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FEE: o 7 9w B-IRMIRE A4 % W AR Bk AT i Pickering LM H & T EH AR A B, &
BRBRAARTEANTE (BE. aRFT WG EMITR) B bEERS> % 30%.
40%- 50%. 60% Fr 70%) K 7 B B-FR WA & mE (1% 2% 3% 4% Fr 5%, fi &% %)
AR G BB e, RERCERAMA) WP, WFHET - AMER TS
¥ 5% 4T e Pickering SLAE B # & T ¥, W)E @A IR B KB HE . LR 80 SR AE 38 45 3T
MR RLHR TN, F@aA BT E. £RXH, WAEERRY 60%. B-F#H
R A A 3%, KA & L 7 % T U4 2| 7 AR BE AT b Pickering Lk, LR A
F. BB EE. RAF R h 1.83. 85.12%. 110.50 nm F2—28.39 mV. # £ ¥ Xt
LR HHREEMEN. AN B EREEHLED . ARIEPH T ARNENE, &
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KHRIR): BB AT s B-FAMIE; Pickering SR, MREA; EMAE; BAEAEF; Bk
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SHRERE 38 A v A 5 A T e A AR
YR FLIR AR ZR , I8 e S 5P T R
WEAT I FL Y R e i, SRR LR W
A A W AR e B A T4 Y A AR E M . Zheng SR
DA R-80 S FLAGT], dd At m s 5 U 0y A T T
R BRI LR R, R AL R I B R e M
M 75.63%, Kife M 129.6 nm, (-7 —27.2 mV,
SRUEA 230 B B AR T LA T T F S, EE
T B-FRMIAE AR E 1 IR B R Pickering FLUR A WF
A VLI . Pickering L& LA 4 oK [ 1K 5
R R R A FUIRBARIR R, M L TSR R
MG PER LA, Pickering LM B AR EMH . F
e il T RS A SRR, B
AR FLIR SR ST AT, LIRSk, B-EAM
KifE R —Ph KRG EMTRER, BABINAEY
FHAPE R AT B AR AED S, L, SR B-PRWIH il
£ T MR Pickering L RN A A i R 3l A2 7 A
TR 5L Py gt £ T P 2 ) B A R AR M X

ARSI LA B-FOWINE MASE ], A% rE A AR
7 Pickering FL¥, il wF A RIFLAL 7L GBS |
T B VIR AR ) ASTRIMAR ARS8 (30%
40%. 50%. 60% Fl 70%) K AS[a] B-FRAHRS 48 i 2
(1%, 2%. 3%. 4% F1 5%, 80 %7k
REORENE . KR . CHASERHERE IR IYSE R,
VI E B-AWIAE T B BRI i Pickering L
e T2, I FL e A b sk . 3L
W FHAESE AR 2 AL PR FLIR I HOR R E P . TR
RS M B AR M, DA S e A W R U Y
TERMA RS

1 MRS ITE

1.1 MRS

B-ARIAE NG B i 22 e bR AR AR R A FRA ]
A B AR il g [ A e A R ) s A )
TFHEZGER LA RAF

1.2 FEER

VCX500 #1754 i A A (Sonics, R [H);
T18 = I HlL IKA, f#E); Nano Genizer 30K
15 AU L L (Genizer, SG[H); DK-8D fHili
K (L —EREAER A B A F]) s AE2000 15
BB (F2 v B Sl A P A R D)
Nano-ZS 6k E (L (Malvern, F[H),
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FUtbr ik BUIRIE . JKORT B-BRARG R A
Aawr, AR SR A FLW, I
EFLIBREE | BORRENE . R RN, B
HiEmMFe . MAEFL, IREWLL 4255
MM L, 500 WA D) 6478 7 AL 3 10 min'™;
EE B IFLAL, IR G H s Y B ALLE 15 000
t/min &0 NFLAL, BRI 1 min, (B8R 30s, 1
B3 ™ mEMSE R, SRS EE
UL R, R J1EE R 40 MPa, fFFE 3 1K1,

T s ABAR AR 4 2t FUik 69 7 om Fiz 18
S 5 91 A A B 20 B (30%. 40%. 50%.  60% Al
70%) FIFEHZKIB G Y, IEAELFdshn p-2Riks
KHAEWF k@ ALRIR R . Wi FA
JKAR L AR A BOR FL IR B R AE R B O R e M
B A 305 AR T AR AR R 204K

