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RESULTS AND DISCUSSION

Effect of gamme irradiation end storage on the physical

g e gy . s o g e A B e e S e e i e i i G i . Sy e e e Y S e e T S A S e Y G

Physicel and chemical properties of oils extracted
from un-irradiated and irradiated soybean seeds and
stored for different periods were determined and the

obtained results are shown in Teble (1l)and Table ( 2 ) .

Date presented in Table (1) illustrated that soy-
bean seeds contained 20,26% oil. This percentege within
the rang menticned bty Collins end Sedgwitk (1959); Swern
et gl., (1964) and El-Nikeety (1981).

Gemma irradiation had no effect on the oil percent-
age of soybean seeds. The seme Teble indicated thet re-
fractive index of soybean oil was 1.474l. Both gamma
irradiation and storage treatments induced a slight

chenge in refraetive index of soybean oil.

The seme resulte revealed also that the acid value
of soybean oil waé 0.55. It is obvious that the acid
value of soybean oil was not affected by exposing soy-
bean seeds to gamme ifirradiation doses. On the other
hand, the storage of both unirradiated and irrsdiated
soybean oils led to & gradual incre¢ase in their acid
value perallel to..tbrage periods. The acid v#lue imcrea-
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Table (1): Effect of gamma irradiastion and storage
on the refractive index of soybean oil.

Period Gemma-irrediation doses K. rad.
of

storage 0 100 250 500 1000
Zero time 1.4741 1.4745 1.4745 1.4745 1.4745
6-weeks 1.4745 1.4744 1.4744 1.4745 1.4745
12-weeks 1.4745 1.4745 1.4747 1.4746 1.4746
Soybean oil '

e 2026 2026 2026 2026 2028




Table (2): Effect of gamma irradiation and storage on
perties of soybean oil.

the chemical pro -

Acld value

Peroxid value

Saponi fication value

Todine wvalue

unsaponifisble

EM H.H m

A B c

A B C

A B C

A B C

A B C

0.55 0.98 1.21
0.55 0.96 1,23
0.55 0.95 1.19
0.54 0.98 1.21
0.54 0.81 0.97

3.72 6.18 14.55
3.31 8,64 11.22
3.75 6.47 16.75
2.61 4.52 16.52
2,06 2.87 11.66

190.27 190.73 190,94
189.72 190.14 190.42
189.90 190.33 190.54
189.59 190.50 190.27
190.72 190.97 191.15

132.12 132,20 128.82
132.31 132.29 129.21
133.46 133.46 130.91
133.45 133.36 131.48
133.73 133.66 132.18

0.73 0.73 0.72
0.70 0,70 0,71
0.76 0.75 0.77
0.78 0.78 0.79
_o.quo.uo_o.qw @,

A = Soybean oil
B = Soybean oil
C = Soybean oil

at zero time.

after storage for six weaks .,
after storage for tewelve weeks,
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ged from 0.55,0.55,0.55, 0.54 & 0.54 to 0,98, 0.96, 0.95,
0.96 and 0.8l after six weeks of storage and 1.21, 1.23,
1.19, 1.21 and 0,97 after end of storage period for con-
trol, 100, 250, 500 emnd 1000 K. rad, respectively. It is
evident from these data that the increese in ecid value
during storage was 1owerrin sample irradiated with high

dose. These results egreed with Kevalam and Nawar (1969
and Hen et al., (1974).

Teble (2) shows elso that peroxide value of soybean
oil waes 3.72. It is clear from these results that hi-
gh doses 500 and 1000 K.rad decreased peroxide velue of
soybeen oil, as it decreased from 3.72 in control sample
to 2.61 end 2.06 in semples irradiated with 500 and 1000
K.red respectively. On the other hand, peroxide velue
of soybean oil was not affected by lower doses (100 and
250 K.rad ). Furthermore, peroxide value of samples
under investigation showed a gradual increase during
storage periods. The peroxide value increased from
3,72, 3.31, 3.75, 2.61 and 2.06 at the initial stage of
storage to 6.18, 8.64, 6.47, 4.52 and 2.87 affer six
weaks of storege and 14.55, 11.22, 16.75, 16.52, and
11.66 after three months of sterage for control and sam-
ples irradiated with 100, 250, 500 and 1000 K. rad re-
spectively.
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The data obtained in Table (2) indicated that the
gaponification velue of soybean oil was 190.27. These
value wad not nearly affecteldy gamme irradiation or
gstorage. The velues were 190.27, 189.72, 189.90, 1838.59
and 190.72 at begining of the storage and 19C.%4, 190.42,
190.54, 190.27 and 191.15 at the end of the siorage for
control and sample irradiated with gacendant doses men-
tioned before respectively. Date presented in Teble(2)
{1lustrete that iodine number of soybean oil was 132,.12.
Gamme irradistion induced & minute increase in iodine
velue of oils of irredinted samples. The iodine value
inereased from 132.12 in control to 132.31, 133. 46,
133.45 and 133.73 for samples irradiated with the above
mentioned doses of gammerays respectively. The iodine
value of all samples under investigation showed no chan~-

ge when gamples were stored for six weeks, Meanwhile,

the same value decreased after oil samples storage for

three months. Todine number decreased from 132.12, 13231,
133.46, 133.45 and 133.73 at Zero time to 128.82, 129.21,
130.91, 131.48 and 132.18 at the end of the storage for
control, 100, 250, 500 and 1000 K.rad. The rate of de-
crease in iodine value of soybean oil was higher in con-
trol sample than.in jrradiated ones., Moreover, the rate
of decrease in iodine value was also higher in lower
doses than in higher ones. This decrease in iodine

value of these samples due to storage treatment may be
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gtributed to the formation of peroxide compounds, as
showa in the increasing of peroxide values of these

semples due to the same treatment as mentioned before.

