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f = AT, I BT G A AL A R AT S XA TR PR TR W s, RS B R 7S A 11S BB ST AR I
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Effect of Enzymatic Hydrolysis on Structure and Foamability
of Soybean Protein Isolate

QI Baokun WANG Ying LI Ziyu ZHANG Xiaoying WANG Shuai
(College of Food Science, Northeast Agricultural University, Harbin 150030, China)

Abstract: Soybean protein isolate ( SPI) was used as raw material for hydrolysis with Alcalase (0 ~
180 min). The structural changes of enzymatic hydrolysis products were investigated by gel
electrophoresis, Fourier transform infrared spectroscopy ( FT — IR) and intrinsic fluorescence spectra.
The interfacial behavior of enzymatic hydrolysis products was described by surface tension and adsorption
of interfacial protein, and the influence of structural changes and interfacial behavior on the foam
properties was analyzed. After enzymatic hydrolysis, the typical 7S and 11S bands disappeared and new
bands were produced (about 24 ku). Compared with SPI, the content of a-helix was decreased, the
content of B-turn and random coil was increased in hydrolysate, and the fluorescence wavelength was red
shifted. These results indicated that the protein structure was unfolded, which in turn promoted the
change of protein function. The results showed that the foamability of the sample was the best
(143.20% ) at 90 min, which may be due to the lowest average particle size (208.10 nm ), high
solubility (90.44% ) and lowest surface tension of the hydrolysate at this time, which was conducive to
improving the adsorption rate of the hydrolysate at the air — water interface. However, due to the small
peptides produced by enzymolysis, the ability of protein network structure was lost, which had a negative
impact on foam stability. In addition, the antioxidant activity of the protein was greatly improved by
enzymatic hydrolysis. The foamability of SPI can be effectively improved through enzymatic hydrolysis,
and the application range of SPI as an effective foaming agent in food was expanded.

Key words: soybean protein isolate; alcalase; interfacial behavior; foamability; antioxidant
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B, ARSI KR S MR o
TRAE IS8 7 i 0 245 0 BOEk T Y6 R O B AN A2 2
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K& 4355 8 1 ( Soybean protein isolate, SPI)
Hom B R B ARBA T R4 1) SRR PE )2 1
FTER S Tk, SR, 5 3 W IR 1 (AN A3 5 )
il it ) AR B, RO AR I PRI, X AR 5 R
VI = F AR 22 A v A G xR GR
FIIEA T SS A LA e HoA G R T M £ e L g
T —FaI AT, AT AR A
EUEHE M, C AU T2 8 8 R E R E )
REARRME o Sy R L W LA SR R] 5%
7 (pH AH R ) MR AN 24k i B ORI 4
e, ARSI 12 e 1 T LA i 2 1 A S 9
PER AW . STHR[ 6 ] A A AR F1 A S 2
MK i B-PE R Bk Ik 1 R I, & PG A
7 A ) 22 JROGS ST T IR AR E 1 RE A AR AR 152 )
I A e AR AR T SCHBR[ 7 ] 72 1 2 1
(Alcalase) /K fift v H 35 8 FH B, & BREAK B9 K ff B
(1.50% ) FTLAGE 06 R 1) 7™ A, E 2 7K Sk 2 44 fn 381
9. 80% I VA HE— L BRI VE, IF HI R A & 1
AR T K AR ) H S5 A, [, SCRR[8 ] 4 3,
Alcalase &4 5 1 8 I G 8 (1 H A 8 & 9 B A
P, SR, E RIS 2 B ik 2 52 0 2 1R 1 1
FeE Tk /KR 5 SPL (45 #8722 4k 5 8 W Pk 2 [A] Y
RFR AT HEAT S AT 1Y) B I

W, ARSI Alealase B SPL, 15 24 7 K
it IsF TE0) 149 7K At 400, 5 o R 95 6 R 9 UK 1 B R AT T
o i FT - IR HLIFLDAMETE) (N IRZEOEE
TR R T K MR B H A R T B R AE R 00
FHH K % 72 ¥ ( Soybean protein isolate hydrolysate ,
SPIH ) A 45 F& e ik [) B30 5 7K Sk 49 2 v A R 4
AR SV BT, I M AROUL T 5 T A7 B2 53 A 445 48 A2 Ak
Xof B RSV A S22 ST SPI R G AR 5 TR R
PEZ AR, LA 56 SPT A6 3 R 7 & o A 1z
T

