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ABSTRACT

Uninocuiated and inoculaled soybeen seeds wilh, Aspergilfus niger and
Penuicillium sp, slored at different temperalures, different levels of moisiure and
sterage limes were analyzed. The results showed thal soybean oil content and iodine
value were decreased in the seed inoculated with Aspergiffus niger and Penicillium sp
and stored al § and 30°C, respectively. Oil content of the seed inoculaled with A. niger
was decreased sharply than those found in other ones. As the prolongation of the
storage period as well as with the raising of sterage temperature and moislure content
%. iodine value and oil content were decreased to great amount. In contrast, free
fatty acid increased greatiy, in the inoculated seeds stored at lhe same conditions,
which, palmatic (C8&:0), stearic (C 18:0) and oleit acids (C 18:1) were increased
sharply. While, sharply decreased were obtained of the linoleic acid (C 18:2). Total
saturated falty acids contents were higher in seeds inoculated with both fungi than
those found in the uninoculated ones. Storage for2, 4 and 6 months at 5 and 30°C
and 7.3 and 11.8% as moaisture content resulted in pil deterioration and reduced total
unsaiurated fatty acids content.

Keywords: Aspermgillus niger, peniciflium sp, oil conient, humidity, moisture content,
total saturated fatty acids (TS), tolal unsaturaled fatty acids (TU).

INTRODUCTION

Soybean (Glycine max, L, Merrill) is an important source of energy
and protein for both animal and human nutrition in many parts of the world.
Soybean protein is one of the best vegetable proteins, because the essential
amino acid pattern of soybean protein complements the other vegetable
protein sources. Also, soybean is very important as a source of oil as well as
it is one of the most leguminous crop in many regions of the worid. Although,
soybean is used as a source of vegetable oil, which is the most consumed oil
in Egypt. it provides essential fatty acids and energy and is considered a
carrier of the soluble witamins. It is also used as human food and animal
feed. It's importance as a food crop for human|and animal 1s due to its high
content of prolein (Liu & White, 1992; Halez et pl., 1996; Zein El-Dein, 1999
and Hafez et al., 2000). i

Relatively little of the extensive work with deterioration of stored
grains and seed has dealt with soybeans, although these have the reputation
among grain handlers of being difficult to store without deterioration. Many of
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the investigators attributed most of the increase in respiration rate, fatty acids
and temperature and decrease in non reducing sugars in moist stored
soybeans help to the growth of fungi, especially Aspergilius glaucus and A.
flavus. Seed-borne fungi associated with soybean seeds, have a world wide
distribution and are known to cause huge losses in the yield for its
delerioration gualitatively and quantitatively. Several fungi altack soybean
seeds causing deterioration and tremendous damage and finally production
of toxins. Thus, its consumption may be become injurious to human and
domestic amimals. Most of the storage microflora, e.q., Aspergillus |
Fusarium and Penicillium which are active at relative humidity ranging from
70 to 90%. Aspergillus flavus, A. niger, Alternaria, Fusarium and Penicillium
were not recovered at room temperature for 10-11 months at6.2 — 11.4%
maisture content (Chingra ef af, 1973; Farag ef a/, 1981 and Hafez ef 3/,
1996,

Chemical analysis of oil extracted from soybean seeds showed
differences exist of mono-glycerides and free fatty acids fraciions of oil (Hafez
el al, 1996). Basyony el al. (1989) reported that oil content, acid value and
iodine value of soybean seeds were 25.10, 3.11 and 133.49%, respectively
But, Hafez et al. (1996) reported that some of fatty acids were increased, but,
other were decreased sharply. Also, fotal saturated fatty acids contents were
lower in seeds inoculated with fungi.

Therefore, the present investigation was undertaken to determine the
oil content, acid value & iodine value and fatty acids composition of ail
exfracted from uninoculated and inoculated soybean seeds with Aspergillus
niger and Penicillium sp, which stored at different temperatures, different
levels of moisture contents and time.

