AA A Be 8 Al
Master of Food Science

Tunghai University

8 il
Food Technology Section

A7 RPE-Z BB -PA F R AR
LG FEE R
Preparation and Characterization of Chitosan-

Sodium Tripolyphosphate-Naringenin Nanoparticles

P
Min-Hung Cheng

hERE AR EL
gl 4
Advisor: Chuan-Liang Hsu, Ph.D.
Jin-Hwei Rwan, Ph.D.

vEAR-FErEL-Y
November, 2017



B B 1
B PEETE 3

(COBT FaB T BEERHE ... e 4
(A T R AR 2 i e e 6
AT REE AR T RN REEZARERE 8
(O BEEZ R 2B i 8
(Z)ARA+ 28 BB R/E AL ... 9
(LT3 BRMBATERPE e 12
AT RBE R R e 17
()R B L e e T 17
(Z)2 KRBT I E TR i 18
(2 ) 3 KR i et e e e 23

D e 27

N

(2R B 2 & B 55
(B A Z 2 2 500" B 56



(-8 BT L
()2 a3+ 287 RpEz WA
(ZHAEaR28E . .....
B FHRTE .
(=X~ Rpr-—= Rupas 1 A
(Z )R 7 BRpE-= Ruipisp-th
E A e S U D

(- )B7 RpEd o ik 2Rl 2 .

(Z)%j22 8- Rtk ol 5 £

ENITEEE T 2 E

(z )t A % %

oS
3

()2 A3pkkicz 4 m 7 22

(= )3zt a 47
EBREEwm
- REEE
(O BZ@EET ...
(Z)r R A+ 2R R@E2Z U

(ZH)MA ZRR28Ud .......

.............................. 64

ZE2 XK WA . 64
ZE2AMEPZ T Tk 66

.............................. 67

13 2 A S 68
KRR A S 2Bl .o 69

ne=" Aye ~J B .. ...... 71

SRR RS RPE-Z R L R R R AR R

(D)t A FERZPE (...,

(Z)8= RpEA S B2 BF .



(OB RO BB Aa L v 2 8 101

ST R ZRBIRS) AL F AR LR T ERER L 113
wos e 2R NSRS T R RAMES A R RO R

N B T et e e 118
R s T 122



%—- ~

/4

fal =
B =
Iy
B =

/4

/4

’

/4

8] =
Bl= -
Eg],\\

R

B+ -
B~ -
B+ =
B =
Bl w
1) Rl
B =
B L =
g]—l-,\
B+ 4
Bl= -
B+

Bl=- -+

WP &

B BT RMERRAELARBE L 5
B REEARBBRT LB 7

e F R R R A 11
LA E 1%@ ..................................... 13

SERAMRE WA 14
S EF BRI LTAEHG- ) 15
]

O F IR AL T () L e e 16
FEEY R R LS SRS S E RN RN
2 5

SRS J,m»

BE M. Lo o CWENRN .S
AP EEZ B RA ST Bd = BARFF A AT 2
o 22
2Rkt e i B A R T R 24
2 AR e B e A T E AT A e 26
CRT R AR FEFRG R 32
S AT AR ST RN R 33
SRR MKZE ARSI RPN TRE L 34
FARREUFS DRI T R .. 35
TN RFREZUE ST RN TAR 36
NERRLRES I3 FER I L i RER U AR 1) I 37
G EZEAE AT R REZARE . 38
SRR AT RPN T AR 39
AT REE RS R 41
- AT BB S BES B R E ST REEZ R
BApes A R pH BT 2448 A . oo 42

S B RPEL B S RER G i RaE B 49
v

/4



Bl- L=

AR A el MEBH L 51

B=- -7 ~tA 258 HAT ~ SET-PT 2 SPLET % = A#411¥ 5 ¢ posg

FF BT B 54
Blo L= s R =M e A Y R 58
Bl - ~F=@m> )52 A5Y 2 R R B . 59
Bl -~ 5 RS R RE RS 75

-+ 4

%];:.L._
Bl=-+=

€L =

=
i

Lz

I

L3

iﬁl\iﬁliﬁl

Ji

L

/4

A FERARE A BRI 78
53
=

Bzt A ZERM A ZER T ZRE . ... 80
A FERHMN AN EASFZRE 82
AR EREN AT R BERA A £ 2 K 3Ekkas
<2 BE NN amme, AW, \..W........ 84
AT RBEATEHY WA Fe BRI ZRBE. L 89
VB RmA T R RA R ERF RS 92
M REATERNEAERASZBE . L. 94
KO RS RS R BEIRAZ ST B Bk
fadp-th il F 2 FRERIE S 28 96

ST RS REBIMAER AL 2 RF 2 BE L 102

S NN ;_54—: %}\]ﬁ%%ﬁ; /.g;x}\;;;ﬁ,j_@ﬁ_—ﬂ‘l,u ?ﬂ"y\’fﬂv}i% t;\._':_igifg‘s .. 104

=+4
Bz -

%]‘EJ-'-

Be - = -

T RBEZRHEA LIV R AR A F 2 .. 106

M RPEE Z RAARAE B H N R R4 2
Mo RPE-Z RAATRA A B A AR A L2 B .. 109

S AT ORPE-2 BB -1 AL R R OK MRS R R R B R
SBEFE B E A 114
FRCTIHMEZRSE 117



% P&
- A A E BB 75

2o A RERI ST RPE-Z RERA A & B AR L G T 22

| R

:}- _

2 BT OREEA R B K- RAEE 2 B K- R4

-t E AR AR T B
o A0 R BAAMA T BTN RPE-C BAARA 2 ST RE
- RAEA WA F A AR AR T2 B 111

VI



P2 #% 34

A7 A1 * 55 (Ozone > O3)% it "% j2 &%~ F pE(Chitosan » CS >

4 ¢ fE/R> 85 % - Original Mw - 767 kDa) 2 High Mw (596 kDa) ~
Medium Mw (265 kDa) %2 Low Mw (50 kDa)z. % & + & {4 » & |14
1 %ps pepie & = 0.2 %(Wiv)z. CSARTIAEPH I 4.7 HF %7 F
JE B (400 2 2000 ug/mL)2_4h i %35 » 221 & CSiaRm £353
4~ = BoERpL 4 % i (Sodium tripolyphosphate » TPP > pH 9.0) » i
CSITPP € # 1+ % 3/14/1-5/1 2 6/1 & 87 Rpr-—= Baipedp-
+b £ % (CS-TPP-Naringenin) 2 sk 3gde > T iE it 2 EE - 57 B
&+ & % CS/TPP £ & +* 443+ CS-TPP-Naringenin z f 3g42_ & & & ~
ERFAF kAL Ao R A HHIRT S 2 X R ¥
b FF e 58 7 2 B s (Scanning Electron Micrograph » SEM) 4p &L

ERT R

(ﬁd\

%

-

SR e RIS G oo b F kR 5 1600 ug/mL ~ High Mw
CS 2 CS/TPP £ £+ % 4/1 @ #% CS-TPP-Naringenin % F 34~ Rl %
Fipene RF(2751 292%) AP F 2 5 - EF A FRAARS 2
B ORpEAS T B > B F4x3 (1.2 2 105 %) > @ CS/TPP £ #
4/l 3 6/1 pF 5 i e i\i (1152 141%); AF > o > " F

thAk 2R Z CS/TPP & &b e b » b A B4 (23.6 3

VIl



626 %) @ A7 RpELF EHASFIP L2 ¥H 2405 1 50.2 %P
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HfBk 9 10% p % BT 2 KRt A% % 5d SEMpmd
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Abstract

Chitosan(CS, deacetylation > 85 %, original Mw 767 kDa) was
degraded into different molecular weights by O oxidation (high Mw 596
kDa, medium Mw 265 kDa and low Mw 50 kDa), those chitosans were
individually dissolved in 1 % acetic acid at 0.2 % (w/v) concentration and
adjusted to pH 4.7, then mixed individually with naringenin solution of
different concentrations (400-2000 ug/mL). The mixed solutions were
slowly dripping with sodium tripolyphosphate(TPP) solution (pH 9.0) by
different CS/TPP mass ratios of 3:1, 4:1, 5:1 and 6:1 to prepare
CS-TPP-Naringenin nanoparticles. Effective factors such as naringenin
concentration, chitosan molecular weight and CS/TPP mass ratio on the
encapsulation efficiency (EE), loading capacity (LC), process yield (PY),
particle size and zeta potential of the nanoparticles were investigated.
Scanning electron micrograph (SEM) and stability of the nanoparticles in
the simulated gastric fluid (pH 1.2, with- pepsin) for 2 hours and simulated

intestinal fluid (pH 7.4, with pancreatin) for 6 hours were determined.

