2021 4F 2 46 %5 5 6

hoOE W g

43

HEER

DOI:; 10. 19902/j. cnki. zgyz. 1003 —7969.2021.06.010

pH {5 B {2 it X 5 & B EERE 12 h R 6B IO FR 2T

ALK R B AL

(T KRF RRFR, L LY 214122)
FZE B KRR I EGTUAET SR A SRk A2 B A2 PR R B A 7 A RIER
OB EGRARE, AT pH BB KL FGBEMEERMENGHm, %R &N Alcalase
B EGEEBEMRR L EGORAORERLNE , AVRKMEER AT ESTFTRANBA AN KR EKRESE
W pH AR B T 89 3 0 FF At fide K S KR AR R e E 8, K 2 K& G LA A K 74% (pH 7)
¥ F] 85% (pH 12) , 3t K 24k 69 -F 3 £:42 & 243 nm & /s £ 103 nm; B B, pH 18 #4% 55 K M 5
EBREREKRFEERPRER 3G B M P o) AN 5 A% A2 R Hvh RIEK R £ IR0 A0 5
TRESH . B, pH B KT % 4K ZO0RE K LR RERERBER,
K K 2% G RRER;pH R4 ; AR T Bk & & B
R E 422 :TQ931;TS201.2 X EkFRIZAD : A MEHE 1003 - 7969 (2021)06 — 0043 - 05

pH — Shift dissolving the aggregates during soybean protein enzymolysis

ZHAO Ming, ZHANG Hui, ZHU Ling, QI Xiguang
(School of Food Science and Technology, Jiangnan University, Wuxi 214122, Jiangsu, China)

Abstract ;: The enzymatic hydrolysis of soybean protein produces a variety of bioactive peptides. However,
due to the self — aggregation of peptides in the enzymatic hydrolysis process, insoluble aggregates are
produced and protein utilization rate is reduced. The pH - shift dissolving the soybean peptide aggregates
was studied. The results showed that the insoluble precipitate obtained by Alcalase enzymatic hydrolysis
of soybean protein was peptide aggregates with hydrophobic interaction as the main intermolecular force.
The charge repulsion provided by the pH - shift technology promoted the depolymerization and
rearrangement of the soybean peptide aggregation system. The soybean peptide protein utilization rate
increased from 74% at pH 7 to 85% at pH 12, and the average particle size of soy protein peptides
reduced from 243 nm to 103 nm. At the same time, pH - shift caused hydrophobic amino acids to
accumulate in insoluble aggregates, increasing the random coil content in the secondary structure, but did
not affect the relative molecular weight distribution of the insoluble aggregates. Therefore, the pH - shift
technology could safely and effectively promote the depolymerization of insoluble aggregates of soybean
peptides.

Key words:soybean protein; peptide aggregates; pH — shift; amino acid analysis; alkaline protease

Wi K R 8 LB O AR A IR A A
KRR A RS TH R A RXUBR A 2L
Jrke Ho BREK IR R G EB AR AA
PO GBI Y e I o 4 22 2 T
KRR TR R AW E IR E A D REO B

W5 HHA:2021 - 01 - 06 ;f&[E] H H#A :2021 - 02 - 27

EBE A BI(1995) 55, W L0F 582k DF9E s [l b B4
A& FH (E-mail ) 962566508 @ qq. com,

BEEE k1, 2% (E-mail ) zhanghui@ jiangnan. edu. cn,

R, K2R R K7 B 12 I ARG
RN U AN TI7 5 | D NIER 4 = b UL K
LK R I, S AT e G 1 TR IR - ik 3R 4
Ik - EARE, B2 AR KERER, LHLET
B = R IR S R e T LA ) 30% Y, %
SV B P 24, A ™ S e v E N LR A R R A
ShYERL, 1 R S SR A R . AR ST
R AR RER AR R F T, ERMEK
w DRI A SR A o i SR g W LA TR
S N (B = Y



44 CHINA OILS AND FATS

2021 Vol. 46 No. 6

pH B8 J2 1 5 5 1 i o 1 2 i TR T (8
) B BT AE L (pD) 1) pH R, 5058 1 FL AT HE R
IR 22 BREE 50 03 Je T, K 45 4 Je I Bl 43 g
TFE) 3 B8 T b pH 2T (b 7
T HER 3 R RREAR) I, ki 23 & A — o 2 10
WY R, T 3 2 T R T Jiang 25758
it pH B 5 R S 45 A2 Ak, s T H I RE
PERT, HICA RACR . SR, B AR A 25 2
THEEAEIRRERRHRIE o

ARSCEHUWESE T pH i B %0 R T2 IR 3R 4R 1A 1) e
FAEF, R X AN ) A B pHL i 3% J5 R o IR SR A 1A
(L RE I B A T 2RALE .

