EFFECT OF SOAKING AND BOILING
ON CHEMICAL AND FUNCTIONAL

g@@ PROPERTIES OF SOYBEAN
@ Q CULTIVARS
)(
Journal Neven M. M. Mohmoud, Maha A. Mohmoud

and Gaafar, A. M.

J. Biol. Chem. Food Tech. Res. Inst. Agric. Res. Center, Giza, Egypt
Environ. Sci., 2008,
Vol. 3(2): 451-461
WwWw.acepsag.org

ABSTRACT

Variations among soybean cultivars in their chemical
compositions were detected in the present work. By using both boiling
and / or soaking methods, it was found that Giza 83 had highest
protein content than another seed cultivars. Fat content of whole
soybean seed cultivars ranged from 19.70 to 22.25. The cultivar of
clark had lowest content of trypsin inhibitor but highest content of
phytic acid and tanninis. Soaking and boiling treatments decreased the
content of protein, fat, ash and crude fiber contents both using water
or 0.5% NaHCOs;. The antinutritional factors in soybean seeds were
reduced by soaking and boiling processes either by water or 0.5%
NaHCO;. Concerning soybean cultivars, Giza 83 ranked as the most
cultivars having the highest foaming capacity followed by Clark, Giza
35 and Giza 22. Defatting soybean was the most treatment produced
the higher functional properties than whole soybean seeds in all
cultivars and all treatments.

INTRODUCTION

It is well established that soybean as a food legume crop has a
desirable effects on health, diet and consider as an excellent sources
for human and animal nutrition (Wolf and Cawon, 1975; Fomon and
Ziegler, 1979 and Mesina and Mesina, 1991). Breeding of soybean
cultivars for high quality is the principle aim for man investigators
(Greater et al.,, 2000 and Orf and Denny, 2000) Protein,
carbohydrates, fat, fiber, phytic acid and typsin are the most important
compounds desirable in soybean (Scrimshaw and Young, 1979).
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Therefore, selections for soybean cultivars for such compounds are the
safe, economic and stable method. Geater and Fehr, (2000) found
variation among 23 soybean cultivars in total sugar, protein, oil and
fiber. Also, Orf and Denny (2000) found that the new soybean
cultivars MN 1401 exhibited over 11 g /kg higher in protein and 4g/kg
lower in oil than seeds of parker cultivar.

Legume proteins are major components of the diet of food-
producing animals and are increasingly important in human nutrition.
Soybean is the most important legume in relation to total world grain
production and the most frequently used because of its high protein
content and relative cheapness (Wolf, 1970).

To utilize the dietary protein as ingredients in food industry, it is
necessary to investigate the functional and other properties of the
proteins. There are several reports concerning the functional
properties of soy protein products (BWP) however, some functional
properties of the proteins produced by different processing are
inconsistent. The term functionality as applied to food ingredients is
defined as any property, aside from nutritional attributes, that
influences ingredients usefulness in food. Most functional properties
affect the sensory characters of food (especially their texture
attributes) but also play major role in the physical behaviour of foods
or food ingredients during their preparation, processing, or storage
(Fox, 1982; Kinsella, 1982 and Acton et al., 1983).

The present investigation under taken to compare five
introduced and local soybean cultivars in their chemical composition
i.e. protein, carbohydrate, fat, fiber, ash, phytic acid, tannins and
trypsin inhibitor. Different methods of treatments were applied.

MATERIALS AND METHODS
Source of samples:
Soybean seeds (Clark Giza-35, Giza-83, Giza-22 and Giza-111)
varieties were obtained from Legume Research Department, Field
Crops Research Institute, Agricultural Research Center.

Preparation of samples:
Preparation of defatted soybean

Soybean seeds were cleaned then dehulled using Yakushin
(Hibean ) Model Yk-20 BD.The soybean were milled by using a
laboratory blenders, then the contained oil was extracted by n-Hexane
using Soxhlet apparatus . The obtained defatted soybean was milled
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by MDY mill to obtain flour. The defatted meal was air — dried for 24
hour at room temperature.

Soaking and boiling of whole soybean:

300 gm whole soybean was soaked in 1.2L both by water or
0.5% NaHCO;j for 8 hr, then drain and weigh were measured.