As a result, the high naringenin EE was obtained at the naringenin
concentration of 1600 pg/mL, high Mw of CS and CS/TPP mass ratio of
4:1(27.5-29.2 %). LC of naringenin increased as naringenin concentration
and CS Mw increased (1.2-10.5 %), while CS/TPP mass ratio of 4:1 to
6:1 showed increasing the LC (11.5-14.1 %). PY of the nanoparticles

increased as naringenin concentration and CS/TPP mass ratio decreased
IX



(62.6-23.6 %), CS Mw showed a little effect. On the CS-TPP-Naringenin
nanoparticles size, high naringenin concentration and high CS Mw had a
tendency of increasing its size at an inconsiderable range, while high
CS/TPP mass ratio apparently increased its size (695.1-1066.9 nm). Zeta
potential of CS-TPP-Naringenin nanoparticles decreased as CS Mw and
CS/TPP mass ratio decreased (+40 - +22 mV), naringenin concentration
showed a little effect (+39 - +40 mV). Simulated gastrointestinal stability
of CS-TPP-Naringenin  nanoparticles (prepared with naringenin
concentration of 1600 xg/mL, high Mw CS (596 kDa) and CS/TPP mass
ratio of 4:1) released about 10 % of naringenin in the simulated gastric
fluid for 2 hours, and release about 10 % of naringenin in the simulated
intestinal fluid. SEM showed that both CS-TPP and CS-TPP-Naringenin

nanoparticles were spherical shape.

Key words: Different molecular weights Chitosan, Naringenin,
Sodium tripolyphosphate, Nanoparticles,

Simulated gastrointestinal stability, SEM observation.
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A & (naringenin) B>t 8g 5 ik 1 £ 4 5 © chg t=pk 0 B S 4gd F
Foriea > Epadg(phenoD)d Fap il o i 5 SESE &4 0 Tt T
44 omthd FacsaB-imd % E( a-tocopherol ) fE4g v @ *
(Van Acker etal., 2000) - 2 ~ 3 & —gp TR A A Sy rd| B
e o e o e s ;%gd 7" Fa % B (lipopolysaccharide ) 3% 3
LTAEA A P 22 INOS fr COX-2 s+ 3. (Bodet et al., 2008 ; Vafeiadou
etal.,2009) > *# <3 X @R F hA 2 > ;ﬁ | Pt NS e F o ST
GBI PR F AR Ay S & 0 R0 Hep G2 fm e 4 4 Apo B v i@ %
M g A i ek & (Borradaile et al., 1999 5 Kurowska et al., 2000) - ¥

g 2 RE G PR LR R fm e WA 0 2 P R B R (% A

R oo fhd F0r RS BN AR 0 FE XD EEE D
iR a P ek > # H ek i £ (Manach et al., 2004) - #h &
FEOORGG RS RO RA B LI IF I8 5 FEFY
F,,devpi-% 2.4 41 * K95 5.8 %(Kanaze etal., 2007) -

FE KRG EHALHFRY 2R FATE RS A FEES LN
LI BEZABSERORE T AR LB AN
B H4heE 2 4 )% F(Pescinaetal., 2015) - v gkdp Ao
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= R pE(Chitosan) ¢ % % 4 & & |44 § (bioactive agents)®l & 2 3

Ao FEMA T Y X TREE RO BT R AL T
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B R AR ad f RS e 1o B4 B B Bl oh
PR > 5 FI s ied o ¥ by BT BEERSgiES  w R Y
U L “f % 3@ 5 (tight junctions) i 3 » 7 5 JU*t 2 F 4= B8 » 5 %
i (Yamamoto et al., 2005)° 3 £ 7 —“ﬁézr Shah % % (2009) 41* A~
RpEE = Fopips 4 (sodium tripolyphosphate) #-% 4 &t 244 4 7 ¢ §
2Kk B E g2 A #as sk ; Kumar % 4 (2015)
AT R Bapnsd lE A AL R 2 KR FH A R
A ZEAEZE 3 5% b CSITPP £ £ 4 4 B30 2 L 3fk 2 F P8
Ra 7 A+ ELRT RErY ARE WA Z R L E R
ARy F AR E- B oo

Flet o AT B FIR BT ORI L A 0 B2 REEAG S B
FREEY R F e BN E Y EE A F R BT RRA
ZER AR AFEZS T BFEL 2 CSITPP £ £ 4130 2 F 34
FROPE > BEL AR FE YA F A ity
PP 2 X REREE RS FEE AT Nk B EH A

FEZFGER > NI RFAF AL I F o
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(=) BT FaB™ RERA
B F(ChItin) R £ % &2t f AR ¢ 0 B (4 ~ (B &
G ds e (B )k L~ A B g (§ RR) a7k e F A el drde

CECRE Ry A LY S LR

= W% & Henri Braconnot >+ 1811 & /i )k & 2. & § 1 4473 it *e
FAJL R BTG A ket 0§ AL 5 funginec &%
& 1823 # .féﬁiﬂ” Odier j€ 5 fend 4 ¢ 2 Zp diag e 5 > & 82 &
L5 A7 f 2 7] 1859 # § ¥ Rouget B B kR E F 4B
B 0 BWIRAF RN AL A 22 A4 1894 # 4L F & Hoppe-
Seyler it ;% & % 5% e Fpdl % pE(A 7 & pE:Chitosan)(¥ » 2010) -

A7 REEAGEY B 2 ¢ pipit (De-acetylation) & fig {8 17 3 - i
¥oud e mpid 40 %t o R ERAFRRRE TV o P
WA RPEOET AR L REE 2P FE CRE 123
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(=) B Fapg- ZpESH

A7 & (Chitin)d 1000 % 3000 # N-z fig# % #&%=(N-acetyl-D-
glucosamine) it 5 ¥ ~ 48> 11 B-144¢m X chZ A F 2485 BB L o
HREPIFAARIPHY 3 FF R, > ¥ 45 o~ B2
y-chitin - a-chitin 5 & = & s (rhombic) > & X i3 % F » T {7
(antiparallel)$ 71 » B A > f#flji'f B s PRRLF RN H
A5 o B-chitin 5 H AL & % (monoclinic) » & 3% g% * = T {7 (parallel)
7| B e Rt F A AREEA A 2 o y-chitin i o-chitin ¥2 B-chitin 27
ERE o BHRE A iﬂ”i & (Muzzarelli, 1977) -

AT RS AT BFELS AR (Cellulose); L Rk A (B
~ ) HABA AR C2MEMT AT R > BT FAC2 g ¢
Y G o fpde ((NHCOCHs) » &7 B4 C2 =% F J2ens viefd
(-NHp) » @ gk & C-2i g b el i 4 3 A(-OH) -

Ao s d 3R 2 S dk UedR 0 W2 ¢ fE(de-acetylation) & &
eH B 2 o AR 2 T HERIRES NS PR P Ul o SR 4
AR R 2 87 BPE-Ra pmEg» A7 Fal BR@maoLEily P
FEOR T 5 FHRG 2 ¢ AR <30 60 % MO T ERILZ R T
2. (Aiba, 1992) - — 4 %2 4 ¢ fipk 70-80 %2 %7 BpEb i ¥ 2 o

A R A T LT 99% -
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Fig. 1. Structure of chitin, chitosan and cellulose.

