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Characterization and stability properties of soybean oil Pickering emulsion
stabilized by Tremella fuciformis polysaccharide

LEI Miao, LIANG Jian, LIU Shuang, WU Xiao-Yong*

(School of Food Science, Guangdong Pharmaceutical University, Zhongshan 528453, China)

ABSTRACT: Objective To explore the stabilizing effects and mechanism of Tremella fuciformis polysaccharide (TFP)
on soybean oil Pickering emulsion. Methods In this study, TFP was used to construct soybean oil Pickering emulsion. The
effects of TFP concentration on emulsion stability were systematically analyzed by characterizing the particle size
distribution, rheological properties, thermal stability and storage stability of the emulsion. Results Microscopic

observation and particle size analysis indicated that when the TFP concentration was 0.5%, the droplet size was the
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smallest and the uniformity was the highest. In addition, rheological analysis showed that the Pickering emulsion was
characterized by pseudoplastic fluid, and the viscosity of the emulsion decreased significantly with the increase of
temperature, while the increase of TFP concentration increased the viscosity of the emulsion. Especially when the
shear rate was 0.1 s ', the apparent viscosity of 0.5% TFP emulsion reached 516.4400 mPa * s, which was 45 times of
0.1% emulsion. When the TFP concentration were 0.4% and 0.5%, after heating treatment at 95 °C for 30 min, the
emulsion stability still reached (99.03+0.15)% and (91.38+0.70)%, and the particle size remained stable, showing
excellent thermal stability. After 14 days of storage, there was no stratification appeared in the 0.5% TFP emulsion,
exhibiting excellent storage stability. The results showed that the concentration of TFP was positively correlated with
the stability of Pickering emulsion. Conclusion TFP inhibits droplet aggregation through interfacial film

enhancement and steric hindrance effects, thereby improving the stability of Pickering emulsions. This study provides

theoretical support and experimental reference for the development and application of polysaccharides stabilizers in

%16 &

Pickering emulsions.

KEY WORDS: Tremlla fuciformis polysaccharide; Pickering emulsion; emulsion stability; rheology

0 51 &

Pickering FLI& 2 —Fl F IR B K G B AR B0R R
K P FLIRAR R, L A8 TR AR (0 b 3 v
F, IR, Ry A BE R, B, A
THE Pickering LKL Z £ T K3 FHE A FE L -
WA, A ORI E A RIRE AW N
EWEAMRREAYY . B EEANERNE AP
KRG B EA-CRME AWEC, MBS FEANE
H-ZWE G, KRR R IORIE T L | M
PRI . WA LM AR . e IREERE A, T
Pickering 7L il £ I FH )y 17 HLAT B K A vE Y, S
KR 2N ks 1Y Pickering FLIRHH 5T, RUNFF RS |
EMFLAIAR R T RL2R KIS, don S i Regi it Rl e 7L
TR SR 45U IO R T3 1 0,

R (Tremlla fuciformis), X2 AR, 2 fLE MR
H & (Tremella) FLPE AR () TR A Z, 2 —FERz R E AR
BEMEMNE. BREPEAFENWRYEZ 0 (Tremella
fuciformis polysaccharides, TFP), HAH & . R H 1%
AR PENO TRP SR —Fh el d AR . R ARE 44
B TE 2 ZHE0 P M RERCRIE A P A,
SHC A 1 P B A 2 e TR AR 3, TFP 728 Akt S A
e 2G4 B T )iz M U HOU 2 Op g 4k
R, HRTHAAMEE . SRR IR A L, R
2B A EAr LR TG R s R e M . TIAN 2507
JERI, TFP 2[R pH 404 ¥ HA B m 7L AR e 1,
EA AT RBI AR MREN .. X467, &F TFP 5k
3 Pickering LI AUM 5T f8EAG H3E, TFP ¥k FEEXT Pickering
FLIB R SRR E MR R DL R G B, A A
TFP #4723l Pickering FLIK, 85T TFP KX} Pickering
FLBRIAR | TRASSE R D SRR e M L RS e P s

DA A I 25 S B i LRV R AR 17
1 MRERE

1.1 #eh AR5 RE

BREL[CRRAR (DA PRA FIEAE], MRE B (R E
B, RAREB SRR N 779.7 me/g, AR
HERH (o i A5 H 40T 75.68%10% g/mol); K i
[ 15 L (ERDO MR Tl A BR A A, 455 20240612],

