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ABSTRACT

Soybean flour obtained from Clark and Crowford soybean
seeds was subjected to different heat treatments. heat alone
or after addition of either sodium sulfite or cysteine. Heat
alone {inactivated about 64 to 70 %of the trypsin inhibitors
content. In contrast exposing soy flour to the same temper-
ature (75°C for 1lhr) in the presence of 0.03 (M) scdium sul-
fite reduced the activity of trypsin iphibitor content to
about zero . Addition of 0.128(M) cysteine to the flour and
heating at 73°C for lhr inactivated about 90 to 93% of the
trypsin inhibitor.

The polyacrylamide gel electrophoresis (PAGE) protein
patterns showed that most of the polypeptide destruction
effect was noticed at high polarity molecules especially
heat treatments without any addition. Heating soyflour for
lhr in the presence of 0.03 (M) Na:2S03 or cysteine showed
less destruction of polypeptide chains and appearance of new
bands.

Molecular weights of soybean flour protein subunits
extracted after different heating treatments. as determined
by SDS-PAGE, showed that heating soyflour for lhr over 45 °C
lead to disappearance of high molecular weight units
(between 93,000 and 60,000 D). Addition of either 0,03(M)
Na2803 or 0.128 (M) cysteine to soyflour and heating for 1lhr
showed very slight reduction in some high molecular weight
subunits.

The digestibility index of the raw soy flour was
improved by increasing heating temperature, especilally after
treatment of soyflour with either 0.03 (M) Na:503 or 0.128
(M) cysteine and heating to 100 °C for 1lhr

Amino acid patterns showed that addition of either 0.03
(M) Na2503 or 0.128 (M) cysteine to soy flour and heating
prevent to some extent the destruction of some amino acids
and increased the sulfur amino acids. Therefore the amounts
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of essential and non-essential amino acids were nearly
closed +to their amount in the native soy €£lour espe—
cially in case of heating at 65 °C for lhr

INTRODUCTION

The limited supply. the balance between the world food
supply and the population are one of the major prcblems of
the Twentienth century. Due to the high cost of the animal
protein, especially in developing countries, attention was
directed toward plant protein.

In Egypt much attention has been paid to soybean culti-
vation especially in new reclaimed areas to cover the short-
age in protein and edible oil consumption. In 1991 the total
area cultivated with soybean was 105792 feddan.

Soybean seeds contain the highest amount of protein (35
-45%) 1in Leguminosae. This relatively abundant, inexpensive
and good quality protein is being utilized in human food in
a variety of forms including flour, soybean concentrates and
soy protein isclate. While, the soybean contains a highly
quality protein, it also contains various anti-nutritional
factors which elicite diverse nutritional, biological and
physiological response in animals (Rackis, 1972). Raw soyb-
ean inhibits growth, depress metabolizable energy and fat
absorption , reduce protein digestibility, cause pancreatic
hypertrophy, and reduce amino acids, vitamins and minerals
availability (Rackis, 1965, 1972 and 1974).

One of the antinutritional factors which received the
most investigation is the trypsin inhibitors which account
for 30 - 50 % of the growth inhibitory effect of raw soybean
meal and for nearly all the pancreatic hypertrophic response
in affected animals.

Friedman et al. (1984) found that soyflcour contained 37
+2.66 mg /g trypsin inhibitors. Friedman and Gumbmann (1986)
found that soyflour contained 50.4 trypsin inhibitor units/g
samples . Safwat (1985) noted that the varieties Clark, Cal-
land , and Colombous exhibited high effect in its antitryp-
sin activity. Salama (1988) studied trypsin inhibitor acti-
vities of some legume seeds and found that soybean seeds had
the highest values followed by dry bean.

Birk (1961) studied the effect of heat treatments on
purified trypsin inhibitor of soybean at various
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temperatures for different periods. His results indicated a
noticed loss of inhibitor activity after autoclaving for 20
min. at, 1lbs/In?.

Friedman et al.(1982) heated soyflour in an aqueous
medium from 25 to 93°C for one hr. The heat alone does not
begin tc inactivate the inhibitor until about 55 °C(around
10% 1inactivation). In contrast ., inactivation in the pres-
ence of N-acetyl cysteine proceeded more rapidly, since 70%
of inactivation occurred at 55°C and 94% at 85°C.