MATERIALS AND METHODS

Source of seed sample:

Sample of soybean seeds (Glycine max, L, Merrill) were collected
after harvesting from Clark variety as the most prevalent and distributed
cultivars in all growing areas of the crop in Dakhlia governorate during 2000
and 2001 soybean growing seasons.

Seed inoculation:

Apparently heallhy and insect-free seeds were collected from Clark
variety, The seeds were disinfected by immersing it in 2% $odium
hypochloride solution for 2 min., then dried in hot air oven at 40° + 2 for 24
hours. The seeds were inoculated with Aspergillus niger and Penicitiium sp.
with individual treatment according to the technique adopted by Dorwarth and
Christensen {1968). The seed moisture content was adjusted to 7.3 and 11.8
% in different two treatments (Christensen and Kaufmann, 1968). Seed
samples inoculated with each fungi and uninoculated served as contral were
stored at 5 and 30°C for 0, 2, 4 and 6 months as a storage periods, then, oil
was extracted at the end of each storage period for analysis.
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Determinations of chemical characteristics of oils:
Free fatty acid % and iodine value were determined according o the

methed outlined in the A.Q.C.S. (1985).

Preparation of fatty acid methyl esters:

The methyl esters of falty acids wefe prepared using benzene :
methanol : concentrated sulpheric acid (10:84:4) and the methylaticn process
was carried out far one hour at 80-80°C according o the method described
by Stahi (1967).

Idantification of the fatty acid methyl esters by Gas Liquid Chromatography
GLC):

( GLC analysis was carried out in the Central Lab., Fac. of Agric,
Caro Univ  The free fatty acid methyl eslers oblained from the uninoculated
and inocculated soybean seeds were analyzed by @ pye unicame gas liquid
chromatography (mode! 4550) equipped with a flame icnization detector and
glass coiled column (1.6 m x 4 mm) packed with 10% PEGA (polyethyllene
glycol adipate) and supported on chromosarb W-AW 100-200 mesh was
used. The samples (1 pl were injected into the column using a Hamilton
microsyringe. The gas chromatographic conditions used for isothermal
analysis were; temperature, column 170°C. detector 300°C and injector
250°C, flow rate: hydregen 33 mifmin, nitrogen 30 ml /min and air 330 ml/min.
Also, peak areas were measurad using a spectra physics chromijet integratar,

RESULTS AND DISCUSSION

Effect of Aspergillus niger and Penicitlium sp on oil content % of
soybean seeds:

Rasults presented in Table {1) show that oil content of soybean
seeds gradually decreased with the prolcngation of storage period as well as
with the raising of storage ternperature and humidity content, In the same
time, oil content of the inoculated soybean seeds was decreased greatly than
other those of uninocutated one. Also, data illustrated in Table (1) show that,
greatest amount of oil was hydrolyzed in the inoculated seeds at the end of
storage period {6 montns). This means that, 30°C and 11.8% as moigfure
content were suitable for the growth of fungi, {Aspergifus niger and
Penicillium  sp), which produced lipase basides the native cne, which
hydrolyzed triglycerides to fatty acids and glycerol, therefore, acid value
increased {Table, 2) and oil conlent decreased| Also, over oil hydrolysis was
happened with A. niger lipase than those found in other cne. However, the
inoculated seeds with A, niger caused a high Hecrease in the percentage of
oil content. These observations are similar to Ehose reported by Hafez et al.
{19986). ‘
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Table {1): Oil content (%) of uninoculated and inoculated soybean seeds
with Aspergillus niger and Penlcillium sp during six months
of storage.