1 #EITE

1.1 #E 5

K G578 % H (Soybean protein isolate , SPI; £
AL 90% L 1), IR A RS B 5 il 2
P (5. 00 x 10* U/g, EC3) , FFEE T 4E(S A ) 5 4B K
—H % ( o-Phthalaldehyde , OPA ) | 8- Jliz-1-Z5 fiff iR
(8-Anilino-1-naphthalenesulfonic acid, ANS) , il $i T
RN A BN T 52, 2-3% AW (-2 3 2K I 0 m
WR-6-fifi iR ) (2, 2-zaino-bis ( 3-ethylbenzothiazoline-6-
sulfonic acid) , ABTS) , 3£ [E Sigma — Aldrich 23] ; —
Wi P EZ ( Dithiothreitol, DTT) , B3 AWK A
BN 5 oAb 22370035 S A pr
1.2 sE5iE&E

PHS —3C %4 pH it , LGB BHMULER R A
FRAT] UV —2401PC BUEAHN-1] WA 0BT, HA
B HANAR A AL F 4500 BIBEEE R T, H AL s
FHAR LS F 5 pilotl0 — 15EP Y ELZ3 W R TR AL, b
T EE AL S A FR 23 7] FTIR — 84008 U f# B2
ANEIEAL , HAS H 572\ 7] 3 Zeta Sizer Nano ZS90 KUk
J&E B H A A BT A, 3 ) B IR SCAX R AT RS B 5 Gel
Doc EZ RIBERE ARAX , 56 [F Bio — Rad A,
1.3 FHik
1.3.1 KU B E K@= w4

WER PR — 22 1Y SPT ¥ T 25 8 1K b, Bl B K
JEY TR E N 0. 05 g/mL 43 HOK , %R (20°C)
PEFE2 b, B AR B 158 2, BEJS A Alcalase
(55°C ,pH 1A 9) # A7 B ff% , Jin Bl 522 2 IS ) o & 1Y
0.5% , 43l FE AT EHE] 15,30 .60 .90 120,180 min
PEATEURE 0 min AR K EAY SPL, 58 MG 7 B ZE 3
K H KB 10 min, 75 K SR WA ) 2 %R 5 B0
(8000 r/min 4°C )15 min, £ FIEWIT % % T 12
PR PRAFAE TR 4
1.3.2  JKf#EE (DH) I

A SCk [9] W 7 ik, S AE & k. BC
2 mg/mL B K i, W 400 WL 9 o 3 VA
3 mL OPA FAEAR (S h IR A, = i R
W 2 min J5, 57 B2 B 340 nm A0 B W G DN
A e s PRHEFIZS 1153590 FH 22 2 R 25 8 /K AR A
i OPA RS, BREC N A F1 Ay » Z R TRR
WEVTR OD A (WJEHE) 4 0. 80 227, B FEM A
3R, JKRE(DH)HEAR N

h

Dy =7—x100% (1)
S eeeeeee Vi B
Hrf h= a (2)
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_0.951 6(A e = Aptank)
(Aslaudard - Ahlank ) C
o h——BlK i Y R AR
D,—IKfHBE %
h,,,— A R IR, B 7. 8011
C—HE i B W B, mg/mlL
TP RGEARD, REB=0.34,0=0.97,
1.3.3 PR E
FHORUA Mo 00 7 e ot RO VS A B e TRC o 44 i
11V PR ES TR, A8 PR v D £ R 5 i 25 o d vk
R 2.50 mg/mL A SIS (pH 1H 7), 1E
10 000g 4°C F &> 15 min, B 1 mL [ A1 4 mL
KA MR IR 2T, 25 R REE [ B 30 min, £ 540 nm
S0 7 W O FE AR Al o o G L AT O T R

(3)

E‘WE ’ ‘iﬁ'ﬁ_ﬂr&ﬂt Sulubilily i—f%:/L\\itj\J
Svlubilin = £ X 100% (4)
) CO

X C——BEAFETRE
1.3.4 1 e SRR R B R A Ik e R e P K I

SDS — PAGE ( % 47 198 494 — 3R PN Tk e 6 12
HLYK ) SR FHSCHR [ 11 ] W 7 ik, R AE & ek, IC
2 mg/mL BIRESh RRER (10 wL) 5 4 x EREZE il
(30 wL) HFATIR A, Bl 5 /KA 10 min, FFE 10 pL,
] 129% 43 B BEIE TN 5% Wik 4 e i E 4T HL K, 80 'V
121730 min, 120 V3817 B45 0, 4505 B % 1)
HriE R 250 Yeo, SR 5 I DK R 204 T 10 €8 28 4%
VT , 5 PREE RS A THA IR AT
1.3.5 SEHPRIARH Zeta HLAZI E

