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Effect of Insoluble Okara Fiber on the Properties of Okara Protein Emulsion

WANG Zhongjiang', GUO Yanan', LIU Shuanggqi', LI Bailiang',
ZHANG Zhen', LIU Jun?, FENG Zhen', GUO Zengwang""

(1.College of Food Science, Northeast Agricultural University, Harbin 150030, China;
2.Shandong Yuwang Ecological Food Industry Co., Ltd., Dezhou 251200, China)

Abstract: This article explored the effect of insoluble okara fiber (IOF) on the properties of okara protein (SOP) emulsion.
The effects of different concentrations of IOF (0.25 wt%, 0.50 wt%, 0.75 wt% and 1.00 wt%) on the microstructure,
interfacial activity, emulsifying activity and stability of SOP emulsion were studied with sunflower oil as oil phase. The
results showed that with the increase of the IOF concentration, the particle size of the SOP/IOF emulsion showed a trend of
gradual increase. The laser confocal microscope observation experiment showed that the emulsion droplets change in the
same trend, and the absolute value of the zeta potential presents an increasing trend. The content and concentration of
interfacial protein showed an increasing trend, and the change of rheological index showed that the trend of shear thinning
was increasing, and high concentration of IOF could significantly enhance the long-term storage stability, acid resistance
stability and salt resistance stability of SOP emulsion. This provides a theoretical basis for the further application of IOF in
the protein emulsion gel system.

Key words: insoluble okara fiber; okara protein; emulsifying properties; emulsion stability
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FAL, A RGBT T LR R SR <41 -

15 B SR E A E L D I EY . (R T Sk
B HERANEE | I T A 22 RS Bh A, R B i A
A S HE S IR B 45 34 P G R k), 1
AT HIETR RN, 5 RE4EEA(SPDALE, &
PR s = e S S AL E o i Ot 15 A i 2 4
DWEA RAFIIFRRME . Bkt . Btase M Ao s fe
SRS R, TP R I SR PR S R AT A LA R
KIS

AHLY SPI, it AR 1 HAG AR P i R,
(B AL PR 55, BRI T AR b . 122 25 S5 45 i 17
o HRTHIMFFEES YR fef FREcrE G 2 Fh oy
Bokeksg SOP LIk EREY . Hidh RS 2k
ZIRIAH EAESZ 2] T T 20026 A9 RM, 1EE
H-ZHE G 7LRIE R b, EAsS TP
30 LRSS AR B FH GuEARe ) | ke, A
SERAE), MGEFL e ", W, 2530
YA R H R — LV R RERR P IABE S AR R
B4 LG T IR S5 B AT A AR AL L
WAIERAE R R TS AR A2, 2 ERANTA R B 2T
2] AR A 745 6, SR P el B LI AR = 109
FaE T, WAL B 2T 4 nT LA FUAL i 2 4%
G BEE LR R R e (X ARG AT
23X B PO T B LI AR 2R PR SOUR 25 4 TR TR AR P AUF
TR, MAETE IOF B2—MESGEEH . K&
B H S E R A P ] R R B i e E R R
7O R RS e P R AT, FE AR K S e SR B
R AR A T e BN T

PRk, AS SCEE oF LSRR ATV Syl AR, L TOF Fi
SOP 7K AH, LAy R34 5T 5 07 =X, PO ES 4
FHHEREPE . ZLARARE RS MRS T, BRI T AN R
JZ 1% 1OF X SOP/IOF & & FLIK i DI e ka2
PRS2, LA TOF 758 P FLIEE A = P it
JHIRAE T HIS IR, # 98 T SOP I IOF fE A& Shids
JnFRl e R Y L
1 RS
1.1 MRS5S

S By (60.09% 19 £T 4E | 30.15% 1 55 .
6.80% 17K | 2.52% MYIRSTFI 0.44% mIARDT) &
& TAHY R (1A BRAA Wl SRR (2 J1 3806k M)
RS O ED A BRZ 15 0.22 pm Millipore i3 7
. SR, Je P L4 Je B W5 | Florisil 431 [t
o SEEBRTEA ] A TE A (=98%) . Ehig .
SEEAEN . BRI AN BER S N, YTl
BT T A AR B A B2 W 5 AT 25k 4y
Mrali

