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Effect of Enzymatic Species on Function and Bitterness of Enzyme-assisted
Aqueous Extraction Soybean Protein Hydrolysates

JIANG Lianzhou TONG Xiaohong LIU Baohua WANG Huan ZHANG Qiaozhi LI Yang
(College of Food Science, Northeast Agricultural University, Harbin 150030, China)

Abstract; Enzyme-assisted aqueous extraction process is a green oil extraction technology, which has
advanced in recent years, may be a effective alternative technology to separate oil and protein from
soybeans. It will be accompanied by cream, skim and residual fraction in the enzyme-assisted aqueous
extraction process. The main component in the skim is soy protein hydrolysates. Different types of
proteases ( Alcalase, Neutrase, Papain, Bromelain, Flavourzyme, Protamex and Trypsin) were used to
hydrolyze the extruded soybean flour. Different kinds of protein hydrolysates were used as the research
objects. The structure of soybean protein hydrolysates was characterized by degree of hydrolysis, SDS —
polyacrylamide gel electrophoresis, amino acid composition analysis and Fourier transform infrared
spectroscopy. Solubility, emulsion activity index and emulsion stability index characterized the functional
of the soy protein hydrolysates. The bitterness value of the soy protein hydrolysates was obtained by
sensory evaluation. The results indicated that when using Alcalase for enzyme-assisted aqueous
extraction, the highest oil extraction rate was 91.23% and the solubility of soybean protein hydrolyzate
was 91. 12% . However, the bitterness value of the hydrolyzate was increased greatly which was 4, the
emulsion activity index and emulsion stability index were not good. When using Flavourzyme for enzyme-
assisted aqueous extraction treatment, the oil extraction was 87.73% and the solubility was 87.12% .
However, the bitterness of the hydrolyzates was only 1.5, thus the sensory evaluation was the best. And
the hydrolyzates had the best emulsion activity index and emulsion stability index.
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L1 ##5iKH

R AL R & (8 1 5T i 2 5 40% , g s o 4
G 1T % SR HETR SR T% ) I AR A8 e L AR
VI A2 ) s BV 25 1 B Protex 6 L, ZRBERF(H [E) 2
PIBRARAR P EE AR RN E O, 8 E
PR XU 2 il B2 1 . SDS — PAGE % fist il %
B & AT OGS ) Marker, Jb 50 R 3 RHCA R
ANulEAE A, mEE P ED EYEARERA
Al 2T, IR A Y RHECA IR A oAb AR 2R i
FN I R 53 B 2k
1.2 (NFE5EE

AR L R SR R e R Sl /AN
PHSJ — 4A BUSC 5 % pH it B & & A Wl
HH — 4 7 % 8 16 5 7K 78 By, 4 35 i ROHE 55 36 [ 4%
J73GL = 21M 7 iy SR v R 0 WL, IR AN B 0
BLALEE A PR A /] 53 — 18K 78 25 7 ¥ 5 55 0 Bl , Sigma

il

ocE]; FDS = 3 BB VR TR AL, 36 B SIM 2+
UV — 1600PC %4 45 &h 1] UL 43 56 0% B 11, I ifg 3 42 Bt
F AR A BR 2 5] Mini-PROTEAN Triva %1 3 B HL Uk
5, Bio-Rad /A ] ;L — 8900 %4> [ 3 & KR 43 BT 1%,
H 7% H 5723 7] ;s MAGNA — TR560 % {i BL i 4T 4 5 i
0, &1 Je m A W

1.3 AYBBASEAHBBONG&

S L1 107 v 45 R W 1 75 K 53R
fE), BRI AT - 8% AL K G i — 2 i
(60 H) — ¥ 19 [H el 6 mL/mg— i 55 i &£\ pH
fH— B (3 h, @R INEH 1 mL/(100 g) 5
1 g/(100 g))— K fif (100 °C, 10 min ) — & 0> 73 5
(8 000 .20 min) —745 3| /K fif W — & Uk T 45 — AR
(IEC%E) — 13 31K 78 (U #9)