Storage periods and conditions {temperature and

moisture content)

Treatments Storage temperature (°C})

5.0°C ) 15.0°C | 30.0°C
Moisture content (%)

73 | 118 73 | 148 | 73 | 118
i Zero time
{Uninoculated control| 2928 | 2920 | 2026 | 2929 | 2028 | 2920
‘_A niger 28.25 2922 29.25 2922 28.25 29.22
Penicillium sp 28.25 | 2920 | 2925 | 2920 | 2925 | 20.20

Two months

Uninoculated control| 29.04 | 2880 | 2893 | 2875 | 28.84 | 28.67
A. niger 2788 | 2740 | 2723 | 2583 | 2466 | 23.15
Peniciflium sp 2750 | 2670 | 2528 | 2452 | 2457 | 23.54

Four months
Unincculated contrel| 28.70 | 2824 | 28.35 { 2798 | 2830 | 2788

A niger 2620 | 2580 | 24.88 | 23.88 | 2081 20.05

Penicillium sp 2603 | 2585 | 2386 | 2308 | 21864 | 20.75
Six months

Uninoculated control? 28.60 | 28.16 | 28.22 27 .82 28.18 | 27.84

A. niger 2520 | 24.91 2249 | 2246 1800 | 18.85

Penicifium sp 25.61 2445 | 2234 | 21.35 1942 | 1892

Chemical properties of oil extracted from uninoculated and inoculated
seeds:

1- Free fatty acids:

Data presented in Table {2} show that, the free falty acids of soybean
oit extracted from the unincculated and inoculated seeds was ranged
between 3.13 to 3.18 at zero time of storage period at 5°C to 30°C. After two
months as a storage period, free fatty acids increased gradually which
reached to 14.17 and 8.38 for the oil extracted from seeds inoculated with A.
niger and Penicitlium sp., respeclively. The results also, indicated that free
fatty acids were increased sharply such in control (without inccutated) andfor
seed inoculated. Generally, free fatty acids were increased greatly in seed
inoculated with Aspergiftus niger than those in control orfand seed inoculated
with Penicillium sp. This means that, A. niger secreted lipase with much
mere amount and activity than other one, which hydrolyzed the oil with much
more extent. In the same lime, the results indicated that, free fatty acids
were increased with increasing of storage temperature as well as with the
increasing of storage humidity and storage period. The corresponding value
of free fatty acids reached 7.4, 36.7 and 35.21 for control, seed inoculated
wilh A. niger and Penicillivm sp., respectively. The maximum free fatty acids
were found at 30°C for the il extracted from seed inoculated especially for
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the seed inoculated with A. niger. This mpans that moisture content and
storage temperature play an important role ir] the enzyme activity as well as
over oil hydrolysis. These results are in agreement with those reported by
Farag et al. (1980 & 1981) and Hafez et al. (19p6).

Table (2): Free fatty acids of uninoculated and inoculated soybean
seeds with Aspergillus niger and Penicillium sp during six
months storage.

Storage periods and conditions {temperature and
moisture content)
Treatments Storage temperature (°C) ]
5.0°C | 15.0°C 30.0°C
Moisture content (%)
73 [ 118 | 73 | 118 | 73 11.8
Zero time |
Uninoculated control]  3.18 313 3.14 3.13 318 | 313 |
A. niger 318 | 314 | 318 | 314 | 318 | 3.14
Penigifiium sp 315 | 315 | 315 | 315 | 315 | 3.15
Two months
Uninoculatedcontrof] 371 | 403 [ 368 | 404 | 377 | 413 |
‘A niger 385 | 482 | 531 | 752 | 7.15 | 1417
|Penicifiium sp 385 | 448 | 516 | 660 | 582 | 8.38
Four months
Uninoculated control|  4.01 | 4.05 [ 432 | 446 | 4861 5.16
A, niger 445 | 688 | 709 | 1080 | 804 | 17.89
\Penicillium sp 415 | 585 | 736 | 11.73 | 870 | 15.93
Six months
Uninoculated control] 456 | 4.78 | 527 | 626 | 690 | 7.40
A niger 6.47 8.83 10.58 | 1305 | 20.21 | 36.70
Penicifiium sp 408 | 800 [ 1214 { 2572 | 2135 | 3521 |

