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Study Advance in the Effect of Subunits Modification on Soybean Protein Spacial

Structure and Functionalities
XITAO Huai-qiu, LI Yu-zhen

(School of Pharmaceutical and Bioengineering, Hunan Chemical Vocational Technology College, Zhuzhou 412004, China)

Abstract: Because of its high protein content and good processing plasticity, soybean protein is widely used in the food field
as a processing base or auxiliary material. 11S and 7S subunits are important globulin proteins and have important influences
on processing characteristics. Currently, it is deficient to deeply analyze the influential mechanism of subunits’ structural
changes on the processing properties and the relationship between the changes of subunits structure and the processing
characteristics at the subunit level. It is of great theoretical significance to clarify the association and dissociation mechanism of
soybean protein subunits for the development of new processing characteristics of soybean protein and the processing
performance of directional analysis of soybean protein. In present study, the composition and structure of soybean protein
subunits were analyzed, and the modification methods were reviewed. At the same time, the factors influencing the subunits
dissociation, and the influence of the subunit’s dissociation on the spatial structure and processing characteristics of soybean
protein were analyzed systematically. The research direction of the theory and application of soybean protein processing were

prospected, aiming to analyze the processing characteristics of soybean protein at the subunits level, in turn to provide

theoretical basis and promote the deep processing of soybean protein.

Keywords: Soybean protein; Subunit modification; Spatial structure; Functionalities; Food processing properties

K5 [ Glycine max (Linn. ) Merr. | Ff 74 H i
R IL 40% | 2R 1 B B i AR A
ROBEHREA R R i SRR SR
i I AR i A T A IO AR AT 3k 90% LA,
R 11S BREE 1 2 SRR TC L & B, 040 5 4 AR TR
Hor SIS FAO/WHO #EFEbREIEAAH ], 2
SRR AR BB, 7 AR L S 2R AL
Feoy erhh h Pz A . KRB EE W 1S B
M TS PEERE ALK, B EE AR E A .
Xof 8 1 J5T IV 5 A A ke S 0 R A 2 8 e R
TR R O R I TRRE, T RO ERE A
(118) Sy EBERAIRZEAE) , 1 M BE A3 AE 73 1 R,
Bt TR R BE TS 40 e L, M EL B - fEBkE A

%5 B #9:2020-05-20
BEETE - WmE HRPE SR A2 4 (2018)15022)

(78) ,11S W ALYy ReM: AL 2 , SR 52 ma K O 8 (i T 4E
Vb5 ke P B S L — A T BEAE UG 11S
AT A A T ol 8 4 o Jo O Joe 30 R e TR
DRI, ] Ak Bk 2K P S 45 4 R T R G Ao
TR R SR I TR G R R, H R
KT REHEMATS A1LS LB PR KB, (HEE
72 1 R SR PN TR 0 Y A A O
D, S S5 i 2 T AT R T R A — RO R I G
A ARG AT K SR R TR . AT
MK G Yk 20 i 5 454 | 3 el M vk
M) R 57 117 S 5 0 TR 2 S A B X R R
25 () G5 K 55 0 T4k A 52 i) 45 T R A 7 27 3, O X
KGR RSy A7 R B2, 5 7 R DA 3 7K - fig

E—EFE N HIEK(1981-) 55, L, IR, EENFEYIRIELZ AT . E-mail : xiaohuaiqiu@ 163. com,
BIAEE 2 EL(1981-) , &, WL, BB , 22 NI B 1 B TR DO VE B A= " I RERITSE o E-mail : yuzhenli@ 163. com,,



6 1 H PABKAE RSO SO R R A A5 (B 45 A8 5 DI R M R B e 955

BRI TR PR A B 5 R AT S 4R 2%
FF LA HE Bl R S 5 T M 25 A A A T
HINT AR ) BRI 5 SR .

1 XREEZEARWITREARS LS

MR ITRRE o B 25 S v K L8R 1 40 2878,
118 H1 158 4§ 4 Fili FE4H 43, 158 WP L5 T K Bk
B (11S) RAEREL 7S-11S IR K AR B 5 L I
AR 11S, KRE 12 80% Jynl i Bk & 11,
A3k K TR AR 1 (118 BR&E [, 1S glycinin) Fl
B — FEERE 1 (7S BRE 1, B-conglycinin) ;7S 4 43
AFAERN D £y — FEEREE I (y-conglycinin) FIH 1
7S BRAE [ 32S WAL 4 20% 2o Ay, B8 & IR A i
H#IF . Cyt C FI a-conglycinin Z5,7S 5 11S Fe {538
HWoNO0.5~1.3T g — PEERIE 1 (7S) Ky 220 S
H, 820k 180 ~210 kDa, 5 37 4[] 38 12 51 7K
VEFAHE T B (57) W = RARZS M 2540, o 3
(83 kDa) o' W.3E (76 kDa) 1 B W FE (53 kDa) 21
B, AT SRR, B o'B, \aB, \aaB o, a0
a7 s EREE T (11S) AR SIVEE AR, 4 T2
41 340 ~380 kDa, Hy iR V.5 A (35 kDa) FlfAE I
3£ B(20 kDa) 41 A%, BRPEW AT A, A, (A A, A A
A% 6 Fh, M R A B, B, B, B, \Bsfll By %
6 Ff il 1t - S - S FHIEIE AR 1Y AB WAL &1k,
A 3 RS B O I e K M 1) K G ER R S R
Phzs gyt

