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Effect of W/0O Emulsion Coagulants on Rheological Properties
and Microstructure of Cold-set SPI Gels

Zhu Qiaomei Li Jinlong Fan Xin Yin Lijun
( College of Food Science and Nutritional Engineering, China Agricultural University, Beijing 100083, China)

Abstract; Scanning electron microscopy ( SEM) , texture profile analysis ( TPA) and dynamic rheology
technique were applied to investigate the effect of traditional bittern and different water in oil (W/0)
emulsion coagulants on the rheological properties and microstructure of cold-set SPI gels. Rheological
tests suggested that the development of the mechanical moduli ( G') of these SPI gels was highly
dependent on the release rate of magnesium salts from W/0O emulsions. The values of G’ in all cold-set
SPI gels gradually increased with the extension of time and W/O emulsion coagulants prolonged the
solidification time of cold-set SPI gels in comparison with traditional bittern coagulant. This could be
attributed to the controlled-release properties of W/0O emulsion coagulants. In addition, cold-set SPI gel
prepared with W/0 emulsion coagulant containing WPI exhibited a longer solidification time and a lower
value of G’ than W/0 emulsions without WPI. Cold-set SPI gels induced by W/0 emulsion coagulants
had better microstructure than that of traditional bittern coagulant as shown by SEM results, which
elucidated that W/0O emulsion coagulants could obviously decrease the strength of cold-set SPI gels and
produce protein gels with smaller pores and more homogeneous network structure.

Key words: Cold-set gel W/O emulsions Coagulants Rheological properties  Microstructure

Texture analysis

3| DHRERFPE T B 32 M B I AE B Al AR R b o JLrp B
BRI R R G E A E R R —, B
REDEEANEABEREFRMEMBARRY B a S 5K Pk LSBT £ 5 AR 45 7 41

il

il
]

W fr H 3. 2014 -03 - 12 &[0 H . 2014 - 04 - 11

B 5 HIRBE A SR B B0 (31171648 ) Fi + 7 B BB S 4% 3130 BT By 5 A (2012BAD34B03)

YEF B A RIGHG, b A, B3 FLIBOIN T 5 BB 5T , E-mail : zhugiaomeil010@ 163. com

BIRAEE  BRWH , B0, 1 LA S0, 222 5o RO A AR SE PR R TS , E-mail: 1jyin@ cau. edu. en



%2 1

RIGHM 55 . WO FLUBE [ )% SPT v8 B e Ui 78 o 1 15 TmloUL 45 74 19 52 ) 241

L AR R TR R S,
O ARBE IR VS BRI o B A R B I R I
T T A — B A, 28 v H0 R R] R AR BRI . A
IEERIY it A, B R AR R DL SR
[F) B 7 FA 2 o — R i R VA RO AR R AL
SRIGTE Ve A 2R B W TP d S £ T R EE
WA pH {EDR 75 5 3 B 2 8] & A2 S Bk, I B %
JBE o R T R T T AR T AR L A R S B
ST AT . i T E B Z A B R A &l
PALRE, PRI, B 5 S A A W A 1 ) 5 RE 9
T AV B IR A L T S XU B 73 R SR S 15
K

FIRT, ¥ B2 [ P S BE 08 1 F 587 7 170
FEIE R T AR ER AN 3 Bk E S T 2R ¥ Bt 38
YR A B A U R S S VR B A Y
A A RN R BRI A . R R AT T R
ThANENER DL R = 3% IR 5 R BIF 5T ¥ B M F) B0 4
H TR R TR R T 1 K R A BB G 5
Wb FEFE AT HER 5 8 R PR S (8 15 8
F IR 2 A KRS , 5K 1 2% . fEZ R BFgE b
SEH M W0 ZLIREE [ 50 i & 8 I AT 9 R R
H 45 254 oK oy B A2 4, K B W/0 L0 TR 5
B 5 [ 3k R T A4 K O3 3 A% O H e 4R v LR AR OK
P (0 SR S S A B, DAL, O ekl TR R
PR B2 T 7 A R R G SPL ¥4 B I 45 0, AR St
KT W70 FLIAE > BE [ 50 3 70 Br W/ 0 2Lk e [
FR X SPT ¥ 55 JE fol 45 F) RIIAL A2 A5 1 19 R T

1 #REFZE

L1 ##

REZ(CPEA BB, F 8 13 5), K5 (K
T O A e R AL A R A A), MeCl, iR g 8
47% ) , K% IR B 5 K i i ) 201 BEAT G
B RHIM4E 5 EAREE MR NG (PGPR, 7 i 45 ADMUL
WOL 1403) , R &3l (& & RSl , FLiE 70 &
# H ( Whey protein isolate, WPI, 3¢ [F Glanbia /A #] ) ,
PEor R b eV (S AR e k5 bl ) L
(BRI AT o) , A IR | s 54 IR L IS 1R S 130T L ik il
B pr e, g K i gtk .