AL204 BUSFHT R HE R -FEF] 238 (
W) A FRS 7l PHSJ-4A BISCEGas pH 3 P E B
TGN F] GL-21M B IR ES L RV SR
B AR A PR 715 3-18K 2 7 v 1R 8.0 AL
Sigma 2\ H]; 85-2 AUME S FEds ) NACRFSEEAX

A RS F]; HH-4 BRI PR IR KIS Sta i XU
SEEA AR FDS-3 B VRTRPL 32 SIM 23wl
T25 #J ULTRA-TURRAX & 1= E IKA 2
Hl; AH-BASIC I 8 — 2% &l L sk ATS
T2 75 Zetasizer Nano ZS Y Zeta HLY e [FH]
LR SCA PR 4N 7l s Mastersizer 2000 B3GR 43 B
A e E R SCH BRA F] Auto 1Q Y L3R T e FLER
SIATAL SRR N F]; OCA-25 BRI GA# 45
fl £ I i f5[E Dataphysics 23 #]; TCS SP8 F i
SR W IMEE B Leica 2\ 7l HAAKE MARS
I BIESHA AR FEETEER A F] .
1.2 LWHE
1.2.1 AT LT 4E(IOF ) fl T 8 11 (SOP) il 4%
ZHEOCHR [18] M IRFEEIE I . ¥ 50 g LM
51 L EXEF/KIEA, A 1 mol/L B NaOH 75 pH
Z 12, IFAE 50 °C K@ P 2 he LA 9000 r/min
MFEERTE 4 °C BRI 50> 30 min 75 2| TTHE R
B BOHES o 2B PR B IR G B IR AE 2R
Bk, I8 pH %2 7; 3% HAE 8000 r/min. 4 C B.0»
10 min 52U HE I FH 2B FoR P R OIS
IOF ., BU#HWHR4 A 1 mol/L B HC1 i35 pH iy 4.5,
B4 HAE 9000 r/min. 4 °C T &0 30 min 5 ZUTHET
FHEBEF/KPBEPIR I AT IS SOP,
1.2.2 FLUEHIE B SOP LA 1.00% MM E s T3
B K H, FES A [F] He BE B9 IOF( 0.25 wit%.
0.50 wt%. 0.75 wt% Fil 1.00 wt%)VE J 282l LA
hN 1OF VERXTRELH . SRS SR FHEdE 120 min {6
HFEHG, W pH S 7 /5, BT 4 °C & HreR
FIZELEAFHEL 9: 1 LU BNR G, Hl& I wIRFLIE, 58
oA v A B ALY 2 min, #4394 10000 r/min.
T g0 RS RHLAE 40 MPa JE 1 F¥R =K, 45
AT S35 4 MPa, HilELIRR, Z )5 ML
A 0.02% HIZF AL LU A IEE T 4 C
&H.
1.2.3 CHMIE  SHRESCHR [19] BT ERRE G,
P57 0 2L v FH Bl iR 6 22 v WE (pH 7.0, 0.01 mol/L)
W EM RS, (B A AE 25 °C ME A, TREE
7 1 mL, MSEEEE N 25 C, IREESEAGEFE] 4 2 min.
1.2.4 RiARSMARIE S RESCHR [20] TR KRR
i HEE KBS , 181 Mastersizer 2000 EOG
R E SRS A PRIAR S AT I 2 , LR T 5%
SR 1.46, SrEGRITT TR 1.33, BIKEEECH 0.001 .
1.2.5 OSSR ZRESCHk [21] RS E
. B 1 mL AE5LELE T30 T, DA 40 pL JEZ
LLGWRIRN 40 pL Je & WGukl, IR 51 EHED'GI N 30 min
o ge o, SR TG U e i Tk e |, 35 s
BS54 BITE 488 F 552 nm #CA I S TE0O6
SR, SRETHRAFEIS.
1.2.6 Ak SIME (A OCA-25 FG2F 42 fi
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SIS R G, 52T LI W BR AR T -2k A T
AR TET S T () BRI BRHE) 8] () 2B Ak o

