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ABSTRACT

Seeds of two soybean (Glycine max L ) varieties, Clark
and Crawford were wused to study the effect of microwave
heating and soaking in either water or 0.03 M sodium sulfite
solution followed by heating for 1 hr at 70 °C on trypsin
inhibitor activity. protein digestibility protein sub-—units
and amino acids content.

Microwave heating for 9.0 min. after socaking the seeds
for 1 hr. resulted in 93% inactivation of trypsin inhibitor
activity. Soaking seeds for two hrs in water or in 0.03 M
sodium sulfite solution followed by heating for one hr. at
70°C inactivated about 50 and 75% of trypsin inhibitor acti-
vity respectively for both Clark and Crawford varieties.
Microwave heating improved protein digestibility. Soaking
seeds in sodium sulfite solution showed better digestibility
percentage than soaking in water Sodium Dodecyl Sulphate-
Poly-Acrylamide Gel Electrophoresis (SDS-PAGE) pattern of
the extracted protein exposed to microwave heat treatment
showed a great destruction effect on protein subunits espe-
cially those of high molecular weights After 6.0 min. .
more than 80% of the protein subunits were disappeared. Pro-
longing microwave heating time showed more destruction in
the total amino acids., while soaking seeds in either water
or 0.03 M sodium sulfite showed better amino acids pattern,
which was approximately similar to those of the control

INTRODUCTION

Legume seeds contain a wide range of constituents which
have adverse effect on enzyme activity digestibility.
nutrition and health The inhibitors of digestive enzymes
are common constituents of legumenous seeds which reduce
protein digestibility. depress growth and cause pancreatic

hypertrophy (Liener 1976) Various methods of heating
including toasting (Gardner 1975) dry roasting (Johnson
et al. 1980 heating in boi1'ing water (Col.ins and Beaty

1980) and micronization ‘Hutton and Foxcroft 1975) have



288 Annals of Agric. Sc., Moshtohor, Vol. 31(1), 1993.

been used to improve the nutritional value of soybean seeds.
However, little is known about the effect of microwave under
different heating time and moisture content on trypsin inhi-
bitor and nutritional wvalue of soybean seeds protein.
Youssef, et al., (1985) repcrted that microwave heating of
soybean seeds for 9.0 min. greatly decreased its protein
solubility in different solvents. They also reported that
protein digestibility in-vivo were 73, 84, 87 and 81 % when
the seeds were heated by microwave for 0, 9, 12 and 15 min.,
respectively. Hiromi and Goro (1988) showed that trypsin
inhibitor in the whole soybean seeds (Okuhara variety)
exposed at different levels of moisture content to microwave
heat at frequency of 2450 MHZ were differently inactivated
trypsin inhibitor. Hewedy (1990), studied the effect of
microwave on the whole soybean seeds Clark variety at dif-
ferent moisture content through heating for various periods
(2, 4 and 6 min.). He found that microwave heating of soyb-
ean seeds for 6 min. showed an increment in trypsin inhibi-

tor destruction. The increment of moisture content and
heating time significantly decreased both nitrogen and pro-
tein solubility. Tsukamota et al., (1983) noticed that

crude extract from kintoki bean lost approximately 90% of
its +trypsin inhibitor activity after heating at 100 °C for
60 min. Meantime, Gamal (1989) found that heating the whole
seeds in boiling water bath for 20 min. showed an inactiva-
tion of 93 and 83 % of trypsin inhibitor activity in early
green mature seeds (25 days after anthesis) and dry mature
seeds, 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 inhibitor completely leaving no sulfite
residues in the soy proteins. They added that the action of
sulfite ions on the protein molecule might 1lead to an
improve in its quality by cleaving the protein disulfide
bonds to form a thiol anion (P-S) and S-sulfocysteine deriv-
ative (P-S—-8-503) which can interact further with the gener-—
ated P-S to form a new disulfide bond and SOs. The net
effect of this reaction is the rearrangement of protein dis-
ulfide bonds which was catalyzed in general by S03 fons.

