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THE EFFECT OF ICNIZING RADIATIONS ON THE STORAGE
STABILITY OF HYDROGENATED SHORTENING TREATED
WITH CERTAIN ANTIOXIDANTS

INTRODUCTIGON

A, Importance of the Problem,
The application of ionising radiations for the preservation

of food has opened a new horizon in the food industry. Research
activities in this field, during the last fifteen years, have showm
that these radiations can be used to sterilize focd. This method of
sterilization eliminates heat which is employed in the conventional
nethod of canning and the drawbacks associated with it., There exists
a plentiful supply of radicactive material as by-products from the
atomic reactors to carry on this technique of food preserVation.b
However, the use of these ionizing radiations in dosages sufficient to
engure sterilization, results in the preduction of undesirable side
reactions. These may be changes in flavor, color, texture and the
destruction of certain vitamins. It would be desirable to study these
changes in order to find the means either of preventing or reducing
thern to a level where they would not be objectionable.

Actions of ilonizing radiations have been the subject of
recent reviews (28, 70). Many of the objectionable changes cce-
curring in irradiated foods appear to originate in the lipid portion.
A number of workers have demonstrated the formation of peroﬁides both
during and after irradiation (20, p. 605-616; 49, p. 589; 51, p. B4-88;
55, Po 119-189). The breakdown preducts of these peroxides are velieved

to be responsible for the flavor changes in lipids. The exact nature
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of these off-flavors and how they originate in irradiated lipids is not
known., Attempts were made to provent these flavor changes by intro-
ducing_free‘radical acceptors which would prevent peroxide formation by
terminating the chain reaction (2, p. 570-583). Astrack, et al.
(2, p. 583) made two important observations in connection with the
flavor changes: 1. Addition of the antioxidants, propyl gallate and
butylated hydroxyanisole, did not prevent the development of irradiation
odors. 2. The inecrease in peroxide value in irradiated oil did not
cause a corresponding increase in off-odor and flavor. These obser-
vations cast some doubt on the role of peroxides in flavor changes.
In view of this, morse research is needed to establish the exact relation-
ship between peroxides and flavor changes.

In studies on oxidative rancidity and reversion in fats and
oils, aldehydes and ketones have been found among the oxidation products
(9, p. 240; 34, p. 718; 35, p. 727; 36, p. 734; 66, p. 377; 69, p. 300).
In some cases specific carbonyl compounds have been showm to be at
least partially responsible for the off-flavors that develecped (33,

p. 377; 44, p. 117). These eompounds are believed to be secondary
pfoducta of autoxidation. It is very important, therefore, to know the
extent of oxidative changes brought about in irradiated oils and fats
and it is equally important tc develop methods of preventing such
changes,

A survey of literature showed that much work has been done on
irradiated butterfat, lard, vegetable and fish cils. In all these
cases, it has been found that irradiation causes oxidative changes.

Since unsaturated oils are more susceptible to oxidative changes than
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saturated oils, hydrogenation should help to prevent oxidative changes
in irradiated fat. It is also known that the antioxidants will
inhibit autoxidation in oils and fats. It is logical to assume,
therefore, that both hydrogenation and incorporation of antioxidants
in fats and oils might prove helpful in preventing irradiation
induced autoxidation, Hydrogenated vegstable shortening is commonly
used in the feod industry, especially for deep fat frying purposes,
Pre.cooked fish, shrimp, stcetera are processed with hydrogenated fat
and stored for later use. Little or no work has been reported on the
effect of jonizing radiations on the storage stability of hydrogenated
vegetable shortening treated with antioxidants, In view of thig,
special attention was given in the present work to the determination
of oxidative changes and storage stability of hydrogenated vegetable
shortening treated with antioxidants and subjected to varying dosages

of ganma rays,

B, Objeet of the Investigation,
It was the purpose of this work to investigate the oxidative

changes and storage stability of hydrogenated vegetable shortening
treated with antioxidants and subjected to ionizing radiations,

The oxidative changes, immediately after irradiation, after
storage for three weeks and six weeks at 100°F were determined in terms
of peroxide value, malonaldehyde content and total carbonyl values,
Storage stability tests were conducted on several irradiated samples by

the Active Oxygen Method.



REVIEW OF LITERATURE

A. Irradiation Induced Reactions in Lipids,

Radiations induce two types of effects in foodstuffs. They
are distinguished as direct and indirect effects. Direet effects vary
with the nature of the molecule. If it is large or stabilized by
resonance, 2s in the benzene molecule, the effects do not occur. 1If
the molecule has a weak bond, breakage occurs forming a free radical
which can take part in a complex series of secondary reactions. These
reactiong are shown below,

Primary reaction:

AX+ “ﬁ&’ + K+

Secondary reactions:

1, A* + BH > AH + B* (forms new free radical)

2, A*+ C° —AC (free radical combination)

A A
3, A® 4 A—AA— AAA® > etcetera (polymerization)

H dono¥ . ,00H (peroxide formation)

4, A® + 0,—>A00°
This irradiation of aliphatie hydrocarbons in the absence of oxygen
may cause degradation into a series of hydrocarbons of lower and higher
molecular weight, (reactions 1, 2 and 3) while in oxygen it may give
peroxides (reaction &), Indirect effects ocour in most fresh foods in
which water is a major component and takes place largely through
reaction with irradiated water molecules. Reactions may be separated
as follows: _

HZO————NMMW—————’H' + °OH

The hydroxyl radical (°OH) is an oxidizing agent and the hydrogen
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atom (H*) a reducing agent. A solute can, therefore, according to its
chemical nature, be oxidized or reduced. If no oxidizable or reducible
solute is present, these frec radicals may recombine to form water
again. The situation is modified in the presence of oxygen which
increases the oxidative effects, Oxygen combines with a hydrogen atom
to form a hydroperoxide radical (HG3) and hydrogen peroxide (H;0,),
both of which are strong oxidizing agents (28, p. 16; 46, p. 160)., In
the presence of fat, it is also possible for the hydroxyl radical (°OH)
to obtain an H* from an active methylene group of fat giving a free
radical: « CH=CH -« CH « CH = CH - . In fats, as before mentioned
it is possible for both direct and indirect effects to cause
irradiation damage through the formation of free radicals. The
reactions involved are similar to those of autoxidation and are
extremely complex, Since 1947 a torrent of literature has appeared on
the elucidation of the mechanism of autoxidation. With the advent of
modern instruménts (polarograph, spectrophotometers) and modern
isolation techniques (urea complexes, counter current distribution,
chromatography, etcetera); considerable progress has been made in the
study of the initial stages of oxidation of fats and separation and
characterization of the reaction products. Several reviews (3, p. 147-
167; 6, p. 1-21; 38, p. 4B.53 and 68469; 40, p. 1303-1309; 48, p. 126=
132; 67, p. 700.703) have appeared in recent ysars which deal with the
mechanism of autoxidation. Only a few high points concerning the
present status of the problem’are described in this text.

The fat or oil molescule consists of glycerol esterified with

fatty acids which may be either saturated, unsaturated or both
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saturated and unsaturated, Oxidation can occur only in the fatty acid
portion of the glyeeride molecule becaﬁsa the presenée of a double bond

is necessary for oxidation to occur readily.

Autoxidation.

The currently accepted theory of autoxidation is the radical
chain theory., According to this theory oxidation takes place not at
the double bond itself but at a reactive methylene group adjacent to the
double bond with the production of a hydroperoxide which still retains
it unsaturation. A%t the same time a résonance system, set up by the
free radicals, leads to the production of conjugated isomers. Sinee
geonetric isomerization of a considerable proportion of double bonds
from cis to trans also occurs, the preduct of the first stage of
autoxtdation is a complex mixture of hydroperoxides with a high content
of conjugated and trans wnsaturation (40, p. 1303). The evidence of
conjugation is provided by Farmer et al. {22, p. 119-122) by measuring
absorption in the ultraviolet region using a spectrophotometer.

Privett et al. (54, p. 65) furnished further proof of the mechanism
using infrared absorption techniques. They showed that autoxidized
methyl linoleate contained at least 90 pareent conjugated hydroperoxide.

At this stage it is necessary to point out the source of
energy required for free radical production. A double bond is most
susceptible to outside sources of energy such as light, heat or
radiation energy. This energy puts the electrons in an excited state.
hen enough energy has been absorbed so that electrons reach a eritical

excitation level, the excess energy is dissipated by the electron
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breaking away from the rest of the molecule and taking a portion with
it, This leaves a fatty acid molecule with 2 carbon atom containing
an unpaired electron which is an extremely unstable structure. This
structure is called‘a free radical. The hydrogen atom that broke away
from the molecule is also a free radical sinece it contains an unpaired
?1ectron.
| Acecording to Farmer (23. p. 86-93) the free radical formation
from fat molecules is dependent on hydrogen lability. They have been

classified into four groups according to hydrogen lability:

H H B
Group I l Group II é |
C=Ca-C.C=¢C C=CelelC=C¢C
B H
Group III | | Group IV
C-C=C-C C=C.C0=¢(

Group I has the highest degree of hydrogen lability and
Group IV the least. The least lability in Group IV is probably due
to close proximity of the double bonds which give added stability by
enabling the electron to dissipate execess energy through resonance.
In Group I the movement of the alectrons is considered to be blocked
by CHy groups and hence an electron which has excess energy may expend
it by breaking away from the remainder of the molecule. Vhen it does
so6 it takes a portion with it which is equivalent to the removal of a
hydrogen atom leaving a free radical. Group II shows less lability
because the influence of double bonds is divided between two methylene
groups (23, p. 86-93; 38, p. 49).

it is now generally accepted that autoxidation of unsaturated



fatty acids is initiated and propagated through an active methylene
group, This is true when a methylene group is adjacent to and separates
two unsaturated centers (48, p. 129). Saunder et al. (60, p. 83)
recently showed that as much as 95 percent of the peroxides formed in
autoxidation of methyl oleate are alpha-methylenic hydroperoxides. The
overall changes that occur in the production of alpha<methylenic hydro-
peroxide of an olelc aclid ester is presented in the following figure.

