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Soaking Medium and Pretreatment Conditions on Main Anti-nutritional Factors
and Nutritional Quality in Soybean Milk
GU Chun-mei' ,JIANG Lei', YU Han-song'”

(1. College of Food Science and Engineering, Jilin Agricultural University, Changchun 130118, China; 2. Division of Soybean Processing, Soybean Re-
search & Development Center, Chinese Agricultural Research, Changchun 130118, China)

Abstract: In order to minimize the content of anti-nutritional factors, and to ensure its excellent quality. This study explored
the effects brought by some changes in pre-treatment on anti-nutrition factors in soybean milk with different soaking media (in-
cluding water, citric acid solution and sodium bicarbonate solution) and soaking conditions, also, soybean milk made from
dried soybeans was the control group. The results showed that soaking effectively reduced trypsin inhibitor and phytic acid in
soybean milk. However, different soaking media had various effects on anti-nutritional factors. The minimum content of tryp-
sin inhibitor in soaked soybeans was 30. 88 +1.35 TIU-mg™", 54% lower than the control group. The minimum content of
phytic acid was 3.46 £0. 15 mg-mL ™", 77. 4% lower than the control group. However, the content of tannin in soaked soy-
beans was increased significantly (P <0.05). The capabilities of reducing trypsin inhibitor content were decreasing from sodi-
um bicarbonate solution to water to citric acid solution. The capabilities of reducing tannin content were decreasing from citric
acid solution to water to sodium bicarbonate solution. The capabilities of reducing phytic acid content were decreasing from cit-
ric acid solution to water to sodium bicarbonate solution. In addition to anti-nutritional factors, the quality index of soymilk al-
so changed significantly. The results showed that the overall quality of the NaHCO, soaking group was the best, except for the
individual quality indicators (such as protein content), which was not significantly different from the water-immersed group
(P>0.05), while the quality of the citric acid soaking group was the worst among the three groups. Finally, the NaHCO, so-
lution was selected as the soaking medium for orthogonal process optimization. The results showed that when the soaking tem-
perature was 25 °C, the soaking time was 16 h, the soaking bean water ratio was 1:4, and the NaHCO, concentration was
0.45% , the anti-nutritional factor of soybean milk had the best removal effect and the best quality.

Keywords: Soybean milk; Soaking medium; Anti-nutritional factor; Quality
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Table 1 Effect of different soaking media on anti-nutritional factors and nutritional quality in soybean milk

i H X (R * NaHCO, Feim
Ttem CK Water Bicarbonate Citric acid
JHE 2R [ M 41 ) Trypsin inhibitor/ (TIU-mg™") 67.18 £0.27 d 33.83+0.35 b 32.38+£0.30 a 39.83+ 0.51 ¢
5 Tannin/ (mg-kg ") 98.63 £1.52 a 213.62 +7.34 ¢ 216.64 £5.01 b 190.61 £12.03 ¢
M2 Phytic acid/(mg-mL ") 15.31 £3.62 d 5.33+0.06 ¢ 4.65+0.11 b 3.46+ 0.43 a
& 115 Protein/ (g-kg™") 27.41 £0.50 a 30.20 £0. 18 b 29.80+0.21 b 26.62+ 1.32 a
TP Y Soluble solids/ % 6.97 £0.05 ¢ 5.33+0.49 b 5.17+0.06 b 4.37+ 0.15 a
pH 6.32£0.04 b 6.36 £0.02 b 6.56 £0.03 ¢ 5.85+ 0.02 a
VLTEZR Precipitation rate/% 1.48 £0.04 b 1.76 +0.08 ¢ 1.28£0.03 a 4.22+ 0.17d
D[3,4] Volume average diameter/um 2.64 £0.09 b 1.23 £0.17 a 1.22£0.01 a 1.23+ 0.01 a
L 78.63 £0.32 a 84.90 £0.03 d 82.77 +0.10 ¢ 81.39+ 0.02 b
a”* -1.38 £0.06 ¢ -1.04£0.01 b -1.17 £0.06 a -1.12+ 0.02 ab
b* 14.43 £0.12 b 14.82 £0.01 b 16.33 £0.31 ¢ 12.97 £ 0.07 a

ANR/NG FREFRIR A A28 5 B35 (P <0.05) o A,

Different lowercase indicated significant differences between the groups (P <0.05). The same below.

