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H E AR ETHAT AR RSORE IR, KRR B-IRME A R, FH AR AR AT N BT, RAE
T F A RSB IR MBS (Octenyl Succinic Acid f-Cyclodextrin Ester, OS-f-CD) , 3t H 4 Mstit T & 48, 1A
0S-B-CD #=9p # M5 (Lecithin, LEC) A JLILH, MET W,/O/W, BTk, FRT LRI, ATHER
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FRE, &% 0S-4-CD A& ko & M) OS-5-CD Btk 2 M)y, Zeta BAZMIT{AE K. % 0S-4-CD KA
#0.0076. P KA W, A EH 0.5% (wiv) « ShKAB W, ZamEH 1% (wv) , LECE @AM OFTHRImEA
2% (wiv) , W, 5 O AribH 317, W,/O miLEshRAn W, AAREE A 11 B, 1% 69 50 E 9Lk & W04 Aot R A
TR, el iiE, FALEREPWHETRELRLA AW ME=Z A" HELEH, EREZSTH &
BELRER N A BREREZFRBREFTES, ZAHRIFORMATN, £37C TEHASdBEILRIEHZHIE 90%.
BHRARILT EXEAREFFOAAERE, METE—ARAD WO, W, /0, /WhKEE3TCTHRE
HEORE ERIZE 56.65%, —HEAAHMEAE KL, BT, £i##RE L& DPPH A & 4= ABTS 8 5T
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RAW, W,,/0.,/W Ak R 3 £k F 4R WO, /WHRERST 11.34%, W, JO/W kR EBIE ik 2
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Construction of Double Emulsions Stabilized by Cyclodextrin Ester/
Lecithin for Co-delivery of Curcumin and Proanthocyanidins

LIU Shuhong, DU Siqi, QIAN Meihui, YANG Hongli, ZHU Minpeng’

(College of Grain Science and Technology, Shenyang Normal University, Shenyang 110034, China)

Abstract: To fabricate stable double emulsions for co-encapsulating functional compounds, octenyl succinic f-cyclodex-
trin ester (OS-f-CD) was synthesized via esterification of f-cyclodextrin with octenyl succinic anhydride, and its structure
was characterized. W,/O/W, double emulsions were prepared using OS-f-CD and lecithin (LEC) as emulsifiers. A compre-
hensive assessment was performed on the stability and rheological characteristics of double emulsions, followed by an
investigation of their encapsulation efficiency and release behavior for curcumin and proanthocyanidins. Fourier transform
infrared (FTIR) spectroscopy and '"H NMR spectroscopy confirmed the successful synthesis of OS-4-CD, through the intro-
duction of new functional groups. The modified OS-f-CD exhibited reduced particle size and increased absolute zeta poten-
tial. The W/O/W double emulsions prepared with OS--CD of the substitution degree 0.0076 at 1% (w/v) in W, phase,
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0.5%(w/v) OS-$-CD in W, phase, 2% (w/v) LEC in oil phase, W:O volume ratio of 3:7, and W,/O/W, ratio of 1:1 exhib-
ited maximum apparent viscosity and storage modulus along with optimal emulsification stability. Confocal laser scanning
microscopy analysis revealed that double emulsions had a well-defined two-membrane, three-phase compartmental struc-
ture. The double emulsion prepared under optimal conditions exhibited good thermal stability after the co-loading of proan-
thocyanidins and curcumin. Even after storage for five days at 37 °C, the emulsification index remained as high as 90%.
This system effectively delivered curcumin and proanthocyanidins together. Compared to emulsions loaded with a single
component, the W, /O, /W emulsion significantly improved the retention rate of proanthocyanidins to 56.65% at 37 C,
indicating a synergistic stabilization effect between the two components. Meanwhile, the co-delivered double emulsion ex-
hibited DPPH and ABTS radical scavenging rates of 90.02% and 87.69%, respectively, significantly higher than those of
mixtures of free curcumin and proanthocyanidins. /n vitro simulated gastrointestinal release results revealed that the
Wi/ O/ W emulsion enhanced curcumin release by 11.34%, compared to the W/O,,,/W emulsion. The W, /O/W emul-
sion showed a low release rate of proanthocyanidins in simulated gastric fluid, but its final release rate in simulated intesti-
nal fluid was similar to that of the WpaC/Ocu‘/W system. This study confirms the potential of cyclodextrin ester/lecithin-sta-
bilized double emulsions for co-delivery of functional compounds, providing both theoretical foundations and technical

support for related research.

