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Abstract: In this study, soybean protein isolate and four polysaccharides (carrageenan, xanthan gum, flaxseed gum,

guar gum) were used as the raw materials for preparing soy protein isolate-polysaccharide complex. The turbidity, surface

hydrophobicity, emulsifying activity and emulsified emulsion stability of the complex were evaluated, and the soy protein
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isolate-carrageenan complex was determined to have better physicochemical properties, which was used for the optimization

of the subsequent ultrasonic-assisted preparation conditions. The effects of different pH values (2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0),

ultrasonic power (200, 400, 600, 800 W) and ultrasonic time (2, 4, 6, 8, 10 min) on the structure and properties of protein-

polysaccharide complexes were investigated. Fluorescence spectra were used for exploring the structural characteristics of the

complex, and the physico-chemical characteristics of the complex were determined based on turbidity, surface hydrophobicity,

particle size and potential. The results showed that a stable soy protein isolate-carrageenan complex was formed when the

mass fraction of carrageenan was 0.1%, pH value was 7.0, ultrasonic power was 400 W, and ultrasonic time was 4 min. The

complex had the maximum turbidity of 0.44, the maximum surface hydrophobicity of 285.15 pg, the minimum particle size

of 139.06 nm, and the maximum absolute potential of 27.23 mV. This study provides a theoretical support for the subsequent

research on protein-polysaccharide emulsion gel as a fat substitute.
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Fig.3 Effect of polysaccharide type and addition on
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10:4 1 400.80 + 657.41° -9.87 £ 1.80"
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8.0 937.13 £459.05" -34.86 £2.57°
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S B IR I AR T B8 22 52 B SPT AT KC (1) Hi A L
P FH BA K B 4 1 2 TR B /KRR B A A 40
fE pHE A 3.0 N F B Al EAEH S TEAR
SRR, SR Trp TR, KL
FEFRAR

Rk, 2546 B SPI-KC H & 1K R AR Ee ] &
pH BRI . RIMETAKME . RifR. BRI
Efabr, KC 5 SPIELHI N 10:1, pHAE N 7.0 B ¥
J 1 B B R LA AT RS KIS e 3 THT B 7K S
IR 6 5 SPLKC A 10:1, pH {E A 7.0 #EAT 5 224
AR .

22.5 AEEMISPI-KCEAY ik B An k& 5K
e RG]

R 2 RN AN S T R K A SPI-KC &
R FR R R 3% T K P R RS . B R D) AR
200~400 W Z[A]INF, &2 A 51 ok 52 o 5 7R 75 ) () (1)
WhnEEL (P<0.05), R4TmEJE FREI#ESA,
HAHF AR I ] R 400 W DR A B N 2 A4k R
gk A B2 = T 200 W ARFEZAL (P<<0.05), IXHAJ
REST R T8 P 1 2 A R0 2 1 AN 22 W ) S5 4 R AR
OAE, MR T e I R A AR R Y. fERE
7N 600~800 W [EJI, il 4 74 I (] (4 8 ek
EEEREETNRE (P<0.05). AR A EomE K
R 75 Ty 22 R K g 7 ) 5 BB S R AR A DL
Z W AR, XL RT e A T VRO R R
JEHP, K, SPI-KC & A A & 76 55 i 1 5 3
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FRMEFRG. 225, BAETHE N 400 W I H
A 4 min B} & AR R B B R SN 0.44,
% 2 FEBELEXSPI-KCH B R R EBK 20

Table 2 Effects of different ultrasonic conditions on turbidity
and surface hydrophobicity of SPI-KC

N4 ) )
- RE & m KM /ug
HZE/W B /min

2 025+0.01”  236.68 +2.04™

4 0.33£0.01™ 248.54 £2.07™

200 6 0.37£0.01* 244.54 £2.51%
8 0.30 £0.01% 230.45 +2.33%

10 028+0.01%  212.26+1.74™

2 0.35+0.01™ 238.50 £2.27%

4 0.44 £0.02*  285.15£2.03™

400 6 0.37+0.01"" 27832 £4.43"
8 0.34+0.01  268.10 £3.92*

10 031£0.01%  264.23 +2.96"

2 0.29+0.01“ 241.66 +4.28"

4 0.26 £0.01° 231.25 £ 6.38

600 6 025+0.01%  229.54 +8.86"
8 0.19£0.01°  212.61 £2.44°

10 0.14£0.01>  206.35+227™

2 0.32£0.01™ 204.14 + 2.74™

4 0.25+0.01™ 195.60 £ 6.41™

800 6 0.23+0.01 182.40 £3.48™
8 0.22 £0.01% 173.30 £5.45™

10 0.21+0.01° 157.20 £ 6.46

Z: ADRTR—RBENN, REABEHFEZ N E
FRF (P<0.05); a~e R TR—REHE, FEALBE
Z R EFRE (P<0.05).

W 5 8 75 T 2R A R I (R R 0, SPI-KC B4
R RGO EREE (P<0.05). M)
N 200~400 W [A], [ F A I (RIS, SPI-KC
HAR R MR G 25T E KBS, 4
AR KT 600 W Iy, BEEBAER AT, &
BRI H KM R B E R (P<0.05), #H
AL FR S 400 W, 4 min IV, H &K R 5 R E
GEARR N 285.15 ng. X AR T B RS
DNEZR, IR B Y IR T 4 TR R AR,
TE AL AR R /NR Rk, X AR Z A2 — 3.
Hu 2B 06 7 w8 o B 75 0 AR K W B~ K T BR
B AMKEERE (I DhRERF I RO so ], 2R 0 vy i B
FE BS80S AR AR D, g K X 5