1.4 EAKBEHIZE

ik NIELSEN %517 fy J5 o, B 46 2% — 1 %
( Ortho-phthalaldehyde ,OPA) % . ¥ _F b il 15 B it
JH 0. 1 mol/L pH {4 7. 0 F) 9k R £k 2% b 75 W 1 1 , #F
PR S OPA 7 78 /0 1R 5 5 s, fERA # 1k 2 min, ]
AT LG4y 6B T AE 340 nm R O B L 5
WAL 3 YT SME, 8 B BUK R R A X

H=h

x 100% (1)

tot

Ao h—— K 1 kB A

b, —— KR (K E R 7.8™)
1.5 SDS - PAGE #EH ik

%% LAEMMLI"™ () 77 ¥ W VE A6 e - 3 B e i
SrECA 12 % VU A6 I 5 0 Hh S % BRI e
FER S mg/mL, EAERT T K R N4 S min, B
o 10 L, K LRI BA O 80V, FERE Stk A 4Y B
e, 3R E R E & 120 V., WK S D A
R250 W g o, 1 J Il €2 4 ~ 5 0k, i £ 5¢
4 )5,k M Gel Doc EZ imager B 5 ¢ 5 & 58 73 By
HLIK A5 o
1.6 SEBARSK

T 1 T AR 1 TR 2L TR R R TR 4 T
ASCGHEATINSE  BF 5 T 6 mol/L $h MR 4%, 75 110°C 4%
K 24 b i U8 G HEAT BUZS TR R R JE B ALY
B, BERE R 9 50 WL JF 45 5 o5 8 A % R R 4y
BRI U B A S R I s I, R 109% =
SOTRYUUHE 2 h, SRS 7E 11 000 ¢ T B .0 15 min,
W pH 2.0, 3 38 J5 Bl AT JE R 2 B AN AT
ME
1.7 BEMHIMRENE

i BL I 2T SRS 35 0 52 SR KB T J 9, W 0
HUEE [ BRI RE & 1 mg, B A KBr 100 mg, 7543 AF 3%
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29 15 min J5 47 R AR, E & (20°C) 54T,
FI 9 0% B 2 R 400 ~4 000 em ' B AE 4 BER
N4 em ™ JEHORE R 0.01 em T AF T HIHE 64 1K,
FAL 3. FIH Peakfit Version {4 FiE A
1.8 ZEBRsesFENE
1.8.1 7Bk

Z I8 MORR %11 05 35 9 RS R 16 o, i o 7
20 mg i T 10 mL 23 5K p B HE 1 h J57E
20 000 r/min Z5 T B0 15 ming 23 5100 5E 1 i K
EER SN REASE, WRERRN EE
WA VR B SRR R A L
1.8.2  ZFLALIEMERMAALTR &P

% I8 DOMBROWSKI %y J5 3 W 5 25 (1 A
fif ) FE 5 R 2L Ak 1S M 4 £ ( Emulsifying activity
index , EAT) M # 4 Fa & 1 45 %0 ( Emulsifying stability
index, EST) FF RS /R & Ble . H5HF i 0 W 5 R S0 il 2 44
U 3 RS, H w3 4 BT HLTE 20 000 r/min | ¥4 5T
1 min (i HAE A 357 37 B oE A W CELAR W 50 pL
55 mL 0. 1% Ky SDS ¥ Wi & 15, id s i i K&
30 min J57E 500 nm &b WG RE , FL AL TE M 45 Eorm FL
i RO T A A