(Krajewska, 2004 )
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BT F RIS T HR AR 3 300k - &
HABE G WA 2 AR R TR R AP BT BEFIE
b aved > B fAMRE T RTERENSBRE 2 3 B B
efp o TR SR RIFR AR BRI R > 2P U R
BEREAA BRI ENEF S ¢ FRARRARE A K 4o o BT BN 4

2dg (g A > ¥ Rk i 3 R (acidified polyols) o @ fip pE RS ¥ AR

S

"5 RS T RpEs a2 3 A (Knorr, 1984) o

& BpES R A R E pKa(pH) [+ 6.3 > H C-2 =% )
A (NHp) € A, 2 -NH 038 (B = ) > R 87 B@ 542 T2
B & (llum, 1998) « @ HBARKMRIMEF pH B 5 F 3 F Hf
B % pH & i P -NHg 9 % 0 3k 3 4c 5 7 20 pH @R % B> -NH;'
B -NHy» i@ A REF Mo Flt pH T 87 B@aRT ¥ £ &

SRE o E ST RS RE SR AR R LR -
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Fig. 2. Molecule segment of chitosan in acidic aqueous solution.

(Liu et al., 2005)
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trixer

.
ozone bubbled mio the bottom
of the reactor
exhaust gas —_—
/PFIEK EE]I
"
— | . ;
—  loe, | o83 - ' i
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- ——
=

\h Osxygen cylinder
eater

Fig. 3. Experiment procedure of degradation by ozone treatment.

(Yue et al., 2008)
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(2) LFFBRERS- R

2§ F2FE R0 llotrope) > £ B G A fEEIREH(Bz) o A B
RARAP AR kAL LT - APTEFTFAL - LK
TN HREHE F AL AN RS T pRRT AL

(Langlais etal., 1991) -

foih

LEEG s R A LT Aok 2R BAERE

N

Vi F iy AA(RI )i 553 APEFRIRF G TR E

BE i pRE R B L BE G ERE L L R

N

3 R A L 2 pd AEEF BRI ) v E BESF R L
¥ #% ¢4 (Hoigne et al., 1983) -

7 pERE 2. R 1849 Kabal’nova % £ >+ 2001 & 3% 1) >
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EE Rt
B- R L3 VR ad BB T ST BRI 2- )t 5 &
B F A R LR LB FN L F TR AR DY

Z )

(w
| %
Jputs
ey
R
~=y
8
%
=
—
=
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Fig. 4. Resonance structures in ozone molecules.

(Langlais et al., 1991)

AR B
0, T RE T >

—-———-—* __________ R.
_ —
o e )

Ternn O ams R

A
Co*
HCOy gagiue CO,°
HCO,

Fig. 5. Reaction types of ozone in aqueous solution.

(> »1993)
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0; + H,0 = HO; +OH
HO;" + OH = 2HO,

O;+HO, = OH +20,
OH +HO, & H,0+ 0,

DESNES WIS X IR

Fig. 6. The reaction mechanism of ozone degeneration.

(Weiss, 1935)
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Fig. 7-1. The mechanism for ozonolytic de-polymerization of
polysaccharides.

(Kabal’ nova et al., 2001)
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Fig. 7-2. The mechanism for ozonolytic de-polymerization of
polysaccharides.

(Kabal’ nova et al., 2001)
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(=) %k A
% K ehi® < % nanometer » B & & ¢h¥ =0 F F dhnano A F 2
RAL[FEHEAL -2 5 LmA2-22(1mm=1x10"m) >
s ApEN e BRI ALRDER -
% oF eh® <} A 3T E EL(MAcro-scope v & A B g B e TR
% )& pogL(micro-scope » dp B+ ~ A F BT I ERE )R 0 @Y
WA N MR NPT > 2 5 4 EL(meso-scope) ©
AAPHEE RN S TR E PRI R 0 - R

AP E TG P S AR o Fla AE A S PR e i

B> ¢ A2 WATOEFEER G el o4 g 2 208 SRR R A ORGF

oy

B AL AT A BRI 2 € o s

tes(TIO B ER M BB~ F = ehz § L 4%(52002) -
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Wb 2K PATRY Y& AR SR L 2K et s
AT A R GAJI 2 AR d R A1 e KE S G D

L ORI RF RN AREAS I RE - NTRAL AR

1. B 8% Fic:
MApHET RN ELAAEE > 2 F RS A S e i@‘ﬁﬁl

B Aok g A Fehiy nF gRIE S EOET 0 R a A8

#A(Silver) £ A1t & B A& B E R EH S A

(Ag") £ ‘m 72 W

"'JH-

it mpwmie 2 4 %4 F (reactive
oxygen species, ROS) » # % fm¥ F|F L B4 & E 37+~ (Kim et

al.,,2007)> p o % B e 4 FDA 8 50 & * cha a4 -

SR RS H R n T R IR LR - B g

FlP S8 S S e Rt T o RIS R RIS ARG LR
g foo B FDA ¢ G482 § 1 45(TiO) * 0 & S

§ b b PAREHA R WALE L%WW) o F RSk 2
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T

(SiOp) v ¥ 45 (ALO3) T 5 gad e 4TH @ * » @M %7 & 7 {
ARBERAN2% - 28A BB R A F st 2 (carbon black)

e dedr ® 20 8 A Lk E ¢ (US. FDA., 2015) -

ik B kR a i f g o Rk e dER R TRAR S F oA B A A
PprehFles T o A S SR AR o FEF AT - F
L F (SiOp) A sk M ™ uivh AR A4 F mg\gﬁ SR RS B

2t & .4 5 (Dekkers et al., 2011)

o g4 r s 2H F K% ek %FE f(Browning) ik £ 4 7

BoRFRE RS L w P REA B AR e KA P e

=i

Aok AR gL im e 3 EHA LA 2Ky &
(ZnO) % >t B 27 5 eh L #g % (Fuji apple) 4 & > &4 Cep s

TREGF 12X B MEF 5 B~ % 1* p= (polyphenol oxidase){r:&
§ i p=(peroxidase) srvE b A5 = — faE M e F Rkt £ R & hiks
gL ¥ vhum %A * (Lietal, 2011) o
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RPN A2 2 F 8 (TiO) ™ §Iet & S S
A BREFER AR RE VRV TRAERET > AF P
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6. #B2PFI* R

JU* 25K BT L 2 Fid e (Ao s QL0 ~ 2 E - 48
TN S P DI LN R S Ay LN
B kS d o Bl R HRIT R ) o B H A n R E R E
B & P AR E s Bl Voby VERL
AN G B MR e TSR B ad B K 4 B e eed
2% (B4 ) 2% @ﬁig?]m-' e if i B £ YL A (association
colloids) ~ z k- R~ 2 R EL 2 K~ 2 K47 & ¥
(nano-laminates) 2 z kK & & & ' ¢ A 2 A s F E @

(Saiz-Abajo et al., 2013) -
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>
>.

) a
BB B EF RA hE A S B R R

B& JEHR AL fut a4 (Youssef, 2013) -
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Enhance physical properties

Color additives
Against biological deterioration

Anticaking agent

Increase tensile strength
Increase gas permeability
Protect chemical ingredients
Increase water resistance & Unintended exposure Intended exposure
and flame resistance
Food additives Nanopackagin
Antimicrobials it e
Antioxidants
Increase FAe Nanoencapsulation
bioavailability piis
Edible coatings
Functionality
Nanotechnology in Food Safety assessment
science Allergies
Packaging Nanosensors Heavy metal releases
Applicability
Edible coating Pesticide detection .
Activepackaging Pathogen detection nerhice)
Intelligent packaging Nanoencapsulation Toxin detection
Bioactive delivery
Flavor delivery
Nutrient delivery

Safety assessment
in vitro

ORSNERE I

N AL
=R

in vivo

=
T
=g

T\

g
==

7

—~

% B

FE2 L EHRHS R P2 F >

Fig. 8. The development of nanotechnology in food science/industry and
its functionality, applicability, and safety assessments.

(He and Hwang, 2016)
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Nanoemulsions

Nanoemulsions Food matrix
as excipient foods

as delivery systems design

l Nutraceuticals Nutraceutical-rich
W - g food

Composition : Or
& structure

Physicochemical Consumed
properties
Sensory
v attributes
Bioactive-loaded GIT fate s
amasnsaiiiig bisavaabii Non-loaded excipient

nanoemulsion

*
*
X ¥*

D2 - .
ant| WA

9-cis-beta-carotene I
\)\L
'*‘ L

¥

All-trans-beta-carotene

b3

Absorption Transformation
transport across mucus chemical or biochemical changes
layer & epithelium cells

Bioaccessibility
liberation & solubilization

Bioavailability = bioaccessibility x absorption X transformation

Bld ~ 24 iEfo rRs 1% Ad = B8

A
e
+
(‘rﬂ'

ER AR WEANUECS 3. £ 30

Fig. 9. The overall oral bioavailability of bioactives is governed by
three main factors: bioaccessibility, absorption, and
transformation.

