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Comparison study of physicochemical properties of several

new varieties of soybean for processing and utilization
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Abstract

Eight varieties of soybeans (Bokwang, Kyungdong 3, L X 2.3, Suwon 146, Suwon 156, Suwon 157, Suwon 160, Suwon

162) were compared for the physicochemical and sensory properties. It was found that Kyungdong 3, a small beans,

showed the highest in protein content, protein dispersibility index (PDI), hydration rate, hardness after cooking and tofu

yield among the varieties. The Suwon 146, 160 and 162 were relatively high in protein content and germination rate but

low in hydration rate and beany flavor of soymilk. In spite of desirable physicochemical properties, Kyungdong 3 and

Suwon 160 may be limitted in the use for processed products because of their black or green coat color.
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Table 1. Chemical composition of soybeans

Soybean variety Moisture( %) Protein( % )* Lipid(%) CHO(%) Ash(%)
Bokawngkong 9.88 37.80 21.17 26.65 4.50
Kyungdong 3 8.73 40.43 19.50 26.50 4.84
Lix 2.3 7.87 38.70 20.67 27.77 4.99
Suwon 146 8.59 38.30 20.47 27.64 5.00
Suwon 156 9.25 38.40 20.77 26.90 4.68
Suwon 157 7.97 38.10 20.67 28.26 5.00
Suwon 160 9.35 39.80 20.00 25.85 5.00
Suwon 162 10.16 38.60 20.55 26.18 4.51
* N x 6.25

i A Fo i 84 DA ke S
PDI(Protein Dispersibility Index)zte Table 29} 7
o 484 A Poke 716~953% 9 WelE E3
Ztell 2 olE RAFL, A8 FolA 723F 30] 95.3
%Z 74 Fotod, L x 233 4 162&= 747 754
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BA $40 1570] 027g0 2 714 £& ¢ oo,
A% 337} M 28 ghe nelth =3 Aol FAel
AE wlsg A% dephe] AE 3, £9 1600] 73
e ke, 22w 44 1570] 14 £ 3He Bl

Table 2. Protein dispersibility index of soybeans

Soybean Bokawng-  kyung- L X 23 Suwon Suwon Suwon Suwon Suwon
variety  kong dong 3 146 156 157 160 162
PDI(%)* 80.0 95.3 75.4 82.3 82.3 80.3 82.0 71.6
. : i T
Water dispersibility protein( %) % 100

Total protein(%)
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Table 3. Description of soybeans

Soybean variety Weight of grain(g) Height (mm) Length (mm) Width (mm)
Bokawngkong 0.21 7.32 7.84 6.41
Kyung Dong 3 0.15 5.47 5.98 4.72
Lx23 0.20 6.98 7.48 5.83
Suwon 146 0.21 7.16 7.82 6.12
Suwon 156 0.24 712 7.81 5.98
Suwon 157 0.27 7.43 8.07 6.48
Suwon 160 0.18 6.07 6.55 5.34
Suwon 162 0.19 6.82 7.29 5.66

o 239 4 23

9 #9% 60mesh2 24)5}e] Hunter ‘L'(%7]),
‘Al (A—=A) 9 YA - ke 24 Ay
+ Table 49} Zch. L' gt B3Fo] 7h¢ £L 736
22 AgF 7 M HIT A% FHL ¥d 79
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o, #4157, $4 156, 4% 3 5& —02~1.69 ¥
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Table 4. Color of seed coat of soybeans

Soybean variety Color Li a b
Bokawngkong Yellow 76.3 3.4 17.5
Kyungdong 3 Black 32.6 0.5 1.6
L% 2.3 Yellow 74.5 3.9 18.2
Suwon 146 Yellow 71.3 3.8 17.9
Suwon 156 Black 32.8 0.2 1.3
Suwon 157 Black 31.6 0.2 0.2
Suwon 160 Green 64.5 -1.9 10.9
Suwon 162 Yellow 74.2 3.9 17.5

g}, wol& o} wholg-
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Table 5. Percent of germinated soybeans and rate of root growth for eight varieties of soybean

Bokawng- kyung- L x23  Suwon Suwon Suwon Suwon Suwon
kong dong 3 146 156 157 160 162
% Germination®*  93.25 100 92.50 91.75 90.75 91.25 100 100
Root growth 6.5 7.0 6.3 6.2 5.9 5.9 7.1 7.1
rate(cm/day)
% Germination Number of germinated soybean % 100

