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ABSTRACT: Objective To study the effects of molecular weight distribution on emulsification and antioxidant

properties of soy protein isolate hydrolysatic peptides. Methods The soy protein isolate hydrolysates obtained by ultra
high pressure synergistic enzymolysis were separated by ultrafiltration technology to obtain 5 molecular weight peptide
fragments, namely, molecular weight (Mw)<3500 u, 3500 u<Mw<7000 u, 7000 u<Mw<10000 u, 10000 u<Mw<20000 u
and Mw>20000 u. The changes of emulsification and antioxidant activity of hydrolyzed peptides with different
molecular weights were analyzed by measuring the emulsifying activity, emulsion stability, electric potential,
particle size, reducing power, and free radical clearance rates of 2,2-diphenyl-1-picrylhydrazyl (DPPH) and
2,2’-azinobis-(3-ethylbenzthiazoline-6-sulphonate) (ABTS). Results The hydrolyzed peptides with 7000 u<Mw<10000 u
had higher emulsifying activity, electric potential and smaller particle size, while the hydrolyzed peptides with 10000 u
<Mw<20000 u showed better emulsifying stability, but the difference was not significant with the components with
7000 u<Mw<10000 u (P>0.05); the antioxidant activity of hydrolyzed peptides gradually increased with the decrease
of molecular weight of peptides, peptides with different molecular weights had a very significant negative correlation
with both reducing power and DPPH radical scavenging capacity (P<0.01), and a significant negative correlation with
ABTS radical scavenging capacity (P<0.05). Conclusion The emulsifying property and antioxidant activity of soy
protein isolate hydrolysatic peptides prepared by ultra high pressure synergistic enzyme method are closely related to
their molecular weight distribution, which provides a practical theoretical basis for the development of related
functional products.

KEY WORDS: enzymatic hydrolysis under high hydrostatic pressure; soy protein isolate; hydrolysatic peptide;

molecular weight; emulsifying property; antioxidant activity
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peptides, SPIHP)JE LA K &3 B & 11 05Uk}, 2848 M1 K
M« 43 BT 2k R A T ) ) AR KA, B
FREFRME. SR GE AL, SPIHP AU 54 AR
UCRIT B ER b o N AR 6 7 S RE AT, L A AR U
o7 14 TR St B 588 1 TR g R, R [l kB A
S N [T B P o ) = S = R R 2
SF L BKYE R E SRR S I A S 2D
BT 4 AR 4rF 2 (molecular weight, Mw)ZH 7 Mw
<3 kDa .3 kDa<Mw<5 kDa .5 kDa<Mw<10 kDa 1 Mw>10 kDa
IAZ AT A A IR IR BT, 45 3R B LLAZ kP A AL IR
5 F A4 B R A A B 22 57 . SORIBODR
TERE A3 25 VU AT 25 A AR A, 45 SR R UAH b T 4 F IR B,
Mw<1000 Da [k EAESRMTIEMEETT . ML, &
1 BR Y B AL K 2l R R 5 3 A3 1 43 A A U0 G
e e AR S — R B Y B T B, IR AR SR IB M K
PR E E RGN, HEATARIE .. W5 H A
AR EE A R I 0 2 I TS U SR,
R T E RN, BT 450 . 25 S DL EG-RY)
KRR AL, MEICThREE T R A T o, R B A A f5 7 A
B9/ BRBE, (AR R 3G N T e A PLROG 1M A
K 2 T T A ST A 10 FE 45 A PR BEAR LR, SINGH 26PDR

FHIRAR F BSTE 350 MPa JEJ7 T X BRIE & K fi# 5 min, 45
WK E R 10%0055 8 1 KR, oy ALE ot
AR 934% I EE 19%, PLEAESRH B E.
GARCIA-MORA Z:UOVRI & & 6 (1 . AR (1 LA B B
P IR AE 100~300 MPa JEJ7 F /KM m S8, 4R EM
5 H A A BIAH L4, 300 MPa 7= A= T 250 9/ 3 kDa
B AR, [FIE A B R EE RRAE TR & T 2 5. HEl
KT KB [ A5 B EAE TR R R KR E 0
E AR ORI R G . SR
e iop- A N DY E  h eI ] 537 90 N = K
SR AR IR A T AR 5T R TR D[R
fiE A5 3 B9 K B4y B R UK B oA — 2 i T e ™, SR
1M, AT S0 A5 3 B sk S8tk R LAk g ik
B, AW TR e e P I v 1 A K 0 B AR K AR
W, FFa sy BIEEORH &R 43 = K g R, B
AR 5P RALRE T, B HA TR R FoK
it R 1 i A DA 1l 194 g FH B (SIS AR 3 o