Free fatty acid % as oleic acid.

lodine Value:

Resuits presented in Table (3} indicated that indine value decreased
sharply through the prolongation of storage period {for 6 months) as wel! as
with the increasing of storage temperature and its moisture content. This
decrease was sharp in oil extracted from saed inoculated with Aspergiilus
niger than ather in control {without inoculated) and seeds inoculated with
Peniciffium sp. The general changes in the iodine value of soybean oil could
be attributed to the fact that the storage moisture content and its temperature
at high levels stimulate lipoxygenase in seed ar|d fungi to degrade the double
bonds of fatty acids to produce peroxids, which played an important role in
the enzyme activity. lodine value reached to [107.09, 57.85 and 78 62 after
storage for 6 months compared with 132.88, 132.61 and 132.68 for control,
seed inoculated with A. niger and Penicilliym sp., respectively. These
observations were sirmilar to those reported by halez et al. {1996).

6055



Rabie, M. M. et al.

Table (3): todine value of uninoculated and inoculated soybean seeds
with Aspergiflus niger and Peniciilium sp during six months

storage.
Storage periods and conditions (temperature and
Mmoisture content)
Treatments Storage temperature {°C)
5.0°C | 15.0°C 30.0°C
Moisture content (%)
73 [ 118 | 73 ] 118 [ 73 [ 118
; Zero time
Uninoculated control| 134.72 | 132.88 | 134.72 | 132.88 | 134.72 | 132.88
A. niger 134.36 | 132.67 | 134.56 | 132.73 | 13465 | 132.61
Penicilium sp 135.35 | 132.70 | 135.53 | 132.68 | 13558 | 132.68
Two months
Uninoculated control| 133.44 | 132.07 | 130.70 | 126.49 | 13017 ! 125.26
A. niger 132.82 | 130.73 | 126,21 | 122.98 | 12650 | 12413
Peniciflium sp 132.24 | 12614 | 124.31 | 121.57 | 12529 | 122.19
Four months
Uninoculated control] 123.35 | 118.41 1 119.32 [ 118.17 | 11599 | 115.76
A. niger 107.46 | 99.84 | 95.74 | 9552 | 90.72 | 8B8.42
FPeniciflium sp 110.38 | 106.39 | 95.72 | 7449 | 105.03 | 81.87
Six months
Uninoculated control| 112.9¢ | 110.56 | 106.55 [ 110.05 [ 110.17 | 107.08
A. niger 106.06 | 107.85 | 108.62 | G7.68 | 64.44 | 57.8B5
Peniciflium sp 110.27 | 106.50 | 60.23 | 7565 | 9956 | 7882

Fatty acids composition of uninoculated and inoculated soybean oil:

As regard to the results presented in Tables {4, 5, 6 and 7) easily
observed that some of falty acids were increased with a slight amount and
others were produced in a small amount, but others were decreased. This is
may be due to the oil hydrolysis with lipases and some of interestrification
was happened. The results presented in these Tables also show that the
incculation with A. niger and Penicillium sp. caused a high increase in the
short and medium chain fatty acids especially with A. niger at 11.8% moisture
content. The TW/TS ratic being 2.37:1, 2.09:1 &201:1,1.77:1 &81.94:1,
1481 and 1.82;1 & 1.32:1 for il extracted from soybean seeds inoculated
with Penicitlium sp at zero time and after 2, 4 and 6 months as storage period
at 5 & 30°C under 11.8% as moisture conlent, respectively. While, it was
1.51:1 &1.481,1.10:1 & 1.26:1, 1.08 & 1.28:1, 1.03:1 & 1.03.1, respectively,
for oil extracted from seeds inocufated with A. niger under the same
conditions. The new short chain fatty acids may be due to the moisture
content and higher storage temperature, which engourages the endogenous
enzymes of seeds and other ones of seed-borne fungi, which caused
degradation in the unsaturated fatty acids with long chain fatty acids and
produce short chain. This was clear in decrease of TU/TS ratio in the
incculated seeds especially at high temperature and moisture content, This
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means that this ratio was decreased with the inoculation with A. niger than
those found with the oil extracted from seedp inocuiated with Peniciliium sp.
Concerning the inoculation with A niger and Peniciltium sp at 7.3 and 11.8%
as moisture content and at 5 and 30°C, as storage temperature, an
increment of C 16:0 and C 18:C and C 18:1 were present when compared to
uninoculated soybean seeds and a remarkable decrease in C 18.2 was also
present, this is under storage for 2, 4 and 6 months. Also, considerable
importance has been focused on the role of oleic acid to lincleic acid ratio
{OiL}), which governing the oil stability and shelf jife.