Bl 1 mg/mL BYFE 543 BUOH, >R Zeta Sizer
Nano ZS90 RURLEE 73 B AN 5 b (807 B 43 A 1 3R
T FEL A2 A3 HIORE RS 2 AR B B BSR40 R 1. 46
F1.33 K RER R EAE 25°C R 120 s, EE 3 1K,
1.3.6  (HEHEMARBRLTSMNGEE (FT - IR) 4047

W TRES SR 1: 100 TR & (FE5 53
BRI L) il 45 B ), SRS R FT — IR 4,
H 315 510 S 7E 400 ~4 000 em ' JE A, Ao PER
4 em " 'HIHE 32 R, SRFH OMNIC 6. 0 $4i R 42 5k
Hl Peak Fit V4. 12 WAL SR {2 77 X i 4 617
30T .
1.3.7 Rk e

Bl 10 mg/mL A 5T, 2R 5 In A T B o
B AU AR W T R R AR S L 1
TVEARFR T $54E 500 s BB ASFE K T,
1.3.8 Fmisi/K ML 1, TE

HRAE SCHR[ 13 1/ 3 FEAEIE ek, FF ANS 43k
TR ER 2 vh 7 (PBS, 10 mmol/L, pH { 7) 1, &

R 74 6k, 5 A PBS M B EE & (0.01 ~
1. 00 mg/mL) 7£ 4 mL BIAE S, A 20 pl. ANS
W (8 mmol/L, pH {H 7), kY W 5 min, 7£
370 nm (%) f1465 nm( &5 Tl ANS f)72¢6
SR, JF DL 22 E O O\ AR AR, R R A R
(mg/mL) AR AB B, 38 K R 2 I 1 B 4 35 152 Oy
5 nm, IR BT R G RR B &
Bk AR H,)

1.3.9  PIEZOLEIEI &

S SCHR [ 14 ] 10 7 2 22 25 11 N TR 28 60k
BE, FCH] 1 mg/mL BRE AW, A F - 7100 B
Y6 EE 1+, L1200 nm/min B9 33 3 3 R0 %
300 ~ 500 nm Z [H] (4 K& 5 ik, B 4% 55 B E N
2.5 nm,

1.3.10 Ui A R

MR SCHR [ 14 1005 1%, FEAE & i, I v vk vh
BTG T A VR B A [ I S ) R B A R
(10 mg/mL) HI7#5 # 89 PIHLAE 10 000 r/min 55 1)
2 min, JICE 30 min J& , FIRUGE IR LI 52 BT DI R R
R 2 P 5 F v B AR 30 min J5 A R 2 A
(R B T v B R AR T I B e e SO TR R
JoT T f v B T WA AR 1 B B R R B E A L
1.3.11 DPPH H &35 FRIG M 2

7 96 FLAR I 100 pL I 95% 2 Bl 4%
) DPPH ¥ W (0.2 mmol/L) , 5 100 wL ¥£ 5 ¥4
% (0.01 ~10.00 mg/mL) R4, Lh 95% 2 E AU
FE S AE S X B 2 R RO R E 30 min, W H
517 nm 2L RYWEOGEE . DPPH {1 2% % D, it
NN W]

p, =1 =% 00 (5)
P Al
X A, —XF AR
A, WO
1.3.12  ABTS* H i JEE BRTE 2EM E

He ABTS 3077 (7 mmol/ L) 5 85 AR AR 14 3 1 iR 1
VW (2. 45 mmol/L) YR A il 45 B ABTS * i 8 W (i
FHRTZ IR E 12 ~ 16 h) , /1 10 mmol/L PBS i B
ABTS * i & W, i HoAE 734 nm B WG K 0.70 =
0.02, 7E96 fLAR L% in i B J5 19 ABTS ™ fiff 45 7K
(150 L) FIAEA (0.01 ~ 1. 00 mg/mL) 50 wL, B4
Y50 )5 ARG W 10 min, I 5E 734 nm AL BT
JGRE PBS ARERESAE R IR ABTS * [ iy BL i
R DPPH [ o L5 R
1.3.13 ey SRR e P

HRHE SCHR [ 16 1 975 1%, FEAE B 2, I A i 1Y)
PR AR e M, AR S A TR (10 mg/mL) B
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TPIRELE T Il RS R E H, &)
HLLE 10 000 t/min [ B§1J) 2 min,iﬂ%?ﬁtﬁﬂ'ﬁﬁ:%
& H, 5 & 30 min 5,058 N A RE S S B, R
WP (FC) F8 BN AT 1 (FS) F8 B TR A