? H H H

|

CH3 (CH2)6 - ? «C=z2CwlC e (CH2)6 - COOR Qleiec ester.

o=
e

-H
il
N
CHB (CH2)6 - ? - i zCeC o (CHZ)6 COOR Pree radical ester.
B
+02
H HI|H H
[ 2
CH3 (CH2)6 «eCelxC-Ce (CH2)6 CGOR Free radiecal of
| | peroxide of oleic
K ? ester,
0.
+H
TV
CRy (CHp)g - € = C Yo-c- (CHp), COOR  Hydroperoxide of
| | oleic ester,
H 0 (70, p. 123).



Reaction of Free Radicals.

Free radicals being extremely unstable substances will seek
another electron to complete the stable paired electron structure.
The fatty ester free radical can get an electron by several means as

shown below,

-CH,CH = CHQHCHZ
02
'.‘H . v ‘CH = CH OCH‘
- CH,CH = CHgHCH2<r—--CHZCH = CHgHCHz -» «CH,CH = CHgHCHz-
0 0.
H _ 0
«CH = CHCH -

~CH,CH = caouzc =

~CH,CH = CHHGHy~ + CHgCH 3 CHGAGH -

0

H eteatera
As shown in the above figure, the free radical has a high affinity for
oxygen, and the oxygen, as molecular oxygen, adds on to produce a
peroxide, The peroxide free radical reacts with hydrogen to produce
a hydroperoxide which terminates the action of the peroxide free
radical,

Another possibility is that the peroxids free radical can
react with another molecule of oleic ester and remove an alpha
methylenic hydrogen atom to produce a hydroperoxide. The oleic ester
with which.it reacted has now become a free radical similar to the

one that caused its production. This is a self perpetuating reaction

wvhich is terminated only Ly reacting with another free radical or with



10

an antioxidant (38, p. 49).

of Polyunsaturated Fatty Bsters.

Oxidation of linoleate is a simple exemple for non-conjugated
pelyethenoie esters. It follows the same steps except that hydrogen
which escapes is believed to come from the active methylene group.

This is shown in the following figure:

CH3(CHp),, CH = CH CHz CH = CH (CHz), COOR
13 1211 10 9

-H,

- CH = CHCHCH = CH -
(13) (9

« CH ~ CH = CHCH = CH = 02 etcotera

(13) 9)

02 etcetera

- CH = CH CH = CH CH
(13) (9)

which represents the formation of free radicals with conjugated dienciec
strupturea from a methylene separated dienoic fatty acid ester
(linoleate) (38, p. 48-53).

The mechanism of oxidation of linolenate (trienocic acid) has
not_be@n studied extensively as that of oleates and linoleates. It has

been agsumed that oxidation of linolenate follows the same pattern as

that established for olefine and diolefines.

Secondary Products of Autoxidation,
The monohydroperoxide formed is very largely conjugated and

is not likely to form a dihydroperoxide on further oxidation. Some
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analytical data (13, p. 450) support the view that a second molecule
of oxyzen can attack the linoleate molecule to form a eyclic peroxide
by l:4 addition to the monohydroperoxide, after whieh dimerization or
polymerization takes place. The stheme of 1l:b addition is as follows:

H S '
0 g———0 0
0 | gﬂ

- CH = CHCH = CHCH = 4 0p—» - CHCH = CHCH (40, p. 1303)

A typical eomposition after the peak in peroxide has been
passed was found to be about 30 « 35 percent peroxide, 25 « 30 percent
hydroxy compounds, 20 - 25 percent oxirane compouwnds, 15 - 20 percent
alpha, betae-ungaturated carbonyl compounds and some residual methyl
oleate cleavage products and polymers (17, p. 223).

Recent investigations indicate that alpha, betasunsaturated
carbonyls are among the most important secomdary products of autoxi-
dation. Ellis (21, p. 140) isclated alpha, beta-ungaturated carbonyl
compounds from autoxidized oleic and elaidiec acids. These products
appeared to have come directly from alphaemethylenie¢ hydroperoxides
simply by loss of water,

Swift, et al. (68, p. 39-40) have shown that fatty hydroe
peroxides readily decompose under sultable conditions such as high
temperature, presence of catalysts, acids or alkalies to yield a
complicated mixture of degradation products including aldehydes,
ketones and alcohols.

Steam volatile products from cottonseed oil autoxidized at
70°C have yielded 2, kedecadienal, 2-octanal and N-hexanal. They

vere isolated and identified by fractional crystallization of their



semicarbazones (69, p. 297-300).

| Bvidence has been accumulating that some of these hydro-
peroxide decomposition products, particularly the alpha, beta-
unsaturated aldshydes and ketones contribute very largely to the
unpleagsant odor and flavor of oxidized fats. In the dairy field, the
'oil fishy flavors' are being attributed to the presence of oxidation
products of unsaturated acids which are carbonylic compounds. These
carbonylic compounds include 2-hydroxypropanal, a Cr-unsaturated
ketone and a C32 alpha, beta-unsaturated carbonylic compound either
aldehyde or ketone. These have been isolated by Keeney and Doan
(34, p. 718).

Kawahara and Dutton (33, p. 377) have demonstrated the
formation of carbonyl compounds from autoxidized soy oil. Buss and
Mackinney (12, p. 487-489) have isolated carbonyl compounds from
rancid corn oil. All these authors have reported that the off-flavors
in rancid oil are due to these carbonyls. Recent work of Chang and
Kunmerow (1%, p. 407; 15, p. 327) indicate that carbonyls are

responsible for ranecid flavor,

of Fatty Acid Composition.

The breakdown products of oxidized oleic acid are believed
to be responsible for mozt of the offensive odors in rancid fats.
Linoleic with two double bonds, linolenic with three double bonds, and
srachidonic with four double bonds do not produce the intense tallowy,
rancid odor that comes from oleic acid oxidation. The peroxides and

hydroperoxides formed during oxidation are not responsible for the
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rancid odor as they are cdorless (38, p. 48). In the case of linoleic
acid, the hydroperoxide formed is more stable and hence does not
easily produce off-flavors whersas oleic acid does although the initial

tendency to oxidize is less (40, p. 1304).

B, Irradiation of 0ils, Fats and Antioxidants.
The first publication concerning the influence of ionizing

radiations on olls appears to stem from the work of Long and Moore in
1927 (42, p. 901.903). They studied the action of cathede rays on
linseed and other drying oils and observed a decrease in iodine number,
an inerease in molecular weight, a bleaching of color and a reduction
in drying time.

Recently Dunn et al. (20, p. 605-616) studied the action of
X-rays on butter and olive oil. They noticed a slight inerease in
peroxide values in irradiated sgamples but the rate of increase was not
linear. It was also noticed that the orange-yellow color of butter
was progressively destroyed with an increase in radiation dosage.
Mukherjee (49, p. 589) noticed peroxide formation in butterfat during,
as well as after, irradiation. He also observed that butterfat was
more susceptible to autoxidation when irradiated in the presence of
oxygen whereas irradiation of evacuated fat did not produce this
effect, Peroxide formation in mackerel tissue during irradiation
was observed by Nickerson et al. (51, p. B4=88).

The effects of sterilizing doses of high intensity electron
bursts upon various vegetable and fish olls have besen examined by

chemical and organoleptic means by Astrack et al. (2, p. 570-583).
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They observed that changes in vegetable and fish oils were dependent,
upon the individual radiation sensitivity of the oil., Changes in fish
oil were more pronounced than vegetable oils. This indicates the
destruction of a naturally present protective system. The addition
of antioxidants before irradiation seemed to offer a possibility for
proloqging the storage 1life of the oil. Five~hundredths of one
percent propyl gallate seemed to be quite effective for this purpose.
One-hundredth of one percent bujylated hydroxyanisole, although
effective, caused undesirable organoleptic changes. The organoleptic
changes in irradiated olils did not sedm to run perallel with the
chemical changes and were not influenced by the presence or absence
of antioxidants. However, oxygen as well as air must play a role in
the formation of radiation induced off-flavors since treatment in
vacuum or inert gas inhibited the occurrence of organoleptic changes.
Aceording to these authors the radiation imltiated mechanism involved
polymerization, bond breakage, as well as a variety of other oxidative
changes.,

Hannan and Boag (29, p. 152-153) on irradiating butterfat
with high energy electrons, observed that the peroxide value depended
upon the temperature of the sample during irradiatien., This value
increased with decrease of temperature. This is believed to be due to
the stable character of peroxides at lower temperatures: Further, they
noticed an incroase in peroxide formation with an increase of rédiation
dosage at any given temperature. Hannan and Shepherd (30, p. 1021-1022;
31, p. 36-41) showed that the changes which occurred during the

irradiation of butterfat were followed by extensive changes after
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irradiation and both were affected by temperature. The main influence
of temperature was on the after-effect which showed a maximm reaction
rate at -20°C. Pats irradiated at 0°C or -70°C showed a striking
inorease in peroxide value during the first two days of storage at
-20°C. The increases in peroxide value were smaller at -20°C and barely
significant at +20°C or - 70°C. No after-effect was observed after
irradiation at +20°C, while molten fat at +37°C failed to show any
peroxide formation. It is believed that these changes are related to
the physical state of the fat., The after-effect was explained on the
basis of persistence at temperatures in the neighborhood of -20°C of
a free radical which reacts with oxygen as it diffuses into the fat.

