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RESUILTS AND DISCUSSION

Physical and Chemical Properties of Soybean Oils :

The effect of some technological and physical treat-
ments either on soybean 0il or seeds (washing the oil
with hot water, roasting the seeds and soaking the seeds
in boiling water) on some physical and chemical propert-
jes of soybean o0ils were studied and the results are

jllustrated in Table (1).

A- Refractive Index :

From the results in Table (1), it could be noticed.

that the refractive index (25°C) was somewhat affected
with the physical treatments aa 1t was 1.473%9 for crude

soybean oil, treatment 1; 1.4736 for washing Soybean oil
with hot water and 1.4731 for oil from roasted seeds. Soy-
bean oil obtained from soaked seeds in boiling watexr,(trest-
ment 4) had a lower value being 1.4721. This could be due

to decreasing amownt of di- and tri-msaturated fatty acid
glycerides. '

B~ Acid value @

Data presented in PTable (1) indicated that the acid
value of crude Soybean oil was 0.98, while it was 1.32, 1.09
and 1l.17 for oil washed with hot water, oil fyom roasted
seeds and that from sosked seeds in boiling water respeci-

.

1V81y .




26

Pable (1) s Physical and chemical properties of §Soybean oils.

eatments
0il uuouounhom

Treatment (1)

Treatment (2)

Treatment (3)

Treatment (4)

Refractive index (25°C)
Acid value

Acidity (oledc %)
Peroxide value (mEq/K)
Iodine values (Hanus)
Unsaponifiable matter %

14739
0.98
0.48
3.72
i34.5
0.73

1.4736
1.32
0.66
10.10
133.4
0,66

1.4731
1.09
0455
3.67
132.2
0.76

1.4721
1.17
0.59
3453
131.9
2.2

Treatment (1) s Control (crude Soybean oil).

Treatment (2)

Preatment (3) 3 Soybean oil extracted froam roasted no...—a.

Treatment (4)

: Soybean oil washed with hot water 90°C: (Degumming).

¢ Soybean oil extracted from mosked seeds in bdiled water
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Acidity calculated as oleic acid was 0.48, 0.66, 0.55
and 0.59 % for the four treatments respectively. Lower
acldity indicates that no hydrolysis occurred for the oils

7 obtained.

C~ Peroxide Value

The peroxide value of oils obtained from treatment 1,
3 and 4 showed slight difference as it was 3.72, 3.67 and
3¢53 respectively. 0il washed with hot water (treatment 2)
obtained a high value of 10,10, which migth be due to the

effect of hot water on o0il and formation of peroxides.
D- Iodine Value :

The iodine values of oils obtained from the four trest-
ments showed slight decreasse as they were 134.5, 133.4,
132.2 and 131.9 respeotively. Data obtained agreed with
those reported by Collins atd Sedgwiok (1959); A.0.C.S.
(1960); Itoh ot al.(l973) and Smouse (1979).

E- Ungaponifiable Matter :

- The wnsaponifigble matter percent showed low valuaes
between oils obtained from the first three treatmenis as
they were 0.73, 0.66 and 0.76 respectively. However, oil
obtained from treatment (4) had a high value of 2.2 %,which
might be due to increase of hydrocarbon or sterol compounds.
Rasults 6bta1nad nearly agreed with those mentioned by the
A.0.C.S. (1946) and El-Tahawi (1982).
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Table (2) : Relative percentages of fatty acids (F.A) of Soybean olls.

Components Preatment (1) | Treatment (2) | Trestment (3) | Zreatment (4)
Total Satd. F.A, 16435 15.51 16.16 14 .00
7. mono-unsatd. F.A. 16.13 17.37 18.20 23.94
2, ai-unsatd. F.A. 63.02 62,77 60.87 58.67
T. tri-unsatd. F.A, 4,50 4.34 4.7 3.39
Total unaatd. F.A. 83.65 84 .48 83.84 86.00

Treatment (1)
Treatment (2)
Treatment (3) 3
Treatment (4) @

Control (Crude Soybean oil).
Soybean 01l washed with hot water 90°C

Soybeen oil extracted fram roasted seeds.

Soybean oil extracted from soaked seeds in boiled water.




