in water (O/W) : Emulsifiers with a hydrophilic lipo-

philic balance (HLB) value of 12 were used for preparing this

type of emulsion. Calculated amounts of ß-cantene along with .

Span-8O were completely dissolved in paraffir oil with con-

stant stirring and occasional warming. The content was slowly

poured onto water containing Tween-4O and the mixture was ho-

mogenized at 20.000 rev/min for 3 min. in an emulsion homoge-

nizer (J & K., K.G. Staufen. Germany). The milky solution thus

obtained had an oil-water ratio of 1:1. The ß-carotene and the

total emulsifier concentration were respectively 0.5 x 10"%

and 1 %.

(b) water in oil (W/O) : This type of emulsion was prepared

in the same way as described for the O/W emulsion. In this

case only Span-8p (HLB 4.3) was used as emulsifier. While stir-

ring the paraffin oil containing the carotenoid and the emul-

sifier ,known amounts of water were added. This preparation v/as

highly viscous in nature.

For the purpose of preparing aqueous emulsions of petroleum

. ether. Similar procedures were adopted and terms like O/W and

W/O were used to designate the ether in water and water in

petroleum ether emulsions respectively.,

Solubilization of ß-carotene in water : A homogenous paste

obtained by constant stirring and occasional warming (40-5O0C)

of preweighed ß-carotene and Tween-80 was soiubilized in a

calculated amount of water to obtain clear coloured solutions

with emulsifier Concentrations ranging fioom 1-2% . Such prepara-

tions are termed as microemulsion (15 , 16). Aqueous prepara-

tions having lower Tween-80 concentrations were sonicated for

30 mins in a Philips soniĉ tor to obtain a fine suspension of

ß-carotene in water. Similar treatment was followed for other

solutions. In these preparations, the ß-carotene concentration

was 0.5 x KT4M.

Incorporation of DPPH in aqueous preparations : A known 0H

scanvenger DPEH was incorporated in both aqueous and oil pha-

ses of O/W and W/O emulsions for the purpose of understanding

the mechanisms of ß-carotene destruction during irradiation



In an oil phase DPPH was directly solubilized whereas for so-

lubilization in aqueous phase it was first dissolved in Tweens

used a-s emulsifier. In the final preparation, the DPPH concen-

tration was 1 x 10""̂ M.

Irradiation : All irradiation experiments were carried out in

a 13?cs Gammator M-34-3 irradiation unit (Radiation Machinery

Co, New Jersey) with dose rate of 82.8 Krad/h. Samples were

irradiated in boro-silicate stoppered glass vials (13 mm O,D x

36 mm) with a total capacity of 2.5 ml. The vials were flushed

with a stream of pure nitrogen gas for 2 min before and after

transferring the samples (2 ml) to the container. Similar irra-

diation conditions were used to determine the dose rate by

Fricke dosimetry.

Extraction and determination of ß-carotene from aqueous emul-

sions : A mixture of solvents containing-diethyl ether,

ethanol and petroleum ether (2:1:1) was used for the quan-

titative extraction of ß-carötene from aqueous emulsions. The

emulsifier was washed out from the ether layer with tlree por-

tions of IO ml distilled water).. Moisture from the ether extract

was removed by treatment with anhydrous sodium sulphate.

The aliquot was evaporated to dryness, redissolved in petro-

leum ether and the ß-qarotene was quantitated spectrophotome-

trically using E]Ĵ  = 2500, at 45O nm.

Removal of DPPH from ß-carotene solution; From the aqueous

preparations, ß-carotene was extracted according to the pro-

cedure described above. DPPH was .then removed from the ether

extract by three treatments with 5 ml each of ethanol and I-K

KOH, The ether layer was washed with water till free from

alkali, dried over anhydrous sodium sulphate and taken up for

spectrophotometric analysis,

Determination of DPPH : Radiation response of DPPH in various

solvents was examined spectrophotometrically by recording the

decrease in its characteristic absorption peak. In petroleum

ether the absorption maximum was observed:.at 5O5 nm.



4.

RESULTS.

Influence of emulsification on radiation response of ß-caro-

tene : Fig. 1. Shows typical absorption spectra of ß-caro-

tene extracted from the aqueous emulsions. A dose dependent

decrease in absorption maxima without any shift in the spec-

tra can be seen for the irradiation of ß-carotene in petro-

leum ether and its aqueous emulsions. It is obvious that in

contrast to the complete distortion of the spectra observed

in petroleum ether at a 165.6 Krad dose, the extracted pigment

from the irradiated emulsions exhibited characteristic spec-

tral features of untreated ß-carotene. Similar spectral pat-

terns were observed when paraffin oil was used for the irra-

diation of ß-carotene in homoopneous or in multiphase prepara-

tions .

The protective influence of the -emulsion is readily disce.rna-

ble from Fig.2. Showing for each radiation dose a higher mole-

cular destruction of ß-carotene (0.5 x IO M) in homogeneous

solution than in multiphase aqueous preparations, considering

that in oil/ether - water (1:1) emulsions, ß-carotene remains

solely distributed in the lipid phase, a better comparison

can be made with solutions containing IxIO""̂  M ß-carotene.

Such a comparison also reveals a protective influence of the

multiphase system over the homogeneous preparation on the ra-

diation degradation of ß-carotene. The aqueous emulsions con-

taining petroleum ether in the dispersed phase and water in

the continuous.phase, offered maximum protection upon irradia-

tion. The higher G-values in petroleum ether than in paraf-

fin oil demonstrate the influence of the solvent nature on the

radiation response of ß-carotene (Table I) . The lower G-

(ß-carotene) values for emulsions confirm, the protective na-

ture of the multiphase preparations.