Key words: octenyl succinic acid cyclodextrin ester; double emulsion; curcumin; proanthocyanidins

2281 2 (Curcumin) & A ZEHHR ZE HH R —Ff
BB HERIR Z T, PRI EA R-mdiR . st
PR Z R A i T2 2z RN, HE R 2E K
PR AT e MR — e R B s T W .
JR#EE & (Proanthocyanidins ) J&—Fh ) {2 A€ THH
Y Zmdb G5, LSS R BILEHEIEET
PR BRI AT A, A T4 . AR IR O IR
R B R, RESERHEA S Z LA RS
FAFTT S A LA 22 TR I AR5 | v ILE A AR
WIEETIRER ., SRNT, FLASUE MR 22, TEFFE pH. O
PAEFT Sy e, BRI T AR B i M B2 24 Sl (14
JH. B, FFE—FhEeis AR LRyP R kI
IRt ot BUAR R, B YT RS AT

AR, et g AR 22 R LR 6 [R] B 40 75 P kg
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i (W D PRI LRI (O/W,) o S HZLAAHEL, X
FiREIR S5 AR (S L RENS A ASREARG T R~ sl AH 43250
TEOUT, B2 K s P B B A E A R F LU I N 7K AH
o, A E LR A A AR P R R A SRR
5 R EfeE TR, BEMS TR A RS A s P SR e
THALTE, IR MR S ™, kA, JdAsey
TR T AR A A7 2R AR HE R K P A ST, SRR
PRl 3% 5 4 8, I B 4 M AR P U= ki o3 e 32 't
I EEEIRIR R R P, e RS R LR
R R AL L BR 2 Rkt i A5 U AT T [ 4 8 A
A5,

CAWFoE R, I Ve I AN E FLIR A R Gel%
B IIFAET R 5w Ry, JHRIH Rir
PP REEREN . SR, XEEFLIE PFeoE PR M —
W H R F 2L, FUAR B R
O EZFLR R E R G RN IR 22— DRBEAE =& —Fh

RIRVZEVERBT, ) IZAFTE T 3AE ) b, 4514 [R] Bt
HA& SR K AN SRR K, SR spf LA
AFFLALRE T3 B, (AT LA A BTAR S, S 2 ke e
FLALRIVENY; IR, DRBEIEA 5 HA —E bl
M, BT E e RS R e . BT, X
LUk 2 Rk 2R Hul 3R B RR B R (Polyglyceryl-6
Polyricinoleate, PGPR) % & Ak & WA E R iAEFL Ak
), FEAEWS R 22 4 U, 1 LEC ] B fb24 &
JFLA TR A e L U il e ik i i R E FHAIL R
PEFZLR R E ME NI BRI o3 AL 5, B-ERMKE
(B-Cyclodextrin, -CD) S Hi 7 - H w5 A9 Bl FA.oC IR
o o-1,4 PEESEEERMITE A R SERE, S N has
AORRERIR S5 A, AU RO N AR BAT K, ShEREA 2%
KPR, BARGEAE Sl Me A T AT 32— 2P
FARSPRS R P, A i 80 K AT, T s
BUR  FRE T, PATTAT 2808 i 2Lk SR 45 A B Hip
FEFLRTESAL! S Ah, FEAB gk 23 1, TR AL ER
HERENS 5B K PG PR (AN 2285 3) R ARG 1R,
BEEE SRR M M B S n s b Ff b A D
HEI, FIH LEC VE R uAE R AEZLALT, Befb IR its
SR K AHFLALFNFA . W/O/W HU XUHR L B 52 A
A .