Hannan and Shepherd (30, p. 1021.1022) have reported that
natural antioxidants were destroyed during and after irradiation.
Chipault et al. (16, p. 1715) have reported that added propyl gallate
in lard samples was completely destroyed during irradiation on

6 rep at ambient

subjecting the samples to gamma rays with 2 x 10
temperature,

Chemical changes in meat fats that occur during irradiation
with gamma rays and subsequent storage of the fats were investigated
by Sribney et al. (65, p. 958-960). They cbserved marked increases in
peroxide values when gamma irradiated fats were stored at 5°C in an
oxygen permeable casing, but very little increase when oxygen was
excluded.

In =2ddition to peroxidss, the presence of small. amounts of

carbonyl compounds in irradiated fats was demonstrated by Sribney et al.
(65, p. 959). Batzer et al. (4, p. 705) observed an increase in
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carbonyl compounds in both meat and fat with increasing irradiation
dosages. Theoy suggested that the carbonyl compounds obtained from
meat were different than those obtained from irradiated fat. Lang and
Proctor (39, p. 239) showed the formation of monocarbonyl compounds
in irradiated refined vegetable 0ills by high energy cathode rays.

Very recently Sedlacek (61, p. 547-556) has reported a number
of interesting observations concerning the influence of ionizing
radiations on fats. With soy oil, he reported that the samples
subjected to low dosage (70,200 r) showed little increase in peroxide
numbers during the first thirtlyy days of storage. The samples
radiated with higher doses showed higher peroxide numbersimmediately
after irradiation and also orn storage. The peroxide number of soy oll
samples exposed to rays increased fagter on storage at 2000 than those
samples stored at 4°C, This is contrary to the observation made by
Hannan and Shepherd (30, p. 1022; 31, p. 36-41) who reported that
peroxide formation was higher at lower temperatures. With butter and
lard, Sedlacek reported that gamma rays adversely affected the
organoleptic properties and caused an increase in peroxide numbers and
thicbarbituric acid (TBA) values. In the case of hardened food fat,
higher peroxide values were observed immediately after irradiation
with gamma rays with a total doée of 76,500 r. However on storage the
radiated and control semples showed the same rate of change. Results
of the TBA method showed oseillating values and the acid number was

low in both cases.
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C. Irradiation of Simple Systems Analogous to Fats,

. A basic understanding of the changes involved in irradiated
oils and fats can best be sought by irradiating simpler systems.
Sheppard and Burton {62, p. 1636.1639) irradiated saturated fatty acids
with alpha particles in the absence of oxygen and water. They found
hydrogen, carbon monoxide, carbon dioxide, water and volatile hydro-
carbons in the gas phase. Saturated hydrocarbons and water soluble
short chain fatty acids constituted the non-velatile products. The
main reactions appear to be dehydregenation and decarboxylation. There
was some evidence that dehydrogenation did not occur in the same
molecule as decarboxylation since unsaturation was not found in the
nonsaponifiable products.

Burton (11, p. 4117-4119) reported the formation of stearic
acid on bombarding oleic acid with deutrons. It was shown that
hydrogen produced by decomposition of an, organic molecule under the
influence of radioactivity can react at the double bond of a neigh-
boring molecule, This suggested that hydrogenation algo took place.
He also found the formation of polymers when pure oleic acid was
borbarded with deutrons.

Whitehead and co-workers (71, p. 186-187) noted that as the
chain length increases the relative amount of hydregen formed over
carbon dioxide increases and suggested that dehydrogenation may also
occur without decarboxylation.

Mead (%5, p. 470-472) irradiated linoleic acid with low
doses of X-rays and showed that a chain reaction was induced similar

to that of autoxidation., This study was followed by Poligter and Mead
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(52, p» 20)) and i? was showm that induced autoxidation of methyl
linoleate was markedly influcnced by the presence of certain antioxidants
in admixture with the ester. It was found that 1ipid soluble anti-
oxidants were more effective in preventing chain reactions than water
gsoluble compounds, Toeopherol and Ionol (butylated hydroxytoluenc)
provented the reoaction without significant damage to themselves.
Vitanin A, ascorble acid, glutathione and cysteine, although partially
offective in preventing chain reactions, were destroyed. CGaleiferol
partially protected the esters but was not itself destroyed.

Dugan and Landis (19, p. 152-154) studied the effect of high
energy radiation sueh as gamma rays from cobalt 60 on oxidized oleie
acid and its esters. They observed that gamma radiation from cobalt

80 influences the oxldation of olelc acid and methyl oleate even at
13

low temperatures. Dotermination of peroxide values and the E 1 e
Mo

values at zzbgy;revealed that higher peroxide values could be obtained
but that secondary products are formed in appreciable quantities. The
products causing absorption at Zzwfyimay be alpha, beta-unsaturated
ketones. The level of these substances could be increased by
irradiation-oxidation in the presence of metal soaps such as eobalt
stearate. Irradiation.oxidation of methyl oleate through a series of
temperature ranges revealed a marked thermal activation effect.

Very recently Chipault et al. (16, p. 1713-1720) reportod
the effects of beta and garma radiations on methyl palmitate, methyl
oleate, methyl linoleate, corn oil esters, corm oil, lard, butterfat,
oleate and linoleate soaps, and methyl linoleate-urea complex.

According to them, irradiation of fatg with high energy ionizing
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radiations in the presence of oxygen produces appreciable amounts of
peroxides and carbonyl compounds. The flavor and odor changes caused
did not correlate well with either peroxide values or carbonyl values.
They stated that ozone and nitrogen compounds may be formed when fats
are irradiated in air and same of the odor and flavor compounds may
result from the action of these compounds on fats. The antioxidant,
propyl gallate, in general, hindered the accumulation of peroxides and
this effect was more marked with the more highly unsaturated substrates.
Stability of lard containing propyl gallate was greatly reduced by
irradiastion under oxygen indicating that the antioxidant was largely

destroyed during irradiation.

D. HNethod of Controlling Undesirable Changes in Irradiated Fats,
Although the typical changes characteristic of heat processing

are absent in irradiated foodstuffs, other undesirable effects on taste,
odor, color, and texture nevertheless can occur (7, p. 536-537). The
off-flavor in irradiated foodstuffs is likely to occur due to oiidation
of flavor molecules by the hydroxyl radical (.OH) formed in the product
contaiﬁing water, The change may be represented as follows:

Flavor molecule + (.OH)——> oxidired off-flavor
If on the other hand, there is mixed with food some compound that acts
as a free radical acceptor (FRA) and competes with the flavor molecule
for (,OH) radical, it would be possibié‘te minimize or reduce off-flavor.

Flavor molecule + (.OH) + FRA (red) —>
Flavor molecule + FRA (ox) + (OH™) (57, p. 65)

Proctor and Goldblith (57, p. 65) have accomplished the elimination of
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off-flavors, in the case of several foods, but using ascorbiec acid,
d-isoascorbic acid and their salts.

Huber, ot al. (32, p. 109-115) have discussed a number of
methods applicable to prevent undesirable changes in irradlated food-
gtuffs, Those methods include freezing, vacuum packing, stripping with
inert gas, regulation of dose rate, and addition of chemical protectors.

It has been shoun that side effects may be minimized in the
frozen state (55, p. 167). The advantages of creating vacuum and
nitrogen packing on the rancidity development in various fish olls has
been reported by Astrack et al. (2, p. 570.583), Dose rate has been
found to have a considerable influence on irradiation changes in
foodstuffs (8, p. 246). High dose rates are useful for protection of
color and flavor in foodstuffs (32, p. 109-115). The undesirable
effocts that oceur in irradiated fats are largely oxidative in nature
and involve reactions with free radicals (2, p. 570; 29, p. 152; 30,
Pe 1021). The addition of chemical protectors to prevent the irradi-
ation induced chain reactions due to free radicals has been reported
by Proctor et al. (56, p. 237-242).

In the present work several free radical acceptors are used
to prevent the undesirable effects that are likely to occur in
irradiated fats. Therefore, a brief review of these free radical
aeceptors is made in this text.