ST, AT RE G A S A SR AR P 0 2% T R
e S0 FRPKS AR BE, 1] 100 mL SELERFPimA 3 g 19
Florisil 43-F Mz BH7, Bl s Fn e o203 5,
AHT A BRI, A R, LR ZE AR S 22 s K
A PRI 5K SIAE 30 min PUERFEE(EEN AT 57

SR, KA R B AN E AN AR A S
1 4l SRR D CA B B A b, FEET AR B R
20 pL FJHEIH# . CCD MUSIERAR R Gesr BV 1R ZE £ b,
SRAEWANE B S, K AR5k 77 () B S At Ta] (1)
FOARAL, IUCH TAI3ESE 3 h, SRR =R (25 C) .
FEAFESH TR VAT 3 I, I 45 SR 10 1 25
7 0.5 mN/m. FIFHRSG M SCA23 A BT A
sk 1 yCRE#IZ 0.01 mN/m).
1.2.7 SIS AW S RESCHR [22] T ERREE
k. BGE S WIS ZLUKAE 10000>g, 4 C T &
L 30 min. K FJEMFLATIE LB TS g8
HU IO IRFER IE W A 0.22 pum 2 pERR e uE . LU
2R 178 F AR 1 (BSA) ARE, SR Lowry 35 4347
FLBANE R P E AT S AR A (2)
AR TSR (P, %) A (T, mg/m?):

P, (%) = S Cem 0

total

& (D

Clo(a _Csemm
I'(mg/m?) = IST x (2

T C o HTEEFLIR AR AR & i, mg/mL;
Cyeram MIH W EYEE BT & i, mg/mL; SSA i
b2 T R A LB ST S 1) LR THT A, m*/g o
1.2.8 WshdprEME B ST ANMYAE 25 C F
M A FLVR O . BGE AR ZLIBIm A B A
AR A b, £EF-H B4 40 mm, A EE 1°, B
3 0~100 s HUSEL 100 BYZ1E T, SR AAS G 2
HopmiAssah<k, IR Sisko BLEIGEATHLS g As2#
Hhek, BT

T=7,+Ky"

SN &D)
K, c HRWELE, Pa-s; 1y NVIIRTRLELE,
Pa-s; K MHRABEHEHG 3 BT VIR, s n AT T R
e
1.2.9 RGHAREMIE  (H G AR E 25 C
I FLIRAE AN FS5% (0.01~1 Hz) T AU RER &
G'(Pa) FIHFERL R G"(Pa) . BTN P60 TiL F-
AT, R 1 mm. ZEATCRITH Z A0, il pH7 19
FLWTE 1 Hz T, 7€ 0.001 | 10 Pa (1457 77 70 [l N 1y
PRWE I I 5000 2 FLIR RS X (LVR) . 1E5X
R B S0 R : fEE R 77 0.01 Pa, STRRFTHEE
[l 0.01~1 Hz, #FEMIEY](tand) FHFC(4) 115

X @

tand = ¢
ok

1.2.10 FLAEME S BESCHR [24] 7SR B
HBX 20 uL FLWIMAF] 3 mL 0.1% [ SDS 78
SRR, 7E 500 nm P AR E G A, FLIkTE
(EADIHAAAn=(5) FIrs:
AN
pp % 10000
o, EAT HFLAEME, m%/g; N AR5 (150);
p RFLROIE BRI A KIS W 8 A R R R,
g/mL; ¢ FLALH AR T 4K, Y03 A 2 O min B
PGS
1.2.11 FLwfdaErk
1.2.11.1 f#EmfaeEtt RS ELR T 25 C &
fifik 30 d, 7E45 0. 7. 15, 30 d HUEE, MFLHE AI-F14
kit oL, FHER(O)THRA )
D, -D,

2

EAI = 2x2.303 x 2 (5

x 100 2 (6

Azo—o(%) =

o D, HEE 30 d B9RIARE; D, SHEE 0 d BRI,
1.2.11.2 WfRFaEM:  ZIEFEUCRh N, S8
SCRR [25] BT RS EEE. FF 1.2.2 Hhifil s ao Rl
PHAYZE pH M 5.0, BB 2 h JE I FLIE I ¢ A AN
T
1.2.11.3 #heEFuEivert: Sk [25] Wk
FHEME . ) 1.2.2 Pl ZLw HEsin 0.1 mol/L
NaCl, ## 2 h JailEzLind ¢ i Frkifs.