Friedman et al. (1984) found that heating soyflour at
45°C in pH 8.5 tris buffer for 1lhr, 1in +the presence of
L-cysteine and N-acetyl - L-cysteine followed by dialysis to
remove unreacted thiols resulted in the introduction of new
half-cystine residues and lowered trypsin inhibitor content
from 37.5 to 9.8 mg/g. While, protein efficiency ratic
increased from 0.95 to 2.01 or 2.2, respectively

Friedman and Gumbmann (1986) found that treatment of raw
soyflour at 75°C with 0.03 (M) sodium sulfite for one hr
inactivated +trypsin inhibitors completely leaving no sul-
fite residues in the soy proteins. They added that the
action of sulfite ions on the protein molecule might lead to
an improve in its quality by cleaving the protein disulfide
bonds to form a thiol anion (P-S) and S-sulfocysteine
derivative (P-S-S-S03)-, which can interact further with the
generated (P-S)- to form a new disulfide bond and (So3) ?
The net effect of this reaction 1is the rearrangement of
protein disulfide bonds which was catalyzed in general by
(So3)-?2 ions.

The aim of this research is to study the improvement of
soy flour protein +through different heat treatments for
inactivation trypsin inhibitors and evaluation of their
nutritional value.

MATERIALS AND METHODS

Materials:
Soybean seeds (Clark and Crowford varieties) were
obtained from Agric Res Center Giza The seeds were

cleaned and finely ground

Hexane (B.p. 40 -60°C) was used for the extraction of
oll from the ground seeds by immersing in an extractor to
get rid of the existed fat The solvent was removed by
evaporation in a rotavapor to obtain the scyflour samples
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Heat treatments on soybean flours:

Scyflour samples were heated at 45, 65, 75, and 100 °C
for 1hr in the absence and presence of 0.128 (M) of cysteine
according to method described by Friedman et al. (1984).

Anothar heat treatment under the same abovementioned
temperatures and period of heating was carried out in the
presence of 0.015, 0.03 and 0.06 (M) scdium sulfite, accord-
ing to Friedman and Gumbmann (1986).

Extraction of proteins

Defatted soybean flour was extracted using 0.02(N) NaOH
according to the method described by Melnychyn and Wollcott
(1971). The supernatant was adjusted to the iso—electric
point (I.E.P.) of the protein . The precipitate was washed
twice by distilled water, centrifuged then dried under high
vacum at 45 °C.

Analytical methods:

Determination of trypsin inhibiter activity was measured
according to the method described by Hamerstrand et al.
(1981) using benzoyl -DL arginie - p - nitroanilide hydroch-
loride (BAPA) as synthetic substrate for trypsin.

Quantitative determination of amino acids were carried
out according to Moore et al. (1958) wusing Bechman amino
acid analyzer Model 121.

Determination of (In-vitro) digestibility index for
soybean flour protein was accomplished according to the
method described by Ford and Salter (1966)

Electrophoretical determination for soybean flour
protein of Clark and Crowford varieties were carried out by
using polyacrylamide gel electrophoresis (PAGE) .

Molecular weights of the subunits of protein extracted
from soybean flour was determined by wusing sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS—-PAGE)
according to the method described by Laemmli (1970) with
some modifications. Slab gel was used instead of tube gel.
Dimension of the slab gel was 11.5 cm (length )x11.5 cm
(width) x1.0 mm (thickness ). A custam - build apparatus
unit which was similar to +the Hoffer SE 500 vertical slab
unit was used.
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RESULTS AND DISCUSSIONS

I : Effect of heating treatments on trypsin inhibitor acti-
vity of soy flour:
The results concerning the effect of different heating
treatments on both soy flour varieties are illustrated in
Table (1).

The obtained results show that treatment of soy flour
with heating alone does not inactivate all trypsin inhibi-
tor. On the other hand , the amount of heat required to
destroy trypsin inhibitors 1in soybean flour may destroy
lysine and sulfur-containing amino acids and induce browning
reactions (Rios Lriarte and Barnes 1966)