p 4.6064,N (2)
"7 1.000CH
304, (3)
SI _Ao —A30

X E,—F A B, m* /g

E,——F A FE 45 40, min

N i BE A5 45

C— LW AEIE BRI 25 B K % i b 2 1 5

{14 R v, g/mL

d——FLRIE i AH AR 5, %

Ay——0 min B} A0

Ayy——30 min [} [ 0% 5 i
1.9 BEIEM

V5 A 7] It 6 A 7 400 P 2% 18 I IRC ) B v R
0.01 g/mL (L SL IR TR o A [R] VR BE 1Y 28 T ¥ WA
FRUESEAT IR o R v T 0 10 TR R B 40 B R 0
8x107° 1.6 x10°.2.4 x1077.3.2 x107° .4 x
10 7> g/mL, X 3 B9 A0 0.1.2.3 4.5 43, & 1k
BRSSP U AR = R R
TTXFEE , 4% FEAR fE E AT PE 40, BB 10 B4 A &R
MYRCE PEE /N B (5 2 B PER S A 2otk AR IR AE
20 ~35 % ZJi) ) A VEA K R M R SR
1.10 HEFESKIT+FHE
AR E A 3 K, M ANOVA #1722 R

T EVES 0, IF ] Origin 8. 0 #1 Excel 285813 H %k

B, P <0. 05 1 Ay 2 25 1 22 57
2 ERETM

2.1 EYIBERBESF

2 1 g AN [ il Fob A 08 T T A 0 e 48 il 28R 1Y
SO o RN L R
I XU B 526 o N R A S
A5y B N 91.23% . 86.19% ,74.45% ,75.68% .
87.73% .89.44% J% 79.93% , W Ik 4K (1 W5 32 iih % £
i, PR AR UK SR B AR Y 4R R
FRAEL, I FL5 0l 8 B4R i R M . AT
R 1 M R R Y B R A A

F1 AEBBEGENRERMENZN
Tab.1 Effect of different enzyme hydrolysis conditions on

soybean oil extraction rate

fitg i 2 fil fip R /°C WA pH (H M2/ %
o1 55 9 91.23 £0. 32
rhod R g 50 7 86.19 +0.28
AN 55 7 74.45 £0.17
fik el 50 7 75.68 0. 56
UK 2 50 7 87.73 0. 10
HEEAM 50 7 89.44 +0.37
JHE 2 50 7 79.93 0. 33

2.2 JKFRESH

Zead T AT, B B AL BEAR B A R SR
F TR 0 K A B e K Oy 15. 4%, OO 5 5 35 1 Tl
12. 8% , Hpr P 25 1 g AR XU 5 1 6 K ik B2 AH 3, 4 0]
5 10.6% (11. 1% , W F a4 ok U5 1) 2 3 il ZS
JNER 1B RN B 8 AR K R R i 2 9. 2%
7. 6% |, R FE A K R AR, O 3. 3% X A REH
PR T Jke 2 1l 0 ) R0 7 A A SR TR R e Y R
FK AR
2.3 SDS-PAGE &R Bk

1 J& KRS B8 (SPT) FIAS [m] il Ak B S K 5L
WY SDS — PAGE K], K E 8 H I FE 4 57
& B R G ERE A MK EERE L B-TE K EERE A &
BEAR 3 AW, 43 g o (67 ~ 72 kDa)
o (63 kDa) FIB M. Jk (47 kDa) ; K T BRE8E H Hy B2 M W
3 A (29 ~33 kDa) g W5 B(22 kDa) #5431 3£ 4H
R LR AR X T SPL A K L G AR
Yrb GV 2 ARG 1 B B IR BOAAAE , P AR it 2R
HEERT , KEEAN o (o B IR T
A FREEABK A, o FO S A F RO EBREAR &
YA , PR 5 KA A R, 6 T A TR SN 4 R
2 LT 430 0k 2 G IR A /N KT . BREE
E B FEAEE T p-fE R U ERE A M AR ERE D,
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2.4 REBRAMSNT

L 7K TR g O LA K P B R PR )
PR, E AR BT R T 2 A I K I e R 1Y
L IR 77 AR i R Y T B IR R O A KB Y Y
TR IR HE o — A DL T, i 7K P ik A 40 2t
TER H BN, A 27 AR bR . 24 8 H UK
R ZINGy IR R K 1 R R Y R A 4 S R
7R R R R R SR R B A IR R A Y 4
0L e R A, 25 R B R R 1Y) LG 91 A g i, G
PR AR IR AT REPEAR o (HLR B K S AL R RS IR
LRI (43 B B9 0 05 A 1 5 W o B IR
H1 2 2 Al R, M 7K P G 3 1R A i IR A R TR 1 L 81
KAk A ARk S e A A R L