1.3 #IEAIE

P S5 HE T 3 UGB 41E, F1IFH SPSS
Statistics 22 XTI 1T ANOVA 22 5 I 24
5yHT, P<0.05 Ak P22 5. SR Origin9.1 k4.
OMNIC FANAEBHATEAR ST . KRR F 1 55
MrAab T,

2 HBRESH
2.1 IOF X} SOP F.i&Rif2H0 C-EAIASZN

IOF ¥ Ji X} SOP LRk A% F1 C-FaL N2 A4 52 1 Ul

1.

Z 1 1OF ¥EEXT SOP FLWChiAS AN C-HL L 52

Table 1 The effect of IOF concentration on the particle size
and {-potential of SOP emulsion
IOF¥R JEE (wt%) A AL (mV) FLBCEARAR (um)

0 —35.2+40.3¢ 4.81+0.19°
0.25 —40.2+0.2¢ 6.34+0.21°
0.50 —42.0+0.2° 13.98+0.45°
0.75 —43.3+0.3° 18.49+0.72°
1.00 —43.9+0.2° 26.09+0.82°

TE: R ING 5 R 5 25 53 1.3 (P<0.05), %2, #3[F.

3% 1 A0, RESHI IOF 4 SOP FL KA B/
g 4.81 um, CHLE H—35.2 mV, F2BA T R ESHI IOF
LI I Y 7 LAy, BT — 2 1 HE R ) didizl
WikasE . BFE 1OF ES a4 <, SOP FLIk -7
YpRidafn R L X HE SR B i T f A . X
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EAVL, S RN A LR A R LR R <43 -

BH IOF X} SOP ZFL i FEAv R A5 2 HAT 55 52 i)
(P<0.05) . iXJ2&[H N IOF BEAZ AN SOP Hras 1E Hi, 1)
PR X3l 2 A e e 12 15 | S T 3 4 (e A B AR PR
FRAEE -G, SEOLZLRRARRS I [FIET IOF HF
A -COO BHES T- 1] LAFI SOP 431~ b 1F Fa, ZE AT
HF KV EHa G S E S &, AR fIE sy 2L A
JIS PRy EL ey 250 N, S ECH L A I REAIG . fi
H TIOF &2 T i th 25 5 BUE7E T S A v A e Bt
PILT YRSy T35 22, TE A B ACER iy Fe etk i, 51
REFLIBCRIAR A T i A1 CHLE I RRAIREC 270 TR S
BT T 38 B 2R B i AN MERE e i nT LA (L
T TR T 2 TR TS o Sy 0 RS B 1 T e, 5 | ke 2L
RIAR G R IRER . {H2Y IOF fyas ik &
#ad 0.25 wt% J&a, FLIckitd B3 L FH(P<0.05) . iX
] §8J2& IOF #s i ik =5 3% 43 IOF Gk 5 SOP
Feorah ety oI HESS RUN ATEFE LS EH, T2
T2 R FfrAA, 3+ Had £ 1Y 1OF <R A3 i
A B PR 53 1S sl AN /K S AR 9 &7 5k
2 B, REARIA SR, M S B R A A o),
2.2 1OF %t SOP ZLi& MM LE+af9 M

IOF ¥#REEXT SOP ZLMHWLs 4 at s ma W& 1.

30 um

—- 4

5l 1 IOF XF SOP FLK MWL E5 4 5
Fig.1 The effect of IOF concentration on the microstructure of
SOP emulsion
: TOF NN : A: 0; B: 0.25 wt%; C: 0.50 wt%; D: 0.75 wt%;
E: 1.00 wt%.

