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THERE 30 min JE AL, ERG AR BUML TS B 2
FERHR G 1:20 A0 A 0.60% 1Y #E 12 #% | 1E 85 °C 480
W i 24 S AE ] 30 min. KW TE 4 000 r/min
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R WA B RARFLE 1/3 J5 , 83T pH EHZE 4.0, )m
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WK EVER . KRGV W pH (E I 2 3.0, 153 2
VEME , 7E 4 000 v/min A9 2514 T 250 10 min 15 2]
UVE , W5 UTTE 4 5 43 B AE B 37 v | 6 A TR vk A
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1.3.5 HH TR e S RO S
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TR T O B 3, 25 ) I VR T R Tl 1
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universal analysis {73 Hr 6 Bl 4 3R 52 (T,) | J il
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1.3.11  FLW A VR AR e v SO B N 2%
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3 WK ERRET S A FLIR ST R

Z: 2%V 2 W VI J7 38 D R L1 T R )
P B R E B FL AT AR AT 5 000 t/min B
Y1 1 min, LSS UE A o] LLFRR FLAL . VRt 2L S
AR FLAE B HIPEs , BV A5 Pt 5 A 1 5 w1z 4
FEI e FLE VR AT | TS 0 AR R e 2 FOG B
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2 HEREAMH

21 BAYEARSE.SHAERMUEN
4 T SHP/WSP 2 & W 11 8 11 T % it X 2 Bl

FHENEE 1 FrR, 4 F SHP/WSP %491 19 5% 14 5

T R RA BEMNZER (P<0.05), &

ZHER IR R AW rh 20 & R, &

(a)0.50% SHP/WSP

(b)0.75% SHP/WSP

x1 4#MSHP/WSP BEYWHMEHRSERSHESE
Table 1

Protein content and polysaccharide content

of four SHP/WSP polymers

o b AR G e ¥ /% $EEE/%
0.50% SHP/WSP 58.66 + 0.04* 35.06 + 0.10*
0.75% SHP/WSP 50.27 + 0.10° 37.76 = 0.07"
1.00% SHP/WSP 46.63 + 0.12° 43.79 = 0.05°
2.00% SHP/WSP 38.04 + 0.12¢ 45.66 + 0.07°

T i — R R R R 25 7 3% (P < 0.05)

H ARG, Hob 0.50% SHP/WSP R4 W&
1 ey, 15 5] 58.66% , 1T 22 B & e ik, M
35.06%, #XMi,2.00% SHP/WSP 5441 £ 85 &
T, 1A B 45.66% , 485 1 AR, O 38.04%
JiL IR AT fig S #E K b WSP B 5 ZHHE R A
Wy, ZpEak i T O ST R A W 0 BRI

E 1k 4 Fh SHP/WSP 3490 R+ 83 A 10 3%
WLLERE (1 000x) . HIFE 1 Al 4 P& 2B A
JZAR R, Hoh 0.50% SHP/WSP R 4% (] 1a)
KA, MWE 1b Al FH,0.75% SHP/WSP
REMBEAIN FARE5H, R 2R A LR R
1K, SR ,1.00% SHP/WSP 3R £ ) 3 i 506 15 51
% BRI FEW RGN, BRERRERE
(K 1e), 2.00% SHP/WSP R4 4 5 Bl i BU% 1
BN ARG R (B 1), i 28 S =0 m,
SHP/WSP 2R & ) fwOU 25 #4) R o s 748 S 0% X mT
e i T SHP 5 WSP i H AH A FH 28 3 1 i, (o
RE Y S5k T InEeE,

(d)2.00% SHP/WSP

(¢)1.00% SHP/WSP

B 1 47 SHP/WSP B& ¥ B EE (1 000x)

Fig.1

2.2 LIS
SHP #il 4 Ffr SHP/WSP R & ¥ i) HL i 45 e
LLAMETE s 2 fros . AL MG K
F LA 2 HFAE R Y 1 600~1 700 cm ™ F
1 530~1 550 em™ 43 51 % R Bk R 1 W A 0 ok e

SEM image of four kinds of SHP/WSP polymers (1 000x)