1 #MR5FEE
L1 it

REEE A (SPL A BTE i 92% ) , kAl
— L Alcalase 2. 4 FG B4 H i ( Som IR
50 ~60 °C , fi& pH 8 ~ 10, Jif}if 2.4 AU/g) , i 4k (5
NI

AR FhIR R R R A AR R BN
(SDS) &5, B R 73 A4l o

Nicolet 1S10 {8 HL - 42 e 21 4p S 3% A, 3¢
Nicolet /2] ; Agilent 1260 H 3 & FE B 70 i, 35
LS\ T 3 Zetasizer nano ZS AR M Zeta HL
A3, P& By RSO A W]

1.2 sty
1.2, 1 SPI R il R0 7 ik J3E 1 N g

HERIARI— & 119 SPL VA T 585 7K P Uk
10% (1) SPT W, 2 T HEHE 2 h, In A 2% 1)
Alcalase gt i, 75 56 °C T BiEfE 4 h, B f o B2
F1 A 1 mol/L [ NaOH 5% 1 mol/L 1) HCI Zi: 37 f
B pH 7 8. 7, B 48 o, 45 A e W /K I
I 10 min K, 75 4 C TN 24 h, (5B REHEH
WA, T - 20 CAEM, % i1, I B I8 Nielsen' ' 1y Jy
1200 7 B A7 ) 7 A EE
1.2.2 REMREMR I H %

UK G AR, A7 pH 227, T 10 000 g
4 CIRMFT B, TUEGR T R AE IR AR (SPA)

BUR 8 AR, 4 395 pH 22 12 (11,10,
9 .8, gtk 2 min, LRI pH 27, 7£4CTiE
#r 24 h,FF 10 000 g .4 °C &4 F &0 20 min, JLIE
FZEBKUE S PIUE 2R T, A3 B[R] pH i 72 4 348
JE RIS BR R ARAK, 43 30 SPA, (SPA,, (SPA ;|
SPA, .SPA,,

AL AE 07 W 5 SPA 2B 111 i % i, 450

(D) A REREABRFHIE(y) .
y=(1-m,/my) x100% (1)

K m, AERRER T E AT G ;my N
SPI w8 1 i o
1.2.3 ZrFlafERI i &

28 Zhang"* ({77 34 Bl . K SPA RS
VARAE 6 FIA JE ] . DPBS, 0. 01 mol/L . pH 7.0
()T R £k 2% v ; @DTT, %4 0. 05 mol/L DTT (1)
PBS ¥ ; @ Urea, 54 8 mol/L JRZE 1) PBS 51K ;
@SDS, &4 1% SDS [ PBS 7% ; & Urea — SDS, 7
£ 8 mol/L JRZF1 1% SDS ) PBS ¥ ; ©DTT -
Urea — SDS, %4 8 mol/L JR & 1% SDS #1 0. 05
mol/L DTT {9 PBS A4 o

1] 50 mg SPA 43 5iIJiA 10 mL 6 Ff_F A8 i
A, iR 2 min, 7E 10 000 g4 CF E5.0> 10 min,
DUTE FHZE IR /K PR B IR, B DLTE 43 BAE 3 mL 0. 01
mol/L NaOH w1, f#i ] BCA 32:"* i % Ui ¥t 4 Hc g o
A I AR R A B B AR EE (S) o

S=(1-my/m,") x100% (2)

K m, RUUTE L H BT BT 5 m, " R SRR
H B B T
1.2.4 R ATHL A A

BOR &8 AR 53 3 9R7 pH 2 12 11,10,
9.8.7, i€ W4k 2 min, Ik [ pH 2 7, 3 F
10 000 g 4 °C 44 R #5020 min, FIEWATE 4 °C B
Br 24 h A 2 AN [a] pH i B8 AL R R SR, I
BEREA S5 0. 1% , i IGNKRLEE X Zeta HL{
A 5 A 2K T34 RIAR A F Zeta FRLAV
1.2.5 SPI.SPA SPA,, — 2k 45 By E

SR PR L AR 480 2T I TSI 2 i 1) — 22
t, B 18 Zhou %51 {05 I F ek itk . 43 BIFRAL 10 mg
SPI.SPA ([SPA,, 73 Al 1 g IRALER , FH A0
157, 070 mg He B R A B AR 4 21 AR ki
PGHATH#, I HETE FE A 800 ~4 000 em ™", F14# IR
R 32 W, HER A 2 em ™, SRAE OGS &
Peak Fit 4. 12 4 (SPSS Inc. , Chicago IL, USA) ik
FE50HT , FEXFIERE 175 (1 600 ~1 700 em ™" ) X 3k
1T Gaussian #5515 14 —HEEM T 1L
1.2.6 XS4 o0 & 40 A 1 I

SPI .SPA .SPA, FH &4 1% SDS ) PBS ¥ i 14
ik, 2 B Zheng ") 77 W I ASAE & 9 FE T 231 i
G3At o AF R RST HEBH (235 125 (SEC) 7EBERE (k4T |
e SPT RNV B R SEAR AR XS 20 B s 43 A o
F1 6 FFRMES T 4Ric (10 0005 000.3 000.2 000 .