Treatment of soy flour at 100°C with 0.03 and 0.06 (M)
sodium sulfite for lhr reduced the trypsin inhibitor content
to zero. Also, the results show that reduction trypsin acti-
vity by increasing the sulfite concentration up to 0.06 (M)
was limited comparing with 0.03 (M). It should be noticed
that a graded response to increasing sulfite concentration
was not evident and the essentially full improvement in pro-
tein quality occurred with low sulfite level (0.03M). And
hence ., it could be concluded that heating of soyflour in
the presence of sodium sulfite is highly effective in facil-
itating inactivation of trypsin inhibitors in soy products.
The obtained results are in agreement with those reported by
Friedman and Gumbmann (1986). Heat plus sulfite may act syn-
ergistically in improving the nutritional quality of soy
flour Disulfide bonds of trypsin inhibitors and struc-
tural proteins in soyflour may be rearranged by the cata-
lytic action of sulfite 1ions to produce new structural

entities without altering the amino acid composition
(Friedman 1973; Stevens 1973; Wedzicha. 1984) Also, the
new structures may lose their ability to complex with tryp-
sin (Friedman and Gumbmann 1986)

The results in Table (1) 1illustrate that heating soy
flour at 75°C and 100°C for lhr in the presence of cysteine
(0.128M) inactivated the trypsin inhibitor activity to 7.32,
3.88% in the case of Clark variety and 9 38 521 % 1in
Crowford variety These results prove that treatment of soy
flour with cysteine form new half-cystine residues 1into
native proteins with a corresponding improvement cf nutri-
tional quality
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From the economical point of view, heating of soy flour
at 75°C with 0.03(M) sodium sulfite for 1lhr is the most
effective and suitable treatment since cysteine 1is more
expensive and less effective.

II: Effect of soyflour heating on PAGE patterns of soybean
protein extraction:

Soybean protein Clark and Crowford varieties wunder
investigation were extracted by NaOH (0.02N) and separated
electrophoretically. Polyacryalmide gel electrophoresis
(PAGE) separated each protein to 12 staining bands. The
effect of heat treatments at 45 , 65, 75 and 100°C for 1lhr
on the extracted proteins are illustrated in Fig. (1,A)
which show a gradual reduction in the number of the gsepar-
ated bands by increasing heat temperature up to 75 °C.

Samples heated at 45°C showed the presence of 10 bands
and decreased 6 bands by heating at 65°C. At 75°C and 100°C
only 4 stable bands were noticed (bands 6,7.9 and 10) in
both Clark and Crowford varieties. This observation may be
due to the destructive effect of heat treatments, on high
molecular weight peptides, to yield a lower molecular weight
peptide chains, because, no destructive effect was noticed
in the low molecular weight molecules.

Also, the effect of different heat temperatures for 1lhr
in the presence of 0.03 (M) Na2SO3 or 0.128 (M) cysteine on
the extracted soybean protein was electrophoretically stu-
died and illustrated in Fig. (1, B.C).

The obtained results indicate that heating soy flour for
lhr in the presence of sodium sulfite (0.03M) at 65 °C
showed the presence of 7 bands Fig. (1,B ). In addition, it
was noticed that some bands were stable to heat treatments.
New bands were formed and others disappeared. This observa-
tion may be attributed to that structural proteins 1in soy
flour may be rearranged by the catalytic action of sulfite
ions to produce new structural entities without altering
amino acids composition (Friedman = 1973 and Wedzicha
,1984).

Polyacrylamide gel electrophoresis patterns of soybean
flour protein extraction after heat treatments in the pres-
ence of cysteine (0.128 M) indicated the presence of 10
bands at 45 °C (Fig .,1,C) . The number of bands decreased
to 8 and 7 when the samples were heated at 65 75 and
100°C Results also show that addition of cysteine to soy
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flour decreased the destructive effect of heat on proteins
This may be according to the fact established before by
Friedman et al (1984) that heating soy flour 1in the
presence of cysteine modified the proteins through the for-
mation of mixed disulfide bonds which leads to less destruc-
tion of the polypeptide chains and appearance of new bands.

III: Effect of heating soy flour on the extracted protein
subunits

Polyacrylamide gel electrophoresis in the presence of
the detergent sodium dodecyl sulfate (SDS—PADGE) was used to
determine the subunits molecular weights of the protein
extracted from soybean flour after different heat treat-
ments. The SDS-PAGE polypeptide patterns of the overall
polypeptides in soybean protein together with protein stan-
dards are shown in Fig. (2).

The extracted protein of control samples (unheated Clark
and Crowford soy flour proteins) showed the presence of 12
subunits with molecular weight ranging from 89,000 to 18,000
(D) in Clark flour variety and 93,000 to 18,000 (D) in Crow-
ford variety. The staining intensity of +these bands were
stable when heated at 45°C for 1hr except band number 1 in
case of Crowford soy flour protein which disappeared.