Table (3)

Relative percentages of Fatty acids
camponents of Soybean oils.
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Component Treatment | Treatment | Treatment | Treatment
(1) (2) (3) (4)

Saturated Fatty acids|

- Caprylic Cg & 0.10 0.14 -

- Capric 010 - - 0zl2 -
cu - - Oy 10 -

- Laurio Cy 2 - - 0.10 -
013 0 045 - 0 008: -

- lyr:l.stio 014 - - 0.14 -

- Palmit:l.o 016 13.20 12-98 12.73 11.09

- Steario Cyg 2.70 2.43 2.75 2.91

Unsaturated

fatty acids

- Pamt oleio 016' 1 - - - 0 097

- Heptadecenoio cl‘h 1 - - - 545

- Oleio C1g,1| 1613 | 17.37 18.20 17.52

- Iinolenio 4 .50 4.34 4.77 3.39

| C18¢3
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It can be concluded that palmitic acid which repre-
sented the major saturated fatty acid, and linoleic scid
as the major unsaturated fatty acid showed a gradual dec-
rease among all treatments.

It is clear that physical and technological treatments
for either Soybean o0il or sesds had affected the faity

acids compoeition and their percentages.
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Polar and Non-polar Fractions and Squalene Content

of Soybean 0ils:

Total hydrocarbons (non-polar fraction) content in un-
saponofiable matter of Soybean oils under investigation
were separated by column chromatography, where eluting with
petroleum ether, collected and weighed.

Results are shown in Table (4). It could be observed
that total hydrocarbons of oil of treatment (4) showed a
higher percentage, T4.45 %, while unseponifiable matter of
olls obtained from treatments 1, 2 and 3 contained 28.08,
16.86 and 14.12 % hydrocaroons respectively.

Total hydrocarbons calculated and expressed as percent-
ages of oll were 0.20, 0,11, 0,11 and 1.64 % in the four

treatments respectivaly.

Results obtained agreed with that reported by Hoffman
et 8l.(1962), who found that total hydrocarbons in unsaponi-
fiable matter from crud§ Soybean oll ranged from 15 to 30 %,
while Hoffman gt al.(1964) reported that the unsaponifiables
of crude Soybean oil had 15 % hydrocarbons. |

The wnsaturated hydroocarbons as squalene in Soybean oils
of the four treatments were 15.86, 23.38, 20.77 and Zero
mg/100 gm. oil respectively as ahown in Table (4).

These results showsd that oil of treatment (4) was rich
in unasaponifiable matiers and hydroocarbons, while squalene
was not deteoted. Meanshile, 0il of the 2nd treatment had
the highest value of squalene comtent.
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fable (4) 3 Polar and non-polar fractions % and

gsqualene content of imsaponifiable
matter of Soybean 0ilS.

Treat- | Treat- | ITreat- Treat-
ment ment ment ment
() (2) (3) (4)
e % unsaponifiable matter | 0.73 0.66 0.76 2.20
* % total hydrocarbons. -
(Nom-polar fraction)
-in wnsap. matter 28.08 16.87 14.12 T4 .45
-in oil 0,20 0.11 0.1l 1.64
* Squalene (mg/100 gn oil)| 15.86 23.38 20.77 00,00
s % Squalene/total hydro-
carbons T«93 21,25 18.88 00,00
/Unsap« 2,22 3.58 2.66 00,00
¢ % Polar fraction
- in unsap. natter 71.91 83.13 85.88 25.54
- In oil 0.52 0.55 0.65 0.56

Treatment (1)
Treatment (2)
Preatment (3)

s+ Control (Crude Soybean oil)
s+ Soybean oil washed with hot water 90°C
t Soybean ell extrsated from reasted seeds.

Preatment (4) i Soydesn #il exfrestsd from ssaked seeds in
bolled watex
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Squalena content of crude Soybean 0oil nearly agreed with
that mentioned by Erickson et al.(1980), 14 mg/100 gm. oil.

