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Abstract

Chitosan (CS, original Mw 735 kDa, deacetylation = 85%) were
degraded by O; oxidation into various molecular weights (High Mw 511
kDa, Medium Mw 296 kDa, and Low Mw 46 kDa), then dissolved into a
2 mg/mL concentration and adjusted to pH 4.7, then mixed individually
with various concentrations of ellagic acid solution (100-1000 ug/mL).
The mixed solutions were added dropwise with the sodium
tripolyphosphate solution (TPP, pH 9.0) at different CS/TPP mass ratio of
3:1, 4:1, 5:1 and 6:1 to prepare CS-TPP- Ellagic acid nanoparticles. Such
effective factors as ellagic acid concentration, chitosan molecular weight,
and CS/TPP mass ratio on the encapsulation efficiency (EE) ,loading
capacity, process Yyield, particle size and zeta potential of the
nanoparticles were investigated.As a result, a suitable ellagic acid
concentration 600 ug/mL, original Mw of 735 kDa and CS/TPP ratio of
3/1 that gave an encapsulation efficiency of 45-50 % , a loading capacity
of 3 %, a process yield of about 65%, a nanoparticle size of about 300 nm
and a zeta potential of +35~+40m/. Simulated gastrointestinal stability
was carried out by mixing the CS-TPP-Ellagic acid nanoparticles in the
simulated gastric fluid ( pH1.2,with pepsin )for 2 hours and then in the
simulated intestinal fluid ( pH7.4,with pancreatin )for 6 hours,that

showed about 20 % and 70 % ellagic acid released respectively .



Key words: Chitosan, Ellagic acid, Sodium tripolyphosphate,

Nanoparticles,Simulated gastrointestinal stability,
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Fig. 1. Structure of chitin, chitosan and cellulose.
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1.oxygen cylinder 2.drying tube 3.0zone generator

4.three-way valve 5.agitator motor 6.baffles
7.6-blade impeller 8.diffuser 9.sample port
10.KI solution 11.thermostat

Bl= ~ 53 "5/ 2F %Az o
Fig. 3. Schematic diagram of the experimental apparatus.

(+ > 2001)
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Fig. 4. Properties of chitosan resulted in the development of various drug
delivery systems.

(Bernkop-Schniirch and Diinnhaupt, 2012)
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Fig. 5. Nano-enabled methods for food safety and Quality enhancement.
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. #3529 % (Tonotropic gelation)
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4.

iz % ( Precipitation)
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Surfactant Gluteraldehyde

2

Chitosan aqueous solution
Mixing / Stirring

E Emulsion(W/O)

Oil phase (large volume)

(o] o ( <
¢ 1 !
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0 (- & '
1 A

Chitosam aqueous solution
i Chitosn/TPP NPs

Cross-linking |

Nanoparticles (NPs)
formation

Chitosan emulsion

\ High speed stirring

W/O emulﬁj’ on > >
2
0 ! Chitosan NPs emulsion

(o]
o 0
NaOH emulsion
W/O emulsion

Drug Surfactant

D

Solvent & Residual

Water Evaporation

Aqueous solution

Chitosan aqueous solution stabilizer in water(Surfactant)

21

NPs hardening

Centrifugation

Cross-linked
chitosan NPs

,J Centrifugation/Washing |
©
%0 o ' 0 :"

Chitosan NPs

Drug loaded chitosan NPs



6»
o
_ i
Chitosan + NHs(aq)
+ drug + gluteraldehyde
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Fig. 6. Schematic representation of various methods for the synthesis of
chitosan nanoparticles. (1) Emulsion cross-linking; (2) ionotropic
gelation; (3) emulsion-droplet coalescence; (4) precipitation; (5)
reverse micelles; (6) sieving; and (7) spray drying.

(Kashyap et al., 2015)
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m i %-o )
& ¥k -
NHy NS NP ge u
Chitosan in acid solution Tripolyphosphate (TPP)

(®)

Chitosan-TPP crosslinking

Bl- ~ A7 RpES = RS 28555 LR -

Fig. 7. (a) Molecular structure of chitosan in acid solution and that of
tripolyphosphate (TPP). (b) lonic crosslinking between chitosan

and TPP.