(Salvia-Trujillo et al., 2016)
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(=) 2% i 3gk(nanoparticles)

A2 n RS 3 0 3 L) 0] 3 1000 nm 5 ek (=
FORER @ F KR+ <o) 2 100 nm o RIAL S 3 K $Fk(Lan et
al.,2005; Vo-Dinh,2005) - #xm A& HE a5 » 2u a3+ <30 1
um( T 1000 nm) ¥ & 2 [2 58 3Ek](Kipp, 2004) » F1p & 47§ 2T

EIE e PR B R CRE S SN 3 I N L

— R T R F A v R P AR 5 W B S RRFE D]
2 (L S fes ) @ de B FAL BT e VIR £ A e By
A R AT T (B ) o S ARY P T E X TN A o M B ni®r 5
ZOEREAR G B TR R G dRITY B pH ERB 2 Rk R 0 Ry
G A e T WU RO S PR A B T B4 m b
A7 pH 2-3 3 AP i 2 - fE R (3 §-d fefoiaspe) > )t ps
ZAMR AT P BFOREF BRI R a2 G TR R
Bz v @il f FHaEp AR Bho md ¥ &% B oD
PR ~fs 304483 2B/ )P+ HFEXND Y > HER Y
PHS-7> 2 Itz 3 f 1“5 OLps ~ Fq9hpe 2 Jod f5) 0 Tl g 2 F
RS Qp - TIPS B IR ARy TR
AL I T DNEIE S R N R R ) SR
S ;‘gc} P kg diag et o
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¥, / Mouth

Esophagus

Stomach

Small
Intestine

Large
Intestine

Particle Absorption

Bl > 2 K 3pkodtex e AT B A BB T ks e

Fig. 10. Nanoparticles must pass through the different regions of the
human gastrointestinal tract before they can be absorbed.

(McClements et al., 2017)
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1. 7 i ' % (Trans-cellular Uptake):

e
ETTRS

v FLERAERR B B ERLRER B

2. &4 e [ 14 (Para-cellular Uptake):

i

ﬂ,b/é%‘%‘é :“?“l—t‘_*’,? ;}—jrr/},?}%%lﬂoimﬂel—}?¢mﬂg:7 Fﬁm?’?

—=
&vs»
"'J\

% pE#a (Lemmer and Hamman, 2013) o |t 4aipd % pE ot &

23Nk T EELE A B T e TP o

SR F R - AHPAUR L H G e L
Rl B odol v P A S BRI A s L2 0 mp p AL 2
o 25 if J;L.fém’?é'i?f?%@ﬁéiiﬁﬂﬁ‘ééﬁﬁﬁ 2 adFim P oA

AEme pREST TR THP o RERDY A S T A
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Intestinal Mucus Epithelium
Lumen layer Cells

Trans-cellular
Uptake

Para-cellular
Uptake

Bl — % 5 3Rl i % R e AR R e ~ B A e o

Fig. 11. Nanoparticles that reach the epithelium cells may be absorbed by
trans-cellular or para-cellular mechanisms.

(McClements et al., 2017)
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(z)

do b TR R R P - AP T T S Y

F2o% TG

FIM 2 R PHRET 8 FAER L X 2R 5 P W R
BAL 2 AT AR L S R AR S s A
T~ BB s (flocculation) & #14 > ¢ Fie 7% 2
ER IR S O S R R R
PR HPLERBIER - RAFITE R T AL L
oW ELFR LML ARG LR T e A LS Y
FVRHAMAART PR N EF SR I P F LT a2
T FREB A F PR > 4ov Fu (albumin) ~ & 7 B @ (chitosan) 2 ¥ R 3~
g (collagen) & - r2 b 4o B R Spawia T B A RPN T NP Hov %
> 25 g O

308 8 5 e iR

[}
N
=%
N
@\
s
=
&
e
IS
o>
et
(\»
ES
3
)
A

HHHER T DI FAI LR FEBRRRF APk 2L b

T
Bots o T & RETE R AL HT A RS T L 4T B AT

AT g Rl AR T A A Y TR R A sk
EFAILmwddpd 0 FEERIERS L5 5 m e § i
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-] B FfmPe e DNA B4R %0 i3 & DNA 4 %

e
RIES
]
o)
|¥
=
(<l
A
&J\
(s
v
=)

2 smre cndf i (Lietal, 2010) » ¥ b § B H 7 # M A Menpr T
B $3Y 10-50 nm & ] chE K RERLI T o K s S F B F 2T
g g ) i R e~ BB T P4 E > £ (Watari et al.,, 2008 ;
Vinogradov et al., 2002) » 2% @ & % 5K *fdes dv Sg 1% U TR & SLHg 4o 3

EPEET AL T T BRI R BB

(I) A7 RAPFr 3L @dd 2

FEEE AT ST REA A S R F B
ARS AP AR R e BEE RPF RN BB RPN e
R %3 E 5 P AR o 2 SRR gue 2 5 0] ¥ 5 265 1 387 nm
=+ (Pan et al., 2002) - 2004 #d gHFE K E ¢ &
(nano-medicine) # 75 # K 34 3 s * 3 Ef B E A 2 AT 1
R N RV S A R T R N R A
o ST B R - AL BB A e T
wofcefre %k (Reisetal, 2007) » I BT kA S BEUE S0 RpE2
S ApAZ 2 2 (Bl = )

+ # %2 (lono-tropic gelation) :

[u——
Ko
%\

1N
—
Nhud
=
i

B A L RGE S Efer 3R a0® g 2 (RS
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BRT BEEARTRIEBRE Y OLEAT R RARA G
TR (NH ) ena5 5% > B ia stk & f § 2 = Beipi 4 (sodium
tri-polyphosphate » TPP) » J&d ###-5 4p & T fmchie o 2 & i -
BT T A F AR PR L AR R WA 2 AR
2.3 0 FHieiE AT BE SR FHFE

2. * &% % sk (Co-acervation or precipitation):

HRIZLA)* B0 BPE gt is 2T @A 22 #14(pKa6.3) »

”&\

A2 RGERF ot iE a AT B 7ok 12% % (4o sodium
hydroxide ~ sodium hydroxide-methanol ¢ ethanedi-amine)2z_ % 3 ¢ (B
L) PEETFRSE URE B A2 RS 0 BF R IURY F X
ke R B AR Y 2 dw iR o T F E RN T OREE R KA
(Nishimura et al., 1986) o

3. i+ % 7% (Emulsion cross-linking):

B R EC R e R S R PR b~ 1 A

1:>‘i
=K

it ’%é oA FLiiTr > @B ST BRI AR A=

%

W/O(water-in-oil) » & ¢ » 2 B8] (4o = FE)A i FU 5 2 @ 2 422

-4

Bfo Bty U e tmt e it i k@2 (Bl 1 ) RIS T

BT R ORA S AL FER R et S f 0 4R A EEG e 2

Ay

S I SIS RS S
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4. 5\ 1% F £ &2 (Emulsion-droplet coalescence):

SR T TR BRE A F RS S (B ) 0 F
FUI* 2 A R TS BT %’%‘Z’ AT RPEE L R T
B2 R E kA B S o WHEAES LYY BT RKRE-F
Fo5 i H(WIO)E S~ BpE-4 § 45 1 R (W/O) » & F #7551t
R ERE RIUFEBART AL LHF R e KA L BT
F 5 2 f 374 (Tokumitsu et al.,; 1999) -

5. Fv i A A Z& % 2 (Emulsification-solvent evaporation) :

LR E R P s B PR REFRE 0 BRI
(dodk )P T ip BFEBIZF Ao s darkips @ - Tl
7 R PE 0 i 7 it (Homogenization) » 45 = O/W(oil-in-water) 5 it
o LB AT B A (Sonication) A5 =& 2 sk Fuit R o dfs g
AR R A EE O PR HEEAST R AR ) -