The aim of this investigation was to study the effect of
microwave heating +time at different moisture contents and
soaking soybean seeds either in water or in 0.03 M sodium
sulfite solution on trypsin inhibitor activity, digestibil-
ity index, protein subunits and amino acids content.
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MATERIALS AND METHODS

The seeds of Clark and Crawford soybean varieties were
obtained from Agriculture Research Center, Giza.

1- Microwave heating:

The seeds were cleaned and divided into three groups
according to their scaking time in water (0, 30 and 60 min.
at about 25 ©°C) then air dried at room temperature for 30
min. Each group was divided into four sub—groups which were
microwave heated for 3, 6, 9 and 12 min. A Moulinex micro-—
wave oven (serie FMI) generating 0.5 KW power at 2450 MHZ
was used in this study according to the method of Hiromi and
Goro (1988).

2—- Soaking soybean seeds either in water or in sodium sul-
fite:
Soybean seeds were soaked in water and in 0.03 M sodium
sulfite in the ratio 1 : 5 (w/v), for 0, 30, 60 and 120 min.
then heated at 70°C for one hr. and air dried.

The seeds from the previous treatments were ground and
the oil was extracted by hexane, filtered then air dried and
subjected to the following determinations.
1~ Trypsin inhibitor activity was determined as described

by Hamerstrand et al., (1981) using benzoyl-DL-arginine-

P-nitroanilide hydrochloride (BAPA) as synthetic sub-

strate for trypsin.

2—- Digestibility was carried out according to +the method
described by Ford and Salter (1966) and digestibility
index was determined as follows:

mg nitrogen in the supernatent
Digestibility indexs=--—---———r————m—— x100
Total nitrogen in the sample

3— Soybean protein was extracted from the defatted seeds by
using NaoH (0.02N). Soluble soyprotein was examined
electrophorytically through Sodium dodecyl sulfate-—
polyacrylamide gel electrophoresis (SDS-PAGE).Then it
was performed to determine the molecular weight of the
polypeptide chains according to Laemmli (1970) with some
modifications. Slab gel was used instead of tube gel.
Dimension of the slab gel was 11.5 cm x 11.5 cm x 1.0
mm (thickness). A custam-build apparatus unit which was
similar to the Hoffer SE 500 vertical slab unit was
used.
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The Pharmacia low Molecular weight (LMW) calibra-
tion kit provides six protein standards covering sub-
units molecular weight range from 14.000 to 94.000 KD
was used for constructing the calibration curve.

4- Quantitative determination of the amino acids was car-
ried out according to Moore et al., (1958) using Bechman
amino acid analyzer Model 121.

RESULTS AND DISCUSSION

Trypsin inhibitor activity, digestibility index, protein
subunits and amino acids content are factors affecting
soybean protein quality. The effect of microwave heating
and soaking either in water or in sodium sulfite followed by
heating on each of these factors was studied herein in an
attempt to identify the suitable treatment for improving the
nutritional value of soybean protein.

1—- Trypsin Inhibitor Activity:

The effect of microwave heating on trypsin inhibitor
activity of soybean seeds is shown in Table (1). Results
show +that microwave heating for 3 min. decreased trypsin
inhibitor rapidly in all treatments. After 6 min. notable
reduction in +trypsin activity was observed in the seeds of
both Clark and Crawford varieties. Trypsin inhibitor was
also decreased as soaking time 1increased and nine min.
microwave heating (after scaking for one hr.) inactivated
about 93% of the trypsin inhibitor. Microwave heating for
high moistured seeds (1 hr soaking) caused an increment in
inhibitor destraction, which indicate that hydroxyl radicals
are very efficient in inactivating trypsin inhibitor. These
results are in agreement with those reported by Hiromi and
Goro (1988) and Hewedy (1990).

The changes in soybean seeds trypsin inhibitor activity
occurred by soaking the seeds either in water or in 0.03 M
Na:503 followed by heating for one hr at 70°C are also
presented in Table (1). As soaking time progressed, gradual
reduction in trypsin inhibitor activity was noticed. Tryp—
sin inhibitor in the two varieties lost about 50 and 75 % of
its activity after soaking the seeds either in water or in
sodium sulfite solution, followed by heating for on hr at
70°C, respectively.