AWEFE L B-CD hy Jgokk, DL 3= 085 J5 5% 30 12 I
(Octenyl Succinic Anhydride, OSA) AHEE(LF], & %
2 Jis 3L BE FA R FH BT A5 I8 ( Octenyl Succinic Acid -
cyclodextrin Ester, OS-4-CD), H:5 LEC IL[E//ERFL
1, HileE T W, /O/W, BIXEEZLA, WT9E T Al 25
AT FLB AR E RS2, B8 T A FLIRT 20 3R
FREAETT 2R LR O . I siAs e M . btk
IRSMRTIURRE RS, B A A FLRAE DRt 1% i
R AN PR SAR YR R R S FF
1 MR5REE
L1 MRS

B-EMPRS L R OIBENR . P EEH T =l 1,1-
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8 HL-2- = 2L 25 B (1,1-Diphenyl-2-Picrylhydrazyl,
DPPH) . 2,2°-BR (- X (3-3- 2, FEIE I E M bk - 6-fitfi %2 )
(2,2°-Azinobis 3-Ethylbenzthiazoline-6-Sulfonic Acid),
ABTS) (43#rat) A TBW . N T (ChP) g
P 2E PR A BRSNS 7] A BRI IR I | AN ARER |
LHE | WIBREREN bl EZGE R eERFIA R
N RH MR EREE bl ILARILRE TR
AT JEB 4. FmE IR o2 -5 (Fluores-
cein Isothiocyanate-Dextran, FITC-Dextran) 43§t
2li, VRS IS AR R S A BRA T JRAEE R
SIATSl, HERTRL T AR A BR2S w1; oK
B, HI.

T25 W RNl 28 IKA 23+F]); ZNCL-S-10D
iRy LT T RS A BR R A ] S-
4800 HH T W AMEE  H AN H 7 R4 415 Spec-
trum one £ZLAMGIESIHTIL  3EE PE 4\ Fl; Zeta sizer
Nano-ZS90 6 kr BE 43 AT 3 E B IR LA Fl
HR20 JEF5 i A8 A F&[FE TA 4\ H]; Leica stellaris5
WOCIHRAE WEE  fEEPk R H]; UV-1200S 5541
ST RGBS E
1.2 EWHE
1.2.1 OS-p-CD myifil& SHACE WM E OS-5-CD
A e S RSN AE S (W I Im At . HERRFR
B—xE & B-CD, 5K & F/RKIBG 153 DR 7 .
i OSA % T 3 AT IC/K LEE. 7E 1 h N OSA-
P TR M T N ZE ORI VR FLAK pHL FE
8.5~9.0 ZZ[a], JZ Wi 3.5 h, il s iR E (43518 30,
35.40. 45. 50 C)HATHRIL I N . S a5 s,
0.1 moVL 1 HC1 ¥ AR Z 1Y pH P 7 =ik, 2
R~ 75% B IR 2Rk %e%s, .24 0.1 mol/L
B AgNO; Kzl JC FH A ULHE . KT 45 °C HEFd
R EEE, o 80 B, IR TEIR&H.
OS-4-CD #EH B EE (Degree of Substitution, DS) A/
M 2, 2% PANAGOPOULOU 5061 14 Jy 1 3 R
. 1.5 g FEME TEERR, IIA 19 mL Jok&
B 1 mL 2B T/K, i3 30 min 5, FAIA 15 mL
ELWR LW (2.5 mol/L) FFEEfiiF: 30 min., FEMIA
LB O YA ZEH 0.1 mol/L AgNO; K56 76 Cl.
B I /K R BIRE S I 100 mL 2285 7oK, #h K n
30 min, IFIFE N 2 B EKFS 2R, FH 0.1 mol/L
FY NaOH B E . L B-CD VENEs AR R, FESh
DS {HITHEAZANTT:

0.1624x 22X

DS=

m
1—[0.209>< VXC]
A V E IR EMEH 0.1 mol/L /9 NaOH Fr
HEE AR TR, mL; C 378 NaOH Hr fE 75 WK 09 He B,
mol/L; m F/RFE Y T3, g.
TE 30, 35,40, 45, 50 °C TS OS-4-CD 1) DS

43512k 0.0043 ., 0.0069. 0.0076. 0.0130 F1 0.0080.
1.2.2 OS-p-CD FAE

1.2.2.1 fHHEM214MGRE(Fourier Transform Infrared,
FTIR) Iyl € ¥ B-CD #1 DS {H>N 0.0076. 0.0130
) OS-B-CD #£ 5443515 KBr My R ## 08 1:100 1951
IR E . BRI A, BT . IS
BNTHEER 4 ocm!, JEEGEE 400~4000 cm™', =
UEL 16 UK, SREAEFESLILT I MIIBO G