FPEFFALER L EAR AN R R LT JRES @

VI AL IR LR 1 TR I N S 8 I AR TE LR LI -

o
ETTRS

FrAf3s 2Ry T ARG RELE- 7 Rl i e T 25
fRiF - EAFRTPIEZGETAApR o 1R A X TIWE A

# 2 (Dingler et al., 2002 ; Lee etal., 2007 ; Pooja et al., 2015) -
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6. *f iz (Spray drying):

N~
{

—

=
1?9
¥

2

N

i

I B F Rk e B EE O R G L
KT FRA R (RS N ) 23 S ST RPEA TR R
F#gr e R P TAKONS T RPEARY > 4o 2 i F IR B
PR GACR S R R RIS P R T L o AR )
DS R FERGFRSZRFFLEREFFZ AR 0@

T ARk o A FREFHEX Pk o a1 ERBRARLRY (Heet

7. % pre ;= (Reverse micellar):

IS

IR S LA 4 S A 3 "ﬁﬁ&,/\ﬁ’w,, (]%].L,L>,%E)x}§_§,'l %}\ﬁ)‘{—l

d\

BFhLHMBEEERE D ",fj HSOA B B ST B 0 T

DACTRB RS g

=
a\
Rl
B
2]
)
¥
:7.
=K
h
T
B
¢
o
¥
\E\:
‘;”\**
X

FEEE LB RS R AT @08 BEEE K

%p#(Leong and Candau, 1982) -
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Polyelectrolyte complex

Quite simple and mild method
of forming nanoparticles
spontaneously, without

involving any harsh conditions.

N

J

Solvent evaporation

Process is effectively suitable
and good at small scale but not
for large scale production.

~

lonotropic gelation

Simple, easy and mild method
involving agueous condition.

J

Emulsification solvent
diffusion

Suitable method only in case
of hydrophobic drugs.

The processing
conditions are harsh using both
high shear forces and
organic solvants.

\

Chitosan

Nanoparticules

Bt~ 50 RpEA AR HE 2

Co-precipitation

Uniformity in size distribution
and drug encapsulation
efficiency are high.

Microemulsion

Narrow sized particles developed
(less than 100 nm) but it is a time
consuming process using
organic solvents. Finally having
complicated washing steps.

\ J

Complex coacervation

Performed entirely in an aqueous
condition at low temperature
preserving bioactivity of
encapsulated drugs.

The drug loading efficiency is poor
offering less stability to the Farticles.
Use of toxic chemicals for
crosslinking is necessary.

\.

Fig. 12. Methods for chitosan nanoparticle preparation.

(Mukhopadhyay et al., 2012)
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e e
o et B0 B
S e L ‘
: ; : » High speed stirrer
Chitosan solution 0 e
0
O
O
. . - - * Polyanionic solution
" 8 . a_
. i_ ‘___.-3‘5:__ _‘__::'
. B . L I .
R T . p Chitosan particles

Bl = 4 2w W SRR 7 W -

Fig. 13. Schematic representation of preparation of chitosan particulate
systems by ionic gelation method.

(Agnihotri et al., 2004)
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Chitosan
solution

Bl ~ ZE2

Blower

pAR L

Alkali
solution

MPERR A2 T

p

Fig. 14. Schematic representation of preparation of chitosan particulate
systems by coacervation/precipitation method.
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Chitosan agqueous (hl phase

solution

(large volume)

Emulsification
{wio) emulsion

T

PR A Y
|

Crosslinking agent

g |

Sar

l

Hardening of ‘

droplets

! Separation of
| particles

BT ~5 it 2maalag S BR@EiEieLrs LB -

Fig. 15. Schematic representation of preparation of chitosan particulate
systems by emulsion cross-linking method.

(Agnihotri et al., 2004)
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MNalkH emulsion {w/a)

a0 a¥gy
D oe COg .

o O .
O 0o0D )
o %0 %80

High speed stirring

Solidification of chitosan

s s ® 48 s 0w

e g% 8 g w_o_o ¥
lll.l-- .o 'i'_
¥ EEN o0 BAE 5 R

Centrifugation and washing

Separation of particles

Bl ~atitpFReZHEG AT REHELEL TR -

Fig. 16. Schematic representation of preparation of chitosan particulate
systems by emulsion-droplet coalescence method.

(Agnihotri et al., 2004)
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Single emulsification-solvent evaporation method

Lipid (s) + Lecithin soy

|

Dissolve in chloroform (Organic phase)

Transferred to aqueous phase

containing surfactant Homogenization

O/W Course emulsion

\ Sonication

Nanoemulsion
Stirring
\ (evaporation of organic solvent)

Solid lipid nanoparticles
Bl =~ oM E s 0 B T A R 7 AR

Fig. 17. Flow chart representing the preparation of solid lipid
nanoparticles.

(Pooja et al., 2016)
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Compressed air \ / Chitosan solution
i

#+—— Hod air

g@ o Exhaust

00O o,

i
° R0 '
o ’J |—

Dirving chamber

f
J"J \ —,I_'l'lII Cuelone

/]

Microparticles

it

IR FI SERE ol L R N

Fig. 18. Schematic representation of preparation of chitosan particulate
systems by spray drying method.

(Agnihotri et al., 2004)
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= _‘I_“: |. Add Chitosan,
”I"ij

stirr overnight
Reverse Micelle

(Surfactant dissolved

in organic solvent)

SNy S LT o

=
# A-:l{l Cross-
linking agent,

Evaporation
of solvent

Diry miass
@ Nanoparticles
_* Surfactant

".' ® .:_' " Purification

*r -® -
o 0 ®

Nanoparticles
in_buffer

RPESE AT R B

Fig. 19. Schematic representation of preparation of chitosan particulate
systems by reverse micellar method.

(Agnihotri et al., 2004)
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NP

(=) #FmzEF 5" Bz £ 32 #8541

BTORPES RS R 0§ pH E/] 30 E pKa (pH 6.3)pF > H

B C23 b2 %A (NHy) ¢ # % 5 NHy o058 (Bl = + a); =

BAAfA 5= BRARE S A St A5 F § S R ABM(P00”

HP3010" 2 OH) « #-= Rphpedhin *-k @ > @ HpEfdt, 2 4 1 % §
Z WS AR L BB LT ABARESE S T 8T BEERIR

BEAF ABEF 5 o pF P30y~ ~ HP3O10 % OH' 2 NH3™ A #

LE o B LA ARG Y (B A R A (RS L

b) o ptix* 4 < ’J‘gi : QS‘ ‘?'\ﬁ%~/k}i N * pH '/:ET—{‘?':‘ R

Fedh 2 kRN o @ A S 2 ZOMARRE L ) AR T
B2 el Tt Al A 2R FT TR L FIE g

2_ B ¥ (Kawashima, 1985) -

=

Bk pH BT o BT RS Z REEEEA Y 3 F A B )i

e=p

(Bl t-)ed 47 B> pH @0 2 45513 5 & ? s NH; - #
RAFLWEATETRTEY &7 RPESHERE Rk
= RERpL A R FHS B > B ¢ ) 17 ek s (Ladder) ;5 2%
AEST BPEZ pH A A5 NH R b3 S A3 FRT R 51T

PR RMT RS REY R &2 R Y 1R RR

i

H(LoOp) » 2 Mk RS % Rih e @ S KRR PH E B
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; OH o+ oH
() Q 0 s
N\ o ° o 4 o od-o-bod o
HO HO HO 4'
HH; HHF" NHf . .

<~ T o5
N]'_'lj* NH:: NH:: D.
Chitosan in acid solution Tripolyphosphate (TPP)

(b

Chitosan-TPP crosslinking

B+~ 80 RpE RGBT 2 E

Fig. 20. (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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NHy" NHs® NH:® NHy® NH:® NH®  NH® NHS
TPP  TPP TPP TPP TPP TPP TPP  TPP

NH:” NH:® NHs NH:  NH: NHs® NH:® NH:
] 1 L 1 1 L 1
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H OH

TPP TPP TPP TPP TPP

NH;" NHs NH; NH; NH;
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gy
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Fig. 21. Ladder-loop transition of chitosan-TPP complex structures:

(a) ladder type; (b) loop type.