H -H
Fc=%x100% (6)
1

Fo=E = 009 (7)
STH, -H

1

1.3.14 iR MR
FIRRR 1,313 715 1 5 2 & B S I UK IR R
70 WL HRAE SOBCAE M 2 R b 7 AR Ay
S 4 x BEEA 10 x Y5 MEL 2 min A1 30 min I
(TS
1.4 HESZIT
JIiA SEEe 34k 3 E S BE LS IE + R
FZFIR . K SPSS 25. 0 T A 4R A4 B i i 45
JHEFT ANOVA 8322 F 400 (P <0.05) . RH]
Origin 2019 # I

2 HBRESH

2.1 KIRETBME

&L 1 AT 1, DH Bl 35 7K fife B 0] 7 2 < 52 91
W L TR S K R AE 90 min SR B,
fitHf 180 min B AE & AY DH R (10.27 £0.23)% .
TEBGHAFFTIY , BT8R B K IR LU 7 A2, i)
LR Z I LAt e R B A b, H Bl 25 7K fige Bisf
() ) SE 4 | SPT 328 7 9% 0 e Ry 22 IR, U057 08 2L
it o 5 i 248 L) R, i 22 9 SPTH AR s ml
REXT AR B A6 50 e PR ] 3t 25 3 BB A i 2
I EIRAE AL

22 4100
- KRR
190

28 - v
180

18+
16+
=170

14+

I

'z\' SO’L?E

8
6
4k
2
0

(I) 1‘5 3‘0 éO 9‘0 léO léO
Fisf ) /min

PR AN [RD AR R 1) T A5 it 18 70 A AR i 132

Fig.1 Hydrolysis degree and solubility of samples

at different enzymatic hydrolysis times

Vs 1Ak 2 B 1A R A — T ) R TEAR K
PR R AR 10 A A D AR (ke vt |
BERETESZS) o 1 Al SPLYAMRIEIU (21, 04 +
0.39) % ,7E Alcalase YEH T, SPI i fif i 1t 2 (P <

0.05) 340, X & i T SPT 4 18 FH e ki b7 24
TE BN R IRl B S BE R A H 3 2 At R
IKPERE K, A g
2.2 EfERT SPI &4 R 220m
2.2.1 SDS-PAGE

R 1 2D WK A ()X SPT B 45 #4) 5% i 72
BE AR S AN A S 45 TR T Wi A T RS 1Y SDS —
PAGE, SCHK[20 145 SPI % 3= BE4H 304 & 7S F0
11S, AV R4 45 7S A o o/ A1 B, 11S AYRRTE IV
A FUBE T 5L B, 7EE 2a hRSR SPL B o A
7S A1 11S RHL AL A5 fEARIR AT (Bl 2b)
A I TR R A R R AR W (A B) SR AE il
A i R R B B SPT sk 55 , [ A A 8 43 B 5 HE AR
TEMR AR T, X AR 3B 4 R A . M7 I8 Ji 2% A
T(E 2a) 2k KM 5 KEB KA, LA SR AE 1A 1Y
Tk B o A R B 2a BT 7E
Alcalase fEFH T SPI [/ Rk BTG & A T 0 i A8 4k | i
fERII 7S MR Z5aty JLPIH G BT B T 1 2%
Yy 24 ku WY SR, Bl T AR S ) A S HG 2R T AR
W HT, KB/ T 15 ku W2 KRR, X
HITE Alcalase PO T , 25 119 6 i 1 40 BT 388

(a) AL

(b) ARk R4
2 ANIRIARHR ) R R A B SDS — PAGE
Fig.2 SDS — PAGE of samples at different enzymolysis times
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NI B Uk B 18] F) VP 0 ( A  K AR LA
) #RBAIR
2.2.2 SEHRIAEF Zeta HLAT

UNZR 1 FroR | G Tk P ] A SEE A5 S 2
A0 W /N JE B K, 90 min BE S OB A2 & /D
(208. 10 nm) A W UEM |, Alcalase YEF] SPI J5 , H
TRREEWT R, 8 TP N1 22 Ik T OB Al O R AR
VN AR A R /NG N R S
LB KO EAE SR A R4 SPIHL HY-F- R4 &
WK Zeta HUOEVFHEE A BURAS E PRI —
BURHIE. B ET S 2R E Zeta WAL R I FU(H
(F 1), RV H B A B2 09 71 1y FBL R A9
R D BEE A N ) S S B P SR
FLAT R T2 T T R X5 SCHR [ 23 ] 9 BFSE 45 51 A
oL, AT RESE M 2 TR SRR E 2 IR, H— e
Ay BT o B H A A