Therefore, those results suggest that soaking soybean
seeds in sodium sulfite solution is more effective for tryp-
ain inhibitor inactivation than soaking in water.
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Table (1): Effect of microwave heating and soaking soybean
seeds in water and in 0.03 M Na SO3 solution
followed by heating at 70°C for one %r on trypsin
inhibitor activity (TI) and protein digestibility

TI activity % Digestibility %

Bremborent e T

variety variety variety variety

Untreated seeds (control) 100.00 100.00 72.00 71.70

Microwave heating:
1- Heating only for; 3 min. 43.34 47.80 81.50 80.55
6 min. 30.64 28.88 83.91 83.12
9 min. 9.99 9.77 85.31 84.31
12 min. 3.87 6.19 86.17 85.81

2- Soaking in H,O0 for 30 min.
followed by %eating for:
3 min. 33.00 44 .29 82.31 82:03
6 min. 18.06 27.65 84.91 85.13
9 min. 6.77 9.12 85.90 86.12
12 min. 3.22 5.54 86.98 87.21

3~ Soaking in H,0 for 60 min.
followed by %eating for:
3 min. 26.91 35.07 82.44 83:17
6 min. 23.91 26.31 85.11 84.93

9 min. 6.06 6.81 85.61 86.22
12 min. 2.90 2.87 87.13 87.51
Unsoaked and heated 61.55 71.99 74.93 73.22
Soaked and heated:
1- Soaked in H,0 for:
30 min. and heated 71.32 78.44 74.93 73.22
60 min. and heated 58.07 56.46 74.94 73.43
120 min. and heated 53.85 51.81 75.90 74.67
2- Soaked in 0.03 M NaZSO for:
30 min. and heatea 42.96 48.52 77.13 74.81
60 min. and heated 35.41 39.40 78.04 7623

120 min. and heated 25.81 29.37 80.03 78.94
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2—- Protein Digestibility:

The effect of microwave heating on protein digestibility
of soybean seeds is shown in Table (1). Results show that
increasing microwave heating time improved protein digesti-
bility for both varieties. Soybean seeds with high moisture
content (scaked seeds) exhibited higher protein digestibil-
ity. This may be due to that the increment in seed moisture
content showed an increment in trypsin inhibitor destruction
and consequently improved digestibility. On the other hand,
microwave heating caused denaturation of the protein which
also increased its digestibility. These results are in
agreement with those of Youssef et al., (1985) and Hewedy
(1990).

Data presented in Table (1) also show that soaking the
seeds of the two varieties in water for 60 and 120 min.
slightly increased digestibility percentage while, soaking
seeds in 0.03 M Na:2503 solution for the same periods
resulted in notable increment in digestibility especially
Clark variety. The increment in protein digestibility is
parallel to inactivation of antitrypsin destruction. There-
fore, soaking followed by heating treatments, reduced inhi-
bitor activity and increased protein digestibility and its
nutritive values. The obtained results agree with those
reported by Friedman and Gumbman (1986) on soyflour protein.

3— Protein Subunits:

PAGE pattern of the soybean protein extraction of
soybean seeds microwave heated gave unsatisfied results. The
protein bands were intersectioned to each other and all
samples gave only one tailing band from +the anode +to the
cathode. This may be due to the destruction of the protein
chains. As shown in Table (2) and illustrated in Fig. (1),
the SDS—-PAGE of the extracted proteins of the unheated seeds
of Clark variety showed the presence of 12 subunits with
molecular weights ranged from 89.000 to 18.000 KD. On the
other hand, microwave heated seeds for 3 min. showed 6 sub-
units with molecular weights ranged from 79.000 to 19.000
KD. As microwave heating time progressed up, the number of
subunits was reduced till only one subunit at 12 min. micro-
wave heating time. Soaking soybean seeds in water for 30
and 60 min. and microwave heated showed also a reduction in
the number of the detected subunits.