Table (2) and Fig. (2,A) illustrate the effect of heat-
ing temperatures 1i,e. 45, 65, 75, and 100 °C for lhr on
molecular weights of soy bean flour protein subunits. The
obtained results show that noticeable reduction in the num-
ber of the extracted protein was observed when the soy flour
was heated to temperatures more than 45 °C . The SDS- PAGE
patterns illustrate that heating soy flour over 45 °C caused
a reduction in the intensity of some bands and disappearance
of high molecular weight subunits (between 93,000 and 60,000
D). This is due to the destruction of high molecules (Mw) to
lower molecules (Mw).

The data concerning the effect of different heat temper-
atures (45, 65, 75 and 100 °C for 1lhr ) on Clark and Crow-
ford soybean flour protein subunits 1in the presence of
(0.03M) Na:S03 are shown in Table (3) and illustrated in
Fig. (2,B). By comparing the SDS-PAGE pattern of this heat
treatment with that obtained in heating alone (Fig, 2,A; and
Table 2) , it was noticed that addition of Na:SO; (0.03M)
stop to some extent the destruction effect of heat on pro-
tein molecule. Therefore high molecular weight subunits
(between 90,000 and 60,000D) were very slightly affected.



31(1), 1993.

Vol.

Annals of Agric. Sc., Hoshtohor,

mm==  m=ee === 00041  000LT -——- - ----  000L1 000LI 21
0006T 00061 00061 00061 00067 00061 00061 0006T 00061 00061  TI
0062Z¢ 00022 00022 00062 00062 0002Z2 00022 00022 00022 000¢C¢ 01
0006€ 0006 0006E  0008E 0008  0000E 0000E 0000€ OOOLE  000LE 6
0001V 0001V 0001V 0001V 0001% 0001Y 0001V 0001V 0006¢€ 0006¢ 8

====  ====  ===-=  000€S  000£S 000LS 000LS 000LS 0O00ES  0OOES L
000€9  000£9 ——— === 00085 00009 00009 9

e b i 0000L 0000L ————— = i 00069 00069 S
e— ST m——— 000SL 00084 == e i 0002ZL 0002CL 14
mmm= meee —=—= 00018 00018 -—-- -===  ====  0006L 0006L 3
———— - --= 00068 00068 ———— -===  -===  000E8 000E8 z
m——— meee eeee -=~ 0006 ———- -===  =-== 00068 00068 1

J0 00T Do SL Jo 69 Do GF 30 001 Jo SL Jo S9 Do SF¥
TR WY EmusE T suTneey emues

KISTIVA DIOIRSYS B 13 & 7.9 & { & ¢+ JRN— puwg

a1y 1 o3 bBuyzeey

276

IUSIABIITP I® UVOTIORIIXS 8ITUNgNE ureloxd uraqhos jo sIrybjem refnoeToW (z ) erqgel



277

Improvement of soybean flour proteins

——— - ———— ————— 000L1 semme  moees S e 000LT A
0000¢ 00002 00002 00002 00061 00002 00002 00002 00002 00061 11
000S7 00082 000682 00082 000GZ 000¢€? 000€? 000¢€e 000€Z 00022 01
0008¢ 0008¢ 0008¢ 0008¢ 0008t 0009¢€ 0009¢ 0009¢€ 0009¢ 0o0o0LE 6

s = ————- ————- 0001V ——— ————— m————— ——— 0006¢ 8
000¢€S 000€S 000SS 000€S 000¢€s 0000S 0000¢ 0000¢ 0000¢S 0G0ES L
00059 00059 000S9 00069 000€9 000LS 000LS 000LS 000LS 00009 9
e S S SRS 0000L e e S ——— 00069 G
000SL 0006L 000GL 000%GL 0006L 000¢CL 0002ZL 0002, 0002L 000ZL 14
00018 00018 00018 00018 00018 0006L 0006L 0006L 0006L 0006L €
00088 00088 00088 00088 00088 000€8 000¢€8 000€8 000¢8 0008¢ g
Sesys ol Eoee— ———— 000€6 et S ==== Seme 00068 1
Jo 001 Jdo SL OJo0 S9 Jo SV Jo 001 Jdo 6L Jdo S9 Do &V

tosleN WEQ'0 +butieey TOIUGC)H €osZeN wWeQ°o+buTaesH 1033U0) pued

KjeTavA piogmoid

Rretaea xaetrd

*€osteN Tow £0°0 Y3aITm buraeey
jueIe3IITP I uoT3oRIAIX® 83TUNgNns uTsjoad ueeqAos Jo ejybrem awtnoejoW (€ ) erqel



278 Anuals of Agric. Sc., Moshtohor, Vol. 31(1), 1993.

¥ : Clark variety II3 Crowford variety

,q“ L L I

12345 12345

Fig. ( 2 , A ) Heating only .