(Hsieh et al., 2008)
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AT R@e R dvieE kR Z CS/TPP £ £ 1§20 2 K3k

B R A3 B2 % RpEZ CS/TPP £ €14 5 3/1 @& > 95

Ao REZARET oI o R RALITERZ § I IEY D
PEHERISERF IR 2L A RERF LI % Hrd s
Q%%.AﬁAQPHO
(2016)F 3 f1* B2 X pEe R 7 WA 2 A3k FH A i
IR RARRE AT RELSFEZ CS/TPP £ 30 157 2 A 3Ef 2
PR EE o o382 87 FpEZ CS/TPP £ £+ & 3/1 p* »
wBlA AR AR AR R e FE30mP 0kt da R

BT ORPE R AR B B b ez R AR T R R

o

ForRERR R AR 1 10% 0 &7 R ORARRG %
BFQROIE L f* A BpEe BwAd F  HiHA EER - 87
RPE2 A~ + 82 CS/TPP £ B 14302 KPR 2 B8 2% T 1 3R

AFEXBTEPEE CS/TPPE R 2 41> 5 27 % ¢ B~ 40

TA369mV > P R AEARF G5 20% 0 Aor 2 KRR L T T
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(=) #i°pe(Elgic acid) § 4

CHEE S M GBI A i B o @ B e e by &
M eh= s N e (Secondary metabolites) 15 47 1 8 % > ¢ A F i w4
R ind fiaid o

B (R~ )E - 5% ~ e i H(Ippoushi et at., 2009)

S teiid 8% > 2 H 2 $ 870§ % (Ellagitannins)(F 4 )
Fioy FAEWFEFREFY 0 AR T~ TF  FAEF P

G

+

Pige & o #4030 5 CulHg0s 0 4 F # 5 302.197 g/mol - $1 75 ¢

N

BETSROERFY > AT S F0 S RREISREEFE

B AR R BE R0 ES R g4 (Carballo et al.,

2010) > H ¢ g4 A F K54 B 4kEk U SRR 1
ERgpt s L0 SR W2 A8k B iR F g AR LR B g Rk AL
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B~ G L T B

Fig. 8. Structure of ellagic acid.

(Ippoushi et at., 2009)
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Fig. 9. Structure of Ellagitannins.
(Landete et al., 2011)
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BB ¢ depg A RGBS R T A RS
SlA=T L P e~ BAR
1. ¥z i

B TE S HRF A 4 A R Rt T et 8 B i A
FloBEE » ~Rikd hA-frapHl ot > Vi 47
(Hayer et al., 2011)+t ﬁi-}%‘éf 2,2-diphenyl-1-picrylhydrazul sc # - & R
g LonF k=t 5 ERG-pL > 2 frpe > BHA > EfIERIP 0 B

R okp O BFgE Y AL AR e BEGY s R e

se R Wi LR il 4 R AR

R USRI R S N
et 5 Edrd] IL-1 ~ IL-6 4r TNF-o £ F5 - R o L F o 2
2 0 R BA TR Al 4] IL-1B fo TNF-o0 3% %08 1 36 pF it

- Hd 3B & L& (Landete, 2011) o
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3. B ISR RRE

HEHTARRER PR AL oAb VB 77 IS
Wbt EfadrilhrEt L2 82 adrRefdzy PP S
it § e S AT R PR E R 2 - B ok (Malik e al.,
2011)~ & % H(Larrosa et al., 2006)~ © "5 (Arulmozhi et al., 2013) % >
Wi Aot TR A hE o e R I H MR fRR 2 B

FRUFIE T F R ek B S B F G 4 1 3 o BN

_\

» FRIET ATOLERIE N S S EP feink R ek F F R &%

A EEH A G AT AL R

A
N
o
>

W

i B9 A M I ik e (L o
(=) #Hi-p2z 4y

DR RS R B Y R R B
Mend )% F L B A WS e S B R e s R A o
(Larrosa et al., 2000)4c & ¥ = % Bl TR B KB D% @ Al d
FEFEgeF gy > YR s BRBEHR AP F AL
o (Kim et al., 2009)7 * 7 RpEEPE T Y & dr Al b 2 5508
B A 5 w2~ (Talcott and Percival, 2005)i¢ * ¥ 7ope ~ #Lgd 2 20 %

e

AiEE i g g;:}?s:am’?é »HE e A e p R mE k=S o
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10.

11.

12,

13.

14,

15.

16.