B-TAMM AR X LR m HIEAE
SRR RN A o T R = 7/ B S [ BN RN NI
AT 4 (1% 2%, 3%. 4% Fl 5%) [ B-24
Wik, RAAENF T R ILRER R, Eid
MEFLR A | BORENE . R CHA,
B 3 Y B-FR RS S 0

LR R F BT MIBN HRET R
GBI F RS AR R, K ALORE T
A, SRIGHUCEAE 60 °C K HR 30 min,
SRR R TN e NP e AT X 1 X ) &
WARFEFR AR AR 1L, PP ZLIR R TR R

FUk O R A MR HRETRAA
AT R LRI R, B FLBOICE TR
], ARG TICE T—18 °C vKAS P 24 h,
HE1E25 °C /K TR Rl f# 30 min, 38 1% HFL IR A
AT R AR . AR, TR FLIR A R R
FEPEN,

FUk e BAE T IR T R A&
FLAT RS AR R, IR T
A1, T 5 RCE T 25 °C [HRIAEE T IV 21 d,
HFLR AL AL O A R RRAE F8 B AR A A
TR FLI AT pe e PE

FUR M BN BUE RIS R AT
IR b, W N OKR 75%40 fE AT IES, I
FHBR A AHBLRT S A T S T 404

FUR R A B AR MR BUEET
W B — 2 A, SR Ah/mT WL A3 6o B 7
600 nm M FLOLAE, 152 HWOEE 4,, RAR
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IR WL E o S T VP LR E T,
FESLTER IR 3 000 r/min 250 10 min, WodE F i
W AE 600 nm AW HWOGAE , 53] 4,, WRAEA
21 R E T2,

BOREN(STD) = 4,/4, x 100% (1)

FURMABZRE BT BUS B IR
BB SR, $250 J5 R FHBOGRL A 53 37 % 2L
W IRLAR A C-HL A A 50 5

FURHIL RS EHEURRMSRFRIZL
WARRR, AL SRR AR 438k
FAEFLIR M FLAL R EE,
1.4 #iESH

WE 3 UCPATEEE B0 R FH T Y (E 5
2238, 43 3lia ] OriginPro 9.0 1 SPSS 16.0 #
PR R R s ab 31, I 38 o B 2R O 22 b Y
Duncan [CZ HAK 22K 50 047 b E k0, WM
2555 RR N P<0.05,

2 4

21 A ERERE

R L R B YIRS A I A L TR
TESHNE 1 R GAIRF B0 50%, B-2RH
KA NN 2%) . 3 PR Ak J5 12 il £ 2L o il
BT A EME R 1,71, 1.82, 2.11 F185.01%.,

87.32%. 87.91% (LI 1 ek i SR FH 4 o ' 32 vk U
RO B Wb B2 RN, LI B DA
ST DAL 0 J ol B o O i D BE Y 40 U AR
R, Tk Lk K B AR ), ANFEEL
A0 T7 6 FLR M BE s e K T B R
3 FRLAb il A LR R 4350 301,70, 126.50
A1 103.20 nm, C-HL A2 73 5] 2 —16.50 . —30.10 Al
—33.80 mV, 5 FLALHI LR AR K H -
DL X/, e B DRy R A It LA i &
FLIR A BN R AR AR Y G- Xl . %
JEB AR T DL SR A A, RS BTV A
E AT

2.2 HEBETIR O BAIERE

THAH PR B B0 LI 5 4N 2 2 FTR CR
M s v LAk, B-PRBIRE VR I 2%). T
FRAARFR B0 LB A SE AR, ST AR AR R 43 4L
AT 40%, RRPRK SR, KRPAER
BCFLIIAKAR , AR R 50% F1 60% I, 4
RIE BN TR BLFL, T 2 A R AR o 5k
ML 70%, RRT MO R, KR PR
FLATHIAH o AT BCR 50% Fl1 60% B, 1A R
FACSEIE LR R AE A 151.70 A1 162.30 nm, 5
D EEE PR BN 88.46% Fil 81.21%, X 2 #H Bk
MESIFARE, LREHIE, 1 60% F NGk
AR AR R 50

®1 FAEFLFENIREFERIRE

Tab.1 Effects of different emulsification methods on the properties of the emulsion

