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Fabrication and Characterization of High Internal Phase Pickering
Emulsion Manipulated by Gel Particles of Soy Protein

JIANG Lianzhou WEN Jiayu WANG Yuhan LUO Xiaoxue JIANG Sigi SUI Xiaonan
(College of Food Science, Northeast Agricultural University, Harbin 150030, China)

Abstract: High internal phase Pickering emulsions stabilized by food-grade particles have received much
attention in recent years. However, the stabilizing mechanism in the continuous phase of high internal
phase Pickering emulsions stabilized by proteins is not well understood. Soy protein isolate ( SPI) gel
particles were constructed and used to stable high internal phase Pickering emulsion. The SPI gel
particles and high internal phase Pickering emulsion were studied with particle size, {-potential, cryo-
scanning electron microscopy, optical microscope observation, analysis of formation characterization and
rtheological properties of the emulsions. The results showed that the SPI particle size and {-potential of gel
particles were varied along with the change of pH value. When the pH value of SPI gel particles was
4.0 ~5.0, it was near protein isoelectric point, the absolute value of {-potential was the minimum, and
particles were gathered at this time. It cannot be successful preparation of stable high internal phase
emulsion. At pH value 9.0, the SPI particles were tightly bound together in a gel network structure.
Under alkaline conditions, high internal phase Pickering emulsion can be stabled with the soy protein
concentration of 1. 00% and the internal phase volume fraction in 78% ~82% . By increasing the volume
fraction of the internal phase, the Pickering emulsion system stabilized by SPI gel particles was more
evenly distributed and less prone to aggregation, forming a finer and denser porous structure to make it
more stable. And it had stronger properties of elastic gel emulsion.

Key words: soy protein isolate (SPI) ; high internal phase Pickering emulsion; gel particles

0 3= UL o AR R 3 4 R 70 L A AR R R A BUTE 749% LA
= FFLR . SIS N T R T E MR R
Pickering 725 P AHZLIR & —FpF FHAK RUMEBAMIE 52 00 75 P9 FE 2L YR R EL, kA R R G

WeRs H . 2020 -09 —01 &[0 HIH . 2020 —10 —17
E£WA . BEEARPELLT LW H (31671807)
TEERIA: TEW (1960—) 3 #dz it FENFRE B Y & A TS, E-mail ; jlzname@ 163. com



F12H

TLEDN %5, SPI EER B0k il 25 S Pickering 155 NAHFLIR R GT 349

Pickering = WAHFLIBEA FLAL R &> oo g |
AR TR R A AL R
A WAR B FasE Mt BBERUB R 28 Bt 38 &) S5y
M, BRTC BN F &2 o T AT
R At dh ' S 2R U Pickering 12 A EL
TR R RS L AR B v R AR RED | AR Bk
JEE kL ) FRmE ATk T 80" R el v e
85 X BETEAUA R AIL A5 U UKL A A 1) 22 4k |
A= AR SR A ) I A P 5 O D B B XU A
KHLFR I T Pickering & PAH FLIR7E £ i B 24 @5
IR

KIG43# 8% H (Soy protein isolate, SPI) H & H
JEUS P RUTE 90% DAL BIERR R AT I 20 Fir, JF
FA NIRRT 75 W = R, B BRI A L
Ttk RS 2RO REdE R fEZ AN, B
BRAEF A B A5 A RS, (o BB £ 121 N B
TKBE A i R R, T LATE 8 A 2 266 110 B e AR 5 4
K, HIT SPI &I BURL LA K I, © 82
e R ke