Aceticacid: B 1 * F R >3 L2 o

She
—D

Acetonitrile:J.T.Baker » % & °

Chitin: 3 221 & & > &% > S & o

Ethanol absolute: # P it L3>3 T @ > 9 & Rh > S & o

GPC standard(Pullulan) : Shodex » Fe-fr& L th58 ¢ A- > P & o

Hydrochloric acid: Riedel-de Haén » # F] °
Methanol alcohol,anhydrous: MACRON > % F] o
Ellagic acid; ALDRICH » £ & -
Oxygen: g #85 A2 > 523 > 5% o
Pancreatin: ALDRICH » # F] o

Pepsin(> 250 units/mg) : ALDRICH > % [ -

Potassium dihydrogen phosphate: fesk ‘& Z 4k 58 ¢4+ > p & o

Potassium polyvinyl solution(P.V.S.K): fek # F4k3\ 44> p & o

Sodium acetate ;: Ferak Berlin GmbH > 4, & -

Sodium chloride: B 1 i* 3> 5 A2 7 > 37+ B

Sodium hydraoxide: B 1 it & g 3% i 5 *L 2 &
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17. Sodium tripolyphosphate: f= 3k % Z k5% € 4L > p & o

18. Toluidine blue: ALDRICH » % F] o

=

Epts:lhp o #RTPIERGF AR, 595 0 S

2. &7 iév e Tyler #2242 & % » Endecotts © Wimbledon » United
Kingdom -

3. &\ & B : OCTAGON DIGITAL 2000 %] » Endecotts »
Wimbledon,United Kingdom -

4. pH meter; SP701 %] » Suntex » 3747 » 2% o

5. Z 54 4ic%¥: FD-5N 3] » EYELA - Tokyo » Japan °

6. B et NiFis: OW-KI/OF » 2 &RE 3§51 8 oo

<

7. % i MR CR22GII 3| » Hitachi » Tokyo » Japan °

8. HrEALF ¥ s: CS120GX 2] » Hitachi » Tokyo > Japan °

9. & F A w7245 Sonifier 250 4] » Branson > Tokyo * Japan °

10. AR V2R R £ :BT-350 3] » AB4LAAH G L& 5 A7t 5 o
R

11. #45( % * i ): 500 %] » MEMMERT - Schwabach » Germany -

12. 425 A 2 ®: S100 4] » ELMA - Shideler Pkwy » USA -
32



13. Bt k47 &
(@) L-6200A pump - Hitachi » Tokyo > Japan °
(b) RI-Detector8110 » Bischoff » Kanvsta > Germany °
(c) D-2500 chromato-integrator #% 4 i% > Hitachi » Tokyo > Japan °
(d) Column: PolySep GFC-P 4000 » - #*# » 5% o
14, B »cF iR 4p k47 & :
(a) L-6200A pump - Hitachi » Tokyo > Japan °
(b) L-4200 UV/VIS Detector > Hitachi » Tokyo > Japan -
(c) D-2500 chromato-integrator ## 4 i » Hitachi - Tokyo > Japan -
(d) Column: Inertsil ODS-2 » GL Sciences Inc » Tokyo ° Japan -
15. 82 Kk I5Z2 R o 7 24 47 & Zetasizer Nano 3000HS 7] -

Malvern Instrument » Malvern » United Kingdom -

Ji

- EsSEA

(" ) }2‘—1 ?f\ﬁ%ﬁ'ﬂ‘%
AT B RS Pk F BB EDE 40 I 60mesh 2 BT B

%%?0

\\\?{r

H4(2004) 1 * 2.2 R 2 GE R A B0 k& )~ 5
57%(w/v)NaOH i3 7% »* 105£5°C4e #3422 0] pF > @ (5 %%

TORPEEY A4 kbl pH DY B 2 15 B~ 455 % (80°C
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| BE) o %3 Toei 2 Kohara(1976)#7i¢ * 1= 2 plz 5~ R pE

o Rk ERL CRARR K AT 85%L BT RPEITL 0

) FRAFERT EPEZUR

%% Yue(2008) % £ 2 $x(2001)F ] * 5. 5 "2 f2 %~ R phieizo
AL 1% ek g (vv)fe B 1%8 7 RpERR(wWhY) > S8R
W B _iu/T‘aFn«}w\ﬁp‘?ﬁZz KEE B EFDP 100 mL 2. 57 R
PEA R AT 55°CH5°CRip g P > g ¥ Baad r N L5 8 ~ L
FOHERZO63g/m % (ViR iE® 1A epFE (02 70 mins)e°
Bd® % t5enS T BEEA R Y NaOH AR A pH &1 70 P i
EAE O EFER (ST BPEZ pKa & 5 6.3) 0 5d g (22,200 x
€720 °C 30 min) 1t 3 gk F Rk de o FHBH A ¥
FAREG B tS ML R AT Y o2 1o A 47 +.(Gel
Permeation Chromatography > GPC):p| @ 7 Fe pF F "% f2 15 % T 1%
TERBEEIARA L GERAE LT " EILE T35kDa
(Original Mw) ~ 511kDa (High Mw) ~ 296kDa (Medium Mw) 12 2 46