+ T BE AT R4 (sodium dodecyl sulfate, SDS)(HL 7k 2%,
I 2 48 AL 270 A R FD

IKA T25 @& 8591 WAL LR 0 I I SRS & A R
vHl]; BSA224S HF R 0.0001 g, FEZFIHTRI
IUAEAEEO AR A, MCR102 #HAL R BE o JEsE i As
AL (B HF] Anton Paar 23 F)); SB-25-12DT i HIEVEHL(T
W 2 A R A FR A 7] ); BXS3 960 A ( H A8 Olympus
73 Fl); Nano-ZS G AL EE 43 BT A (BE B Malvern 23w );
SC-3610 {3 & OALCE B R AR A FR A F]); LSS
SHN-AT WA FECRE TR AL A BT AT B A )

1.2 XWHE
1.2.1 TFP #5414

Z: HSCHR[18] 7k, R SE 50 = A I AH S 5e A Ak A5
2N ZHEN D, TRAREFIARZ M, of 80 HIf,
SRJG TEFREURE 100 °COl /KRN |« REEE 30:1 (mL/g) .
PiEFEFEH 200 r/min (Y251 T 7K $E 70 min, KIRIEZEHAE |
BEUT . RG] BUR TR TFP R TH .

1.2.2  Pickering FLIK A &

S RESCHR[191 )72, REHRFREL TFP T4 0.25 g, &
BT OKEMITERST 50 mL, HIAWEER 0.5% (m:V)H
TFP W, SRIG KRR BRI M B 2500 0.1%. 0.2%.
0.3%. 0.4%I1) TFP ¥, FEAN IR B 1Y) TFP ¥ 5 K =l



574 TR, L RE 2T Pickering FLIRK 0 FRAE KR E HERFAT 159

% 8:2 (VW HLBIR A, SRJGHE 10000 t/min T = BY U1y
5t 2 min, HIF5A[E TFP ¥ K Pickering LIk .
1.2.3  Pickering FLik Y 2 MoK

WA 5 pL, BEFEI R, s hwmgh, RER
FHZEC BANES, 16 100 f548s T Wigg, AR,
1.2.4  Pickering FLIK RIAL I E

S SCHR201 A EE S, BRI 20 pL, HEE TR
Fi B 500 £%, R FH Nano-ZS 3otk B A0 & S0k 42 (%
R 25 °C, FELAHK TR 1.333, 430k TFP 1
PriFFh 1336,
1.2.5 Pickering 3Lk 897 TN &

(DF TSI 2

ZIESCHR[211)7 1, BCRLI 20 mL B FALRE I faT 9,
BB N ASTEE N 0.01%~10.00%, FeagfalfEly 1.0 mm, &
JEH 25 °C, BIYIECREE R 0.01~1000.00 s~ HEFTIAE
WA RS 4R  SE B B, #e A (DI AR

=Ky" )]

X,y RIS, 575 « ABTYIN 1, Pa; K AFARE RRAL,
Pa * sn; n RS AHEEL

(2)Bh A AR i

Z:REOCHR[220 071, 8 TS B 2 M R ME R B XS
BN AR B 1%, FSEEFAHEIEURE A 1~100 rad/s,
FEMREE A 25 °C, 3 ik PSR 5 1 S PR B R (G RN R M
(GIFATHRFT R
1.2.6  Pickering FLi& #9448 2 Ml &

(1) Pickering FLI A #Ea e P

S IESCHR[23 1) R VE S . HER AL 10 mL AS[H)BE
b T LA, 95 °CTR /KA MFA 30 min. LA 0.1% SDS %l
JAs A, AP 500 nm AT RE IEET S FLIR (R RE 500 £iF)
WIS EETE Ao Ay, #e A Q)T LI Ao 2 1k 6 5%
(emulsion stability index, ESI),

ESI/%= % x100% )

(2) Pickering FLIR 1 it o

SRSk 241 RS VE B . B | mL AR LA S T
EPEh, %M, iR FEVE 14 dJR L2500, FEm
ERE LI FLITTE 5L (creaming index, CI), F#AR3)IHHE CL:

=218 < 100% (3)
W3
A, Hys ARSI, em; Hys 0 TF)2FLE)Z R, em.