(Mi et al., 1999)
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i3 pKa (PH 6.3)F + #8411 2 NHo' § % % NHpe07)5% -

w
{w

Tt AR R KRS T RpEA R pH EBF & 45 1 6.
FHREIZE - ¥ - 26 > = RAEMA 2 tepH &5 30/ § 207
4 P305” 2 3 pHEO P+ f T /@RI F P3O1” 2 HP3040" 3 48 -
A HpHEA AT 90 § 3 A ABE S P30, ~HP;0, 2 OH >
AT R REBIREA SR RIS R HE pHER AT 90

2 (2008)F7 3 I * B~ Rpps = Ruppedr > ¢ it o f ko 2 F

HFApEA K 2 KAk AT BEpE2 A3 F pH & CS/TPP
EE AL 2 SRR HTE B Z IR A ] 2 B

VR

(ﬂd\

BRFWAET FEPH B 5 6.0 B G RE 2

¥
RaN
TS

3N

TmgmL s 3 el 3 F2 50 BREEy THFREae o
EEST RpEA R R e hd a2 R iy %
JoeARE S RAF I REREF R R4 ¢ BRI ERT R g 3
FAERZ RIS PRI FST R F LT A ] o
19(2008)5= § fI* # b &5 B2 7 Bphsr = B4 - ¢ B2
FEUE 2 F BE PR pH B2 472 MeF 857 By
pH 9.0 2 = Bpipedp 278+ <8 > 2 CS/TPP £ £ +* 5 6/1 F¥ » it

REFRE e R IR PR 2 N3RS ARRT RY 5 R
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(20100 R A1 B RpES BAML B hv Fokfrp Ay S
AL FA ST KpEL £ ~CS/TPP £ £ 2 mdp < & Fo
KfE 2 kR ¥ RF oA E AR R R BEFRULMAL
BT RPE A B Ry Tk ER S 5mg/mL 2 CS/TPP £
W R 3MAcdlE s i RFLe RF 2B 40 R @ BTk
kRS mMYML uF A FEXT REEE CS/TPP £ £ 5 3/1 #7
WK 2 2 Kk R g Rz TR

H(2012)= 3 1* B2 B e REA ZHE 2 A3k Fd2 F

.5 ER (0552 63gm)H3 AT BEE e 75 M2 &7 B

&
4

€l ZORARZ CS/TPP £ & 1 4920 2 K 3k 2 *hpLz & T

S MR FTLLLFER 5 6.3 g/ iR 0 RpEL pe T B iE
A LA R S T RPEE CSITPP £ 804 5 31478 K 2 2 447k -

LR TLIRA > P AR ERRY PR R TR L L o
F (1) 7 A1 B7 FpEe R4LE 2 % Da® & 2 K3 p 3
AT E@EATEECSTPPEE e BF T~ 2 45
P2 MR AT ST BEE CS/TPP £ 14 5 6/1pF
B e BRFHNATO%ULY » T REAEFE NS X F G0
20 R 2 2Nk TR ONRY B s TR T R
m(2015)F 3 1 B Fppe Racied WE 5 AR o
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BpEAFE ~ivie B kB2 CSITPP £ Ry 4302 3k B - %
BB o FEXT RpEEZ CS/TPPE #1231 pF > 735 50%

2

e B o hE Y RILFIAIGKR B FUedB 2 BT E&KE 0 ST R

™

FEZ KR Fonimdivie 2 MERFERZ §F LT PP

S S X
F(2016)F 1 1% A Rpre hEx 2 4R 2 A9 FHES
FER N7 EBPEATEZ CS/TPP & R 42 A3z B8 %
REF P AR AT KPEE CSITPP &£ #1435 3/1 % - il 212
FEe2Z dfk o A m T e F o 30mV oo g SR daplR BA At R K
REA A i F S TR RS R G kg R H R

P 3 10% 0 &7 5 KRS E T

45



(=) AT RApafydfh g

TE FARKAR S P PR A B R E R S
FARART B TS AEL T RS R R AR FIH L OFRER
RS TS F U A AR N R R A i xS T

Lii ok B g 5o 8 RPES - B2 2 5% 2

B b 8

£l
&
N
4%
(\x

22 15 » MIFAT > B IR EE S
FRERZEFEGE AN ERES > Ra B EP T AT N b
" RCF O fL fin (polyacrylates) - P8 2 % 40 (sodium
carboxymethylcellulose) £ ¥_j% fis % (alginate) ¥ F2 3+ F & 4 &
B+ R ey vrm, ¥ NEDES P, 37 BT
7 45 el 3R 4 4 o Bhise & %iﬂ” (2008) 5 1 e EH 2L 4
(naproxen) » k- B AFFRE B D LN AT B
CUEE S hal F o AL Frd B AT A & o
REZHENL R TRALFIP REFTS B RES -
Sun £ % ﬁ (2010) #- % 7 B pE 27 & 3% 5F2 (enoxaparin) @ & = 2%
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FAER o FRE GHEE T G oy B R o
2. AR

B ST RAEL 4 AT il X0 Rtk Y A G AR
PAb A BRI A B A iE 2 % § PFRY o LuelRen ¥ ?—*ﬁ (1996)
P RvuRAST RS Eis i+ L (carbomer) % & ¢ &
o * A2 ®F buserelin BRI FH K G F s )
(bioavailability) o Jintapattanakit % & # (2009) € - 7 mAEH
7 RpE2 R a2 ? Ald (Tri-methylation) {& - ac 53 3 5 2 1 4
F2EM s RGP A IR T R A3 43 o
3. HRFEEM

BT BPEZE O RpRREE AT RS P EREBEZEN

Schipper # & % (1996)% M4 ¢ fipfE & § » % A

4y
|
(\x
=

Jd
38
=

Bt 4 dwie 23 5 A AP e Trapani + 4 % (2010) £ 7=
Ao B pE R K SRR 3 ) ek (small peptides) &+ = i 5
(duodenum)erns — # B> Hpf s sk £ 5 o dodk P pFR 4o~
I % 5 4 (cyclodextrin) » Gk E/HAIERL Y o
T 3 B HAP BT R TR M R E RS 5]
ﬂ%@%ﬁ?ﬁiﬁ’ﬁﬁgﬁﬁﬁiimﬁﬁg,%gﬁﬁé
(Tight-junction) =% 58 #7 3z (Schipper et al., 1997) -
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ﬂf@g;? BB 2 e Al g KRS - B TR

ERFEDER B Hd 2K <) 2 B k-9 (transmembrane

protein) 7 %r & 4§ 5'Jﬂj%‘€séjé;éﬂ%.%?é.ff‘%’&%§§; » b i AR AR fm e AP o
Byt dwmedfop Lol A B # 0 5 5FPme R 1 iERE

ELEF2EFFALIINEFP R AGEI Ve L3337
e B I i  RIFR SR G
Ao B EL B3N 2 3w o pR(Oral) g ¢
(Bl=+=)>#75 #FE - ¥ (Buccal) ~ % 5 * sa(Parenteral) ~ # p
(Nasal) ~ px 8 (Ocular) 2 2 % 4123 (Vaginal) % = X &5 > d
vAT RFE R - AEHE I PRS2 B REFESFHLY

B & 74 3% o
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Controlled
drug release
Permeation

enhancement

Transfection
enhancement

0
Hﬁ"{ OH
NH
& T,
9 HO oy Efflux pump inhibition
OH

Properties of Chitosan

resulted in the development of
various drug delivery systems

Buccal drug delivery -
Oral drug delivery

Parenteral drug delivery Nasal drug delivery

Ocular drug delivery
Vaginal drug delivery

o S0 RAEL RN S R W A -

Fig. 22. Properties of chitosan resulted in the development of various
drug delivery systems.