AR B AN R U R B A5G T
A KR R IR M B RE 1) Pickering 155 N AHFLITT
T AT TS 22 SCHR [ 2 ] R 9T R B, /N 22 e by
R 1 e N AR FL IR TR R A s s B A T A R
Wiy, SCHR[ 12 ] F L 2 1 e e il 48 1) v P
FHFLIAE 4°C I EAE 6 A A hRe s L i AR e
PR ABIZAIE A0 A R 75 S A7 A etk LA T
St E e, SCHR[ 13 ] BRI AR, i Zh il 4 1
H 22 B 3 1 e SR B ORIV AR ) L AR A
MO 3k 90% W= NARFLIR . AN VR 2 0F58
KRR, — S G URE T LA I ) 45 Pickering =5 Y
FHFLIR, 10 2L 7% 2 i A | 2 4k R B I
R TE R AR R A R P A i R
A HR RS E R R 2T EE Ml WAL S5 % HL 2k
I AR B , BT 3 A P AT 5 £ P — 22 BV )
(ANPARAE ) o PR, B ] 25 ik B R AL AR Y
B B8 45 ) AT BR i) T Pickering 5 PN AHFLIR 7 £ 5
Al R

AR SCEEWFSE SPL B ok 7E il &% Pickering f=x
PARZLI P BOFE T, LASSI S Bt Tl 32 4t — o il 5
J5 B AR AR 2 e py R E A
1 #MRl5F=E
L1 #R5iRXH

REH, W IR U v B B R A BR S 7 5 28 48R il
() IECKE SRR OTR P B Ol AR
(OPA) FhMR A ALEN WEIR — S8 W E —H

FE TR AT Tk Hofthialsm 35 R 4y
Mradi,
1.2 (U FE5E&

CJJ — 6 BIRE I FERs , LI A3 b4 {3 I 40y
BRI A GL — 25MS R w3 1% ok B 0 ML, 70K
Scientz A=W H AR A FRAF] ; PHS — 25 B4 &5 R
I, BT T HH — 6 BUBCR A R, 4
YT & ARALER A BR A 7 ; Scientz — 18N VA R 11§
BL, T BT A R e A BR 2 ] 52500C 7 5 ik
WEEE ML, 7Kk e i SR PL L # A FR A 7] T10 — Ultra
Turrax B34 J #8% , f [F] IKA 2\ H) ; NANO ZS90 HU k7
BES AL BT AR, 3 B SR UL AR A PR A A F
4500 BN, H A H 5228 6l 3 BXS3 YR}
WFIE B 6% W B, A BOARE B A R A Al
Quorum PP310T #Y fI§ J& ¥& ¥ & 4t Hitachi — S —
3400N AU H o 0 G0, oy == B 58 RORI A Wl
MCR302 FUFARYL , W HF AR MAA ]

1.3 FHi&
1.3.1 SPI (#il4

ZIESCHER 18 ] il 48 7 ik, MR Ry B et
45°CIHFTIECBE BRI 3 mL/g) BiE 2 h, 5B fg
RGBT G TR &K (RCBHE 15 mL/g)
ZHL2 h, H 1 mol/L NaOH ¥ pH {E V15 % 8. 5 -4t
FE2h, RIGFEHIREWTE 9 000 g 4°C T E.L> 20 min
PABREAREY), I 1 mol/L HCL ¥ b3 pH {H
TE 4.5 JFEHE 30 min, SRR I 6 000 g,
4°CF #5020 min, WEAEDLTED, K5 H 0. 1 mol/L
HCLH pH ETZE 7.0, K UUEWR R TS, 3K
I TR0 90. 2% MK G B HE M,
1.3.2  SPI BER R 4l %

PR T SPT M K R T 25 8 K (R
620 mL/g) 1 Jf 44 2 h, RIGIERIFIRAE 4CH
it A7 12 h, LUl (1 58 ek fk ., i 0. 01 mol/LL
HC1 8 NaOH K & 7 W ) pH (E I 7 2 7.0, I 78
80°C /K IR T M2 Hi £ 30 min, SRJEHFE IR H 4R
I E R (20°C) BIE SR SPT ) 41 26 110 958 e ks
BERE . FH T10 — Ultra Turrax B Figs L)L 10 000 t/min
(%) 3 0% e R I 3 min, ol 95 JiC TR 40 BECAS B 0
B2y,