1.2.2.2 #HIRETE(Proton Nuclear Magnetic Res-
onance, 'H NMR) 4 B-CD Fl1 DS {H N 0.0076 1
OS-B-CD 435 5L H 3L AR (Dimethyl Sulfo-
xide-dg, DMSO-dy) H7, [ HIGHEALAE 400 MHz i
SERESHIYH NMR 3E%E17

1.2.2.3 ks S Zeta FAIEIIMIRE KRR ol k7 19c il
J% 1% (W/v) I o I8 B R EE 433G 2 OS-
B-CD FIRLRIAZ TN, S8 B K, SR E: B
RLHTET R 1.540; 43 BGH TR 1.3300%, {fi ] Zeta
HEL S AT A VA MR 1Y) Zeta MRS o TESSHT 2 BT, ¥4
FESHISES FORFRRE 100 £, 7E 25 °C FEEME —IK.
1.2.3 #IZLE (W, /O) il #s B Az HEME Ko
e ZLALF LEC % F E ok, §l & AH O; ¥
0.5%(w/v) . DS & 0.0076 1] OS--CD /3 H T 2585
Tk, il PIKAE W o ZJERKRAR . AR A,
TE 13500 t/min F#JJ5 3 min, 153 W /O FL# . #F
FLIELEA E 10 mL ZIBEAE D, ZE R TR (25+1 C) 4%
1 FABAE, 10 S F T8 % (Emulsification Index, EI) .
HA AT

FUAZ S y
FL S E
1.2.4 AEHZEXIHEZLRFRETERISER  E e N
IKAR (W ) il £5 55140 0.5%(w/v) . DS 24 0.0076 11
OS-B-CD 43T & oK, A AT 5080k 70%,
5B 2% (w/v) B9 PGPR 5 LEC ¥ T & il
FIMAE, 25 SR SE IR LA T ZLIRRR e M 5
mif s P K AHAS AR, S AHAAR B SE0R 70%, 14 0.5%.
1.0%. 1.5%. 2.0%. 2.5%(w/v) ) LEC 55 F &
K, #5588 LEC Ui ZLBcRase e s i INZKAH
AR, AR O SHE 2.0%(w/v)LEC BT K, 5B
FARFRST B3 B M 30%. 40%. 50%. 60%. 70%, %
SN R AR AR 53 Bt LR s P 52 i

1.2.5 XEILW (W, /O/W,) Hl &  RHAMEFLIL
VEHR S E IR . W 0.5%(w/v) I OS-B-CD(DS=
0.0076) ¥ T KB F /K I ANKAH (W), 2%(w/v) 1Y
LEC ¥ F F K AH(O), /K AR R 3:7,
¥ 1.2.3 1 Iy il A3 w1 R Fw (W, /0) o HF OS-p-
CD BT EE TR NINKAH(W,), FA L s &
AZNKAHH, 8500 r/min 555 2 min, il £5 XA E FLHK
(W,/O/W,) o FFLIEIA 10 mL Z) i b, o5
FLAFEEL(ED -

El(%) = 100
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1.2.6 AEFEZEX W EFLEFREERRZm RO
FEA 0.0043 ., 0.0069. 0.0076. 0.0080 1] OS--CD F#%
0.5% (w/v) I b1 53 80T 2% 85 7K bl Ak K AH
W,, $& 1.2.3 F kil 2w 2L, B W, 5 91 FL LA
121 PARFRERIR A . YA SR FLUE, WF5E W,
OS-B-CD B RE XS X FL ik Fa 5 PE A 20 ; B DS
A 0.0076 [ OS-B-CD % 0.5%. 1.0%. 1.5%. 2.0%.
2.5%. 3%. 4% (w/v) [ EL B A 25 585 7oKk Jh il e sk
IKAH, #¢ 1.2.3 Frikfil &S WL, B W, S50IRFLK
LIl R BIR & . B HIAS W E FLA, 5T
W, H1 OS--CD % Jil 5t o X R LR As a2 1k i 52
Ht DS 4 0.0076 [ OS-B-CD $% 1% (w/v) 14 g m
AEBEFRIE RSN KAE, $ 1.2.3 J7kdl 45 w130
W, K FLI S AN KA W, L 201, 3:2, 1:1, 2:3,
1:2 PARTRIBIR G . Y)silfs AT ZLIR, pFoE w444
FRLEXT A ZLAR R e P A2 i

