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B EAFRLRRAARREE, URELB AR 4% (cellulose nanocrystals, CNC) 5 E K Z# (comn
starch, CS) thFl#| & # 4 % 4% &K b Pickering L7 (Pickering emulsions, PE) . § £l iZ##E CNC/CS AR A
ST, AEETRESE, A Pickering LA t9F2 2 5 ohib . B2k, @it L& TERZ A CNC #= CS 4
REASET, A hrk, Aok, Ak, Al ri Mt RiE, ME, THIRAZE
CNC/CS AR A&k -F422 69 PE 69812, wiz., MALEH. BAet, ATHE. RIREBHEHRKITAH. X2
T, A& CNC#3IN, CSETFHE2d 3682.67 nm ${K E 178.77~441.33 nm, £ @€z d 7.62 mV 825
% 20.17~45.87 mV, Ak T H#Hfa ek, R, CNCAETAAETHRBEAZE, 28 ARAKE
74.6°~97.3°Z 8], AR T A F ik, CNC/CS A4 T4 & 69U 7 B3 R | MR L =448 T M4 E 4 HrR
BRIE, FNBRFOMWEBIRETIIHATITH. HRIPEXER LY, CNC/CS-PE £ 4% B HHIE K b
B4, BN S Peppas R, BB MUELLE R LT, CNC/CS EAETRAXRIILFNELETH
KFEF BTN EERSEHARE, AFLARTRASZSTAMNRLASETH A& A AL R
BTHGFRTES SRR LIE, BARFOREATRIES .
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Cellulose Nanocrystal/Corn Starch Composite Particles
for Stabilizing Pickering Emulsions Loaded with
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(Key Laboratory of Modern Preparation of Traditional Chinese Medicine, Ministry of Education, Institute for Advanced
Study, Jiangxi University of Chinese Medicine, Nanchang 330004, China)

Abstract: In this study, Pickering emulsions (PEs) loaded with Mosla chinensis essential oil (EO) were prepared via the
nanoprecipitation method using different mass ratios of cellulose nanocrystals (CNCs) and corn starch (CS). The aim was to
construct CNC/CS nanocomposite particles, which regulate interfacial properties and enhance the stability and functionality
of the Pickering emulsions. First, CNC/CS nanocomposite particles with different mass ratios were prepared and character-
ized in terms of their structural properties, surface characteristics, thermal stability, rigidity and morphology. Subsequently,
the emulsions stabilized by CNC/CS nanocomposite particles were evaluated for droplet size, Zeta potential, microstructure,
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stability, rheological behavior, and both in vitro and simulated gastrointestinal release profiles. The results showed that the
incorporation of CNC reduced the particle size of CS from 3682.67 nm to a range of 178.77~441.33 nm, while the absolute
value of the Zeta potential increased from 7.62 mV to 20.17~45.87 mV, thereby improving dispersion stability. Additionally,
CNC improved the interfacial wettability of the composite particles, with contact angles adjusted to between 74.6° and
97.3°, and enhanced their mechanical properties. The emulsions stabilized by CNC/CS nanocomposite particles exhibited
excellent physical stability and shear-thinning rheological behavior via a dual stabilization mechanism of interfacial film
formation and three-dimensional particle network structure. In vitro release experiments demonstrated that CNC/CS-PE
exhibited a slow release of EO, with the release kinetics fitting the Peppas diffusion model. Simulated gastrointestinal
digestion results indicated that CNC/CS nanocomposite particles effectively improved the stability of the emulsion and the
bioavailability of active components under gastrointestinal conditions. This study provides novel insights and technical
support for designing natural polymer-based nanocomposite particles to prepare highly stable and functional emulsions,

with promising potential for practical applications.

Key words: nanocrystalline cellulose; corn starch; nanocomposite particles; Pickering emulsion; stability; Mosla chinensis
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essential oil

IS TR MAE ) TP R DT IR
A, FLLABLEA . BUa Al . PUREE AR IR 1T AR )
4 YT EE (Mosla chinensis )VE TR EEg 7 # X
FIZAr A 2 Y, BHREE . ACARIRRE, iR
VAT HE i K 28R IR S 81, B4t S5 b s
1b. PO R EE Y T A 2 AR YIETER Y. Bk, YT
524 & 1 (Mosla chinensis essential oil, EO) 7E Ll
BEMEE S InFRTs R B T g R FH RTEL, JUHGE
FHFRERBEN S5 EFRRAFN I L, SR, EO £F
TEATRETE . KIEMEZE . SRS, 8 ST
Bt #R vh By R AR RS R, T E R R
il Tl Fr g R FHE O, S e TR e 8, & = RK .
FE N EO 3Bk A RN IIFFE S