From the same results it 1s seem that soybean oil
contained 0.73% unssaponifiable matter. This value with-
in the range obtained by Hoffmann et al., (1962) and
Ttoh €t gl., (1673). It is clearly observed from the
geme resulis that unsaponifisble matter (%) was not
affected when soybean seeds were exposed to differemt
doses of gamma rays. This finding was previously ob-
served by Rady (198l1), who studied the effect of game
irradiation on the unsaeponifiable matter (%) of rice
branc oil. The same picture was also observed when

oils of there samples were stored for six and twelve

weeks respectively.

The meals of ground un-irradiated and irradiated
soybean seeds were collected after the extraction of
oils by n-hexane. The meals were analyzed for their moi-
sture, protein, total crude fibers and ssh contents, as

well as, Fe, Cu, Pb, Na and K in ash.

The corresponding results are shown in Table (3).
From which it could be noticed that meisture content




mewle (3): Chemical analysis of control and irradiated
soybean mesal.

Gamma-irradiation doses K. rad.

Contents 5
0 100 250 500 1000
Moisture 10.62 10.51 10.53 16.53 10.52
Total nitrogen
(protein) 36.82 36.66 36.67 36.67 36.64
Crude fiber 7.64 7.58 7.64 7.62 7.58
Ash 8.67 8.60 8.70 8.59 8,64
Fe 0.02 0.02 0.02 0,02 0,016
Cu 0,003 0.003 0.004 0,004 0.004
Pb 0,001 0,001 0.001 ¢,001 0,001
Na 0.086 0.087 0.088 0,090 0.090
K 3.64 3,68 3.70 3.62 3,67
*®

x . Comtrol sample .
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was 10.62%. The moisture content seemed to be in the
range previously obtained by Pecigalupo (1968) and.El-
Shatenovi (1983). It is evident from the same results
that the residual meal of non-irradiated soyhean seeds
contained higher protein content (36.82%) than thai re-
ported by Pacigalupo (1968) and El-Shaterovi (1983).
Meanwhile this value was lower than obtained by El-

Habbal (1983).

Date presented in the same Table showed that soy-
bean meal (control) contained 7.64% crude fibers.
% ich was higher than that obtained by Fleming et gl,,
(1974) and Fellers et gl., (1976). Meanwhile, El-Shata-
novi (1983) geve a higher value of 9.29.

The seme results revesled slso thet, soybean mesl
conteined 8.67% ash. This value agreed with the results
obtained by El-Habbal (1983). While the same value was

higher than that obtained by Horen (1966) and Pacigalupo
(1968).

It is clearly observed from Table (3) that the ash
of soybean meal control sample contained 0.02% Fe, 0.003%
Cu, 0.001% Pb, 0.086% Na and 3.64% K, there results ag-
reed with those results reported by El-Shatanovi (1983)
who proved that K. was the major element presented in

soybean meal,

A
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It is obvious from the seamé Table that applicat
ation of gamma jrredietion did not induce changes in
moisture content, protein perceniage, crude fibers and
ash content of soybean meal. Furthermore, €XpOSuUre
of soybean seeds to different doses of gamma Tays showed
no change in the percentages of Fe, Cu, Pb, Na and K 1in
ash of soybean meals. These results sgreed with those

reported by Kennedy and Ley (1971); Rattory gt al., (1974)
end ette and Johnson (1956) .

A — - ——-————-—————-——.o—--—— e s . B W U T Y s W G S S e S

Prypsin activity (T.A.) and trypsin inhibitory acti-
vity (T.I.A.) were determined in both weter and buffer
extract of meals remained after extraction the oils from
un-irradiated and irradisted soybean seeds and the re-

sults ere shown in Table (4).

Prom these results it could be observed that T.A.
end T.I.A. were 12.6 and 37.4 in the water extract of
soybean seed meal (control ) respectively. These
results ere in close agreement with Roy and Bhat (1974)
who determined the T.I.A. in five varieties of soybean

meals and found that the maim value was 37.7.

It is obvieﬁr from these results that the applic-

ation of ascendant doses of gemma rays led to a gradual




Table (4): Effect of gamme irradiation doses on trypsin

inhibitor.

~irradiation doses

K. rad.

Water extract

Buffer extract

A B C A B C
Zero 50,00 12.6 37.4 50.0C 12.8 37.2
100 50,00 13,5 36.5 50,00 13.2 36.8
250 50.0C 1l4.2 35.8 50.00 14.7 35.3
. 500 50.0C 15.6 34.4 50.00 15.3 34.7
1000 50.00 19.1 30.9 50.00 18,5 31.5
B A = Control value (Activity of pure enzym).
B = Trypsin activity of samples (T.A.).
¢ = Trypsin inhibitor activity of samples (7.I.A.).
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increase in T.A., 88 it increase from 12.6 in control
gemple to 13.5, 14.2, 15.6 and 19.1 (T.U.) in water ex-
tract of the samples exposed to 100, 250, 500 and 1000
K. rad gamma-rays respectively. Meaﬁwhile an opposite
trend wes observed in T.I.A., as it showed a gradual de-
crease, when samples subjected to the ascendant doses of
gamme rays. T.I.A. decrease from 37.4 in (control) +to
36.5, 35.8, 34.4 and 30.9 in water extract of the abové
mentioned samples respectively. This decrease in T.I.A.
in soybean meal due ito gamme-irradiation wes previously

observed by Lynn and Raoult (1975).