2 XREEBRITEXENTTZE

2.1 s

2. 1.1 BefeEor REEABEAS T EHT
I X Ty B R 7 A R o R A | I TR
Wy FE 3 IR PR | 22 2 I 55 3 P F It R i Ok 4 1
AT S INmER BN, & BE Ak R AT 2 Tk T L 3% 30 1R I
AT MRS, K H IR 1 5 vl &7 e
Y FEEE R4 AR 1 o3 il Ji RN SR 7K i A 22 5, 38 e
HLAr , 9055 7 1 SR AR TR L, DA AE % W] b 4 o5 175
PRI T

2.1.2 Hrmieror BRI R RS A A E K
PR BG , H H #2 1658 A POCL, Fil = 2R W 2 M
KGR IR et 5 , 78 R M 2 vt 4 Bl P9 ] 4
FERGUE 110 BB JC 5 3, O Fe 1k 0 2L Ak 1 R AT 1 4
T AR AN ] = R R AR B AT
BRI R B M Je K28 pH I R W #% , fx 2
Al3K 0.6 > pH FA, 7555 FR M 2 B PR P, 7K
PR FLATE G A7 KRB T DA B AR P AN [F] 72
FEHET .

2.1.3 mBLEME  BRBEE LRt AR RS R K TR
FIN TR RE , B Ak 50 T 0 i 7 i 1 R P e LR
W SFLA Y, I 3G 5 8 15 4 1Y 28 R 2R T M
fEo PG R B it K 40 15 2 11 AT ok 2D — i
IR R, R R A - IR R IR A stk
WR KRG E ARG R e RGP s S
FEMERE " .
2.1.4 #EEAASH 3@ d Maillard Jz b 5Tk 585K
P AT R R Al A8 i n] i B 1 BT 4y R O, R AR
B — e AN TCHR I A 1 2548 5 i IF 5 K S AR Y
PURRMZAEN . D IREis 2 UK 25 8 2 1 A
HME A JFURHEE T Maillard Sz 0 il £ AN [R] o ] 1 (9 45
SALE AW R R RS AT B - fE R
BREE M o WEERIBL R R I, FEIRK R AT 5
e 2 1 B 2B P4 e o
2.1.5 HesgFrornsx Mkt KRG E
HE R LR v v SRR k. TR el g
it 11S 75 v B2 AR P 5 ik 125 3% T it /K M 18 -
R BRI ERE  BXF 7S S M A/, B2 R A B X
B R R AN AR ) B AR N
KGR 1 B ATl o — B85 A0 AR T 1
Bl B — 1S3 0, e 2 0 28R K X,
H,0, W BERE N E] 1 mmol - L™ B FLAL 16 1 (o 3% 44
9, B IS T B, 358 T % T K B 4] 2 R AR
I3 ATV B A AT I B LA VR TR ) Y R
HER TR,
2.2 I
2.2.1 AL H AL HEURT K S B A R
VISLiy WO NS A = R a4 P NI i3
FIEEIETE, TS o Al B 3 FEEBHEHN i 2 R UL, «
R o 7 300 40 B UL Ak R BOE T g RN
Ringgenber' """ % BiL, & FL # 4k L5 R 4% i 40 ~ 120
nm 7% 40 ~ 100 nm, 118 5 78 W I [a] 4 B A H
KAARH 7 R AR E
2,22 BH#EHEARLZH(K) EHALE HE
i AT A R B 1 R A R B4, I ks i T
FEPES R ARE S . fF pHS. 0 S 4E T, Al s iR
VUL NS - - S IR B NN e O E N
FERRE,TS A LS JEIF, G5 R RN RN il A T
BN R TR P R AL BT L4 R
B, B = DU G 45, X R A T A B
BRCR Floury 261 & B, w5 X b BEUR K
AR LA SRR A i R 1149 FN 125% , )
<160 MPa By — 7K L1 & BT 7 ol 2 1S T e
PR AR T AL IR BT (0 ~40 MPa) Zb 3
K53 85 56 U A] 5 e B S ek S AR A 4 H . B



956 KX =2 B 6 1A

AN AR TR 2 R AL BE 4 1F R, B % 24 5
b NI NI = s i S B Al e s S TR L
J&  ZESA B 1 2k 20 MPa B RE AT A58 = e A st i HL
BRI BUR A 7, A B g ik — 25 38 K it
FEAE AN PR TR AR R I IR T e IR 2544 o
2.2.3 ApBAE EAALIE SPLA SPC,H T 7S
FL1S (R IT AT AL R ilE 11S nJE il £
TN i 2 E I — K ST, AT B8 4 g 1) 4 v L
stk RFLRETE Y o 2 R M W (TG ) %l
Bl S b B K W43 B8 2R 1 RB I T T R IR B I I8 Ak
WA RHL %45 . Ding 257 HF 58 T TG B4 M
AL BT K 0 AR B TR A 5 R T e
(RSE IR, 5% R IR W40 B 2R A Ff I H 41, 80%
T E 54.42% FLAHE B 45.82 m’ g T =
64.10 m* - g~ ", Aol 31.81% £ T+ & 44.23% ,
L 0 2 T i K A R B B
2.2.4 wAFEEE XRESEEAFTHEAS
ok RE kA HFL AL B FLAR R E v, T Yu 250 J
Al R G B R P R AT O I ) A — i A
FLAK I o 1 5 oK L e Tk, WF 5 & AR ek
120 min)5 , BETESMI S HH 12.62 x 10°° mol-gfli
PNE 14.35 x10 7> mol-g ™', AL FIR TG , o — 12 5E
SERUD = RS R e T O K T R
IRTE =L
2.3 EgEMME