Influence of DPPH on the radiation response of ß-carotene

in emulsions : It can be seen from Table II that the presen-

ce of DPPH in the oil phase enhances the radiation induced

destruction of ß-carotene. In contrast to W/O emulsions,

oil in water emulsions exhibit minimum response to the ra-

diation enhancing influence of DPPH. Protective influence of
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DPPH can be seen at high radiation doses.

Effect of the emulsifier concentration on radiation response

of ß-carotene.

Tween-80, as emulsifier, helped in the solubilization of

ß-carotene in water. Complete solubilization was observed

with a Tween-80 concentration of 1-2 %. Such a preparation

was transparent in nature and exhibited characteristic ß-

carotene spectra with the only noticeable difference of a

8 nm shift of peaks to longer wavelengths. Irradiaticmof these

preparations at two dose levels revealed that the extent of

ß-carotene destruction was dose dependent and was related to

the emulsifier concentrations. Aqueous preparations, contai-

ning 0.005 % Tween-8O only, showed a destruction of 4 % fur a

radiation dose of 82.8 Torad. Under similar irradiation condi-

tions radiation damage was as much as 71 % when the emulsi-

fier concentration was raised to 2 % (Table III).

Influence of phase separation on radiation response of ß-caro-

tene : The data presented in Table IV reveal that radiation

destruction was significantly reduced when the pigment was

distributed in the oil phase.In contrast to this observation

homogenization of ß-carotene containing aqueous Tween-80 pre-

paration with paraffin oil did not offer any significant pro-

tection against radiation damage. Centrifugation of two pre-

parations at 3,000 rev/min. for IO min. showed that the

aqueous preparation, offering maximum protection, contained

ß-carotene mostly in oil droplets ; recovery of the pigment

in the aqueous phase was only 2.3 + O.24 % compared to 78.0

± 4.54 % in other preparation.

Influence of DPPH on the radiation response of ß-carotene in

microemulsion : Fig. 3 shows that the incorporation of DPPH

in aqueous Tween-80 preparation afforded almost complete pro-

tection to ß-carotene against radiation damage. In the absence

of DPPH a dose dependent decrease in spectral peaks was obser-

ved for irradiation of ß-carotene in micro-emulsion.



Effect of DPPH and solvent nature on radiation degradation of
ß-carotene : The percent retention of ß-carotene Tilotted
against the radiation dose on a logarithmic scale (Fig. 4)
shows a linear relation-ship when ß-carotene alone was irra-
diated in various solvents. The presence of DPPH during irra-
diation in paraffin oil caused deviation from such a relation-
ship. Thus the pigment showed highest radiation stability in
paraffin oil and highest lability in petroleum ether.
In both solvents, DPPH showed a sensitizing effect resulting
in enhanced radiation destruction of ß-carotene. In contrast
to these observations when benzene or aqueous Tween-80 prepa-

rations were used as medium of irradiation, higher radiation
stability of ß-carotene was observed. DPPH itself was found
to exhibit different response to irradiation in various sol-
vents. Its radiation stability was found to be optimum in ben-
zene and minimum in petroleum ether.

DISCUSSION.

An important observation which sterns from the above results
is that in contrast to homogeneous solutions, a multiphase sy-
stem consisting of a dispersed phase well separated from the
continuous phase offered protection to ß-carotene. This impor-
tant feature of emulsions is no vialation to general laws of
radiation chemistry, since irradiation in multiphase systems
showed similar spectral characteristics as observed in lipid
solvents (Fig. 1 & 3) and radiation destruction followed a loga-
rithmic relations-ship with the radiation dose used (Fig.4). These
results and others on G - values(Table I) are in agreement with
the earlier findings on ß-carotene and vitamin A (7,9,10,13),
Also the absorption spectra of irradiated ß-carotene revealed
absence of new peaks in the visible region thus suggesting that
radiochemical transformation of ß-carotene into the colour-
less products was a common feature for irradiation in lipid
solvents and their aqueous emulsions.

The observation that the G values for the destruction of ß-
carotene were high and were concentration independent, sug-
gested far more active participation of radiation induced
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reactive free radicals in petroleum ether than in paraffin oil
(17). It is likely that water as a continuous phase of O/W
emulsion, provides an effective barrier against propagation of
free radical chain reactions intiated in the lipid phase by
Y-irradiation. This may explain that a better protective influen-
ce of emulsification was observed for petroleum ether prepara-
tion compared to that from paraffin oil.A higher radiation
stability of ß-carotene in W/0 emulsion of paraffin oil may be
largely attributed to the high viscosity of this preparation.
Studies on the incorporation of DPPH suggested that it was more
effective as sensitizer during early phase of irradiation in
oil phase (Table II, Fig. 4). At high radiation dose levels,
however, protective influence was observed. At present it is
difficult to offer any precise explaination for these observa-
tions. It is likely that DPPH and its radiation degradation

*

products may show varied electron transfer properties as sug-
gested by Lohmann (18) for radio-sensitizing ana-protective
compounds.
The observations in Table III are in agreement with the accep-

. ted theory of emulsifies which stabilize the two immiscible
phases by lowering the interfacial tension (16). At low emul-
sifier concentration, therefore, higher radiation stability
of ß-carotene may be attributed to the poor solubility and
partly for the crystalline nature of the pigment. Aqueous pre-
parations containing 1-2 % Tween 80 -had sufficient emulsifier
for complete solubilization of ß-carotene in water. There is
little doubt whether such preparations being transparent in na-
ture and exhibiting typical spectral characteristics of g-ca-
rotene can be called as a multiphase system in the true ser-se
(15). They are referred as microemulsions and are thus unli-
kely to provide an effective phase barrier for providing pro-
tection to g-carotene. Results in Table IV clearly show the
significance of phase separation on the protective influence of
aqueous systems.