1T Wiy o NI 2 T LA 1,4 Fl SHP/WSP R4
WA 1653 em™ Fl 1 541 em™" Ab # W ig 1%
1 653 cm™ 4b (W WS 04 SRy T Bz T 2 —C=O 114 1 4
Bl1,1 541 em™ Kb W Y06 S 5 B 11 47 —~C—N 1 i
RSN FI-N-H 925 i #2519, SHP B £LA0E bk
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SHP Z M AF7EA HAEHT . ek, RE YT 3 500~
3 200 em™ X3 P9 HEE O—H 7 3% 30 1 W Y
U8 5B WSP 5 SHP 2[Rl f7 76 S B A B AR
MW 2 B mT LLE H, BAW 5517 3 011,2 926
em™ 12 851 em™ ZbA W, 4300 545 k2=C-H
FLAR IR B CH, FO FR Bz AR sl CH, X ) hir if 4ig
A G, WA 20 RN, 3 S R AT A e T
e/, BEWTER G F S R, Wil
SHP 5 WSP f£7E A HAEH .
2.3 DSC &##r

SHP F1 4 F SHP/WSP & & #11 DSC il & &
ULIE 3, M 3 e Mg 2] SHP 5 4 F SHP/WSP
BAEYITE 135~160 C2Z[a) ¥ H B 58 W #hde , i3d
WM IR B2 9 L N K 3 28 K Bl 220 B a G i 0
B0 E AR, KEAR M 67.43 J/g B /N2
40.93 Jig, Ui B Bl 5 2 08 & & 09 35 in , SHP/WSP %
B PFEE R R, AN FE 135~160 CIE I,
SHP (45 A2 {5k 37.16 J/g, i 4 Fff SHP/WSP %45
PR KE AR E I KT 40 J/g, LW SHP 78 i v
il L 4 Fl SHP/WSP 24 W e, X ] g2 i
TR WA G 2 L0 2 P85 1t B0s S
Y, HAh,SHP 7E 218.69 CAbA W g | 1iif SHP/
WSP 54 W JC I W e g, R fg = PR R R
SHP 11 (% Z Wi 55 i, Ui W] SHP 5 WSP R4 5 #4
FE
24 FBHAREMS
241 FLWRAZFEE T ARG 5 4
SHP/WSP R & ¥ Fa i HIPEs Y 2 W0 35 B BE 57 1)
BRI IE O UL 4, K 4 thaT DLE Y #d
AT J5 1 HIPEs #3230 85 VI FR b 0 4 |, B R ]
I 2 B 1) 358 23 1) 48 0 1 2LV 17 5 g PR) 45 285 A il IR
SECMIE Y RS R, AN B 4 FhR
B 20 RGN, FU BN B K, AT RE R I
RS RN R BOE S ARFE RN, R AR
B W W 2 2R S 7K - 38 Jin el VTR 55 i 1) 1) A BLAE
FHBG5R ™ MK 4 iR ml DLE A S B
HIPEs Zb 52 Lo AL BEAT 0 i, 5t AT R ) 2 it B 7t
Fe B, TR BT K TSR A 0 TR s B I K

2.00%SI 'P/WSW
o SHWWSW

(,ms“wwsw
2851 1541

3011 2926 poa

0.50% SHP/WS N l/ ‘

o \/\’\‘\l\ws/\/\w
1 1 1

L
4000 3000 . 2000 1000
3N
Wave number/cm™

B 2 SHP # 4 # SHP/WSP R& ¥R 5 KiEE
Fig.2 Infrared spectrogram of SHP and four
kinds of SHP/WSP polymers
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— 1.00% SHP/WSP
——2.00% SHP/WSP
——SHP

B R
Heat flow/W-g™!

-2.0
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i3
Temperature/°C
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Fig.3 DSC curve of SHP and four kinds

of SHP/WSP polymers
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B4 #HAEAF 4 SHP/WSP REMIRE HIPEs WRAFHEEIIERWETH
Fig.4 Changes of apparent viscosity against shear rate of HIPEs stabilized by four kinds of SHP/WSP polymers
before and after heat treatment
1400 - | —8—0.50% SHP/WSP
—e—0.75% SHP/WSP 5 i e —=—0.50% SHP/WSP A
—a—1.00% SHP/WSP & —e—0.75% SHP/WSP /
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i 2 1000 F £ ) / :
%7 1 2 AL
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E g w3
£ ¥ g
3 K
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1
e
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(a)G’ o X . L . _ (b)6"
T 90 EOE AR AL JE AT, 25 0 FIB AR R b S
B 5 #MaeEw. 54 SHP/WSP BE&WiE HIPEs B3R E 34

Fig.5 Frequency scans of HIPEs stabilized by SHP and four kinds of SHP/WSP polymers before and after heat treatment