1.2.7 MEFLIRMPHEBTERAE

1.2.7.1 FARRpreaE Al FHE S e AR S0 2 AL
FERLB TR AR M . TR BT ERTE 2540.1 °C
T HEAT, SEEE AR 25 mm OEATAR MR, D& 6] B
1 mme 7E 0.1~100 s~ Ji [l P9 A 5 i 2 3 AR
1k, TEAABRIEE Y 0.01~10 Hz F B394, ic
SEIT AT B RERL 5L (G FIHRAERS i (G ) Bl R AT 4 AR
T hZk

1.2.7.2 #OGILE £ 453 BT (Confocal Laser Scanning
Microscopy, CLSM)  $# 1.2.5 ik Ikl & XN EFL
W, Hodp #h 7K A8 OS-B-CD #ANE R 1%(w/v), DS=
0.0076, W1 FLIE 5 b /K ARARFBL L 2 101, ZK FAIHAH
419 B FITC-Dextran., JE % 4144 (0, Ye @7 ik 1y
S 0.005%(w/v) o f# FH CLSM % FL ¥ iF 47 WL %5,
JE B 41 . FITC-Dextran B3 & 4358 561 nm.
488 nm,

1.2.8 /AT EOEEFLR AIHIE

1.2.8.1 ZEEEWNEFLIK(W,/O,,/W,) BIHI £ &
1.2.5 iR ik dil A W EFLIE, it g2 R
(1 mg/mL), ZMKAHFLALTFIN 1% (w/v)OS--CD(DS=
0.0076), W,/O,,, 5 W, MIAERIL R 3:7,

1.2.8.2 JEAETT ZRXCEHEFLIK (W, /O/W,) I il &
[ 1.2.8.1, Hr P/KAHM ZRFAE TS 2 (4 mg/mL) .
1.2.8.3 JFET R-LBHESCEFLR (W, /O /W,)
e W 1.2.8.1, HorhylAH 714258 % (1 mg/mL),
PZKAHTA 2546 22 (4 mg/mL) .

1.2.9 DhEEMSH R RAMIE  SMESCHR [19] 17
2=, IR . I E L A B 200 pL 283
WEILME, A 1 mL Jo/K Z B, IREEYRY% 3 min
FL,, B5.0>(9500 r/min, 15 min) Z=ERFLILF ORI, B
500 pL HIEWHIC/K OBEESASZE 10 mL, T 425 nm
TR G, AR PR AR E I 2k (y=1.79159x+0.0854,
R*=0.99735) A AT U228 20Uk

JEAETT 2R B R 23 0 HL 200 L W, /O/W,
W oo/ O/ Wy, PRI, N 1 mL LR £ BV
IREYRZ 3 min B%FL, #5.0-(9500 r/min, 15 min) KR
FLAEFIPORL . B 1000 pL I35 HERRR LB 25 =
10 mL, F* 280 nm | Il 5 W 56 B2, AR 5 b v ith £k
(y=0.2289x+0.00208, R’>=0.099806) I H. Ittt Ay 546
TRUE. TN AL A (A):

A%) = % %100

b A BRI R, %; Co TRWIWR AW T
AE R BT MR B, mg/mL; C, FR% t d FLirh o
REAAT Y B R BT, mg/mL
1.2.10 FLHVgEfE e B S EE LRI T 4.
20. 37 °C FIEHIRAELE 5 d, 4F 538 1.2.9 F1 1.2.3
MR EE H e 2285 38 . JRAETT LR B R ALk
FOFLALFE S
1.2.11 FLWPTEAENE =% Garba P W Jry
LIRS AEE B, I B &L ) DPPH [ i 2L 75 B g
F1o K 200 pL FEMZFLA . 200 pl &5 A3 FH ) R A 28 3
HIFMWMNFAETT FIFW 5755 900 uL DPPH-Z, I
TAE# (0.1 mmol/L) Fo4iR &, T=iE T B
30 min Jim, I E HAE 517 nm P ALBIWRSCREE . @
TRITEAEF Y DPPH A H 3L IR,