AR, FIHIMRE GG . 90K DI
Pickering ¥|5] (Pickering emulsion, PE) & R FEBX,
T RLHELE EO Y5 Ak I B f i B, SCE I s
B, FHAE— R L SE BEO Y Bl B R U,
PE {EA—F th AT AR T 7K R TRAS R 35602 TR B
HFE RPIRFLI R G, oL S iyt | buse s
P | AREE M AR L B 3% s P S5 Rr o, (s
B NEPE R AR TE B Tl Ak 223 2 1Y
RSN, HET, B Pickering FLIE H R
FARSRA KRB TR ERE T, AN7e b . Je4 8
. DR YEER | vER S AT A 5, AR = FL
FYRAREE AUt AT B, Wi ) T AR e 16k 1R
PL T AT RSy Fge

VEMY, i 8 ik GY), BA a2y
Bfr P ERNAE WIARZS M, FEAE Y AN & R T E G
AR R EE EEZ/EAYM, EKTEH (corn starch,
CS)TEE N Tk b &5 % FAVE —Fh AT A i Aa 4 14
BEY, B BRI YA Z M . aT St LA A
(RBFRAFOLIAN , SRIM, FRTEM R AN SR K P BR
il T HAE A #5 Pickering FLFI A M EP . Gh LT
4 2 (cellulose nanocrystals, CNC) &1 Fo vy b e i
L gl snE . mnl e JoEE, o AR
EPE Pickering FLAI YR MBEBEAA LIS, SR, HH

T CNC gh5#y i & R FaE, SRR PR 1S
Bi— CNC 25 Pickering ZLHI 45 5y tH 2R EE, i FL
SR, FEQEEY R D R RS, ¥ Ccs 5
CNC Gl &= SR T, A 8BEE W e 3y
S FLFIERETE

AFFEE L P CS 5 CNC i L, Hl&E
AR, FHF PR $E G 2345 & TH Pickering FLFIMY
oot 7RI b R GEIPAN A M REE . AR
HE. Bt . MO E B R T A . A SCETEN
My L ia e . AR R S5 a1 M
SERE R FLIE R G SR AT I ORN
1 MR5RE
1.1 MR5EE

EheT4Ez: #5E JRS Pharma 2\ &l EKRTER
G i 22 ve M AE AR AT BR2S Wl 5 TR
OGEg) BB TR AT BR A F]L TLE
VLPEYVLHP T 29R R BR A |l LB £RR . SR Tk

VEBERLA A A RS F; Tilie s B b~

A BRA F N T B BEHUIAW Coolaber 23 1l
HAth ATtk i 3 R 5 dr 4l

Sorvall Lynx 6000 7% =047k 25001 Thermo
Scientific K-Alpha X STk 6 H FRETEIL 35 = 3E
R KA R BB 2 7] ;s BUCHI EfE 25 & 1Y R210  Fi
-+ Buchi B R F]; 12~14 kDa FELT4E 25048
s AR YR A BR S ] 5 Nano-S 94 KR EE4Y
Mastersizer 2000 {8 S'¢ fiT 5 6L FF 43 7 AL T [F
Malvern 2\ F]; L 1600401 {8 HL {25 21 4G R4
% [E PerkinElmer 2\ 7 ; HT7800 3% & vy, T b ik 5
H 4% Hitachi Limited 2\ #]; Bruker Multimode 8 Jii-F
77 i 1% %% . Bruker D8 Advance X SJZfir gAY fiEl
[E Bruker 2\ f]; OCA20 #Zfilff 53 B4 FE[E Data-
Physics 2\ 7] ; Fluko =i By UIHL 8 [E Essen 2\ Fl;
AHNANO S EMEYL L3 BRI ARG BRAA T
DS-Fi2 Y Je R as (i) H R H]; FEI
Quanta 450 ¥ #RAf B H A< H 3723 Hl; MCR
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101 FiZAs{Y  BHLAF] Anton Paar 2\ &]; Turbiscan &
EMESHTY B:E Formulaction {X#523F]; UV-2006
SAMTOCEETT AASEEYA ) FEE Phs-25 pH 1T
HERF-FERI Z A o
1.2 SWHE
1.2.1 CNC myiil#s SRAGLIR/K LG4 CNC, =
% Wu EP k. B EF4E R L 1:20(g/mL)
)LL) AT 64wt% MITRIRIG IR T, 7F 45 °C T LA
400 r/min $EFE 45 min. B, I0A SN AR TR
10 fERIABAEAK DAL SN o BN HETE 5000 r/min,
4 °C FEL> 10 min 5B ULTEY), LAV EZ 470018 .
i FH A £F 4E 2R BMTAENT CNC BRI T84T, BT
SRR ALK, Tk 7 d IR ROk . BE, #F
CNC B EZEH4n 28 [ 53R 2.8% (m/v), FKEER
4y CNC B RES R UR TR LA .
1.2.2 CNC/CS 9K EGHR T HIHles  RAGIKDL
TEILHIAS CS B . B5E, ¥ CS B (2.8% w/v)
BT 100 °C ¥k, 7E 500 r/min FA¥{L 30 min®),
BE S , PR E fTE R 5 SRR TJOK LB ERIR A,
FFHE 19000 r/min FEERETY] 5 min, EFEEHIIK
HEZELBRZEA LW, B ZFRAS CS R,