Number of total soybean
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soaking at various temperatures root of the soaking time of Kyungdong 3
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Table 6. Average values of water uptake rate constant of soybeans

Soaking water uptake rate constant (gH,0/min'/?)
temperature(°C)
Bokawng— Kyung- LXx23  Suwon Suwon Suwon Suwon Suwon
kong dong 3 146 156 157 160 162
4 0.045 0.049 0.045 0.047 0.045 0.041 0.055 0.044
20 0.063 0.073 0.065 0.065 0.069 0.060 0.071 0.069
40 0.081 0.095 0.079 0.084 0.075 0.079 0.089 0.074
60 0.167 0.198 0.171 0.167 0.145 0.133 0.181 0.163

dlME 41 146, 37T, 4 1605°] wE $25 B
Az, d& Lxdlde 4% 33 54 1600] 714 w3t
t}. Hou5 & 29 F54557) 550 o=t 2 zlolr}
od, chila g3 AJPAE RolA kot F
o =7)9} dUxope oRjF ARRA (r=—0.53, r=0.
59)& Raldy Bwsiga, 75VE T 3F5Y 3%
=5 vl v}, 277} AL 5] FEEFFSIL
2oz Rasg & A3 AR o]59 A
=¥ 4% )9t

T 5o 2 FEEFFERY Fo|d th3le Saio'®
£ 3749 2 24FY $Ro] £ T FEET
457} zejijy Husigon, Smiths'®e AR F
o) FRETE T4 A} 27 EF ek 2slo
FFE dethy Basgoh £ Al FASES

FEZ 7kl 2 AP ddled, FEEFSEdE v
g %S e Fioh

3) FEFTEEY £x99] B4

L8 FEETEEY ARE log(F55=)9 (1/
AYex)e A2 ZAF o, FAE 4°~60°CY
HeolA AAAAE 2o Arrhenius® A AHE-5 o]
TEETE A3}l A E A4 A= Table 73} 2
t} E59T AN® Aol 3,830~4,571cal/
mole®] W$2 A% 3] /M & & ¥4, 4
1560] 7}¢ & g& B4tk Leopold® & 39 7+
20°~40°Col 4] 42542 BAselLix)& 5,800cal
/moles]e}x gl ow, 7157 20°~60°Coll A9 &
39] A3}l A7} 6,370~6,650cal/moleo]2}r 3}
o B A§e] A3} v} 2 ke v

Table 7. Activation energy of water uptake of soybeans during soaking at 4°~60°C

Soybean Bokawng-  kyung- L x2:3 Suwon Suwon Suwon Suwon Suwon
variety  kong dong 3 146 156 157 160 162
Ea 4,293 4,571 4,370 4,150 3,830 3,852 3,399 4,287
(cal/mole)

4) 73z & oA AN

T2 47~98°C WA FAA7IEA 94T e
F(%)ol =23t= AR degts A2zt
FAZ =28, Fig. 59 2] & 7H9] M53< 60°C
A 2= F He] AARAE B FoUct. dibHe=
60°Coldolls: w4 skt 718718 dehlifiod,
60°ColgtellAle £ 718718 B, dATERF =

g3l A7ke] AR LEo it ¥ AFS S U
T it

Fig. 59 F 2AlolA], Quaste} da Silva® 7} A A3
FAA(2) 22 YA R3] 223 S
1/102 #&A)7)ed 293 255 Jehl= Z3e A
AWt A3zl= Table 83 2. F9 +3t%(%)7} 37F
& 55 Zgke Aasged, 4 1629 A 23
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30%, 40%, 50%9] =2sk= Zgke 77 103.0°C,
92.4°C, 89.4°C2A] t}2 EZ v} xolt}. zad A
sicha A7 s g 50%0] EEehs Zghe L x
2.3, 4 157, 591 160, 4% 3, < 156, 54 146
Lo 656°~73.6°C] Wedx, B3I} 44 162=
77} 79.8°Ce} 89.4°CE 715¥o] wx3 61.4°CHr}
£ A9 A3} 28 gE Bgon, 357 By
70.2° ~89.6°CHr}= wHe zhe B qr).

QLY.