Table (4) declared that the extraction of soybean
meal by buffer solution caused a minor changes in T.A.
and T.I.A., either in un-irradisted or irradiated seam-
ples. These results agreed with those results obtained
by Roy end Bhat (1974), who studied the effect of water
and buffer extraction on T.I.A, of five varieties of

soybean mesls.

Generally it could be concluded that high doses of
gamma irradiation decreased T.I.A. and increased T.A. of
soybeaﬁ meals, These resulte mean that gamma irradiation
induced a partial im activation in the inhibitors of try-
psin enzyme in soybean seed meals. This decrease in T.

1.A. of soybean mesls may be due to gamma irradiation eff-

cct on the denshmetimr in protein of the inhibitors as
found by Coehle (1966).
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The degree of conplexity of glycerides basically de-
pends on the number of fatty scids and their amounis as
well. Besides, the chemical behaviour of lipids largely

depend on their fatiy acid consistuentss

Separation and determination of long chain fatiy acid
methyle esters were carried out by Gas-1liquid-Chronatogra
phy in order to identify their types and amounts. This

has been carried out for oils of irradiated and unirradi-
ated soybean seeds. The obtained results ere shown in

Table (5) and are graphlcally represénted in Figures

(1-5).

From these resulis and figures it could be observed
that crude soybean oil (control) contained 19.55% satu-
rated fatty acids. TUpon fractionation saturated fatty
acids consigted of three acids namely 1330, palmitic and
stearic. Palmitic acid was present as a major saturated
acid, as it amounted to 15.52%, while other two saturabed
acids were present in minor concentration and they amou-
ated to 0.73% and 3.30% respectively. However, soybean
0il contained B80.44% unsaturated fatty acids. The iso-
1ation of unsatursted fatty acids of crude soybean oil
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Teble (5): Effect of gamma irradiation
composition of soybean oil.

on fatty ecids

Gamma reys JdoSES

Fatty ecids R.R.T

o 100 250 500 1000

13:0 0.17 0.73 - - - -

Palmitic 1630 0.47 15.52 11.52 9.50 9,92 13.62

Stearic 18:0 0.99 3.30 1.49 2.19 1.54 1.76

Oleie 18:1 1.00 17.60 17.59 15.89 15.62 15.90

Limoleic 18:2  1.21  57.46 67.27 67.01 70,56 65.83

Linolenic 18:3 1.55 5.38 2.12 5.40 2435 2.88

Total saturated F.A. 19.55 13.01 11.69 11.46 15.38

Total un-saturated F.A. 80.44 B86.98 88,30 88.53 84 .61
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indicated that di-unsaturated fatty acid (linoleic) represe-

nted the prodominent unsaturated fatty acld of 57. 46% .
Meanwhile, mono-unsaturated fatiy acid (oleic) was pre-

sent in moderate concentration, 17.60%.

On the other hand, tri-unssturated fatty acid (lino-
lenic¢) was present at minor concentration (5.38%). This
results partialy emgreed with Gurdev et al., (1976); Khada-
hinski et al., (1979) end El-Nikeety (1981). It is evid-
ent from the same results obtained in Table (5) and Figures
that the exposure of soybean seeds to different doses of
gemma-irradiation induced a remarkable changes in the
relative percentage of some fatty ecids. Total saturated
fatty acids showed a noticable decrease, when soybean
seceds exposed to gamma-irradiation doses. As it decreased
from 19.55% in control to 13.01%, 11.69, 11.46% and 1538%
in oils for seeds irradiated with 100, 250, 500 and 1000
K.rad respectively. Among saturated fatty acids palmitic
acid decreased from 15.52% in control to 11.52 , 9.50 ,
9.92 and 13.62% in samples irradiated with the above

mentioned ascendant doses respectively.

Similarly, stearic acid decreased from 3,30% in con-
trol semple to 1.49 -, 2.19 , 1.54 and 1,76% in the oils
of seeds subjected to the above mentioned doses respecti-

-vely., On the othqr ﬁand, 13:0 disappered when soybean
seads treated with different doses of gamma-rays.
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Furthermore, total unsaturated fatiy acids shoﬁed a
proanounced increase as it increased from 80.44% in un-
irradiated semples to 86.98%, 88.30%, 88.53% and 84.61%
in samples subjected 1o ascendant doses under investi-

getion respectively.

Among unsatureted fatty acids, oleic acid decreased
from 17.60% in dontrol semple to 15.89, 15.62% and 15.9%
in semples exposed to 250, 500 and 1720 X,rad. respecti-
vely. Meanwhile an opposite trend occured in diunsatu-
reted fatiy acids (1inoleic) which showed a progressive
increase, as it increase from 57.46% in control semple
1o 67.27 , 67.01 , 70.56 and 65.83% in samples irradi-
gted with escendant doses respectively. Furihermore,
the doses 100, 500 and 1000 K.rad decreesed the rela-
tive percentage of linolenic acid, as it decreesed fron
5.38% in control sample to 2.12, 2.35 and 2.88 for the

corresponding irradiated samples respectively.