K YK DT FEIE®HI £ CNC/CS &k T . ¥
CNC B 5 CS Wy R#A R i th ) (9:1. 8:2.
6:4.4:6 F1 2:8)IRG/EIMAMLE/KE 50 mL, iR
G R 2.8% (m/v) o KRG E Tk /K ok
%, LA 500 r/min #i{k 30 min, B, FPRI1L)S TR
B G AFIGK SR A, FHFE 19000 r/min 5
Y] 5 min, e, W EENKERE LRE R
iz, 153 CNC/CS E-4kK T
1.2.3 CNC/CS HIRE G FIIFRNE
1.2.3.1 kiR S5HEAME B CNC. CS M CNC/CS
YKIE G RL T IR S SN RE 20 3%, I Tl S
AFRAE TR 53531 Bif)S, {4 Nano-S GKRLEE{L
M ERE S PR AR SR . i I HE 25 °C 414
T, HEE IR
1.2.3.2 fHHE AR H LT A EEE DI E (FT-IR) - R Uk
TJ5H CNC. CS & CNC/CS K& &k T 5181k
FRLL 1:100 AT AL LUIR A, Fo 40T £ 50 e R il s
BT . SR L 1600401 {8 B A8 2T ARG REAL
SRAERE S GRS R, MRS P 23GIE L 4000~
400 cm™, 43 HER 4 om™, KRB 16 KB,
1.2.3.3 X S8 (XRD) 43#7  f#i ] Bruker DS
Advance X HT£RATHHY 53 HT CNC. CS 1 CNC/CS
PIRE AR T iR L . 76 40 kV F1 40 mA ik
7 Cu-Ko $F4), DL 2°/min 333 %90 5 10°~60°P4
) XRD b, &t =) T,

Crl(%) = II_J x 100

cr

A (D

Horp, L3RR 45 5 X A B R AT B 9 B2 5 1, 3R AR

238 fi D B AT S 3

1.2.3.4 X S8BT HEIFNE (XPS) Z3% Wang
SEB {1 J5 15, fili ] Thermo Scientific K-Alpha X 5
£eGH T REIS (Y AR HL CNC. CS FlI CNC/CS 9K
ARLF I XPS S . MR AR 12 kV T Al Ka
551 (hv=1486.6 eV) . 400 um HEE, 50 eV il e
1 0.1ev HEK.

1.2.3.5 FEEEM =% Wang 5P 19I5k, R
FH OCA20 il =AM 2E CNC. CS & CNC/CS
WK LR T 10 — AR A (0,,) o 58, H9KRE
AR R TR i BRI Y S G i s Bl o
T R A A YAH (25910 - EO=8: 2) B FEIE 5 B
B E 5 A R B S AR AR A AN 2 pL
FES K, dm i AR U RO T AR, IR ALk
[RILE T — ARl .