1.3 HiELLIE

B SC AN E 3 Uk, 455 FE S B FAR v i 22 32
7; 18 il Microsoft Excel 2019 %t S2I&BcdE ubAT 0 b AbFH,
% H] GraphPad prism 8.0.2 42 # .,

2 HREHR

2.1 TFP REXS Pickering L& &M AR

AN E TFP K 53 Pickering FLIK 1Y B 0B LA 1,
24 TFP ¥R 0.1%~0.3%0F, Wi 2 2% EW . TR
O] ) B T2 45 ), (ELRE T R 22 S ks 24 TFP WS A 3]
0.4%~0.5%HF, KRN B a5, 24 TFP ik
BEN 0.5%0F, WM R, B—tis. XO=H TR
WRBE SRR, W 2 T A 0k TR AR, BRI e A
Rl AR R 2 T A S B AR R, FEOR
T ARAR I K Bl G 2R BE R, TFP ks ZE % 2R 1H1
TE R T B0 H 57 1) SRS, A 2008 35 T I 7 LE R 1] 2%
A5 TEP ¥ B 38 0 1k — A3 38 Pickering FLIR AR E TE,
—J7 I, FOEEURLE SRR Sy — T, AR L
TR ZE T FLW P A2 SR, DA TR T VR [ ) il
FEAE%) X — 5 CASTEL Z5PObgv s 5 M]—3k., AP
TFP #£ Pickering FLI i 0 HH LY A 20 1 IR BN A0

7E: A 0.1%; B. 0.2%; C. 0.3%; D. 0.4%; E. 0.5%.
I 1 TFP ¥ ¥ X} Pickering FLIB LSS H4) 152 17 (< 1000)
Fig.l Effects of TFP concentrations on the microstructure of Pickering emulsion (x1000)



160 B dn 2 4 R R I A 4R

%16 &

2.2 TFP REX Pickering FLiRHKI 12 A SN

AEH B TFP K3 Pickering FLIR FRIAE K H 243
HIFE L (polymer dispersity index, PDD)WLIE 2, MK 2 wJ LA
B b, FLCOT-BR0A% BE 2 W B i B v/, PDI WIS
BARIFWUN, H 22 S8 Gt . 24 TFP YRRV,
W0 A 3 B I RS AR B, T 2 T B TFP AN 2 DA
SEA R, TR S REIE K PDIPY, B
FHRFR TFP WL B3N, 52 TFP w] WL B 78 i 2% 1%
DT S W A WD o AR N S A s o I e €5
Pickering FL# . IHLAh, TFP eI S 805 1 1A EAE
TR, TR R R S R S5 R, N TR 3 A
AP, BT PDI HARFF T Pickering LI A HE AR
EYE. AWFREERFEM, TFP fa 52 Pickering FLIK MY HLHIZE
F: TFP W& B RS AT 2 10 AU S 80% 1 S i, 8
Tk SR 23 (1) JEL A 6 58 L e Y
2.3 Pickering FLAAIREZF 4R
231 FEWLARI WL

&l 3A N[ TFP ¥ i Pickering FLIRHOZE T thZk, M

A 80001

6000 %

& 40001

%/nm

2000

01 02 03 04 05
ZHEHRE /%

I 3ATFTAL, FLIR RS BE ST U B 5 i ni T B, SEPRRY
DIRARA TR, FFA BT AR, Beah, PR 2 0WE,
FEWE TFP W T i Fhs, 3y bIssh 0.1 s i, TFP
HeBE M 0.1%01 Pickering FLIRWIHAZGE N 11.4070 mPa * s,
T 0.5%H¢ B I14 % 516.4400 mPa » s, X T A8 2 H TE4ER
PRI A BN T B4 F IRIVE FH g5k, S5 S0l sh ok
AN BT AL B Y TFP RN 0.5%A9 3 ¥ 2
WREE R 0.1%0F 19 45 £, 3F— 25 UF BV B 0 FLIR &5 M R
R TTRE . £5 ERTIR, TFP W& 2% Pickering FLIRF:
B AR E R Y DGR I 2R, B i VA R S B R LR ) B
[1p S hred d