WOCHEIR A (CLSM) EIE P 2L A5 AT,
SOGARERE AT, HIE 1 Al A, K IOF 1Y
SOP ZFLWR MR 43 A1 4 5), 88 T 5] i B 2 AE v AR
FHMIE ISR . 24 1OF W InER 0.25 wt%
A, SOP FL B R RiAR AR S, HAR FH B AR )&
IX R BHARH B Y TOF #shinm] LIfEHE 1OF F1 SOP H:
R AT MR TIPS € A SR EE Y =M i) LAy
1o, WS T VR (A B4 2 (el B g, E TS SOP 2R
M ZLAE R AN BE A B i IR A 00, [HJZBEZS 1OF
whnE TS, LR I R RS, H
IOF ¥k sy, RIS A B, XX vl e & 77
TS A T [ Y IOF 3T Ml R AAH &
WA R T B EREEI R PO, ] &P 19afsRER
A B 25 JBE A H SRBE S I 80, 4314 (] At SR 4
SRR BE S8 A WOINGR, TE AR E B3 R M 4%
WRIEER, S B FIR R RAEDS . gk,
FTREY B S FEFLIRAE R R AR BN 5SS
WAL G, AL AR & T RE RS 115 R4S &
AJTHAR PIER Y TOF He B2 IR B A&, ARSI
R Z 1 1OF MR BE, 25 53 1 MV A4 32 18] 1) IOF
B A R AR BB R T BBiEERT
KFFUmEIF S it ss A AR L LB IR IS
2.3 FEKS

IOF ¥Rt SOP ZL AL sk S pF2ma iLIE 2.

20 ¢

ol — 0.00 Wi%
~ 17 - =-0.25wt%
E 16 -+ - 0.50 Wit%
Z 15 - 0.75 Wi%
= 14 -+ 1.00 wt%
T 13R
£ 2
I‘E 11+ N
ETY

9 -

8 .

3

0 1800 3600 5400 7200 9000 10800
] (s)

K12 1OF ¥ BEXT SOP FLl i Imi 5k J1 525
Fig.2 The effect of different concentrations of IOF on the
interfacial tension of SOP emulsion

BT 5K S S ZAE I 7K AL T 2 1 I 4 S R R
Rt s Sy R SR Ar . A 2 PR, W —
AsHIE], TOF ¢ 8 0 s o) 2L, SR imi gk JodsAs; Frf L
%) S TE 7K g 340 B o W ST ] ¥4y S 1 2 RS20 T AT 11
#aF, HAEWFHI](0~900 s) F sk 1 208 R, BE
Ja B B EREE W TV 2% IR EE (0.25~0.75 wit%)
IOF 142 45 ZLI 00 St ok 1 3 ARAR A b A 20T
{1 ot 25 W% S BF 1] AR B8 01, 2547 1.00 wt% TOF = &
FLA P AR F T T BN T IR TOF 19
AL . FLR DI B — ARG D5 B U 26 P i
2 I 2 TRTRA IR G T X 3, SR B IR R SR i X
BRI H 4T R AT SR Ak gt R T S R T 5k
b I N 5 4 e R R ET) o= T e o i U e Vs L S B
HEAG AR, DR S T s o 0 2 AR KRR B R
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FLdta e tEMF I . Shas S misk )2 th 22 vpil
FY) ST 7K 9 25 2 P A ST K A T 2O 1, B
FFRsS TR] A E S, FTar sk 1 ig sl ), 2B 8 1 BTs
W R R P ARERAERT BT R BA TG B LT 4R TS
i S B T, 23 LR SRR )R B ERIE
Wi, DTS 0 2L VR P S T B Bp 35 . FSR SR,
FLIBR S T AR E A2 38 1 2 TANg /K PEARLAR /N
SZN, T TOF 23 F1 SOP AH .25 23 KR 54 1hT 1 18 o
e, W5 |2 TEgtn L, - HU 2425 10F A1 SOP
AR FR ARG TE, PEMTINEE SOk A
HOMZ R, ST SK ) R KA SRR 1 IOF B
ey WA R RS RN, RRIARAY TOF Fil SOP 72k
FY s (B BH 23 FE— e BRI b B AIRm K P e 30y
W BRI AIEN . PALIbE, R (0.25~0.75 wt%)IOF
Y525 F LR A ST 5K ) B AR A AR A T
24 FEZEAEEE (P FMKRE @I

IOF YJEZXF SOP LIS i 8 11 7 s AR BEE 52
M WL 2.0

# 2 1OF ¥RBEXT SOP FL A If1 8 A &t IV Z 152
Table 2 The effect of IOF concentration on the protein content
and concentration of SOP emulsion interface