300 gm whole soybean was blenched 1.2L boiling both by water
or 0.5% NaHCOj; for 30min, then drain and weigh were measured.

Chemical analysis:

The prepared samples, whole soybean, and whole soybean
defatted, were conducted to the following chemical analysis: moisture,
crude protein, crude fiber, fat and ash contents according to A.O.A.C.
(1985). While, carbohydrate content was determined by difference.

Antinutritional factors:
Tannins (as tannic acid):

Total tannins were determined colorimetrically as described in
the AOAC (1985). One gram of sample was mixed with 50 ml
methanol in quiet closed conical flask and left for 20 hr at room
temperature (25 + 2°C). The mixture was centrifuged for 30 min at
3000 xg. the tannins in the supernatant were estimated using Folin-
Deins reagent. Spectrophotometer (Bausch and Lomb spectronic
2000) was used to measure the formed blue colour. Tannic acid was
used to prepare the standard curve.

Phytic acid:

The level of phytic acid was determined according to the method
of Wheeler and Ferrel (1971). The flour sample was extracted for 1 hr
with 3% TCA by mechanical shaking at room temperature. The
phytate content was precipitated by adding 2 mg of Fe™ " (FeCls) in
3% TCA then removed by centrifugation for 30 min at 3000 xg and
digested by concentrated HNO3s; and HCIO4 (1 : 1, v/ v) for two hours
(up to colourless). The phosphorus content was determined in the
digested solution according to the method of Taussky and Shorr
(1953). Phytic acid was calculated from the phosphorus: phytic acid
molecular ratio assuming that 660.08 is the molecular weight and Cs
Hig Oy4 Pg .the structural formula of phytic acid.
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Determination of trypsin inhibitor activity:
The trypsin inhibitor activity of flour samples was determined
according to the method of Kakade et al. (1969).

Functional properties methods
Water absorption:

It was measured according to the procedure of Sosulski (1962).
To 2 gram of the flour sample in a weighed centrifuge tube, 15 ml of
distilled water were added and the material suspended in water using
Vortex mixer for 1 min. After holding a period of 30 min, the tube
was centrifuged for 30 min at 3000 xg. The supernatant liquid was
discarded and the tube kept mouth down at an angle of 15 to 20 min in
an electric forced draught air oven at 50°C. It was allowed to drain
and dry for 25 min. Then it was kept in a desicator at 25 + 2°C and
subsequently weighed. Water absorption is expressed as the amount of
water retained by 100 gm of flour or protein.

Fat absorption:

The method of Sosulski et al. (1976) was followed. It was
performed as water absorption capacity using 10 ml of refined corn oil
instead of distilled water. The results are expressed as ml of oil
absorbed by 100 gm of flour.

RESULTS AND DISCUSSION

1. Chemical composition and antinutritional factors

Data in Table (1) show the proximate composition of whole soy
seed and their flours for different cultivars (Clark, Giza 35, Giza 83,
Giza 22 and Giza 111). Giza 83 and its flour had highest protein
content than another seed and its flour. But, the cultivar Clark had
lowest protein content than another cultivars. The fat content of whole
soybean seed cultivars ranged from 19.70 to 22.25 %. Ash content of
soybean cultivars was almost the same. However, Giza 111 cultivar
seed flour had lower ash than other seeds. Moreover, in all soy been
cultivars tested, whole soybean has lowest content than its flour
accepted the total carbohydrate content.

Table (1) illustrates some antinutritional factors found in the
different cultivars (Clark, Giza 35, Giza 83, Giza 22 and Giza 111)
seeds and defatted flours. phytic acids content was in the range of 1.68
for Giza 22 to 1.92 g/100gm for cultivar of Clark. Generally, the
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defatting and dehulling of soybean had decreased values of the total
phytic acid, tannins and trypsin inhibitor content. They found that, the
cultivar of clark had lower content of trypsin inhibitor but higher
content of phytic acid and tanninis. Meanwhile, the cultivar of Giza 22
had lower content of phytic acid and tanninis but higher content of
trypsin inhibitor.

Table (1) Chemical composition and antinutritional factors of
different cultivars of soybean seed and defatted flours.