Tabile (4): Fatty acids composition of unincculated and inoculated
soybean oil by Aspergiffus niger and Penicillium spp stored
at 5 and 30C under 7.3 and 11.870 as moisture content of zero

time.

‘ Inoculated fungi __‘
ratty Unrl:zlr:‘ttjrlca}:ede A niger ‘ Pemsc:ﬁum Uni:zilt‘:::mai A. niger Peni:g!rg.
acids Storage temperature (C)

‘ 5°C | 30°C ;
! : Moisture content®

3 73 [118' 73 [118[ 73 [118] 78 [118] 73 | 11.8] 7.3 | 118 |
'Ce | 036 [ 040 ] 022 ! ' 026|034 | 028|050 062

IS 088 037 0.20

Tso 001 | 0.46 | 034 047 0.337[ 048 [ 042090 | 630 | 64 |
'Croo 051 0.50 | 2.00 0860

Ciro 080 | C43 | 0.74 090 0.78 | 0.74 1.04

Cirs 146 | 077 118 [1.79 [ 1.08 | 1.24 | 1607 134 | 270 | 0.79 | 2.22

Cizo 098 { 033 010 [ 080 [ 012030 [ 013 [ 0.16 |
[Cp: | 035|012 070 | —1
'C 10 069 031 (015|027 | 053|044 | 03B | 012 | 046 | 1.33 | 0.25 | 0.88

Cuo 0.25 | 017 048 | 011 | 0.41

Ciay | 021 022

Cisg 1.60 0.30 [ 027

Cys 053050055024 | 024058080 052 04l | 122 |1.03 | 0.44

Ciag | 1454]15.18]22.36(27.70]20.95|21.60|22.13 | 26.17 | 26.37 |33.43 | 18.07 | 26.87
Cus 0.35[037]021 | 067 | 036 043 | 028|031 [ 0.18 [ 020 | 0.15 | C.44

Crog 138173375701 (202(433( 218|227 | 231313147240

Cig, | 26:65|26.50(31.93]37.85[43.60 (4628 30.8D |41.16|30 45|33 75(28.78 | 35.33
Cyg, |4B.85/4868(3295(18.16]21 56/ 16.93 |41.7B | 20 34 | 36.66 | 20.77 | 50 65 | 30.03
Cigs 1257034 [ 197 [1.00[ 089 [ 030|068 | 0.82 | 050 | 165 | 152 | 0.6

Tu 79.65|77 38[67.61[60.02|66.44 65,60 | 75.55 | 73.75| 69 54 | 60.30 | 62.92 | 65.07
Ts 17.64 | 18 88[27.25|39.84 | 26.47 | 27.64 | 25.3p | 30 96 | 30.55 | 40.67 | 20.13 | 33.02
Tu/Ts [4.521]4.10:1(2.48:4|1.51:1|2.69:1(2.37:1]2,98{1:2 36'1{2.25:111.48:1(4.12,1|2.09.1
Du 1.29 [ 126 [1.04 [0.77 [ 000 { 0.81 [ 1.14 | 1.03 | 1.06 | 0.81 | 151 | 0.7