IOFHeE (wi%)  FAEASEP,, %) A& WA (T, mg/m®)
0 34.211+0.106° 0.127+0.002°
0.25 38.153+0.062¢ 0.1310.003°
0.50 41.785+0.099" 0.169+0.003"
0.75 42.062+0.150° 0.174+0.004°
1.00 46.566+0.271° 0.1510.009"

M & AN AR 22 F A B35 (P>0.05), 4ksk
FHE E 1.00% B, FLEER A & & W s H R A
P BE RN 2 B I 2 T R E$(P<0.05) . X AT HEEH
A TOF #FEE i1 0.50 wt% FF s 2 0.75 wit% Bsf, L
SRR AT IR BN BTl . (HAksFt = I0F
255 | R FLIRAAR F5 v AR A R S5 AR FIRE AR 1Y) 2R 5
FLiid iz Ll AR RST R T AN IR, i L SR
ASCI e LT B4 L 2 T AR 3 T 2R B AR S BR
TESURIAS- 31 BRIV ELZR TR, A B4 X By e
M. TELLRTHE N, B 1OF ¥ BT, ZREkss ik
RO, IS 0B LE SR I BGE W T is, BRI AR 3 g 57
TETEE A B S B Bt 3.
2.5 RTHFM

IOF H<FEEXT SOP ZLUKF A4S B A BY )i = 19 AR
FLULIE 3, TOF ¥JEXT SOP FLU R shAT M iz i
% 3.

4 ~. — 0.00 wt%
SOt --- 0.25 wt%
3PN T —= 0.50 wt%
XN TN - 0.75 wt%

-~ 1.00 wt%

FNWVRAE (Pas)

0 2|0 4|0 6;0 8I0 160
BYYIHR (1/5)
¥l 3 IOF ¥KE X} SOP/IOF & & FL M WURL BE (152 M

FHE A &R (P MR ZLM R A
JoR Fr A E S AR R BT S S & 4 E, TR AR R
(D) FonFlmRm e s Al LEAR R &=, 7
WAL AR T, SR B2 DS H I B 5
BB /N 22 T, BEL Lk v ) SR SR 45, I RF
Fwikee . FmE AR SR P,) MR H T E
(D) FRANEFL A e M g bR, t3e 2 T, B
& 1IOF #eErndy e, S b & a2 A S, 5
AR I 2 BT R R IR, EFLRik R
1, TOF Fl1 SOP £t it =y J 35 SR HILVR & 359 J0T iy k1],
IOF 1 SOP Z [A] YR Ty A e st {e i SOP 7E
T A T L 4 R PR R L 2R 22 2 B T R R 4544,
H.R%5 10F f9%sin SOP F1 1OF [a] iy AH B AEH J1i&
TR, ARIE T SR ST WR T 2R 1 R BRI, BBtk B
# 1OF MR F=, FHE A S | in. 24 10F
wWEH 0 FFEE 025 wt% i, RIEEM & B3
THE(P<0.05), B A HI2E 55 AN i 25 (P>0.05) .
FHAE A E S R AR A S EMFLR bR E B L
{H S IEAHSG, RS TOF He B T, S 1 & b
K, I FURAR TGO CHR AL i a5 SR B, ZLI Y L3
TR TG S, BRI 35 1 EUAE AR e AS i 38, AT
AT AR MR RPN S 2 B TR A, T
IOF MIHE R 0.50 wt% FHE 2 0.75 wt% I, FLER

Fig.3 The effect of different concentrations of IOF on the
apparent viscosity of SOP/IOF composite emulsion
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Table 3 The effect of different concentrations of IOF on the

flow behavior of SOP/IOF composite emulsion

IOFYeRE  WItRR MR

R BE 15 %k

(Wt%) (Pa-s) (Pa.sn) ST IR K
0 3.681+0.940¢ 2.734+0.619°  0.9784+0.0163*  0.9989
0.25 4.033+0.974¢ 2.885+0.794°  0.9715+£0.0311*  0.9996
0.50 9.917+1.048° 4.967+1.538™  0.8515+0.0702°  0.9993
0.75 16.004+£1.411°  10.154+3.192°  0.8374+0.0386°  0.9975
1.00 30.405+3.827°  37.848+7.166°  0.5635+0.0794°  (0.9967