kDa (Low Mw) % % {8 5§ 5% °
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(Z) BFTopp i
B lmg 2 SEi5peds & 0 A 8l4e > 2mL # AR (2 85k
PREERE S TR GHIEM - T AL A3 F M H o adm) o
WALE R EF R 5 R AS o TRIFRIZ A E BT RPER R £ B
B3 K-SR S - TCNVEI R & 5 0

T~ FERT

(=) A7 Rph-= R -Gz A WA
24 5(2008)2 % 0 AR AT R & BFE(CS)E
1%ps paip e () - kR & 0.2 %(wh) » i RIFEID 3 2 833 K pH
B3 47 ¥R R R B (TPP)A >3 #g3 -k @
2 {6 B pH B3 9.00 2. 18 %87 - e (Ellagic acid);3 *t 0.1N & ¥ i 4p
AR BB R ot iy He B & % #-Ellagic acid /3 /& 4c 3] CS i3 /%

PIMEIEg o 2 (6K TPP BREEFCRERT W o TP
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ETRS
S
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o
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CS/TPP £ # ‘' ¥ CS-TPP-Ellagic acid z X ¥g#2. S8, ¢ B &
(Encapsulation efficiency) » % i* 5 (Loading capacity) ~ & 5 (Process
yield) ~ #.j% ~ -] (Particle size) # # & 7 = (Zeta potential ) #2 58 o

(ol % BARY 2AREF% > 5 bk B ITM Tk B TR
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1. BirRERZBE

#-2 mL # )k A& (100 ~ 200 ~ 400 ~ 600 ~ 800 2 1000 ug/mL)2_
Ellagic acid ;2 >* 0.IN & ¥ - 4r # >3 ¥ 22 5 mL CS /% /% (Original Mw>
0.2 % (w/v) » pH 4.7)5 B L > A 42 mL TPP ;4 ;% (CS:TPP 3
3:1'pH 9.0) % # i% j§ 4r » $| CS & Ellagic acid 2_ ;& & I #4X 30 min >
(32,000 xg » 20 °C > 30 min)#+ 7 F:% 0] Z_Ellagic acid 2 £ ¥ 3-8 ¢

AP i 3o m Sk g7 ek & CS-TPP-Ellagic acid 7 F %k & B H

PR v d R R REEAS o
2. CS»r+&2 %X

#-2 mL Ellagic acid ;4 ;% (conc. 600 ug/mL)¥2 5 mL % ¢~ F & 2_
CS /% /% (Original Mw ~High Mw~Medium Mw 2 Low Mw>0.2 %(w/v) >
pH 4.7)5‘.1 R E W B #-2 mL TPP % % (CS:TPP % 3:1 » pH9.0)
¥ M 2 iR jF 4 » 3| CS £ Ellagic acid 2.8 & 7% 7% @ #4L 30 min 1 >
oo e 54(32,000 xg 0 20 °C > 30 min)#-1 5% P % _Ellagic acid

¢ B2 ERF 0 G sk %A CS-TPP-Ellagic aid %

Jory

£33

R o= iV S N I A i S
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3. CS/TPP £ £ 1t 2 48

i# * 2mL Ellagic acid /% /% (conc. 600 ug/mL)¥2 5 mL CS %%
(Original Mw > 0.2 %(w/v) » pH 4.7)r5 AW, A2 mL H
JE R 2. TPP ;2% (CS:TPP % 3:1 ~4:1~5:1 2 6:1 > pH 9.0)% & ¥ &
i 4r » T| CS £ Ellagic aid 2.8 £ 7% 7% ¥ $##4~ 30 min> 3t~ (32,000 xg °
20 °C > 30 min)ts #-+ i | L Ellagicacid 7 £ ¥ 3+ 5 ¢ f 5 2 X

% s @ Uk 4 é3% 4 CS-TPP-Ellagic acid 3 + 3 5] 28 42 = /] ~

(Z) AT RE-Z R -HFicpz P 53 22
T &

%% (Ge et al.,2018) > ;* fie & f-#t 7 /% (simulated gastric fluid)
#-2 g NaCl~7 mL 37 % HCI~ 3.2 g pepsin(=> 250 units/mg solid)¥? 1000
mL double-distilled water ;2 & > pH 1.2 % 4t % /% (simulated intestinal
fluid) 5r #- 6.8 g KH,PO4 /% 3+ 250 mL double-distilled water > 4r » 190
mL 0.2 NNaOH % 10 g pancreatin ;& & & > 14 0.2 NNaOH # % pH &

3 7.4 > £ 2 double-distilled water =_# & 1000 mL o

#] % CS-TPP-Ellagic acid 2 3} %g:> #-5 mL Ellagic acid ;% ;% (conc.