1 MR5ERZE
L1 #MR5IKF

B b GARIELIBENE SORIA F e R R A PR
HLEE 5 BN 48.1%; K@M B HR T & i

Corolase PP (4000 U/g, >k H¥EIRIE, BIRipEtdd:
Y THRARAR), BRE . B a4, X 2,2-8



3782 B dn 2 4 R R I A 4R

13 E

FE 19 B P 3E (2,2-diphenyl- 1-picrylhydrazyl, DPPH)
2,2°- Bk A - A (3- £ F 7 I g 1k mpf -6- 1§ /iR )[2,2° -azinobis
(3-ethylbenzothiazoline-6-sulfonic acid), ABTS]. 1JHiRE . £
FREN(BTal, I BRSEERHATRARD), A, 2 .
AL FARO T, TR LA BR AR, To
KPR, BRI, Ve R TAHRAR),

1.2 UFE5E%

Minimate EVO Y] i 8 IE R G (12E PALL AW,
HHP-400 #A /5 F % & (b B AL TR2 54518 BR AN 7);
FD-1 BB TR TEAL(E Z AR S RAF); T18
PR REASPL A BR A FD); UV2550 4001 T4
FEIH(H A Shimadzu /A #]); Allegra 64R ¥ % 25O L (GE
Beckman /A #)); Nano Brook90 T /R SCE B EEAY (35 E AT
G SCU AR F]); Zetasizer Pro Malvern B (FE[E
IR AR A BRA Fl) o
1.3 XWHE
13.1 XEHBEANHE

HifE GUAN il g K G s ARk, H—E B
FRIEMENE AT 10 F5EB LT K m:v), A 2 mol/L
AEAHRTT pH F 8.0, SR F (R 25°C) it HE 2 h #REUGE
M, BIFBAEEC 30 min (4°C, 8000%g), HIHH 2 mol/L
ERERVE pH = 4.5, ¥ 10 min (4°C, 8000xg), Frisi b
W, S AR 87K (m: VYBEBDTIE IR, PR
PLREAHT LB RSP, 3 2 mol/L AEALHIETY pH =
7.0, BHETHE T 4°Clfess . R E A kNS E
HAEHN 92.3%,

132 HEBEMRI S K&

1311338 K G52 E A A 0.2 mol/L MBEIR 52
W (pH 7.5, WA EFE N 30 mg/mL AR,
IAJEYI R 3%0 Corolase PP, TRAJJFHL 50 mL 3 A
LIEIZ RS, B s R B, SRR A S RS
o, BRI ZRIROK N R IR A R, R R
50°C, FE77 200 MPa, /Kf#ET] 4 h, KIGLHEHILE T
BhKH 10 min K3E, ZEiRB AR YR 10 min (4°C,
20000xg), L¥EWET AT 4°CIRAER
133 FRR&STEREGH &

A b3 = B ORS00 B B UK R LK 50 mg/mL
HIVE L, AR AR F 4 F & IR (3500.. 7000, 10000,
20000 w)BEF743ES, #45 5 Fb SPIHP 443 Mw<3500u. 3500 u
<Mw<7000 u, 7000 u<Mw<10000u. 10000 u<Mw<20000 u
T Mw>20000 u, K15 AS [R50 T K MK E 2 TR TR
AR .