Chemical Composition % (on dry weight) Antinutrition factors
Say bean Cultivars Protein Fat Ash Crudefiber  Carhohydrate’ Phyticacid  Tanins Trypsin
(g100z) (mz/100g) ()
Clark Whole 36.57 2147 6.40 781 21773 192 4232 115
Defatted 5134 104 6.97 84 241 153 3032 6.84
Gue Whole 3702 225 5.80 801 2692 179 39.63 822
¥ Defatted 5125 095 6.14 873 3191 139 2637 794
G Whole 4040 19.91 518 6.61 79 180 40.12 848
B Defatted 5220 078 597 112 1393 14 3057 801
G Whole 3881 20.59 320 6.4 1916 1.68 35.66 931
= Defatted 31.60 1.06 3.83 6.93 34.56 132 2481 8.97
. Whole 3793 19.70 430 5.78 3203 180 41.85 8.19
Cu pefted 5170 077 524 63 35.94 150 2097 183

* total carbohydrate by difference
¥ TIU: Trypsin mhibtor unit

Effect of Soaking on chemical composition of soybean cultivars

Chemical compositions of raw and soaked soybean seeds and
their flour are presented in Table (2). Soaking treatments decreased
the protein, fat, ash and crude fiber contents using either in water or
0.5% NaHCOs treatment. but the level of decreases by soaking in
water was lower than that of soaking in 0.5% NaHCO; These
decreases might be attributed to their diffusion into the soaking water.
Total carbohydrates of all cultivars were increased by soaking by both
of water or 0.5% NaHCOs; The differences in total protein or total
carbohydrate contents were observed among cooking processes of
soybean seeds. These observations are in agreement with those
reported by Bau et al. (1997) for soybeans.

Effect of boiling on chemical composition of soybean cultivars
Chemical compositions of raw and boiled soybean seeds and
their flour are presented in Table (3). Boiling treatments decreased the
protein, fat, ash and crude fiber contents by both of the water or 0.5%
NaHCO;. The trend of the results obtained from soaking methods
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(Table 2) was almost similar to that obtained from boiling. With minor
differences in the rank when Clark ranked the first followed by G35
and G83 while, G22 and G111 were the lowest. In this line, Orf and
Denny (2000) found that MN1401 soybean cultivar exhibited high
amount of protein than Parker cultivar.

Table (2) Effect of soaking on chemical composition of soy bean
cultivar flours. (on dry weight)

Protein Fat Ash Crude fiber Carhobydrate
Raw [ Sod* W** [Raw | Sod W JRaw | Sod W |Raw| Sod W |[Raw| Sod W
Whole 3657|3542 3604 (214712012 2115 640 | 635 624 | 781 [ 723 736 (27753386 20.01
Defatted | 5134 [49.04 5017 [ 1.04 | 095 100 | 697 | 688 638 [ 824 [ 785 798 32413528 3427
Whole 370213346 3645 (2225(2165 2203|380 [ 565 570 | 801 [ 768 798 (26922956 2784

Soy bean Cultivars

Clark

G Defatted | 5325 [ 5164 352090 095 | 075 078 | 6.14 | 621 605 | 875 | 834 861 (30913286 3247
. Whole 4040 (3925 3998119911832 193 | 318 | 500 510 | 661 | 643 615 |2792(3100 2047
G Defatted | 3220|3071 5125( 078 | 066 074 [ 597 (3590 595 [ 712 | 700 705 [3393]3573 3501
o Whole 388103735 3793 (2059 [ 1958 1987) 320 [ 500 512 [ 624 | 605 620 |29.16)32.02 3088
© Defatted | 53.60 (3135 5199 | 1.06 | 0.84 080 | 583 | 575 580 | 695 [ 672 685 [3256)3337 3436
G Whole 37931 366 3721 (1970 [ 1900 1936 450 [ 403 434 [ 578 | 535 556 32033505 3333
1

Defatted | 5170 [49.98 5034 0.77 ) 030 065 | 5.4 | 537 35100 635 | 605 618 [3594]3810 3173

* Sod: Sodim bicarbonate NaHCO; 0.5%
=W water

Table (3) Effect of boiling on chemical composition of soy bean
cultivar flours. (on dry weight)