600 ug/mL)¥2 5 mL CS % ;% (High Mw » 0.2 %(w/v) » pH4.7)8 & 3§+
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10 min > £ ¥ 2 mL TPP 7% ;% (CS:TPP +* 5 3/1 > pH 9.0) & P i% jF 4c »
% CS & Ellagic acid 272 & 3 7% @ #4330 min > 3~ (32,000 x g °

20 °C > 30 min) » {8 3|k~ 5 CS-TPP-Ellagic acid %z F $f -

A KRR R Y o mL WEY R 0 MERKIEH 37 CCRE 8 % (60

rpm) > 3t 051515 % 2 ) PB4k 1 mL 2 itz (a8 v )R & 2

® Ellagic acid JE& o @ {5 » # L 7F 3 K52 SR A K pH 2

7.4 & 4ex 3 mL PR %% simulated intestinal fluid 45 12 2.8 -Kiz

W37 CRIFRE % (60rpm) » 3t 34567 % 8| pro~f 1 mL 2

fHER (g w )il E 2 ¢ Ellagic acid )k B - B isf1* 254 2 jpl&

2 kR %% Ellagicacid 2 % 3 d > HA 8 o 4o .

Wn=CnxV+VsxZ[C1)]

|
|
acid %%, 7 &
|
acid %, 7 &
na: P~k =

C : | %_Ellagic acid 2.}k &
Vi B3 RMA

Vs : P4k 518
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FEN S TS

(=) BT EpEL iR PT

\\\?{r

% Toei ¥ Kohara(1976)2_ip| 2 = = » £ #-% 7 Ko g 5
TR 002 oo 2 8 ARARRE 2 R &4 B33 10mL 2 0.1
Mpspizies @ > NERTHEALEL ] PR EAT RS L
e KT E R S0mL > F30 min 6 o B 5mL &8 5% {4k AR A

BT R 2 & 48A5F 7 0 102 0.05 mL toluidine blue ¥ 5 45 7m & > N
/ 400 potassium polyvinyl sulfate solution (P.V.S.K)iF % if & % BLpF =
G4 B e IFREIHRE S LRI OB ERELF RS

dF Lt E o TE

A

Ik

;‘L—';B-r ﬂ %?'\ﬁ’;“i o ﬁ&'—’ LR o

(=) "MpER" A&+ 2 2R
£ (2008)2 = i »ifF 4= 5 mg pullulan #& & 573 > 5mL énd 35 -k
LS mg B~ RPEHR &SR SmLkR 5 1 %2 fEp-kizik?
A owl i * 045 um filter & 7 ¥ im ° 2 6 € * Gel Permeation
Chromatography(GPC) = ;2 ~ 47 % 7 EpEk &4~ + £ - 2L 12 pullulan
TR E S H BeE L B 5 6000~10000~21700~48800~113000-
210000~366000 % 805000 Dalton- %1% &-2_ & 7% pF /¥ (retention time )

B R ERTAHEE TV Y T RpEanT s S °



& 5v 0 L-6200A intelligent pump ~ D-2500 chromato-integrator # 4 i%
(Hitachi > p &)

W P ® : RI-Detector 8110 (Bischoff » 4t &)

# 1+ : PolySep GFC-P 4000 (Waters ; 7.8 mm * 300 mm)

Boedn 0.2 MR /0.1 M pi

ik o1 mL [ min

BR 45°C

ek R 1mg/ mL

bt g 120 L

WP R 15 min

(2) Bimpe B P52 2 AL AF 2 RIT
%] % CS-TPP-Ellagic aid % # 3 » #- CS-TPP-Ellagic aid * &%