2021 4 55 46 15 5 6 1] T

Rl 45

1 000,500 ,180) A7 1H43 o AR Ar i i X B5AH X 43
T S LA 18 5 B BT i) 42 oA E R, %o 4
HEFTRCIE o

1.2.7  SIBRA RS BT

R R SR A IR BN 2 S 1R Zhao ' 1
TEFREIMEE . FREXZ) 100 mg NI KREART 8
mL 6 mol/L ) HCl B &, LA R, 3 min J5 A
120 °C A HERE ThK A 22 h KK ARSI 4.8 mL 10
mol/L 1] NaOH HrAl, FHZER/K E 253 25 mL, BUZJE
YLt g, HAE 15 000 /min 5.0 30 min, B F I,
H S &R/ T SO S SRR 2 A 150 BT o
2 #R5I
2.1 KEKEGEGRANRE

P 2 (1 K B A R R e
fiffZ — L AEA S 55 H 3k F Alcalase B P4 25 1 i
Jifig K G R A IR K, Alcalase 1Y)
AVE 5 — N7 T R ) Ay 7 7K P S L R ) BB, DL Ut
it ol A P S BRI R0 B i K M S S R T 11
JIREE , /K PSR I (B A & o K - KA BLVEF B &
RETE A RR LM, ARSI, SPL £ 4 h i
fi# IR SR R (17.65 £0.32) %

SR pH A 1R AN P8 IR 3R 4 A 1) 43 -]
VBRI T, K Tl v o (] 1 pH 8 ~ 12 [t 45
SR 115 T N R T Y T WA B
R AR TR 1 B B A 2R, IR B 7K % 7 R IR
BF A K EHE, LM B pH Y 5 7 bk B 1a] i
AH B AR SR AR U D, DT AS i O 3R B AR A i it
b B Z KB EIER . pH AL AL BERT K
GIKE AR 1 TR

6 % é é IIO lll 1I2 1I3
pH
E1 pHEBMNAEREZARFAZENZIN

HIPE 1 a] o, s pH A9 e, R IKEE B3 5 A
FHFRN 74% S INZE 85% o [FIRT , A ik e 1 BR AR
I A R 8 T2 e, AN B 51 AL A28
Jit, BA T I T
2.2 REMRRERGSTRAER )

R 6 A [R] A3 B R e AN [R) F) 2 1 B0
PER T, AN IR SR B AR AE AN [ 9 57 r 10 7 ik S5

FAEAIR 537 [RIVE I g X0 447 2R B ARG S5 48 1 5T
kA P DTT S —Fha] DUBAR 2 B g fg b —
BB 5RIL 55, Urea REAS AR SR F1 T4 44 1 0
B, SDS n] UG AR F B0 b R 1 0 R A I AR
GNP I IN 1727 N7 G IR (3 A R 763118 -5 S
PRAEAS A1 G o 875 Ak EE AP 2 77 o

100 = I
90 E

40
30r
20
10+
0 —

PBS DTT Urea SDS Urea— DTT-
SDS Urea—
SDS

B2 FERBEEESRREFDOERE

L 2 BTN, AN IR EEARLE DTT Fil Urea iy
VA P 25 S AW (HAE 5 SDS I, AN
JOR IR AR A A V5 A 2 dob 5 8 o8 O 0 A R Vs 1, 1]
AN IR SR S DA Bi AR A o =257 RIVE
FTHIRK - IR AR, S DTER IR ., B s 1) o1
R B/ o
2.3 pH fa#s 3t K B A 12 A b 45 00 % o

WE TANFE pH A% 5 KGR L35 WA kLR 43
A R A, 25 SR AN 3 FIE 4 B

16

AR 1%
N
(=}

- pHI2

< 4T = pHII

1t - pHI0

% 0k - pH9

0 g —%- pH8

= s}

2 B *
0 . = :
10 1 000 10 000
R4t mm
3 pH EBIXERMESHEIFM
300 ) 1-35
- P HPRAR

250 + & Zetai ;.
£ =30 >
£200F =
¥ 150 25 =
= 150 F =
g 100 _‘]%J
N B X
B 19N

50 F

0 . . . . . . _15
6 7 8 9 0 11 12 13

pH
4 pH RBEXKERKFHREF Zeta BB ALHIZSMT

H & 3 FHEl 4 ATLAE , FIR 2 pH i 6 53
pH WAL SR AR S A L, 37 pH K G R kA2
Sy AT LR N T T B B, SF-HRAR th 243 nm )
/NEE 103 nm, H R N34 4] . mTRE Y A
&, SR pH W% 0 K B KA G, pH R 5 42 1t 1)