JiiE W FaEME/% i /mm C-Hf/mV

methods turbidity stability particle size C-potential
#  ultrasound 1.71£0.12¢ 85.01+5.15° 172.70£9.10° —16.50+2.00°
##BYY)  high speed shearing 1.82+0.09° 87.32+4.05" 126.50£10.31° -30.10+4.10°
B EURHR high pressure microfluidics 2.11£0.13° 87.91+5.25" 103.206.00° —33.80+5.00°

TE: AR FIFOR 2 5 3 (P<0.05); TIH

Notes: Different letters indicate significant differences (P < 0.05) among different groups; the same below

®2 AEIHMBFRS BT RN

Tab. 2 Effects of different oil volume fractions on the emulsion

AR H0%

oil volume fractions

AR H0%

emulsion volume fractions

FUAG S5 AR R A 20 %
oil volume fractions
(after emulsification)

FUAL G AKARR RS 2%
aqueous volume fractions
(after emulsification)

BORUEE Y%
centrifugal stability

R /mm
particle size

30 66.31£2.05° 0.00°
40 82.15+3.25° 0.00°
50 100.00" 0.00"
60 100.00* 0.00"
70 100.00° 5.26:0.55"

34.27+2.55 301.00£10.60° 41.16£2.58°
18.48+1.15 232.20+12.53" 62.57+3.25°
0.00° 151.704+9.51° 88.46+6.35"
0.00° 162.30+8.60° 81.21+7.19"
0.00° 193.00+16.32° 73.1546.75°
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23 B-IHIRRARINERIERE

B-PRRPRG AN i X FLI A R R AN EE 3 BT 7R (R
M sy oIsLAL, AR 0N 60%). FLIRHY
MRS B-R RIS U8 0 BB I A e, X
TR OREMRYE, MR B-FIMIE I

T 3% 5, BB sAmE ., FLR MR 2
THEWUNEIE RIS, ALl /MR 121.30
nm (B-FRIRE S IR R 3%),  C-FELA07 A 00 ot {0 0 52
BT AR AR, RKIEN 26.10 mV (B-FRHIAE A
N 3%). LRG 5 IE, R 3% 1 B-IRHIIE IR

S RGN TE AT, E BRI R A A E A IR

®3 PR REN B RS ERNE

Tab. 3 Effects of different p-cyclodextrin mass fractions on the properties of the emulsion

B-FHIHE L& U % i B E /% C-HA/mV

4 /mm

B-cyclodextrin mass fraction turbidity centrifugal stability particle size C-potential
1 0.79+0.05¢ 63.1243.15° 295.70+9.10° -10.50+0.90°
2 1.32+0.09* 70.15+4.25 201.60+10.30° —20.10+1.10°
3 1.96+0.11° 82.01+6.27° 121.30+6.00° —26.10+2.00"
4 2.85+0.12° 84.2146.60" 156.20+10.16" —21.20+1.20°
5 3.65+0.23" 86.16+7.25" 351.50+8.25° —13.10+0.90°

2.4 B-IHAAETRE E AR BEET M Pickering Fi&HY
&

B 40 mL #B4E /K A 60 mL 7 A% w MR vk i B A
K, INIERAECN 3% 1) B-RIKE, SR
BT UL AL 48 B-FRMIRS A0 B BB R Pick-
ering FL . FLIRAREE | BORUENE . R -
HLAZ 30N 1.83 ., 85.12%., 110.50 nm F1-28.39 mV,,
25 FRRRFIEREMS

FLRSLE i BB I R TR, DA
s pp s aE , bR e MR R AL R Y
Pz —, FLIRIR BTG B 50 A8 4k 2t
AegE R R, WESL LR, REE LB
Rty —, RIBEFERUIRE . 2T (BT,
FLB Y B AROW LSS R KW, FLIR AT A G FLTE
AR, LR AT I RRIE TS 208 1k an
FAPR, AWIE, FLRA M RURE A /NE L
Th, BasE PR C-H A7 Y 2 3o B T /N R R
BEIARER, FLRAFRIESE bR A B R IR AR 1L
LSRR, B-FOMIRG A2 i A B R Picker-
ing FLV MY R RS E M R 4 . F2E Pickering 7l
TR [ AORE 75 AR S 7 T K T R AR AN T 3
A2, TR NI R I I8 B 55 T I A5
FLIE R, AR AR AL T — R Ay A (R R, AT
AR IR R A, BN R E ML .
T WA SORL Y 2H e O AT Y, BRI — 28
TRESEFE N, Pickering FLIRGT #A Ak B A5 4 4 (1) 4K
bity, k52 R A S,
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B 1 ZFAAIREIEHNERTAREMTL
BRI 2. RBE RS 3. RBEaT B
LIEEX )