®1 EBESUETHRIZN Zeta AL
Tab.1 Average particle size and Zeta potential of

enzymolysis products

B R[]/ min SEHPRIAE/ nm Zeta HLA\,/mV
0 (827.00 £2.97)*° (-35.30£1.13)°
15 (284.93 +2.17)" (-25.63+1.06)"
30 (274.76 £1.37)" (-21.96 £0.45)°
60 (246.80 £3.10)° (-19.16 £0.15)"
90 (208.10 £0.45)° ( -18.50 £0.36)"
120 (227.90 £6.95) ¢ (-18.46 £1.26)"
180 (271.10 £3.34)" ( -10.66 £0.76)°

T RSB A R FRE R R 22 53 3% (P <0.05)

2.2.3 [HEHEMLIMEE

W 3 frR, ZEBERE A X (3000 ~3 500 cm ™)
(R E W ST A Ry 2 N—H B O—H 5 1) 11 4
oo, X EE S ZIRERE A A C, 5 SPLARLL,
FH T A B R 198/ SPIH. I K kA
Rl A TERE T4 (1600 ~ 1700 em ™) FITE Mz
I1H7 (1500 ~1 600 em ™) RERAFE H L5 910 E
PEJCIE X e 14 F e B A R ERER C—
O BERL A Bk 1147 & N—H 25 fli 71 C—N $i i,
2t Alcalase fEFJS , SP1 1 R 4540 & Az el 2%, 330
SPTH HAE W s M 1 630. 50 em ™' (X 18 % 35 3|
1640.50 em ™" (2L %), BEME 1 *F 45 o2
(1650 ~1660 cm™") B-F441 (1660 ~1700 cm™") |
B-F71 (1600 ~1 640 cm ") MITCHLIN il (1 640 ~
1650 cm ™) . W1 4 ( BIhASF SRR 2 5
TR R, SPL E 2 o- R HE M B-Hr B 4Lk,
it i i 199 SPIH 1) o-UBRJE 25 1 ALK, B-%6 f AL R
W) o g 398 o 3o e 4 4 A2 A 2 AR 1 TR O 1 i
TRURFAE , A 2 DR 25 10 00 ey U , ol 2 1 i

SRR K i A1 5% R R, B TR A M R R
R0 YARLEREGAE F] 120 min B, -8R E 5 8 IR
SEI, T 5 5 AR AR, o2 T A SO
B KA AR T R B R A e R A et T EE
PELHAHRRE,

100 A i 1 i 1T
120 Q 0O min
" o ;_—\/ 15 min
‘}*’\5‘1‘ : 30 min
%) _;1/ AlLA 60 min
60 N A ~\_— 90 min
X AN
N ] M 120 min
Mg N\ .
30k EI— K \(180 min
| | I |

4000 3500 3000 2500 20|00 1500 10|00 560
W BUem™!
K3 AS[EI R A R) R ARSI FT - IR

Fig.3 FT —IR of samples at different enzymolysis times

COpEr 3 B-#m
i I o- i

e c be b a d be

100

0 15 30 60 90
i} ) /min

I N 38 o T e Y I 22 E o DO R

Fig.4 Secondary structure contents of samples at

120 180

different enzymolysis times

2.2.4 Kk

A BRI /KR WK S i RE ) S5 A E
()2 SR FUHTE PR B VIR OC B R e 1 38 A 25
KT W B R R AR B AR
JK TR 7 1 A8 BB 8 ) A AR /K 5 T
BiE iz e B HE, DA T LA A R I AR 0
5 S 1 A [a) gt B 1) 8 A o A<k R T 9K ) Bl
B[] AR, 555 BRZL AR L | Alcalase 7E A SPI 26
TR I #A FITREAR . 745 21 v, 2R 15K T 1 B A ]
PRSI /)N, FEFERT 200 s PIRVEF [ XA A F
BB TE K T B R A SR B
i [) P SE A | R THT 5K T 2 RS 08l NS 3 K e
it i 90 min I TR 5K 7 3K B e A, e Bk AT
2Z ) B ST A X R RS,
FERIK A 23 R 300 1 R B i /N i B A 4 - R ok
T — 7K S THT W B 38 32 k)N, DA T 5 03 T 5K
ETE,
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20 =0 min
* 15 min
48
430 min
» 60 min
+90 min
<120 min
> 180 min
= 42
=
# 40
=
# 381
36
34