(Bernkop-Schniurch and Dunnhaupt, 2012)
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-~ b A E

(=) +h A 2% (Naringenin) i 4
%k 5 fede = B PPA F (Secondary metabolites) > fek 7 7 4p
NE G g il PR ¢ B R Fup S 2 fLm Rtk
(Yigitetal.,, 2009) o p = & 5 &L - F A i ALH R
+h & % (Naringenin ; 4',5,7-trihydroxyflavonone) 3 #¢ % @ i & 4 %
® e = Ak (flavanones) » Hoa 3 38 & CisHpOs » 23 £ 5 272.257

g/mol > %3 Bk /i ¥ 247-250 €+ ¥ ;

o5

3T T ﬁjg*“ z ﬁyjr*{,;&i ! ;z‘_;%?,}; o
H ﬁéf?é Fhotes > ¥ A RLeiE (Bl L2 )bl pt 2
LEER o ﬁﬁiﬁ%ﬁﬁaﬁg(aglycones) o ¥k ARLER &Y 7 Fen
PESER € 3 3 eifmd (Bl = S w ) > T fepEip(glycosides) @ & 4%
e H H# (Prunin) ~ # A %f(Naringin)J‘z 2 Z AR {{(Narirutin) °
Tt R B E MR LR 2R ER LS > 27

$icr BAEY L 54 kR b L 2 (Erlund, 2004) ¢ #ru] 2§ ir
% 4P 73 B 95 % 98 %A % & B Ak (naringenin chalcone) >
£33 ;‘F«%’I‘ fh4e 1342 Y ¥ OE-H L L 4 4 % (Krause and Galensa,
1992 ; Slimestad et al., 2008) -

Gp AR R &4 ¥ § 4 glycoside r T E A A 3

~i‘§

LR SRR S E LR AR L s e
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N s LRI IR &

Fig. 23. Chemical structures of flavanones.

(Erlund, 2004)

OH OH
HO, HO
0 i O 0
O OH O
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OH O

Naringenin Prunin

OH

HO
ASTA
OH HsC Y
o] O 0 OH
HO
Ho o i © "o HO & 0 O
HaC 0

OH H
OH a4 o OH O

Naringin Narirutin

Bt sl F2H it P E R

Fig. 24. Chemical structures of naringenin and its glycosylated
derivatives (prunin, naringin, and narirutin).

(Jung et al., 2017)
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b E R @ ErRORIR S § F AE(glucose) B ¢ b A ehE R AR
K & ¥ 13 % (Purietal., 1996) -

AL H 847 £ Al F A H A5 (Naringinase) shi® * > #-k 2
F kb L F 0 #8240 la-L-rhamnosidase § F b A H ok 32
¥ {8 2 4% (rhamnose) » £ d  B-D-glucosidase #4843 -k 2 v

Bothd E R FEHE

(=) WA F2 23T
AHEAFLGARNOIEEN a3 AT 8 22E
H.4 & ¢ aglycone %4 3 B > T4 A % (Ribeiroetal., 2008) > 7]t
A H B AR RE e P ARIERy LA BB S L .
1. #=x it
th i % Fl3 4 paag (phenol)dp 12 o ek 507 peaRE it & 4 0 T
7 g'g ot R & 5Bt a4 2 E(a-tocopherol) § iv4wg 1 F| i@
* (Van Acker etal., 2000) > ¥ #F > % 3 ?ﬁxzﬂ?{%ﬁ‘ug Hg a4
(pH 7)-kiz i pE > A4t A TRens = BLpt ) chig il € ) & f2 40
A A (pKa=6.84) > @ & ¢h b i EE AL gt [T R R 0y “/T‘ DPPH
(1,1-diphenyl-2-picrylhydrazyl) p & e 4 > H &2 3+ KB R

DPPH p ¢ # (Nahmias et al., 2008 ; Farajtabar et al., 2013) -

52



7 & 2014 # Jabbari F A FRAhA FGE A 4 Az BB
(Torres et al., 2007 ; Wright et al., 2001 ; Butkovi et al., 2004)

R™+ ArOH — ArO " + RH
1) ArOH+R™ - ArOH "; 2) ArOH "+R — ArO" + RH

H*; 2) ArO" +R" = ArO" +R; 3)

1) ArOH — ArO™ A
R™ +H'" — RH

WEApMzZ T R B(R=- T )

Apolipprotein B(ApoB) = ™ % & *5 3=v (Low Density Lipoprotein

LDL)® s & B v > Al SR FE Y g€ & chyrd o

FEF LM Z ey W faed AL kY APOBIER b £ B 4w
S e PR R Y S S T gL "’\#Z:—ADOBA% %\'ﬂ_?/ﬁl"m«fﬁ*ﬂ°
AW G EFHAFAAS F G ped0 (Casein) & 1 2 djirfy

PR EF MO KR RET IR L Y KRR R R
FfE & S FRRPE F s fip (hepatic cholesteryl ester) sk & - Flpt b A & it
A BIrFPPEFM A s = 0 RS Hep G2 ‘w2 & & Apo B v &

" i ¢ A1 ek 'k (Borradaile et al., 1999 ; Kurowska et al., 2000) -
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AROH

O " k!
e N g,
o,
”f'.' e
Yy r
HA T hydrogen atom tramsfer)
- Hi i
related to B Dourd disseciarion enthalpyd |
e
o A

W

G

Bl= -7 -~k %58 HAT ~ SET-PT 2 SPLET % = ##4] i %

S e gy AT R e

Fig. 25. Depicts simplified presentation of HAT, SET-PT and SPLET
mechanisms for naringenin as a polyphenolic antioxidant
(ArOH).

(Jabbari et al., 2014)
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3. Fiw L F &

SN }@{%‘gd 7 W mre 3 H @R (mediators) B R Z R
ok PEOT AR o F SRR PR B A PR e Ao B e e
O im e AE T R B R e g R Pl AT
(Denker et al.,, 2007) - % L enif? > FEA - § i § & s
(inducible nitric oxide synthase>iNOS)f-# % & fi* (cyclooxygenase-2 -
COX-2) f. F # 4o 4 L Wikt chg 4 o 4ot £ th= § 1§ 2 % 534
(Wang et al., 2007) -

W2 3R FALERAL F o A ] B e e e i) e e o
S L ,%ﬁfé % Pa % pE (lipopolysaccharide) 3 - cndy Al e 8 A 3 &2
INOS f= COX-2 =14 3. (Bodet et al., 2008 ; Vafeiadou et al., 2009) - &

Fo b P BT ¢ C 4 INOS fe COX-2 gl » at 59 > o

&
W3
;yf
&

—HE
F_&

LM w (89 = mf_%Fk 4 % (Ribeiro et al., 2009) -

(Z) #HAF2ZX T

FEXFLER FEMGATREHTE T LB LI B §
BB L5 PR B F (R S LR bR 4o e @ PEATE U F AR 5
BOU RS AR A BepFoTid & 9% 13 (Biesaga, 2011) c A F 2 *ﬁ&v‘
FroBEA BBty AP T AOEK A HIAR

2T o b ARG F R IR RO
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() fhdH2z 2l

Hollman % % (1999)# 7 % .45 fk 2 glycosides -k {27 &
A BB sodTan g iR aglycones o Trih A # i PN - SR
B A BBV gy iR 133 o Manach % 4 (2004)F 7 # Rt A & B
G ErTIAMEEF XTI P R ORI R A S R
Flpt b L & i e AP .