1.3.4  FULH AR eg T
(OF ez LR et
2 I KONTOGIANNI 217 vk, R R £ 2% i

(0.1 mol/L, pH 6.5)0¥AN[ml 53—k 7K i IR V4 T8 i il i
| mg/mL VAR . FERIEWR 8 mL 5K S AH 2 mL BT
50 mL B0, SRAFEYLAE 16000 r/min 458 B T 355
2 min BFLAI . R PR B T 43500 28 A ) 43 1 B
SPIHP HFL Lt Mz bfasE .
(2)HL S
Bk 3 5 U A B B A b o, H
TR #H Malvern B A AU & 45 A [F 4 F /K Ik FLAL
W -
(BYRLAR 3 AT Il 5
S L1 U5k, R S IR SOOI TR
BAAIE, AT #ERBUR RO, D E AT A ZE A Bk
5 LA T S S 6] 407 B SPTHP FLALBR B 2E B
1.3.5 A MEREA M
(L) J5 77 il 2
M4 BORAWSKA 2Bk iy vk, IR Bk . B
1 mL A F¥ 2.5 mL pH K 6.6 [ 0.2 mol/L [ Bath 2%
LA T2 2.5 mL (1 1%k & ALEA IR S), € S0°CHIKTB
HOINE 20 min, BRVKREL, 55 10%M =8 LMR((2.5 mL)iE
AJJEESL 10 min (3000 r/min), K54 5 H(S mL). Z&48/K
(5 mLY)PA K 0.1%5 A28 (1 mLYRS), EEMCE 10 min,
TEF AL A 700 nm A5 BE AL A IROGEE o
(2)DPPH A 1 FLIEBRAE 77 T 2
ZHE WANG POk R EIE . B2 mL B &)
W5 2.0 mL DPPH Z P4 (0.2 mmol/L)IRGE35], %
IR TG 30 min, [ ZEAET 517 nm AP
. DPPH A L& KA 13 AR5,
DPPH H Hai@%&%/%ql—%)xloo% ()
(D) 4,72 mLBEGETR+2 mL DPPH I3 RIS WG EE
AR 2 mLBE L2 mL 95% WA EINAS B A E s 4,
1 2 mL DPPH & ¥#+2 mL 95%Z B M3 96 RE
(3)ABTS A H1 L& kR 8. 71 2
FIFH WIRTY APHAN 2218 )5 iR 1B #F 10 mL
ABTS (7 mmol/L)5 176 pL i Hii AR 2 (140 mmol/L)IR A, =
IRIFALICE 12~16 h, 15 ABTS Bk &R, FHZRME
M (0.02 mmol/L, pH 4.5)% ABTS J5IiH BRI R
0.70+0.01 (734 nm). K 20 uL FE5LTE S 3 mL # A ABTS
CAEIRS, WEACERE N 6 min, 7 734 nm AR
%, ABTS H IR AKX Q)I T
ABTS H m%iﬁﬂ%ﬁ/%z(ﬁ;@)xloo% )

KQ)H, 4.7 ABTS ETRBOEAA; 4, ABTS RIMARE b
B



5512 4]

SR, A R DR R A T AN R 2R R R0 R UK IR FLAR M S B AR PR S 3783

1.4 BB

BB ELE 3 R, GRLSEERER2Z RS
22K Excel 2010, $is2 5 B E AP RA Statistix
8.0 GEIT 4K, AR AT R SPSS #44:,

2 GRES

2.1 AF[RESFE SPIHP EL LI SHANREM 2

EARMIAAEZREZEEZMNZN, LFEEORY
PSR R A SIS R, DL BV A AR Sk, RD
RN oL 875 A T = A7 N % N o
SPIHP HIFL bt K L bR e tE WL IR 1, MAIEL 1 AR a] DU
Fifi 5 43 7 5 A9/, SPIHP B S AL MRl fhFe e M3 2
HJE T R, XU R [ 4y F R KRR, JEFLAE
PR EZE S, T A e s A R R LAk T A A
2%, 5 XU ZPURGE 1 4 T R R R HAT AR
PRI AE R —B Ak, H5315(10000 u< Mw<20000 u)
B SPIHP WIZEBLH b iy 7L bRsEt:, v REIH R FHAE
TR0 R AR 2R R, T Mw<3500 u f9 SPIHP, H:F
APk K ARSI AR 22, T RBJE AT 43 R 1 B /K
A5 i, SRIEEMR PR TR, W /NorF i ikt
TFARE AT — R AR IR I, Jovkmi b sk, B
FUILEREFEAR.