®2 ARREMENEZ NaHCO, 2iAAE S PR EREFRERRIFME

Table 2 Effects of different soaking time on anti-nutritional and quality of soybean milk

i H Ttem 8h 12 h 16 h 20 h 24 h

Bk A o 75
Trypsin inhibitor/ ( TIU -mg ")

36.86+ 1.41 a 34.33+ 2.46 a 32.48 £0.78 a 31.69+ 2.86a 35,69+ 2.16 a

By
Tannin/( mg-kg ")

170.8 £10.93 a 168.74 £11.64 a 216.59 £5.02 b 192.53 £10.09 ab  170.81 £11.30 a

T2
Phytic acid/(mg-mL~")

4.37+ 0.13 a

W

.40+ 0.05b 5.33+0.06 b 5.46+ 0.25b 5.49+ 0.07 b

BT
Protein/ (g-kg™")

26.96 + 0.17 a 27.75+ 0.39b 29.75 +0.24 ¢ 28.83+ 0.41 b 26.72+ 0.40 a

A E Y
7.23+ 0.06 e 6.93+ 0.06 d 5.17 £0.06 ¢ 4.27+ 0.06 a 4.70+ 0.17 b

Soluble solids/ %
pH 6.34+ 0.03 a 6.52+ 0.02 b 6.56 £0.03 b 6.58+ 0.14 b 6.87+ 0.01 ¢
1.34+ 0.16 a 1.27+ 0.13 a 1.28 £0.03 a 3.55+ 1.16 b 9.29+ 0.24 ¢

Precipitation rate/%
D[3,4]
1.25+ 0.02 b .22+ 0.01 ab 1.22 +0.01 ab 1.20+ 0.0l a 1.21+ 0.01 b
Volume average diameter/ pum

L* 79.99+ 0.0l b 77.76 = 0.07 a 82.77 +£0.10 d 81.85+ 0.22 ¢ 82.78 £ 0.06 d
a* -2.36+ 0.01b -2.84+ 0.0l a -1.17 £0.06 e -1.97+ 0.03 ¢ -1.42+ 0.03d

b* 14.48 £ 0.04 ¢ 11.73 £ 0.05 a 16.33 £0.31 d 12.19+ 0.02 b 14.79 £ 0.04 ¢
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B KT 25°C I ARG A

2.3.2 xtammed MmN 3 PR ARG T
2, KGR ENE bR AN 58 4, B 12 iR
FERRE S, B P E AR SRR E (P <
0.05) , {H Ji B 8 3F 45°C B, 90 5 R AR (P <
0.05) . BRER B2 A0, How i e bt bl 2 R
(A TH i ARG, A2 3 W] 1, B 25 T B (R 34 , T %
PEEIE P 0 5 A, TOvE R Tt R AR ok, &
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Table 3 Effects of different soaking temperatures and different soaking media on anti-nutritional

and quality of soybean milk soaked with NaHCO,

I H Ttem 5C 15°C 25C 35C 45
B 1 Al A 51
32.07 £0.28 a 33.07 0. 60 ab 32.38+0.30 a 34.68 +0.08 ¢ 33.72 +0.53 be
Trypsin inhibitor/ ( TIU -mg ")
o
194.38 +0.81 a 198.87 +3.12 a 204.43 £2.04 a 202.52 +3.34 a 200.54 +7.69 a
Tannin/(mg-kg ™)
i1
3.80 +0.07 ab 3.71 £1.23 ab 4.75+0.32 b 3.03+0.13 a 4.31 £0.73 ab
Phytic acid/(mg-mL~")
HH B
23.24 +£2.63 ab 25.43 +0. 81 be 29.47 £0.53 d 27.44 +£0.47 cd 21.73 £0.91 a
Protein/(g-kg ™)
A E Y
” 7.57 +0.06 d 7.17£0.15 ¢ 5.33+0.15 b 4.27+0.12 a 4.43+£0.21 a
Soluble solids/ %
pH 6.47 £0.01 ¢ 6.52+0.02 ¢ 6.55+0.04 ¢ 6.34 +0.04 b 6.15+0.04 a
DIVER
0.79 +£0.46 a 0.88 £0.06 a 1.44 +0.37 ab 2.26+0.76 b 2.52+0.46 b
Precipitation rate/%
D[3,4]
1.39+0.13 b 2.36 +0.10 ¢ 1.09 £0.03 a 1.20 0. 02 ab 1.22 +0.02 ab
Volume average diameter/pum
L* 76.65 0. 11 a 77.69 £0.17 b 78.08 +0.07 ¢ 80.82 +0.05 d 80.60 +0.05 d
a”* -2.19+0.05 ¢ -2.90 +0.05 a -2.77+0.02 b -2.09 +0.07 ¢ -1.67 +0.02 d
b* 12.38 0. 13 b 11.87 £0.29 a 12.07 £0. 15 ab 14.26 £0.01 d 13.04 0. 10 ¢
2.4 RAEKEIE NaHCO, i@ EER B SIHEMUES BIERZEH TGS UKL
ERETREAFOLM PR B BN (P <0.05) T Sk b 156
2,41 SREFATEENYw mRI4TH,EZ BRPEHRERE EJF, SREE SOK RS, K

