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Effect of Exogenous Protease on Flavor of Soymilk Made by
Automatic Soymilk Maker

ZHANG Jiaming, LU Xiaohong, LIU Ping’

(College of Food Science and Nutrition Engineering, China Agricultural University, Beijing 100083, China)

Abstract: In order to study the mechanism of protease which influences on the flavor of soymilk, different kinds and
concentrations of protease (papain, 15000, 30000, 45000, 60000 and 75000 U/L, aminopeptidase, 500, 1000, 1500, 2000
and 2500 U/L, flavor protease, 100, 150, 200, 250 and 300 U/L, alkaline protease, 500, 1500, 2500, 3500 and 4500 U/L)
were added to the soymilk made by automatic soymilk maker. Sensory evaluation was carried out on the soymilk after
heating. The content and difference of polypeptide and amino acid nitrogen in the soymilk after enzymatic hydrolysis and
heating were determined, and the correlation between them and sensory flavor indexes was analyzed. The volatile flavor
components of soymilk were analyzed by headspace solid-phase microextraction combined with gas chromatography-mass
spectrometry (GC-MS). The results showed that in the blank control group prepared by automatic soymilk maker without
protease, the unpleasant beany odor and pleasant bean aroma of soymilk after heating were both lighter than those prepared
by traditional method named the raw bean control group, while the contents of polypeptide and amino acid nitrogen showed
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reductions of 37.98% and 25.78% as compared to the raw bean control group, respectively. The sensory evaluation was
carried out after adding different proteases to the soymilk prepared by automatic soymilk maker. The results showed that
the soymilk added with 250 U/L flavor protease had the highest sensory score, which increased by 118.41% compared with
the blank control group. In all groups added with proteases, the sensory score was significantly higher (P<0.05) except
when it was added with 4500 U/L alkaline protease, compared with blank control group. The contents of hexanal, 2-pentyl
furan, hexanol, trans,trans-2,4-decadienal and other volatile compounds related to beany ador in the enzyme added samples
were lower than those in the blank control group and the raw bean control group, and the contents and types of volatile
compounds related to bean aroma were increased to varying degrees. The addition of exogenous protease could
significantly improve the contents of polypeptide and amino acid nitrogen in soymilk, among which the content of
polypeptide was the highest when adding 4500 U/L alkaline protease (2.30+0.15 g/L), and the content of amino acid
nitrogen was the highest when adding 2500 U/L aminopeptidase (0.087+0.0045 g/L). The amino acid nitrogen content of
enzymolized soymilk in the group added with flavor protease was significantly positively correlated with the score of bean
aroma (P<0.05), the increase of polypeptide in groups added with the other three enzymes were significantly or extremely
significantly positively correlated with the score of beany odor (P<0.05, P<0.01). The increase of amino acid nitrogen was
significantly negatively correlated with the beany odor, bean aroma and total score in the group added with aminopeptidase
(P<0.05). The above results indicated that proteases are beneficial for increasing the content of polypeptides and amino
acids as flavor precursors, which give a lighter beany odor and a richer bean aroma to the soymilk. This study provides
theoretical guidance for the optimization of soymilk preparation technology.
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Table 1 Main sensory evaluation indexes and criteria of soymilk
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Table 2 Sensory evaluation scores of soymilk

2153 5 R IFECSUS [HIEEUS RN TR Fril s

R 5.6£0.7° 8.1£0.9® 4.4+0.5> 0 0 —3.3£0.6%" 14.8+1.4°

ZH 15.5£1.3° 6.2+0.3" 4.3+0.3% 0 0 —5.9+0.2® 20.1+1.6°

15000 U/LA I [ il 16.4+1.2%¢ 11.1£1.3% 5,620,204 0 0 —6.8+0.1° 26.3+1.5¢
30000 U/LAREE il 17.2+0.7% 14.3+1.1°% 6.3£0.3°% 0 0 —3.5+£0.6%%" 34.342.2¢%
45000 U/LA IV il 17.5+0.5% 12.54+0.7% 5.7+0.4°% 0 0 —4.3+0.3%% 31.4+1.9°
60000 U/LAJIVEE [/ 17.4+0.8 11.4+0.9% 5.4:0.30¢ 0 0 —4.6+0.20 29.6+1.7°%
75000 U/LAREE [ fili 17.241.15 8.3+0.6® 5.2+0.5 0 0 —5.040.4" 25.7+1.8°
500 U/L& 3L Ikl 15.740.6™ 9.6+0.5" 5.4+0.35 0 0 —4.7+0.1%¢ 26.0+1.5°
1000 U/LE FL ik 18.1£0.9°% 13.3+1.1%" 5.740.4"% 0 0 —3.5+0.5%f 33.6+2.3°%
1500 U/L&FL ik 19.5+0.5¢ 16.0£0.9%" 7.3+1.3° 0.0£0.3¢ 0 ~1.8+0.7 41.0£2.5"
2000 U/LEFL kT 19.240.7° 15.2+0.8" 4.1+1.3% —2.7+0.4° 0 —1.4+0.3/ 34.4+1.7°%
2500 U/LEZFL IR 19.0+1.3% 14.3+1.2¢% 3.2+1.3° -3.8+0.6" 0 -1.7+0.6" 31.0+1.5%
100 U/L XU ZE I it} 17.2:£0.9b 13.1+0.8%" 5.240.4% 0 0 —4.6£0.3%% 30.9+1.6%
150 U/LIAUAZE I it 18.3+1.1% 15.3+0.6™" 6.4+0.2°% 0 0 —3.3£0, 7" 36.7+2.20
200 U/LJXUR & 1 il 19.240.7° 17.6+0.7" 6.6+0.4% 0 0 —2.4+0.6" 41.0£1.9"
250 U/LJXR & 1 il 19.8+0.3° 19.5¢1.1° 7.340.5° 0 0 —2.7+0.5%h 439421
300 U/LIAUAEE i 19.3+0.8° 17.4+0.9" 4.4£0.7" 0 0 —4.6+0.4%% 36.5+1.7%
500 U/Lig 28 i 17.3+0.8" 15.240.9%" 6.3+1.3%% 0 0 —2.5+0.4¢ 36.3+1.50
1500 U/LBgM:7E H 18.6+1.1% 15.4+1.2 7.240.5° 0 -0.9+0.1¢ —2.6£0.47M 37.742.08
2500 U/LAs 48 18.4+0.7% 14.6+0.8°" 6.4+1.3% 0 —2.4+0.4° —2.8:+0.9" 34.2+1.6°
3500 U/LAs 4 2 11 18.2:£0.9°% 11.620.6% 4.1+].3% 0 —4.340.3" —3.940. 2 25.7+1.7°
4500 U/LAg M 1l 17.9+40.6%% 11.240.9% 1.341.3° 0 —5.940.7° ~7.1£0.3" 17.4+1.4%