& 3B JAN[H TFP ¥EJ¥ T Pickering FLIE I sk,
ME 3B AT, BTUIN ) BE YY) R i T, B
TFP W EE R, M EHE K, 2 TFP W] 0.5%HT,
N IR B e i o X AT REE RO B vk BE TFP 7R3k B I
TE BT 58 Ay S0 1 S0 LT 23 2 (R N 45 454, X 254
AT LA A 5 A FL D SR AR 5 4088, DI 42 = LV %)
BARFENE, B, TFP WREERIGINA B F4# 7 Pickering
IR FRE T

PDI

05F

0 1 1 1 1 1 ]
0 01 02 03 04 05 06

ZHEHREE /%

&l 2 R[] TFP k¢ Pickering LUK (9442 (A)FI PDI (B)
Fig.2 Particle size (A) and PDI (B) of Pickering emulsions with different TFP concentrations

A 100001 o (1% -a03% -+ 05%
= 02% -+ 0.4%

—~ 1000}

& )

T 100

i

& 10

1 1 1 1 J
0.1 1.0 10.0 100.0  1000.0

LRI

[ - 0.1% —+03% — 0.5%
= 02% -+ 0.4%

0 200 400 600 800 1000

By /s

K 3 ASFIHRIE TFP Pickering FLIKAGZ%EE i £k (AR 30 i £k (B)

Fig.3 Viscosity curve (A) and flow curve (B) of TFP Pickering emulsion at different concentrations



557 H

%, % WHZHEK SN Pickering PR AYFRAE Ao M 5T

161

1 NEFEERA RS SREN, Y
TFP #eFE M 0.1%38 %) 0.5%FF, K Bk, RHFLRH
FREREE TFP WM S mIg K. MR ~ HKT
0.9900, FBHBT Y ) 5 B ) 3 2 2 W] 9 5 2 RE A% R 47 b
PIE TR, 7E 0.1%% 0.5%705 P, Pickering FLIHY n
HI8/NF 1, SE—H Iz ik R R AR AR, X 5%
i £ 45 R — B 3A),

# 1 7FFEKRE TFP Pickering ILiEMBEERMUESH
Table 1 Power-law model fitting parameters of TFP Pickering
emulsions with different concentrations

Bk i

o K/(Pa * sn) n AR
0
0.1 0.0120 0.9568 0.9914
0.2 0.1287 0.6893 0.9996
0.3 0.3026 0.6038 0.9986
0.4 0.5383 0.5577 0.9983
0.5 0.9406 0.5095 0.9978
232 HEK

Kl 4A~E J&7~ T R[F) TFP ¥R E T Pickering ZLIRTE 1%
AR ZE AR A BB 1 (G S URE AR it (G Bl 2 A2 Ak 1Y
XKF. NE 4 REERWLIEW, BEEMER, ANHE TFP
WL G GUEEM R R 22 F 0k, Ul
Pickering FLI B H AR B9 B vk REvEC ) AE TFP W
0.1%MFLIE S, T G"KT G, #3535 61.06 rad/s
B Gl GUIMERAHZE, TE RUSERE i, FR a5 FE S NIRRT T
1LV i SR SRR X — B R, FE(R T
& TFP R &, WM AE N AE B SR, R T
SIRE R AR Z R, TFP WE N 0.2%~0.5%Mf, G"

WAKRT G, s LA B AR RR M o FE 0.2%71 0.3% TFP
Fwh, RE GURSRR N RREE BT, H G R X
WA T R, 2 B SR T R A R R T A TR L T A
0.4%~0.5% FE R FLIH, G GUIEA I BEST ARG %
S Tt W v e B LR AR A s SR R R i AR e
FEEA LS, B 4F BR T AFEWE TFP FLIRAE MR
e VI AS AL N 4F T, B IR A0 2,
24 TEP e & M 0.1%05, tand<1, FE N spEAT g, HoA 555t
JEIIPERT . 24 TFP #JE = 0.2%00f, G'IAA KT G, tand>1,
SR SO (R AR 25 TR, BERE TFP VB A3,
LU AR B o T (OB I T AT N L SR ) R T A
W, A BT Pickering FLIK MEa E M .
2.3.3 BJEAT Pickering $Li& & E AR S A R 0R

