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Abstract: To obtain a bifunctional soy protein with antioxidant activity and emulsifying properties, soy protein isolate (SPI)
was modified by combining hydrodynamic cavitation with gradient addition of rutin. The changes in physicochemical,
structural, and functional properties of SPI before and after modification were analyzed. The results showed that after hy-
drodynamic cavitation treatment, the surface hydrophobicity of SPI increased, its structure unfolded, and the active groups
were exposed, leading to a significant increase in its binding capacity with rutin (P<0.05). As the addition amount of rutin
increased, the ultraviolet absorption of SPI enhanced, while the fluorescence intensity decreased with a red shift in the max-
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imum absorption peak. The surface hydrophobicity, free thiol content, and free amino content all decreased. Furthermore,

the contents of a-helix, f-sheet, and f-turn in the secondary structure decreased, while the content of random coil increased.

Further analysis of antioxidant activity and emulsifying properties revealed that the conjugates formed by combing hydro-

dynamic cavitation treated SPI with rutin exhibited enhanced antioxidant activity and emulsifying properties. When the

addition amount of rutin was 1 mg/mL, in terms of antioxidant activity, the DPPH free radical scavenging capacity in-
creased from 77.80%=+0.86% (before modification) to 83.76%+0.65%, the ABTS" radical scavenging capacity increased
from 53.09%+0.43% to 63.64%+0.53%, and the ferric reducing power increased from 1.12+0.06 to 1.2940.12. In terms of
emulsifying properties, the emulsification activity index increased from 24.50+1.37 m%/g to 28.55+0.43 m%/g, and the emul-

sification stability index increased from 69.25+1.77 min to 88.75+1.65 min. Therefore, hydrodynamic cavitation treatment

combined with appropriate amount of rutin could effectively improve the functional properties of soy protein, which provid-

ed a new approach for protein modification.

Key words: hydrodynamic cavitation; rutin; soy protein isolate; antioxidant activity; emulsifying properties

BRSNS A TR R B ST, TR
Wy, 2SR, GEPEEES, MEYE H B
AT, R, ATHRL B AT A A EE S Tk
%R . KF5r 258 H (soy protein isolates, SPI)
VE—Fh s DLAAR 88 1, YA 28 REDIRerE B,
SRR T EZEECR, SPI F2%E i R BRI
BAERGERE HH M, Hh R EsRkEHE 1SR
14, F A IR B, 330 5% p Rt AT 22 U
o TERERIERE; BBk R B T, HoA R
RIS FE58, H o' a Fl B =TI A, X BB
RAATE R B I ERE RS54 53 SPI 401232
MR 2E | AR S FLAR SR T BE M T AT BR pY )t
WA, KER SPI MIPTEALTE HEAIR, X SEHI S A% K HBFR
il T EAEZFE MR RPN

HEFE I = RACEE . Tk e i A T R R, I iE
TEOAR B (A5 A4, SRR T Re: BT LA B AR &
MR R TERE, ISR, K Fras fed AR gl FH 2]
BTt YTEAGED LR . SCREA, FErTRE
FFIIVER T RES [RS8, Pnir=Eas
A, 25 Ak s K 23 7= AR i an gy U g - mhd g
Wt iR A= R . H HSEAEas b, i, Abhi-
jeet M SR UK Ty 28 A AR T A 2808055 LIk 43 25 5
F S fRPERNP LA PERE . TO55E0 BB S ERER
H &P ALF AR SIS AC RS, TR D G R
W1 A2, SRTMGLAK PEIE TN, 288 S O i AL i At
TR, SR, SRS ThREE A AZ N T4,
ARpgsgum, 52 8 B AR R e - S H AR EAE
JHEGFZ R, Forb Z2 0 55 88 ST IAR BAE R T 2 A1 E
FAREWRR MRS . @R EH
(HE . BKAVEAS) SHAVEA (pH . BEAR SN 55 ) L
ARER AT FLIR M | ST R 2 W AR v . PR,
SRUIREE S B IHRALEE IR . T R — R IR AR
Z, fAETA B, A s bieaf.
Yo AP RERET, B 4E FHAED R H3, 72 b &
LS T R RS SR SRS A EEARA
FHEAEF, $2 50 85 AU I R E . ZLAR R FTBE R S
FEATHEE UESE, T W E A B K A BEAES KGR
H 5 TR A BRI A, W s KRG A L LK