o -+ =~ At 1'%
. —e— IR

40 | 180
c .
B =
S/ 30 + 160 ‘5
£ W
3 20 40 %

10 120

0

>20(I)00 10000~I20000 700(‘)~10000 350‘0~7000 <3‘500
SFiB/
e B HORREVING TR R AR R 1= B 25 5 B 3, P<0.05,
T,
B 1 A7 SPIHP M FLALEFIFL AR e P (n=3)

Fig.l Emulsification and emulsion stability of SPIHP with different
molecular weights (n=3)
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Fig.2 Zeta potential of SPIHP with different molecular weights (n=3)
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Fig.4 Reducing capacity of SPIHP with different molecular
weights (n=3)
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Fig.5 DPPH radical scavenging capacity of SPIHP with different
molecular weights (n=3)
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Fig.6 ABTS radical scavenging capacity of SPIHP with different
molecular weights (n=3)
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Table 1 Correlation analysis between different molecular
weights of SPIHP and antioxidant capacity

MH TR S o i
i 1 —0.980%*  —0.967**  —0.902*
N5yl 1 0.996** 0.966**

DPPH A Hi % 1 0.968**
ABTS A Hi% 1

T #3008 B A M (P<0.05), **Fm i B 3541 M (P<0.01),

AWRIRR T 5 R ST REN RGBS E M = R
R LA E R et . 255 R B, 7000 u<Mw<10000 u
BIK AR LA e LA | BRI/ INIRTA%, 1T 10000 u
<Mw<20000 u FJ7KfEARFRIL BN LR I FLALER e v, (1
557000 u<Mw<10000 u (25325 A B3 (P>0.05) . FEHL
Sk 5T, SPIHP [)4Fi 5 HAA 5 7M1 DPPH H H A5 BR
AE I B B3 A SE(P<0.01), 5 ABTS H HFLiEHRAE &
BEAHIE(P<0.05). CAO ZE% Bl 4y 5/ N B i K
fen HA BAR A IR E T . MRS 4 Fh TR
JINZE T 5 R WA 2 IR P AR TE R, S5 IRE AT R
AN BB A TG P f o o BRI B R TR AR B R
FEAMASF R/, HPAIE R KA R8T 4
ARG A FRAK, WEETHERERMSR. 55
B P ST T R F 4> 1 5 A FR T 2 K B A Ak 16
P, G55 R PR 43 BB IR 2 Bk Bt AL RE ) 45
AR, Hor TR 1~3 ku 415 2B B AL DPPH
A IEERRAE S, T TE<l ko BU R ZEHE
BRI

AW P oF R0 S ERHE SPIHP BT 34T
HIFLILRRPE H B — @ AL ie )1, nIE N SRR LA TR
INENE &R, JF R B EA I RE R & . RN
BN A 1 B JE B SPTHP 7R N 14T B AL SR
FEAKTIF R ZAN PR . 0 T RERS 2 R E 2 k™
fh, LA 2 T B X Th AR B R TR

SEHE

[1] HUANG LR, DING XN, DAI CH, et al. Changes in the structure and
dissociation of soybean protein isolate induced by ultrasound-assisted acid
pretreatment [J]. Food Chem, 2017, 232: 727-732.

[2] NISHINARI K, FANG Y, GUO 8, et al. Soy proteins: A review on
composition, aggregation and emulsification [J]. Food Hydrocolloid, 2014,

39(2): 301-318.

(3]

[10]

(1]

[12]

[13]

[14]

[15]

RANI P, YU X, LIU HT, et al. Material, antibacterial and anticancer
properties of natural polyphenols incorporated soy protein isolate: A
review [J]. Eur Polym J, 2021, 152: 110494.

FENG L, PENG F, WANG X, et al. Identification and characterization of
antioxidative peptides derived from simulated in vifro gastrointestinal
digestion of walnut meal proteins [J]. Food Res Int, 2019, 116: 518-526.
AR, R IPRTAE LR A S E D] AL AT,
2018.

CI AOT. Preparation and identification of antioxidant peptide from pecan
meal [D]. Hefei: Hefei University of Technology, 2018.

SO TR R AR RO 2R B A TSR [D]. BV 7L
TR, 2021,

WEN CT. Study on the structure-activity relationship and molecular
mechanism of watermelon seed antioxidant peptides [D]. Zhenjiang:
Jiangsu University, 2021.