Plate |

emulsion before and after the thermal sterilization

S
4. 5%

Morphology and microscopic changes of the

1. the morphology before the thermal sterilization; 2. the morphology
after the thermal sterilization; 3. the microscopy before the thermal steril-

ization; 4. the microscopy after the thermal sterilization

2.6 FLiBHVRRATRE M

FLIR T TE B S it T R BT B4 Ve U
A, R UR AR OE T X T RE R L A B
PRI EA Y LI RRLET S A A S
W R R, SRR, LRI A AR
—FRUEMRR, URRlE, FLWEIIL T UONE . FLT
KB BL AR (KD, R T, PP EL
W FEEFE AR (RREE . FRE Mk . R LA B
TR KL, I, B-PRIA A2 r A il i
Pickering FLI& A VR Al s e M 22, ZEIEE . T
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Tab. 4 Characteristic index changes of emulsion before and after the thermal sterilization

VU BORENE% HifE/mm C-HA/mvV

turbidity centrifugal stability particle size C-potential
PSR RT  before the thermal sterilization 1.83+0.15° 85.12+£3.25° 110.50£10.35° —28.39+2.25°
#ORW G after the thermal sterilization 1.94+0.18" 83.25+2.15° 132.6£11.25* —26.35+£2.39"

b R P R v URAL B R AR AR I R
JERHFIRR DR & s , X SEAR TR BB < |
S FREE SR B-HIIRE 5 E AT H AR
BLARA TR S5 F R E R, BEAEOIRE, B
J&, AR IR ORI 2E T URLIE BRI B 555 A T
SEFLR RS & ENTOE . ATENL .
Zhu PSR, 2R Bl 4% Pickering
FLIR A R A RS e P2, 38 B 0 2 1 A T B
TET A W B PT DA — 58 R B 1 Bl d A iy 2B,

El AR 11
L GRENAT IR SR EE 1 2. URANE TR S A5 4 s 3. VR Rl A Sk T & 44
4. VR R B8

Plate Il

emulsion before and after the freezing and thawing

Morphology and microscopic changes of the

1. the morphology before the freezing and thawing; 2. the morphology
after the freezing and thawing; 3. the microscopy before the freezing and

thawing; 4. the microscopy after the freezing and thawing

0d 3d 7d 11d

Bt L) VR R o
2.7 FRRIICEFRE M

T R P A2 i A 0 1) 2L R A 7 o A e
Sy LS I 1) LRI 3 I S i AR A &
Won, FLBCAEIC N AT S A kA B AR,
I 16 d J&, FLIPPRE T &Lk, BT
BRMAFITEIG, e 21 d e, AR TR
FRFK DSBS, ARMEEANFHERY—FE
PERAS o X TR B fE, e, 2L
Vs AR e KA, FLIR BRI/, JEARF
W 7 d )5, FLMA R R G, bEE R
WK, W21 d 5, FLIBAY Y —Fa e RS B
W, B-IRWIAEIE A T R R IR, S 22 ]
MHELE, HB™EAMAKSERE (E, 3
WA i R T p kAR | R S LAk IR By AR
ALl 1 Frs o LR R A2 Bl e e [R) 28 K S
ANWHE K A s, T AR I (R 0 K) FLIR A
4 110.50 nm, FENECHT 7 d FLIR 0 RLAR 248 1
K, WA 11 RIFIRR AR A a A K, BT
RRIWEE 21 K, FLRRE KRR Z B EEIR, 3L
TR RLAE AN TR GO o FLIR C-HLA A 4 %
{ELTE SR A 0 B) 222 T R 35, P I A o
f B A2 3 591 A —28.39 mV F1—6.52 mV, TE K 1Y
11 d, BMEAREW AW, LI EIN
100%, WHEs 16 K, FLOH BT F 6000 LA
%, FULIEECH 93.18%, W 21 d 5, FLayH
— IR RN, B E AT S, A