1)
2)
3 )
L)
5)

Sample without heating .
Heating at HSOC .
Heating at 6500 .
Heating at 7500 .
Jeating at 100°C .

1234 1234 1234 1234

Fig. ( 2 , B ) Heating in the prescuce. Fig. (2, C) He:ting in the

of 0.0% mol. Naaso3 . presence of
0.128M cyeteine
1) Heating at 45°C . 2 ) Reating at 65°C .
3 ) Heating at 7500 = 4 ) Heating at TOOOC .

Fig. (2, A ,B ,C ) t SDS - PAGE patterns of soybean flour proteins ext-

e traction after heating treatments for 1hr.



Improvement of soybean flour proteins 279

Data 1in Table (4) and Fig.(2, C) show the effect of
heating soy flour Clark and Crowford varieties in the pres-—
ence of (0.128 M) cysteine at different heat temperatures on
the extracted protein subunits. The results indicate that
the heated samples had 8 subunits with molecular weights
ranging from 87,000 to 20,000 (D) for both varieties . On
other words Clark and Crowford proteins showed a disappear-—
ance of four subunits 1.e. 4,7,11.12,for the former and
1,7,10,12 for the latter ones. Molecular weights of other
subunits were decreased owing to the formation of new half
cystine peptide residues. These results confirm the idea
that heating soy flour in the presence of cysteine modified
the structure (Friedman et al. 1984).

IV: Effect of heat treatments on soybean flour protein
digestibility:
Data in Table (5) show the effect of different heating
treatments for 1lhr on soy flour protein digestibility index.

The obtained results indicated that digestibility index
of the native flour were 72 (Clark) and 71.7 (Crowford )
then were improved by increasing heat temperature. There-
fore, in both varieties the highest digestibility index i.e.
80.10 and 78.23 were observed after heat treatment at 100°C
for lhr . Such improvement could be partially attributed to
protein denaturation which improves protein susceptibility
to enzyme attack. Furthermore, inactivation of the trypsin
inhibitors would certainly improve in- vitro protein diges-
tibility (Metry et al.,1985). Such results are in agreement
with that reported by Sathe and Salunkhe (1981).

Heat plus sulfite increased the protein digestibility
and improved the nutritional quality of soy flour. Increas-
ing sulfite concentration showed slight increment in diges-
tibility index. The most suitable improvement in protein
quality occurred with the sulfite level of (0.03M) at 75°C
for 1hr for both Clark and Crowford varieties. These results
may be attributed +to the proteins modification through a
rearrangement of protein disulfide bonds catalyzed by Sos =
ions. This modification 1leads to loss inhibitory activity
and increased protein digestibility and nutritive values
(Friedman et al .,1984). These results are in agreement

with those reported by Friedman and Gumbman (1986) .

Heat plus cysteine treatment of soy flour Clark and
Crowford varieties increased protein digestibility comparing
with heat treatments alone The optimum conditions for
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Table(5)s BZfect of the heating treatmenta(1hr) om seoyflour protein
digeatibility index .

Heat ent _Clagk variety Crowford vagety,
Without Na2503 Cysteine | Without NaS03 Cysteine
any S any
additatives 0.01SM 0.03M 006M 0.128M dditatives 0.015M 0.03 M 006M  0.128M