ST V) e AT IR B X Pickering LR 2 #1375
PR, 2R ILE 5. B SA JRRT TFP ¥RIEN 0.3%
i) Pickering FLIE7EA IR T B BERHZE o i & SA AT,
TFP AW EA R MR, H AL r% B e R T e
BT LB T FLI - A RIS Sl s, B0 A 6
RV, ILEE PR, X5 GUO ZBYRffsefis—
., 5B JERT TFP RN 0.3%F Pickering FLKTFEAR
FEE A shhgk, ME SB Frf LI H TFP FLRAYET
VIR 7 Bl B U R 3G i . R <A i, XA
5L~ TFP Pickering FL MW sh Bs -4 740G, T AR ReI:
SHFE 2. S5RFH, LAV PN 15 5 U A
A M B B A R B (7>0.9870), bl o6 BB A TH
TR, LR aie s/ T 1, RAUMEIS, B
AR 1) 2R L0 5 I B 17 3 F 388 I i, e R 1
AR BEIELEE RSN, FLIRHEE RE K B R, XS
&l 5 WELHY Pickering 7 WLZH B R iR 3 A8 A0 A AL — 2.

A B C
100.000001 o (204 G 100.00000 - o0 304 G
10.00000} = 0.29% G" Lt 10.00000 G
£ 1.00000 ,.--r-"'""" £ 1.00000
& 0.100005==="" " & 0.10000
# 0.01000L s o 4% 0.01000
© 0.00100 et O 0.00100
0.00010 \ooe 0.00010
. s 0.00001 . ' 0.00001 |
10 100 1 10 100 1 10 100
FANTH/(rad/s) FAIRR (rad/s) . FARR/(rad/s)
D E
1000000.0 -
4% G . 10.00 1 o 0.5% G' - 0.1%+ 0.3% = 0.5%
.04 T #0.5% G" 100000.0F . 029+ 0.4%
S ARG aa T e 551 10000.0 |
= y o
[©) = & 1000.0f
ﬂég - W 1000}
= 10.062% -+
9
1.0} e s Swgt
1 1 L 1 0.1 . !
10 100 10 100 1 10 100
FANZ/ (rad/s) FRHRZR / (rad/s) FANIFR /(rad/s)

Kl 4 A[EHRE TFP Pickering FLUR A0 343 25

Fig.4 Frequence scan results of TFP Pickering emulsion with different concentrations



162 1% A T R A AR
A _ B _
200 —-25°C -85 oC 25 —o— 25°C +85 oC
= 55°C -=115°C 20+ = 55°C -+115°C
~ 150 <
. &
s R 15
E 100 Lé
R E‘R 10
LT
e 50
5
0 i dodolodddl N lo-oto-olotololo L L ldelod 0 1 1
1 10 100 1000 0 500 1000
B/ By )R /s

€5 TFP ¥R 0.3%I1 Pickering FLIBTEA [RIEE T A% FE T £k (A)FiAL 30 T £:(B)
Fig.5 Viscosity curves (A) and flow curves (B) of 0.3% TFP Pickering emulsion at different temperatures

=2 TFPRE N 0.3%K) Pickering FLiRETFEEE T
REBRALESSY
Table 2 Power-law model fitting parameters of 0.3% TFP
Pickering emulsion at different temperatures

TRLEE/°C K/(Pa * sn) n B3 (G)
25 03261 0.5959 0.9988
55 0.1557 0.6592 0.9993
85 0.0916 0.7067 0.9996
115 0.0773 0.6745 0.9874
2.4 Pickering ZLiRAVIAFRE M
NI TFP WRET, $abFEXTRiAE | FLsAa e M5

WE 6 FiR, Z5REM, TFP WXLk e e v HAT 5.2
PAPAE o KM BE(0.1%~0.3%) Pickering LI fE AL B )5,
BEFE M AL EST FRE, Rifedi R, FIH b BEEI55 T 1%
WS Pickering ZLE AR EYE; TRHEE 0.4%F1 0.5%FLiK
% 95 °CHIEGE EST 4351 °4(99.03+0.15)%41(91.38+0.70)%,
EImMIETEEA — B, SR B EGRMIEE . [, B
WREERIBEIN, $AEFEXT Pickering FLIRCKIAR FURL AR 1Y 5215
TR0 WA N w35 W NP R 15 =10 e s ) 1 O
VPR TR AR 0 . 24 2o VA R I, LTI R R 58 4
BT, FEORE S T REMVIE, KAk, ek
I WIERWE R, TFP 2 24 M e ALY &) 805 1 F
JIE, RiAZ IS/ N I ESTHE K, TFP A T HRAE B 5 | & B