16d 21d
HHAAL

morphology changes

S

microscoplc changes

BRI Mg dAE FL iR R R B

Plate [l Morphology and microscopic changes of the emulsion during the storage
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Fig. 1 Particle size (a), {-potential (b) and

emusification index changes (c) during the storage

REER) 81.16%, XELLELRH, B-MWIME R
A A B MR IH Pickering FLIR AE 25 °C % M 41 F
AL 16 o Liu 5527 SR B-PRRIRS kA2 551 4l
% T EERG IR H M ER B9 Pickering LK, £ FLIK
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JE2E 30 d R AT PR HEE A R, X LI R B AR 7
i H 1l P B B PL 9 PR e B i T R R T A A
BT Rl R AR A i ) R e EE AN L R 17 PR oK
Pk, PEENEIITR S B-PRMING A 4R T I 0 S if
RN PR , FLIR AR E MR

3 ik

ARSI DL B-IIE R R, PR R
FLALTTE: (S . ST SR . ANTE
AR AR R 8 (30%. 40%. 50%. 60% Fll 70%)
KRR B-PRRRE I (1% 2% 3%. 4% Fll
5%) X FLBFFEFE AR (PR EE . B AREME L RiAR .
C-HNLAE) MUsEm, B T An i p-ARIK R e B
W W MR Pickering LR A il 25 2518, BV AR AR
H60%, B-FRRIRGUS NN 3%, SR H s 55 U1k
HATFAL . TR, HlAs T RE —mFLIR,
FLR MR | B AR E M L ORI C-HLA 43 R
1.83. 85.12%. 110.50 nm F1-28.39 mV., X T #i
J& B-YRAIRE Fa i i A i R 9 Pickering LAY
B, S GET LRI . B AR K FL
TR AE SR AR, PP T I 7L IR PR T R 1
FRmFe e MR R R M, A5 RERI, TEAR SIS
T A I LB ELA R A B AR TR R M A
e e, (IR URAREM:, UL B- 2RI
e 72 F W B Rl Pickering FLIRCFE Jo 459 1% I 56 AN
T AR R R R VR AL L, DA A AN LB
PR

B-FRMRG A2 € M3 28 R A b 2B L P2, il
T HANI SR K B E K B4 Ae, B R A
HVEH, EEMGEEA T ZHNH, B RY
B-ERAIRG v LU il % Pickering LK 19 %8 € 77 1
WK IR R, B-FRMIRS 2 58 5 0 AH v i s K
WA TIEREEY, WAl KA mkAd A
WA, TEREAT R K R RR T 0 AR, kst
AR SSORLAE i /7K B T B AL ThT S, A1 5 e A BEL
IR R R A, dE R B RS AL VE T . A
5 4y 5 B 6 FLVR O RSO M 2 EE s, AL
JECSiE B R FLk R e PR, [ Z Rk . ATl Y
R 1N i 8 O N | IVAL N AR v
BUIMI ST, e 2500 D) BRI RS E ),
R e By DI FL AR ) T ik T B-ERIR AR 1Y
IR Pickering L, ZFLIRAAE SRR . HH &
PRI 60 d 5 AT RE AR T 2L 1Y FEAS FEME . Xiao
PR H B-FIIKE E AW R ], AT By
YIEH 28 T9R GO AR R M FLIR IR R, X
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FLIAE 25 °C . AP EAF T ol LUETK 30 do 7EAS
WFFEH,  B-IRIRE Fe e 1 e AR B R Sl L YR 9 16 d
Ja, AMEB TR, VISR, MELZF,
A BB T A i L VAR ) SRR R e AN R R il A A
FORG I o 31X 3 B ma B B AR I S B-IAS R T B 1) B
TR A 55, AREME KA EALMIAR ., ¥
e Tl S JHh b A R R B N T AR I R LR
XS IR M REE K, IR TES B- AWK
KA HAREH Iz AR, B AR T 2E AR
FEWIEIG, 56 BLKEBOLIREE R EE RSN, TR
A 0 2L PSR, SO BIRS 7E e i s R
KA Bk SN, R RRE R 2. S —
Jo T, P A A T R B AN T R U T ) B B v
JEAS Y, TR 2 Ak OB A R B A R, BB
YIS/, NITERE S . 25 D25 RRW, B-2RM
T DAVE SR 700 il 48 R AR s I Pickering FLWE
SR, IR AR e AT — 2P sk, 2
IR DA 1 e 55 T ) 5 B SR T, 2R B A
BRGS0, OB . MEASEY N TRE,
Rz LR R A, AsEsE T BRI A 1E,
a5 B-FRWIRS o R B IR Pickering LK B AR
M L, R B-PABIRE 1R A E 7T LA &
Fa 5 49— (0 A B A Pickering LK, FLUKIOE
RUR KA A, LR | B RoEtE . ki
C-HL 7 43 9l 1.83, 85.12%. 110.5 nm F1—28.39
mV. BAh, ZFLBEA B A AR e
(16 d W), (HAE&HRFRE M.

