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Abstract: This study involved the thermal-induced covalent conjugation of soy protein isolate (soy protein isolate, SPI, 2%,

RS EEE: 2025-02-08
HEEWH: ZAILE 8 &A3A4 (LH2024C068 ) ; A E M LG A4 ® ERE (LBH-Z22204) ;)" @ &AM Ttk L5 44 F & 5 004
(2024KLGC0201) .,
{EERIN: REMm (1987-) , %, ¥4, 81345, BT @ A&y Rk, & O FO SR M3k, ' X9 34 -4, E-mail: zhaojuyang1987@163.com.,
* 15151?%. 3hE (1982-) , %, Wi, 81k, AR 1. B G AR AR A #22, E-mail: sunying625@163.com.,,
24 (1986—) , B, ¥+, $H0F, #5075 &): £-4/m T, E-mail: bianbian1225@163.com,


https://doi.org/10.13386/j.issn1002-0306.2025020004
https://doi.org/10.13386/j.issn1002-0306.2025020004
https://doi.org/10.13386/j.issn1002-0306.2025020004
mailto:zhaojuyang1987@163.com
mailto:sunying625@163.com
mailto:bianbian1225@163.com

B Tl B

w/v) with different concentrations of rutin (0%, 0.5%, 1%, 1.5%, 2%, 2.5%, 3%, w/v) to prepare rutin-soy protein isolate
(rutin-soy protein isolate, R-SPI) complex particles. These R-SPI particles were used as stabilizers to prepare high internal
phase emulsions (high internal phase emulsions, HIPEs) with soy oil by one-pot homogenization. The effects of different
rutin addition amounts on the particle size, zeta potential, rheological properties, interface protein adsorption rate,
thermodynamic properties and microstructure of R-SPI composite HIPEs systems were investigated. The storage stability,
thermal stability, acid-base stability, ionic stability, oxidation stability and digestive properties of the emulsion system were
also studied. It was found that as the rutin concentration increased, the storage modulus (G') and loss modulus (G") of
HIPEs increased. When the rutin addition amount was 2.5%, the G' and G" of HIPEs reached the maximum, and at this
time, the particle size (1494.23+54.05 nm) and potential (—59.23+1.82 mV) of HIPEs reached the minimum values. At this
time, the interface protein adsorption rate and free fatty acid release amount of HIPEs were the highest compared to other
treatment groups (P<0.05). Further analysis of the stability of HIPEs revealed that after heating at 100 °C for 15 minutes, all
treatment groups showed oil precipitation, while the HIPEs stabilized by R-SPI had stronger thermal stability, manifested
by higher storage modulus (G'). Moreover, with the increase in rutin concentration, the acid-base stability, ionic stability
and centrifugal stability of HIPEs increased. When the rutin concentration was 2.5%~3%, the alkaline stability, ionic
stability and centrifugal stability of other treatment groups were better, and HIPEs with this concentration range showed
stronger antioxidant capacity after accelerated oxidation. These findings will provide theoretical basis and experimental
guidance for the development of new functional food-grade HIPEs.
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0.5%. 1%. 1.5%. 2%. 2.5%. 3% (w/v, IR & 43 L
FT R 2% (wiv) RKIG 5B 53 PR EE i T 2808
K, PIRARIR & 5 15 min, JE77 pH 2 7.0,
T 90 °C Jm# 30 min. K WARE S IENT 48 h(43F
AP 8000~14000 kDa), PLB& 25 2% I W i 25 14
T, 2 h B POK, BT IR R B A TR S
. Hr, REHBERT T #4519 R-SP1 & & F0kL
Sy HRC M 0% R-SPICHREZA) | 0.5%. 1%, 1.5%. 2%
2.5%. 3% R-SPI1. TTHAMFSE R 1% (w/v) By T K&
2% (WIV) RS BEEAR G ESG3N 28.53%.
1.2.2 M1 -KESPEEM HIPEs IHil& =% T
I ) SEIG T R FE RS VRS B, 1 SE AR T 1Y R-SPI
DIZRAB K, FESETE 100 mL BRI, 6558k
BB 4% (w/v) B (20% BI7KAR), FH 150 mm (1)
FeFidE 2 h, BTS00 7F 4 C S ikt
WLAFESr K G o REIMAIAH(80%) o 7K AH5 W
FHUR4E, 11000 r/min 5t 2 min, 155 R-SPT & 5E K
Sl S NAE LI -
1.2.3 AT -KESEEH HIPEs Fift 5 Zeta L7
I RE IO 53S0 & HIPEs W& ki
SAARCO SR T R R U U RN, B AR S S R
kP, F 25 °C MR HIPEs WS- HRI A2 Zeta HL
AF, BAE LA meantSD R,
1.2.4 PT-KESESE A HIPEs HASERRER I E

SR FH ARSI 7 v N AR ZLIR I T AR PERERY, AT

AR (d=50 mm) . FHIESEEE: MRS 25 °C, itk
[B] B 1 mm, S0 FY5 FB SA 0.1~10 Hz, VAL K
0.5%. JHHEWE 5 mL HIPEs, £57E R 2SN 19 4T
AR A T

1.2.5 T -KESFEEF HIPEs BIZE R igy
1 BT HIPEs fif JH 22 /R 9 & #0347 345y
BrP2, oK 7~12 mg RS E TR D2 B, 25 5REN
S5 . FEAVRATAE 4 °C EHEISHT. LA 10 °C/min BY
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1 FT-RESrEE HIPEs (RAZH Zeta HLA
Table 1 Particle size and zeta potential of rutin-soybean

protein isolate HIPEs

P EIR (%) itz (nm) L HEEEU(PDD) R (mV)
0 6420.45+1167.95° 0.52+0.15° —37.79+1.35
0.5 5716.70+837.42° 0.310.14° —42.86+0.81%
1 2854.24+316.30° 0.34+0.11° —44.47+0.31%
1.5 2677.58+408.57° 0.38+0.10% —45.97+1.54"
2 2621.32+538.90° 0.40+0.08% —51.91:3.84¢
2.5 1494.23+54.05¢ 0.4040.03% —59.23+1.82°
3 2231.03+156.02% 0.44£0.07% —48.1243.49%

TE: NG TR RN 21 1) 2 57 25 (P<0.05)
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5, R Rl
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Fig.2 Differential scanning calorimetric analysis of rutin-soy
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Table 2 Peak temperature and enthalpy values in differential
scanning calorimetric analysis of rutin-soy protein isolate HIPEs

(g FT IR (%) V(IR (°C) S 1E/g)

0 -13.91+0.75° —169.66+29.08*

0.5 —12.41+0.28° —204.46+4.63™

1 —-12.01£0.13%® -273.29+7.91¢
Kokl B 1.5 —11.85£0.04  —286.42+28.49%
2 —-11.75+0.01® —290.57+12.08%

2.5 —-11.01£0.13° -307.56+7.63¢

3 —11.41£0.07* —240.1442.44%

0 3.57+0.46° 303.24+67.50

0.5 4.10£0.25" 317.82+15.48"

1 3.72+0.27° 425.20+7.76°

FHREL 15 4.11£0.68" 395.20+17.82%
2 3.49+0.78° 359.21+37.49®

2.5 4.2240.09* 416.96+54.07*

3 4.21+0.12 355.51+30.11%

s /NG FREANR 3R 21 6] 22 57 1 3 (P<0.05) .
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of rutin-soybean protein isolate HIPEs
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