In microemulsiorej,, marked radioprotective influence of DPPH may
not only be attributed to the emulsion nature since benzene also
exhibited a similar effect. It might be related to the high
radiation stability of DPpH possibly due to poor H2 yield of



ft 0.45 ando>°39 for water (19) and benzene (20) compared to 5.3-5.6.
for saturated hydrocarbons (21). Also in microemulsions, DPPH
may be adsorbed on the ß-carotene molecule to mask its sensitive

sites from damaging free radicals. Further radiation studies
on microemulsions may be reward.ing.
The present results therefore suggest that apart from the known
chemical dose modifiers, physical phenomenon like phase separa-
tion has significant influence in determining the g-cnrotene
response to Y~raaiation. During radiation treatment of foods
for the purpose of extending their shelf life, such and other
mechanisms will tend to reduce the possibility of radiation
degradation products being formed in significant amounts. Re-
cently enzyme rich liposomes have been radiation sterilized
for their subsequent use in the treatment of lysosomal sto-
rage diseases (22). The present observations may be useful in
providing suitable guidelines for the radiation processing of
liposomes, known to be an another multiphase system.
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TABLE I.

EFFECT OF EMULSIFICATION ON G (-&-CAROTENE) VALUES IN PETROLEUM ETHER AND PARAFFIN OIL.

G (-S -CAROTENE])111

RADIATION DOSE,

Krad

20.7

41.4

82.8

165.6

248.4

331.2

PETROLEUM ETHER !. PARAFFIN OIL

EMULSIONS * ' SOLUTIONS2 : EMULSIONS1 SOLUTIONS2

0/W

0.16

0.22

O.3O

0. 22

—

W/0 . : O. OSmM

*

0.78 : O. '83

0.68 : O. 73

O. 46 : O. 55

0.31 : 0.36

Mi • ^
•t

I

O. ImM

0.52

0.81

0.71

0.49

—

0/W : W/0 : O. OSmM : O. ImM

••

— : -
:

O. O6 : O. O6

O. 11 : O.O9

O.O9 : , 0.09

0.08 : ' 0.09.

: :
- ! -

*"* • ^

O. 12 : 0.19

O. 13 : O. 23

0.11 1 O. 2O

0.09 : 0.18

1. Emulsions were prepared as described in the text.

2. Solutions containing O.OS mM ß-carotene are eguimolar to emulsions. The O.I mM concentrations
correspond to the amounts present in the non-aqueous phase of emulsions (oil-water, 1:1).

G (-g-carotene) were calculated from the values plotted in Fig.2.



TABLE II.

INFLUENCE OF DPPH ON RADIATION RESPONSE OF 0-CAROTENE IN PARAFFIN OIL-WATER EMULSIONS.

RADIATION
DOSE, Krad.

82,8

165.6

248.4

331.2

RETENTION OF ß-CAROTENE IN

0/W ]

1
Control

78.2 + 0.18

53.1 + 3.15

30.8 + 1.94

16.2 + 2.00

3 M U L S I O N !

DPPH in
oil

71.5 + 6.33

57.2 + 2.34

56.1 + i;98

53.8 ± 1.56

3

DPPH in
water

67.1 ± 3 . 6 6

55.0 ± 3.99

56.1 + 8.96

51.5 ± 8.87

W/0 ]

i
' Control

89.O + 4.04

65.3 H: 6.40

49.9 + 4.35

33.4 + 5.80

3 M U L S I O N f

DPPH in
oil

49.6 + 1.12

32.5 + 1.00

28.8 + 0.82

30.1 + 0.66
: . '

S

DPPH in
water

7O.9 + 1.50

48,9 + 1.16

49.9 i 1.30

43.1 ± 0.43
:

1. Control samples do not contain DPPH.

Emulsions were prepared as described in the text. Concentrations of B-carotene,
DPPH and emulsifiers were 0.5 x IQ M, 1 x 10"̂ M and 1 % respectively.
The mean values of 4 different experiments are compiler' with their

standard deviation.
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TABLE III.

EFFECT OF EMuLSIFIER CONCENTRATION ON RADIATION RESPONSE OF ß-CAROTENE IN WATER,

% Concn.

O.

O.

O.

•1.

2.

of Tween-8O

005

Ol

10

OO

OO

82.8

96.4 £

. 92.9 ±

64.9 +

36.1 ±

29.2 +

% retention at

K. rad *

4.14 :

4.49 ;

3.84 • :

O.4O

0.15 ;

, . . . . . . . . ^

165.

99.6 + O

98.6 + 1

55.2 ± O

4.O + O

7.0 ± O

6 K. rad

.45

.48

.95

.28

.69

values are mean of 5 readings + S.D.



TABLE IV.

DIFFERENTIAL RADIATION RESPONSE OF ß-CAROTENE IN AQUEOUS PREPARATION WITH PIGMENT

IN OIL OR WATER PHASE.

RADIATION DOSE, Krad.

6

20

41

; 82
i 124

: 165

.9

.7

.4

.8

.2

PERCENT . RETENTION

MICROEMULSION :

83.

66.

54.

29.

14.

.6 : 7.

3

2

4

2

8

1

± o.
± o-
± o,

i °-
± o.
± o.

33 :

65 :

55 :

15 :

50 :

69 . ;

OF S-CAROTENE IN
•

EMULSION -1 :

.- 94.9

85.8

59.1

42.5

29.0

14.3

± 3-

± 2.