The polar compounds in the unsaponifigble matter of Soy-
bean oila, which consisted mainly of tocopherols and gsterols,
eluted with diethyl ether were collected and determined.
Also in the same table, the polar fraction of oil of treat-
ment (4) showed a lower percentage in the unsabonifiable
matter of only 25.54 %, while those of treatment 1,2 and 3
were T1.91 %, 83.13 % and 85.88 % respectively. The percen-
tage.of this fraction calculated and expressed as percent -
age of oll were 0.52 %, 0.55 %, 0.65 % and 0,56 % for the

four treatments respectively.
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Identification of Unsaponifiable Mgtter Compounds
by G.L.C,

The unsaponifisblae matter of Soybean oilg under invest-
igation were identified using Gas Chromatographic technique.
The components were identified and the relative percentage
of each unsaponifiable matter_oompound was calculated. The
results were illustrated in Tables (5,6) and Figs. (5-8).

The unsaponifiable matter of crude Soyhean oilk(control)
contained 43.61 % hydrocarbons, where 027 a8 a major compound,
amounted to 25.52 %, while squalene compound was detected in
a moderate amount of 7.67 %. These results differ from those
reported by Evens et 8l.(1964) who found that squalene was
the major component of the hydrocarbons fraction. On the other
hend, results in Table (6) showed that other hydrocarbon com-
pounds namely 022 ’ 023 " 025 ’ 029 ’ 631 and 032 were iden-
tified in minor concentrations. Thelr relative percentages
were 1.65 %, 1.68 %, 1.91 %, 2.01 %, 0.75 % and 0.75 % respec-
tively.

It is evident from Tables (5,6) and Figs.(5-8) that all
treatments under investigation induced remarkable changes in
the hydrocarbon compounds of Soybean oil. Treatments 2 and 3
showed a significant deorease in hydrocarbans of their oils
obtained, however the rate of decrease was higher in treat-
ment 3 than in treatmeat 2 aa it decreased to 20.75 and
34.43 % respectively. Total hydrooarbons showed a high value
in oil of treatment 4, as it inoreased to 86.71 %.
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Table (5) s Relative percentage of unsaponifiable matters
of Soybean oil by G.L.C.

Components

Treatment (1)

Treatment (2)

Treatment (3)

Treatment (4)

Total hydroocarbons
b1 -tocopherol

Total sterols

43.61
327
53.11

34 .34
3450
62.06

20.75
4 .40
74 .84

Preatment (1) s
Treatment (2) s
Treatment (3)
Preatment (4)

Control (Crude Soybean oil).
Soybean oil washed with hot water 90°C

Soybean oil extracted from roasted a._.onu

86.71
0,66
12.61

Soybean oil extracted from soaked seeds in boiled water.
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Table {6) t+ Relative percentage of unsapenifiable matter cempon-
ents of Seybean eils by G.L.C.

Peak | Cempenents R.R.T“ ‘ Treatments

Ne. (1) (27| €9) (4)
1 | Cp n- eicosane* 0.0200 | = - - -
2| Cp n- docosane® 0,0307 | 1.65 | - - |20
3 | Cog m= tricesane 0.B€3 | 1.68 - 0.20 | 26.41
4 | Cpq netetracessne |0,1004 | < - 013 | -
s | Cos n- pentacesane | 0,1205 | 1.91 - - 11.62
6 | Cpy neheptacosane [0.1321 [25.%2 | 2.65 | 1.73 | 215
7 | Cpp - ectacosame® |0am2 | - - | 03 | 423
8 | Cog n= nmcum‘ 0.192 | 2.61 0.64 - 3.65
9 | Cap Seumiene’ 0,209 | 7.67 |[29.18 | 16,38 | -
10 | C3; n- hentricontane | 6.2410 | 6,73 - - 1.83
11 | Unknown (1) 0,2800 - - - 0,66
12 | Unknewa (2) 0.3128 | 1.66 | 1.43 | 0,94 | 1.66
13 | Cyp n-detrlacentane® [0.4217 | 073 | 033 { @79 [ 0.66
14 | Y <tecepherel 05132 | 3.27 | 3.50 | 4.40 | 0.66
15 [ Cholesterer® 0632 | 0,45 | 027 | 01 | 0.83
16 | Compesterer * 08234 | 8.0 |8.22 | 112 |1.%
17| Stigmasterer * 0.8816 | 4.83 | 5.57 | e.2s | 0.83
18 | B-sitesterel * 1.0000 | 34.40 |3%73 | 4628 | 8.%
19 ' Unknown (3) 1.1428 2.11 | 3718 | 3.68 -
20| A7 - Avenasterel 1.36% | 3.@ | 424 | 406 | -