Free radical interceptors have been investigated for various
foodstuffs and the use of these compounds are limited by legal
considerations. Gallic esters and similar polyphenols are useful for

oils and fats (2, p. 570-583; 29, p. 152; 30, p. 1021)., These are
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usually ortho or para substituted phenols or aromatic amines (41,
p. 621). Free radical interceptors which are used in fats and oils to
prevent autoxidation are alseo termed antioxidants. Antioxidants give
up hydrogen free radicals more readily than do fatty acids. These
hydrogen free radicals react with the peroxide free radical formed in
0il and thereby terminate the chain reaction. Of the legally ailawed
antioxidants, some of the important ones are butylated hydroxyanisole
(BHA), butylated hydroxytoluene (BHT), nordihydroguaiaretie acid
(NDGA) and propyl galiate (¥G).

| . Their atructures are represented below to show the similarity

that exists in them,

?CHB ?HB
(Ci3) 5 C\ /C (CH3),
c (CH3)3
l l
CH OH
Butylated hydroxyanisole (BHA) Butylated hydroxytoluene (BHT)

colo (CHz), CHj CHiy Ciis
t

: {
~ ~CH,~CH-CH-CH,, —
HO 7 N\ oH O N oH
OH b

l
OH

Propyl gallate (PG) Nordihydroguaiaretic acid (NDGA)
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All these are phenolic antioxidants, Thus far only phenolic anti-
oxidants are approved for use because they are nontoxic. - Their action,
as described before, is due to production of hydrogen free radicals.
When the antioxidant gives up a hydrogen atom it becomes a free

radical as shown in the following figure:

OCH3 OCH4 ?‘cn3
C{CH5) R
c(cn3) : c(cn3) y (CH3), - 0(01{3)3
OH 0 0 0

This free radical which is ealled 2 semiquinone has much greater
stability than a free radical of the type produced from fatty acid
because of resonance. This semiquinone does not have a strong

enough éttraction for a hydrogen atom to remove it from an unsaturated
fatty acid molecule, However, if it encounters a free hydrogen aton
the original antioxidant would be restored. BEventually all the
antioxidant disappears because of othey reactions (38, p. 52).

BHA and BHT differ from PG and NDGA, among other things, in
the number of OH groups attached to the ring structure. This grouping
has an important effect on the water solubility. BHA and BHT are
completely insoluble in water, vhereas PG and NDGA are slightly
gsoluble. A general rule about the solubility of these compounds hasg
been noted by many workers in this fisld, It appesars that the more

water soluble, the greater carry through it will have in the finished
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product. This holds especially for products reguiring heat such as
pastry and erackers.’ BHA has more carry through ability than BHT.
Antioxidants with slight water solubility impart the greatest AQM
stability or shelf life to lard and shortening (25, p. 386-387).

| In addition to the above mentioned antioxidants, another
compound, quercetin (Q) was used as an antioxidant in the present work.

It is a flavone derivative. Its structure is as follous:

HO

{
CH 0

Quercetin is 3, 5, 7, 3', 4' pentahydroxy flavone, slightly soluble
in water and stable to hsat,

Greenbank and Holm (26, p. 243) reported the effectivenecss
of quercetin as an antioxidant for cottonseed oil and Bradway and
Mattill (10, p. 2405) for a mixture of lard and codliver oil.
Richardson et al. (59, p. 410) found quercetin to be effective as an
antioxidant for milkfat and lard. According to them the group

- ﬁ « € = C « in the pyrone ring is responsible for antioxidant aetivity.
v
0
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EXPERIMENTAL METHODS

A. Preparation of Samples,.

The hydrogenated vegetable shortening used in this experiment
wag obtained from Swift and Company, Portland, Oregon in the form of
a fifty pound block packed in cellophane, The commercial name of this
shortening is Vream shortening. The physical and chemical constants
of this shortening, as furnished by Swift and Company, are as follows!
Freo fatty acid 0,04; melting point 118% 212°P; softening point
112°- 116°F; iodine number 72-77; Lovibond Color 1.5 red - 20 yellow;
kesping test (AOM) sixty hours. This shortening was melted, canned in
(307 x 409) "C" enameled cans and stored at 0°F, The shortening, as
needed, was taken from these cans, antioxidants were incorporated at
the required levels and canned in thermal death time (TDT) cans for
chemical analysis and in half pound flats (307 x 200 . 25) “G®
enameled cans for AOM and antioxidant recovery experiments. In each
case a small head space was left in the cans., The small TDT cans in
sets of four were further sealed im half pound flat cans before
irradiation. This had to be done because the apparatus for irradiation
was designed to hold only half pound flats, number 2 or number 10 cans,
The TDT can is a special type of can, two and one-half inches in
dizmeter and threec-eighths inchideep., The small amounts of samples
needed for the experiment could be conveniently £illed in these caps,
leaving a small head space. Glass containers were avoided because it
has been found that radiations cause color changes in glass (70, p. 26

and 308). Metallic containers such as tin cans are believed to bs
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nonereactive,

B. incorporation of Antioxidants,

The antioxidants were incorporated into the shortening as
indicated below at concentrations of 0,02 and 0.05 percent.

1. Butylated hydroxyanisole (BHA) was directly dissolved in
the melted shortening at the specified amounts.

2. Butylated hydroxytoluene (BHT) was also directly. dissolved

in the melted shortening at the specificd anmounts.

3. Nordihydroguaiaretic acid (N
A 0,5 percent solution was first prepared by dissolving NDGA in the

DOA) was dissolved as follows:

melted shortening and then the appropriate amounts of the solution were
added to the main portion to gat 0,02 percent and 0.05 percent
solutions.

4, Propyl gallate (PG) was troated the same way as NDGA.

5. Quercetin (Q) was first dissclved in hot absolute alcohol
in a relatively high concentration and then suitable quantitics were |
added to obtain 0,02 and 0.05 percent solutions. The alcohoi was
then driven off by passing nitrogen over the solution maintained at
from 80% - 909 for five hours. The complete removal of alcohol was

determined as directed in Fiegel's Spot Tests (24, p. 129-130).

C. Shipping and Handling Conditions,

All of the samples except one set, which was retained at
the laboratory, were packed in Shamrock carriers under dry ice eonditions
and shipped by Railway Express to the Materials Testing Reactor, Idaho
Falls; Idaho. During the ten day interval betwcen shipment and receipt,
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the samples were kept frozen except during the irradiation period when
they were meintained at ambient water temperature. VWhen the samples
were received, one set of samples required for ACH and antioxidant
recovery were placed at 0°F until the analyses vere made., The other
two sets were placed at 100°F for three weeks and six wé@ks for stérage
stabllity studies. A% the end of these intervals the samples were

placed at o°r.

D. Radiation Source and Dosage Levels,

Irradiation was accomplished by exposing the cans to a
gamma grid. The flux, the dosage and the time of exposure were varied
according to the total dose required. Each set of samples were given
the total dose of 0, 1.5, 3.0 and 4,5 megarads respectively. The
following table illustrates the exposure time and dose rate for each

level of radiation,

_ Total Dose (megarads Dose Rate Srad[hrz Exposure Time (hrs
0 -m-= Kone
1.5 3.10 % 1@6 0.483
3.0 5.45 x 106 0.550
4,5 5,00 x 10 0.900

B. Analytical,
The samples were subjected %0 the following determinations

in order to ascertain the oxidative changes brought about by gamma
irradiation and subsequent storage.
1. Determination of peroxide value (POV). American Oil

Chemist's Society tentative method (1, €4 8-53) was used for
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determination of peroxide values. This method determines, all
substances, in terms of milliequivalents of peroxide per 1000 grams of
sample, which oxidizes potassium iodid@ under the conditions of the
test. Theso are assumed to be peroxides or other similar products of
fat oxidation.

2+ 2=Thiocbarbituric acid methed !TBA number), The TBA

procedure described by Yu and Sinnhuber (72, p. 105) was adopted. In
this experiment a sample size of one gram was used. Instead of the
réagent described in the procedure only 75 ml. of 0,6 N-hydrechloric
acid was added after refluxing the fat sample and reagent for 30
minutes. The reagent deseribed in the procedure was necessary to -
extract red color from fish meal. Since this reagent was unnecessary
in case of fat, only h&dfocﬂloric acid was used. The rest of the
procedure was exactly the same as described for fish meal. The results
were expreséed as TBA number or milligrams of malonaldehyde per
kilogram of sample (64, p. 632).

3. Determinaﬁion of total carbonyl content, The procedure

deseribed by Berry and Mckerrigan (5, p. 693-701) for determining the
total cérbonyl content was adoptéd. In this procedure instead of using
a 50 ml., graduated flask for color development, a 25 ml. graduated
flask was used and all the volumes of the reagents were cut into half,
The contents of saturated and unsaturated carbonyls were calculated
separately as described in the procedure using the formulae,

Unsaturated Carbonyls u = 4,344 Bygq ~ 3.373 Ebjo
‘ moles/25 c.c.

Saturated Carbonyls s = 5.812En30 - .4.4203460
P moles/25 c.c.



28

The saturated and unsaturated carbonyls were expressed in
millimoles per kilogram of fat using the following formulae:

U= ux3 and 5 = __g i 5. in which U and § are the values caleculated
from ﬁgg above equations aﬁg W is the weight of fat used.

Tha above mentioned methods were employed to determine the
state of oxidation immediatsly after irradiation and om subsequent
storage fof three woeks and six weeks at 100°F.