Generally it could be concluded that application
of gemma irradiation induced . remarkable increasse and
decrease in unsaturated and saturated fatty acids of sox-
bean oil respectively, Also the relative percentage of
gome acids showeda _pronounced changes due to gamma-irradi-
ation. The inorease in total unsaturated fatty aclds

and the decrease Lg_saturated fatty acids are in agreement
with results obtinsd Yy El-Sayed et al., (1979) and Rady(1961)
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Relative percentege of fatty acids in control and irr-
adieted soybean seeds oils gfter {three months of storege
were determined by Ges-liquid Chrometograephy technique.
The obteined results are shown in Teble (6) and illustra-

ted in Figures (6-10).

Results obtained in Table ( 5 ) and table ( 6 ) re=-

vesled that storage induced a remarkaeble changes in fatty
acid composition of oils of both irradiated and unirradia-
ted Boybeean seeds, Storsge increased totai saturated fatty
acids from 19.55%, 13.01%, 11.69m, 11.46% and 15.38% to
20.54%, 14.35%, 16.45%, 17.05% and 17.25% after storege
for un-irradiated and irradiated samples with 100, 250,
500 and 1000 K.rsd. gamma irradiastion doses. Ae for
saturated acids the relative percentege of pelmitic acid
showed a noticeble inerease when all samples stored for
three monthe., It inereased from 15.52%, 11.52%, 9.50%,
9.92% and 13.62% before storage to 16.16%, 12.16%, 14.43%
16.23% and 15.62% at the end of storage for control aend
irradiated samples with ascendsnt doses respectively. The
same picte occurred in stearic ecid as it increased from

3.3% end 1.49% before storage to 4.13% and 2.19% after
storage for un-irrsdiated and irradiated semples with 100
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Teble (6): Effect of storege: on fatty acids com-

ponents of control and irradiatcd soy-
beann seeds oils.

Gemme irradiastion doses (K. rad.)

Fatty acids R.R.T.
0 106 250 500 1000
14:0  0.20 0.25 - - - -

Palmitic 16:0  0.47  16.16 12,16 14.43 16.23 15.62
Stearic  18:0  0.99 4.13 2,19 2,02 0.82 1.63
Olete 181 1,00  17.22 19.89 20.88 18,75 20.08.
Linoleic 18:2  1.21  57.98 51.89 58.12 62.31 58.22
Linolenic 18:3 1,55 4.25 3.86 4.54 1.88 4,44
Totel saturated F.A.  20.54 14.35 16.45 17.05 17.25
Totel unsaturated F.A.  79.45 85.64 83.54 82.94 82.74

* Storage for three months
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100 K.rad respectively, Meanwhile storage of oils ex-
tracted from samples irradiated with high doses (250, 500
and 1000 K. rad) occurred a slight decress in the relative
percentege of the same acid as it decreased from 2.19%,
1.54% and 1.76% et the begining of the storege to 2.02%,
0.82% and 1.63% after storage for the corresponding sem-

ples respectively.

' Increase in totael saturated fatity acids sfter,

three months storage may be due to the formation of pero-

xide compound and seturation of double bonds. It is
obvious from the same results obtained in Tebles(5) and
(6) that the stormge itreatment led to a noticeable de-
crease in total unsaturated fatty acids of all treatments
under investigation. Total unsaturated fatty acids de-
creased from 80.44%, 86.98%, 88,30%, 88.53% end 84.61%
before storage to 79.45%, B5.64%, 83.54%, 82.94% and
82.74% after storage period‘for control and irradiated
senples with the mentioned doses of gemma irradistion
respectively. Among unsaturated fatiy acids oleic acid

showed a B8light decrease in control seample, while

it showed a pronounced increase in all irradiated

samples that had been stored for three months. The rela-
tive percentage of oleic acid increased from 17.59 ,
15.89 ., 15.62 and 1?5905 at the intial of storage to
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19.89 , 2¢.85 , 18.75 eand 20.08,. at the end ol slorage
for samples subjected to the mbove mentioned ascendant
doses of gemm irredietion respectively. Furthermore, di-
unsatureted fatty ecid (lenoleic) showed a slight decrease
in control sample due to storege. HNeanwhile, . storage
ceused remarkable decresse in the relative percentage of
lenoleic acid for 0ils extracted from all irradiated
gsoybean seeds. Ae it decressed from 67.27 , 67.01 ,
70.56 and 65.83% before storage to 51.89 , 58.12 ,62.31
and 58.22% after siorage for the oils of samples irradia-
ted with 100, 250, 500 and 1000 K.rad. respectively. As
for lenolenic acid, storage for three months Induced

a fluctuation in its relative percentage, thie ecid chen-
ged from 5.38%, 2.12%, 5.40%, 2.35% and 2.88% at the in-
tial of storage to 4.25%, 3.86%, 4.54%, 1.88% and 4.44%

at the end of storage for coatrol, 107, 250, 500 and 10CO
K. rad.