21| Unknewn (4) 1.4698 - 0.8%5 | 0.3 -
22| Unimewn (S) 1648 { - | = e | -

# Standard ceppaunds injected.
o2& Relative retention time for B-sitesterel was given a valwe of 1.00.
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Fige 5 t G.L.C. of unsaponifiable satters of crude
Soybsan eil.
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Fig. 6 1 G.L.Co of unsapnifiable matters of
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Recroder response

T b b
Retention time (min,)

Fig. 8 t G.L.C. of unsaponifiabie metters of oil
of soaked Soybean seeds in bolling water.
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The major hydrocarbon compound (027) was 25.52, 2.65,
1.73 and 21.58 % in oilas of the four treatments respect-
ively. The lower values were those of o0ils of treatments
2 end 3, however the loweat value was that of oii of the
third treatment. Moreover, treatments 2 and 3 increasged
the relative percentage of squalene compound to 29.18 %
and 16.58 % respectively. In oil extracted from treatment
4, squalene was not detected, however, 022, 023 and 025
hydrocarbon compounds increased to 20.41, 20.41 and 11.62%
respectively. On the other hand, C,g was detected only in
oils of treatments 3 and 4, however its relative percentags
was higher in treaiment 4.

The ungaponifiable matter of oils of the four treatments
contained 3.27 %, 3.50 %, 4.40 % and 0.66%%—toeopherol
respectively. As shown in Table (5) oll of the last trest-
ment obtained the lowest value.

The unsaponifiable matter of crude Soybean o0ll contained
53.11 % sterols, were fractionated to different six sterol
compounds. B~sltosterol which represented the predominant
sterol compound, emcunted to 34 .40 %, while campesterol was
found in a moderate content of 8.30 %. On the other hand,
cholesterol, stigmasterol, imimown (3) and ‘A?-avenasterol
were minor compounds. Data obtained agree with those of Itoh
¢t al{1972) and Weihrauch end Gardner (1978) who mentioned
that Soybean oil sterols were fractionated to only six ster-
ols (B-sitosterol, campesterol, stigmasterol, _A?—avenasterol,

A?navenaaterol and A7—stigmasterol) and chomesterol was not




Table (7) t The relative percentage of the volatile
conpounds of Soybean oils.
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No. | Compenents R.Te |[Log R.T Treatments

o . |@ [ [

1| Pentanat®™ 0.3 | 2.47 - - 80.91 | 7.52

2| Hex-2-enal® 0.5 | 2.69 82,03 | 3.89 | 0.80 | 84,38

3| 2=pentenone * C.6 2.78 - - - -

4| 2eprepsnel * 0.6 2.78 - - - -

s | Hoxana1 * 0.7 | 2.8% - 73.74 | 18.27 | =

6| 2-octaner * 1.0 | 3.00 156 | G4 | = 0.22

7| Nemanes * 14 | 319 - - - -

g | Heptanal ¥ 2.3 | 3.9 7,08 | w | - 7486

o ! Unknown (1) 3.3 | 3.32 - 2.26 | = -

10| octanal * 5.2 | 3.7 937 | - - -

11| Nenanal * 13.8 | 4.31 - - - -

Trestwent (1) 3
Treatment (2) ¢
Treatment (3) 3
Treatment (4) 1t

Crude Soybean eil
Soybean 011 washed with hot water od"c

Soybean oil extracted fram roasted seeds

Soybean oil extracted from socaked seeds in bolling

waters

& Standsrd cespounds injected

&t The cempound was identified accerding te the methed ef
‘Eisner gt al+(19%63) maing leg R.Te against mmber of

carbon atoms,
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Soaking Soybean seeds in boiling water gave oil of
four volatile compounds where the major compound was hex-
2-gnal representing 84.38 %. The other three compounds
ware pentanal, 2-octanol and heptanal at percentages of
7.52, 0.22 and 7.86 % respectively. However pentanal was
not identiffed in treatments (1) and (2) while heptanal
was not detected in treatments (2) and (3).

Therefore, it could be concluded that technological
treatments, had great effect on the volatile compounds

present in Soybean seed oils.
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Stability of Soybesn Oils :

Soybean oils of the four treatments were incubated at
63°C + 0.5 for stability evaluation.