Xof KOG A R o I I i S R
L A R T R B K A S BROR S5 R
11S BREE A, 6 7S JLT-RA SR, il KB EA
T TR i 2 1 O 7 K O 2 11 4% I K i
MR K o W3 o W3E > B W 3E > FRTEEFE A > i
PR B gl e 452 W S B, A A S5
R RGO T o WK fEH KT o WIE,8 W
FEYK AR T L o W LB o U FEE , R 1 S 35 1T %
NG K A, TR S LS AS A BlK
2.4 SAWMH

B P £ T g — e R 38 T A R BE A RO K
LR R BRI R IR v LA R e 0 5 o P Ak
B — AN R A Ok BT B R A AL B - A
TN [ G s O B A ek s R e AL Ak
PRV BEAER — lER AE A vk B R R LA
B LA R T (TR B i T R R A5 )
LERIE ARG 5 A S A PR B — PR YE 7R 1
PR K 43 1 2 1 LR R RS E T T
196% F125. 9% , 5t He 5 3% 8 2 (ARG A Uk 1) SPI
(LA TR SE P20 I35 I 155% F1125. 9% =

3 HWXKEERTEHBENEZRSH

3.1 pHEEBEF=®ERE

PR 2 1 0 i s £ B R L T i8R H
11S B FEEE L KT 7S, 78 pH2. 0 1 3. 0 ) & A= it
B, pH3. 0 fif B A2 5 K15 Wolf 45 % 3 pH2. 2 ~
3.8 JEHP K EERER (L E 2L 7S A 3S IR AFAE,
BT K G AR W A R U TR
B BB WA R (pH2. 0 ~3.0) 4h# SPI, 118
W LR B E KT 7S W3k, i e pH1. 0 F1 pH7. 0 %%
T, SPL 2 A= BEAE Y L BB A4, 4 fit g st T
W i BERE i, pH2. 0 F1 pH3. 0 544, KE &
H a5 TR R T pHIL 0 F pHT. 0 554,
] SPI fiff 55 5 JC R ih B E L, i 25t B - 3t
] o — WRTERATCHLINE ih 4% 1k H 6 AL FE R 5 i 8
T S IE M 56 5 Shao 457D W Ak PR 1 K & 8 1 ok
FFHLIKAHT, 2 B0 7S FN 1S 7EFR AL BRI 35S [F) 1 g
RS AR AL X W S A o 2 A s Ve o
3.2 #apiE

PR IR E AL 85 C )R, 11S fif B )5
A B 7 SEVR B 2R, KD BT A AT AR A
Yoy 100 ~200 kDa, H 7S 4 o' 5 o Hf %
F A4k, B 7S-6-11S-B i 1 B K F B4 I TE I
e BRI M R A L PR B A i 25 R 1
T« - RS SRR, B - P& SR i T
O] b ) o 9P T e i T o Jiang SN0 %
B, pHL. 5 Al pHI2. 5 $ AL PR IS , 7S W5 i MR DR e 1E
80% ~90% ,ZTHHi/KMETC i A8k, 118 F M Hi K
PE2 h NN T 3 4%, Ui pH R XS 11S 52 Lt 7S
Ko
3.3 A SHEERUEL LR

LTI I & X VN - = e e %2 01,
IR, A4 1 4R pH6. 5 ~ 6.8 il 8 3 500 U-mL ™" |
53 C HIZKf# 15 min B,7S B9 o' o W FEHE 58 427K
fiff, 118 TR 22 BRBESEARTE %, it 22 R 5 2 Y
I PR A K& < 14 kDa 414),7S FR B R Ny
56. 6% 5 T P4 1] 8 S AT SPL HEA TR AME
PUHAE, 28T T I AL F= 9 W L 254, K PR W] 41 4
2 B R A B AR 22 R, s ) 45
P BB ARG
3.4 7S 33 11S BERIMEIIER

KEHAMES 7S 11S LUK 11878 FLBR A
BIIEATE A, R 7S 5 118 REA B, 7S &
oo Il B KM AT 5 A TERIE Al B RS,
PALFERT 1S W] 5 g WL T s R A9, 7S Xt
118 BEFMGIER , A 7S 5 118 A 1EH i