Without heating | 72.00 -- .- .- - 71.70

Heating (450C) |73.30 80.09 82.03 82.03 82.03 72.00 77.83 78.11 79.00 8311

Heating (65°C) |75.90 81.73 82.51 83.19 83.19 . | 73.21 80.81 81.71 81.75 84.41

Heating (750C) | 77.50 83.14 84.90 84.93 84.93 74.91 82.14 83.8 84.28 85.03

Heating (100 °C) | 80.10 84.15 85.11 84.95 84.95 8.3 84.21 85 10 ]S 31 85.81

Pable (6) 3 Bffect of the heating treatmenta for(7thr)en the protein amino
acids percentage(g/100g protein) of soyflour(Clark variety )
Amino Withowt Heating Heating in the presence of | Heating in the presence of
acids heating (0.03 M) NaS03 (0.125 M) cysteine.
65 °C 190€ 65 °C 759C 63 9C 75 9C
EAA.
Lys 5.5 471 4.43 4.69 4.45 5.01 495
Leu. 6.3 6.33 5.56 6.38 5.88 6.24 5.89
Isolen. 4.52 3.39 3.19 3.40 335 3.19 3.45

Cys + Met.  [0.1441,69 0.10+0.98 [0.06+0.85 |0.16+0.96 |0.16+0.86 § 444178 1.40+ }.44

Phe. +Tyr. [ 5:45+4.21  |478+3.93  [4.5543.91 |4.92+4.19 4424395 1493381 |a82362

Thr. 3.83 3.74 3N 3.83 376 3.83 3.66

Val. 5.02 4.86 4458 5.1 488 5.24 4.36
‘His. 3.40 3.52 3.09 33 3.2¢1 RIRY 310
T.EAA. 39.81 35.94 34.60 36.97 35.72 38.57 36
NEAA.

Arg. 5.82 3.36 3.8 5.68 5.50 5.56 5.36
Asp 10.41 9.71 9.63 10.99 999 10.89 10.18
Glu. 15.25 19.99 13.81 1539 14.49 15.44 14.56
Ser 468 4.50 4.49 4.66 4.48 4,65 4.50
Pro. 922 9.88 974 1011 979 985 979

Gly 4.09 3.87 3.84 195 3.82 3IR7 A84

Ala. 4.41 433 421 435 426 (Y] 4.30

TNF.AA 53.88 52.64 52.08 SS.1S 32.3% ST 52.63

T.A.A. 93.69 88.58 86.63 92.12 88,05 9314 89 34
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maximum digestibility was noticed at 75°C for 1hr . These
results may be due to the formation new half -cysteine resi-
dues into native proteins which leads to loss its inhibitory
activity and incresased protein digestibility and nutritive
value (Friedman et al. , 1984).

v: Effect of bheat treatments on the amino acids of Clark
soybean flour:

Abd~El~-Aleem (1992) indicated that there is no differ-
ances in both varieties , i.e. Clark and Crowford, seeds and
protein isolate in their total , aromatic and basic amino
acids . On the other hand , Clark protein isolate contains
higher amount of essential amino acids . Amino acids content
of Clark soybean flour before and after different heat
treatments were determined and tabulated in Table (6).

Results show that heating soy flour (without any addita-
tives ) caused a slight decrease on essential and non-
essential amino acids . Although heating the flour at 75°C
was not noticed to have more destructive effect on the amino
acids than heating at 65°C.

The obtained results show that heating of flour in the
presence of 0.03 (M) Na:2503 prevented to some extent the
destruction of some amino acids (Table, 6). Consequently
the amount of the total essential amino acids was improved
and became similar to the amount in the native flour . Also
., heat treatment of soyflour at 65° C 1in the presence of
sodium sulfite (0.03M) ylelds a product better in its amino
acids content than that at 75°C. These results are in agree-
ment with +that reported by Friedman (1973) , Wedzicha
(1984), and Metry et al. (1985) on chick pea proteins.

Results in Table (6) illustrate that addition of cys-
teine to soy flour improved the amounts of sulfur amino
acids in the flour. The amounts of both cysteine and meth-
ionine increased from (0.10 and 0.98 ) to (1.44 and 1.78)
and from (0.06 and 0.85) to (1.40 and 1.44) on heating at
&65°C and 75°C , respectively. Also, the amounts of the
sessential amino acids 1is higher after cysteine treatment
than the heat treatment only (38.57 and 36.71% for the for-
mer, 35 .94 and 34.60 % for the latter ). On tlie other hand

the amounts of esssntial and non—essential amino acids are
clossd to its amount in the native soy flour protein It can
be concluded that addition of cysteine to soy flour protect
protein aminc acids destruction wunder heat treatment and
enrichment the sulfur amino acids of the flour These
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results are in agreement with those reported by Friedman
(1973) and Wedzicha (1984).
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