± l»

+ 5.

± 1-

t !••

44 . :

79 :

53 :

68 :

62 :

Ol :

EMULSION 2

92.8

92.3

8&.1

82.5

81.0

71.3

+

+

+

+

+

+

2.88

5.34

4.29 T

2.90

3.96

5.41

The values are mean of 5 .readings + S.D.
The concentration of ß-carotene was O.5 x 1O~4M and that of Tween-80 and par/iffin oil 2 i.
Emulsion! was prepared by emulsifying the roicroemulsion with paraffin oil whereas
for Emulsion 2 paraffin oil solubilized S-carotene was emulsified with water
containing emulsifier to obtain a O/VI emulsion.



LEGEM3S TO FIGURES

Fig. 1 Effect of y-radiation on spectral characteristics of
ß-carotene.

Irradiation of ß-carotene was carried out in petro-
leum ether Solution (a), O/W emulsions (b) or W/0
emulsions (c) with doses of O(—), 2O.7 ( ), 41.4
(-.-), 82.8 (-•<-) and 165.6 K.rads ( ).
The pigment, from emulsions, was extracted according
to the procedures described in the text» Spectra was
recorded after suitable 'dilutions with petroleum ether.

Fig. 2. Influence of emulsification on radiation response of
ß-carotene in paraffin oil and petroleum ether.

-4Radiation destructions of ß-carotene (0.5 x 10 M) were
calculated spectrophotometrically as moles /L and were
plotted against the -dose for irradiation in petroleum
ether or paraffin oil (A) or-their O/W (O) or W/0 emul-
sions (O). For the purpose of comparison, ß-carotene in
lipid solvents was also irradiated at 1 x .1O~ M con-
centration (D).

Fig. 3. Protective influence of DPPH on radiation degradation
of ß-carotene in microemulsions.

Aqueous microemulsions containing no DPPH (a) or
1 x 10~ M DPPH (b) were used for irradiation of ß-caro-
tene with O (—), 6.9 (—), 20.7 (-.-), 41.4 ( ),
82.8 (-...-) and 165.6 K rads ( ) doses.
Spectra were recorded following extraction and DPPH
removal procedures described in the text.

Fig. 4. Effect of DPPH and solvent nature on radiation respon-
se of ß-carotene.

The dose response curves were obtained by plotting the
per cent retention of molecules on logarithmic scale
against the radiation dose : A, benzene; O, paraffin
.oil; x , petroleum ether and a aqueous microemulsions.
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I. INFLUENCE OF MALONALDEHYDE OF LIPASE ACTIVITY

A. Interaction malonaldehyde-protein

Oxidation of ttnsaturated fatty acids results in the formation of
peroxides, aldehydes, acids, keto-epoxy- and epoxy compounds.
In our previous work we studied the influence of gamma tt?radiation

on the rancidity of different fish species (1).
Irradiation accelerated the oxidation of the lipids.

The interaction of these autoxydative degradation products with
cell constituents (e.a. proteins, vitamins) ends up in nutritional
and fysiological changes.

The reaction of proteins with aldehydes (formaldehyde, propional-
dehyde, and malonaldehyde) was interpreted as a possible mechanism
of protein denaturation upon cooling and freezing storage (2, 3, 4).

In water solution malonaldehyde is present as an eno[tautomer and<
at a pll value below 4.5 it is present as a cyclic chelate.

i

As most aldehydes, raalonaldehyde easily participates in nucleo-

phylic addition reactions.

This property is increased by the presence of a conjugated system

in the molecule through resonance stabiltty of the anion after 1.4

addition on the ̂. & unsaturated carbonyl system. CRAWFORD (4) in-

vestigated the kinetics of the reaction between protein (Bovin

Sefum Atbumin) and malondaldehyde. He stated that this was a first

order reaction that was pH-dependent.

It was demonstrated that malonaldehyde reacts with the end-amino

group of lysine and asparagine and gives an enamine.

For reaction in a water medium an optimum pH of 4.3 was found.

E^r/B^pH value of 5.2, which is characteristic for most food

products, gave a 50 % of the optimal reaction rate.
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In the same report it was stated that malonaldehyde always gives

enamine end products, while other carbonyl compounds, being secun-

dairy products of lipid oxidation, mainly react with aminq groups

producing in this way imine tautomers. Enamines easilyValkyla-

tion and acylation reactions (5). The enamine derivatives give

in the protein moiety a carbon atom with nucleophylic character

that enables reaction with electrophylic centra on the lipid inter-

mediate products. In this way carbon carbon bounds between pro-

teins and lipids are possible.

KUUSI et al (5) found that malonaldehyde reacts with two free end

amino groups and in this way causes cross- linking.

Besides a decrease in the number of free end-amino groups also

the solubility and the water binding capacity of the protein de-

creased with increasing lipid oxidation. BERNHEIM et al (6) found

that an increasing lipid oxidation resulted in an inactivation of

mttochondrial enzymes.

On the other hand JURKOWSKI et al (7) stated that degradation of

lipids, being constituents of cell membranes, destroyes cellular

structures and liberates hydro Iy tic enzymes.

LANDSBERG et al (2) assumed that the lipase enzyme is inhibited by

malonaldehyde, formaldehyde and propionaldehyde.

It was the aim to investigate the correlation between the lipase

activity in herring and the malonaldehyde concentration.

Instead of measuring lipase activity by determination of the

liberated free fatty acids it seemed more interesting to determine

the activity of the enzyme isolated from the fish.