(3 7 WA A SUTC 52 B s A2 i Al 22 )
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Preparation of Antarctic krill Pickering emulsion stabilized by
p-cyclodextrin and its stability

ZHU Kai', XU Xuejiao’, YANG Huicheng’, SHEN Qing', DAI Zhiyuan', ZHENG Zhenxiao "

(1. Collaborative Innovation Center of Seafood Deep Processing, Zhejiang Province Joint Key Laboratory of Aquatic Products
Processing, Institute of Seafood, Zhejiang Gongshang University, Hangzhou 310012, China,
2. College of Biology and Environmental Engineering, Zhejiang Shuren University, Hangzhou 310015, China;
3. Zhejiang Marine Development Research Institute, Zhoushan 316021, China)

Abstract: Pickering emulsion is a new type of emulsion system that uses solid particles to achieve the stability.
Compared with traditional emulsions, Pickering emulsion has not only the basic characteristics of classic emul-
sions, but also better stability, higher safety and a wider range of applications. As a result, Pickering emulsion has
received widespread attention. However, most researchers used inorganic particles or organic polymers to prepare
Pickering emulsions. These particles have shortcomings such as low biocompatibility and poor degradability,
which limit their use in the food industry. Therefore, seeking food-grade natural stabilizers has become a develop-
ment trend. B-cyclodextrin is a cyclic oligosaccharide composed of seven glucose molecules. It has a unique struc-
ture of hydrophobic internal and hydrophilic external, and has good emulsifying properties. In the water-oil sys-
tem, B-cyclodextrin can embed the oil phase in the inner cavity and adsorb the water phase on the outer wall, form-
ing an interfacial film at the oil-water interface in the form of clathrate particles, thereby forming a stable emul-
sion system. In order to make the Antarctic krill oil Pickering emulsion stabilized by B-cyclodextrin and study its
stability, the effects of different emulsification methods (ultrasonic, high-speed shearing, high pressure micro-
fluidics), different oil phase volume fractions (30%, 40%, 50%, 60%, 70%), and different B-cyclodextrin mass
fraction (1%, 2%, 3%, 4%, 5%) on the emulsion system (turbidity, centrifugal stability, particle size, {-potential)
were studied and the preparation process of B-cyclodextrin stabilized Antarctic krill oil Pikering emulsion was
determined. Then, the thermal sterilization stability, freeze-thaw stability and storage stability of the emulsion were
investigated through the appearance, microscopic changes of the emulsion and the characteristic indexes. The res-
ults showed that a stable Antarctic krill oil Pickering emulsion was prepared with 60% oil volume fraction, 3% -
cyclodextrin mass fraction and high-speed shear emulsification. The turbidity, centrifugal stability, particle size
and C-potential of the emulsion were 1.83, 85.12%, 110.5 nm and -28.39 mV, respectively. Thermal sterilization
had no significant effect on the appearance and microstructure of the emulsion, and the characteristic index of the
emulsion. Freezing and thawing process had a significant impact on the emulsion. After the freezing and thawing,
serious precipitation and emulsification took place in the emulsion, and the emulsion was no longer in a uniform
and stable state. After the emulsion was stored for 16 days, although the appearance structure, microstructure and
characteristic indexes of the emulsion had changed, the emulsion still showed a uniform and stable state. In short, -
cyclodextrin as a stabilizer could be used to prepare Antarctic krill oil Pickering emulsion, which could have good
thermal sterilization and storage stability (within 16 days), but no freeze-thaw stability.

Key words: Antarctic krill oil; B-cyclodextrin; Pickering emulsion; morphology change; microscopic change;

characteristic index; stability
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