A2AA 16417 Tt 37 F& Fe 24 =
A H2 F2A AA dstE 343 A3 Fig.
63z}, AubHel AuAe] Wshe Ze 7)o §43
A2l Sk Als Aol ot 2ejAzke] 3
A4 234 AL s F5EE 2 T 9
o a77} 71 AL AT 39 AdYe] /1% ¥, F
dzte 2717t 2% AL 7adte F 9t =27
7h 7 2 4 1570] 7P e g Bk 32 =
gk T QAR F9] JIAE ()= Al 3t

Table 8. Z-values of soybeans to reach different degrees of hydration during soaking at 4°~98°C

Soybean variety Degree of hydration(H,0)

Z-value (°C)

Ist. stage 2nd. stage
30 90.55 1091.89
Bokawngkong 40 88.05 1086.94
50 79.83 1086.91
30 80.98 873.00
Kyungdong 3 40 75.91 873.26
50 70.37 873.25
30 72.88 811.56
L x23 40 69.58 811.56
50 65.55 811.56
30 85.97 1398.35
Suwon 146 40 79.43 1398.37
50 73.56 1398.34
30 85.01 2033.00
Suwon 156 40 80.00 2033.00
50 73.40 2033.00
30 80.12 2348.34
Suwon 157 40 71.74 2243.06
50 67.52 2240.52
30 75.28 886.89
Suwon 160 40 74.08 874.17
50 73.07 874.17
30 103.03 916.86
Suwon 162 40 92.47 913.18
50 89.40 911.05
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Fig. 8 The rate of uncooked portion of Kyungdong
3 as a function of cooking temperature
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Table 9. Cooking rate constant of soybeans

Soybean variety

Cooking rate constant(min™')

1st. stage 2nd. stage
Bokawngkong - 0.0336 0.0058
Kyungdong 3 0.0299 0.0043
L x23 0.0342 0.0051
Suwon 146 0.0303 0.0050
Suwon 156 0.0327 0.0056
Suwon 157 0.0415 0.0036
Suwon 160 0.0373 0.0045
Suwon 162 0.0325 0.0052

3ot} HEAHo R TARF Ao, HANLE Zbe= A
% 3,79 156, 54 1578 Ao 42407 25
i 2 9%E wr LS ¢ F deH, ANLEs}
4°Cell 4 100°C2 3718 o H3oj =23 FF=e o
3.9~5u) o]qich. ubHe| Aol 9 7w Qe KB
FE, Lx23, 9 146, 34 16252 15~2u) A%
2 yeh} A% 3, £9 156, 7Y 1579 Ax8350) &
=9 el o Ad 5+ & 5 AUk

T 299 ArgEol i 229 Gk thste] 415
3 5% 0] 74T (Local 1)o2 AYPstde o, 74
o Suf % oF 10uje} zpolr} iy By sdEd), o
£ 2590 9F vlMsHA chste H4E £359
7] Bl AdlAe] MigEo] A5V Aur)
£olg7] wFolztn Az}, weby £ A Ao
2529 Baet v A% Bch =3 v
A7t 455 FYeo ek AHe 60R 0,
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Fig. 9. Changes in absorbance at 490nm of
soaking solutlon during soaking of hulls
of kyungdong 3 at various temperatures
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241 1469) 79 27+ 0.9982 0.994, <1 1569] 73+
Zt7t 0.985, 0.997, 44 1579 7% 7z 0.9813} 0.
947, 41 160¢] A% Z+7t 0.9983} 0.968, <1 1629
A 242 09903} 0.99824 ¥ ARATE 2o F
gk, o] A4o2 ¥ AL HagEe] BAsIUYA

Absorbance at 490nm

0 . ’
0 20 40 60 80 100

Temperature(°C)

' Fig. 10. Effect of temperature on the equilibrated
absorbance of soaking water for hulls of
Kyungdong 3 after 120min
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Fig. 11. Arrhenius plots of color plgments extractlon rate in soaking water for hulls of Kyungdong 3

(Table 10)= AAF (AT 3, +¢ 156, 4 157) 9]
AT AALE 60°CE FALR ALoAE 3,966~4,
462cal/molec]gla, -2o|A= 2,517~2,676cal/mole
ojgler, 4 162 AeAE 1,539cal/molec]$]
1, 2294 1,061cal/molec]gich. =3t A3} F 3
(L x 2.3)2] F& #AHLor+= 859~1,722cal/moleo] 3]

1, ol A= 457~920cal/moleo]gic}.