6 1 H PABKAE RSO SO R R A A5 (B 45 A8 5 DI R M R B e 957

B S HE R, 7S BRI AL Y B Y R i A
FEE /R

4 TEBREXNAXEEZERAZTESHHIFIT

4.1 X ZHEHMITNT

IV HL i 5 JE BR A 1 TG00 4 fh 14, 4 W) pH
FAFTT B R RN, ORI T pH3. 8 L
pHT. 6 Z1F N MEREE & T 2 A HLIN 4 454
FEaE AR L B, BEIR RN 11S " KR A T
R PEREAS, « — BBEAE B - HT & 55 TC RN il 7 1)
16,80 CH} o — WRTERE SRy B — K f TR 1
90 CHI100 CH} o - BRHEF B - Fr B B - F%
FARNTCHLI: ] ; Tang 2451 22 81, PUAb 5 72 v 7S
BREE B L B — 4544, 7S T IL4E & , BRFAKE BB AL
LX) 7S TR A KA TR R A b
FRAK A PR T8 B T VP R B 9E 2
PR G B, AR AR B i B T B A TC R il
FHALBRRE i H o BBUSE RN B 35 A AR T H A PR
ditt , PR G s ) 349 K X6 HR A Ak R K BR Ak P
REAH IC R i S B b 34, 7K B Ak #1445 SR 2 de K
FHAEFR KRR BRI o BRHEFN B #E MR I
4.2 N=FHEMHRIT

FHER PR AL P 11S BREE AT, Try F1 Tyr %5
FE A8 A e AT B R R, Rl 2 PR AL HR A i 11S
BREE (=R kb AR . BRAN RS 11S Wik
UAESER SN, T RE SR i 11S Z2RIKAIE RS 208l
SHRERERS K, BRAL PSS B - T & Ll AL BRI 2 &2
M TIREN 0.5 WF,pHT. 6 [ 3. 8 I, e KMk
WP KA B W KRS 51240 2 nm, BAAH Try PN IRIEAS Hy
JEARE , R EE N, 4B AR B 0.2 FF & 0.03
B, fe KIS K LT R 29 1 nm, ZEAHIA] pH B, 25
TR T R A R W Wi e RS B B i R I BT
pH7. 6 B}, B 758 A 0.5 F10. 03 A Wz Wic o i AH 2
20% ,pH3. 8 XM FREHIIRE . RNREFHE T,
pH7. 6 B2 3. 8 B, W Uik B fe KT B 45% , i
pH AT, (5 5200 L 1K 2R SR RS | I A B e
=g aER B MRS A . BT B
LR AR B/ 7K AR B 5 1) ATV P TR AR = )
PG AR 1 e & BRI AL B , T AT 5 & e
GRBL R X IO DX SV (3R] 23 0 A et AL, W B B T
FAr AT BT 5 1 = GG M B 05 A SRR AR
BRI T, Xiao %1 & HL, TS BRI
(pH2.5) Ffif ( pHS. 5) Ab BEA , H = G0 25 ¥4 R 1E
W (% 4 550N, B pH A2 i 7 by, (5 2 R A
i R PO T A B AR AN

4.3 XtMRLEHRRIM

NS AV NCR- A = NS A Ra LS
AR pHT. 6 B T3 IE A 0.5 10,2 i, 774E 158
1S BREE [, B PR 0. 03 I, f776 11S 1 7S
BREEH,7S AN 15% ~25% , e v] 136 B, AH [H)
pH B, 75 5 B T 5 AR BE 2R (1 R R LR TR X
FEAE GBS o 3 AT rp 0 % A W S B . W9 i
R, AE pH3. 8 B, 7S BREE [ 7T 50% , 4 B 1ok
JETFRER 0.2 8¢ 0.3 i, JLF-43R L 7S BRE A
e,

5 TEMBEXNKEELIIRE

5.1 EARMBEREY

o WRTE T i o BRE S B TR LUAE  JCHLI A& i
TR SEMERIEMEC(P<0.01) ,8-iEEHE
BRI AR R R (P <0.01) ™ houb 7wt
A 1S BREE IR AT PR S R AR — RIK S 2 R
7, BE— 2B I BGR AT I 1, 3 ~ 4S Al TEREY , AR
pH 1B 5% T, 11S A fif 5% i 78 .38 5 158
(118 ZRIR) K2 A, X 86 1V A 1 7 A AS T
BERISY . Wa 255 R B, 78 pHI2,100 C A 10
min , SPT % f#EH 47% FTFZ 99. 5% ,7S .o Fl o' .
FEREANG B AR AR B AL T B, 1M R
11S ¥ E 580 °C L3RS ARG 2 118, 1 35 W e
£ 28 F14S 4, v RESE R T 7S R 11S = AE i AR H
ffiB WIHESF RS, 11S 5 7S SLR W or+ bl 7S & i
$I0 T B ARG, 7S BE I R A o R R R KDY
Lakemond %% % 3 pH7. 6 B F 38 B 4 0.5
118 %sf# R 100% , pH6. 5 B % 2.5 B, R R
[%70% ,pH < 3.8 I},2 FhE H LT 2585 . o
HITHISE T R IR B I K 9 T B4 S EL
W, R BB B W 35 Y R 7 9] ) B 1 w2 3L
R AR 5 i 0 TR BRI, P A
B HEREG I, S 3L A SOk i e A, U
WIR G B EAF T8 I i, M 458 0 K5
HREA R HIISTE S8 L.
5.2 EARMEREER