Tt could be concluded that storage of oils
of un-irredisted and irradisted soyvean seeds caused a
noticeable increase and decrease in saturated and un-
saturated fatty acids respectively. This may be due to

partial oxidation of unsaturated fatty acide and sat-
uration of some double pounds, especielly the peroxide
value of all smp@e;'mder investigetion increased after

storage for three momths. Also from these results it
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could be noticed that lenoleic acid decrease while oleic
acid inorecased due to storege treatment. This means thet
storage itreatment pertiamlly converted 18:2 to 18:1 by
saturation some double bonds of 18:2 and produced oleic

gcid and peroxide compounds.
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Crude unsaponifiable matter separated from the oils
of both irradiated and unirradiated soybean seeds were
frectionated and identified by Gas-Liquid Chromatography
against outhentic compounds. The obttained results are
shown in Table(7)& Figures(11-15), From these results.ané
figures it could be observed that crude unsaponifiable
matter of soybean 0il (control sample) conteined 43.61%

hydrocarbonsg3.27%35—tocopherol and 53.11% sterols.

By fractionation of the unsesponifiasble matter of soy-
bean oil, it consisted of eight hydrocarbons compounds
nesmely 023, 025, 027, 028, Squalene, 031 and 032. 027
compound representeéthe major hydrocarbon compound in the
unsaponifieble matter of soybean oil, as it amounted to
25.52%. Moreover, squalene was present in moderate con-
centration of 8.42%. While other hydrocarbon compounds

were present in minor concentration.




Table (7): Effect of gemma irradiation on the constituents

of unsaponifiable matter of soybean Oils.

Gamme rays doses (K. rad)

Components R.R.T

O* 100 250 500 1000
e - == = = = Chp  0.012 - 3.24 3.20 6.43 4.26
2-n-hencosane 21 0,02 - 1.18 1.98 4.17 3.12
3-n-docogane 22  0.03 - 3.67 3.97 4.32 5.20
4-n-tricosane 23 0.04 1.66 9.41 11.13 19.26 12.33
5-n-tetracosane 24 0.07 1,68 0.54 0.08 0,79 0.21
6-n-pentacosane 25 0.12 1.91 0.08 0.06 0.39 0.12
7-n-heptacosane 27 0,15 25.52 T.13 6.65 9,47 3.65
8-n-cxtacosane 28 C.l8 2.01 0¢.8l, 1.02 0.76 0.69
9- Squealene 0.22 8.42 8,51 T.92 2.95 4.82
10- Unknown 31 0.30 l1.66 = - - 1.87
1l1-n-dotriacontane 32  0.42 0.75 1.58 1,62 1.68 3.84
12- ¥-tocopherol 0.51 3.27 4.50 4.82 4.9 2.60
13- Cholesterol 0.62 0.45 = - - -
14~ Compsterol C.81 8,30 6.77 7.76 6.13 8.52
15~ Stigmasterol 0.86 4.83 5.00 4.45 3.93 5.97
16~B-sitosterol 1.00 34.40 44.47 41.28 30.86 39.27
17- TFucosterol 1.13 2.11 1.89 1.80 1.40 1.47

18~ 2~7 stigmasterol 1,20 - 1.21 2.25 - -
19-5~7 Avenasterol 1.30 3.02 - - 2.55 1.40
200 = = = = = = = 1.45 - - - - 0.65
Totel hydrocsrbons 43.61 36.15 37.63 50.22 40,11
¥ -tocopherol 3.27 4.50 4.8 4.90 2.60

Total sterols

53.11 59.34 57.54 44.87 57.28

%= Unirradiated semple (control),
R.R.T= Relative retention time of compounds compared with

that of B—Bitojterol which is used as reference,

(=) = not-detected.




—59—

These results agreed with <those mentioned by

Ttoh et gl., (1973); Bastic and Jovenovic {1979) and El-
Nikeety(1981).

It is obvious from the results obtained in Table (7)&
Figures (11-15), that gamma irradiation induced & drastic
change in hydrocarbon compounds of the unseponifieble
netter of soybeen oil. Total hydrocarbons decrecced from
43.61% in control semple to 36.15 , 37.63 and 40.11% in
samples exposed to 100, 250 and 1000 K. rad gamma rays

doses respectively. Meanwhile, 500 K. rad gemma rays

dose. caused & nminor change in total hydrocarbons of

soybean oil.

The decrease in total hydrocarbons due to gammae
irradiation agreed with the results obtained by Redy
(1981), who studied the effect of gemma irradiation on
total hydrocarbons of rice bran oil. Gas Chromatogra-
phic analysis reveaMthet the short chain hydrocarbon
compounds (020, C,, and 022) eppearcd, when soy=
bean seed$subjected to gamma rays doses under investi-
gation. These hydroearbon compounds . appeared in
comparatively higher concentration when soybean seed
treated with high doses (500 and 1000 k. rad), on the
other hand, 023 hydrécarbon compound showed é pronomn-

ced increase, as it increased from 1.66% in control to




- 60—

g.41 , 11.13 , 19.27 and 12.33% for samples exposed to
160, 250, 500 and 1000 K. rad gemme irradistion doses
respectively. Moreover, 027 which represented the pre-
dominent hydrocarbon compound in the unsaponifisable
matter of soybean 0il showed a noticeable decrease as
it decreased from 25,52% in control to 7.13 ., 6.65 ,
9.47 end 3.65% for samples irradiated with above men-
tioned doses respectively. Similar trend was alsc ob-
served in squalene when soybean seeds subjected %o high
doses of gamma raye, as it decrease from 8.42% in un-
treated sample to 7.92 , 2.95. and 4.82% in samples
treated with 250, 500 and 1000 K. rad gamme irradiation
doses respectively. PFurthermore, 032 showed gradual
increase in its relative percentage with exposure
of seeds to ascendant doses of gamma irradisticn men-

tioned before.