1.2.3.6 JRFJ7 Wi & (AFM)  f# A Bruker
Multimode 8 Ji—+ 77 i *%T CNC. CS M CNC/CS
WK E AR F B SRIEITRAE . B 10 nL ¥BE N
0.01%(w/v) IR SO I T = B vl 4 25 C
ZAF T AR T 2 he [ FHIIRABE AT i, 51
B S EUE E N FLPRATAR 300 kHz, IR 5T Ju K E
125 pm, 3P 22 42 N/m, DLSASAE 5 A3
T AR R A3

1.2.3.7 #EHHHEF RS (TEM) {4 HT7800 i%
HF i T BB EZL R T 5 CNC. CS M CNC/CS 44
KZERETIEZS . 5 10 uL(0.05% w/v) 150k EL
WDTVETEAER RS, FHESPR AR (1 wivo) Jett ., FESh
TEZEIR T BAR T, SR57E 80~120 kV I HE T
JFH HL - S SRR I a5

1.2.4 CNC/CS-PE myilil#s HHZSIHS EO(8:2 w/
WIRGVE A ELAHS 5 CNC B . CS &
WANASE LA ) CNC/CS(9:1., 8:2,6:4,4:6,2:8)
IR SR F R . FLAIP kLT B N 2%
i F} Fluko =5 33 55 UJ ML 1 AH (30% w/w) F1oK AH
(70% w/w) ) 22000 r/min, 5 min #4515 O/W ZLF
MIFHFEL. B, S R B FL T 500 bar T
AT 30 MESI T AHFL . KA LR a2
CNC-PE. CS-PE. CNC/CS 9: 1-PE. CNC/CS 8:2-PE,
CNC/CS 6:4-PE. CNC/CS 4: 6-PE. CNC/CS 2:8-PE,,
1.2.5 CNC/CS-PE HJZRAE

1.2.5.1 FLFARfFE, {8 Mastersizer 2000
POCATT BRLEE A3 BT A SC 2 LA VR e ki A 43 AT, LA
Dy o FFFLFIFE SETE T sk v If Ham Y
FWHE RS L, 2200 r/min ZE AT . CNC-PE,
CS-PE 1 CNC/CS-PE 1% H 32 0 52 76 22 B Tk
25 °C 51 FRRERRN, i Nano-S Ak
1.2.5.2 Ye2tBiEEkd B4 NIS Elements
M) S B X e LA T A EISROR AR o KRR R
10 FERYZLFRE SR INTE 2834 A 3R, DL 40 580
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PEFLFN R TR EE 4 o

1.2.5.3 RUEHEE TR A 2% Liu 507
I, RS e . {#H FEI Quanta 450 & R4
R et s FLA ST Ao 4 . A RE S I —140 °C
PR EIE TR R 30 s, BEIG T FR RS R GAE HLAS
TR R B = AT TR B . B S AE
=90 °C FIHE 10 min, RIS BE G k3t 7 S AL
HE, )57 10 mA PN H i F U T e B Ui gR,
PAFRECZLF) i) 2SI SRR o

1.2.5.4 FaetEirr 84 Turbiscan FaxE TS ML
TOSEFLAIAIERETE . B2 20 mL it 5 aL i
AN, £ 25 °C F, & 10 min AR E|_ 44 24 h,
icl53% Turbiscan faEPEFEEL(TSI) .

1.2.5.5 WmARZERRE AT Pl CNC-PE. CS-PE i1
CNC/CS-PE WU AEAT N, fiFHECE T PP-50 54119
MCR 101 FASMYAE 25 °C FIEZLFI R A TR o
1.2.5.6 FLFIMMAIMEC  ARYE Li 8% 107k, 8
TEMEM . RABEHrEEME CNC-PE, CS-PE Fll CNC/
CS-PE ARSI . FF 0.2 mL ZLI & & T 47
HEZEIBENTAE(0.5~1 kDa) H, BT 37 °C. 20% LS
S LA 200 r/min #EFERFEF . FE 0. 0.25. 0.5, 1. 2.,
4. 6. 8. 10, 12 h B, PAFEFEEEHEU 3 mL A4, I
#hFE 3 mL SEIR RSN 0T DA AR Al S (A
UV-260 5Ny CRETTAE 277 nm A R A5 8]
B B EO & i, B RES PA T =ik B
J&i, SRR BN 12400 | — 28l 24408 | Higuchi
IR Peppas FLHI-G EO TEAFEIA R A 1R sh
F1EERRRY, IR EO AEFLF B LB

1.2.5.7 FHE3IE BB RPE Tian 2527 19074k,
VRIS LIRS AR R Zead A4 B Y (Simulat-
ed Gastric Fluid, SGF) FIFL#II## (Simulated Intesti-
nal Fluid, SIF){H b, AHLE 1k KL S s
W 1:1(v/v)IRA, I 0.1 mol/L HCI 5 7 V¥ 77
pH ZE 2.0, BSTE 37 °C. 150 r/min 5 FH%H 1 h,
WHALZE RS, FH 0.1 mol/L NaOH & W ¥4 5 pH &
7.0 DAL R SN, FFEHIEETE A S L0 14 OUR 2
1o BALZIE AL SR B WA S i Z L) S5
BB HE 1:1(v/v) FRFTR S, FRRIE 5 pH & 7.0,
BHRAWTE 37 °C. 150 r/min 54T WHEE 2 h, JHHE
HeRF pH SRy 7.0 THARSE SRS, FOERZLIOE i i Z¢
ﬂifit