795 CHn#k 30 min AJ R 8 2L R
PpREAR AR /N LI S R R SR A, FLALAE J7 358
FRMESE T (pH3. 0) ZbHEK ERER I Eb P MR T
FERESE TR A — KRR - KA B, IR AR
SEEL T . B WA TR E MY T
KR o WEE B 6 85, T 7K 1 R 2L A e i
Y KEEAR NI S IR E A
i, 411 Shen 210 % 8, 5K 4K SPT A LL, 4K Tk
TR AEARGF AR E T

sEA



958 KX =2 B 6 1A

5.3 EARMERHE

o o i1 B IESA Rl ] B8 ST B, LA B A
HEEEm ™ . Fa D R, W AEE A KT E
Il A8 P10 5 JSc T 58 1T MEL WG 1 S5 A1, B 30 o AN A7 7 TR AR
g At R e R N L 7 A R T R e, B I
HE RSB IEAM R, 5 o WA A
LIS 1 7S BREE (A 0] 5200 5218 W I B A, 4 301 2 11
BRE I, RIS 7S o LS A, 7 BT T8 BRI PE
WU, o 7 FE R R AR R o A
Kb BT SIS T IR WL 5 45 4 & 2%, Renkema 251
%P, pH < 6.0 B 7S ARV RETE 5 g, pH > 6. 0
BF 11S Pt B IE B BEIE , A 95 C IR 4],
UG e T B A ) 10 ok L LA AR ] i AN B AR
SIS 2 R FE
5.4 EARMMEINELAFIE

R G2 1 A A A AR i B Bk
B S5 R E A RAE, AR T RSME AL, W T
2L M TR LR I A 2 O 4 4 7 Ak
A HH RIRLEE T, Bl Ak B A ) SE K, o — B
L E RS T R R BRI, B - T 45 M & i SR PR AR
JE TR WK Al B b B2 S8 B - B s Mg .

6 Hit5RE

PNGE (SRS PNV Ss SOEiR ANy
3 S AR PR E S T (U NCR o S kA
WEIIREM R B A BRI S E L, KB
PR TT AT PO Al O A I
PESE (E AT SN JC 1 B0 R E AT 1)
B, IR R AR O BE 4 5 5 i B e SE IR L
R [ P B S (HH R TR A KT
ENESE R ST € E D0 NI - = | W B )
AL DS ONCR S SR R AT R% Y 2
APV T KPR R L I TR B
YSL0I e W AN 128 =g R | I =R 9
SRR X I S R S 1 o T B Ay B
RO, TR R AR W B4 5 5 g B AL o 2 1]
PrREERN TR B AR EEE S EAYTE
AN A AR R R AR AR SR AR AT O B ORS E
R

APARLR LA T T R A 2k K LR H F T
(1) i T3 — VeI iR A1 2/ IR, Tt AT
Ml L7 35 1 52 o R R 2 T K
ST R Z R kv T A A 4 G O R e T
BT 1w 5 (2) 0o R S M S A G AR Y
PSS RIS ; (3) REZE H I RERr R 5 A B
WA SN, i 5 R TR PR A A R A
SR, s A PR R LA 12 R X R R B 2

LR R oSt 2 B BT 5T 07 0, i AE 53§ KK
WFFE T RE RS 1R 52 Wi ML BRI 25 45 7 738 % 2 B 3R
PRV (4) TP R EEA S HLEEY R T
%N e R (RIUR- S i B o Ul T TR 2350 G NI
I AR

5% Uk

[1] ZEZ, H Wk, B, 5. w0 A R SRS & 2 Ik
TZ[T]. KGR2£,2012,31(4) ; 649654, (Li Y Z, Xiao H
Q, Yang T, et al. Response surface methodology for optimization
of soybean peptide production technology from low-valued soybean
meal[ J]. Soybean Science, 2012,31(4) : 649-654. )

(2] BUFERL, AT, X3, A, R P bR 8 e B
SR T]. £ R, 2012,33 (13) ;: 388-392. (Zhu X W,
Huang X J, Zhao Q, et al. Research progress of soybean protein
modification at subunit level[ J]. Food Science, 2012, 33(13)
388-392.)

(3] B, B, THE, % TLVE 4 RS FTHE I 7S #0118
BREE S AT B B [ T]. R ERA, 2019,38(4) ¢
503-510. (Zhao X W, Zhao C S,Wang R S, et al. Analysis of 7S
and 11S globulin and their subunits relative content of soybean
germplasm in Jiangxi Province[ J]. Soybean Science, 2019, 38
(4):503-510.)

[4] Visakh P M. Soy protein: Introduction, structure and properties
relationship [ M ]//Visakh P M. Soy protein-based blends,
composites and nanocomposites. New Jersey: John Wiley and
Sons, Inc. , 2017.

[5] Zhu Y, Fu SY, Wu C L, et al. The investigation of protein
flexibility of various soybean cultivars in relation to physicochemical
and conformational properties [ J ]. Food Hydrocolloids, 2020,
103 105709.

[6] Nishinari K, Fang Y, Guo S, et al. Soy proteins; A review on
composition, aggregation and emulsification[ J]. Food Hydrocolloids,
2014,39(2) : 301-318.

[7] Utsumi S, Damodaran S, Kinsella ] E. Heat-induced interactions
between soybean proteins: Preferential association of 11S basic
subunits and beta subunits of 7S[ J]. Journal of Agricultural Food
Chemistry, 1984, 32(6) : 1406-1412.

[8] Staswick P E, Hermodson M A, Nielsen N C. Identification of the
acidic and basic subunit complexes of glycinin[J]. Journal of
Biological Chemistry,1981,256(16) : 8752.