Bearing in mind the results mentioned above, we expected a de-

crease in lipase activity due to an increased production of malonal-

dehyde in tfcradiated herring fillets.
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B. Experiments and discussion

B.I. Experiments

For the isolation and purification of the lipase enzyme the meth ds

described by BROCKERHOFF and JENSEN (1974) were tried.

B. I . a) Extraction_grocedure

From literature it seems obvious that lip id s are bound on lipase en-

zymes, In order to separate these lipids from the enzyme rather

drastic procedures are involved causing a decrease in enzymatic ac-

tivity. Lipid extraction prior to enzyme isolation seems to be a

better procedure.

25 g herring +2Sg Seasand were homogenised twice with AO ml

chloroform and 40 ml butanol for 2'. Subsequently lipids were ex-

tracted with 40 ml aceton and finally with 40 ml diethylether.

All extractions were run at O0C.

The dry aceton powder was extracted with distilled water or with

phosphate buffer (pH 6, 7 or 8) or with a Tr is (hydroxymethyl) ami-

noethane buffer (pH 6.7).

After centrifugation ammonium sulphate fractionation was carried

out on the supernatans.

Enzymes from non-defatted herring fillets were extracted in the same

way.

For concentration of the enzymes the water extract was freeze-dried

during 72 hours.

Therefore the extract was frozen in liquid nitrogen. During subli-

mation of the ice the temperature on the plate in the freeze-dryer

was kept at S0C.

B. 1 .b) Reaction_conditions

0.3 ml trilaurin was added to 15 ml of a 5 % solution of arabic gum

1 ml IM NaCl and 8 ml 0.02M CaCl„ were also put in the substrate
mixture.
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In order to obtain a. fine emulsion the substrate mixture was placed

in an ultratonic generator for 2*.

To this emulsified system from I ml to 10 ml enzyme extract was

added.
Because of its rather good solubility in water tributyrin was also

used as substrate.

Finally a seriejof experiments was carried out with an olive oil

emulsion (MERCK 11000/2) as substrate.

Reaction temperature was kept at 370C; the pH of the reaction mixture

was respectively 6, 7, C, 9. The reaction time varied between 2 and

12 houres.

B. 1 . c) Analjrsis_of _the_reaction_nixture

1) In case the enzymes were extracted with distilled water the reac-

.. .• tion was followed by measuring the pH of the reaction mixture.

2) In case the enzymes were isolated with buffer solutions, the pH

. of the mixture, after enzymatic reaction, was brought to a va-

lue of 4.

After reaction, the lipidic fraction was extracted. 100 ml reaction

mixture was homogenised with 80 ml chloroform and 80 ml methanol.

Prior to extraction the C]7 fatty acid was added äs internal stan-

dard. In a separatory funnel the hypophasic chloroform layer was

separated. After drying over Na. SO, the chloroform was concentrated

under vacuum.

Using the layer chromatography on silicagel G plates the lipidic frac-

tions were separated. .

As elution solvent the mixture petroleum ether 9 diethyl et her S acetic

acid (80 : 20 : 1) was used.

Lipidic components were located on the thin layer plates by spraying

with 2', 7' - dichlorofluorescein.

The fatty acids were scraped of quantitatively and converted into

their respective methylester derivatives using the micromethod for

interesterification with HCl or H2SO^ in. anhydrous methanol as des-

cribed by STOFFEL et al (8) and MARDfETTI (9).
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When the esterification was" completed the methylesters were pu-

rified again on TLC.
Aliquots of the purified methylesters were taken for gas Chro-
matographie analysis under the following experimental conditions.

Instrument: Hewlett Packard 572OA
Detector: F.I.D. (Flame lonization Detector)

Column: stainless steel, 6* x 1/8"
Solid support: Chromosorb. W-AW. 80-100 mesh

Stationary phase: DECS
Injection temperature: 20O0C
Detector temperature: 26O0C
Oven temperature: 1650C
Flow of nitrogen, hydrogen and air: respectively 25, 20 and

300 ml/min.

B.2. Discussion

Even under the most favourable conditions no positive enzymatic

reaction could be detected.

This was ascribed to the very low lipase concentration in the

fish tissue.

Only in the pancreas of mammalions a higher lipase concentration

is present(̂ .

After all those efforts it was concluded that before running those

enzymatic essays an appropriatt^ concentration technique has to

be developed.

C. Influence of malonaldehyde on the lipase activity in vitro

Since it was impossible to determine the activity of the extrac-

ted fish lipase and the influence of the malonaldehyde concentra-

tion on the lipase activity, experiments.were carried out in vitro.

Therefore freeze dried pig pancreatic lipase (FPL) (FOlKA 548754)

was used. Tributyrin was chosen as substrate. The optimum pH for

reaction was determined.
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In a second seriesof experiments the influence of the malonaldehyde

concentration on the lipase activity was studied under optimal pH

conditions.

C.I. Determination of the optimal pH

A 0.05 % PPL solution in distilled water was prepared by sonication

for 2'. The substrate, a 5 % tributyrin solution in O. IN NaCl was

emulsified in an analogue way.

The reaction mixture consisted of 10 ml enzyme solution, 10 ml sub-

strate and 20 ml distilled water.

During a 5' reaction, carried out at 370C, the mixture was constant-

ly stirred.

The liberated fatty acids were titrated at a constant, pH with

NaOH 0.02M.

In figure I the quantity of added NaOH 0.02M is plotted as a function

of the pH during the reaction.

The pH curve shows a broad maximum between 5.7 and 8.5.

The pH of reaction was found to be optimal at a value of 6.

At this value the influence of malonaldehyde on the lipase activity

was studied.

C.2. Influence of the malonaldehyde concentration on the lipase ac-

tivity

Standard solutions of lipase were mixed with increasing amounts of

1, 1, 3, 3 tetraethoxypropane (TEP).