1.2 FEMNSFEMES

NS1001L Panda2K %Y & & 14 i AL ( & K F) GEA
Niro So-avi 23] ) ,T25 B Gl (& TKA A #]),
KK W s (dE 5t i K KA & A0 % 2 A,
AA = T000F Y Jit 5~ K A& 43 O 06 BEAL ( H A By HEA
H) ), Orion5 — star B 1 5 K (L ( % Thermo
Scientific 23 H] ) , RS600 % i 42 X (4 [& Wy 5 4 v )

Qunta200 % 39 4 W1 5% ( 3£ B FEI /A @) ), TMS — Pro
R BFAL (SEE FTC A H)) ,L—129A B 850045 Jin 44
ar (P EDR AR AT o

1.3 SKWHE

L3.1 W/O ZL s 55 il 1

WO L85 [ 700 1 ) 4 SR 8 2 R ik
B LA AR A# 0. 1.0.3.0.5 ¢ WPT (4 15 K 73 H
A RA PGPR B R Gl N JE S, 1% B3 O 5
FE S AR o Lu 7] 22 34E 65°C KA i FE 15 min,
Horb PGPR (5 MR R R A5 2.0% . KIBIE W)
TRA W 5 M & X BT L AE 13 000 v/min T ¥ T
2 min, B 3RAF 1 W) ALK AE 60 MPa JE J) T 47 5
JE BT, e &R W/ 0 FUIRHK L4 °C AR A7 o
1.3.2 R EEAmH &

S Tang TR B REABEEA " KK
T8 P R SRR 4 BORL L 0. 1 g/mL im AZE 1K,
fdi 1 2 mol/L f) NaOH 4 {& & & % 51| pH {H 8.0, 7F
TR TR 2 he BEG R PRI E S 80 H 1y M i ik
UEHCUE W, >R ] 8 000 r/min 4 I8 #2450 30 min, {5
HEVEW L 8 2 mol/L HCL i35 pH {1 % 4.5,4%C
TCE 2 h, BB 5 {8 A 3 000 v/ min £ 4°C R 50520 min,
HEEVUEY LE 2 000 r/min T 7K ¥ 20 min, $R 5 H
2 mol/Ly NaOH #5142 th A S pH {4 7. 0, B 5 4% 25
HWBR % TR IRANRE I EEH., EHRE
53 %0R (90. 88 +0.58) % (B IR g AL E , #55 &R
$6.25),
1.3.3 5 KA o D6 BE T H I B

<K AT W0 Lk b Y B S R T R T O IR
WO DG BE B R A o MERARFRER 1 g A i (1K
ANl W0 FLk) & T BB A, I AU A R A
AR AR B 4 T4 B TR A R 15 mL, i
2 h JG, A 100°C & ¥ i # 3) 180°C , 58 21k f5 , 1%
FLEEV S EE T EONELR. RAEEER
10 mL, [6] B 847 =5 (1 FF e B — A FF W7
285.2 nm K TG 2 K. BARSHON: L&
H1.8 L/min; Y6i%H7 0. 7 nm kT HL N 8 mA,
1.3.4 i SR0E

I H SRR B4 W0 ZLIR P 865 T I & B
HAE, W8 g W/0 FLM AN AA 400 g Z& K 19 5%
e, RIS TE 13 000 r/min 3 57 4 $4 LW, B 20 s
MBEAREC 1T mL A, in A Z5 187K 2 8 mL J5 I AL
RN 0.55 em ™ (i HL G SR I L G AR A AR
1.3.5 il %% BEK

T BE IS 1 ] #5715 S B Maltais (1% J7 35 I 008
WP R R A B AR A UL K T AR R
I35 6. 0% W R &5 8 8 I W, 78 25°C T /4 ) 1



242 & o Bl B ¥ iR

2015 4

F£2h, F2 mol/L NaOH {5 SPTIF IR R 2
pH {E 7.0, HX 40 mL SPI & i A 50 mL & .04,
1 105°C 1 25 .0 8 I #2884 15 min, B K
di L TER KPR A B R B S A K K & W0 dh
b BEE ) o S T W0 FLIR FE 4 4 1 E] SPT R
W, R 11000 r/min $4 5T 1 min (Y 35 53 35 45 1F .
TR AT 5 W RE S8 AR, 2 TR0 — B i ] fff I 35
8