Kb B AR 2 T S W v R B P AT o PR T
PGP, K A 123 B S PR SR AR, Oy 29. 38 +
1.40 TIU-mg ', F5 BETHE (P <0.05), 4 5k
Pk 15 ip, TG PR A B i i, Oy 34. 91 +3.07
TIU-mg ™' . B K LA &, s & i
B AETR & it S IS s il i 3 72 DK E
g 1:4 AR R A B A e, 155 5. 58 £0.23 mg-mL ™',
FERIKEE R 1:6 B, A it 4. 37 £0.09 mg-mL ™',
2.4.2 sr&AeFea k4 R AREK T E
F & I o EVE R S Gk R 1:6 B, &
JoT & 1 ST A 20 (P < 0.05) o Bl 12 i 1 3
i, FTS PR DY) i B 2 > (P <0.05) , pH Al

FE AP <0.05) , Bt fi s A i
2.5 EEEIREIZ NaHCO, ;280 B T i
EFEFRERRPZM

2.5.1 #EHRAFHwm IRUIRERNYUEIRH T
HYSEIRANER S F7 , NaHCO, Y JEEAE 0. 65% I}, AR
BtV R 5 48 S B IR 32.27 £ 1.86 TIU -mg ™',
WA, W6 2 v BE T v, i 2 1 i o DR 3
PEA FTRRAR AH 22 S5 AN B 25 VR I el s I o 3
SO REAOR TR W BE R I BT S AT
FEA . AN IR IR2 90 A JoT 9 VA B 6 0 v B 7 i i
Mg ) Ji P o R U A BT pH R Rk AE . A BUR R
0.05% ~0.45% I}, Fifi 5 e B 3 oy AR IR 5 1 0 35
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(P <0.05) . YAk B R T 0. 65% i, AR &
X B E TR (P <O0. 05>o
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W, 88 15T BB NaHCO, (v B2 3% iy 3 fin, (2
NaHCO, ¥ H 0. 85% I}, 3 1 Tk B F [ 390

F4 FRRERBEKIEITE NaHCO, R EE

PRCHAR B P 38 o I R s T e I ) G 3
ﬁﬂlmﬁ%ﬁ@iﬁn, A K AR AR
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Table 4 Effects of different soaked bean water on anti-nutritional and quality
of soybean milk soaked with NaHCO,