DPPHH M iE R F (%) = (1 - %) x 100
0

b Ay v DPPH H HH ik £ B3 W 0 e 16 32 5
A CHREINRE SRS JCK BRI B RO RE
A, TEINEE LSS DPPH [ i 2k 2 BRI A
A EE

SRR (I L, MERES Y ABTS BHES
F A IETEBRBE S . ABTS(7 mmol/L) fll K,S,04
(2.45 mmol/L) W LA 1:1 184, TEBmE )2 16 h
58] ABTS PFHESF H AR TAEM . 2R)5 7 0.2 mol/L
W IR £h 2% vV A B, 1 ILAE 734 nm ALK OGE R
0.70+0.02, 4 50 pL FREMZLHE . 50 pL SAFHEIER
LW R UNFAETE RIS iR ABTS BHES
T HHEETAER SRR S, TER FRDG N 6 min
J&, EHAE 734 nm PARANWOCEE . dlad R
BRE I ABTS BHES T H F3LIERR .

A —A,
A,

Horp: A, HFFNREBIEWR S ABTS BHESF H
TR -G G OGRS Ay 2 ABTS FHESF H H
FEFR R I .

1.2.12 228 3R/JFAETE FE AN Ao R v i R ik

2% Zhang 557 (W7 OB, DLDIRE ST 1Y
LB RN FRAR RN B AL TERE . B S AE Sy
Fi>k 3500 Da MBATARE T HEAT, IR BT IS
TR 1 L EETFKREEM T . e E Wik

ABTSEHE T H HZHRR (%) = X 100
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B, B W E P S AN T H A0 5 mL #2108 1:1
(VVIRE, B TiEMr4Ed, 3875 pH = 2.0, F 37 C.
100 r/min 5 TR T 2 he BEEKIR G pH
VA 7.0 5 R AR, A S N T B,
TEARR 2514 F 4R S2is 10 2 h ISR 3R BE . £ 3%
AR, S35 B EiE Ay 00 10, 30, 60, 90,
120 min FF[A]&HORE, 90 a2 22 28 2R/ 5 A6 T 26 I RBR I
RN

B (%) = (1— Vl)x 100

Aob: V AR E] B TR BEXUEE Pk P 2 W R /R AR
TR AL Vo o8 0 min B XUEFLIR 22 8 2/ 46
HEMEE.

1.3 HELIE

T AT SE B AT I E A I AE 3 WK, RAH
SPSS25.0 X S 56 g JE 47 B8 K 22 7 224381 (ANO-
VA) K Duncan's Z 8 Fe3s 44T, Hirp P<0.05 /UK E
EEZE R, BARLL P HME 2RI 22" 20, SR Ori-
2in2021 A4 E 3R .

2 FER55H
2.1 FHEIRARIMIEEERI M RERIE
2.1.1 fHEHELISMERES P FTIR G35 & A ik
Hﬁcmm’“%ﬁr“?#nnrﬁi’?fﬁﬁéz‘%’%ﬁﬁﬁ RS IERAL
BEMAEAL, AN RIEULEE R OS-8-CD 5 B-CD i1
@Eﬂfqﬁlﬁ'ﬁ EAnE 1 Fias . B-CD BIAFHEIETE
3390 cm™' A S HCH BRI, IX 5 O-H 45 dRaH 2.
A, B-CD 7E 2927, 1658, 1157 cm ™' Abigid, 43531
RFMFLESE-CH, h4E RSN . O-H & i IR Fl C-
O-C Wi 45 Iz sh 24, 5 p-CD #H H., OS-5-CD 7E
1727, 1542 cm™ ¥IA TS5 FO4EIEDE, 1542 cm™
Ab Ry R 1 FE A HEXT R 4a PR 2012, 1727 em™ 774
PR O ARE G )T DR TR 2 C=0 MR BhEe), Zepletib
)5 B-CD 3| AT H W EHEHR, & g-CD 5 OSA
K T BB, OS-B-CD M43 T4k & = A5 4k,
EBT HH R D R i ARG P EA R (B R R e