1.3.6 s A8 0 &

ARSI R F RS600 78 5 57 3 A8 A, 4y B 44
BHAZ 60 mm [ FATERAR, FIBR Ky 1 mm, U 4R, 44
7K & W0 £ pd BE 15 ) 5 43 43 #0340 mL SPI %
W, AR 5 IO &5 Y 2 VA VRS TP AR Z T, ZEAE A
FE VA b — 2 T ) e S, DT B LR B S K A I 2R K
FE 25°C T SPT 75 78 R 1Y JlSE I , 49 120 s 2 5%
— WL AE AL, BEE A 1 Ha, )i ) 4 0. 01 Pa, []
k>R L 7 0 A A Sl A e MR X
1.3.7 TPA jilsg

HE 1R DU BE AT (2 em x 2 em x 1.5 em) Hs 45742
TR s B 30% 483k AR 36 mm, T [
9 20 mm/min, 5 W 6 B D 2 (25 C) il g
3 IR - . PTASBI LT A S8k T
SRR RS M L WE R M. X 2 S UM W T K

Bourne ¥ sl

G JC 1 JSAE R R PP AR R TPA 3 A A 7 . 1)
WS MBI Al (2 em x2 em x 1.5 em) I B T A4
MG XS 8O - TR Sk BAR 36 mm, JR 45 E 8
A 30% , 47 HE 20 mm/min, AT F 3 3R 7R A
BEJE (N, bk (mm) |, WL PE (m)) 645457 B
[Fi) — AL AR [ iy A [) DX 1 5 M e, 0 3 R

I .
1.3.8 &IOS

I B A R WL ER SPT ¥4 6 I 1 fl W &5 44 o SPI
BRSO/ 7 B (3 mm x 3 mm x 3 mm) ,
2.5% 1% (LA pH {H 7.4.0. 1 mol/L [ ik 2% v
WA FWO) FE 4C T EE 12h K5 pHAE 7. 4| %
JZ 0.1 mol/T 1y 8 R 22 v i v Uk 3 K, 1 CIE Uk
15 min, B 5 FIAS AR R 53 50 (60% ~ 100% ) 1) £ i
HEAT R BE K, B BRI 15 min, S J5 HTE IR 7 1%
BR B th CBE, XPRE AT e A TR AR R TE T
P I R o 2R T 28 B R A 2 0, T L T
AR WS AR

2 HREHH

2.1 HEFNHFMERHE
TE i % SPI ¥ 8 I =22 Aif 5 5 5 i LA S BT 71

W/0 FLIREERE R hpy B o &, 1.0 g HEdh
bR P BE RS T A R 20 WO 2L R i o R Y
10 i, WA [R] W/O ZL B [ 700 40 18 09 8 5 7 % &
BHHEZES ., S 2WEH LN, YmALHE
(9 SPT ¥ 1 b KBS i K F 0. 2 g B, 2 VT IR
TCITE B IR, T2 SR AN O B R . O T R E
FEAH TR B BE B i N A Y SPT ¥ 3 I ik 3] B
FERY BT b A3CR X RRZH R T 0.2 g pa 7K, S5 41 R ]
2.0 g W/O FLRAE & 5
2.2 W/0 IR REEFNERIFE

FEAS S0 38 R I K VR S R 0 AR fE
B W/0 FLIR A& B Rl . B 1 W] LUF Y B
BT [H] Y SE K, R 5 R E AN TS K, B W0 2Ll
FEX TR FE T T K S T S e 4, N DR R N
KBRS F . A, &4 WPL i W/0 FLIR 7E i
TFIR 19 60 s N, LT3 BT a8/ 40 100 s 11
B e A I R 248 T, W FOR & WPL
W/0 FL A — I 46 5t A2 A Wi T, 3B WPL A5 A
THGE W/0 ZLIR A e, DT AE 22 T P4 7K AH v g
ERE . 2T 480 s RS BR T & A 0.5%
WPL (1) W/0 ZLIR, e Ath ZL K 19 F 5 58 BE A 5K 2] A
[F)E .

1600 —=—2%PGPR

o 2% PGPR+0.1% WPI N .\)
1400 F P /
—a— 2% PGPR+0.3% WPI y i/f\:‘//‘
1200F —v—2% PGPR+0.5% WPI ¥ .
H g
£ 1000 o
o
= 800 j,k’{ ¥
/n
b 6001 /,/ v
/ ¥ vV
400 /\;/: Xd %
) ,,.1. .;:,o v
200 /‘ vy

0 80 10 20 30 A0 A0
fif [Al/s

B R W0 ZL e R A L R A8 Al
Fig. 1  Conductivity change of different W/0O

emulsion coagulants
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Fig.2  G'-strain curve of different coagulated cold-set SPI gels
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