A 8000 -

=1 A
=Y

6000

4000

F¥i4%/mm

2000

0
0.1 0.2 0.3 0.4 0.5

TFPHJE /%

THERAE, R Pickering FLUEFE HEAZ MBI RZIA . 25 I,
TFP 7E 0.4%~0.5%4E T, Pickering FLIEZEI AL 5 i
Rk,
2.5 Pickering ZLiRHIN G2 E M

B 7 J@/R TORIE TFP #BET Pickering LMK 14 d
SRRSO . FRE 7 Ha] AREE S, TFP ¥ Y Pickering L
WhEERIEME, B 7A b, &il#E 1 h 5, £ 0WRE
Y TFP AT REA B € Pickering L Bl 7B H, 0.5%
e FE 1) TFP Pickering FLE ML AR FFAZE, WA I B0
AT B ING: . XKW e TFP HoA B i FLAL R, 1
& 153 1Y Pickering FLIEFR L H L5 I s Re e P o

& 8 J@/R T AN[A] TFP ¥ JEF, Pickering FLHY CI &
BiEE I g ] A9 AS AR AB Bl . D 8 AT A H, Bl I ji if
I RER, FLIR T 2B GBEn, R4 SR EE Y TFP il
STMHABEMEEMRE ., HIEAME, MKER
0.1%~0.3%I5}, M4 BTE 1 d AL 2URIAR L, 1R BT
M CI M 0 435138 A% 70.75% . 63.21% ., 55.10%; ififE TFP
WK 0.5%0, W 14 d JEFLIM) CLEANRFE R 00 4
BB, $2T+ TFP ¥ nl i o W5 AP BIL i 3% 5% Pickering ?L?&
et (DEHE TFP TR B ST B, A i $ At o
R A2 (RIS BHARON ;. (2)TEP #2155 Pickering FLIKELE, B3&
Wiz sh. L Egs R, TFP 7R MR Nl gk
Pickering FLIf H VAR 1

B
150 ”
— AR
— 5
100 F
S
17
m
50}
0

0 01 02 03 04 05 06
TFPH % /%

6 #UubFEXT TFP Pickering FLIBCKIF2(A)FI EST (B)IKI £
Fig.6  Effects of heat treatment on the particle size (A) and ESI (B) of TFP Pickering emulsions



B, 4 HLE K TN Pickering FLIINFAT R EE MRS 163

H:A.1h;B. 14d
¥l 7 TFP Pickering FL I 17 M1E 1
Fig.7 Appearance of TFP Pickering emulsion

100 - 0.1% -4 0.3% & 0.5%
- 0.2% 0.4%
S s0f
Q
oF = = @ &
1 1 1 1

S
=L e

1 4 7
- FRF ] /d

8 N[AHkEE TFP Pickering LUK A5 i& & 1k
Fig.8 Storage stability of TFP Pickering emulsions with
different concentrations

3 4 i

AGHFSEN] TFP K Wil Pickering FLIRHEAT T #WI4E #AE
R T HAE AL, AT T 2 MR X R RO
AR . WARRRE | ARSI R S M Y T
BN . ANBFFREE S, TFP 16 K59l Pickering FLik
PR SR (R R B IR B0 . TFP RERSAE I 2 1 B ) 2 2
SR I ST, A0 3 e SRR s TR A B R 3 5 K R
M Pickering FLIR M E M . TFP ¥k BF 2 8 ¥ K 9 i
Pickering FLIRZHE MR ETER BTN K, £ TFP WKEH
0.5%HF, AEMS 2 3 i3 K G i Pickering FLIR A1 2544 1935
—PERREE, BERFLIR IR E T, I B TR R LR
KRR E e . ASBESE Sl TFP VR KRR AL FI7E £ i Ak
R R T S

SE 3

[1] WU J, MA GH. Recent studies of Pickering emulsions: Particles make the

[10]

(1]

[12]

[13]

[14]

[15]

difference [J]. Small, 2016, 12(34): 4633-46438.