1.3 HiEIE

FRLAFE AT 3 UCFATECES, £ R I8 bn
WEZE R IR . KA SPSS 25 R{4F3E47 BN 2R 7 243
T, P<0.05 Fon 2557 B3, FHFBHEHI TS TS
Yk, FIH Origin 2021 FAF4E .
2 HERESH
2.1 CNC/CS #RE SR FHIFK SR
2.1.1 AMITESR 1 P RESR TOARESTE Y CNC/

CS 9k E G RFFMNI. A CNC 43R 2 BR
W o HAB G, X SR RN CNC FE/K TR 10
FSE . CS HrEm S E H AEEpRE, X5 CS Kpifz
TEK s i PEAR G, Mgz Has ek, 2 Ccs 5
CNC Z4J5, FET CNC 430, 5400140 B0k
MIVETR AR EERE CS BT R A ARk, HARSRI
7 CNC 57 b3 = 1A & (CNC/CS 9: 1., 8:2) H7, 43
B A A — 8 8 ek, (R BT P N ; Bl 25
CS i —E I (CNC/CS 6:4., 4:6., 2:8), 438K
W A5 P EFRFLERRAIR, 3X ATREVA AT CNC 5 CS =2
A FETE S EVE LA X2 CS X CNCABiA 2 19 T4k,
INTTHE RV SEL T & AR5k R e )N

CNC/CS 4:6

CNC/CS 8:2

Kl 1 CNC. CS il CNC/CS HKE SR F I SMLIE S
Fig.1 Morphological appearance of CNC, CS, and CNC/CS
nanocomposite particles

2.1.2 RifRKHAIS T CNC. CS B CNC/CS 45K
AR RS FIAIZE R ANZR 1 Fis. CNC 1okL
45/, 9 157.00+2.02 nm, FHEX T CNC, CS Fpkifz
K, H 3682.67+329.70 nm, X A] fEE th T HIZEK T
TETE & B3 LU SRS AETE . CNC/CS 92k
HERLTRAS KRG, PTRESE T CNC 95| AR
SR TR HERR, BEAIR T IR M HTAARAL B T RN X P il
LR, ] T CS Ry KB, SHah, s 5
CNC if iof S8l | JuflEe J) &5 5y FafEH 1454,
CNC 7] fei i 2 sl M FH A T oK pEkkb T
N AN A AN S =R NIRRT E (R £ N YA
%o AFEBTE LI CNC/CS B AR T kAR a5
CS Lb B B3t iy # in, 28 B 90 Kk B K /32 5]
CS WIE RIS . 24 CNC B, 2 &0k
gl CNC, MikE#E CS e, &2 6801
R b
# 1 CNC, CS Hl CNC/CS 9K AB T kife 5 H

Table 1 Size and Zeta potential of CNC, CS, and CNC/CS
nanocomposites

BT 2R A% (nm) HLA (mV)
CNC 157.0042.02° —48.37+1.10°

CS 3682.67+£329.70° —7.62+0.13°
CNC/CS9:1 178.77+5.52°¢ —45.87+0.91°
CNC/CS 8:2 189.33+5.40 —41.87+2.08°
CNC/CS 6:4 231.00+2.39" —23.20+0.62°
CNC/CS 4:6 344.83+11.36" —20.17+0.76°
CNC/CS 2:8 441.33+53.01° —20.57+0.90"