Hrows o Bk omik 0 538 B Poac Rk 4P 4 1772 (High Performance Liquid

3

Chromatography, HPLC) #| %_{¥ %~ Ellagicaid 2 7 £ % 2 &> 14
P Ellagic aid 1% # 5.2& > 2 % & 5 » 3+ & # % & (Encapsulation

efficiency) o
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Encapsulation efficiency (%0)
_ total EA amount — supernatant EA amount

— x100
total EA amount

¥ eh g r 8 2tk # 7 CS-TPP-Ellagic aid % 5K 35k 1 * 48

e
N

T2 g =€ > ¥ ¥ 3| CS-TPP-Ellagic aid 2 ¥ g2 52 € > 3+

S
o)
()

5 # %4 (Loading capacity) -

Loading capacity (%0)

total EA amount — supernatant EA amount

- nanoparticles weight (dry weight) a0

A % (Process yield) | #_12 CS-TPP-Ellagic aid 2 } 3gf 2 ic& °
“$ i b'”r‘},’]t vz, HAP M EE 0 W CS~TPP % Ellagic aid 5&{1‘;‘},"‘]& v 7
% (ww) o

Process yield (%)

B nanoparticles weight (dry weight) %100

total solid weight (dry weight)
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(2) BE@TE- S

\\\?{r

%+ (Ranade et al, 2015)4] * % »z i ;& 49 & 7 2 (High
Performance Liquid Chromatography, HPLC)ip| € ¥ fcpt 2. 7 & o
HRESHBEAPREEFA T TE &Y S 0B HIp2 T o8
Gl o Bl ahte ’Erﬁfi;'}i-?fr}t‘)‘f’«‘fi ko Ao < ) F o2

RH gz BFFR2 Lmes A4 L UG B RAL

* HPLC i) %_iif

3 %48 . L-6200A intelligent pump (Hitachi > p # )

% ~ & : D-2500 chromato-integrator (Hitachi > p # )

s Jp B : L-4200 UV/VIS Detector (Hitachi » B # )

# #.:ODS-2 column 250*4.6 mm (GL Sciences > A &)

#% # 4p : Acetonitrile:0.1 M Patassium Dihydrogenphosphate(3:2 v/v)
Rl £ 1254 nm

ik 0 1.0 mL/min

T 20 UL

8P PEER . 15mins
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« HPLC ] %_>

F & pe W EE TR 3% % (Sigma-Aldrich » % B) > SRR A ] G
3125~ 62.5 ~ 125~ 250 ~ 500 % 1000 ug/mL » = = ¥i{Cpe 2 #h & 4 -
g RE S % 0.45 um filter & 783 5 F > 2 18354 HPLC
AR TCREZ §F o BB 52 &% P T (retention time) 27 ¥ £ ST

BRGNS TR ER - e H R}

N

£ o ¥ ¢k 432 {7 CS-TPP-Ellagic acid 2 #} 32 & 29> 7 5

PHERT RN 2 RS e (80P LmL b ik I S » Il

(F) FFHARREZE 26 F 22 R T
RIZ AR Z AT R PR 2w R % T ST RS

w @ 74 37 ik (Zetasizer 3000HS > Malvern » UK) o @l 1% % 7 R pE¥L -
B2 A3k o MR T TR ERBERE L2 2 F 3R (40 %
duty cycle » 20 secs) » #- CS-TPP 2 CS-TPP-Ellagic acid z i} 35
AR kY o RIE R 30 mins S0 o d B~ F KR A sk
$7%47% (dynamic light scattering method )| £ $g k2. 4%+ /] o ¥ *b e
FoORSpR 2 43 KR 2 @ § k& > iRl CS-TPP-Ellagic acid 2 3
Sk B DA o 9P B d B2 % > £T 351 (mean £SD)
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(=) st edy

F %% 2 By T 3R 28 A (means + SD)& T o fI* SAS
9.4 HrAYiE {7 > 4T 3K 3 (completely randomized design) ~ % £ 4 47
(ANOVA) %2 Duncan’s new multiple Range test 4 47 #73 2% 2 7 5% #c
Ppo FE 20005 (p< 0.05)pF & el izt P 5 BEEM LR o 2 {3

% * SigmaPlot 10.0 $x#8:& i FL AL 2 (T[] -
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(LB gl 2 )
2. S¥gitw

4

-~ RkEEA

(=) A~ BEpEdX

54 A(2004)2 3 F 2 GEE o 3 E BT H A R g R (105+5 °C)
% 534k (57 %(w/v) NaOH) sk 57 8% 2 [ pF o gt 5 87 F2 3
o fie P A B G4t o fig Ak (acetyl group) 38 4 ehd “/T‘ @ i
(amino group)#k & )= & 7 R pE o