E1 R E & F KR 111y SDS — PAGE BRI 5 AR BCE P2 T R A5 R A — 3 R
Fig.1 SDS—PAGE of proteins in skim under different W 1 TR R JR B 11 I A A b T S He e AN X
enzymolysis conditions ﬁ;ﬁﬁzﬁﬂzﬁ EP%H%{E?%%*E“%(H] o
R2 AEAXREEOHEBYPIESERRESH
Tab.2 Amino acid composition of different soybean protein hydrolysates %
BAEER B 25 rhvE 2 AR 1 il %2 H Uk 25 1 HEEA JBE 25
K454k (Asp) 11. 14 11.08 11.41 10. 96 11.19 11.15 11.50
& (Thr) 3.38 3.58 3.62 3.58 3.55 3.57 3.46
245 ( Ser) 5.22 5.11 5.18 5.06 5.06 5.13 5.16
B E R (Glu) 17.73 18. 14 19.58 18. 68 19.76 18. 88 19.32
H & & (Gly) 3.90 3.76 3.88 3.77 3.85 3.81 3.77
R (Ala) 4.13 3.99 3.94 3.92 3.93 3.98 3.74
2Bk Z R (Cys) 2.10 2.06 2.08 2.25 2.18 2.16 2. 10
2 5 1% (Val) 4.65 4.45 4.49 4.45 4.41 4.56 4.31
HH 7% 42 iR ( Met) 1.22 1.19 1.12 1.13 1.19 1.22 1.02
SRAEMR (lle) 3.98 3.75 3.62 3.62 3.59 3.62 3.77
A (Leu) 7.12 6.76 6.38 6.47 6. 19 6.51 6.59
fi% 2 R ( Tyr) 3.07 3.16 3.14 3.08 2.97 3.21 3.02
PN E IR (Phe) 4. 68 4.47 4.24 4.21 3.87 4.39 4.39
2 & B2 (His) 3.98 3.35 3.34 3.33 3.33 3.37 3.30
#5152 (Lys) 13. 80 14. 00 12.91 13.90 13.78 13. 44 13. 18
K& MR (Arg) 6.88 7.97 7.91 7.79 8.08 8.20 8.01
Jifi 44, % ( Pro) 3.02 3.18 3.16 3. 80 3.07 2.79 3.36
S K P S R 31.87 30. 95 30. 09 30. 68 29.22 30. 28 30. 20
S IR B R 52.40 52.28 50. 31 51.78 50. 48 51.31 50.95
2.5 [HEMAMEIESH

P 2 Ay A [ il A 25 25 A0 8 R i v oK S48 1 Tl
VARG B E A M FT-IR B, FT-IR J%i% Al 2R
g Rl N N N || KR PSR & 4 &
Bz C—C gg iR sh fl C =0 F P4k 15
B AMEREBEE T 47 1600 ~ 1700 cm ™' 5 [l J& 2
A B ARE SOk [ 20, R
TG B 5 A W TR] I N O B A ¢ o E 2 A X
R WAL 1 646 ~1 664 om ™' B-4i7 B 45 K X 1of I 4K
1615~ 1637cm ' F11682 ~1700cm ™' 5 B-%5 ff 44

500 1500 2500 3500 4500
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FT-IR spectra analysis of different enzymatic proteins
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Fa Xk 7 35 B0 1 664 ~ 1 681 em ™' JG B 45 iy 45 44
S I A1 637 ~1 645 em ™', SR Fil peakfit {4 %t
Wi 1 F 47 25 45 BUR & 07 il 2 B0 4, 3 2 04 7
U J B 58 4l R R 2 A X B T A R
%3,

KREEAW ZREWL B-Ir &N =, X &
N 51.03% , oW TEA X iR 15.53% , B-F5 f
FHXF & BN 22.68% , JG B U & il A X R
10.76% . Pk 2 (B G fiF 15 2] 09 K 98 E R A
W) 2 25 K v G R s AR ol 31.80% L, AH
X T A i R, KUK 2R R G A A bk
TR A5 R T JC K36 AR e A, 4 R