B Ao Az} AlFWoe]| AAHL 8,314cal/moles} 4,
232cal/mole¥rth= EAs}ol| Y] 9] gro] MK wigtor},
3 oA B4R} £ 2xoARc} of 2
o] ode] Hg k= HellA A5V Azfe} X3l
o

Table 10. Activation energy of extraction of the color pigments of soybean hulls during soaking at 4°~98°C

Soybean variety soaking temperature (°C) Ea(cal/mole)
Bokawngkong 4— 60 1,387
60—100 684
Kyungdong 3 4— 60 4,325
60—100 2517
ILx.2.3 4— 60 859
60—100 457
Suwon 146 4— 60 1,722
60—100 911
Suwon 156 4— 60 4,462
60—100 2,615
Suwon 157 4— 60 3,966
60—100 2,676
Suwon 160 4— 60 1,539
60—100 1,061
Suwon 162 4— 60 1,357

60—100 920
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of. 75

1) 749 58 v

Trol fgo 2 00go® AZEE curdE 9EH A
S| Y, 48.38g/cm’S &S 7kt 1A%} Et
AYAAL do FRe FgE ushs HoRA
(Table 11)5-39] B3] £8£179.7~198.8cm* W92

ZZ7}o 2 o7} glole}. B AGA M & FES
Hol A% 38 198.8cm’e Bglon, 1 g2 4 160
(193.3cm’), 44 146(188.5cm®), B4F(187.5cm’),
+:21156(185.7cm®), $¢157(182.3cm*), 4 162
(179.2 cm®) 2] &olgich. 714 ¥e 582 ¥l Lx 2.
32 178.2cm’o| 3t}

Table 11. Yield of tofus prepared with various varieties of soybeans.

Soybean  Bokawng-  kyung- L x 2.3 Suwon Suwon Suwon Suwon Suwon
variety  kong dong 3 156 157 160 162
volume 187.5 198.8 178.2 188.5 185.7 182.3 193.3 179.7
yield(cm?)

Fo) 450 Vo] WangS¥e ofF F5UZE
Aok glont, UFS] SEYFE Fhe 449 2
%2 203 Rrsiglon, SmithEYe thFel $84

B sl & Aoz FEgete] vlwy ¢ L
2.33 FEFEEe 71 Fou}, thiAl Fefo] wlaA
& 591627} 7P Fe 78S e v AL KB
of Foic}. =&, L x 2.3% 541 1629 ¢4 &2
geko] 75.4%9} 71.6% % 713 vho} e 7Adke M4
o},

2) o] daA 54 Hln

=
N

Fro) "xe) 549 724 (hardness), 474
(brittleness), 824 (elasticity), ¥-2 4 (adhesiveness),
¢4 (cohesiveness) ¥ 74 (gumminess) o] 3 F
%4 p)3E Table 129} 2t}

TR AnAe 5ol wet 2 FolE HojFo] 4
1460] 1.15kgo 2 7M¢ ¥, T o 4 162(0.
97kg), $49 157(0.90kg), FU160(0.90ke), L x 2.3
(0.83kg), A% 3(0.74kg) 9] Folslx, BBFo] 0.68kg
o2 7MWkt

9 FAPHS 24 1460) 714 E3, 2T 7}
% o} 029~0.75kge] HelE Mok AL F

Table 12. Compared with textural prorerites of tofu prepared with various verieties of soybeans.

Soybean Textural properties of tofus
variety Hardness Elasticity Adhesiveness  Brittleness”  Cohesiveness ~Gumminess”
(kg) (dyne/cm’) (kg) (kg)
Bokawngkong 0.68 1.38 -12.44 0.29 0.31 0.20
Kyungdong 3 0.74 1.37 -10.85 0.38 0.39 0.28
Lx23 0.83 1.34 -13.79 0.32 0.30 0.25
Suwon 146 1.15 1.40 -6.05 0.75 0.46 0.53
Suwon 156 0.90 1.24 -7.24 0.52 0.38 0.37
Suwon 157 1.07 1.38 -14.18 0.63 0.46 0.49
Suwon 160 0.90 1.36 -6.84 0.51 0.41 0.38
Suwon 162 0.97 1.38 -8.70 0.49 0.38 0.36

1) Brittleness : Hardness X Elasticity x Cohesiveness
2) Gumminess : Hardness X Cohesiveness
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Table 13. Compared with odor, taste, texture, and color of tofus prepared with various varieties soybeans.