TE: [3)_ LR R R FRRGe 224 57 13 (P<0.05), &2,
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CNC FYH7 A—48.37+1.10 mV, X IFH T-#iiR
Kb R R R B AR & 3 A SO, P, CS 1Y
FEA S —7.62+0.13 mV, 3X R 8 CS 2 Hh 28 ea
TGl a-1,4 F a-1,6- W E B iy, Hoor144
Farie = AT B A, DR LA RIS R Aok
i, B CNC Hufgl g REAIR, b2 18 7 L Arp 285 B
B, FECRALNHE N EER T EAI AR S
VAP F CNC 1 T i A e e e 2 SR R bl %
VEF, [RIRs 2 m F AT B 0 . AT AH BRI A 2= (8] 4 A
LR ZILFEVE, ff CNC S8 =1 CNC/CS &5k
TFEY AT I35 CNC BB
2.1.3 FT-IR JGiE45HHr it FTIR DGiEXT CNC/CS
WK E AR IS B TRAE, 25 ANE 2(a) i .
CNC 7E 3324 cm™! Fll 2896 cm ™' 4b HO45RAIE 15 43 1] X5F
W T 2R 4E 245 T rh i O-H 1 C-H i1 45 38 512234,
T FESRTE 1626 om™ Ab A 4RFAIE I AT U= PR 1 BRF 7K
4y O-H #2593, W] CNC S5k Z [alE BEAH
HAEHP, CS 19 O-H IR shE A7 T 3392 cm™
B30T, C-H 45 HR 8hi6 24 2930 cm™', H-O-H F7 {1

(a)

.
K
1304112896 CS

03¢ CNC/CS 9~11644":
| 3392412930 © : )

S WO i~
v I CNC/CS 8:2
nr " i
= " CNC/CS6:4
‘K " i
# I
I ONC/CS 4:6
"
N
" CNC/CS2:8

4000 3500 3000 2500 2000 1500 1000 500
WL (em™)
(b) A

) 4 )
Pz e
/ oY
25000 Galli —
15000 ﬁ \W :
2= 10000 _/ x
< 5000 1 B———
0+F——o . ‘
10 20 30 40
20 (°)
2 CNC. CS Fl CNC/CS #kE Gk T HILIMEE (a) Fl
XRD FEli%(b)
Fig2 FTIR (a) and XRD (b) of CNC, CS and CNC/CS
nanocomposites
(a)|CNC/CS 2:8 ®) | ceNe C-0-C
CNC/CS 4:6 c-C
Eia it S L | E— 0-C=0

|ICNC/CS6:4 | |
ICNC/CS8:2 |
ICNC/CS9:L [
cs

CNC

W FE 1644 em ™' (P37, b4, CNC/CS 9k
BT B G P A S BT B RN E I B R A R D4 T

9, RUE G b B h AR A FT b2 B A, WARTE R
e &, X—45HRIESE CNC 5 CS Z[HIAEE.
VEF 2L S . Y S E R .

2.1.4 XRD 43#r CNC, CS., CNC/CS 2K A%r
T XRD A5 SR K 2(b) iff 7n o CNC IE 14.9°,
16.4°. 22.7°F1 34.3°[ft G B W iR, 4351 5 £F
4EZ 18 AR (1~10), (110), (200)FI(004 ) FFERE 21
CS il H LI A B R ARZE M Oy 32, AR R A 15°,
17°F0 23°[F T, SR CS &9 K ULIE e, AN AE
17°F0 23°[ff A A R, HARAEIESS, 00 CS 1Y
FEARLE IR IR . FEPIKRITTE L R A, e BY D)
B EZ, CS 4 F Al RS LIRS B S5 4, [
A~ghE R ] T ICE M, CNC/CS 9k Sk 11
{RE T CNC g, AR LB CNC/CS 44
KAk, BERE CNC A AR, 76 16.0°
I 22 7°BRHIT AL LT A 2R T 1Y AR A4 PR ATT S 020 ke
I ELZE SN X T REJE T CS ki MR
FLERE M HARSS S . DKk CS S g,
CNC/CS YiKE SR FaTIoEBIRE,

2.1.5 XPS 4rff CNC i D-#Z5H50(CgH, ,05),,
e, CS B a- 1 A-BE P8 A 21, CNC.,
CS. CNC/CS gk & AR F i) XPS Yaigan & 3 jr
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Fig.5 Roughness profile (a~e) and Young's modulus (f) of CNC, CS, and CNC/CS nanocomposites
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Fig.6 TEM images of CNC, CS, and CNC/CS nanocomposites

CNC/CS 4:6 gk E G RiF 1 CNC FEMAE
T CS FEmiIFENERE CS Z AL . CNC/CS
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=Rty AR | Ot VN
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2.2.1 RifRFHEALSHT  CNC-PE. CS-PE fll CNC/