The same teble indicate also that crude soybean

oil contained 3.27% ¥§~tocopherol, which was ig-
entical with = . that ; reported by El-Nikeety (1981).

These results revealed also that gamms irradiation in-
creased ¥ -tocopherol as it incressed from 3.27% in con-
trol to 4.50, 4.82 and 4.9¢% in samples exposed to
100, 250 -and 500 K. rad gemma rays respectively. Mean-
while, high dose (1090 K.rad) decreased it to 2.60%.
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It is clearly observed from Table (7) and Figures (11-15)
that unsaponifisble matter of crude soybean oil (control)
contained 53.1%stercls compounds. DBy fractionestion, the
unseponifieble matter consisted of six sterol compounds
nenely cholesterol 0.45%, cempsterol 8.3C %stigmasterol
4.83%, B-sitosterol 34.40%, fucosterol 2.11% and A7 avena-
aterol 3.02%. These results indicsted elso that B-sito-
sterol was the main sterol compound followed by cempsterol,
These results sre partially in agreement with Hoffmann €t
al., (1962); Itoh gt al., (1973) end Bestic and Jovanovic
(1979).

The garie Table and Figures revesled also that gamma
irradistion induced remarkable chenges in the relative
percentage of some sterol compounds. Total sterols in-
creased from 53,1 in control to 59.34 , 57.54 and 57.28%
in samples exposed to 100, 250 and 10CO K. rad gamma rays
doses respectively. The same findings were previously ob=-
served by Rady (198l1) who studied the effect of gamma
irradietion on totel sterols of rice bran oil. On the
other hand, B—sitosferol increased from 34.40% in con-
trol to 44.47%, 41.28% end 39.27% in samples irradiated
with 100, 250 and 1000 K. rad gamma irradiation doses
respectively. Wh:i.lf 500 K. rad gamma rays dose caused a de=-
crease to 30.86% o&e application of gamma irradiation
led to & decreaseljiﬁ the relative percentages of both
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compstercl and fucostercl compounds. In addition,po7 stig-
masterol was identified only when soybean seed irrediested
with 100 and 250 K., rad gomme roye doses, while unknovm
sterol compound (with R.R.T. 1.45) was appeered in unsapo-
nifiable matier of sample irradieted with 1000 K. rad
gamma-roys dose . DMoreover, cholesterol compound dis-
sppeared when soybean seeds subjected to all gemma irredi-
etion doses under taken. On the other hend, o -7 avenaste-

rol disappeared only when scybean seed irradieted with 100

and 250 K. red gamme rays Goses.

Generally it could be concluded thet gemma-irrgdi-

ation induced remarkable changes in both hydrocarbon

and sterol compounds. As the application of gemma-irradi-

ation produced short chain hydrocarbon compounds, which
showed a pronounced increased in their relative percent-
ages, especially with high doses (500 and 1000 K, rad).
Gamma-irradiation decreased the long chain hydro-
carbon compounds (025, 027, 029 and squalene compounds),
This means that gamma irrediastion induced a degredation
in long chein hydrocarbon compounds and produced short
chain hydrocarbon caﬁpounds. Besides, gemma irradiation
altered the structure of some sterols and led to changes
in the reletive percentage of seme sterols. These results

agreed with those  obtained by Merritt et gl., (1966) and
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Crude uns=aponifiable matier of oils exirected from
un-irrediated (tl) and irradiated seeds with loo(t,) , 250(t3).
500 (t4) and 1000 K. rad (t5) gamna irradiation doses
efter storage for three monihs at room temperature were
fractionated and identified using Gas-Liquid Chromatogra-
phy technlque. Both relative percentare and relative re-
tention time of each coupound weré calculated « The obh-
tained results are siown In Table (€) =zud are graphically

represented in Tigures (16 - 20).

From these results it could be noticed that
storage of oils of both irradiated and unirradiated soy-
bean seeds for three months occurred a drastic change
in the relative percentages of sone hydrocarbon and sterol
compounds. Total hydrocarbons showed a pronounced de-

crease when soybean oils of irradiated and unirradiated

samples were stored for three montha. They decreased from

43.61 , 36.15 , 37.63 , 50.22 and 40.11%before storage table(7)
to 29.97 , 19.42 , 21.73 , 30.51 and 27.77% after stored Te(8)
for three months fof ¢ontrol, t2, t3, t4 and t5 respecti-
vely.

By fractionation of hydrocarbon compounds, it was

proved that short chain hydrocarbon compounds nemely Car
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Teble (&€): Effect of storage on ithe unsaponifiable

matter conmponent

Gamma rays doses (K. rad.)
Components R.R.T.