No significant oxidative‘changes in irradiated fat were found
after three weeks énd si# wééks storage at IOOOF. However the small
changes observed indicated the possible deterioration of irradiated fat
on long storage, Therefore, in order to evaluate the oxidative changes
on long gtorage, healt accelerated stability tests were earried out on
some of the samples. This stability test was made by the AOM or Active
Oxygen Method. The method has been adopted by the American 0il
Chemist's Society as a tentative standard method for determing fat
stability €58, p. 394-398). Briefly, the method is as follows:

Clean and dry air is bubbled at a controlled rate (2,33 ml/see) through
a number of tubes of fat maintained at 97.8°C in a constant temperature
bath and the number of hours required for the fat to reach an
arbitrarily chosen peroxide value (POV) is recorded. The latest
recommendation is a POV of 125 milliequivalents per kilogram as the
‘rancid point'! for all fats, The length of this period is assumed to
be an indeox of resistance to rancidity. The exact relationships
between peroxide values and such quantities as shelf life, actual

rancidity, and oxidative stability have not been established, However,
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the results serve as a guide to infer the possible oxidative stability
of fats treated in different ways,

The AOM stability test was run on six samples. The details

are given under resulis and discussion.

P, GQuercetin Determination,
In 1947 Porter et al. (53) reported a spectrophotometric

method for the determination of quercetin extrécted from Douglas-fir
bark, This method was abandoned primarily because a linear Beer's law
relation did not exist and because of instabilitj of quercetin in the
final dilute alecoholic solution. Later workers developed direect methods
involving the formation of & quercetin-aluminum chloride complex (50,
p., 613-616). In these methods, the tannins and phlobaphenes interfered
in the aleoholic soiutions. and results were inconsistent in aqueous
solutions of aluninun chloride. The critical examination of the
variables and optimum conditions led to the development of a rapid,
accurate and reproducible éhalytical procedure (18, p. 118%u1187).
Modifications of the aluminum chloride methed have beén used to
determine quercetin aglycone in several foﬁds such as onions, strave
berries, apricots and applesauce (18, p. 1186). However, such a
cemplicated method does not seem necessary to extract and estimate
quercetin in fat. The method adopted in the present work to extract
and estimate quercetin in shbrtening is described below. The

technique described here is simple, accurate and yields reproducible

rosults,
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Procedure:

1. Absorption Spectra. The spectral absorption curve for

pure guercetin in 72 percent ethanol was obtained with a Beckman DK-l
Spectrophotometer, scanning time ten minutes, chart speed five inches
per minute. It is shown in Figure 1 on page 51.

2., Preparation of Standard Curve. A standard solution of
quercetin containing 0,015 mg/ml was prepared. 4 volume of each
standard solution corresponding to 0,030, 0,045, 0,060, 0,075, 0,090,
0,105, 0,120, 0.135 and 0.150 mg. of quercetin per 10 ml, of aleohol
was pipstted into 25 ml, volumetric flasks and made up to volume with
72 percent alcohol., The abso#bance at 3752»4&8 measured against a
reagent blank (72 percent alcohol) was plotted against weight of
aglyconse taken for analysis,

3. Recovery of Quercetin From Pat. Ten grams of fat
containing 0,05 percent quercetin was dissolved in 50 ml. of petroleum

ether (B+Pe 20°~ 40°C) and was extracted in a 500 ml. separatory funnel

three times with 25 wml. aliquots of 72 percent ethyl ;lcohol by shaking
three minutes per extraction. The fourth extraction was made using

60 m1, of 72 percent ethyl alcohol and shaking for one minute. The
four extracts were combined and diluted to a suitable volume (200 ml,)
with 72 percent ethyl alcohol and filtered through E and D folded
filter paper (Grade No. 512). The clear alcoholic extract contained
the quercetin., This extraction procedure was standardized by
extracting in three ways as described below:

(1) BExtraction with 25 ml. of 72 percemt ethyl alcohol once by shaking
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for three minutes and then with 60 ml. of 72 percent ethyl alcohol for
one minute.

(1i) Extraction with 25 ml. of 72 percenmt ethyl aleohol twice by shaking
for three minutes per extraction and then with 60 ml. of 72 percent
ethyl alechol for one minute.
(111) Extraction with 25 ml. of 72 percent ethyl alcohiol three times
by shaking for three minutes per extraction and then with 60 ml, of
72 percent ethyl alcohol for one minute.

It was found necessary to select a suitable filter paper which
did not absorb quercetin. For example, Reeve Angel-genuine American
filter paper (creped surface, white paper of open texture, rapid filter-
ing) No. 202, size 11 em. was found to absorb quercetin. The E and D
folded filter paper, grade 512, size 12} em. did not absord quercetin.
The results obtained using the latter filter papser egreed with the
centrifuged sample.
| k, Spectrophotometriec Dotermination. Ten ml. of clear
alcoholie extract recovered from shortening, as described above, was
transferred to a 25 ml. volumetric flask and made up to volume with
72 percent ethyl alcohol‘ The absorbance of each solution was
detormined immediately at 3?5::y;against the reagent. The blank experi-
ment was conducted using the shortening without quercetin.

5. Stability of Quercetin in 72 Percent Ethyl Alecohol., It

is pointed out by Dowd (18, p. 1184) that the spectrophotometric method
of Porter et al. (53) is untenable because of the instability of
quercetin in the final dilute aleoholic solution. Therefore a stebility
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test was made to see whether quercetin was unstable in 72 percent
ethyl aleohol. This is the concentration which was used to extract
quereefin from the shortening in the above procedure.

For this purpose quercetin was extracted from shortening,
containing a known amount of quercetin, with 72 percont ethyl aleohol,
This extracted aleoholic solution was diluted in the usual way and the
absorbance was measured at 375qlpx. Considering this as the zero
time, the absorbance at 375!B)Lwas measured at fregquent intervals for
one and one-half hours and the absorbance was plotted against time,
Recovery results are discussed under Results and Disggussion.

By adopting the procedures (3) and (4) described above and
using the standard curve described in proecedure (2). the quercetin
content in the control and radiated samples were determined. The
quercetin content in shortening, which was subjected to passage of
nitregen for five hours at 80°- 90°C in order to remove alcohol, was

also determined by the same procedure.

RESULTS AND DISCUSSION

The results obtained in this investigation show the effect
of ganma radiation on hydrogenated vegetable shortening alone and
treated with various antioxidants. The storage stability of these
irradiated samples as measured by several chemical tests is teported.

In presenting and discussing the results, the following

terms are used with the meanings as indicated below,
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Terms Meaning
1, Lab. control Samples kept in the laboratory
3. 1.5 Rad. ‘ Samples subjected to 1,5 megarad
&, 3.0 Rad, Samples subjected to 3.0 megarad

S. 4.5 Rad., - Samples subjected to 4.5 megarad

Regults of Chemiéal‘Ana;xses.
The object of this experiment was to investigate the effect

of ionizing radiations on hydrogenated vegetable shortening alone and
stabilized with certain antioxidants. The effect of radiation was
evaluated on the basis of the oxidative changesf The oxidative changes
were measured in terms of peroxide value, total carbonyi value and TBA
number, The results are shown in Tables 1 to 9.

The results obtained indicate that radiation has caused little
or no effect on the autoxidation of the shortening. It would be
erroneous to draw conclusions on the effectiveness of antioxidants used
in these studies. Therefore, no attempt is made to judge the effactive-
ness of different antioxidants on the basis of these results. However,.
an attempt is made to find out the oxidative changes, if any, on radiété§~
samples. For this purpose, the.presence of antioxidants is ignored in
all the samples and the mean values of all the samples at each level of
radiation are céiculated. These mean values are shown in ﬁhe Summary
Chart, Table 10.

In the Summary Chart (Table 10) it is seen that there is a
small increase in peroxide values and total carbonyl values between
radiated and honeradiated samples. It is evident, from the values in
the chart (Table 10) that there is a slight increase in total carbonyl

values with the increase in radiation dosage level,



Table 1. Peroxide Values (POV) of Samples Subjected to Different levels of Radiation and Stored for 0 Week:

If’?&d’iation ———————— B Gp e e Y o & S A ?"X P L E S - o O e X M W e R W o = - - e e
dosage 0.026 0.05% 0.02%6 0.05% 0.02% 0.05% 0.02% 0.05% 0.02% 0.05%
(megarads). Control  BHA BEA BHT BHT NDGA NDGA PG PG Q Q  Total Mean

Lab. Controls 0.44 -~ 0,61 0,29 0.5 0.65 0.40 0.39 0.77 0.20 0.1 4,60 0,46

0 0.53 1.65 0.51 0.59 0.30 0,45 0,39 0.49 0.90 0.20 0,20 6.22 0,57
1.5 0.38 0,81 1,41 1.02 o0.57 0.73 1.01 1,10 1.63 1.00 0.3% .11.00 1,00
3.0 0.61 0.98 l!».:.39‘GE 6.79 0.98 0.59 1.13 0,80 0.80 1.21 0.40 8.29 0.83
k.5 0.49 0.72 0,66 0,58 0.78 0.78 0.91 1.29 1.95 2.19 0.37 10.72 0.975

% Since it is very high, considered as an error.:



Table 2. Peroxide Values (POV) of Samples Subjected to Different Levels of Radiation and Stored for Three
Weeks at 100°F,

Irradiation . e e~ o e e ed e ... e- «SAMNPLES cn c e c s memcmcs o=

dosage 0.02% 0.05% 0.02% 0,05 O, oz% 0.05% 0,02% 0.05% 0.02% 0,05%

(megarads). Control BHA BHA BH?Y BHT NDGA NDGA PG PG e @  Total Meanm

Lab. Gontrols 0.61 1,10 0,57 040 0,41 0.59 0.65 0,30 0.49 0,46 9,58 .90 0.45

0 0.40 1.28 0.73 0.69 0.41 1,19 0.k0 0450 0.60 0.39 0.k2 6.91 0.63
1.5 d.5¢ 1.09 0.62 0,41 0.3%+ 0.85 0.8 0.70 0.72 1.39 0.19 7.65 0,70
3.0 .43 .33 1.82 1.25 0.30 0.85 0.58 0,20 0.93 0.59 0.21 8.49 0.77
4,5 0.40 | 3.06 3.0 0.45 0,67 0.83 0.48 0.59 0.57 0.58 1.2k 12,27 1.12