During incubation the conventional determination of
peroxide value was studied.

The changes in peroxide value (mEqg/Kg.oil of Soybean
oils; Table (8) and Fig.(13) showed crude Soybean oil had
9 days induction period.

Washing Soybeen oil with hot watér or degumming gave
the lowest stebility, as the shortest induciion period was
5 days, which agreed with that of Baruffaledi et al.(1980)
who found that degummed Soybean oil had a lower induction
period of 11.9 days than that for crude Soybean oil of 15.2
days.

Roasted seeds oil showed the longest induction pexriod,
followed by that from soaked seeds in boiling water, as
their induction periods were 12 and 10 days respectively.
In other words, both olls of treatments 3 and 4 were the
most stable sgainst autoxidation as they were considered
superior in preventing the formatlion of peroxides. Theae
jegults indicate that stability of Soybean oils under in-
vestigation was affected by the used technological treat-
ments, more stable oils were obtained with heat treatment
of seeds, which agreed with that found by Rice et al.(1981)
who mentioned that oxidative stability of oil fram heat-
treated beans was increased as determined by the swifti
stability test.
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Table (8) t Changes in perexide value of Soybean oils
during incubation at 63° C (mEq/ Kg. oll).

Period in Peroxide value
days Trestment (1)| Treatment (2) | Treatment (3) | Treatment (4)
0 B.77 11.61 522 7.05
1 7.22  13.46 6.83 8.81
3 8.66 15.29 10,24 10,57
8 12.99 20,.%8 13.65 14,10
7 15.88 48,93 14.67 17.62
9 3. 22 67.29 18.57 19.05
11 36.73 9.7 19.94 29.64
13 52.62 165.91 30.84 56 .01
1% 85.99 139,99 | 50.92 87.25
17 99.29 154,35 55,52 90,64
19 116.60 183,04 69.16 108.02
21 140.62 196.58 96,02 124,68
23 160,18 209,19 113.18 140,84
p. 3 177.24 219.81 124.52 153.21
27 187.13 230,18 140,26 162.98
29 195,23 214,04 163.96 184,12
) | 208.13 160,02 182,22 191.24
33 150.28 140,352 1%2.12 172,15
33 153.84 - 124.66 143,92
‘Stablility Induction periods (days)
in days * i
at 63 C 9 5 12 10
1~ Grude Soybean o1l. 9~ Saybean oll washed with het water 90°C.
3- Soybean extrected from 4~ Soybean oil extracted from soaked seeds

roasted seeds, in boilimwater.
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SUMMARY

This study was conducted on soybean seeds (Claxrk
variety which exposed to some technologlical treatments
being, crude soybean 0il; oil washed with hot water(90°C)s
roasting the seeds 120°¢/2 h. and soaking the seeds
in boiling water/% h. in order to improve soybean oil
quality.

The data obtained in this investigation could be
summarized as follows: -

1- The physical and chemical properties of control 3
degummed 0ilj roasted seeds oil and the 0il from soaked
geeds in boiling water were determined, %the refractive
indeces weres l.4739; 1.47%63 l.47%1 and 1.4721 respec-
tively. The acid values were 0.98; 1.323 1.09 and 1.17
respectively. Peroxide value was low in all treatments &s it
ranged from 3.53 meq./kg. to 3.72 except degummed oil, where
1t was 10.10 meq./kg. oil. Iodine values were 134.5 3

133.43 132.2 and 131.9. And unsaponifiable matter %
ranged from 0.66 to 2.2%, where the maximom value was

in odl produced from soaked seeds in boiling water.

>. The fatty acid composition of soybean oils was

studied by G.L.C. and the relative percentage of total
gaturated fatty acids ranged fyom 14.00 % to 16.35,

however, the predominunt fatty acid was pelmitio,which
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was 11.09 % — 13.20 % in all treatments. Stearic ran—
ged from 2.43 % to 2.91 % , while wnseturated falty
acids ranged from 83;65% to 86.00, The principal fatiy
acid was linoleic as it ranged from 58.67% to 63.02 %
while oleic ranged from 10.13% to 18.20% and linolenic
from 3.39% to 4.77%. In treatment, & (soaked seeds o0il)
palmitoleic and heptadecenoic were detected,their rela-
tive percentages were 0.97% and 5.45% respectively.