At regular time intervals a fraction of this enzyme solution was

given to react with the substrate. Activity was measured as des-

cribed above.

When the 0.05 Z PPL solution was stored in the presence of TEP at a

pH value higher than 5 no decrease in enzymatic activity was found.

This has to be ascribed to the properties of TEP hydrolysing into

malonaldehyde only below a pH value of 5.

HlO
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Upon addition of TEF to the 0.05 % FFL solutions at a pH 3.5

a remarkable decrease in enzymatic activity is registered.

It is obvious that also the low pH value directly influences

thi lipase activity.

In fig. II it is. shown that for increasing malonaldehyde

concentrations, higher activity losses are observed as a func-

tion of the storage temperature.
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SUMMARY

As a following up of our paper on "Radiation induced lip id

oxidation in fish species" the influence of malonaldehyde con-

centration -on lipase activity seemed to be an important re-

search topic.

From literature some data claimed for an inhibition of li-

pase by malonaldehyde.

Our experiments with isolated fish lipase did not show any

positive results probably due to a lack of adequate extraction

and concentration techniques.

Experiments in vitro demonstrate inhibition of pig pancreatic

lipase by malonaldehyde.

~\
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Summary

The radiation response of the lipid soluble vitamins D, and D« was

studied in petroleum ether.

The % retention as a function of the.dose and the initial concentration

of vitamin D_ was monitored by spectrophotometric and gaschromatographic

techniques. The gas Chromatographie procedure has been proven to be the

best analytical method.

For all concentrations under study a logarithmic relationship was

found between the extent of degradation and the irradiation dose. A

comparison of the calculated G(-) values revealeo. that vitamin D_ was l.-'Gs

radiation sensitive than vitamin A and its structural analogue B~cp..otpne.

By thin layer and gaschromatographic procedures four major degradation

products were separated. Using the combined GC-MS technique and U.V.

spectrophotometry the nature of these degradation products was tentatively

specified.

The data obtained provided unequivocal proof for cleavages of the

system of the vitamin D molecule upon irradiation. For the degradation

products under study it was demonstrated that the side chain was unaltered
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Bestrahlungsempfindlichkeit von Vitamin D in Losungen

Zusammenfassung
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Die Bestrahlungsempfindlichkeit der öllöslichen Vitaminen D- und D_

in Petroleümäther wurde bestudiert.

Der Retentionsprozentzatz ist eine Funktion der Dosis und der Anfangskon-

zentration der Vitamin D„; sie wurde spektrophotometrisch und gaschromato-

graphisch bestimmt. Es ist bewiesen worden das diese letzte die beste

analytische Methode ist.

Für alle bestudierten Konzentrationen ist ein logarithmisches Ver-

hältnis zwischen des Degradationsmasses und der Bestrahlungsdosis gefunden

worden. Ein Vergleich der berechneten G-Werte eröffnete das Vitamin D_

weniger Bestrahlungempfindlich dann Vitamin A und sein structurgleiches

Analogen Karotin war. Durch Dünnschicht und Gaschromatographische Techniken

konnten vier Hauptbestandteile der Degradation abgesondert werden.

Mittels Gaschromatographie-Massenspectrometrie und U.V. Spektrophotometrie

könnte die Natur der Degradationsprodukte bestimmt werden.

Die erhalten Ergebnisse erwiesen deutlich .das im Vitamin D-Molekül

das Triensystem durch Bestrahlung zerbrochen würde. Von den bestudierten

Degradationsprodukten ist bewiesen worden das die Seitenkette unverändert
blieb.
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Introduction

The radiation chemistry of important chemical constituents in foodstuffs

is already extensively reviewed in literature (1). The data so far obtained

with studies on modelsystems allow the cautious prediction of the nature of

the major radiolytic products that are likely to be present in more complex

foods.

For a very long time, feeding irradiated foodstuffs to animals has been

the only way of assessing the wholesomeness of these products. At present

it is generally agreed that analytical investigations in conjunction with

animal feeding .studies will speed up the clearance of food irradiation as a

process.

The radiation stability of vitamins in irradiated foodstuffs is impor-

tant from a nutritional point of view. The radiation response of the lipid

soluble vitamins A and E is very well documented in literature (2-7). On

the other hand little information is available on the radiation stability

of vitamin D and related steroid compounds.

Merritt et al (8) analyzed the volatile degradation products resulting

from the cleavage of the alkyl side-chain of cholesterol irradiated in iso-

octane. In our study the quantitative destruction of vitamin D irradiated

in petroleum ether was monitored while the major non-volatile degradation

products were also characterised.

V-i



Materials and Methods

Material

Vitamin D, and D, purissimum grade were purchased from Philips-Duphar

Hexamethyldisilasane, Merck, 804324 synthesis grade and trimethylchloco

silane Merck 2333 for gaschromatography were used in the silylation reaction.

All solvents used were of P.A. grade from E Merck.

Irradiation
137'

-5 -2concentration varied from 10 M to 10 M. Irradiation

All irradiation experiments were carried out in a Cs Gammotor

M-34-3 irradiation unit (Radiation Machinery Co, New Jersey) with a dose

rate of 81.5 krad/hr. Samples were irradiated in boro-silicate stoppered

glass vials (13 mm O.D x 36 height) with a total content of 2.5 ml. The

vials were flushed for 2 win with a stream of pure nitrogen before and after

transferring the samples to the container.

The vitamin

doses ranged from 0.1 to 3.3 Krad.

Methods

a) Quantitative analysis of irradiated vitamin D- solutions.