Soybean variety

Sensory
dusscription Bokawng- kyung- Lx23 Suwon Suwon Suwon Suwon Suwon F value
kong dong 3 146 156 157 160 162

Odor
Beany 5.286 5.143 4.524 5.095 4.857 4.619 5.800  4.762 1.54
Savoury 4.381 3.667 4.381 4.000 3.857 4.008 3.900  4.952 1.48
Cooked beany ~ 3.619®  3.762*  4.476* 3.810®  3.667*  3.857* 3.200° 4.619° 1.89*
Taste
Roasted nutty ~ 4.905 4,571 4.524 4.810 4.571 4.333 4500  5.000 0.38
Sweetness 3.476 2.905 3.476 3.143 2.762 3.048 3.450  3.000 0.93
Beany 4.095 5.000 4.714 4.048 4.429 4.286 4050 4.619 0.79
Texture
Elasticity 5.810®  5.095®  5.476® 6.476° 4.619° 5.143*  5.450® 5.810* 2.16*
Hardness 5.333%  6.238% 4.810°  6.762* 4.619° 5.571%  5.450* 6.143* 3.26**
Brittleness 5.333 5.714*  5.143*  5.048° 5.524° 5.667*  5.200*°  5.143° 0.47
Color
Green 1.190° 1.381°  1.381®  1.524° 1.381° 1.667°  5.450*° 1.571° 3L51**e
Violet 1.095¢ 6.714*  1.238°  1.190° 6.143° 6.095*°  2.100* 1.238° 109.67***

Labed © Mean scores within raw followed by the same letter are not significantly different at the 5%

level using Duncans Multiple Range Test
2.*  :p(0.05in ANOVA test
3.** :p(0.01 n ANOVA test
4.*** : p(0.001 in ANOVA test
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Table 14. Compared with odor, taste, and color of soymilk prepared with various varieties soybeans.

Soybean variety

::srfrci);fion Bokawng- kyung- L Xx23 Suwon Suwon Suwon Suwon Suwon  F value
kong dong 3 146 156 157 160 162

Odor

Beany 4.556 3.722 4111 4.444 3.444 3.500 4.000 4.222 1.21
Savoury 4.556 5.056 3.556 4.111 4.556 4.889 3611  4.222 1.53
Cooked beany 4.556 4.111 2.833 3.889 3.778 4.000 3.278  4.444 1.68
Taste

Roasted nutty 3.667 3.611 3.778 3.222 4.056 4.111 3.389  3.778 0.51
Sweetness 2.833 2.722 2.500 1.944 3.111 2.833 2.389  2.778 1.27
Beany 4.500 5.167 5.611 5.500 4.556 4.556 4500  5.000 0.87
Color

Green 2.056®  1.278<  1.944%¢ 2556 1.333¢  1.222¢ 4778 2.389 20.10***
Gray 1.333¢ 6.667° 1278  1.500° 5.444° 5.389"  1.556°  1.556° 47.56%**

1. abed : Mean scores within raw followed by the same letter are not significantly different at the 5%

level using Duncans Multiple Range Test
1 p(0.001 in ANOVA test

2 *kk

md £

Seldetll A AAtEe BEEF F 28T, A% 33,
L x 23, £ 146, 9 156, 9 157, $4 160, 5
{1625 8FFS o= E8jA 4 3iaty SA4E |
@A Fo WI4E ¢ $44 DAY, 9o
sS4 £39) 4, wolds, $RESF, ZelEE, 29|
4rg3sE, T F4o FRU B5H 54 52
ESNU S

1. 29| oA ke A5 30] 4043% 2 71 &
ke Bgjon, BWRFo] 37.80% = 7HA 2 Fae
vehjoich. 2eht Ao gere wATol A4 ¥

ok 484 A P AF 30] 95.3% % M ¥
S, 49 1627} 71.6% 2 713 Wk T e
4 1570 7H A2, 4% 33 4 1600] 714 2sk
o, 23 42 B3Fe| Lol 73602 /M =k
2, A% 3, $4 156, 4 15750] wo} A& &
sich