1.3.3  SPI BER R RLAE RN C-HL A

FIFH NANO 7890 AU B 5 A 2 B S T A
FES A TRLAR S A AN C-HL I, S BRSCHR[ 19 ] 1Y
TR IE S, A T HFGE pH {E.(3.0 ~10. 0) X SPI
T JS URE PR AR R C-FRL AT PRS2 ), 3 B 22 A 868 e
SUAE114) A 2R 4 52 i) 0 S, 8 R AN [R] pHL B 1Y
0. 01 mol/L 2% th WA B 100 4% 5 I &R0 42, Fi B



350 S 1 R = 4

2020 4

1 000 A% Ji5 il £ HL AV
1.3.4  SPI B Fvkr 2% i g K M A

FBE K PEFE B H MR Y5 SCHk [ 20 ] 5905 A
BR, fFH ANS 28 G4 DN 5 B8 F 5 1% 26 T 5 7K
P, BT pH {ELRG SPT BRI RL A 0. 01 mol/1.
PR 2 WS VLR TR O, B e A TR MR R 0..04 ~
0.2 mg/mlL; [A]E# I pH {E 7. 0 BIBEERZE vh i WAL
il ANS A% 459 (8. 0 mmol/L) , B4 mL £ Hi BAE
JIA 15 pL ANS ¥, PR35 1R &35 J5 #-E 10 min,
R TR R B 370 nm & SRR
470 nm TR G PP R EE . LU R X
A BB R (mg/mL) 1) 4R R (Gl i e A [
U A A5 ) i T AR 2 g K AR B3
1.3.5  SPI BERE OB O 45 H WL ¢

ZHOCHR [21] W7 R IERIME B 2,
Hitachi —S —3400N A4 fi - W I 5 0 SPI B i ot
AT IOWES K5 —7 SPT B BURLARE i B T 48
e b IEHWAR YR, BEAEBESFMET K
FER2 2 — 160°C (] 455 (Quorum PP310T AUITIR %
R R G IR R B IRE R SRE
FESRTE —100°C FFHE 15 min, 5Ja , BARE b 22 1 1§
W LA B EE R T B 1 R E NN
BUR 2 R E IR HI7E - 140°C.,

1.3.6 Pickering = PUAHFLIR Al %

W 2 1) 2% 19 SPY 58 15 UL 43 AR 28 B T K
Hh A HOR AR BT S B 1..00%  JE T
H110. 01 mol/L HCI 5 NaOH #43B i 19 pH {843 5]
JH 2 4.5.7.0 1 9.0, SRJ5 i T10 — Ultra
Turrax B Fas LA 10 000 r/min XF SPI % 5 UK 47
BOI0T 1 min,

Sk T W FLIROY B 1 P AR B A3 00 2L TR 45
PRS2 78 3R SPT 5 i F0RE 2 B3O8 Hh T i A4
IHCh 10% 30% 50% 70% 8% 80% 82% FZE4E
A7, A T10 — Ultra Turrax ZI¥4Fi#8 F 6 000 r/min )
[ 2 min, % RCFLIR, 4 AR U B0OR T 74% B
JE I, Pickering = INAHZLIR
1.3.7 Pickering = PIAHFL IR O LR

i FH 27 GBS L VR R OO 4, —
FLIHN Pickering 175 PIAHZLIBOCA B0 BE 2085 A I,
N A 56 B F 6 5 AR NS A K, R
L 40 5 BORRIH

ZROCHR[19] W RIERAEB B, 1 R R
FH T BT Pickering = N AHFLIR AT IER
P —FLRAE S B TEM 6 B IR AR R,
JEERAS T R RS 2 - 95 C Il s %=,
JERI R BEUIRE S ARG W FE L AE - 100°C T FH4E