20.52% .20.42% }; 20. 40% , AR )JNE H B 38 2
I I B 2 1 I A% T JC 00 s it A R S AR K
W/, R 18.59% (15.72% . 13.71 % , 45 M W fi#
W 1) T K00 s ot AR BRI R T B H
BRI R R A R A G M U A A R
AR, B-4r B AL LA A o 5 b SCOKfige J3E
FERT DU M, 8 A R # b T8 M0 00 5 gl A X o B
KK R . RN M R BT R
Lo B-%5 A B Al T ok, A TR) T A 18 A 7 5 B K il BE
P8 AN ) 2 T A I — S 4 ) 2 AT A 2 S 1 T B
S =Dl b ot R R DS N O S TR
LR M AR T R A T

£33 TRABBREAN_REUEXNSE

Tab.3 Relative content of the secondary structure of different enzymatic proteins %
fifg e 2 a-I2 g B-IT & B-¥: TG B0 4 it

SPI (15.53 £0.12)¢ (51.03 £0.01)° (22.68 £0.21)° (10.76 £0.04)"
1 7B (12.03 £0.27)" (34.57 £0.08)¢ (21.60 £0.15)" (31.80 £0.12)®
opdE (30.70 £0.13)° (36.15+0.21)" (12.75 £0.02)" (20.40 £0.25)°
AT (32.96 £0.09)* (32.88 +0.25)" (15.57 £0.05)" (18.59 £0.02)°
T (18.90 £0.21)' (49.37 £0.27)" (16.01 0. 11)° (15.72£0.09)"
Rk 1 (30.72 £0.05)" (38.42 £0.16)°¢ (10.34 £0.01)" (20.52 +0.14)"
A4 E A (30.52 0. 11)"° (38.46 +0.09) (10.60 0. 07)¢ (20.42 £0.13)°¢
JiR 25 (26.78 £0.20)° (45.58 £0.16)°¢ (13.93 £0.03)° (13.71 £0.02)#

2.6 RBEST

B P VA AR Sl R O T AR AR, B )
il T B R, e R LA OB I 1 S A A
KIRENA 5 SPTR LL , WA T A4 25 26 19 0% 1 ¥4
P33 S8 R B 1 i A I, B 1S A 2 [ 45
JE TR TT e T4 R I T8 RS R T
BV R E R A AR T B B A R
()95 i 1 B B, 9 91, 12% , P Pk 2R 1B KR
g O 25 2R W ROOR K A S A2 R P W A A
s g M2 Bk 84.09% . 83.43% | 79.2% .
87. 12% J% 89.4% , Jr A Tl fif ¥ & b, B 2 11 g 4 P
()95 A (70. 98% ) #5e 2% , R g A ) i A f ) S,
1 2 1 9 0 K A EE i, A P I A T R 1
LK, 4 T R AR 2 LG 2 T L B 1 K A K 4 E T
s R T B R . BRI 4E 1 0 s 1
F9 78 FL AR BBE /DN I B 8 I A T o 8 4 D R 3
3800 S 1T 55 K 4 TR AR T A AR 0
JEpE Y
2.7 FLLBSIF

FLALAE P48 B AE WU B HE VR TS B ARV 1Y
YTV L9 RE 0 5 L AR B S A i A L
FLIH BIREE RE ST o FLAL I VE RS BRI FL AL R SE T4 B
RATEAEFEEREEIETZ —, E2&nT