CS-PE WRiARFIHLALEGE R ANZE 2 fiiss . CNC-PE Y
Zeta HL 3/ SA—45.17+0.31 mV, iX J& K A8 i BR 7K fi%
#ill£$ CNC, 1 F SO, F+m iy i T et ffifs CNC E
ARERHEGUEED (I Z B R L HE
JFAVEH, AEZLANMIE A5 B4 . CS-PE 1Y Zeta HLA
“h—13.63+0.60 mV, & F >k CS gty i = vl g5 11
LA, T AL R ETE B AT 2, LA AL
fik. CNC/CS-PE WYHLA AL S5 ZLFIA R CNC 5
CS W LLBIFE 3¢, CS BN AR BERS AU 55 CNC 1Y
FELfaT B MR , (H X PRI SRR A R . CNC R &
Yy AR, s AR E R TR T CS nUAIRHLfRT
Tk, SEFLRI AR LA 42 CNC-PE.

#2 CNC-PE. CS-PE, CNC/CS-PE FLii fhiA% 5 i
Table 2 Droplet size distributions and Zeta potential
of CNC-PE, CS-PE and CNC/CS-PE

B RiIEA RifE (um) A (mV)
CNC-PE 3.23+0.01° —45.17+0.31°
CS-PE 10.20+0.53* —13.630.60"
CNC/CS 9:1-PE 3.96+0.03% —53.13+0.47°
CNC/CS 8:2-PE 10.41+0.72° -60.9£0.20"
CNC/CS 6:4-PE 4.69+0.03¢ —48.03+1.55¢
CNC/CS 4:6-PE 5.99+0.12° —45.40+0.40°
CNC/CS 2:8-PE 7.46+0.27° —39.40+0.92°

CNC-PE HA7 %15 1 LU 3R BN R 19 25 Al 5L
BELALN , B AT ZGRH 1L ZLIF SR 4E, PRIk HA e/ iy
BiFE(3.23£0.01 um) . CS A= 47 H FE A, Joik
It e R i ER e FL, SEFLIN R 2 RAE, ki
Ko BEFEZFLFIH CNC EtbFagHe N, T oKiEm a4
RNV 5, 3 CNC/CS-PE i kii2 /N, CNC
HA RGBS MR, A Z4FH1E CNC/CS-PE 1Y
A, NI/ T 8RR 42 . CNC/CS-PE HPRiAR A
F CNC-PE #11 CS-PE Z [q], 222 H T CNC [/h
BARREME AN AS (B RSO = AR .

2.2.2 PHMEER T CNC-PE. CS-PE FlI CNC/CS-
PE 0@ &5 R & 7(a) v . CNC-PE FLi 2 BR
e, s Anfe s HICHH B SR 4E B4 . CS-PE Ui
FRPREARE R/ NS SRR, B/ N FLIFREE BRIE , i K
LI AR B i HAF AR S, v g2 T CS-
PE ZLiZ A # i HE R B 14255, S EEH LA
A, BEE PR PR CS el As b, FLET
T L RiAR R A ARk . B4, CNC/CS 4:6-PE FL
T BRG], CS BLFERK, 5 AEFLIM R ILTE AL
BRI AL, ARER = RS 1 2s TR BHASON, S 307
A Z A, H CNC 5 ELEHAIL, Hoas ralqv BN F
T EFSEEF PT REAS E LLSE I 2L R4 . CNC/
CS 2:8-PE MZFLIE R 1/, IXJEFE ) CNC A
HEH 2 2R MK A E I . S T IR AR ZLF
IFEEMLH], XF CNC-PE, CS-PE, CNC/CS 9:1-PE,
CNC/CS 6:4-PE #ll CNC/CS 2:8-PE #4717 ¥4
W BDER, g5 UNE 7(b) ik . KELRY CNC 7E
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Fig.7 Results of microstructure analysis
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Fig.8 Results of stability analysis
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Fig.9 Viscosity (a) and release profiles (b) of CNC-PE, CS-PE,
and CNC/CS-PE
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LW BEAY . CS-PE HAT fe b i Rl 3, T e h
T2 EWEBIEF] CS BT PNES, IR CS 43T ) iy Sk
SEAHEAEH, 5 CS NESESMARIR BN, ) EO MR
FCHEAE T W B W AR IS . 5 CNC-PE AH EL,
CNC/CS-PE 7 20% b B ERAT R, X &
A CNC 2RI kIR, 2 S = HE], CS W)