Proteins of the unheated Crawford seeds variety had 12
subunits with molecular weights ranged from 93.000 to 18.000
KD. Remarkable reduction in the number of the separated
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clark variety crowford variety

Fig. ( 1 ) : SDS~PAGE patterns of soybean protein extraction after
microwave heating for clark and crowford varieties.
1,2,3,4 : Heating for 3,6,9,12 minutes .
5,6,7,8 : Heating for 3,6,9,12 minutes after 30 min.
soaking in HZO .
9,10,11,12 : Heating for 3,6,9,12, min. after 1hr

soaking in H,O
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Fig. ( 2 ) 3 SDS-PAGE patterns of socaking soybean seeds in tap water

or Naaso} solution and heating at 70°C for 1hr.

1 : Unsoaked sanmple
2,3,% : Soaking in 520 for 30,60,120 min.

5,6,7 : Soaking in Na2503 for 30 ,60 ,120 min.
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subunits was shown as microwave heating time increased. The
soaked and heated seeds for different periods were affected
by microwave heating especially the samples socaked for one
hr and heated for 6 min. In general, it could be concluded
that microwave heating causes a great destructive effect on
protein subunits especially those of high molecular weights
which were destructed +to lower molecular weight subunits.
Also, results show that after 6 min. of microwave heating in
different treatments, more than 80% of the protein subunits
were disappeared. The time of microwave heating was the
main factor affecting protein subunits while, soaking time
was not effective.

Data concerning the effect of soaking soybean seeds
(Clark and Crawford varieties) for 0, 30, 60 and 120 min. in
both water and sodium sulfite 0.03 M solution followed by
heating at 70 °C for one hr on protein subunits are shown in
Table (3) and illustrated in Fig. (2). The extracted pro-
tein of the unsocaked unheated (control) Clark seeds indicate
the presence of 12 subunits in its SDS-PAGE pattern. While,
the extracted protein of +the unscaked and heated seeds
showed the presence of 9 subunits with molecular weights
ranged from 85.000 to 20.000 KD. Also, there were similarity
in the SDS-PAGE patterns of the extracted proteins from the
soaked seeds in either water or sodium sulfite solution for
different periods and heated for one hr at 70 °C

The SDS—-PAGE pattern of the extracted protein from
Crawford seeds (control) indicated the presence of 12 sub-—
units. The unsoaked and heated seeds protein had remarkable
reduction in the number of subunits. It had 8 subunits with
molecular weights ranged from 79.000 to 20.000 KD while, the
soaked seeds 1in water and in sodium sulfite solution and
heated showed the presence of 11 subunits with molecular
weights ranged from 83.000 to 20.000 KD. Therefore, it
could be concluded that soaking soybean seeds followed by
heating for one hr at 70°C caused mild reduction in the
molecular weights of the extracted protein subunits. Also,
heat is the main factor affecting the protein subunits.

4— Amino Acids Content:
The results concerning the effect of microwave heating
at different times on amino acid composition of soybean

seeds Clark variety are shown in Table (4) Results indi-
cated that prolonging microwave heating time increased the
destruction of both essential and non-essential amino

acids. Also, sulfur amino acids decreased by 1increasing
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Table (3): Molecular weights of soybean protein subunits
soaked in water and in Na SO3 and heated at
70°C for one hr (as decarminei by SDS-PAGE, KD).

Un- Soaked in HZO for: Soaked in 0.03 M
Variety Band Control S°ked I _____fj‘_gs_o_'-‘_fii'____
and 30 60 120 30 60 120
heated min. min., min. min. min. min.
(and heated (and heated)
Clark (kD)
1 89 - - -- - - - -
2 83 85 85 85 85 85 85 85
3 79 79 79 79 79 79 79 79
4 72 75 75 15 75 75 75 75
5 69 70 70 70 70 70 70 70
6 60 64 64 64 64 64 64 64
7 53 54 54 54 54 54 54 54
8 39 48 48 48 48 48 48 48
9 37 39 39 39 39 39 39 39
10 22 20 20 20 20 20 20 20
11 19 = - - - - - -
12 18 - - - - - -— -—
Crawfoed
1 93 - - - - - - -
2 88 -— 83 83 83 83 83 83
3 81 79 79 79 79 79 79 79
4 75 72 72 72 72 72 72 72
5 70 - 69 69 69 69 69 69
6 63 64 64 64 64 64 64 64
7 53 60 60 60 60 60 60 60
8 41 56 56 56 56 56 56 56
9 38 40 40 40 40 40 40 40
10 25 26 26 26 26 26 26 26
11 20 20 20 20 20 20 20 20