Sor bean Culivars Protein Fat Ash Crude fiher Carhobydrate’
’ Raw| Sod W [Raw| Sod W |Raw| Sod W |Raw| Sed W |Raw| Sad W

Clark Whole 3657 (3325 3920214712036 2084|640 | 632 625 | 781 [ 713 724 (27753294 3173
Defatted S134 (4804 4875) 1.04 1 083 080 [ 697 690 662 | 824 | 780 781 [3241]3643 3592

G Whole 37023512 36111222502096 2013|580 [ 576 564 | 801 | 786 795 126923030 29.17
* Defatted 5325(3024 5089) 0951071 088 [ 614601 602|875 (845 851 (3091|3459 3BT

Ga Whole %040 3875 3936(1991 1801 1825 5.18 | 5.02 ?.14 6.61 | 638 647 [2792(31.84 3078
Defatted 220(50.16 3025] 078 1 069 069 597 | 581 573 | 712 | 685 693 [3393]3649 3638

G Whole 38813660 37.04]2059 11814 1846( 520 | 514 510 | 624 | 601 618 [29.16]3411 3182
= Defatted 53605035 5118) 1.06 ) 082 082|583 3562 582695675 680 [3256]3646 3538
Whole 3793 (3627 368101970 11851 188 [ 430 | 441 433 | 578 | 346 565 (32033490 3441

G Defatted SLT0 (4765 48340 077 ) 064 065 [ 524527 520 | 635 | 6.05 618 35944039 3963

* Sod: Sodivm bicarbonate 0.5%
#=W: water
Effect of soaking and boiling on antinutritional factors of soybean
cultivars

The antinutritional factors of raw and processed soybean seeds
and their defatted flour are shown in Table (4). Tannins and phytic
acid in soybean seeds were reduced by soaking and boiling processes
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by both of water or 0.5% NaHCOs. Similar results were obtained by
Vijayakumari et al. (2007) for Vigna aconitifolia and Vigna sinensis.
Dehulling and soaking processes were less effect than boiling
processes in reducing phytic acid and tannins. The highest reduction
of tannin and phytic acid have in cultivar G22. Trypsin inhibitor
activities were decreased by soaking and dehulling processes were
similarly completely destroyed by boiling processes. The effect of
soaking or boiling in 0.5% NaHCO; was higher effect than water.
Khalil and Mansour (1995) reported that boiling and autoclaving of
faba bean seeds completely eliminated trypsin inhibitor and
hemagglutinin activity. The destruction of the trypsin inhibitor or
reduction of tannins and phytic acid improved the digestibility of
protein. The antinutritional activity of tannins can be reduced by

processing or through breeding programms for low tannins. Aw and
Swanson (1985).

Table (4) Effect of soaking and boiling on antinutritional factors
of soy bean cultivar flours.

Phytic acid (g/100g) Tanins (mg/100g) Trypsin(TIU/g)
Say bean Cultivars Raw Soaking Boiling Raw Soaking Boiling Raw Soaking Boiling
Sod W |Sud W Sod W | Sud W Sodl W [Sud W
Clark Whole 192 {128 135101 120 [4232(2905 3000 (2345 2334 ) 715|432 495|064 087
Defatted 133 | 114 120 (098 110 {3032(1630 1703|1265 13.64| 684 | 315 433|010 025
. Whole 179121 130105 115 |3063(2523 2633|2017 2287|822 503 647|033 073
G Defatted 1391098 103 [ 087 098 |2637[1364 1439 (1068 1236 794 | 436 368|021 040
G Whole 180 [ 125 L32[ 103 115 (4012|2723 2850 2187 2355 | 848 | 541 685 ] 065 096
" Defatted 1421096 108 [ 075 095 |3057(1638 1700|1261 1396|801 | 516 668 | 030 032
G Whole 168 | 107 LI5S [ 086 096 |3366(2195 2243 (1769 19.01) 931|645 735 )08 098
" Defatted 1321085 100|075 090 |2481[1136 1255 | 900 1036897 |356 496|030 036
~ Whole 180 [ 124 109 [ 101 125 4183|2705 2863 (2185 2423|819 |3524 636|082 100
Cu Defatted 130 [ 105 LIS [ 082 094 (2007|1635 1728|1241 1330 783 | 475 601|035 068