15 min, )&, BFES RO L4 IFHH 2
H, I BUBE (V% VR 28 N A IRTAR V8 R 2 T B 428 7
1E -170°C .
1.3.8  Pickering & P AHFL R AR I
ZMSCHR [ 2 ] 1Y 07 i, 1 e i 266 B2 0 e L
WRRAR AT A, #E 25°C T MR 2 ] 9 1] B 1% R
0.80 mm, TEFMIEEAX T, B fH N AN 0.5% ,
TE0. 1 ~ 10 Hz 4% T il & Pickering 5 N AHZL IR
SRR N MR
1.4 HBESZiItHH
JITA a2 AT 3 R, S SRR R P
FRufE 2, B SPSS Statistics 24 4K 14 % 545 ¥ 47
ANOVA F1 Duncan %55 (p <0. 05) i it537 .

2 HFRESH

2.1 SPI BERBAIRIE D HT

WE 1 P, 76 pH {EA 4.0 F15.0 BF,0.01%
(14 SPT 58 I URL 43 OB R AT B BRI, TR T
PRIHR ] UL A SR AR, T LR RE L 3 NANO ZS90 AU
B 5 HLE A M ASCHE R I 2% pH (B 25 F T SPT BEIR
ORE )-SR A AR SR AR AR A RAR hy 3 443.0 ~
4502.0 nm, SPI B Ji 0k 7 60 42 B pH (B 19 48
fhZREH (p<0.05), 4 pH {EH N 3.0 Af, F
HiA2h 258. 6 nm, 4 pH {HAE 6.0 ~ 10. 0 i}, SPI
B BURDRL AR 170. 7 248. 8 268.5 .302. 7,
305. 2 nm, BT (R AR AR AL TR 4
TR 5 AR Sy v ARE LIRS ) B AR
R/ INIFFESE AL, AnSCik [ 22 ] & 30 B R 1)
SEXRIAR R 235. 9 nm, SCHR[ 17 ] & BRAEA: 26 1 00RE
(IR HR 40 ~ 150 nm, FEGRPE ST, SPL &85 it
BRI, DR A% Uk 2 — e i ks, EL AT
—SERREE AWK ORI I RE T, BT DAKREAR (R e A
JINSE Sk SPLFSURE 4 8 7K P 25 | RS 1 g S J0R [B) SR 4
AR 1 SPI BE I BURLT- B0 A2 K F SCHk [ 24 14
WK S E A SRR RS EAE (1410 ~
158. 0 nm) %25 502t FASIK IS il 45 SPI B kL
Ff 8 1 B B o A8 (5% ) B8, 2 SCRk[ 24 ] 1Y 2 £
MR B R AR 1 R A P A 1 A ke R
KA BRI FERMRAE AR T, Bk
B T2 (B A ARG S AR AR AR R AR AR T T
ARSI, Bl 85 Bk BE A BG 0, SPT JE B 43
FRAHBEAER I 28 iR A EERE . BT LA H
Y 2 TR B PARE I UKD AR AR A AR — 38 RE )
2.2 SPIERERL -EBALDHT

SPI BRI BUkL C-H AV FiE pH EAE 1k, 7E pH {EA
F5. 0BRSS E SPI B foik 2 98 1E FL P (pH {Hh



F12H

YLD 25 . SPL B HURE ) 25 S H: Pickering /5 NABFLIR R TEWTST 351

(a) pH{fL A3

(h) pH {ii}4
FI1 ASIR] pH (B AT 0. 01% K 43 B8R IR I UKL V7 T

Fig.1 0.01% soybean protein isolate gel particle suspension at different pH values
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Fig.2  Cryo-scanning electron microscopy analysis of soybean protein isolate gel particles
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Fig.4 Pickering emulsions with different internal phase volume fractions stabilized by soybean protein isolate gel particles
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Fig.5 Observation of Pickering emulsion optical microscope with different internal phase volume fractions
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Fig. 6 Observation of Pickering high internal phase emulsion cryo-scanning electron microscope
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