T H Ttem 1:2 1:3 1:4 1:5 1:6
B P A 79
29.88 £0.79 ab 29.38+1.40 a 32.33£1.22 ab 34.91 £3.07 b 29.58 +2.54 ab
Trypsin inhibitor/ (TIU-mg ")
L
230.57 +7.32 d 224.52 +3.58 ¢ 210.32+2.21 b 219.54 £3.56 be 201.28 0. 81 a
Tannin/ ( mg-kg ")
el
4.59 +0.50 ab 5.16 £0.36 ab 5.58+0.23 b 4.63 +0.68 ab 4.37+0.09 a
Phytic acid/(mg-mL~")
A
30.22 £0.60 b 29.89 +0.63 b 30.42+0.20 b 27.84 +£0.60 b 27.11 £0.68 a
Protein/ ( g-kg™")
AR
6.87 0. 12 ¢ 5.47+0.21 b 5.37+0.12 ab 5.20 +0. 26 ab 4.97 £0.06 a
Soluble solids/%
pH 6.74 £0.02 ¢ 6.83+0.02 d 6.53+0.03 a 6.64 +£0.02 b 6.75+0.03 ¢
PR
0.91 +£0.03 a 1.49 £0. 07 be 1.32+0.16 b 1.57 £0.06 ¢ 1.57 £0.06 ¢
Precipitation rate/%
D[3,4]
1.78 0. 16 be 1.70 £0. 21 be 1.67 £0.28 b 1.18 £0.05 a 2.15+0.06 ¢
Volume average diameter/ pm
L* 78.47 £0.06 d 78.95 +0.18 ¢ 76.64 +0.10 b 78.02 +£0.03 ¢ 73.38 £0.23 a
a” -2.40£0.03 ¢ -2.58+0.09 b -3.02+0.02 a -2.69+0.04 b -2.95+0.02 a
b* 13.91 £0.20 e 13.08 £0.21 d 9.84+0.22 b 12.09 0. 11 ¢ 8.09+0.21 d
RS ARRERENEZE NaHCO, R2AAESRPHEREFRERRHIFT
Table 5 Effects of different soaking concentrations on anti-nutritional and quality
of soybean milk soaked with NaHCO,
Ui H Ttem 0.05% 0.25% 0.45% 0.65% 0.85%
B A Al A 51
36.22+ 3.90 a 35.35+ 1.83 a 32.70 £2.26 a 32.27+ 1.86 a 33.87+ 2.45 a
Trypsin inhibitor/ ( TIU -mg ")
toy
227.63 £22.54 2 219.90 £10.12 a 217.02 £6. 66 a 223.53 +15.91 a 202.88 £10.8 a
Tannin/(mg-kg ™)
HAPR
11.62 + 0.70 cd 11.43 + 0.31 ¢ 4.85+0.38 a 9.61+ 0.31b 12.89+ 0.61d
Phytic/(mg-mL ")
HE R
27.69+ 0.22 ab  29.21 = 0.41 be 29.93 +0.59 ¢ 29.39+ 0.64 ¢ 26.30+ 0.70 a
Protein/(g-kg ™)
LR
5.90+ 0.10 ¢ 4.43 + 0.23 ab 4.27 £0.32 ab 4.17+ 0.21 a 4.77+ 0.15b
Soluble solids/%
pH 6.24+ 0.02 a 6.27+ 0.02 a 6.56 0.0l b 6.98+ 0.05 ¢ 7.17+ 0.02d
PIER
1.64+ 0.29 a 2.29 + 0.68 ab 1.71+0.32 a 2.13+ 0.38a 3.38+ 0.32b
Precipitation rate/%
D[3,4]
1.12+ 0.02 a .13+ 0.03 b 1.12+0.05 ¢ 1.08 = 0.01 d 1.34+ 0.02 ¢
Volume average diameter/ pum
L* 72.42+ 0.06 a 77.17+ 0.12d 76.07 £0.09 ¢ 72.12+ 0.24 a 74.60 = 0.10 b
a”* -2.67+ 0.05b -3.11+ 0.0l a -3.10+0.02 a -2.69+ 0.0l b -2.56+ 0.07 ¢
b* 8.78+ 0.10 a 11.01 = 0.18 ¢ 9.86 +0.10 b 8.72+ 0.14 a 11.71+ 0.11d
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2.6 EXRBMALERBSEME

i b S A R M PUE IR N T 4845 Kb B
i, BERGR LRI 5,15,25°C s 1R[] O 12,16,
20 hi RUWEIK O 1:3 ,1:4 155, R B H E Ny
0.25% \0.45% 0. 65% AT IE A%, 1 i F sy
OIATEESR I T B ), ORI A, 15 BT 25
B LR G B E N e A A 2R AR NSk 6 i
N AETIAL BEZR PR 0 ABSC, Dy, SR BT

HREF REFRMBEMREFER R A>D>C>B,
BRI > R0 K b > IR B > IR i i ]
BAUERE, 5 XA N RN G150 R
3. 644, G5 RAL TR S 8, Ik, #E#F A,B,C,D, K
I AL B 25 BRSO 25°C IR ]
16 h, 21T K R 1:4, NaHCO, ¥k i 4 0. 45%
B, R BTE SR N 7 B AR, ST

*6 MABTZERXIBER

Table 6 Orthogonal test results of pretreatment process

% Factor

TR AR K H H AL 3B, Lestienne
SO R TR 24 h MR R T 23% . Elhady
2O R ) 5 JORES2E 30°C FBAL I (W/V 1:5)
16 h, MR & it B AR (P <0.05) o B ik ag ™
T 5 I, 45 R R W, =i mT LA iR A
T PR 7 A R 3 R R (B 2 e 3 LT
(P<0.05), 5SAM5G R —3, BRXIHEFERF
PR RS R A, R 6 2 il T2 Y T M R A Ak,
Xt 4%l TR AR A B

RiLFEN N EREZ, 5%, BN TS
SN T R 0 R R T BRI G E, Vidal 26170 23
SHZK , NaHCO, 5 W VAT 68 TR 1 WK /Nt S B4 T
RAAL R IR 9 h, 5 RAC PR AR EL , 2840 B
Jei 097N I 3 B A ) DRL 7 14 35 1 0 S B T
11% 9% 1 4% ; Yasmin 25 > 447 25 5 48 0. 07%
TR IR SN W P IR 5, MR & & I T B, UE B
TR TR SN W A R 3 e A R, TR RE, 7E
BT AT TR RS T S AR AL Iy x

%' LAy
No. A B B I} i) CRIETIKLL D R E Composite score
Soaking temperature/°C Soaking time/h  Soaked bean water ratio  Soaking concentration/ %