%.. The unsaponifigble matter constituents were fractiona-
ted using column chromatographic, neutral aluminum oxide
for non polar and polar fractions. The highest percent-
age of non polar fraction in the case of the o0il from
soaked seeds in boiling water was 74,45%, while it

was 28.08%: 16.87% and 14.12% in crude soybean oil ;
degummed o0il and roasted seeds oil. Total unsaturated
hydroéarbons as squalene was determined, its concentra-
tion was 15.86 mg./100 g. oil in crude soybean oil ,
while degummed oil and roasted seeds oil contain 23.38
and 20.77 mg./100 g. oil, it was not detected in the

case of oil from gosked seeds in boiling water.

4- The unsaponifiable matter of soybean oils were identi-
fied by G.L.C. and the unsaponifiable in crude soybean
0il contained 43.61% hydrocarbons, 027 was a major hydro-
carbon compound, which amounted to 25.52%, while squalene
compound was 7.67%. Other hydrocarbon compounds 022;023;
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025; 029; 031 and 032 were detected and their relative
percentages were 1.65%; 1.68%; 1.91%; 2.01; 0.75% and
0.75 % respectively. The relative percentage of hydro-
carbons decreased from 43.61% in crude oil %o 27, 43%and
20.75% in both degummed 0il and roasted seed oil res-
pectively, while total hydrocarbons increased in

case of soaked seeds oil in boiling water, it increased
to 86.71%. The relative percentage of 027 decreased

from 25.52% in crude oil to 2.65%; 1.75% and 21.58 %

in degummed o0il; roasted geeds o0il and soaked seeds oil
respectively. Moreover degummed oil and roasted seeds

0il increased the relative percentage of squalene %o
29,18 % and 16.58%, while 1t was not detected in the
case of soaked seeds o0il in boiling water. 022; 023and
C25 hydrocarbon compounds, increased to 20.41%, 20.41%

- and 11.62% respectively for soaked seeds 0il. C,g was
detected only in oil of roasted and soaked seeds.

The relative percentage of BLtﬁcopherol was 3,27 % ;
3.50; 4+80 % and 0.66 respectively.

The unsaponifiable of crude oil contained 53.11 % sterols,
fractionated %o B~sitosterol, the major sterol compound,
it was 34.40% of unsaponifiable; campesterol was found
in a moderate content 8.30%; while cholesterol,stigmasterol,
unknown and.'ﬁ?-avelnstarol were found also. Degummed oil
and rossted seeds oll showed inerease: of total sterol
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from 53,11 % in the crude oil to 62.06 % and T4 .84 res-
pectively, while in oil of soaked seeds it decreased to
12.61%. B-sitosterol increased 1o 39,7345 end 46.20% for
degunmed oil and roasted seeds oil, while it decreased

to 8.96% in oil of soaked seeds in boiling water.
5- GLC headspace analysis of volatile compounds of soy-

bean oilg were carried out. In crude oil hex-2-enal octa-
nal, heptanal and o_octanol were identified where their
relative percentages were 82.03%,9.37%,7.03% and 1.56%
regpectively. The volatile components in degummed oil
were also identified to hexanal, which was the major com-
pound (73.747%). The unknown was found in a moderate per-
centage of 22.26%, while hex~2-enal was identified in a
lower percentage of 3.89% and 2-octanol amounted to 0.14%.
The o0il of roasted seeds contained only pentanal,hexanal,
and hex-2-enal with relative percentages 80.915, 18.2T%
and 0.80% respectively. In oil obtained ffom goaked seeds,
the major compound was hex-2-enal which reached 84.38 7%,
while heptanal, pentanal and 5-octanol amounted to 7.86,
7.52 and 0.22% respectively.

6— The stability of soybean oils was evaluated by the oven
tegt at 63°C. The longest induction period was detected
in case of roasted soybean seeds oil as it was 12 days,
while the shortest induction period was observed in case
of degummed soybesn oil. Morsover crude soybean oil and
the oil from soasked seeds in boiling weter had an induc-
tion period of 9 amd 10 days respectively.