1 ) 1 I
100 200 300 400 500
HiF (Al /s

B5 A [N R )R AR At A8 i sk 1 22 Ak
Fig.5 Changes of surface tension of samples at different

enzymolysis times

2.2.5 FRHAKMHE

W 6 frzs, SPIH 1) H, Fifi 35 7K fif s [8) (1 FiE
SCHENN G FEAK, 16 Alcalase 1E FH R, SPI Hh (1) 2 1 4%
FAIRA T 22 IR 7K A, B B 8 1 PR 30 ) i 7K 3
VA B 7 i L0 5 25 5 FRLTK IR 0 AT (T 2) o T oI
FER AR it 23 1 R 1 B K X R 0 R 7R BT LA TR
15 ~90 min /KfFYIAY H, 5 SPL Y94 Frdg I, SR,
Bl K i HE— 2 BEAT | I IR R 1 i /K 35 A 3 3 i
AR EAE 28R SRR AHK 1 JH d R A T K
RAEIRZE M 80 H BRAKS o 28U, SCik [ 21 ]
G, TE Alcalase 1T, SR 1Y H B DH 340
TSR R R X 2 B i 22 2 5% 1 i 7K 14 5 [T A BLAR
IS Bl Y R R N S N S R A s 'S
HFEA

2000

0 15 30 60 90
15} 18] /min

6 AN [ AR IR T AR ot 142 T /K i
Fig.6  Surface hydrophobicity of samples at different

120 180

enzymolysis times

2.2.6 WEIIENE

PR EIE AT DA HE— 248 7~ 3 1 T = 5
ARk FEBR BT I SRR | 0 S IR N R T S R 5
B, R (0 R BRI R AR L U 7
B , B o R (9 5 B 5 SPL AR HL AR FT 1
SR, X T AL BRRE IR T SPL A TR G /K X 38K,
TR T2 HRARR, B ER B R,
[l SPTH A 26 K R A 4088 X nTRE R & A
JAE) G AR £ G R A 5 2R R T A A BE T

S BRI (00 4 K, 36 75 WA,
5 2 R R E G (] 6) 25—, %KM
HOBIFGE 2 B DR 1 K A0 00 6 0 3 B B 2K A
FRE ORI ™

60000 - )
—— O min
—— 15 min
50000 - —— 30 min
—— 60 min
—— 90 min
Tha — 120 min
L;ﬁ —— 180 min
e 30000
K
20000
10000 /\
0 L !
300 350 400 450 500
P /am

7 AR WA I 1) R i N BRSO
Fig.7 Intrinsic fluorescence spectra of samples at

different enzymolysis times

2.3 REEARHKE

el 8 fir s, Bl 7K fif B[] (9 ZE K 55 SPL AH
k., SPTH F W Bt i 23. 59% Wi/ 3 7. 56% o 2Tl
FIBIFFEIN R, 43145 Ka) 110 Joe I ol B 1 o A8 A5 2 37 A
FATRC, PRI BT 22 ) 2 1 5 4 7 25 A0 7K 5 T A R
FHE, I FS A1 FC Bt X 5ARSL I AT 45
SAH I, B R AT R 2 il VR AR s T B Y
FS {HJZ FC 2153 TR (P <0.05) , TR il &
30 min 5 K& AT IR TE T )2 W AR T B
G SL/AiTeT SN b

25-

FHETTR 8%

0 0 15 30 60 90
Fs} ] /min

P8 AN [l A IR T] AR f 4 9 v 2 P O

Fig.8 Adsorption capacity of interfacial protein in

120 180

samples at different enzymolysis times

2.4 FEEMEXT SPI ThAEH %Y 8200
2.4.1 PrEfetE

&9 o T R B[] % AE 5 DPPH A1 ABTS *
A 3L SRR A5, Wik 9a Frzs , SPIH () DPPH
[ BT R 4 B 3w T SPI(P <0.05) , 3 H AN
ffa] SPIH /) DPPH [ SRR A XS, HEH
F B9 B2 8 10 mg/mL B, 120 min ££ 55 A9 DPPH
H B TEBR 4 (32, 35% ) AHXT T SPI(15. 04% ) $2 7+
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FEAAS RO, E— 2 EE T R S IR A SPI S EEAE TS BB I A5 A R IT, B EE T K e
PET R S5 IF R R SEIR IR B0 T TR, XA Tk

3

XF S

s HE PR RS, UF R R B, G R
- 120 min WAE HEA e @ 19 DPPH AT ABTS © H 3
KH Alcalase X SP1 #EATE i, DR K R RE B TEPRARS) ; IR A A% 90 min B A S S v 1 gy, (AL
P15 FIDIREVE BT A2 MR, B A5, SPIH M43 BB TR S 25 11 3R 18 Il fL e 2t Pl DA B3 /N oy