[9] Gruener L, Ismond M A H. Effects of acetylation and
succinylation on the functional properties of the canola 128
¢globulin[ J]. Food Chemistry,1997,60(4) : 513-520.

[10] Hirotsuka M, Tanicuchi H, Narita H, et al. Phosphorylation of
soybean protein [ J]. Nippon Shokuhin Kagaku Kogaku Kaishi,
1985,32(9) : 622-625.

[11] S8R, BRIE AR, MR BE. W RR 10 X 53R B D) BE e 1R A F 52
[J]. &dh 5 &BETA,1993(1) : 1724, (Lu Y Q, Chen T H,
Chen L J. Functional properties of phosphorylated soybean protien
[J]. Food and Fermentation Industry, 1993(1) . 17-24.)

[12] WG, EIE, BB ME. KA K G HE H R DA B A2 2
PERME[T]. Thaet #2004 ,35(Z1) ; 2328-2331. (Wang F D,
Cui Y D, Zhou Z P. Functionality of natural soy protein and



6 1

H PABKAE RSO SO R R A A5 (B 45 A8 5 DI R M R B e

959

[13]

[14]

[15]

[16]

[18]

[19]

[20]

[21]

[23]

[24]

[25]

chemical modification strategies for soy protien [ J]. Journal of
Functional Materials, 2004, 35(Z1) ; 2328-2331. )

ML, ARAEAS Wit A= . B S A A8 0 X K 2 2 8 R 4
PRSI [ T]. DR 244, 2017,32(1) = 34-39. (Pu G
H, Zhu T W, Chen F S. Effects of glycation modification on
soybean protein antigenicity and structural properties[ J]. Journal
of the Chinese Cereals and Oils Association, 2017, 32 (1)
34-39.)

Puppo M C, Lupano C E, Anon M C. Gelation of soybean protein
acidic conditions.  Effect of pH

isolates in and protein

concentration [ J ]. Journal of Agricultural & Food Chemistry,
1995,43(9) : 2356-2361.

Liu Q, Lu Y, Han J C, et al. Structure-modification by moderate
oxidation in hydroxyl radical-generating systems promote the
emulsifying properties of soy protein isolate[ J]. Food Structure,
2015, 6 21-28.

FAEM. REEAPRET I HALEBTFED]. TN .
HIT k2%, 2010. (Yuan D B. Heat-induced aggregation of soy
proteins and its mechanism [ D ]. Guangzhou: South China
University of Technology, 2010. )

Ringgenber E. The physico-chemical characterization of soymilk
particles and gelation properties of acid-induced soymilk gels, as a
function of soymilk protein concentration [ D ]. Guelph; The
univiersity of Guelph, 2011.

Chen S, Wang X D, Xu Y Y, et al. Effect of high pressure
treatment on interfacial properties, structure and oxidative stability
of soy potein isolate-stabilized emulsions [ J]. Journal of Oleo
Science, 2019, 68(5) : 409-418.

Puppo C, Chapleau N, Speroni F, et al. Physicochemical
modifications of high-pressure-treated soybean protein isolates[ J].
2004, 52 (6):

Journal of Agricultural

1564-1571.

Food Chemistry,

Zang H, Li L, Tatsumi E. High-pressure treatment effects on
proteins in soy milk [ J]. Lebensmittel Wissenschaft and
Technologie, 2005, 38(1) ; 7-14.

Li Y, Liu B, Fan J, et al. Effects of ultrasound and high pressure
homogenization treatment on the interaction of soybean protein-
phosphatidylcholine [ J ]. Journal of Chinese Institute of Food
Science Technology, 2018, 18(8) : 162-171.

Floury J, Desrumaux A, Axelos M A V, et al. Effect of high
pressure homogenisation on methylcellulose as food emulsifier[ J].
Journal of Food Engineering, 2013, 58(3) ; 227-238.

B, ZR0ER, kB0, AF. R ST AL N R A3 A 1
ARSI [T ], 5k Tolk, 2019, 40(2) : 175-179. (Lyu
B, Li M D, Zhang Y F. Effect of low pressure homogenization on
gel properties of soy protein isolate [ J ]. Food Industry, 2019,40
(2):175-179.)

Jambrak A R, Lelas V, Mason T, et al. Physical properties of
ultrasound treated soy proteins[ J]. Journal of Food Engineering,
2019,93(4) : 386-393.
Ding XY, Zeng N, Zhang G W, et al. Influence of
transglutaminase-assisted ultrasound treatment on the structure and
functional properties of soy protein isolate [ J]. Journal of Food
Processing Preservation, 2019, 43(11) : e14203.

YuDY, Zhao Y, Li T T, et al. Effect of electrochemical

modification on the structural characteristics and emulsion storage

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

stability of soy protein isolate[ J]. Process Biochemistry, 2018,
75 166-172.

Coscueta E R, Campos D A, Osorio H, et al. Enzymatic soy
protein hydrolysis: A tool for biofunctional food
production[ J]. Food Chemistry, 2019(1): 1-7.
SR, T . AE H BRS04 4 1 S A (e i
XK A M RS R [T ] B AR, 2011,32(16) - 8-11.

(Zhang L J, Yu G P. Effect of papain hydrolysis and glycosylation

ingredient

on solubility of soybean protein concentrate [ J ]. Food Science,
2011, 32(16) : 8-11.)