114



Table 3. Peroxide Values (POV) of Samples Subjected to Different Levels of Radiation and Stored for Six

Heeks at 100°F,

Irradiation .- cmem=eeSAUREES - oo n s n s oo o

dosage 0.02% 0.05% 0.024 0.05% oO. 62% 0.05% 0.02% 0.055 0.02% 0.05%
{megarads) Control BHA BHA BHT BHT NDGA NDGA PG PG Q @  Total Mean
Lab. Controls 1.10 1.98 1.98 0.83 1.02 0.70 0.7% 0.61 0.59 0.89 0.89 11.33 1.03
0 1,02  1.93 0.76 0.63 1.b2 061 0.62 0.5 0.60 0.99 0.55 9.72 0.88
1.5 0.0 1,03 0.57 0.0 0.46 0.59 0.20 048 ©0.31 1.37 0.62 6.38 0.58
3.0 0.55 1,19 0.52 044 0,61 0,67 0.18 0.69 0,61 0.49 0.38 6.33 0.38
4.5 0.35 0.49 0,21 0.20 0.20 0.50 0.56 0.38 1.86 0.63 0.20 5.58 0.51

ot



Table 4. Carbonyl Values of Sample Subjected to Different Levels of Radiation and Stored for 0 Week.

Irradiation e« c c cc e ceccecamewes SAMPLE S cc e mcscconcnceea-
dosage 0.02¢% 0.05% 0.02% 0.05% 0.02% 0,05% o.oz% 0. 05% o oz% 0.05%
(megarads) Control BHA BHA BYT BHT NBGA NDGA PG PG Q Q Total Mean
Lab. U 2.0 2,75 3.21 2,09 2,64 2,60 2,28 2,52 2,20 1.5 1.69 25.61 2.33
Controls S 9.92 L.59 4,22 97.06 6,21 6,45 5.72 7.20 7.6 9.71 10.55 79.27 7.21
T 1.9 7.3 7.43 9.15 8,85 9.05 8,00 9.72 9.8 11.30 12.2% 104.88 9.54
0 U 1.69 2,60 2.37 2.29 2,09 2,17 0,75 2.57 2.60 1.71 2.53 23.37 2.12
S 9.1%  9.49 6.67 7.43 8,60 7.73 7.k2 6.69 6.3 8.56 6.66 8475 7.70
T 10.83 12.09 9.04 9.72 10.69 9.90 8.17 9.26 8.96 10.27 9.19 108.12 9.82
1.5 U 1.1% 4,98 5.35 1.95 2.86 3.18 2.61 3.4% 3,14 2,80 31.45 3.15
S 10.31 5.07 5.29 17 25_ 0.4 7.35 9?7.61 8.03 6.66 8.16 6.87 93.01 8.46
T 1145 10.05 10.64 17.25 12.36 10.21 10.79 10.64 10.10 11.30 9.67 124.46 11.61
3.0 U 2,29 2.9% 3,97 2.15 3.29 1.83 3.88 2.79 1.51 2,39 2.1 29.12 2.65
S 8.77 8.93 9.52 8.M43 8.5 7.47 7.75 7?7.90 11.72 12.41 9.01 100.47 9.13
T 11.06 11.87 13.49 10.58 11.85 9.30 11.63 10.69 13.23 14.80 11.15 129.59 11.78
4,5 U 6.06 2,41 3,09 3.09 1.25 3.21 1.75 2.88 3.7% 2.75 1.99 32.20 2.93
S 5.35 11.61 9.92 7.98 12.72 8.85 10.55 10.3% 9.15 10.89 9.31 106.67 9.70
T 11.39 14.02 13.01 11,07 13.97 12.06 12,30 13.22 12.89 13.64 11.30 138.97 12.63
* Considered as an error. U = Unsaturated S = Saturated T = Total

)
)



Table 5. Carbonyl Values of Samples SubJected to Different Levels of Radiation and Stored for Three Wecks

at 100°F,

Irradiation = = = =« = = = « « [P SAMPLES e cococeaocnneneoa

dosage 0.02% 0.05% 0.02¢ 0,055 0.02¢ 0.,05% 0.02% 0.05% 0.02% 0.05%
(megarads): Control BHA BHA BHT BHT NDGA NBGA PG PG ~ Q Q@ Total Mean
Lab. U u;us u:57 u;61 2,97 2.56 2:58 332 2.20 1.72 - - 2,61 29.61 2.9
Controls S 4,98 4,98 4,74 6,76  7.72 6.35 L:35 8,18 9.62 16,68 8.1% 82,48 7.50
T 943 9.55 9.35 9.71 10.28 8.93 7.67 10.38 11.3% 16,68 10.75 111.09 10.46
0 U 161 6.9 1.96 1.96 0.9% 1.76 2.25 1.62 %.38 b2 b.2h 3161 2.87
S 8.69 8.65 6.06 8:79 10:45 8,11 7,39 8.72 3.17 1.4 3.49 766 6.79
T 10,30 15.11 8,02 10.73 11.39 9.87 9.64 10.3% ' 7.55  5.56 7.73 106.27 9.66
1.5 U 5,06 2,65 3:18 3.32 2,63 2,38 211 310 2,37 3.5 2:52 32.8% 2.99
S 3:52 9.95 7:80 7:99 7.19 10.00 10.39 5.70 10,81 18:45 9.2k 101,04 9.19
T 8.5 12,60 10.98 11.31 9.82 12.38 12,50 8,80 13.18 21.99 11.76 133.88 12.18
3,0 U 0.0 229 2.58 2:42 2.97 1.8% 0.6 2.53 5.57 1.40 2.37 24.83 2.26
S 10.70  8:57 10:5% 9.29 7.51 10.88 13.25 10.77 8.12 12.83 10.9% 113.40 10.31
T 11.10 10.86 13.12 11.71 10.48 12,72 13.71 13.30 13.69 1%.23 13.31 138.23 12.57
k.5 U 4,72 2.66 1.7 0.68 2,21 3.2b 0.9 2,43 2.5 2,47 2.38 25,98 2.36
S 9.3 8,87 11,03 12.50 11.19 9.15 11,86 10.13 11.02 10,76 13.76 119.6) 10.87
T 14,06 11.53 12.7& 13.18 13.40 12,39 12.80 12.56 13.56 13.23 16.14 145.59 13.23

% Considered as an error. U = Unsaturated = Saturated T = Total

8¢



Table 6. Carbon%; Values of Samples Subjected to Different Levels of Radiation and Stored for Six Weeks
at 1009F;

Irradiation - = - = c - oo mm .- SAMPLES cvowoommeee .- --
dosage 0¢02% 0.05% 0.02% 0.05% 0.02% 0,056 0.02% 0.05% 0.02% 0.05%

(megarads) Contrel BHA BHA BHT BHT NDGA NDGA PG PG Q Q Total Mean

Lab. 4] 3.11 2.890 3.25 3.03 2.3+ 2,73 2.99 2,47 0,79 2.90 3.06 29,56 2.69

Controls s 6:84 784 6,95 2.23 7.24 7,28 7.13 14,65 12.42 5.80 6.21  89.67 8.15

T 9:95 10.73 10:20 10.26 9.58 10,01 10,12 17.12 13.21 8.70 9.27 119.23 10.8%

0 i} 2.5 2,06 6.95 2,68 1,36 2,12 4,30 2,06 1.1 2,78 0,17 28.21 2.56

S 7:19 8.3 1,99 6.61 1019 5.54 11.37 9.13 10.80 7.91 13.2k 92,00 8,36

T  9:78 10,49 8:54 9.29 11.55 7.66 15.67 11.19 11.9% 10.69 13.41 120,21 10.92

1.5 U 3.68  4.81 3.45 1.66 0.15 3.1 1.66 3.01 3.3 3.33  3.95 1.2 2.90

s 5,06 1?;37¢ 6:20 10.86 13.44 97.51 11.97 7.96 7.33 8.87 16.55 113.12 10.28

T 8.7% 22,18 9:65 12,50 13.59 10.62 13.63 10.97 10.%6 12,20 20.50 145,04 13,18

3.0 i} 1.95 1.39 0.88 2,1% 1.4& 1,78 0.81 1.75 3.67 1.451 2.27 19.49 1.77

: S 10.53 13:84 13.26 9:56 10.37 11.45 13.14 10.39 9:18 11.49 9.51 122,72 11.16

T 12,48 15.23 114 11.70 11.81 13.23 13.95 12.1% 12.85 12.90 11.78 142,21 12.93

k.5 U 4,80 5,08 0,37 2,65 0.,43 2,38 0,91 - - 2,61 2,06 1,87 23.16 2.1

‘ S 5.69 7.84 0,88 8.89 2.53c 9.77 W24 17,90 15,13 11.70 12.53 114,92 10.45

T 10,39 12:92 9:17 11,8t 2.97 12.15 15.15 17.90 17.7% 13.76 1&%40- 138,08 12.56

% Considered as an error

U = Unsaturated

= Saturated

6¢



Table 7. 2-Thiobarbituric Acid {TBA) Number of Samples Subjected to Different levels of Radiation

and Stored for 0 Yeek.