TR EEAEPAE 25 ku LU, SPIH 20 T RGFREAR,  FREZIRIRE A 2 RUAE K B BEAT € 19 52
WIRE R ERTE (P <0.05), SPIH ' o5 i 5, SEUME X RS E YA T iy, X2k
WA, B Ff R TG R DU 25 tfy 25 B 1 SR 15k Jy B B SPIH (v A7 S 32415 T A Y DL A, JF A 9
R, DGR Bl Tl g I 1) A SE A 2 AR 208, 3R AR T i b s e it T e 2%,

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]
[10]

[11]

2 % x #t

RODRIGUEZ P ] M, CARRERA S C, RODRIGUEZ N M R. Implications of interfacial characteristics of food foaming agents in
foam formulations[ J]. Advances in Colloid and Interface Science, 2008, 140(2) : 95 —113.
ZHAN F, YOUSSEF M, SHAH B R, et al. Overview of foam system: natural material-based foam, stabilization,
characterization, and applications[ J]. Food Hydrocolloids, 2022, 125. 107435.
DAY L. Proteins from land plants-potential resources for human nutrition and food security[ J]. Trends in Food Science &
Technology, 2013, 32(1) . 25 -42.
JIN F, WANG Y, TANG H, et al. Limited hydrolysis of dehulled walnut ( Juglans regia 1.. ) proteins using trypsin; functional
properties and structural characteristics[ J]. LWT, 2020, 133 110035.
LYU S, CHEN M, WANG Y, et al. Foaming properties of egg white proteins improved by enzymatic hydrolysis: the changes in
structure and physicochemical properties[ J]. Food Hydrocolloids, 2023, 141 108681.
XIA Y, BAMDAD F, GANZLE M, et al. Fractionation and characterization of antioxidant peptides derived from barley glutelin
by enzymatic hydrolysis[ J]. Food Chemistry,2012, 134(3) . 1509 - 1518.
MARTINEZ K, BAEZA R, MILLAN F, et al. Effect of limited hydrolysis of sunflower protein on the interactions with
polysaccharides in foams[ J]. Food Hydrocolloids, 2005, 19(3) : 361 —369.
AHMAD NADZRI F N, TAWALBEH D, SARBON N M. Physicochemical propertiesand antioxidant activity of enzymatic
hydrolysed chickpea ( Cicer arietinum L. ) protein as influence by alcalase and papain enzyme[ J]. Biocatalysis and Agricultural
Biotechnology, 2021, 36. 102131.
NIELSEN P M, PETERSEN D, DAMBMANN C. Improved method for determining food protein degree of hydrolysis[J].
Journal of Food Science, 2001, 66(5) : 642 —646.
HERNANDEZ M J M, CAMANAS R M V, CUENCA E M, et al. Determination of the protein and free amino acid content in
a sample using o-phthalaldehyde and N-acetyl-L-cysteine[ J]. The Analyst, 1990, 115(8) . 1125 - 1128.
ZHANG X, HUANG Y, MA R, et al. Structural properties and antioxidant activities of soybean protein hydrolysates produced



Pt I N S L NN o S E L Ok b L G bl O RO 439

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

(27]

[28]

[29]

[30]

[31]

(32]

[33]

[34]

by Lactobacillus delbrueckii subsp. bulgaricus cell envelope proteinase[ J]. Food Chemistry, 2023, 410, 135392.

LIU X, LIU J, ZHANG W, et al. Effect of the degree of glycation on the stability and aggregation of bovine serum albumin
[J]. Food Hydrocolloids, 2020, 106; 105892.

HE W, TIAN L, FANG F, et al. Limited hydrolysis and conjugation of zein with chitosan oligosaccharide by enzymatic
reaction to improve functional properties[ J]. Food Chemistry, 2021, 348. 129035.

ZHANG T, ZHANG M, GONG P, et al. et al. lons-induced ovalbumin foaming properties enhancement: structural,
theological , and molecular aggregation mechanism[ J]. Food Hydrocolloids, 2022, 124. 107221.

SILVEIRA C M, DE ARAUJO A S, MACHADO L J, et al. In vitro and in vivo antioxidant capacity of chia protein
hydrolysates and peptides[ J]. Food Hydrocolloids, 2019, 91 19 -25.

HUANG H, YI J, FAN Y. Influence of peroxyl radical-induced oxidation on structural characteristics, emulsifying, and
foaming properties of a-lactalbumin[J]. LWT, 2022, 163 113590.