;;Zﬂiiﬂ 4! 2‘4 %}\ﬁﬁ:m_ﬁ:bﬁhﬁ_&}ik/i. ﬁ}’@’ﬂ ]"}7 ‘é‘_ﬁq

-

CRBMRRCRFEIRIET oGS RPEL 2 C AR F

4

4%

PR REY X2 B4 BARBET 2 BN 2 3

2

P d 5 LR LG EA T i 3 S 0 A ¥ R TR
B ARSCE 2 i % (tight junctions) » 7 2430 H P ¢ B2 F4 L BojTig
»ARAF R o

(=) A7 Rpr+ L2 WA

FHRQOI)EE 2 g R s L5 kR 6.3 gm’3 50 1 55 °Cz

\\\?{r

BRA AL RN R AR d (R @ F L §
BRARL > S0 BEML e AT R > S T0ABLF (£ 1
T 83 46 kDa 2. %7 B pE o
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WIRFE L AT o BT R@ae 3 R R B 5 £ R P o
SRS T RFEORER AR ZBEIPE -G TR ERK
PF AR R ~ ey uaE ¥E - ARR P ¥ 5 #4(Tikhonov et al.,
2006) c *F7 7 3% I w f& 4 + £ : Original Mw (735 kDa) ~ High Mw
(511 kDa) ~ Medium Mw (296 kDa)% Low Mw (46 kDa) 2. %~ &
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Fig. 10. Effect of ozone treatment time on the degree of chitosan

degradation,
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Table. 1. Solubility of ellagic acid in a number of solvents.

2 HI R\ kEERE | TR | SEEH [T ALA | mdtae [ 5§ h
P

A ¢ 4 ¢ 4 4 ®

A : precipitate (% > 7 3 %)
@ : precipitate and creamy suspension (3% 4 % f#)

@: crcamy suspension, no precipitate ( = 7% f#)
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Fig. 11. Effect of ellagic acid concentration on the ellagic acid
encapsulation efficiency.
( Original Mw CS ; CS / TPP mass ratio : 3/1).

* a-d mean with different letters are significantly different
(p<0.05) . Each value 1s expressed as mean £ SD, n=3.
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Fig. 12. Effect of ellagic acid concentration on the particle size of CS-
TPP- Ellagic acid nanoparticles. ( Original Mw CS ; CS/TPP
mass ratio : 3/1).

* a-f mean bars (ellagic acid concentration) with different
letters are significantly different (p<0.05) .Each value is

expressed as mean + SD, n=3.
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Table 2. Effect of ellagic acid concentration on the zeta potential of
CS-TPP Ellagic acid nanoparticles.

Ellagic acid concentration (ug/mg) ¢ potential(mV)

0 +41.7a
100 +38.8a
200 +39.5a
400 +38.7a
600 +39.4a
800 +29.1b
1000 +26.4b

( Original Mw CS ; CS/TPP mass ratio: 3/1)
*a-b mean in the same column (ellagic acid concentration) with different

superscripts are significantly different (p<0.05) . Each value is expressed
as mean = SD, n=3.
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Fig. 13. Effect of ellagic acid concentration on the ellagic acid loading
capacity.( Original Mw CS ; CS/TPP mass ratio : 3/1 ).

* a-f mean with different letters are significantly different

(p<0.05). Each value is expressed as mean + SD, n=3.
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Total solid weight (dry weight)
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BIERELTCRAT B0 F E A F o0 100 ug/mL BE 9 5 50 %0200+
400 ug/mL % % 65% > 600 ~ 800 ~ 1000 pg/mL £_72~72 ~ 74 % o

RF B RRERARR R E ¢ fFARE TR o

57



Process yield (%)
(@2} [} ~1
[ww] wn o

wn
N

n
o

® -z

Fig. 14.

1

1 T T T 1

0 200 400 600 800 1000

Ellagic acid concentration (zg/mlL)

CERIERE B AT RPESTCM A FARA 2 PR

Effect of ellagic acid concentration on the nanoparticle process
yield. ( Original Mw CS ; CS/TPP mass ratio : 3/1).

* a-e mean with different letters are significantly different

(p<0.05).Each value is expressed as mean + SD, n=3.
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Fig. 15. Effect of chitosan molecular weight on the ellagic acid

encapsulation efficiency of CS-TPP- Ellagic acid nanoparticles.
(Ellagic acid concentration : 600 ug/mL ; CS/TPP mass ratio :
3/1).