FH & 3 A0, 7655 U) 2 2 Ju [ (0.001~100 s7')
PN, ST A o 14 22 ARG 5 5 5 5 1) 3ok 338 1) 445 DR T ok
/N, IR BT YR ALAT ;s ZEF—BY YA, SOP/
IOF B & ZFLI MU BEREE TOF ¥k 5 193 i+
1, {H TOF &k 0.25 wt% Y5 3L AY FEURY,
55 SOP ZLM NEER . LTI BT VI ASFGA T
S A AT Be R LU AT T R A B ST 2 Rl R A
HFEEE 3 T B LR S A BT i il o1, X 22 UKk
FERRZR ST Herschel-Bulkley BEHUILE, FRAEFLA Y
TSR (WIRR T EE B, PAREHEER, sl i e %0
5 IOF Wi Z M SC R . 3R 3 nlA, G577
B R ¥JRTF 0.99, HEABIRI BE B IE AR, 7T T 5 4L
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Fig.4 The effect of different concentrations of IOF on the
storage modulus of SOP/IOF composite emulsion
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Fig.5 The effect of different concentrations of IOF on the loss
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Fig.7 The effect of different concentrations of IOF on
emulsifying activity of SOP/IOF composite emulsion
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I R A (P<0.05) . MFLW P A TOF A,
EAI 5:41£(36.9 m*/g). JILA 0.25 wt% i 10F )5, EAIL
B RUE B e (43.4 m¥g), 2 )5 EAI B 10OF ¥
IR N 228 AR5 R(E (47.5 mY/g) o XA
RESZ KN TIOF H & F & 1) E/KEE, SOP 5 10F JE
RE S s B oK EE, dEmisgm T2 &
FLW Y EAIPY, 25 BT 10OF B A hnSscr
BEIMAPRARE SOP/IOF 44y T HIE LA K 22
BEVE TG IN, TGS EAT 38K R 55 2%
2.8 fEGFREM

IOF ¥&EEXT SOP LA Fe e PEr S W3k 4.
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Table 4 The effect of IOF concentration on the storage stability
of SOP emulsion
TOFY i FLWCFHLAZ (pm)
(Wt%) 0d 7d 54 04

0 4.81£0.19%  5.96+0.04% 8.13+0.04™ 11.49+0.15% 138.82
0.25  6.34£0.21% 9.51+0.18 11.08+0.19 12.64+0.11> 9937
0.50  13.98+0.45% 15.71+0.63 18.69+0.52" 22.09+0.46* 58.03
0.75  18.49+0.725% 19.3+0.31% 21.74+0.44™ 23.38+0.35% 26.43
1.00  26.09+0.82%¢ 26.49+0.39* 26.90+0.06*° 28.58+0.27**  9.56

T AR RS 57 5 (P<0.05); [T AR NG 8 7
B3 (P<0.05)

R 4 AT, BtE LRGSR [a] i SE R, LIy
SPIpRi AR S BTG kAT . aX R LR
T A s Tk 2 SR A T A SR HEFN R R A AH B
RAEFHFLEBARTHE . BEE IOF BN F s,
FLIE A 5. BIEIZETREAL, SRUIESIN IOF 7T LAW] Sl 42
= SOP ZLMMIFEPE . Ak aEM o ARk
J& 1OF %S vl LB SR SEF SOP & A= 28 Bk e
I T AR T ) SR T 45 A RN S5 R e AR 2 4, U
FHRLB G5 FIRLF 1. RS RS BT 7o, Em e
TR AR E M. M BERY) IOF &30 A 5,
A AbE /N IR A GEAE TS e B IOF & Szl
ZEH T PR Y ZRER LS R IR AR BN AR, TDRIAS i A
BT ZE R AR TRE A B AR Ao 2R P I s A, [RIE)
FHE TOF 235 | AR ZLIRE T RE ) i3 <, MTmTHg 58
T ELW A R EE R e AN S BUR PR AR AR e /N
X F1 IOF #JE X SOP/IOF & & FLIR R As HERE 1Y 52
M 25 A2, X RN At #2 i, 36 S Es
—EWPER) IOF ReA 3= E AL nitase .