- Spectrophotometric analysis

The % retention of an irradiated vitamin D- solution was quantitated

spectrophotometrically by recording the decrease in its characteristic

absorption peak in petroleum ether at 264 nm. As a reference irradiated

petroleum ether was used

- Gaschromatographic analysis.

- An adequate amount of the irradiated vitamin D9 solution was evaporated
—2 —3 —4 —5

under nitrogen. For the 10 , 10 , 10 , 10 molar concentrations res-

pectively 0.4, 2, .5 and 7.5 ml were used. Silylation was carried out

using a modified method previously described by Nair et al (9) . Her me t

Bouvier (10) and Fisher et al (II). To the dried sample 0.5 ml (for the
-4 —5 —2 —3

10 and 10 solutions) or 1 ml (for the 10 and 10 M solutions)

silylation reagens was added. The freshly prepared silylation reagens

was a mixture of dry pyridine, hexamethyl disilasane and trimethylchloro

silane (0.5/0.4/0.1).

The silylation vials, rubber stoppered, were shaken for 10 rain and after-

wards kept at 7O0C for 20 min.

Centrifugation for 10 min at 3000 r/m precifitated the ammoniumchloride.
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- A varian Aerograph, model 1400, with flame ionization detector operated

under the following experimental conditions.

Column: 1.5 % SE30 + 1.5 % SE52 on chromosorb WAW, DMCS

mesh range 80-100, length 3 m, O.D. 1/8"

Column temperature: 200 and 25O0C

injector temperature: 30O0C

detector temperature: 31O0C

flow of nitrogen, hydrogen and air respectively 23, 25 and 250 ml/min.

b) Qualitative analysis of the radiolytic degradation products of

vitamin D-

- Thin layer chromatography

Two ml of the irradiated vitamin D- solution was spotted on a silicagel

G plate (Merck 7731). As elution solvent the mixture petroleum ether:

diethylether: isopropanol (100:6:6) was used. Adsorption of iodine vapors

localized the separated fractions. After elution the fractions were

scraped off the plates and extracted with acetone or diethyl ether.

Finally filtration yielded a solution that was used for spectrophotometric

or gaschromatographic analysis.

- Mass spectrometry

Mass spectra of the degradation products were recorded with a GC-MS

apparatus (Hewlett Packard 5992A). The gaschromatographic conditions

were identical as described above. The ion source of the mass spectrometer

was working at + 70 eV.
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Results and discussion

1, Quantitative analysis of irradiated vitamin D, solution

a) Usefulness of the methods

Vitamin D, and its trimethylsily!derivative are transformed to
£, V

pyrocalciferol and isopyrocalciferol at temperatures higher than 10O0C (13).

under the gaschromatographic conditions described above these two thermal

rearrangement products give rise to two well separated peaks in case of the

tritnethylsily !derivative.

Only the pyrocalciferol peak area was determined as a measure for calculating

the vitamin D, content. This is only valid if the transformation of vita-

min D2 to pyro- and isopyrocalciferol is quantitative and independent of the

amount injected in the gaschromatograph. Several investigations (14-16)

noticed a constant value for the ratio pyrocalcfferol:isopyrocalr.iEerol de-

pending on the experimental conditions.

Fig. 1 shows for both components the relation between the peak area

and the amount of vitamin D2 injected. The calculated mean value of the

ratio between the pyro:isopyro peak area was 1.48. A regression line with

a slope of 0.02 could be drawn through the experimental data. It was also

demonstrated that the radiation degradation products have no effect on the

pyrorisopyro ratio.

With respect to the spectrophotometrical method Fig. 2 shows the absorption
-4spectra of a 10 M solution of vitamin D_ irradiated with varying doses.

Deformation in the absorption spectrum and the shift of the absorption

maximum to shorter wavelengths are ascribed to the presence of degradation

products in the solution. Due to the interference of these degradation

products on the absorption spectrum of vitamin D-, the spectrophotometric

measurements only will give an approximative value of the vitamin D, content

after irradiation.

A comparison was made between the radiation degradation of vitamin D,

at different doses as measured by the spectrophotometric and the gaschroma-

tographic method. (Fig. 3-4). A logarithmic relationship between the Z

destruction and the irradiation dose was found. The higher values for the

spectrophotometric procedure are explained by the partial absorbance ex-

hibited at 264 nm by the radiation degradation products. These results

show that spectrophotometrical data in quantitative terms of degradation

should be interpreted very carefully.
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b) Quantitative degradation of vitamin D2 in solution

The radiation degradation of vitamin D2 in solution is both dose- and

concentration dependent as shown in Fig. 5. From the slope of these curves

it is evident that the initial vitamin concentration has a direct effect

on the degradation rate. This is even more explicit in the data of Table I

where the D'>values are listed as a function of the initial vitamin D2

concentration.

Table I. D-IO values for vitamin

tration

as a function of the initial concen-

Initial vitamin D2 concentration

10"2 M

10~3 M

10~* M

10~5 M

D. --value (Mrad)

2.2.

1.3.

0.7

0.6

From the % retention data the G(-) values for vitamin D2 can be calculated.

A comparison of these values as a function of the dose is drawn in Fig. 6.

For each initial concentration the G(-) value decreases with increasing

irradiation dose. This means that at the beginning of the irradiation

more molecules per minute are destroyed. Since the concentration of

vitamin D„ decreases with the irradiation time this degradation pattern

could be expected.

In previous work from our laboratory the radiation sensitivity of vitamin

A(3) and the provitamin A (fl-carotene) (17) has been extensively studied.

Since the chemical structure of vitamin D„ is very different from that of

the A-vitamins it is of interest to compare the data listed in Table 2.