Q/LR. [055| 055|097 [464 202273074140 | 083163049 ]1.18

DU = Degree of unsaturation = 1 x vleic acid + 2 x lindleic + 3 x linoleinic / 100.
or = % monoeng/100 + 2 [diene/100} + 3 (triene/100).  O/L = QleicHinoleic ratio.
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Table (5): Fatty acids composition of uninoculated and inoculated
soybean oil by Aspergiflus niger and Peniciliium spp stored
for two months at 5 and 30C under 7.3 and 11.8 as moisture

content.
Inoculated fungi
:;:z Unl:z?‘:::}ede ‘ A niger Pem:fpmum Juneir::c:}ztil:)tied‘ A. niger Pem::ﬂum
Storage temperature (C)
5°C 30°C
Moisture content’%

73 |18 73|18 73 [118] 73 |118] 73 | 118 73]118
Cso 015 | 024 ]0.09 0.11] €21 | 0.39 052
Cro 0.09 0.91 0.39 0.49
Cao 009 |044]033 0.33 0.41 0.52 | 0.96 [012] 0.65
Cipg | 049 0.40 | 2.05 6.31
Ciio 0.77 | 0.40 | 0.65 0.97 0.76 | 0.58 1.15
Cyyq | 1.39 | 0B8S 137 | 170 | 126 | 120 164 1.39 | 266 |[087| 255
Ciio 0.98 | 0.35 023 (011} 014 | 033 [011] 015
Cipy | 032 0.73
Ciao 067 |029|0.14 | 026 | 0.5t [ 0.41| 032 038 | 131 (021] 085
Crao g.27 | 0.18 050 |0.14] 043
Ciuq | 021 0.23
Ciso 166 033 0.23
C.5, | 056 | 053059 |026|025][062]088055] 046 [ 1.30 [1.12[0.47
Cigp | 1636 |1884 2516 34.4 [23.568|2682)22.22|26.28| 26.49 | 34 37 [1815|27.62
Ciy | 032 |035 019|064 033 [041[023[033] 015 [ 0.19 [0.13] 047
Ciap | 163 [194 443|780 | 240 |4.87|431 /4101 458 | 566 |292) 434
Ciaq | 2776 |27.37[33.27]38.90|4542|47.63(33.47 |44.66} 33.10 | 36 64 |31 28/36.34
Cis» | 48.24 |4B00]|3255] 800 |21.4316.70|40.41[20.28] 35.46 | 14.36 [52.73/20.76
Cias | 109 | 171 [ 172|210 | 0.77 [0.63 ] 0.59 [0.68 ] 046 [ 137 [1.38[0.50
Tu 7989 |77.85(68.32|52.23(65.90|67.25|86.78|68.14| 71.02 | 56.52 |88.51|63.09
Ts 19.48 [22.52[30.55]47.33(29.46 133,46 | 27.49[32.18| 33.13 | 43.83 |2185[35.71
Tu/Ts| 4.10:1 [3.46:1(2.24:1[1.10:1(2.37:1(2.00:1 (346,11 292011 2,141 [ 1.29:1 [ 2397111 771
Du 128 [$.33[1.03]061 (090083116073 1.0 | 0.70 |1.49] 0.82
Q/LR.| 058 (0581102486 (212|285 0.83]3.36| 0.93 | 2.55 |0.55]1.85

The results in Tables {4, 5 and 6) showed that this ratio is higher in
seeds inoculated than those found in uninoculated one. Also, raising storage
temperature decreased it compared to others at 5°C as siorage temperature.
This means that, oil stability and its shell life was lowest when campared
with those stored at healthy conditions. These results are higher than those
reported by Chiou et &f. (1995) and Crosso & Guzman {1595). They reported
that Q/L ratic were 1.77 and 0.98, respectively. Thus, it may be considered
that the local varieties are of good quality for export. These resuits are
similar to those reported by Hafez ef al. (1996 & 2000} and Aziz {2001).
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Table (6); Fatty acids composition of
soybean oil by Aspergillus nig
for four months at5and 30C u
content.