. BRI B A B RS AR RFSE (D] M
T HE TR 2%, 2005.
modified soy protein by enzymatic hydrolysis-membrane seperation
[D].
Luo D H, Zhao Q Z, Zhao M N, et al.

(Yang G L. Study on preparation of

Guangzhou: South China University of Technology, 2005. )
Effects of limited
proteolysis and high-pressure homogenisation on structural and
functional characteristics of glycinin[ J]. Food Chemistry, 2010,
122(1) : 25-30.

Chen L, Chen J S, Ren J Y, et al. Effects of ultrasound
pretreatment on the enzymatic hydrolysis of soy protein isolates and
on the emulsifying properties of hydrolysates [ J ]. Journal of
Agricultural Food Chemistry, 2011, 59(6) : 2600-2609.

Chen L, Chen J S, Ren J Y, et al. Modifications of soy protein
isolates using combined extrusion pre-treatment and controlled
enzymatic hydrolysis for improved emulsifying properties[ J]. Food
Hydrocolloids, 2011, 25(5) : 887-897.

SRR, sRIBENY. ST P ko oK S B AR 1 D RE M R A T
7®LI]. BWmSEYHE RS, 2014, 33(10): 1031-1037.
(Zhang Y Q, Zhgn X M. Study on improving functional properties
of soybean protein isolate by combined modification[ J]. Journal of
Food Science and Biotechnology, 2014, 33(10) ; 1031-1037. )
ZEPENE RORAT, SRR, . AR - K e AR e R
PR T REAr B EAFUPELT]. Rl TR, 2016, 32
(18):291-298. (Li TT, Zhao C H, Wu H B, et al. Physical-
enzymatic modification methods improving emulsifying properties of
soybean protein isolate under acidic conditions[ J]. Transaction of
the Chinese Society of Agricultural Engineering, 2016,32 (18) .
291-298.)

R, IR, AR, . MMM T RESBERANE
Hp R[], AR T RS (A ARB AR , 2011,39(9) ¢
2227. (Zhou M M, Yuan B E, Luo D H, et al. Subunit
dissociation of soybean protein isolates in acid conditions [ J].
Journal of South China University of Technology ( Natural science
edition) , 2011,39(9) . 22-27.)

DRI SR g 5 o R A X DR L 5 A AN T R AR 1) 5
(D], 7N AR EE T R, 2012, (Yuan B E. Effect of
subunits dissociation and aggregation on structure and functional
properties of soy protein[ D]. Guangzhou: South China University
of Technology, 2012)

Shao Y Y, Lin K H, Kao Y J. Modification of foaming properties
of commercial soy protein isolates and concentrates by heat
treatments[ J]. Journal of Food Quality, 2016, 39(6) ; 695-706.
Petruccelli S, Anon M C. Thermal aggregation of soy protein
isolates[ J ]. Journal of Agricultural and Food Chemistry,1995,43
(12) : 3035-3041.

Nagano T, Akasaka T, Nishinari K. Study on the heat-induced



960

6 1

[40]

[42]

[43]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

conformational changes of B-conglycinin by FTIR and CD analysis
[J]. Food Hydrocolloids,1995, 9(2) : 83-89.

Jiang J, Xiong Y L, Chen J. Role of B-conglycinin and glycinin
subunits in the pH-shifting-induced structural and physicochemical
changes of soy protein isolate[ J]. Journal of Food Science, 2011,
76(2) : 293-302.

BITI, W, BRAK, 5. AR AKX 2R R
F 2 e R RE AR B 2 [ ], £ T BB, 2017 (15)
117-121. (Zhao Q L, Wang L, Liao Z L, et al. Effect of papain
hydrolysis on the components of antigen proteins and subunits
composition in soybean milk[ J]. Science and Technology of Food
Industry, 2017(15) ; 117-121.)

VLI, T30, 2R, 4. ROMELILIN AL i v R G2
FEA RISy T B Ay A [T ] v 2 4R, 2015, 15(10) ¢
65-72. (Jiang L Z, Wang R, Li Q H, et al. Subunit composition
and molecular weight distribution of soybean protein in witro
simulated digestion process [ J ]. Journal of Chinese Institute of
Food science and Technology, 2015,15(10) ; 65-72.)

He X T, Yuan D B, Wang J M, et al. Thermal aggregation
behaviour of soy protein: Characteristics of different polypeptides
and subunits[ J]. Journal of the Science of Food and Agriculture,,
2016, 96(4): 1121-1131.
De HHJ, De Kruiff B. The -conformational changes of
apocytochrome ¢ upon binding to phospholipid vesicles influence of
pH and ionic strength on soy glycinin solubility [ J]. Journal of
Agricultural Food Chemistry, 2000, 48(6) : 1989-1997.

Frachh, B, 2, 4. PR RE 1S BIRE A
Mogaimmzw ], ffRkas, 2018, 39(22) . 3944
(Qi B K, Zhao C B, Li Y, et al. Effect of heat treatment on
solubility and secondary structure of soybean 11S glycinin [ J].
Food Science, 2018, 39(22): 3944.)

Tang C H, Wang C S. Formation and characterization of amyloid-
like fibrils from soy B-conglycinin and glycinin [ J]. Journal of
Agricultural Food Chemistry, 2010, 58(20) : 11058-11066.