Table II. Comparison of the radiation sensitivity of ß -carotene, vitamin A

and vitamin D, dissolved in petroleum echer (irradiation dose-ISO krad)

Compound

vitamin A

B -carotene

vitamin D-

concentration

I0~3

10~4

I0-*
JO'3

-It
10 *

% degradation

78

91

74

35

39

G(-) value

4.93

KO

0.73

3.10

0.45
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From the data it appears clearly that vitamin D_ is more radiation resistent
than vitamin A or its provitamin ^-carotene.

2. Characterisation of the radiolytie degradation products of vitamin D,,

and D,
_o

All experiments were performed on IO solutions which was about the

solubility limit of the vitamin in petroleum ether irradiated with 3.3 Mrad.

At this dose a 90 % destruction of the vitamin compound was observed so

that a high concentration of the radiolysis compounds could be expected.

The gaschromatographic profile of an irradiated vitamin D2 solution,

obtained for a column temperature of 20O0C, revealed four distinct and

well separated peaks (Fig. 7). Similar experiments performed on a vitamin

D_ solution give rise to an identical chromatogram. It had to be demonstrated

that the degradation products did not give two or even more peaks on the

chromatogram. On a thin layer plate three major fractions with a R^ value

of 0.92, 0.76 and 0.64 were intensively yellow coloured after exposure to

iodine vapor (Fig. 8). Vitamin D, had a R_ value, of 0.35 on the plate while

three more polar fractions than vitamin D, were present at rather very low

concentration.

Gaschromatographic analysis of these separated fractions on the thin layer

plate demonstrated that:

- the fraction with a IL, value of 0.92 had a retention time of 4 min and

is indicated as component A on Fig. 7.

- the fraction with a IL, value of 0.76 had a retention time of 14 min and

thus also represented one peak on the gaschromatogram, corresponding to

the fraction C.

- in the fraction with.alL, value of 0.64 component B and D were present.

- the more polar fractions exhibited wide peaks having about the same

retention time as vitamin Dj. (in this case the column temperature was
25O0C)

While component A did not absorb in the U.V. region, component C exhibited

an ultraviolet absorption maximum in petroleum ether at 245 nm. The absorp-

tion spectrum of the mixture of compounds B and D had a maximum at 235 nm.

The three minor fractions had a very similar absorption spectrum with ab-

sorption maxima at 280 and 242 nm. In literature photo-isomeric degradation

products with analogue absorption spectrum are described. (18-19)

The mass spectra of the degradation products A, B, C, D of both vitamin

D2 and D3 were registered. The spectra for the degradation products of

vitamin D2 are drawn in Figs. (9-12). From the spectra the molecular weight

could be easily deduced.
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Table 3. Molecular weight and bruto formula of the radiation degradation

products of vitamin P- anci D3

Compounds

A

B

C

D

Characteristics of the compounds

derived from

vitamin D2

MG formula

260.6 ci9H32

276.6 C20H36
288.4 C91H,,fe I JO
QrtO "7 P UJIM. / 22 ^R

vitamin D„

MG formula

248.6 C18H32

264.6 C19H36

276'4 C20H36
290.7 C2iH38

From the mass spectra it was also obvious that in the above listed compounds

the side chain remained unaltered.

For compound A all fragmentations are drawn on the following scheme.

The ion masses and abundance of the fragments accountable by cleavages

in the side chain are also listed.
135,3 ~

Component A

163.3

ion mass

260.6 (M+)

217.4

189.3

163.3

135.3

abundance

14

5.4

2.3

2.1

100

For component A the ion with mass equal to (M.W - mass of the side chain)

represented a 100 % abundance. For the other degradation products the

fragments, arising by loss of the side chain also showed a high relative

intensity.

Another argument in favour of an unaltered side chain is the 12 units

difference in the molecular weight of the degradation products of vitamin

D2 and D3 (Table 2). In the vitamin D2 and D3 structure the side chain

also accounts for a 12 units difference.

Futhermore the components A, B, C, D could not be silylated and in

the mass spectra no (M - H2O) peaks were observed. This supported a

structure without the hydroxyl group from the A ring of vitamin D and without

oxygen built in in the degradation product.
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All experimental data summarised above provide evidence that the

degradation compounds A, B, C, D are pure hydrocarbons arisen through

cleavages of the triene structure.

The following chemical structures can be proposed for the degradation

products.

a) Component A

This degradation product exhibits no U.V. absorption indicating the

absence of conjugated double bonds. The proposed structures correspond to

the bruto formula with the known molecular weight. R stands for the side

chain of vitamin Dn and vitamin D0

b) Component C

This compound exhibits a U.V. absorption maximum at 245 mn, this implies

the presence of two substituted conjugated double bonds. The tentative struc-

tures support the experimental data.

R i'u R

H3C

c) Component B

The molecular weights are respectively 276.6 (from vitamin D-) or

264.6 (from vitamin D_). The U.V. absorption could only be measured on a.

mixture of components B and D. A maximum at 235 nm was observed, therefore

at least one of the two compounds ought to have two conjugated double bonds.

The proposed structures correspond to the molecular weight observed .

Other structures can be deduced.

H3C.



9.

d) Component D

According to the experimental data observed the following speculative

structures are given.

HC' HC^

I I
CH3 CH3

At the present time only the nature of the degradation can be proposed.

Besides the formation of volatiles (8) arising by cleavages of the side chain

upon irradiation of vitamin D, another important site of cleavage has to be

situated at the conjugated triene system between ring A and C of the vitamin

molecule.

The further characterisation of these hydrocarbons by techniques requiring rather

high concentrations (IR, NMR) will be investigated.
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