BAO Z, ZHAO Y, WANG X, et al. Effects of degree of hydrolysis (DH) on the functional properties of egg yolk hydrolysate
with alcalase[ J]. Journal of Food Science and Technology, 2017, 54(3) : 669 —678.

LIU N, LIN P, ZHANG K, et al. Combined effects of limited enzymatic hydrolysis and high hydrostatic pressure on the
structural and emulsifying properties of rice proteins[J]. Innovative Food Science & Emerging Technologies, 2022, 77
102975.

SRR AN AR H KR TR LB i R B B A PRI [ D] . R ARl RS, 2014,

JIN Lili. Effect of hydrolysis and phosphorylation of papain on solubility of soybean protein isolate[ D]. Harbin: Northeast
Agricultural University, 2014. (in Chinese)

NISHINARI K, FANG Y, GUO S, et al. Soy proteins: a review on composition, aggregation and emulsification[ J]. Food
Hydrocolloids, 2014, 39. 301 —318.

SHEN P, ZHOU F, ZHANG Y, et al. Formation and characterization of soy protein nanoparticles by controlled partial
enzymatic hydrolysis[ J]. Food Hydrocolloids, 2020, 105; 105844.

TRoRAE. Wef R R A A D RE TR A N m LR EE AR [ D] IR ARAERE R 2014,

GUO Rongjia. Effect of enzymatic hydrolysis on structure and function of soybean protin and preparation of high emulsification
foamable protein[ D]. Harbin: Northeast Agricultural University, 2014. (in Chinese)

P, WO, RGEERT, AE TR S e e S O ) B AR ORI LRI (D] B R, 2022,
43(14). 93 -101.

ZHONG Min, CHANG Fangyuan, ZHAO Mouming, et al. Formation and underlying mechanism of soy protein nanoparticles
via controlled alcalase hydrolysis[ J]. Food Science, 2022, 43(14): 93 - 101. (in Chinese)

JIN B, ZHOU X, ZHENG Z, et al. Investigating on the interaction behavior of soy protein hydrolysates/-glucan/ferulic acid
ternary complexes under high-technology in the food processing: high pressure homogenization versus microwave treatment[ J ].
International Journal of Biological Macromolecules, 2020, 150. 823 —830.

XIE H, ZHANG L, CHEN Q, et al. Combined effects of drying methods and limitedenzymatic hydrolysis on the
physicochemical and antioxidant properties of rice protein hydrolysates[ J]. Food Bioscience, 2023, 52 102427.

WANG Y, WANG S, LI R, et al. Effects of combined treatment with ultrasound and pH shifting on foaming properties of
chickpea protein isolate[ J]. Food Hydrocolloids, 2022, 124. 107351.

YU M, ZENG M, QIN F, et al. Physicochemical and functional properties of protein extracts from Torreya grandis seeds[ J].
Food Chemistry, 2017, 227. 453 —460.

NIU F, ZHANG Q, YU J, et al. Interfacial adsorption behavior of ovalbumin/sodium carboxymethyl cellulose colloidal
particles; the effects of preparation methods[ J]. Food Hydrocolloids, 2021, 120 106969.

XU X, LIU W, LIU C, et al. Effect of limited enzymatic hydrolysis on structure and emulsifying properties of rice glutelin[ J].
Food Hydrocolloids, 2016, 61 251 —260.

ABBASI S, MOSLEHISHAD M, SALAMI M. Antioxidant and alpha-glucosidase enzyme inhibitory properties of hydrolyzed
protein and bioactive peptides of quinoa[ J]. International Journal of Biological Macromolecules, 2022, 213 602 - 609.
SHENG L, YE S, HAN K, et al. et al. Consequences of phosphorylation on the structural and foaming properties of ovalbumin
under wet-heating conditions[ J]. Food Hydrocolloids, 2019, 91 166 —173.

DUAN X, LI M, SHAO J, et al. Effect of oxidative modification on structural and foaming properties of egg white protein[J].
Food Hydrocolloids, 2018, 75, 223 —228.

LIU G, TU Z, YANG W, et al. Investigation into allergenicity reduction and glycation sites of glycated B-lactoglobulin with
ultrasound pretreatment by high-resolution mass spectrometry[ J]. Food Chemistry, 2018, 252. 99 - 107.

DU H, ZHANG J, WANG S, et al. Effect of high-intensity ulirasonic treatment on the physicochemical, structural,
theological, behavioral, and foaming properties of pumpkin ( Cucurbita moschata Duch. )-seed protein isolates [ J]. LWT,
2022, 155 112952.