Xiao J, Shi C, Zhang L, et al. Multilevel structural responses of
beta-conglycinin and glycinin under acidic or alkaline heat
treatment [ J ]. Food Research International, 2016, 89 (1):
540-548.

Vuilleumier S, Sancho J, Loewenthal R, et al. Circular dichroism
studies of barnase and its mutants: Characterization of the
contribution of aromatic side chains[ J]. Biochemistry, 1993, 32
(39): 10303-10313.

Wolf W J, Nelsen T C. Partial purification and characterization of
the 158 globulin of soybeans, a dimer of glycinin[ J]. Journal of
Agricultural and Food Chemistry, 1996, 44(3) . 785-791.
EIIBR, FhZFEL, JEEBL, %5 BB REREEA DT
SERFRIE AR B RIS AL R B R [T] . PR ARARE KR
FE R ( ASRBRER) , 2016, 44(11) ; 31-38. (Bai M M, Sun
7Z W, Long G H, et al. Effect of heat-treatment on molecular
structure characteristics, solubility and in vitro digestibility of full-
fat soybean protein [ J]. Journal of Northwest A & F University
('Nature Science Edition) , 2016, 44(11) . 31-38.)

W eI, XUk, b, & KRGS SR B 4G
REBFFTHEELI]. KERb, 2018, 37(6) : 142-147. (Zeng ]
H, Liu L L, Yang Y, et al.

Research progress on thermal

modifacation and its dissociation association action of soy proteins

[53]

[54]

[55]

[56]

[57]

[58

[

[59]

(60

[

[61]

[62]

[63]

[J]. Soybean Science, 2018, 37(6) ; 142-147.)

Wu W, Hettiarachchy N, Kalapathy U. Functional properties and
nutritional quality of alkali-and heat-treated soy protein isolate
[J]. Journal of Food Quality, 1999, 22(2) . 119-133.

WA REHE E M REAT I LR B[ D]
T 4EF B T K2, 2012, (Guo J. Control of soy protein
thermal aggregation behaviour and strucure characterizaiton of soy
protien aggregates [ D |. Guangzhou: South China university of
technology, 2012. )

Lakemond C M M, De Jongh H H J, Hessing M, et al. Soy
glycinin; Influence of pH and ionic strength on solubility and
molecular structure at ambient temperatures [ J ]. Journal of
Agricultural and Food Chemistry, 2000, 48(6) : 1985-1990.
. NP FE BRSSP 07 2k K B M X DR S T
PERYZ W [ D], Jbst: o E ROl K 2%, 2004, (Meng Y.
Screening of soybean varieties lacking subunits and the effect of
B-subunit on properties of soybean products[ D]. Beijing: China
Agrictural University, 2004. )

Li F, Kong X Z, Zhang C M, et al. Effect of heat treatment on the
properties of soy protein-stabilised emulsions [ J ]. International
Journal of Food Science and Technology, 2011, 46 (8 ):
1554-1560.

JARRE. KREHEATE R TR Fl-/K S b 5 A AT 5
[D]. J7M: 4B T. k%, 2006. (Zhou C X. Rheological
studies of soy protein at the air-water and oil-water interfaces[ D ].
Guangzhou; South China University of Technology, 2006. )
T, o, SREME, A5 E RS AL BT
SRS B R S R L A AR SR [ ] AR 24, 2006, 32
(8): 1130-1134. (Guo ST, Meng Y, Zhang X M. Analysis of
protein subunit composition of Chinese soybean [ Glycine max (L. )
Merrill ] cultivars and screening of soybean cultivars lacking some
subunits [ J ]. Acta Ronomica 2006, 32 (8):
1130-1134. )

Shen P H, Zhou F B, Zhang Y H, et al.

Sinica,

Formation and
characterization of soy protein nanoparticles by controlled partial
enzymatic  hydrolysis [ J ].  Food Hydrocolloids, 2020,
105 105844.

SR, EEE, TR E, 45, AR R S A A R G B
HBER SRR IR IF 52 [ ]. KRER2E, 2011, 30(4): 657-
662. (Zhang X Y, Wang S M, Wang Q Y, et al. Coacervation
property of soymilk made by different soybean varieties [ J].
Soybean Science, 2011,30(4) ; 657-662. )

Thb, SRERIL, sKih, 5. REERER 0 4O 7R BE
Feterysgmal )], =@, 2017 (18) : 53-54. (Wang J,
Zhang C J, Zhang H, et al. The influence of globulin subunit
composition of soybean proteins on Tofu gel properties[ J]. Farm
Products Processing, 2017 (18) : 53-54.)

Renkema J M S, Gruppen H, Van Vliet T. Influence of pH and
ionic strength on heat-induced formation and rheological properties
of soy protein gels in relation to denaturation and their protein
compositions [ J ]. Journal of Agricultural and Food Chemistry,
2002,50(21) :6064-6071

L, sRUEOC, FERER, . PR EE FHASME LY
GERPRREAMTT]. iRk, 2017, 38(1) : 2026, (Wang Z J,
Zhang X Y, Sui X N, et al. Structural characteristics of in vitro
Food

digestion products of heat-treated soybean protein [ J ].

Science, 2017, 38(1) : 20-26.)