242 FLWEZFOGHEUN AT BT & 0 FLRAE
an BNIE O, T LAk BT TS O B ] 9 2 AR
BT FLIR AR E PEREAT /AT, 6 SR ARAL BT 5
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0.50% SHP/WSP % & HIPEs 114 1 5t il 2k 22
MK, MRAERET . J5 2.00% SHP/WSP &
HIPEs 1) il £& fie Bz, 10 BH Bl 45 22 05 35 2 19 35
PALHET . ER B TES, FLRRE
I, MAh 4 R G WERE HIPEs 19 o ]38 53 15 1
SO B AR L, UL IR AR A AR AL, A7 7E FLIROTR T
REIL, Yang F2H DG Wi GUES, &I
240 A B R i 50 CHF HIPEs #E 18 1 0 R T
TR, e B R I IR BT W R 4 B ] 6e

Al AL, 4 Ff SHP/WSP 55 ¥ F2 % HIPEs #h W 1
5] CERIIRE A A B IR BT B4 BB ORI
3, NI 6f AT LIRSS 2] 4 4b 35 (9 HIPEs 154
T30 I S 118 2 1 S MR, A LB e AN | 1
HAT R e ok

2.5 FLREHKRLRRE MR IR B K%

2.5.1  FLMEEm N PE K ZRELE 9 HIPEs
BBTY), kLRGN FRE B IHK IR G Y R 5 3
L w52 ) Sk i BEIRCAR , R W] HIPEs HA3 AR 47
F14) T 82 T 107 P | Yang S22 & BT 8L B4 Uk
WA 55 1 2 B /P L Ak 7T 396 PR J2 HIPEs 9 2 7] 4
5

e gel

2.5.2 FLMIAERE T URALET 5 4 Fh SHP/
WSP B4 Wk HIPEs )26 W 2k B bifi 07 1) i R
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Fig.6  Backscattered light curve and appearance of HIPEs stabilized by four kinds of SHP/WSP polymers

before and after heat treatment
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BhEE

PR TE T 958 J TR X 24 2 A Y 0 R R 3 6 Hz
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FEH B YIE LI G A BT Bk 3, e B L
T 52t ST L VRO 3R AR M 55 B M I 2% 2
LY = 1 0 VIR B = A | WA o] 2 (A P
A B2 ¥4 VR B 7R R T A v A 1 28 k) 5 T B
W™ H R Al S BOK A S AR 40, 1R R
B T R, e R B G G BRI,
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w
= 100
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1k ) ) -
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B 7 &BhAT.E 4 SHP/WSP B&#MIRE HIPEs RN ER I VIEXH TN
Fig.7 Changes of apparent viscosity against shear rate of HIPEs stabilized four kinds of SHP/WSP polymers

before and after freeze—thawed
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1200 | | —a—1.00% SHP/WSP
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BT L
Loss modulus/Pa
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Frequency/Hz
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8 ARLEI./E 4 # SHP/WSP B & E HIPEs KSR A
Fig.8 Frequency scans of HIPEs stabilized by SHP and four kinds of SHP/WSP polymers before and after freeze—thawed
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B2 S o mar AR RS, R TR
J5 W HIPEs f2oE YR8 2%, I Al B2 HIPEs 7£

FREE T MUK &, AL I 2 B 3R HIPEs 14544 , 5
FOW AR AT T 9a~9d Y A2 I | S AN AT 0 3 5]
PERAE SR A IR | T AR TR AR, 4 Fh SHP/WSP
REWEE HIPEs 1Y A M85 SO GBI REAL, 3
JIE R B A, LTV E, X SN R — 3k
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Abstract In this study, whey soy protein (WSP) and soy hull polysaccharide (SHP) were electrostatic interacts with each
other by adding polysaccharide to soy whey to form polymers for the preparation of stable high internal phase emulsion
(HIPEs). The results showed that with the increase of polysaccharide content, the polysaccharide content in the polymer
increased, the protein content decreased, the microstructure of the polymer became denser, and the thermal stability of the
polymer improved. The electrostatic interaction between WSP and SHP was proved by Fourier transform infrared spec-
troscopy, scanning electron microscopy and differential scanning calorimetry. In addition, SHP/WSP polymers stabilized
75% of the oil phase of HIPEs. With the increase of polysaccharide content in SHP/WSP polymer, the apparent viscosity,
G’ and G" increased. By measuring the rheology and multiple light scattering of HIPEs before and after heat treatment or
freeze—thaw, it was confirmed that SHP/WSP polymer—stabilized HIPEs had good thermal stability, and homogeneous could
form stable HIPEs again after freeze—thaw. This study provides a new idea for the utilization of soy whey, and also pro-
vides a theoretical basis for the study of protein polysaccharide polymer stabilized emulsion.

Keywords soy whey; whey soy protein; soy hull polysaccharide; high internal phase emulsion; stability