2. 3UE wee) AAEEE A% 3, 74 160, 74
162 59 AR5} we} Fedapt A5 we 47
252 By, Wl 100% olofd, T Aujel
A 2ok FEEFEAAAE ALt 40°C
7] 37485F FAZ7H] $7Kkl e, 60°C o4
A9 FAZIHES FYel =L F 254 A AL
FE 2oz, FFAe T A AL A 2



T AEFT 2 $49A%5 Y Fsieta AFels B4 97 501

1563} 41 1579] FAZ7Heo] 3t B9k} 854
o] SA4s}oiz)= 3,830~4,571cal/moles] #Y=S B
Aom, 4 e st A7 g4zt
FARES: 60°CE FAoZ F /)9 AAAAE B
Adct.

3. TR FE 100°CY] B EoA 714E o),
3 T AL A% 30] 7 1, 54 1579) 74
ol dibAo 2 F]UAY Ar} An FAr} Aess
Dol & AFE 2rk =3, YR} 2 £29)
e FFET 2e)45) O waA Jehdd, o)
220 Aro] 458 259 A7) e} 2 odgke
stom, F22r9] e JAWAZ 257} ¥4
Bl =2 FR2 Foleksd exol A g
FEE I FFE A% 3, £ 156, 59 1572 A
F ol

4 FHE AxsAE o, 4% 39 3480 198
8em’2 7H E9k, 9 1627} 179.7cm*o 2 743 b
of, A o2 dife) 8, A, Aubale] Hako)
T TOR AxY T4 Rufgo] A vepy)
T AL 74 1460) 7Hg dekelm, BRFo)
7P vtob 549 AnAel JFL A g4k 423
F B ohe} b2 24} 9L 358 4 sl

5. F4e Fad #54 B F o Fue= Lx2
33} 4 1627} #A 7Sl B Aule &
o 1460] 7HE A B7hE9T, 9 1560] 7P Qo)
ot FeldE FrE Wie) oeE W 42 A% 33
B3Fol A H7k=E9a, L x 2.30] 3 H7}s9ic).
Dk 4 1560] FA HrhEgln, He The Fo
oA 545 £ 1603 AAEA A5 3, 59
156, 441 157¢] &4 H7}5) e}

e
¢

i

Ho
ek

L o< D AlA BT ikt o] A8, AlERs) 14
H 135(1981)

2. Yaklich, R. W,, Vigil, E. L. and Wergin, W. P. :
Pore development and seed coat permeability in
soybean. Crop Sci., 26, 616(1986)

3. AA, Alolis, 5, Fa  AAZY §544%

o BlAE 9% Ak IFAERG A, 17(1), 41
(1985)

4. Hsu, K. H., Kim, C. J. and Wilson, L. A. : Factors
affecting water uptake of soybeans during soak-
ing. Cereal Chem., 60(3), 208(1983)

5. Kon, S. : Effect of soaking temperature on cook-
ing and nutritional quality of beans. J. Food Sci.,
44, 1329(1979)

6. Wang, H. L., Swain, E. W., Hesseltine, C. W. and
Heath, H. D. : Hydration of whole soybeans af-
fects solids losses and cooking quality. J. Food
Sci., 44, 1510(1979)

7. AT, 294, ARZ  ed AdE 29 43
F7 54, ¥AEAE A, 20(2), 256(1988)

8. %, AU, %% dFY Fa&rd nx:
AALE 2] 4%, Ta53513H8)7), 31(1), 46(1988)

9. Sefa-Dedeh, S., Stanley, D. W. and Voisey, P.
W. : Effect of soaking time and cooking condi-
tions on texture and microstructure of cowpeas.
(Vigna unguiculata). J. Food Sci., 44, 1832
(1978)

10. Soetrisno, U., Holmes, Z. A. and Miller, L. T. : Ef-
fect of Heating time of soybean of Vitamin B—6
and folacin retention, trypsin inhibitor activity,
and microstructure changes. J. Food Sci., 47, 530
(1982)

11. Drake, S. R. and Muehlbauer, F. J.: Dry Pea
(Pisum Sativum L.) canning quality as influ-
enced by soak time, soak solution, and ultivar. J.
Food Sei,, 50, 238(1985)

12. Saio, K. : Soybeans resistant to water absorption.
Cereal Foods World, 21, 168(1976)

13. Hamad, N. and Powers, J. J. : Imbibition and pec-
tic content of canned dry-line beans. Food
Technol., Apr. 216(1965)

14. Silva, C. A. B, Bates, R. P. and Deng, J. C. : In-
fluence of soaking and cooking upon the soften-
ing and eating quality of black beans. J. Food
Sci,, 46, 1716(1981)



15

16.