Agoo(%)

2.9 MERFSE M R ELEEE 1

IOF #eEEXF SOP FL i e fiau e Ik S i Eh A
PRSI L 5,

rh % 5 T, FL e pH i TP EgL g et ¢
FEL FIDRLAR R/ i 25 5185 (P<0.05) , {H S 1OF ¥
L0 T, SOP FLR AL A% 84 i 3k B2 b 25 i 9%
(P<0.05), iX R 2Lk e BAT T i E
FHo BRAEEWIIF oY BRI RS B £ 4E B imm]
DA s L i A se M, SO B pH 2
P T A BT A AR L, R TR, LU (] 1
LR I REAI, PEHE T 2L R IR, KA T 2
BERSE ., M IOF-COO AE 75 SOP 431 _EMIE
H R PH AR 55 FF 150 SOP L MRk i 14 et 4 &,
B FAEESAH I A SRy B 1) — BRI PR &5
A RN FL T BSE, W3 0 L7 (] () v g NS el s
77, BT SOP FLIK M ke 4 o

[FIEAT LAE B, AR ES T Ja ZLA ) ¢ H vy
THE (P<0.05) , WA ANEAT WL . 1 ELsm
T NaCl MZLIK ¢ B I %A B TOF % i 144
JI R R, B/ Mg RIS SRR . aX T RE SR
T SOP ZLMK £ BT MA A 3 LR R 2= T
[ 7 R ERY Na®, iX £ 53 SOP 1 IOF K ™A/,
far G, 55k IOF #1 SOP 2 [Al #4943 T lal 454 g
F1725 59, g ¢ EAME LT HIEARARSZ 10F R ER
migtol RS ¢ HA T, LI TR Y R R
REALG, AT kit Ar Bt
3 g

FHH BhZS G T IR A 5 s P 25 0L A6
FETPMr TOF ZRANEX SOP ZLBORLAR K/ N K TR o5
TEHISENR . ¥3hN IOF J&, SOP FLURIARI I, ZELEHT
WEENS W I H 35 A AEZLIR A = v (JOF s i &
A 0.25 wt%), X SR AR IR —2 . SR
CHANLSIAT B2 AT A T R AN R A BE DA T 3L
WHIFRE M. TOF BIEA 1.00 wt%e A AR EE
SR FLIR KA AR M (515 d) | i iR AR P LA
T i EhAese P o 38 Ak %o L A A T B A e AR AR
FOBIFSE AT 0, IOF ERANEN 1.00 wt% B}l LA %
TR R SRTE . 45A HRBAE IR BE SR FLIR ke e
Pix—PEJ5R, 7T 4 SOP Fl 10F 7E7E I ZLIREE AR 2
AR AN PR AR T S IR, Fh s HAE B R Esnge aY
W FHTE R

# 5 K[ IOF ¥ pH ML 7% SOP FLUKHY C-HLAL AR AR A 520

Table 5 The effect of pH and salt ions on the {-potential and average particle size of SOP emulsion under IOF concentration

§ LA (mV) LT (um)
IOFIRJE (wt%)

pH=7 pH=5 pH=7+0.1 mol/L NaCl pH=7 pH=5 pH=7+0.1 mol/L NaCl

0 —-35.2+0.3%* —23.9+0.3° -30.7+0.2"% 4.81£0.19 17.62+0.24% 5.02+0.45"

0.25 —40.2+0.2% —24.8+0.1% —29.3+0.6"™ 6.34+£0.21% 21.93+0.13°° 6.62+0.53"

0.5 —42,0+0.2° —26.0£0.5° —29.0+0.4" 13.98+0.45 27.3440.51 15.27+0.75%*

0.75 —43.3£0.3" —27.1£0.1%° —28.5+0.3" 18.49+0.72" 32.84+0.50" 19.84+0.18"

1 —43.9+0.2* —28.3+0.4¢ —28.9+0.4" 26.09+0.82°° 33.28+0.22%® 28.41+0.36

H: FIFFARFIRE TR R A B3 T (P<0.05); B E/NG FhFm A B (P<0.05) .
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