Irradiation  « = @ o o o v c o v - .- - - - SAUPLE S o o e 0 o = - . e e e e e o-
dosage 0.02% o .05% 0.02% 0,056 0.02%8 0,055 O. oz,g 0.05% 0.02¢ 0.05%
(megarads) Contrel BHA BHA BHT BHT ©NDGA MNDGA PG ) Q Q Total Mean
Lab. Controls 0 0 0 0.6 0.7 0.13 0.17 2.35 0.88 2.45 2.71 9.02 0.82
0 0.25 0.4% 0  0.20 0.43 0.40 0.25 0.27 0,20 0.22 0  2.7%.0.25
1.5 0.05 0,67 0.66 1,11 1,07 0.55 0.97 0.6 0,62 0,586 0.87 7.35 0.57
.3.0 o.48 0.65 0.83 0,75 0.62 0.59 0.55 0.83 0.86 0.62 0.61 7.39 0.67
4,5 0.19 0.68 0,68 0.66 0,51 0.63 0.6% 0.720 0.87 0.75 0.48 6.77 0.62

o%



Table 8, 2-Thiobarbituric Acid (¥BA) Number of Samples Subjected to Different Levels of Radiations and
Stored for Three Weeks at 100°F, .

SAHPLES v = = @ = = -

Irradiation e mmmn e mmwommmomSAdPLES S o - e e o - - e- - -

dosage 0.02% 0,056 o0.02¢ 0.053% o0.02¢ 0.05% 0.02% 0.05% 0.02% 0.05%
(megarads) Contrel BHA BHA BHT BHT NDGA NDSA FG ‘PG Q Q  Total MNean
Lab. Controls 0,36 0.28 0.0 0.35 0.19 0.17 0.00 0.6 0.33 0.39 0.48  3.1& 0.29
0 0.48 0.48 0.50 0.2% 0.32 0.29 0.0% 0.15 0.26 0.23 0.05 3.06 0.28
1.5 0.76 0.7 0.52 0.52 0.48 0.46 0.45 0.69 0.72 0.83 0.87 7.02 0.6k
3.0 0.63 0.62 0.5 0.5 0.40 0.35 0.45 0.79 0.93 0.75 0.59 6.60 0.60
b.5 0.52  0.63 0.60 0.73 0.67 0.75 0.45 0.39 0.57 0.32 0.48  6.00 0.55

1



Table 9. 2-Thiobarbituric Acid (TBA) Fumber of Samples Subjected to Different Levels of Radiation and
Stored for Six Weeks at 100°F,

Irradiation

SAMPLES

dosage "0.028 0.05% 0.028 0.058 0.02% 0.05% 0.026 0.05% 0.02% 0.05%

(megarads) Control BHA BHA BHT BHT NDGA NDGA PG FG Q @  Total MNean

Lab. Controls  0.73 0.69 0.7 0.26 0.29 0.91 0.3 0.23 0.36 0.6 0.39 5.12 0.47
0 0.32  0.66 0.48 0.19 0.29 0.16 0.1% 008 0 0 0 2,32 0.21
1.5 0.41  0.67 O0.44 0.21 0,40 0,35 0.27 0.29 0.36 0.62 0.5% 4,20 0.38
3.0 0.78  0.79 0.65 043 0.17 0.38 0.33 0.37 0.64 041 0.8 5.61 0.53
4,5 0.32  0.720 0.27 0.22 0.08 0.0t 0.38 0.69 0.99 0.61  4.8% 0.k

0.5%

<h



Table 10. Summary Chart: Average of Peroxide Values (POV), Total Carbonyl Values, and 2-Thiobarbiturie
’ Aecid (TBA) Humber of Samples Subjected to Different Dosages and Stored for
Different Periods (Weeks).

Irradiation | - c cc o e e e m e e - - - Storage Periocds (Heeks) = = = = « = = = = = = = mee = = &
dosage Peroxide Values : Total Carbonyl Values TBA Number
(megarads) 0 3 0 3 6 0 3 6
Lab. Control | 0.46 045  1.03 - 9.53  10.66  10.8% 0.82 - 0.29 - 0.47
0 0.57 0.63 0.89 - 9.82 - 9.66 10.92 0.25 0,28 ©  0.21
1.5 1.00 0.70 0.58 11.61 - 12,18 13.18 0.67 0.64 0.38
4.5 0,98 1.12 - 0.51 - 12,63 - 13.23 13.56 0.62 0.55 0,44

€4



Previously several authors have shown that.oils or fats
undergo oxidative changes during irradiation and are susceptible %o
extensive oxidative changes on subsequent storage (2, p. 570-583; 20,
p. 605-616; 29, p. 152-153; 42, p. 901-903; %9, p. 589; 55, p. 167).
Thegse studies were related to vegetable and fish oils which were not
hydrogenated. This effect is attributed to thé relatively unstable,
unsaturated fatty acid e¢hains present in these oils. In the present
work, a hydrogenatéd vegetable shortening with an iedine value of
72-77 was used. The investigations of Bailey and Fisher (1946) as
reported by Gunstone (27, p. 96) suggest that linolenate and
linoleate are more readily hydrogenated than oleate. Therefore, the
unsaturation of the shortening used in this experimeﬁt is due to
oleate content rather than to linoleate and linolenate. The oleate is
less susceptible to oxidation than linoleate and linolenate (40,
Pe 1304). This is believed to be the reason why irradiatien did not
cause appreciable inereases in oxidative changes in the shortening used
in the present work. According to Sheppard and Burton (62, p. 1639)
dehydrogenation takes place on irradiating saturated fatty acids with
alpha particles. If dehydrogenation had occurred in the shortening upon
irradiation, it would have given scope fér further oxidative changes.
Therefore, it appears that the stable character of the shortening has
resisted such dehydrogenation at active ¢enters.

The peroxide values remained relatively constant after three

weeks storage at 100°F even with samples that had been irradiated as

nuch as 4,500,000 rad. Although slight changes were observed in the
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initially radiated samples, additional changes were not evident after
storage for three weeks at 100°F. These results are contrary to the
results reported by Sedlacek (61, p, 547-556), According to his
report the hardened food fat which was subjected to only 76,500 rad.
and storage at 20°C showed increases in peroxide values,

After six weecks storage at IOOOF. there vere some changes in
peroxide values, In non-radiated samples the peroxide values had
increased and in radiated samples the peroxide values had decreased.
This is indicative of peroxide decomposition in radiated samples and
peroxide accumulation in non-radiated samples, Further this is
suggestive of a more rapid formation and decomposition of peroxides in
radiated samples than in non-radiated samples, This sort of transitory
nature of peroxides in radiated samples has been reported by Hannan
and Shepherd (31, p. 36-%41) in connection with their work on butterfat
held at various temperatures.

The values inm the fourth vertical column of Table 10 suggest
that radiation has affected the samples as reflected in the increase
in total carbonyl values of radiated samples, Increases in peroxide
values in radiated samples have been pointed out in the first obser-
vation. It appears that there is simultansous decomposition of
peroxides and an increase in total carbonyl values. The total carbonyl
values have increased on storage of samples for three weeks at 1009F
as evidenced in Column 5 of Table 10, Although there is a slight
increase in peroxide values of the samples in storage for three weeks

at 100°F, there is a considerable increase in total carbonyl values
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during this period. This may be due to the fact that peroxides formed
have decomposed. This sort of transitory nature of peroxides causes
the POV determination to be of questionable value for measuring small
oxidative changes. However, the total sarbonyl value determination is
a very sensitive method of ascertaining small oxidative- changes.

There has been some increase in total carbonyl values of
both radiated and noneradiated samples on storage for six weeks at
1000?. This increase in total carbonyl values is possibly related to
the decomposition of peroxides as evidenced in Table 10,

The TBA numbers in vertical columns 7, 8, and 9 of Table 10
indicate very little changes. According to Kenaston et al. (37, p. 35)
the TBA method is a rsliable method for estimating the oxidation
products of linoleic and linolenic acids but it is insensitive to
oxidation products of oleic acid. They suggested that the meehanism is
due to condensation of TBA with aldehydes formed during autoxidation of
fats., Sidwell et al. (63, p. 605) reported that the TBA test is a
better indicator of fat stability than peroxide or carbonyl tests but
the behaviour of the TBA test is associated with autoxidation of
linolenic aecid content of the fat. Recently Sinnhuber, Yu and Yu (64,
p. 633) have reported that TBA reactive material is malonaldehyde.

This aldehyde is likely to arise from unsaturated acids such as
linolenic acid, arachidonic acid, etcetera and not from oleic acid.

As pointed out in earlier discussiorsin this text, the fat used in this
experiment mainly contains oleic acid and probably negligible portions
of linoleic and linolenic acids. This seems to be the reason why TBA
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values have not shown any oxidative changes.