ERAE, TRYE. R AL X R S A R N RETE T[], MBS
i, 2007, 11: 10-12.

WANG ZC, XU X. Effect of ultrahigh pressure disposal on protein
structure and property [J]. Cere Oils, 2007, 11: 10-12.

GUAN HN, DIAO XQ, JIANG F, ef al. The enzymatic hydrolysis of soy
protein isolate by Corolase PP under high hydrostatic pressure and its
effect on bioactivity and characteristics of hydrolysates [J]. Food Chem,
2018, 245: 89-96.

SINGH A, RAMASWAMY HS. Effect of high-pressure treatment on
trypsin hydrolysis and antioxidant activity of egg white proteins [J]. Int J
Food Sci Technol, 2014, 49(1): 269-279.

GARCIA-MORA P, PENAS E, FRIAS J, et al. High-pressure improves
enzymatic proteolysis and the release of peptides with angiotensin I
converting enzyme inhibitory and antioxidant activities from lentil
proteins [J]. Food Chem, 2015, 171: 224-232.

VEXF, THE, LA, 5. B EAM/KIRRT S EA IR
i 5 KRBT, 2012, 38(7): 103-107.

PANG MR, DING XZ, KONG XZ, et al. Enzymatic hydrolysis of soy
protein extract with pepsin [J]. Food Ferment Ind, 2012, 38(7): 103-107.
HRIER, ST, W, A R RHK YR R AL 1T R
TR B dh Tk RHE, 2019, 40(15): 8-13.

ZHANG XM, HE ZY, ZENG MM, et al. Interfacial rheological behavior
and whipping properties of soy protein and its hydrolysates [J]. Sci
Technol Food Ind, 2019, 40(15): 8-13.

FE, VLEMN, R, S5 WVEER AR S B R O TR T
PERIRFFE[]. KR, 2019, (S1): 211-217.

WANG X, JIANG LZ, WU X, et al. Study on alkaline protease hydrolysis
of soy protein isolate and its antioxidant activity [J]. Soybean Sci Technol,
2019, (S1): 211-217.

LI WW, WANG YS, ZHAO HB, et al. Improvement of emulsifying
properties of soy protein through selective hydrolysis: Interfacial shear
rheology of adsorption layer [J]. Food Hydrocolloid, 2016, 60: 453-460.
LI HJ, ZHU KX, ZHOU HM, et al. Effects of high hydrostatic pressure
treatment on allergenicity and structural properties of soybean protein
isolate for infant formula [J]. Food Chem, 2012, 132(2): 808-814.

GUAN HN, DIAO XQ, LIU DY, et al. Effect of high pressure processing
enzymatic hydrolysates of soy protein isolate on the emulsifying and

oxidative stability of myofibrillar protein prepared oil-in-water emulsions



3786

LR

G A A

F13 %

[17]

(18]

[19]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[J]. J Sci Food Agric, 2020, 100: 3910-3919.

KONTOGIANNI VG, TOMIC G, NIKOLIC I, ef al. Phytochemical profile
of rosmarinus officinalis and salvia officinalis extracts and correlation to
their antioxidant and anti-proliferative activity [J]. Food Chem, 2013,
136(1): 120-129.

LI YY, LIU HT, HAN Q, et al. Cooperative antioxidative effects of zein
hydrolysates with sage (Salvia officinalis) extract in a liposome system [J].
Food Chem, 2017, 222: 74-83.

BORAWSKA J, DAREWICZ M, VEGARUD GE, et al. Antioxidant
properties of carp (Cyprinus carpio L.) protein ex vivo and in vitro
hydrolysates [J]. Food Chem, 2016, 194: 770-779.

WANG YY, WANG CY, WANG ST, et al. Physicochemical properties and
antioxidant activities of tree peony (Paeonia suffiuticosa Andr.) seed
protein hydrolysates obtained with different proteases [J]. Food Chem,
2021, 345: 128765.

WIRIYAPHAN C, CHITSOMBOON B, YONGSAWADIGUL J. Antioxidant
activity of protein hydrolysates derived from threadfin bream surimi
byproducts [J]. Food Chem, 2012, 132(1): 104-111.