297

Protein quality of microwaved & soaked soybean

76°16 L0°T6 0698 0g°"e6 S9°¢8 GL°06 69°€6 V'Vl
AN R LB"ES €516 £g " s SY'6eYy LB'EGS 88°¢€S 'V'V'N'L
£E6°¢ 00" % 00" Y% ey t6°¢ oe" % 7Y "B1Y
10"% 00" % 66 ¢ [ Tye 9% "¢ 60" % "k19
12701 L1701 11°01 266 886 £0°01 it 6 ‘ol1d
8S ¥ 9. % o1y 1 LLE GG Y 89" 195
16761 99°61 0g'st 08°6G1 90°6GI 966Gl ST'6Sl "N
€0°0T1 AN L9°6 €011 98°8 ¢L°01 I7°01 "dsy
68" "% €8 % 9¢" Y 06" Y% GG w SC°6 {8°6S *81y
V'VCEN
€L°8¢ 07 8¢ L6 %¢E L6°8¢ 0T %¢ 88°90¢ I18°6¢ ‘V'vratl
Lz ¢ ¢E g e 7€ L6 £Ee’¢e ov'¢ "STH
67°6 AR SG'Y £€L:s S8y ¢0’S ¢0°¢ “TBA
S9°¢ 99°¢ 0g"¢€ 88°¢€ iv'e 08¢ £8°¢ Tayy
61°%+96°'% G1°%+00°S 66°C+16°% 0T 7+00°G 8% €+91'% B8S €+9¢ % 17 'v+G1°S¢ "IL] + *3ayd
€9°1+401°0 TT'1490°0 16°0490°0 0T 1+91°0 G8°0+90°0 96°0+91°0 69°1+%1'0 "I + °SLD
GGy Sh'Y 0% % €S’y Vi) oSy A ‘hafosy
019 96°6S 779 LG"9 ¥1°9 97°'9 €°9 R
66" Y 91°¢ (AT : 66° " £6°¢€ 16°% S6° 6 "sA1q
Logley ut Cy ut
m:mﬂWOML.cﬂa mcﬂmmmw ‘uTw e gl Rt Turmogl TUTH
0€ 19313 1y Q¢ JI91jJe Iy peieay paiesy pa2ieay paieay SupiEey

3u0 103 J,0L dUO 103 D,0L
je paieay 1B pajeay

sljuamlesa] wcﬂxmom

lllllllllllllllllllllllllllllllllllllll Spide outwy

INOYITH

SJUlWILII] BABPMOIDTY

*(utesload 8 (gQr/8) 3IuL23IUOD pIdE OUTWE UO

1Yy 3duo 103 D,0/ e Butieay £q POMOT[OJ UOTIINTOS mOmNmz W €£€0°0 UT pue 1331eM
ul (A3@TIeA IBT)) Speds uesqhos 3JuTrxeOS pue Bullesay SABMOIDTIW JO 129337 :(¥%) ¥[qe]



298 Annals of Agric. Sc., Moshtohor, Vol. 31(1), 1993.

microwave heating time from 3 to 12 min. Microwave heating
after soaking the seeds for 30 min. in water showed favour-
able effect 1in protecting the amino acids which were
slightly affected. Therefore, high amount of amino acids
content was observed in the samples socaked in water for 30
min. followed by microwave heat for 3 min.

Data in Table (4) indicate that soaking soybean seeds
either 1in water or in sodium sulfite followed by heating at
70 °C had slight effect on amino acid content. Also, the
amount of essential and non-essential amino acids are simi-
lar to that of the control.

Soaking seeds in sodium sulfite for one hr show an
improvement in the amount of sulfur amino acids than soaking
in water. As a result, it could be concluded that socaking
the seeds in either water or in 0.03 M sodium sulfite solu-
tion had better amino acids pattern than that of microwave
heat treatments.
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