17.

18.

18.

20.

21.

22.

23.

24.

25.

26.

27.

502 KL
. Silva, C. A. B, Bates, R. P. and Deng, J. C. : In-

fluence of pre-soaking on black bean cooking ki-
netics. J. Food Sci., 46, 1712(1981)

Rockland, L. B. and Metzler, E. A. : Quick cook-
ing Lima and other dry beans. Food Technol, 21
(3), 344(1967)

AFH, 2o, B4Y: WAF 2§52 ¥
wsle] £x A o, 53k, 33(1), 17
(1990)

Smith, A. K., Nash, A. M. and Wilson, L. L :
Water absorption of soybeans. J. Am. Oil. Chem.
Soc., 38, 120(1961)

Parrish, D. J. and Leopold, A. C.: Transient
changes during soybean imbibition. Plant Physio.,
59, 1111(1977)

Ao, 252, B84, 244 23839 =9 ¥
5 A4, e53s3)A], 28(2), 51(1985)
Arecharaleta-Medina, F. and Snyder, H. E. :
Water imbibition by normal and hard soybeans.
J. Am. Oil Chem. Soc., 58, 976(1981)

Quast, D. G. and Da Silva, S. D. : Temperature
dependence of hydration rate and effect of
hydration on the cooking rate on dry legumes. J.
Food Sci., 42(5), 1299(1977)

Leopold, A. C. : Temperature effects on soybean
imbibition and leakage. Plant Physio., 65, 1096
(1988)

Junek, J. J., Sistrunk, W. A. and Neely, M. B. :
Influence of processing methodology on quality
attributes of canned dry beans. J. Food Sci., 45,
821(1980)

oladF, AER, AlE3}: FF9 Quick cooking
4 gt ojzle] AF FA vlAe 9%, ¥4
E3}3}3]#], 15(3), 307(1983)

Rockland, L. B., Miller, C. F. and Hahn, D. M. :
Thiamin, pyridoxine, niacin and folacin in quick-
cooking beans. J. Food Sci., 42, 25(1977)
Albrecht, W. J., Mustakas, G. C. and McGhee, J.

E. : Rate studies on atmospheric steaming and

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

immersion cooking of soybeans. Cereal Chem., 43,
400(1966)

Jackson, G. M. and Barriano-Marston, E. : Hard-
to-cook phenomenon in beans | Effects of acceler-
ated storage on water absorption and cooking
time. J. Food Sci., 46, 799(1981)

%53, AN%, A+ T F5 0E 1¥E, ¢
WA, Aiel 35 £A49 v, 3531534, 33
(1), 8(1990)

294, Adn), AdE odolel oF} TR
phytic acid$} 7H8-4 7129 e ws). d=AF
3}3}t3)#], 16, 358(1984)

A, AL FUHE AT AasRE Wste}
a2 gokstd gk A 13 FUE AxF Aasiy
£ Hs}. d3-53etE]A), 23, 7(1980)
Drown, M. J. : Soybean and soybean products as
food. USDA. Misc. Publ., 534(1943)

2A5d FHEY A% 2 il A& gibberel-
lin, urea ¥ sucrose? ¢33k, FL%3}3}13]A|, 4,
29(1963)

AZA g Fdols Al #Hg AT AR
A 9 AL wiste] #ste. P53
3)#), 17, 240(1974)

AZA g Fdols A -l g AT A2x.
Lipoxygenase activity % z|utate] #3}o] s}eq.
=313t 3] %], 17, 247(1974)

7% FA e A&EA | #F AT FAEAE
3]%], 13(3), 247(1981)

okzaly, uiAl7) $-A : Gel filtrationdl] 9J3F T}
2 AZF ae) MszA dFAEN ), 16
(4), 472(1984)

253, A%, 244 1 T FEOIGE ol
&z wlw. FIFAFHFA, 22(1), 94
(1990)

Wang, H. L., Swain, E. W., and Kwolek, W. F. :
Effect of Soybean Varieties on the Yield and
Quality of Tofu. Creal Chem., 60(3), 245(1983)
Smith, A. K. Watanabe, T., and Nash, A. M. :
Tofu from Japaness and United States Soybean.