46

CHINA OILS AND FATS

2021 Vol. 46 No. 6

LT 0 R R ) ik 78 43 e O Ok, kA 45

NS . pH WAL S T K ZRKAY Zeta LA

246 XL, fofT LAV VR A O R AR E

2.4 pH 148 Af R IR 2k Z 2R 25 6 v
R AN S X SPT SPA i SPA |, — 2% 25 k4 it

7530, BRI S FR o

SPI.SPA # SPA , ) — R Z5 ¥ 4B B,
#1 pHEBIRNIRBEFENSFRENFNE

LS AL, JE AN 15 R SR AR AR 1 Ik B — 0 4%
PR ZE B L 9 Fn SPT FE7E 35 22 5. 55 SPT A LE,
o — BBTELE R 2 o IUE RN KR AR, B - 7
B B — T £ R TR U] A i A N7 2D, T 220k pH
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JI0T e 80— 2L K B i K M 4 BE ML EE HE, 5 o -
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SPA 1.27 3.57 2.81 3.13 11.73 24.93 52.56
SPA,, 1.12 3.49 2.72 3.10 11.76 25.29 52.51
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Asp 11.54 +0.44 12.54£0.03 11.96£0.29 11.55+0.17 10.54=0.19 10.32+0.03 9.62 +0.03
Glu 20.58 +0.15 24.04+0.71 20.64 +0.73 20.49 +0.17 14.85+0.16 14.46+0.50  14.30 =0.06
Ser 3.85+0.24 4.76+0.04 4.45+0.12 3.78+0.09 3.91+0.10  3.97 +0.01 4.16 £0.05
His 2.69+0.04 2.30£0.09 2.36+0.06 2.68+0.12 2.44+0.08  2.44 +0.09 2.41 +0.08
Gly 4.29+0.07 3.88+0.09 4.12+0.15 4.29+0.03 4.47+0.09 4.60=0.19 4.77+0.04
Thr 3.38+0.28 3.51+0.07 3.35+0.01 3.39+0.09 2.89+0.03 3.09 +0. 14 3.34 +0.08
Arg 7.80+0.07 10.38+0.40 9.13+0.10 7.94+0.34 6.86+0.33  6.950.19 7.24£0.30
Ala 4.28+0.08 3.94+0.10 4.38+0.09 4.29+0.10 4.89+0.18 5.19+0.06 5.49 +0.12
Tyr 2.89+0.04 2.93+0.04 3.21+0.04 2.91+0.10 3.77£0.02  3.55+0.07 3.16 +0.21
Cys 0.45+0.11 2.390.04 1.79+0.06 0.45+0.02 0.67 +0.03  0.63 +0.01 0.55 +0.01
Val 5.57+0.06 2.97+0.11 4.420.10 5.62+0.02 6.98+0.32 7.11 +0.34 7.28 +0.13
Met 1.06 +0.13  0.07 +0.11  0.57 £0.03  1.04+0.02  1.51+0.26 1.46+0.12 1.36 +0.01
Phe 5.34+0.09 3.89+0.04 4.83+0.22 5.33+0.06 6.26+0.04 6.49 +0.06 6.64 0. 13
le 5.33+0.14  3.620.15 4.62+0.13 5.33+0.12  6.52+0.21  6.47 0. 19 6.42 £0.30
Leu 8.11+0.23 5.10+0.12 6.90+0.08 8.16+0.33 9.98+0.21 10.23+0.05  10.48 +0.20
Lys 6.66+0.05 7.61+0.36 6.91+0.26 6.55+0.04 5.82+0.14 5.67 +0.09 5.62+0.12
Pro 6.12+0.29 6.13+0.07 6.45+0.02 6.16+0.10 7.43+0.15  7.15£0.01 7.02+0.20
MR R 32.12+1.24 36.59+1.22 32.60=1.45 32.04+0.79 25.39+0.56 24.78+0.32  23.92+1.03
BRMEE SRR 17.15+0.26 20.29+0.02 18.40+0.56 17.17 +0.38 15.13£0.19 15.06+0.62  15.26 +0.72
Bk PR IR 35.86 £0.65 25.72+0.57 32.17+0.55 35.93+0.17 43.56£0.66 44.08+0.36  44.70 =0.82
VERHER  35.51+0.63 26.77+0.47 31.61+0.86 35.42+0.15 39.95+1.03 40.51+1.24  41.15+1.15
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