0 100 250 500 1000
1-n~-hencosane 21 .02 1.41 - - - -
2-n-docogane 22 0.03 3.10 - - 3,38 -
J-n~tricosane 23 0.04 10,74 - - 3.24 -
4-n-tetracosane 24  C.07 0.20 - 1.50 0.89 0,32
5-n-pentacosane 25 0.12 0,20 0.19 1,52 0.50 0©.15
£ .n-heptacosane 27 0.15 4.68 T7.15 8,13 12,16 14.90
7-n-octacoseane 26 0,18 0.75 ©.74 0.15 1,25 1.93
8~ Squalene 30 G.e2 7.71 10.43 8.63 7.74 9.16
9. Unknown 31 ¢,30 0.37 0.53 0.97 0.77 1.06
10-n-dotriaconteane 32 0.42 0.8 0,38 0.8 0.57 0.25
11-¥~-tocopherol 0.51 2,26 3.32 3.21 T.53 2.85
12- Cholesterol 0.62 0,32 0.50 0,50 0.19 0,52
13- Campsterol 0.81 6.79 11.47 10.93 7.24 11.28
14- Stigmasterol 0.86 7.54 6.35 9,74 7.10 5.89
15-B=-gitosterol 1.00 49,37 56,03 52.06 45.30 49.38
16- PFucosterol 1.12 0.99 0.69 - 0.32 -
17-4-7 stigmasterol 1.20 - 2,21 1.8 1.80 0.76
18-A~7 avenasterol 1.30 2.75 - - - 1.54

Total hydrocarbons 29.97 19.42 21.73 30.51 27.77
Y~-tocopherol 2,26 3.32 3.2 7.53 2.8

Total sterols

67.76 77.25 75.05 61.95 69.37
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022 and 023 were detected only in control sample. While,
these compounds disappeared in t2, t3 and t5 after three
months of storage. Moreover, the former compound €21 dis-
appeared also in (t4), but the other two-compounds de-
creased only as a result of storage. TFurthermore, the
main hrdrocarbon compound (027) showed a drestic decrease
in the unsaponifiable matter of un-irradiated soybean sam-
ple, as it decreased from 25.52% to 4.68% after storage.
On the other hand, storage increased the same compound
from 6.65 , 9.47 and 3.65% before storage to 8.13 ,12.16
and 14.90% for oils irradiated with 250, 500 and 1000 K.

rad respectively.

In addition, storage led to a slight decrease in the
relative percentage of squalene compound in unsaponifiable
matter of contol semple. Storage induced a noticeable in-
crease in squalene compound, as it increesedfrom 8.51 ,
7.92 , 2.95 and 4.82% before storage to 10.43 , 8.63 ,
7.74 and 9,16% after the storage of irradiated san-
ples at the ascendant doses underieken respectively. Om
the other hand, other hydrocarbon compoundg showed a
minor change in the oils of both unirradiated and irra-
diated soybean seeds, It is obvious from the same re-

sults obtained in Table (7) and (8) that storage decrea-
sed the relative percenteges of ¥ -tocopherol compounds
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in tl’ t2 and t3 as they decreased from 3.27 , 4.5 and
4.82% before storage to 2.26 ,3.32 and 3.21% after

storage  for the above mentioned treatmenis respectively.

The relative percentage of'g-tQGOpherol increased
from 4.90 and 2.60% before storage to 7.53 eand 2.85%
after the olls of t4 end ts stored for three months.

Table ( 8 ) declared that storage caused a re-

marksble increase in total sterols in the oils of botl

jrradieted and un-irradisted samples. Total sterols in-

creased from 53.11 , 59.34 , 57.54 , 44.87 and 57.28%
before storage to 67.76 , 77.25 , 75.05 , 61.95 and
69.37% after storage for un-irradiated and irradiated
pamples with the above mentioned doses respeciively.
Gas Chromatographic analysis illustrated that stor-
age decreased camp sterol compound in control sample,

it decreased from 8.30% to 6,79% after storage, while

an opposite trend occurred in the same sterol compound
for all irradiated samples, as its percentage increased
from 6.77, 7.76, 6.13 and 8.52 to 11.47, 10.93, 7.24 and
11.28%after storage of oils extrasted from semples irra-
diated with aseendant doses mentioned before. Stigma-
sterol compound ptorage caused & marked increase in ﬁer-

centagegof for tz, tz, t3 and t,. They incressed from

4.83 , 5.00., 4 4.45 and 3.93% to 7.54 s 635 , 9.74 and
7.10% after ntofﬁgs for the correspondins treatments.
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Yeanwhile, storage caused a minor decreased in this com-
pound for t5.

It ig cleerly observed from the same results that the
predominant sterol compound (B-sitosterol) showed a pro-
sressive increase in the oils of both lrradiated and un-
irradiated samples which were stored for three months.
This compound increased from 34.4 , 44.47 , 41.28,30.86
and 39.27% to 49.37 ,56.03 ,52,06 ,45.30 ,and 49.38% after
stornge for un-irradiated and irradieted samples at the
escendant doses under investization respectively. Although
cholesterol compound disappeared by irradiation it was
detected in the irradieted samples after storage. Besids,
other sterol compounds showed a slight change 4in both

oils of irradiasted and un-irradiated soybean seeds due to
storage.