41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51

52.

53.

Al

Rt

oy
Lo

3L
25 4

Food Technol., 14, 332(1960)

A, foka}, &9 dTAL 26| FRAF
of ulAE <% IFAEFAFHA], 19(4), 382
(1987)

AEA, F3A, A9A, ol9%, AT TV
&, o3z &3}a} P75, (1990)

278 2559 TUE #Ag FEAEgrEd
(1982)

Yeh, S.W. : Gelation Characteristies of Illinois
Soybean Beverage Base. 71 Ph. D. thesis, Univer-
sity of Illinois, Urbana, Il. (1984)
Shurtleff, W., and Aoyagi, A. : Tofu and Soymilk
Production the Book of tofu(II). New-Age Food
Study Center(1979)

gk 75 FTAFEIER), TAEHE
3](1971)

Hashzume, K. Maeda, M. and Watanabe, T. : Re-
lationship of Heating and Cooling Condition to
Hardness of Tofu. Nippon Shokuhin Kogyo
Gakkaish, 25(7), 387(1978)

A L FRAF DM FHEA - TR
$E5T2E FAeR. FEFATIA, 5(1), 1
(1988)
Tsai. S. J., Lan, C. Y., Kao, C. S., and Chen, S.
C. : Studies on the Yield and Quality Characteris-
tic of Tofu. J. Food Seci., 46, 1734(1981)

A9A T THE BAT) DY 97 PIAE
&3], 17(2), 4(1984)
Wilkens, W. F., Mattick, L. R. and Hand, D. B. :
Effect of processing Method on Oxidative Off-fla-
vors of Soybean Milk. Food Technol, 21, 1630
(1967)
Nelson, A. L., Steinberg, M. P. and Wei, L. S. : IL-
LINOIS PROCESS FOR PREPARATION OF
SOYMILK. J. Food Sci., 41, 57(1976)
Johnson, K. W. and Synder, H. E. : SOYMILK :A
COMPARISON OF PROCESSING METHODS
ON YIELDS AND COMPOSION. J. Food Sic., 43,
349(1978)

E %Aéﬂ]%oﬂ :Hﬂ' %E‘i}-i}'l’ 7}-%"0]% _‘_51_/(3 od:'l_ 503

54. Johnson, L. A., Deyoe, C. W. and Hoover, W. J. :

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Yield of Quality of Soymilk processed by Steam-
Infusion Cooking. J. Food Sci. 46, 239(1978)
Erikson, S. : Application of Enzyme in Soy Milk
Production to Impore Yield. J. Food Sci., 48, 445
(1983)

A. 0. A. C: Official Methods of Analysis, 13th
ed., Association of Official Analysis Chemists,
Washinton, D. C.(1980)

A. 0. C. S. : Official and tentative methods. 3rd
ed., American Oil Chemists’ Society. Illinois
(1980)

AN, WAG A T A ¥t AT
53337, 7, 79(1975)

AET, AHZ, oI1FA : SEdet T A 24
g chlAe) A7) 4% Ad, FFAEHEA, 20
(2), 263(1968)

AN, o438, A, $34, 2H vt
ANFE £ T 492 APl ¥ 47
(1), %Fe3 7, 7, 40(1975)

Piper, C. V. and Morse, W. J. : The soybean., Mc-
Graw-Hill book Co, New York & London. P. 329
(1923)

o34 1T B4 A FET Aole
2 20 B AT, AL s
(1976)

Becker, H. A. : On the absorption of liquid water
kernel. Cereal Chem., 37, 309(1960)

zo7, A4, AT, 54 a5 A
ERe g $2EH A7 FFAFAEEA, 12,
285(1980)

Egziabher, A. G., and Summer, A. K. : Prepara-
tion of High Protein Curd from Field Peas. J.
Food Sci., 48, 375(1983)

AAY, oA, 74Y, A4A  F EFFABE T
o] ¢ 9l satd, A5H 54 vl IFAF
3}a+3]%]. 22(4), 439(1990)

Aé—_q-%*
o
.