ZHANG XX, WANG L, CHEN ZX, et al. Effect of electron beam
irradiation on the structural characteristics and functional properties of rice
proteins [J]. RSC Adv, 2019, 9(24): 13550-13560.

XU MQ, WEI LX, XIAO YC, et al. Molecular structural properties of
extracted gelatin from yak skin as analysed based on molecular weight [J].
Int J Food Prop, 2017, 20(Suppl1): S543-S555.

RN, YRS, TRIBIE. BERARPOKE B AR AU DI RE HERIFE ]
TR Tk REE2E4R (A ARFIARR), 2009, 30(5): 4-8.

GUO XF, MA WQ, ZHANG JJ. The functional properties of proteins
extracted from rice residues enzymatically [J]. J Henan Univ Technol (Nat
Sci Ed), 2009, 30(5): 4-8.

QIU CY, ZHAO MM, DECKER EA, et al. Influence of anionic dietary
fibers (xanthan gum and pectin) on oxidative stability and lipid
digestibility of wheat protein-stabilized fish oil-in-water emulsion [J].
Food Res Int, 2015, 74: 131-139.

GreL. KA JBAR f 0 R otk KO W FLAL M BT S A P B S
[D]. f&@M: FEHERMAAE, 2018

JIN H. Study on enzymatic modification of Pseudosciaena crocea roes
and its product emulsification and antioxidation [D]. Fuzhou: Fujian
Agriculture and Forestry University, 2018.

ZHAO F, LIU XM, DING XZ, et al. Effects of high-intensity ultrasound
pretreatment on structure, properties, and enzymolysis of soy protein
isolate [J]. Molecules, 2019, 24(20): 3637.

CAO WQ, SHI LF, HAO GX, et al. Effect of molecular weight on the
emulsion properties of microfluidized gelatin hydrolysates [J]. Food
Hydrocolloid, 2021, 111: 106267.

OLFA O, ZEINEB J, ISABELLE A, et al. Antioxidant activities of

[30]

[31]

[32]

[33]

[34]

enzymatic-hydrolysed proteins of dromedary (Camelus dromedarius)

colostrum [J]. Int J Dairy Technol, 2020, 73(2): 333-340.

CHEN C, SUN-WATERHOUSE DX, ZHANG Y, et al. The chemistry

behind the antioxidant actions of soy protein isolate hydrolysates in a

liposomal system: Their performance in aqueous solutions and liposomes

[J]. Food Chem, 2020, 323: 126789.

BO YP, YOON KY. Biological activity of enzymatic hydrolysates and the

membrane ultrafiltration fractions from perilla seed meal protein [J].

Czech J Food Sci, 2019, 37(3): 180-185.

RO, FRRAS, FIHSR, 55 ARk NE T 2 e 22 kY 0 25

Fe HATEACTEHERIE[I]. MRE SR T, 2010, (8): 34-35, 38.

LIN L, CUI FJ, YAN GQ, et al. Studies on isolation and antioxidation

activity of polypeptide from wheat gluten with different molecular weights

by enzymolysis [J]. Cere Feed Ind, 2010, (8): 34-35, 38.

BB, REES, §h2, 5 A ERIRE ARG A L RbUE A

P HRt AR K221, 2020, 55(5): 203-211.

WEI JQ, YU QL, HAN L, et al. Optimization of preparation process and

antioxidant activity analysis of bovine bone collagen peptide [J]. J Gansu

Agric Univ, 2020, 55(5): 203-211.

FeAOL, Rhielr, KI%E, 55 R[> R IRr T Z D UALRE 1)

WEFE[]. Edh Tk, 2016, 37(9): 74-80.

QI XG, LU XT, ZHANG H, et al. Study on the in vitro antioxidant

capacity of different molecular weight polypeptides of black seed-

watermelon seeds [J]. Sci Technol Food Ind, 2016, 37(9): 74-80.
(et KR

AR )

EZE N

XET, B, BEER, TEMRE @
A K] KRS AR T RE MR 2 A
EmIERERLES.

E-mail: hai.ning2001@163.com

NWEE, Ht, 8, TEMRSEAR
HEMISREREEH. &R XKS R
M.

E-mail: jz_dyliu@126.com

ZINE, L, BB, TEMRAE
AAEMIERERLES.
E-mail: diaoxiaoqingl72@163.com