The net result of this work discussed so far can be briefly
gtated as follows: Garma radiations have very little effect on the
shortening, with or without antioxidants according to the chemical
tests used, The stable character of the shortening has resisted
extensive oxidative changes during irradiation with dosages up to
4.5 megarads and on subsequent storage for six weeks at IOOOF. A
gurvey of literature showed that little or no work has been done on
irradiation of hydrogenated vegetable shortening. When the present
investigation was taken up, Sedlacek's paper (61, p. 547-556) came to
the writer's knowledge. This appears to be the only work reported
go far on hardened food fat. According to this paper the hardened
food fat produced, immediately after irradiation, poor organoleptic
properties and a higher peroxide content. On subsequent storage, the
peroxide number of the radiated fat was higher than that of the
control sample. However, the difference between these samples were
smaller in comparison with the beginning., The radiation dosage and
storage period employed by them were 76,500 r and 20°C for a period
of 100 days respectively. The dogsage level which ranges from 1.5 to
4.5 megarad and storage temperature 100%F for six weeks used in the
present investigation were far higher than those reported by Sedlacek
(61, p. 549). Naturally more deteriorative changes were expected in
the samples receiving higher dosage and stored at higher temperatures,
but the results obtained in the present work indicate very little

oxidative changes on radiation and on subsequent storage.
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The results discussed so far only indicate that the shortening
used in this investigation is resistant to extensive oxidative changes
on irpadiation and on subsequent storage for six weeks at IOOOFe
However, the possibility of deterioration on long storage and with the
availability of considerable amounts of oxygen is not precluded,
Therefore, the Active Oxygen Method was further employed on several
samples. The results and discussion of this experiment are discussed
in the next section:

Another interesting observation made during the analyses of
the samples was that the color of all radiated samples except the one
containing quercetin were bleached. This indicated that the natural
carotenoid pigments were bleached and confirms the observations of
Long and Moore (42, p. 903);, Hannan and Shepherd (31, p: 39) and
Luckton and Mackinney (43, p. 632). The assumption that the samples
containing quercetin were not bleached indicates the gtable nature of
the quercetin molecule and its possible resistance to irradiation

destruction.

Active Oxygen Method (AOM) Results,

The Active Oxygen Mothod was employed on several sampies
to determine the effect of ionizming radiations on the gtability of
fat under accelerated storage conditions and to test the effect of
antioxidants under these conditions. The samples used in this test
were as follows:

1. The irradiated and non-irradiated control (Vream without anti-

oxidan®) samples.
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2, The irradiated and non-irradiated samples with 0,02 percent BHT.
3. The irradiated and non-irradiated samples with 0,02 percent

quercetin (Q).

In this work only the samples subjected to 4.5 megarads werehused.
Results obtained in terms of number of hours required for the fat to
reach a pesroxide value of 125 milliequivalents are presented in the
following table.

Table 11 - AOM Value in Hours,

Radiation - wmmomomm oo SAVPIES v oo e mm o
dosage Control 0.02% BHT 0.02% Q
(megarads) (without antioxidant) Vream Vrean
0 122 146 146
4,5 - 102 ‘ 122 1431

It is clear from Table 11 that radiated samples were less stable than
the controls, Further it is evident from the data that the anti-
oxidants BHT and Q have prevented the oxidative changes‘both in controls
and. radiated samples. In controls, the antioxidants BHT and Q have
offered protection %o oxidative changes to the same extent, In radiated
sanples, the sample treated with quercetin is more stable to oxidative
changes than that treated with BHT. This indicates the possible
destruction of a small amount of BHT when subjected to ionizing
radiations whereas quercetin is unaffected under similar conditions.
Moore and Bickford (47, p. l-4) have reported in their study
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of 13 different antioxidants on the AOM stability of lard, cottonsesd
oil and cottonseed shortening. Their study did not inelude either
BHT or quercetin. They found that propyl gallate was the most
effective of the antioxidants tested. In the present work it has
been shown that BHT and quercetin at 0.02 percent level exhibits
equal antioxidant effect. Further the greater antioxidant abiliity of
quercetin in radiated samples indicates that querecetin is resistant

to radiation destruction and is more effective in radiated samples.

Quercetin Analysis.

1. The spectral absorption curve for pure quercetin in
72 percent alcohol at pH? is shown in Figure 1 on page 51. It is
evident from the Graph that absorption maximum is at 375:9u.

2, The standard curve is drawn from the following values

obtained from this experiment.

Mg. of quercetin

in 72 percent alcohol 0D at 375 % M
0.030 0.080
0.045 0,125
0.060 0.160
0.075 0:205
0.090 0:246
0.105 0,283
0,120 0:330
0.135 0.366
0.150 0.405

The absorbance of the samples mentioned above were measured in a
Beclkman DU Spectrophotometer. The standard curve showm in Figure 2

page 53 was drawn by plotting the absorbance versus weight of aglycone.
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3. The stability curve was drawn from the following values,
These values were obtained by extracting quercetin from a 0.05
percent Q sample as described before and by measuring the 0D at 375 mu

for one and one-half hours at frequent intervals.

Time ¢D
gin minutesz at I
0 0.337
10 0.336
20 0.336
30 0.334
Lo 0.333
50 0.330
60 0.330
90 0.327

The graph was drawm by plotting the absorbance versus time in
minutes. The graph is shown on page %%, Figure 3. From the graph it
is seen that quercetin in 72 percent alcohol, as extracted from fat,
is quite stable. Thers is only three percent losg of guercetin in
the interval of one and one-hzalf hours. Therefore this method could
be adopted to estimate quereetin in fat samplea,

L, Quercetin content in control and radiated samples were
determined by the method described before. The results are shown in

Table 12, page 55.
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Table 12 - Quercetin Analysis in Irradiated Samples.

Percent Percent
destruction destruction
Recovery in in 0,02 Recovery in in 0,05
0.02 percent percent 0.05 percent percent
Samples sample. gsample. sample., sample,
Lab. Control = 0.0200 nil 0.0500 nil
0 Rad, 0,0197 1.5 0.0510 nil
1.5 Rad. 0.0193 3.5 0.0492 1.6
3.0 Rad., 0.0187 6.5 0.0490 2.0
4.5 Rad. 0.0196 2.0 0.0476 4.8

The maximum destruction which eccurred in 0.02 percent
samples subjected to 4.5 megarads was 2,0 percent. In the case of a
0.05 percent sample subjected to 4.5 megarads, the destruction was 4.8
percent. These results suggest that quercetin is quite stable to |
radiation destruction.

5. The effect of passing nitrogen for five hours at 80°- 9000
on the quercetin content of Vream shortening was determined as follows:
A 0.05 percent solution of quercstin in Vream shortening was prepared
by dissolving the alcoholic solution of quercetin in the shortening.

A portion of the sample was saved for control analysis and the other
portion was subjected to the passage of nitrogen at 80°- 90°¢ for

five hours. Recovery analysis were made in both the samples. In the
control sample, the amount of quercetin recovered was 0,047 percent.

In the sample subjected to the passage of nitrogen, the amount of
guercetin recovered was 0,05 percent. Within the limits of experimental



56
error, the results indicated that the passage of nitrogen at 80° 90°C
for five hours to drive out alcohol from fat had not destroyed

guercetin.

SUMMARY

The object of this investigation was to study the influence
of ionizing radiations on the storage stability of hydrogenated
vegetable shortening treated with several antioxidants.

| The survey of literature indicated little investigation on
the influence of ionizing radiations on hydrogenated vegetable
shortening, Much work has been reporied on vegetable and fish oils
which are non-hydrogenated, A considerable amount of work has been
accomplished by several investigators on irradiated butterfat. In
all these investigations it has been found that oils and fats undergo
oxidative changes when subjected to ionizing radiations. These
oxidative changes are believed to be responsible for off-flavors
associated with irradiated lipids and lipid containing foodstuffs.
Attempts to control these changes during irradiation center around a
relatively few techniques. These are (1) the removal of oxygen,
(2) the hydrogenation, (3) use of antioxidants, (%) selection of
jrradiation dosage and temperature and (5) storage temperatures. Some
of these téchniques are employed in the present investigation., The
investigations include the following.

1. Effect of different levels of ioniging radiations on

Vream shortening alone and treated with different antioxidants.
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2. BEffect of ionizing radiations on the shortening en
subsequent storage for three weeks and six weoks at 100°F,

.3. Effect of different antioxidants in preventing the
oxidative changes during and after irradiation of Vream shortening,

L, Active Oxygen Method stability test on radiated and
non~radiated samples.

5. Comparison of effectiveness of different antioxidants
guch as BHT and quarcetig on radiated and noneradiated samples using
AOM Stability Test. ‘)

CONCLUSIONS

1. Ionizing radiations caused very small oxidative changes
in Vream shortening during irradiation as well as on subsequent
storage'for gix weeks at 100°F. This shows that the fat used in this
investigation is relatively stable and is little affected by
irradiation,

2. There was no perceptible increase in peroxide values
with the increase in radiation dosage.

3. The peroxide values of samples remained relatively
constant after storage for three weeks at 100°F.

4, The peroxide valuss increased in non-radiated samples
and decreased in radiated samples on storage for s;x weeks at-100°F,

5, There was a slight increase in total carbonyl values
with the increase in radiation dosage and on subsequent storage for

three and six weeks at 100°F.
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6. Changes in TBA values were negligible with the increase
in radiation dosage as well as on subsequent storage.

7, AOM Stability Tests showed that radiated samples were
less stable than the non-radiated samples,

B8, Comparison of BHT and quercetin on irradiated and non-
irradiated samples by AOM Stability Tests showed that BHT and quercetin
were equally effective in preventing oxidative changes in control
samples whereas in radiated samples quercetin was more effective than
BHT.

9. The reeovery tests showed that quercetin was unaffected

by ionizing radiations.
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