YAN X, MA C, CUI F, et al. Protein-stabilized Pickering emulsions:
Formation, stability, properties, and applications in foods [J]. Trends in
Food Science & Technology, 2020, 103: 293-303.

LGS, P, sete. FNAR Pickering FLIRT AT VY T AL
). B ARG, 2021, 12(8): 3367-3373.

WU ZL, YIN SW, DANG H. Fabrication of high internal phase Pickering
emulsion loaded with bioactive substances [J]. Journal of Food Safety &
Quality, 2021, 12(8): 3367-3373.

WEIL, FRE, Iz, 55 NEREIRE A 9OKRBORAR E K s 7Lk
HIRESET]. B i A iy I 24 41, 2023, 14(8): 148-154.

XU XER, WANG MJ, ZHANG KY, et al. Research on Pickering emulsion
stabilized by gliadin nanoparticles [J]. Journal of Food Safety & Quality,
2023, 14(8): 148-154.

PRz, SRR, T T, 4. BRI EH& A S 1T REE!
Pickering FLIA TZHLAL[T]. & dhic@PUR N2 4R, 2023, 14(23):
196-205.

CHEN YJ, XU YY, ZHOU QL, et al. Optimization of ultrasonic assisted
homogenization for preparation of functional Pickering emulsion loaded
with ginsenoside [J]. Journal of Food Safety & Quality, 2023, 14(23):
196-205.

YANG H, SU Z, MENG X, et al. Fabrication and characterization of
Pickering emulsion stabilized by soy protein isolate-chitosan
nanoparticles [J]. Carbohydrate Polymers, 2020, 247: 116712.

REHMAN A, JAFARI SM, TONG Q, et al. Drug nanodelivery systems
based on natural polysaccharides against different diseases [J]. Advances
in Colloid and Interface Science, 2020, 284: 102251.

CUI F, ZHAO S, GUAN X, et al. Polysaccharide-based Pickering
emulsions: Formation, stabilization and applications [J]. Food
Hydrocolloids, 2021, 119: 106812.

SHAO P, FENG J, SUN P, ef al. Recent advances in improving stability of
food emulsion by plant polysaccharides [J]. Food Research International,
2020, 137: 109376.

DENG W, WU L, XIAO Z, et al. Structural characterization and
anti-inflammatory activity of polysaccharides from Tremella fuciformis on
monosodium urate-stimulated RAW264.7 macrophages [J]. Foods, 2023,
12(24): 4398.

FU GQ, LI YX, HE Y, et al. Extraction, structure and bioactivity of
Tremella fuciformis polysaccharides: A review [J]. Food & Medicine
Homology, 2024, 2(2025): 9420038,

SHI X, FENG J, WANG S, et al. Primary structure, physicochemical
properties, and digestive properties of four sequentially extracted
polysaccharides from Tremella fuciformis [J]. Journal of Food
Composition and Analysis, 2023, 115: 105005.

YUAN H, DONG L, ZHANG Z, et al. Production, structure, and
bioactivity of polysaccharide isolated from Tremella fuciformis [J]. Food
Science and Human Wellness, 2022, 11(4): 1010-1017.

WOZNIAK B, GHUDZINSKA J, SZCZYGLEWWSKA P, et al
Optimization of the composition of a cosmetic formulation containing
Tremella fuciformis extract (fungi) [J]. Cosmetics, 2023, 10(3): 82.

YAN Y, WANG M, CHEN N, et al. Isolation, structures, bioactivities,



164

LR

G A A

%16 &

[16]

[17]

(18]

[19]

[21]

[22]

[23]

[24]

application and future prospective for polysaccharides from Tremella
aurantialba: A review [J]. Frontiers in Immunology, 2022, 13: 1091210.
HOU F, YANG S, MA X, et al. Characterization of physicochemical
properties of oil-in-water emulsions stabilized by Tremella fuciformis
polysaccharides [J]. Foods, 2022, 11(19): 3020.
TIAN L, ROOS YH, GOMEZ LG, et al. Tremella fuciform
polysaccharides: Extraction, physicochemical, and emulsion properties at
different pHs [J]. Polymers, 2023, 15(7): 1771.

VREAR, 5/, SR, 45 B ZHHEI T AU B HA /M E
Wk A D REASEIRI[T]. L, 2016, 37(10): 100-104.

