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Effects of ultrasound treatment on gel properties of soy protein emulsion and
carrying capacity properties of quercetin
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Abstract: Ultrasonic modified soy protein isolate was used as emulsifier and gel matrix to prepare
glucono-d-lactone (GDL)-induced emulsion gel, and the effects of ultrasonic treatment on soy protein
isolate emulsion and emulsion gel properties, as well as transport properties of quercetin were investigated.
Through the analysis of intermolecular interaction and texture properties of emulsion gel, the optimal
conditions for ultrasonic modification were determined as follows: ultrasonic power of 400 W, temperature
of 55 °C and time of 30 min. The results showed that the mean particle size and apparent viscosity
decreased, while the absolute value of {-potential and interfacial protein content of emulsion increased after
ultrasonic modification. The final storage modulus (G’) of emulsion gel increased, which formed a gel
material that was closer to elastic properties. The relaxation time in low field nuclear magnetic resonance
decreased, the peak ratio distribution changed, and the hydration characteristics of emulsion gel increased.
The modified soy protein isolate emulsion gel had a more uniform porous structure, and the oil droplets
were better embedded in the gel network structure. In addition, compared with the natural soy protein
isolate quercetin emulsion gel, the encapsulation rate and bioavailability of the modified soy protein isolate
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quercetin emulsion gel increased from 66.62% + 0.98% to 70.17% + 0.45%, from 44.41% + 1.45% to
53.90% =+ 2.88%, and the lipolysis rate increased significantly with the increase of digestion time.

Key words: ultrasonic modification; soy protein isolate; emulsion gel; gel properties; delivery performance;
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Effect of ultrasonic treatment on intermolecular
force of soy protein isolate emulsion gel

Fig. 1
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Table 1 Effect of ultrasonic treatment on texture properties of
soy protein isolate emulsion gel
fifi i /g PP /mm ML g

SPI 90.0 £ 4.4° 0.827 +0.003*  30.9+1.3°
SPI-UP100 98.5+5.9° 0.823 £0.019° 349+ 1.6°
SPI-UP200  102.4+2.6"  0.823+0.013"  38.7+0.8°
SPI-UP300  107.0 £2.0° 0.879 £0.007°  45.4+1.9¢
SPI-UP400  117.2+2.4¢ 0.918 = 0.004¢ 55.1+1.2°
SPI-UP500  103.4+5.3  0.899 + 0.009° 46.2 +2.0°
SPI-UT40 96.9 +5.9° 0.855+0.016°  37.3+3.0°
SPI-UT45 101.4+£3.2%  0.896+0.014°  42.5+0.9°
SPI-UT50 102.0£2.5*  0.902+0.010¢  44.6%1.2%
SPI-UT55 116.3 +3.5¢ 0.917 £ 0.004¢ 54.7+1.39
SPI-UT60  105.3 £ 1.0° 0.896 £ 0.009°  48.4+0.8°
SPI-Ut10 96.3+4.3™  0.877+0.017° 39.5+2.5°
SPI-Ut20 100.1+3.2  0.882+0.007° 42.9 £2.4%
SPI-Ut30 115.5+4.3¢ 0.916 = 0.004¢ 54.6+2.3°
SPI-Ut40 105.1 £ 4.1° 0.903 £0.002¢ 483+ 1.7
SPI-Ut50 103.4+6.1  0.851£0.002°  44.8+2.5%

I NEFRFRAR A RAABEAT, RO4EHEA

FLREE B R A R 22 2 2 (p<0.05),
REEERET AR, BRI S5

FA R TSR 1) K 24 188 2 1 FLIRBEIE - XIONG 4512
I, GBS, S5 R IT R A ATE
FLIOE i 72 v B 6% T 4 W BT E SR ST, T2
A FLIBCF B B/ U Ag € o RiAe B/ M FLIlR
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K53 B B 1 FLIBBE I 0 e AR 4 A5 1k M D
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X AE fo AR 6 75 I Ak B AR AR R B R R A
A RS s B FL (32 USPL) #1547 T 14 RE
W
22.1 SUREAAMER

DUE T USPL WYXkt | G- FN 3L Ih 28 14 75
w, SRR 20 hEFE 2 WL, KEASBEAILR
HSE R AR B3 R FE (p<0.05), HIERAI(282.8 +
0.7) nm J/NE(273.4 + 0.8) nm. X & H TH A U Y
23 AR A &R BT R R g KA BLVE B IR, B
KA ZTR . Ik, EAS T ie Ry #OF
3 T B T TITI | 5 A T T ol SV N OE R S NI
TR AFLR Y CRAZXTE B R (p <0.05),
X2 PR Ay 7 I A PR R A0 B 1 TR AS M R T, B
I 22 R F R AT R B SR Y LT R
TR T C-rA 4 XHE B R B FLIR Y, ol s il kb
M, ReoEHEAIBHAmEA SR E LT
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B AR, RO REE K LT,
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B - T, 3R T L R A A A O
) CHRAAXHERPRE NS5, A8 T NHE
P HE 5 12 [ BELBE vy 9 AL T2, XS el R G A
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Table 2 Effect of ultrasonic treatment on mean particle
size, (-potential and interface protein content of
soy protein isolate emulsion