Fa, AT T SAHE T FI AR . A [
FUT, BEEBHE RPN, AR RKREHR
IS B2 R B (P<<0.05). 1] AE 2 5w e
Tfy SR 75 B ) ] g Al SPI-KC & &1k R 450 JE I
AP AR, R ORGSR A, NI T
ik 258, ROV B MERRARS . Rk, #
SE S TR 400 W, 8 75 ] TE) A 4 min 3508 AR
22.6 A2 AMATSPIKC A AMHiiR et AL b7,

R 3 BEEZEXMSPI-KCE &R 2 F B A 220H

Table 3 Effect of ultrasonic conditions on particle size and

potential of SPI-KC

R A
- 242 /mm 4% /mV
HZE/W B /min
2 141.96 £ 17.53%  -15.43 +2.40™
4 151.66 £38.48™ -17.50 £ 0.77**
200 6 176.60 £32.03%  -21.43 £1.10°™
8 181.63 £10.02% -22.93+1.93"
10 203.13 £25.51%  -20.33 £1.93°"
2 181.00 £42.04*™  -22.86+0.81
4 139.06 £ 12.44%  -27.23+1.51<"
400 6 174.83 £25.52% 2573 £ 1.75®
8 183.73 £15.58%  -23.00 +2.87™
10 188.63 £22.09™  -22.06 + 0.54“°
2 188.70 £24.08*™ -22.00 + 1.39°
4 190.46 £ 18.93*™  -20.70 + 0.99*
600 6 193.23 £23.99®  -20.16 £ 2.02**
8 201.13 £19.14*  -19.26 £ 1.13"™
10 214.56 £ 19.82*"  -18.76 + 1.74™
2 238.83 £21.58™ -18.66 = 1.86™"
4 244.76 £25.01" -17.70 £ 0.80"*
800 6 257.86 £26.53"  -16.76 £ 0.95"
8 260.86 £35.00™  -15.53 £0.67*"
10 267.30 £34.57"  -14.56 £0.57™

E: A~C R TR —RFEE, REGLIZEZ G Z
FRF (P<0.05); ac A TR —REHF, RELEHEZ
A#y £ R R E (P<0.05),

&3 LLEH, S8 s i SPI-KC &
BVRARYNT RAFEMESY (£ D).
75 AL EE AT LT RO 3 R/ INRIORE, SIS AR, B
IRFRT 5K 71, oy B ¥ 5], DT a3k 4y 7 [a) i 4
JHTE 1R e ik R (HUAS ) S Ak FRE A2 K/
Ao Bl S TR R A 3 N, Mk Rk
T (P<0.05), Zeta HLAJEIEIN 5 AR i 34
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(P<0.05). AfgRATBEERGrEEATE
ZIHE TR RE TERAEKE, mdmEs)
I TR SR A R, R I PH & kD,
BN AL R 7R 4 N 400 W, 4 min
N, KRR g /NN 139.06 nm, HLA 28 % {8 ik 3 e K
N 27.23 mV.

227 #ELEMITSPIKCE A% XisE i3
B 7a~7d NHE 7 T i [R5 SPI-KC & & W)

6000 :
a 200 W —o—2 m%n
o4 min
5000 |- /;(:f_‘ -—~—6min
[ %3 °1°;°-\\§\ - —8 min
#4000 /& °8 -—=—10 min
=
2 3000] \{\{%
2000} \EL}\;
1000 1 1 1 1 1 |
300 320 340 360 380 400 420
WK /nm
c 6000
5000 |-
= 4000F
=
fé 3000 |-
2000+
1000 1 1 1 1 1 |
300 320 340 360 380 400 420

WA / nm

(¢ 66 TE B M . 2 5 FE I R 2R B B 1 S5
HREREHEA R MRS SR, AR
9400 W I, SEGEREE Ak,  FLI AN 4 min 5=
AR B BRI e RSB . A R S T AR R I (] R RE K Y
JEHRIE T R, AT REAL R K I TA] ey 5 ) S A B
i BB o T IAN A FE S S B BAE T, BB
RS FRAE—ERREY, I BRSBTS
K, EAM S TREEEER S T, 5T
VA 22 W 1) AH LA FH 55 o

b 6000 :

00W —e—2min

3 o o4 min
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——8 min
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Fig.7 Effect of ultrasonic conditions on fluorescence intensity of SPI-KC
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Fig.8 Mechanism diagram of SPI-KC composite system formed by ultrasound

212



MK ERBHL

Modern Food Science and Technology

2025, Vol.41, No.2

A B 2 S B 1 S 2 hE 2 1A AE AR
(inf& 8 A {E X SPI-KC & A7 I HLH BD .
FRAEMLE . Zeta FEAT DL WLEE AT &0, SPI (55 HA A%
21945 FMKC{EpHE N300, HTKFTE
FAEHFH T AEERERTIE K. 75 pH E A 5.0
i, SPI 5 KC i B 45 & 5 80U a1 R BRI
fift, DUUEI/D . 1F pHE N 7.0 I, SPT izt 25 % i s,
SPI #1 KC i F A5 [F] ¥y i faf,  H. SPI H Z A A T
TE MRS KC 85 & T R K R, 8/ i 8
RERSE, BRELEZHKER, HiEE0Y
KC Z (B A H G KVEH, RGPS AR F, 1E
WML T GEF IR 400 W, B [E] 4 min) 3F
1T Wb EERE IR 3 ST o

3 g

TR A Z FEINAN BB A GG E A - 2 h
AWk FE AR T B K 1 o RN R i ot 2 43 4
79 0.1% B, SPI-KC FL e e P R FLAG T M e L 43
B4 90%. 32.92 m*/g. i H 7 I K ] %
Wit e, WA - ZHEE A YR KM T R
i, HALSEIE NS BAIG, PIURZ Gl i T P
TN K E B E A MR AN, HiK
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WM BKE B EA - RARE SN IEZR L
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