Generally it could be concluded that storage induced
a pronounced change in both nydrocarbon and sterol com-
pounds in all samples under investigation. Total hydrocar-

bons showed a progressive decrease while total sterol sho-

wed a remarkable increase,

It could be atated that storage caused a noticeable
changes in short chain hydrocarbon compounds in all sample
under investigation. Also, the major hydrocarbon compound
(027) of unsaponifiable matter of all samples showed a
progressive decrease, while the reverse trend occurred

in the predominant sterol compound (B-sitosterol) for the
same samples.
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Pig.(16): Effect of storége on unsaponifiable matter
components of unirradiated sample of soy-
bean geeds oil. .
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Fig.(17): Effect of storage on unsaponifiable matter
components of soybean oil. after irradiation
with gamma rays at 100 K.rad,
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Pig.(18): Effect of storage on unsaponifiable matter
components of soybean oil after irradiation
with gamma rays at 250 K.rad.
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Fig.(20): Effect 6_1" storage on unsaponifiable matter

components of soybean oil after irradiation

with gems rays at 1000 K.rad.
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Bffect of gamma irradiation on polar and non-polar frac-

tions_ocontent of unsaponifiable matter of soybeen oils

Total hydrocarbons (non-polar fraction), total un-
saturated hydrocarbons and total sterols (polar fraction)
were determined in ungaponifiable matter of oils extracted

from non-irraediated and irradiated soybean seeds and the

obtained results are shown in Table (9)

From the results obtained in Table (9), it could be
noticed that total hydrocerbon (non-polar frection) of
crude soybean oil (control) was 28,08% of total unsaponi=-
fiable matter. This value was in ranse of 15-30% as re-
ported by Hoffman et al., (1962). It is evident from the
same results that exposure of soybean seeds to 100,
250 and 1000 K, rad led to = remarkable decrease in the
total non-polar fraction of unsaponifisble matter in soy-
bean oil, The corresponding decrease was 22,58 , 21.98
and 24.26% respectively. Meanwhile, 500 K. rad gamma

rays dose increased total hydrocarbonsto 35,12%.

The seme date indicated that non-polar fraction of
the unseponifiable matter of soybean oil contained 7.93%
unsatursted hydrocafbons. These resultis revealed also that

gamna irradiation induced a gradual increase in total un-

saturated hydrocarbems, as 1t inoreased from 7.93% in
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mable (9): Polar end non-polar frecticns of oils of

un-irradiated and irradiated soybean oil.

Gamna rays doses (K. rad)
Constituents

O 100 250 500 10G0

Unsaponifiable matter
(gm/100 gm oil). 0.73 0.70 0.76 0.78 0.79

Totel hydrocerbon (non-
polar fraction).

[22/107 gnounsap. m.) o 28,08 20,58 21,20 ZD.AC 24,26
Total hydrocarbon (gm/
100 gm oil). 0,205 0.158 C.167 0.274 0.192

To4al unsaturated hydro-
carbon) (gm/100 gm total
hydrocarbons). 7.3 9,83 12.5& 12,91 13.02

To+al unsaturated hydro-
carbon. (gm/100 gm un-
seponifiable m,). 2,23 2,22  2.77 4.53 3.16

Total unsaeturated hydro-
carbon. (mg/100 gm oil), 16.26 15.54 21,05 35.33 24.96

Total sterols (polar
fraction). {(gm/100 gm un-

saponifieable). 71.98 77.42 78.02 64.88 75.74
Total sterol (gm/100
am, oil), 0.525 0.542 0.593 0,506 0.598
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control to 9.83 ., 12,58 , 12,91 and 13.02% in non-polar
fraction of semples irradiated with 100, 250, 500 and
1000 K. rad gamma rays respectively..

Similaerly high doses (500 and 1000 K, rad) led to a
pronounced increase in iotal unsaturated hydrocarbons of
unsaponifiable matter ©f  irradiated samples as it in-
creased ffom 2.23% in control to 4.53 and 3.16% in un-
saponifisble matter of samples exposed to 500 and 1000 K.
red respectively. Moreo#er, the same phenomena , also
occurred in oils irradiated with 500 and 1000 K. rad as
it increased from 16,26 (mg/l00 gm o0il) to 35.33 and
24.96 (mg/100 gm oil) in the oils at the corresponding
samples respectively. The increase in total unsaturated
hydrocarbons in non-polar fraction may be due to the de-
hydrogenation effect of different doses of gamma irradi-

ation on the hydrocarbonsof unsaponifiable matter of soy-

bean oil, This resulis agreed with the report of FAOC/WHO/IAEA

( 1962 ) and Redy ( 1981 ) .

It is clearly observed from the same data that soy-
been ol] contained 71.98% total sierols (polar fraction).
The aspplication of gamma irradiation induced on opposite
trend in total sterbla as compared with that occured in

total hydrocarbonsby radiation. Total sterols increased
from 71.98 in unsspemnifiable matter of control t077.42 ,
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78,02 eand 75.74% in unsaponifiable matter of samples
irradisted with 100, 250 end 1000 K. rad, waile 500 K.

rod decressed totel sterols to 64.,82%; Tot=1 sterols

(polar fraction) in olilswere 0.525, 0.542, 0.593, 0.506
end 0.598 gm/100 gm, of oil for control and semnles
gubiected to the cbove men*tioned ascendant 40ges re-
spectively.

T+ could be concluded that deteruinatlon of totzal
hydrocaroons and sterols in both unirraciated and irre-~

digted samples asreea with trose reculis obtain-

ed for the seme camples by using gas chromatographic

technique,