1542

3300 2927 127 st
" i Y158
1 )

| DS=0.0130
‘ M DS=0.0076
WW B-CD

4000 3500 3000 2500 2000 1500 1000 500
HEL (em™)
El 1 p-CD SBEeALI RS it HL 204 MG A
Fig.1 FTIR spectra of f-CD and OS-5-CD

2.1.2 rEILPREIEHT  'H NMR AT TG
PGP0 T SRR 5 TR B2 3R 5 AR 5 AE

JH. B-CD # OS-4-CD(DS=0.0076) [i*)'H NMR &
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Table 1 Particle size and Zeta potential of f-CD and OS-4-CD
with different DS
e D, ;(nm) D,,(nm) Zeta(mV)
S—CD 1650.00+92.91° 847.60+201.28"  —11.73+1.75°
DS=0.0043 703.68+23.21¢ 518.43436.95° —22.30+1.60°
DS=0.0069 839.33429.23° 577.43427.92% —22.63+0.75"
DS=0.0076 1049.33429.24° 612.93426.61° —24.50+2.72°

o IR FRU R 22 5 .2 (P<0.05) .
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Fig.4 Effect of LEC concentration in oil phase on emulsion

stability of primary emulsions
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Fig.5 Effect of oil phase volume fraction on emulsion stability
of primary emulsions
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Fig.6 Effect of OS-4-CD DS in W, on the emulsion stability
of double emulsions
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Fig.7 Effect of OS-4-CD concentration in W, on emulsion
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Fig.8 Effect of the volume ratio of primary emulsion
to outer aqueous phase on emulsion stability
of double emulsions
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Fig.9 Effect of OS-4-CD DS in W, on the apparent viscosity
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Fig.12 Retention rates of curcumin and proanthocyanidins under different storage conditions
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versus free systems against DPPH (A) and ABTS" (B) radicals

VE B e o OB FLR 5 UE B AR R D) 2% S

(P<0.001),

W H 2238 21 [ B IR 4 1A B) 56.56%. 60.91%.
PEA R ACB BES , W/O, /W T 2285 28 Y R 208
N 73.50%, 1 W, /O, /W B RECFEHE 5y, 7 LA
iRF| 84.84%, FRUIIH XK R 0] W E R
R, X —45 95 BU 519 7Edhl & Tk 2L 3L
TR BE I BR 7 402275 22 AR AE TS R s TP s 21y

HaEA—E, A& 14B AIAL 7R S MM ALRT 60 min,
PR FLI AT AE T R BRI B 35 22 55 TH 1k

120 min i, W, /O /W FLI X EAETT 2 R R
BT W, /O/W FLI(P<0.05) o #E ARz K
ALY B IS, P RS T R e T — 3K, e RO
5334 88.01% Fll 86.06%, ol 2R XA AE
PEF R b AR R BE iR e A 2L A T, TR A
JEA FUAGT, PR PR FLIR A 2548 25 57, K P
WTT RZRICRNE] . 25 FTA, Has ik i SR FL A
FAH P PR DI RE R I FLIRAR R, A AT g
Ve ) 22 0 R AR AR AMEE L 1 8 TE AL IR BT v R
o R ] RERAN R D RE RS Z A E DRI E .,
LA T LR RO TGS R 5 S R, TSRS
ma) ¥ IE A A S T AT A FH DA S A B I R s
HAT AP,

(A) 100
g 80
601
B
e
# 404
G
20
0 . ; . s
0 60 120 180 240
Fif 1] (min)
(B) 100+
Aa Aa
< 80 T
S %1 /, Ac
¥ s /
;% 60- /
# B;/‘/Bﬁ
i 40 Ay
® e
/ —=—W,,/JO/W
207 // © Wpac/ocur/w
0 %, , : : .
0 60 120 180 240
At 1] (min)
F 14 WEIRFEERA)., FAHEB)ERELE B
TR R R R

Fig.14 Release rate of curcumin (A) and proanthocyanidins
(B) from double emulsion in simulated gastrointestinal
digestive fluid
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