TR /mm AR AL C-HLA /mV AP/%
SPI  282.8+0.7° 0.281+0.007° -26.2+0.3" 40.3+0.6"
USPI  273.4+0.8" 0.244+0.004> —28.1x02" 51.9=+1.1°

I NEFERE (a, b) FRoRBEEBERMT, RESE
EEWTPERAE, A, REEASTEZEHZEFEE (p <
0.05 ),
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LR 3, A RSER, RESEHEAT
WHRBE R (K BRAK, Uil F—sy JJ s T,
P U DR T s A A FLIR ) R PR AT R AR
RESFEE LB RIRE . X2y, HAEk
A PR EOR oy B A HHAA A FLAE B
FLBCF- YRR TR /N, R X E RGN, LR
Z I B SR AR D, FLIR B F RS BN o 7 ek
W REAEEAIAEN n K (p < 0.05), Bl
FLIR 7 LG B XoT 55 D) R A MO MR AR, LI R I
NEARM BT UIRALIT N, 5 QAYUM % POHEoE 451
AR

3 AR R B LR RS
Table 3  Effect of ultrasonic treatment on apparent viscosity of
soy protein isolate emulsion

R NLEE )/ it Bl Rk T VES
(mPa-s) B (n) (R»)
SPI 0.019 + 0.001°0.055 £ 0.004° 0.616 + 0.010* 0.940 + 0.003
USPI 0.017 + 0.002° 0.037 = 0.004* 0.748 = 0.001° 0.930 + 0.004
H: INEFERE (a0 b) RS BEUERMT, KESE
BHARWENRELZFRE (p<0.05),

K
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T 7L VB0 TR 2% TR 14 DR R0 4 8 2 1 0 i 8 T i
PR 5 B A PR A, TR T LR
B = A8 45k . Zead B P A, R
MO R G RS (USPL) B G TR
KESrEEAFLIREER (SPL),
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B Table 4 Frequency dependence parameters of soy protein
Jﬁ 10000 isolate emulsion gel
g K’ n' R
& 1000 SPI 7427.1 + 18.4*  0.095+0.003°  0.990 + 0.003
A I USPI 9464.0 £23.7°  0.090 +0.002°  0.992 = 0.002
0.1 1 10 100

w/(rad/s)
P2 P A N L A3 B AR FLIRBE I T A2 M ) 5l

Fig. 2 Effect of ultrasonic treatment on rheology of soy
protein isolate emulsion gel
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Table 5 Relaxation time and peak ratio of soy protein isolate emulsion gel

Tzz/mS T23/ms Pzz/% P23/%
SPI 83.299 + 0.200° 694.659 + 6.807° 84.834 £ 0.093* 12.740 £ 0.119°
USPI 80.313 £ 0.787* 666.992 +0° 86.741 + 0.225° 8.069 + 0.085°

T NG (a, b) R BAREMEAMT, REEEAFLIREEL TR 18] | WL f A 2253 B3 (p<0.05); Toy (10 ~
100 ms ) FoRAL TEERMEALB T AR SR BIK: Tos (2100 ms) FAREER M B LERIMY A HIFIK: Py PuirBlE Tn. T F

S b BRI TR AR o L (% Do
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Fig. 3 Effect of ultrasonic treatment on microstructure of soy
protein isolate emulsion gel
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Table 6 Effect of ultrasonic treatment on encapsulation

rate and bioavailability of quercetin emulsion gel

ER (% %) HEWFIHR (% £ %)
SPI 66.62 +0.98* 44.41 + 1.45°
USPI 70.17 £ 0.45° 53.90 +2.88°

H: ANGFEE (a, b) RREABERERAT, K0
EAFLRBER AR YRR ZEREF (p<0.05).

2 6 AT, RIRK 408 1 A L IR BRI e
ZEEE N 66.62% + 0.98%; Lt A kG,

Wit iz 2 e LIRS P A AL B R B 2 TR (p < 0.05),
A 70.17% + 0.45%. XATREREH T (1) EHiEs]
ERGHEEADTEBN R, T KRG 55
EASHRMMEEAER; (2) BAEESCHEERE
Or R H IR RS N, SR IINECE, LR
Fae b hn, M4 T R Aast Rty s
ZOBE N DNITA = o & B K12 (S N A NI = X
F LR BE AR L, M B R A A A R I 4R
(p<0.05), XAEFN, vt KT 5588 A FLmEE
Ji ek 3 S P R R I T LA B I A R A R R A
IRENRE B AT, AR T R4
FIF,

B 4 A AT R, M R LI
i 15 8 T R 2 et e R il 2
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Fig. 4 Effect of ultrasonic treatment on lipolysis rate of
quercetin emulsion gel
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