1 5 12 1:3 0.25 2. 847
2 5 16 1:4 0. 45 3.105
3 5 20 1:5 0.65 3. 161
4 15 12 1:3 0.25 3.005
5 15 16 1:4 0.45 3.188
6 15 20 1:5 0.65 3.776
7 25 12 1:3 0.25 3.603
8 25 16 1:4 0.45 3.792
9 25 20 1:5 0. 65 3.574

K, 4. 000 4.210 4.343 4.030 -

K, 4.307 4.187 4.210 4.287 -

K, 4.327 4.237 4. 080 4.317 -

1% 2% Range 0.327 0. 050 0.263 0.287 -
3 o3 i Rl BT, 25 R R W], 48 NaHCO, Ab3Y 53

Bifefl. &b, Uil NaHCO, 23l FEAR K
PUE RN T DRGSR A RO
MR B W A B b B B SR —, TR
TR TR R R Y — P RE R A S I EE AL
PRAEBRTE 302 BN T 2K, B T IR ORI 3R
¥ ABFEARWFIE T, B B TR TR S B
F14) i S AR, 32 R S R A 1 il 41 i P 7 37 °C it
ARG, A, Chaudhary %5 {1 B 5% 3%
B, M\ Putranjiva roxburghii F 7 v 42 B R 55 1 il
PR F, 78 70°C B & Mg AT T %, 1M 7 90°C i)
A B T B BT PR E B UE FR
T R R RN X AR T IR I vk
I, BT IR0 W A B R B AR R AR R 2
PR E IR IR T (AR T R A S PR B T A
PR ] A0 ot R RS A, IR R 16 1) 0 o — > B
JBL, FEAE T v B A TR i ORKTS  AE TR B
AR WUBE AR RE R BRAE 30 ~ 60°C i, 3%
PSR S IEARE ™ o Beah, 1290 5L Xt 53 o
BT AR i, EE R A WA, — 2R
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FRUVCIRA T (IR > 40°C ) K 5 b 52 b (9 ATV 1 2
RSB ERA TR R T ey
B K 1BV A L R R e

RN T S RSN REEIEY K EA S &
YRR T T e R R R T R
AR RN A TR SR 8 A R A 3
BT R IR 5 T AR Y B R
RGBT KRB RZHW T S, RGP R T REE
T, A P2 B A v TR I A JoE Y L 43 344 Jn
B IR e 4, T B CEE A i rh (il 2R T R R

RALET R E A, B T4, HEhiE R T4
AR, s g e RS T 25°C 3RS R 4 Bl
1 4,8,12 h 5, T BRI R T
R A 135 0 B BRI, LS5 18 S ARG — 8k, AW
GRS Bl A 12 M R TR) A JE K T G
XS TR FE S 200 3 45 B4 O $R BOR B8 n
LT A B K T AR RS R A T A R
TR R B UL, R ] K £ fdi AT
BRI S B s, B K 4
i G BRI, B RS T RE R TR
TR 2T 4 i ey

12U T BE 1 el AR S W pH AR fE B 3,
JER AR P A ] DR BR O R R 2R, S e &R
C FET 28 BREA , AR/ TEAKRS, Wik
RI] pH AT 200 L A A S 5% . Sze-Tao
2D R Bk IR ) k2 9 HCL, NaOH | NaHCO, ¥
W2, S BRAE TR 7K 5 PP I8 0 B R Bk B
T BN TR K R L B BT i S AT
R —B WA AR R A 37 AL 7T AE 2 AR IR
AR A SR PR 2 — R T 3L IR 2> 4k, pH 2
FHEAPEIANE 22—, KRR RS pH N 4.8 ~
6.0 K B v 45 V& JEE T 9 NaHCO, ¥ T X 37 F)
pH S 5 ~ 8, JiESE T FH s e 3 v v R v, A
PR BRI M A5 2 o [AIAESZ pH R4k 52 1 1) 18 A
TRIRR MR E 2B DR, pH BT
IR 1 R A FLACE S R X R B AT
28 B W 2 E VR BE BRORR D , S IR 0 5

4 & it

BRI PUE =N & &, R m a5
FRA A H T Ko AR (K NaHCO, 7 45
iR ) X 45 BUE F% T s SR AR —2, 3 Rl
i1, A NaHCO, b BRI i) 530 e 8000 e e o 5 10
WERT A AR AL, 15 2432 iR ol 25°C
IZULEFR]N 16 h, 32 EK H ol 1:4, NaHCO, ¥ &

0. 45% I, HUE IR N T E AR, AR
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