XU HL, WU XY, NIE SP, et al. Optimization of extraction conditions of
crude polysaccharide from Auricularia auricular and its effects on the
functions of mouse peritoneal macrophages [J]. Food Science, 2016,
37(10): 100-104.

WANG H, ZHANG M, HU J, et al. Sustainable preparation of surface
functionalized cellulose nanocrystals and their application for Pickering
emulsions [J]. Carbohydrate Polymers, 2022, 297: 120062.

HAMDANI AM, WANI IA, BHAT NA. Sources, structure, properties and
health benefits of plant gums: A review [J]. International Journal of
Biological Macromolecules, 2019, 135: 46-61.

KONGJAROEN A, METHACANON P, GAMONPILAS C. On the
assessment of shear and extensional rheology of thickened liquids from
commercial gum-based thickeners used in dysphagia management [J].
Journal of Food Engineering, 2022, 316: 110820.

WANG X, CHEN Y, DONG M, et al. Comparisons of shear and
extensional rheological properties of Tremella polysaccharide with
IDDSI
management [J]. Food Hydrocolloids, 2024, 156: 110377.

SR, WA, L, SF R FIRREE 2T R RUR B U R
e A FULIE T[], fahFE, 2023, 44(6): 57-64.

MIAO YY, CAO Y, LI JZ, et al. Effects of arabic gum and guar gum,

commercial thickeners at different levels for dysphagia

polysaccharides with different viscosity, on the emulsifying properties of
myofibrillar protein [J]. Food Science, 2023, 44(6): 57-64.

AHSAN HM, ZHANG X, LI Y, et al. Surface modification of

microcrystalline  cellulose:  Physicochemical —characterization —and

applications in the stabilization of Pickering emulsions [J]. International

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Journal of Biological Macromolecules, 2019, 132: 1176-1184.

HUANG X, KAKUDA Y, CUI W. Hydrocolloids in emulsions: Particle
size distribution and interfacial activity [J]. Food Hydrocolloids, 2001,
15(4-6): 533-542.

CASTEL V, RUBIOLO AC, CARRARA CR. Droplet size distribution,
rheological behavior and stability of corn oil emulsions stabilized by a
novel hydrocolloid (Brea gum) compared with gum arabic [J]. Food
Hydrocolloids, 2017, 63: 170-177.

ZHAO J, WEI T, WEI Z, et al. Influence of soybean soluble
polysaccharides and beet pectin on the physicochemical properties of
lactoferrin-coated orange oil emulsion [J]. Food Hydrocolloids, 2015, 44:
443-452.

XU Y, WANG S, XIN L, ef al. Interfacial mechanisms, environmental
influences, and applications of polysaccharide-based emulsions: A review [J].
International Journal of Biological Macromolecules, 2024, 293: 139420.
YUE M, HUANG M, ZHU Z, et al Effect of ultrasound assisted
emulsification in the production of Pickering emulsion formulated with
chitosan self-assembled particles: Stability, macro, and micro rheological
properties [J]. Food Science and Technology, 2022, 154: 112595.

BAI L, HUAN S, LI Z, et al. Comparison of emulsifying properties of
food-grade polysaccharides in oil-in-water emulsions: Gum arabic, beet
pectin, and corn fiber gum [J]. Food Hydrocolloids, 2017, 66: 144—153.
TORRES MD, HALLMARK B, WILSON DI. Effect of concentration on
shear and extensional rheology of guar gum solutions [J]. Food
Hydrocolloids, 2014, 40: 85-95.

WU Y, CUI SW, WU 1, et al. Structure characteristics and rheological
properties of acidic polysaccharide from boat-fruited sterculia seeds [J].
Carbohydrate Polymers, 2012, 88(3): 926-930.

WANG W, JI S, XIA Q. Influence of carboxymethyl cellulose on the
stability, rheology, and curcumin bioaccessibility of high internal phase
Pickering emulsions [J]. Carbohydrate Polymers, 2024, 334: 122041.
GUO Q, ZHU X, ZHEN W, et al. Rheological properties and stabilizing
effects of high-temperature extracted flaxseed gum on oil/water emulsion

systems [J]. Food Hydrocolloids, 2021, 112: 106289.

(FiE%hdt: 4 % shueir)