* a-c mean bars (chitosan Mw) with different letters are

significantly different(p<0.05) . Each value is expressed as

mean + SD, n=3.
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Fig.16. Effect of chitosan molecular weight on the particle size of
CS-TPP and CS-TPP-Ellagic acid nanoparticles.

(Ellagic acid concentration : 600 ug/mL ; CS/TPP mass ratio :
3/1).

* a-d mean bars (chitosan Mw) with different letters are
significantly different (p<0.05) .
Each value is expressed as mean + SD, n=3.

*a-b mean bars (type of nanoparticles) with different letters are
significantly different (p<0.05) .

Each value is expressed as mean + SD, n=3.
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Table 3. Effect of chitosan molecular weight on the zeta potential of
CS-TPP and CS-TPP-Ellagic acid nanoparticles.

Type of nanoparticles
Chitosan Unloaded Ellagic acid-loaded
molecular
weight (kDA)

Cpotential(m V)

Original Mw +47.6Aa +48.3Aa
High Mw +40.1Bb +45.5ABa
Medium Mw +33.8Cb +43.2Ba
Low Mw +37.1BCb +46.7ABa

*A-C mean in the same column (chitosan Mw) with different superscripts
are significantly different (p<0.05) . Each value is expressed as mean +
SD, n=3.

*a-b mean in the same row ( type of nanoparticles ) with different

superscripts are significantly different (p<0.05) . Each value is expressed
as mean + SD, n=3.
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Fig. 17 Effect of chitosan molecular weight on the ellagic acid loading
capacity of CS-TPP-Ellagic acid nanoparticles.
(Ellagic acid concentration : 600ug/mL ; CS/TPP mass ratio :
3/1).

* a-b mean with different letters are significantly different
(p<0.05) . Each value is expressed as mean + SD, n=3.
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Fig. 18. Effect of chitosan molecular weight on the nanoparticle process
yield of CS-TPP-Ellagic acid nanoparticles.

(Ellagic acid concentration : 600 ug/mlL ; CS/TPP mass ratio :
3/1).

* a-c mean with different letters are significantly different

(p<0.05) . Each value is expressed as mean + SD, n=3.
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Fig. 19. Effect of CS/TPP mass ratio on the ellagic acid encapsulation
Efficiency. (Original molecular weight chitosan ; Ellagic acid
concentration : 600 ug/mlL).

* a-c mean bars (CS/TPP mass ratio) with different letters

are significantly different (p<0.05) .
Each value is expressed as mean = SD, n=3.
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Fig. 20. Effect of CS/TPP mass ratio on the particle size of CS-TPP and

CS-TPP-Ellagic acid nanoparticles.
(Original molecular weight chitosan ; Ellagic acid concentration :

600 ug/mL ).

* A-B mean bars (CS/TPP mass ratio) with different letters are
significantly different (p<<0.05) .Each value is expressed as mean

+ SD, n=3.

*a-b mean bars (type of nanoparticles) with different letters are
significantly different (p<<0.05) .Each value is expressed as mean

+ SD, n=3.
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Table 4. Effect of CS/TPP mass ratio on the zeta potential of CS-TPP and
CS-TPP-Ellagic acid nanoparticles.

Type of nanoparticles

CS/TPP mass ratio Unloaded Ellagic acid-loaded
Cpotential(m V)
3/1 +44.0Aa +39.5Ab
4/1 +42 9Aa +38.8Aa
5/1 +42.5Aa +41.0Aa
6/1 +45.6Aa +41.3Aa

*A mean in the same column (CS/TPP mass ratio) with different
superscripts are significantly different (p<0.05) . Each value is expressed
as mean = SD, n=3.

*a-b mean in the same row (type of nanoparticles) with different

superscripts are significantly different (p<0.05) . Each value is expressed
as mean = SD, n=3.
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Fig. 21. Effect of CS/TPP mass ratio on the ellagic acid loading capacity.
(Original molecular weight chitosan ; ellagic acid concentration :
600 ug/mL).

* a mean with different letters are significantly different
(p<0.05) . Each value is expressed as mean + SD, n=3.
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Fig. 22. Effect of CS/TPP mass ratio on the nanoparticle process yield.
(Original molecular weight chitosan ; Ellagic acid
concentration:600 ug/mL ).

* a-d mean with different letters are significantly different
(p<0.05) . Each value is expressed as mean + SD, n=3.
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