ninoculated and inoculated
rand Penicillium spp stored
der 7.3 and 11.3 as moisture

Inoculated fun

! Uninoculatede

A. niger | Peniciflium

gi |
A. niger | Penicillium

Unihoculatede

' Falty control sp control ! 1 sp
acids Storage temperature (C}

! i 5°C 30°C |
! : Moisture content% |
! 73 1116 73 17118] 73 |118] 73] 118 [73[11.8[73][118]
[ 003|620 | 0.30(050 | 066
o 006 0.98 044 0.55 !
Ceg | 013 [040 0.4a+ 0.56 045

Cisn | 0.56 | 262

Ciig | 0.25 | 8.70 D.96 ! 0.63 | 1.50
Gy | 132 [C930 139172 [1.27 [1.28| 168 [148]272({0.85] 281
IC iz | (120043 0127 008 (0181038 0.05\ 012
s
Lcm, | 063 ]026[014 028048037030 0.36[1.280.19] C.86
Cran | 037 (041 [ | 0.52{0.12] 0.43
Cuar | N ]

Ciso | '] 209 | ﬁ.as 0.26

Cysq | 057 |055|0.80[027|026[065]090 ] 055 ]0.47[1.39[1.17] 051
Ciso | 1800 [2081]27.68]35.62(25.94|28.34722.58| 27.11 [26.93]354518 48] 28 49|
Ciu, | 030 [C40|018[073]031[ 047021 035 [0.14]020]0.12] 0.50
Ciap | 180 | 2184958841268 [547[5623] 679 [556[1.99]3.54] 612 |
Cigq 2979 ]29.46 35.70141.92|4B.75|51.26 3583 45399 |3543|37.73/334839.43
Cro, | 43.53 [43.04[29.44] 7.22]19.38]14.97|36.71] 1369 [3168]969 456814 0f
Ceus | 100 (0851741811071 (05710511 063 1038 127)1.19] 0.47
Tu 78.61 [75.00[67.66|54.68]71.03[69.19]74.84] £2.93 [69.59/5300]82561/57.58
Ts 2064 [23.48|3370]50.64|3293[35.56 /28 69| 33.90 [3471]41.42[2247[38.82
Tu/Ts| 3.71:1 [3.8:1 2.01:1‘1.08‘1 216:1(1.894:1/2611| 1.861 2.(130. 1?5_ 3?3- 14871}
Du 120 |1.18 7072080 083]110] 075 [099]0.61/139] 0.69

Q/LR.| 068 |0€8 121|581 [252]342

099 |

336

[112]389]0.73] 2.82 |
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Table (7); Fatty acids composition of uninoculated and inoculated
soybean ot by Aspergillus niger and Penicillium spp stored
for six months at 5 and 30C under 7.3 and 11.8 as moisture

content.

\ T noculated fungi
) Uninoculatede | A, piger | Penicillium ’ijgla}e,de A niger iPenicm‘ium

Fatty control & sp contro | sp

acids orage temperature (C) 1

59¢ | 30°C
Moisture content%

! 73 (11873 11873 (MAT 731118 73 THiel 73 v1s
Cep | 0-60 0.25 [ 0.58 10,72
Cqg 0.0 0.50 0.60 ]
iCaq 028 | 035 (051 064 047 jo60l088lo14]078
T&T' 0.56 | 263 030 f‘ J
Cirq 0.50]0.73 100 | 0.16 1.52]
Cus 1291 092 0407159 {1301 115t 017 102070281083 [ 0.2 |
Ciza 0.08 | 0.41 008 | ﬂng 030 ] 0.04
Ciay 085 1] |
Crag 060 | 023 013] 021 [dag 033028 033 [ 077 | 018 | 0.84
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