AERENE . LI A T T SRS
YRR ZIRATHLE], L ARS MEVEEAR Y 8 I RERRE
TR RARP A B Al SRR AL TR e S et

P BN RIS E 4 SR 3R W, 7K Iy 25 Ak B AT A 55
P/ INR A P RPREASS, S TSR /K P, {3 1 o
A A A BBEIR,, OR3P S5 A A AR I Y,
PRTZE PN X b 235 44 A2 A6 A A1) 18R BT S 2 I 4
G Pk, Al K = (AR B S5 B R
F, FRRFAREIS B9 RS0 B 8 S AN R RE A0 T 7
VRS R A, il REIrEE - T 258, IF
X AR FN I RENE BEA T HRAE, LA HAT BT e
FULDIRERUIIRE R AR 1, fedE R G FTED T4 L
UL A ZR TP IR
1 MR5EE
L1 MR5ES

SPICHY AR, TR =90%) LA E FADR
BEMARANT:; BT (&8 95%) IWEBHEAEIE

B 28 &5 5,5- A A % AL (2-fi F 2 T R ) (5,5'-dithio
bis-(2-nitrobenzoic acid), DTNB) (43#74k) HAEE
Wi R AR BRAN F 5 8-FR A% 3E-1-Z5 iR (8-anili-
no-1-naphthalenesulfonic acid, ANS) (ZEfbiF) | i
H14%(3500 Da) LR AR A RO A5 tEpk
i (A AR50 4R — % (o-phthalaldehyde, OPA)
(Orhrat) | 2,2-BORFE-1-75 FLWFFE (1,1-diphenyl-2-
picrylhydrazyl, DPPH) (43 #746) | 2,2"-BXA%-XL(3 -4
3 2R 9 I bk -6t iR ) — 4% £ (2,2'-azino-bis( 3-eth-
ylbenzothiazoline-6-sulfonic acid), ABTS) (43 #r4l)
g AR BR A

UV-5100H $4ha] DAttt SEuYEs Gr
MDA BRA T G9800A ZEGAr Gyt ZeHEieR)
Fe (P ED A R A Nano-ZS YKL M. Zeta HAAL
AT B E TR AN E A FR 4 ] 5 Chirascan [F —
SRR S E R YRS B FE TR LAR K
JimsfedeE  SeieE [, BT AR ANZE AR EIE
L BARTHA & RSSO RP, 2B anE 1 s, W
AR LR i R T, VRS A T B s S RN
=7, 5 R R IR RS, SRR AR i



RIRK & KIS BREERI T B R B H DR “3-

478 % 128
174
JAAES
,_@
I s | |t e HALA
it — i Xigrys 8
; i — § :
TE R KA [

BLA
K1 Kz et s gl

Fig.l1 Schematic diagram of hydrodynamic cavitation device
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Fig.3 Ultraviolet-visible absorption spectra
of SPI-rutin conjugate
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Table 1 Relative content of secondary structure of SPI-rutin conjugate
e T G (mafinL.) A (%)
R £ e (mg/m — -
a-1EiE S BHefA TR
0.00 30.12+0.35° 31.31£0.13° 19.48+0.14° 19.18+0.27°
0.25 29.6240.33° 29.52+0.07° 19.18+0.12° 21.7740.14¢
SPIRZALEE 5 TR I E &1 0.50 29.42+0.23° 28.6340.39° 18.99+0.13¢ 22.96+0.09°
0.75 29.17+0.05° 28.27+0.11¢ 18.85+0.07° 23.71£0.06°
1.00 28.78+0.08¢ 27.79£0.14° 18.690.04¢ 24.63+0.07*
0.00 30.71+£0.05* 31.90+0.38%" 19.54+0.05" 17.85+0.06>
0.25 30.75+0.11% 34.97+0.06™ 19.74+0.03 14.64+0.05""
SPIZ/K S s )5 5 2 T E A9 0.50 30.27+0.13%" 29.87£0.06 19.28+0.04< 20.48+0.17°
0.75 29.74+0.10< 28.54+0.05> 19.060.04"" 22.75+0.10%
1.00 29.77+0.08% 25.87+0.08"" 18.58+0.02" 25.77+0.09%"

 INE TR SPIAZ K 123 AL Ab B 8] 22 57 B3 (P<0.05); KRG 7R SPIZ/K J1 a5 b AL FREH 7] 22 53 .38 (P<0.05); * MRS T IR IR, /K h12s4k

Ab PR AR 1] 25 57 . 35 (P<0.05) .
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