* Sod: Sodium bicarbonate 0.5%
=W water

Effect of soaking and boiling on water absorption and foam
capacity of soy bean cultivars

Water binding or absorption is defined as the amount of water
(gm) which is retained by protein following filtration and application
of mild pressure or centrifugal force (Sosulski, 1962). Data in Table
(5) shows the properties of water absorption and foam capacity of the
tested cultivars. Differences among the treatments were noted. The
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cultivar of Giza 83 seed flour had highest of water absorption
capacity, meanwhile the lowest value for water absorption was for
cultivar Clark seed flour. The values for Giza 83 seed and defatted
flour were 4.15 and 5.64gm H,O/gm flour, respectively. In addition,
may be the conformational features of the proteins caused these
differences in water absorption capacity, also some other chemical
compounds rather than protein particularly starch and crude fibre may
take place in water binding capacity.

Foaming or whipping, i.e. the ability to form stable foams with
air, is an important functional property of proteins desirable in several
products such as cakes, sponge cakes, confectioneries, candy,
beverages..... etc (Kinsella, 1976). Concerning soybean cultivars, Giza
83 ranged as the most cultivars having the highest foaming capacity
followed by Clark, Giza 35 and Giza 22. Soybean defatted were the
most treatment having the higher foaming capacity than whole
soybean seeds in all cultivars and all treatments.

Table (5) Effect of soaking and boiling on water absorption and
foam capacity of soy bean cultivar flours.

Water absorption (gsm) Foam capacity (o volume inerease)
Soy bean Cultivars ] Soaking Bailing ) Soaking Boiling

R e W s W ™[5 W 5l W

Clark Whale 3251 315 3 | 28 29 70 69 68 68 67

Defatted 446 | 425 438 | 398 402 93 91 90 90 89

e Whale 34 330 348 | 314 320 68 67 66 66 66

" Defatted 486 | 455 480 | 416 442 91 91 90 g8 88

G Whale 415 | 402 402 | 386 388 7 70 70 68 68

Defatted 564 | 546 530 | A2 Anm 9 93 93 91 9

G Whale 3991 37 3m | 30 3R 67 64 65 83 61

Defatted 534 | 500 512 | 498 490 §7 87 85 87 84

G Whale 18| 36 36 | 32 350 66 61 60 39 59

' Deitted i 450 43 |4 M| w | on|wH o on
* Sod: Sodmm bicarbonate 0.5%

#*W: water

Effect of soaking and boiling on fat absorption

Data in Table (6) shows the properties of fat absorption and
emulsification capacity of the tested cultivars. The high oil absorption
capacity for Giza 83 followed by Giza 22, Giza 111, Giza 35 and
Clark. The treatments by soaking or boiling decreased the value of fat
absorption, the effect of treatment by 0.5 % NaHCO; was lower effect



J. Biol. Chem. Environ. Sci., 2008, 3(2), 451-461 459

than water on fat absorption. The oil absorption capacity is affected by
several factors, such as the protein content, the surface area, the
hydrophobicity, the charge and topography, the liquidity of the oil and
the method used. Also, oil absorption capacity of protein may depend
on its capacity to entrap the oil (Kinsella, 1976). The ability of protein
to bind fat is very important for such applications as meat replacers
because it enhances flavour retention and improves mouthfeel (Lin et
al., 1974).

Table (6) Effect of soaking and boiling on fat absorption and
emulsification capacity of soy bean cultivar flours.

Fat ahsorption gl o)
Soy hean Cultivars ) Soaking Boiling
Raw Sod W Sod W
Clark Whale 263 258 200 243 214
) Defatted 336 300 268 304 212
G35 Whale 202 244 215 265 200
. Defatted in 325 30 316 298
8 Whale 314 296 268 298 244
Defatted 425 412 384 412 376
o Whale 3.0 296 263 3.00 254
Defatted 400 358 34 375 3.05
i 705 28 2

Gl Whale 293 264 216 :.EEJ :.04
Defatted 3.86 3.56 305 3.4 3.00

* Sod: Sodmum bicarbonate (.5%

== W: water
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