SZEME RSy, ATV SR “3E 4577 58 CNC [a] 4%
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2K 5 T I A EE SR B, S EO M4k
Pl XFh CNC 5 CS T X 28 254X 2L
PR B Sk B YRR TR AR BV S S 2 2, S
 EO T2 5 IRTE K RH J1 A GE MFLFA B 1 ok o
i THESE EO A CNC/CS-PE FHHIBSRMLEE, SR
FHE R B J) 28R | — 2% 2 Jj 247 | Higuchi £5%
IFN Peppas HiEIHISE CNC-PE. CS-PE #1 CNC/CS-
PE IYREHLEI, 255403 3 i/, CNC-PE. CS-PE
1 CNC/CS-PE £ 20% A5 B iA T B AT
4 Peppa H#I , FE Peppas B, n<0.43 /R Fick
P 8L, 0.43<n<0.85 FIRIZAY BHILHIGIHREHIEY
A 5T H, Peppas #<U fY) n<0.43, CNC-PE, CS-PE
Fl CNC/CS-PE £ 20% ZB5A 5t A3 2 9 BB sk
it Fick P 8HLHIS 719 X— KB 5 e i iafss
LAWY A, FEAFE R I A= P i o LAY B L]
Y S FL A e
2.2.6 RSNEIGEWALSTHT PR pH RN AL,
B RS R E Y B R Ty o X ERAR A 1%
F8¢, HA RArmgace LAz Ls b i A st
HEWesz pH Sl 2.0~3.0 184S B 24052 R &
28l H 78 i kS5 CNC-PE. CS-PE FlI CNC/CS-
PE i) Wi H28 b 10 s . 768 AL BB,
T8 NG A ROH AL TER U, CS 78 H WA
BHAEIEAL. SN, CNC BT IITHER1E, e
AL AR R R T LA - 2L R . TERmTE AL
BB, pH b &2 7 oAy, fE 2 P AL EEAE T -
CS #E—2LoK i, A 7 2P R 2S5 N HEE,
XLEBESS AT Wl NG Rz AR S A i VR E A . T
CNC HAG 8= R FIAoR GORiAR, 16 N R B R
PR B 25, Akl & PR LRI R e VR -
J3 4k, Bi#E CNC/CS 9K & Ak TR CS Eu g1
K, &4 EO ikt fE B W T I AL, e b AL 2%
TR A TH AR Ta) A A AT RE A28 AR, e A4
FIFHZE,

#3 CNC-PE. CS-PE, CNC/CS-PE 3 J12# e 244
Table 3  Kinetic release parameters of CNC-PE, CS-PE, and CNC/CS-PE

x| CNC-PE CS-PE CNC/CS9:1-PE CNC/CS 8:2-PE  CNC/CS 6:4-PE  CNC/CS 4:6-PE  CNC/CS 2:8-PE
Jer0 order Q=0.0459t+ Q=0.05061t+ Q=0.04359t+ Q=0.04202t+ Q=0.04203t+ Q=0.04389t+ Q=0.04083t+
29.14813 28.5111 26.45843 24.2089 26.34736 23.82646 21.71029
(R*=0.54126) (R*=0.56038) (R*=0.56663) (R*=0.60609) (R*=0.52821) (R*=0.59371) (R>=0.59797)
First order 100-Q=100exp  100-Q=100exp 100-Q=100exp 100-Q=100exp 100-Q=100exp 100-Q=100exp 100-Q=100exp
(—0.00276t) (—0.00304t) (—0.0022t) (—0.00181t) (—0.00214t) (—0.00193t) (—0.00159t)
(R*=0.75614) (R*=0.8558) (R*=0.7021) (R*=0.766277) (R*=0.6616) (R*=0.73678) (R*=0.67946)
Higuchi Q=2.13473t"+  Q=2.33082t"+  Q=2.00418t"*+ Q=1.89806t "+ Q=1.96168t"*+ Q=1.99383t"*+ Q=1.85072t"*+
12.39917 10.40746 10.9182 9.76389 10.90085 8.56104 7.5756
(R*=0.82066) (R*=0.83303) (R*=0.83956) (R>=0.8668) (R*=0.80659) (R*=0.85781) (R>=0.86085)
Peppas 0=9.92577t" Q=8.81439t" Q=8.77416t" Q=7.84556t" Q=8.86002t" Q=7.22655t" Q=6.49008t"
0.29602 0.32098 0.30345 0.31071 0.29925 0.32659 0.3306
(R*=0.89909) (R*=0.90216) (R*=0.92016) (R*=0.93851) (R*=0.89357) (R*=0.9214) (R*=0.92097)
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Fig.10 Microscopy images of CNC-PE, CS-PE and CNC/CS-
PE after simulated gastric intestinal digestion
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