AR TEHEENEM . WE 3 Fron, BT i
MG AA  HE g A A 2R 1 R Y FLAR T
P8 ORI FL A RS A 1 45 B X T SPT 343 im, XUk
TG B R TR B R IR R g
FB 0 2L AR T S $0h 185,06 (173,12 (158,23
143.05 .121. 8 m*/g. CALDERON 2 yF 5z & o &
28 B KA Ja FLAR TG MRS o ZLAL R M ad 35
AJ R BT R4 8 5T R A K 3 AT 1) 2 R
FER 1 o A B A B e, T B R T AR 1 I A SR T
WL, R B LA L AR RS
7 A 1) TC R ) A 235 ) Ry HE R G TR B B LR R
EVEG R T R i 2 3 AT R
Jo TR A A R B i 2 DR B b A ) EL
et B3R m . AR, 5ORK A% SPT AH L, B
B A B A ) LA TS PR S R L
e MR HOY KRR, R I AT g & i T A A iy
1F BEAK A%, K f% BE F1 SDS — PAGE Z5 R 1], &
K AR BB, W BE R A LR /N o K . B iR,
IR 19 FL A 5 K i R R % DA DG, (R OK i BE 3L
AP 8 o i KA B LA R AR Y L R R R 2
2 07 1, I RVIOR 2 T O S 0 ) KA B AR, R
11.05% ,{HJ2& 2L AL 16 1 48 B 2L Ak o 48 23 i
K, 4351 185.06 m*/g 1 78. 9 min,
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Fig.3 Emulsion activity index and stability index of

proteins in skim under different enzymolysis conditions

2.8 RBEEMSH

g g = S T W NG A s A T W
FEPR IR FETE L i /N BK , 277 AR i B v R . iR 2
HIBFSE 5, Z BK B 5 s K =R )T 5 o F
B 2 ) 45 K AT B 5 0 K R 4 B R L 2 2 R
PR v SR R ICER Ll O R XL
WK AR A G R A A S, A
WA 518 4.0.3.5.2.0.2.0.1.5.2.5.1.5, A
K R G 7 A 0 BRAE A TE W] 2 25 5%, 9 R
o o 1) 2 B AR T A PR A B B AR AR A, RO
HVE R G R ORI A R
) Tl A A 1, 1 R e 5 1) SR XU R 1 T R i 2 1 T
() A B 1 o FH K fi B2 RN SDS — PAGE w] 01, i P 2R
1Bl ) K AR B e K, A i /N IR 22, 3l i 2
PR 40 B3 A AT R0 i 7K P 2 R R R 2 S R TE AR
F1 T A7 0 A o b 481 e v, 32 DR oA o K 2 3
B Sk 1 3 5 v A A P A 1 I ) S U DD A7
R, 2R C-oR v R 43 2 i 7K Pk 20 3 R, IR IRk
TP I 0 0 R e R AR KUK 2B

9 7K ik JEE AR i, (FUR: B 1 AR 00 R ot v i K 1 S
HE TR A R R R A L) B A1, PR O KUK 2R g 2
PN DD AN ST 4 3R L A D) T A SO K
2 Ui 5 ) L K VR B8 AR R VD B TR IR XU 2 1 e A
JI R 9 5 Al A 3 RV

3 5t

(1) 7 [vi) g Ak 330 B, 8 i 200 S A A ) 2 el Pk 2
ST S S 1IN Re -G NN Sl o - S i
I1E 90% A4

(2) Btk 25 1 Hp o 2 R IR L O
R AR G RS T A R R
FE S v R 4y Wk 91.12% . 84.09% 83.43% |
79.2% 87.12% .89. 4% K 70.98% , it 45 1 fi# K i
rh iV S AL R Y R R AR AT, KUK 2R AL P
(V5 i 1k 55 O L 25 S B/

G aEHAMKME, i T REEBR RIS FE
P JB P A6 i, b 7K i AT 1Y) 2 B, 1 O i T 4 v
FTC AL 4548 9 3 22, 5 1 8K BT A R S
P, Pt B A LA TS M . RUBR B i A T
FE b LA B, FL AR T R 8 BOR LA RS A M 15 5k
539 185,06 m* /g 1 78. 9 min ; Bl 4 11 i 1% 400
1) LA e 2%

(4) 38 3 JRE VEH 2 55 R 41 B o3 A K i BE R
SDS — PAGE 437 o] 11, AU 2 11 6 163 A 400 v O L B
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