E: [Al 3 th R AR R 22 57 .35 (P<0.05)
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Table 3 The composition and relative content of volatile compounds in soymilk
AHXTE i (mg/L)
o) SR 30000 U/L 45000 U/L 60000 U/L 1000 U/L 1500 U/L 2000 U/L 150 U/L 200 U/L 250 U/L 500 U/L 1500 U/L 2500 U/L
AR A AR AJK AR & A& &E Kk KBk Kk mE o mEE miE
mOmE  mAsE  EOARE REE AR KR EmORE |AsE B0 B EOR EOEE
1 AR - - - - - 0.86 - - - - - - -
2 2-LHER T - - - - - - - - - 0.74 - - -
3 IECE 2.89 223 219 2.09 1.89 2.01 1.03 045 173 049 - 212 113 0.37
4 2- B - - - - - - - 030 067 133 - - -
5 PRV R 0.61 0.59  0.57 0.41 0.23 0.33 013 018 0.11 - 0.57 042 0.27
6 IECRRZEE 086 013 - - 0.20 0.36 0.40 035 05 076 088 016 033 0.32
7 2-L T - - - - - - - - - 0.82 - - -
8 31 - 015 - - 0.30 0.98 1.12 1.49 - 035 048 026 - 0.19
9 TR 025 — - - - - - - - - - 0.19 -
10 EC 231159 - - - 1.13 0.78 024 028 - - 128 037 -
11 + ke - - - - - - 0.14 - - - - - 0.28
12 S22 - - - - - 0.32 - 0.12 - - - - - -
13 Tl 012 - - - - - - - - - - - -
14 1053 1.94 1.50  1.33 1.24 0.87 1.65 5.18 704 190 136 067 210  1.84 1.20
2-L M HE-2-

S pagmgnke 0
16 2-25E-1-CF 013 - - - -

17 R 027 1.17  1.03 0.29 0.57 0.67
18 X T FER - - - - - 0.34
19 JR-24-55 06 0.17 0.12 - - - 0.07
20 WHEEZKZE - - - 0.37 - 1.22
21 LR - - - - - 3.22
22 PR 21 - - - - - 1.97

23 1,3-TAAkE-2-HEE - - - - -
24 VAL - - - - 1.39 1.68
25 15-5eE k-5 - - - - -
26 LTRIIEARTE
27 2-ZAAIEIUE - - - - -

060 0.1 - - - - - -
0.01 - - - - - 009 013
1.45 - - - - - - -
- 0.54 - - - - - -
155 - 0.58
- 0.81 - - - - - -
- 029 - - - - - -
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Fig.1 Contents of polypeptides in different treatment groups of
soymilk after enzymatic hydrolysis
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Table 6 Correlation analysis of polypeptide, amino acid
nitrogen contents and sensory flavor indexes of soymilk in flavor
protease treatment group

TRER AR SR

Table 4 Correlation analysis of polypeptide, amino acid

nitrogen contents and sensory flavor indexes of soymilk in

papain treatment group

fEbR

TR B SR

oy

oy

G

5%y

BERfigE 20 2 R

AT TR LG B

Z2 I3 e

Hilgfitp IR RS R

IR MRS
BEECUR)
BRAMARICE
BEECUR)
B RS
EWGUR)
B IR AR SE
WEEGUR)

ARG

Py

EEGUR)
B2 IR A
WEHECUR)

-0.862"

0.013
-0.22
0.636
0.890
0.007
—0.099
0.833
0.106
0.82
0.127
0.785

—0.293
0.524
0.146
0.755
0.537
0.213
0.107
0.819
0.106
0.822

—0.077
0.869

—0.42
0.349
0.104
0.824
0.659
0.107
0.091
0.846
0.127
0.786
—0.02
0.967

—0.612
0.144
0.058
0.901
0.861"
0.013
0.11

0.814
0.197
0.672
0.055
0.908

TE: *FRRAE0.05ZUH (WU ), AR 355 ** IR 1E0.01 400 (WU ), AR

e s #5~KTI .

K5 RSN BIL T 2K FIERR S A MR E KR
FEFREIFR GRS B

Table 5 Correlation analysis of polypeptide, amino acid

nitrogen contents and sensory flavor indexes of soymilk in
aminopeptidase treatment group
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