FRMAE A A MY SRR S 2 0 L T
e ek o8~ % 8 d 55 e B-glucosidases -k f# glycosides k2 =
aglycones » &% & » < % d lm ] ehfF 5 K f2 1425 glycosides » I {
- b & fF % Bt aglycones > € 2 A5 = fis ik (phenolic acids) » X {4 i&

IR T { - e 3 4 aglycones % phenolic acids # 3% 3
Lpeniidit o TR AEAHERFT O ¥ o BfE A JI* a0
aglycones % H & e f o A 5 e

Khan % 4 (2014) { i&— HAZ§ % B[ >S9 i cn i S F 3 2
ik & »~ 3]/ % pF > B-glucosidases i & §_-k f# mono-glycosides 27 =
aglycones ; #& ¥ i& » I| ~ % P > % 3 7 $ 4 rhamnosidases &
rutinosidases B'|-k f% di-glycosides 2/ = aglycones(®]= -+ = ) -

Felgines & + (2000)# 3 <~ B4 a8 th L 7 H4h A F » - 25 -fﬁ £
B EYREEOE A RRY A F2Z TR R FRAAS
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WA F2Z RREDNRE LY - B B T A & ok jih L H

Erlund & 4 (2001)#= 7 * %8 4% * § % $é:* (8 mL/kg of body weight)
BER P WA ZER B R Y WA ZER S 6.0+54 umol/L >
HETRMAZEZERTT N 3ug/mL -

Manach % 4 (2003)# % ~ 4 * 1L+ 7+ - 2 25 96.4mg
narirutin > 24 /| PFERERIFH e 23 A EFERBER G 020
0.04 umol/L> 7 %y % 0.0544 ug/mLem B Frie® g5 2t AL % 95 7.87

£169% ¥ BaFid AL P E S HEHERFFM 4

BoOFE O EHIEDS PR A o BANY Y5 B blap A
£ o

Kanaze % 4 (2007)i%:% ~ /ﬁ!;T PR 135 mg e A & o
B35 B FiESRIE LR A FER S BEFRMAE R

B i TAumol/L > #% FF3thil F8 X ERTF 2ug/mL -

FHREETIALE AA Y iR T A AT TG
RE2Z a8 RG Hat bl d 5 ¢t > @ 1 sjnig

1 1

iy B bz S Fa A FRM G S R G 8

iﬁxzﬂ TAp A F 22 I K5 5.8 % (Kanaze et al., 2007) -
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1: Flavanone aglycones &
glycosides  from  citrus
fruits. Primary function is to
take part in taste

4: Further metabolism occurs in
the liver to convert aglycones
and phenolic acids into their
respective metabolites, which are
then transported to biological
sites

2: Hydrolysis of glucosides by
intestinal B-glucosidase and formation
of metabolites by enterocytes of
jejunum and ileum during the passage
of aglycones across the small intestine

3: Colon (large intestine):
hydrolysis of glycosides by
bacterial enzymes, further
catabolism of aglycones with
formation of phenolic acids

amount of aglycones and

5: Urine excretion of significant |
metabolites

Fig. 26. Metabolic fate of flavanones.

(Khan et al., 2014)
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Small intestine

Hydrolysis of

Flavanone
Flavanone

monoglycosides

monaglycosides
l Glucose
Iransporners

U ]

Flavanone-F-O-glucosides

{monaglycosides)
v l B-ghicosidase
Flavanone aglycones

UDP-glucuronoiransferase and
sulphipiransfarase anzymeas

\_Flavanone glucuronides / sulphates /

- Apical side
(Gut lumen)

<

-
%

> Epithelial

cell

-

Colon

Flavanone
diglycosidas

Intastinal microdiora
[hamna-frsina-sidassad)

Flavanone aglyconas

l Imtastinal microflara

Fham:lrllc: ackds

Basolateral side

po.
- UDP-glucwanotransfarass and
suphatransferase anzymes
Flavanone / phenclic acid
glucuronides / sulphates
- |

(Metabolites enter in blood stream to go o liver for further metabolism)

Bl- L=

s F i R R

-’u.u;—ﬂ ifxgﬁ:}—ﬁis@o

Fig. 27.Presentation of flavanone metabolism in small and large

intestine.
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10.

11.

12.

13.

14.

15.

16.

Aceticacid: 1 * R F L F 0 S
Acetonitrile: J.T.Baker > £ & -

Chitin: Bzt & » 54 o

Ethanol absolute: # f it 1.5 53 o

GPC standard(Pullulan) : Shodex > p & «
Hydrochloric acid: Riedel-de Haén » # B -
Methanol alcohol,anhydrous: MACRON - % B °
Naringenin: Sigma-Aldrich » £ & -

Oxygen: FeEf 3 'L 8 » S8 o

Pancreatin: Sigma-Aldrich » % & -

Pepsin(> 250 units/mg): Sigma-Aldrich » % & -
Potassium dihydrogen phosphate: fosk % > p A o
Potassium polyvinyl solution(P.V.S.K): frk# % > p & o
Sodium acetate: Ferak Berlin GmbH - 7& B -

Sodium chloride: #1 * i3 A& » S
Sodium hydraoxide: 1 it 5 gk i> 3 Ao > LA

60



17. Sodium tripolyphosphate: frsk % > p % o

18. Toluidine blue: Sigma-Aldrich » £ & o

1. pH meter: SP701 4] » Suntex » 5 % -
2. EHis: lhp 3l HRA TP ERRF AT S
3. A7 ér e Tyler £2& 342 & % » Endecotts » & B -
4, TR\ & % OCTAGON DIGITAL 2000 %] - Endecotts » &= [ -
B, T etz Kk E Ra 7 A 47k Zetasizer Nano 3000HS 3] >
Malvern Instrument » & & o
6. BrxF PN L FHs: OW-KI/OA - 2B RE» 5%
7. i MR s . CR22GII 4 » Hitachi » p 4 o
8. B RAEATR:
(@) L-6200A pump - Hitachi > p A& o
(b) RI-Detector8110 > Bischoff » 4t & -
(c) D-2500 chromato-integrator #% 4 % > Hitachi > p # o
(d) Column: PolySep GFC-P 4000 > p # -
9. Bk TR

(a) L-6200A pump - Hitachi » p & o
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(b) L-4200 UV/VIS Detector » Hitachi > p A& -
(c) D-2500 chromato-integrator #% 4~ & > Hitachi > p * o
(d) Column: Inertsil ODS-2 » GL SciencesInc > p # -
10. 45 ( % * & ): 500 4] » MEMMERT > 4 & °
11. & 54 B dc'&¥: FD-5N 4] » EYELA > p & o
12. 4z 5 4 fw e $774% . Sonifier 250 4] » Branson > p # o
13. 23 A R ®: S100 4] » ELMA » 48 & °
14. # 4 ;¥ 7 + & s . JSM-6500F 3] » JEOL > p & o
15. #cB A2 % # & 8. CS120GX 4] » Hitachi » p # -

16. A4p N R %: BT-350 4] » Yih Der » 5 % -

Ji

- RS
(=) A~ RAmHd

B T s M H B ko e AR BB 6 0 BT 40 3
60 mesh 2 &7 Bk A & * o Bgts 53 4(2004)3 % » BB H
# &~ 57% (w/v) NaOH 3%t 102 £ 2 CHe 42 2 /)
PE o om ot T RBE N EA Rl D pH BE R Y o TR
R FICE (B0 €T 8 ) - 4% Toei 2 Kohara(1976) -
2R ST RPEL S e fpde R TER S C ERARR F < 85 %2

MO EREELLEITRLIES -
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(=) 2 ®AFIEX B2 94

o

¥ Yue % 4 (2008) % +h(2012)41* 4§ 52 B pEiEE o
11 %pr paid iR (V) e B A T ORI i (WIV) > i g P2 R AR
A2 Fe R M- FR100mL 2 B RPESRE 50 1 55
Ckipd T ruFrad e L5488 ~ L5 2 ER 5 63g/m>
F V3023 2 FRERF(0X 60 min) - AT R 2 AT REERR
72 NaOH i3 ;% 32 £EpH & 3 7» @ 8 & 7 B pEds &1 (%~ BpE2 pKa
5% 6.3) s &d < (22200 g > 20 € 30min)x 124 g3 ok
F % m&%’é% B D ARendg > B UABACER Y o
#FF I * R A 47 ¢ £.(Gel Permeation Chromatography » GPC)
P2 RPRFR G2 7 RpEs 3 &> g AN L5 iR
/f@ﬁl_—"ﬁ 767kDa (Original Mw) ~ 596 kDa (High Mw) ~ 265 kDa

(Medium Mw) 12 2 50 kDa (Low Mw) iF 2 {4 §ifsk 2 & & o

>

(—:-> ’}‘4715’»’%‘7;/1 7@1"5
Brlmgzthl 2k AW ]4‘3)\1}\7«,/\3@(;%,},]{‘7&%
e~ LORAEAL ~ 7 B2 GHIFPE )N A Rt BIRIEZ o R

AR PRI RRABEST RPERRZ T EERE R EE

>

AFES E R W R

63



(=) M7 BpE-= BAA -t A % 2 ks B #

%% % (2008)% 45 (2008)2. % 2 » #-% &+ £ 2. 57 EpE(CS)
B L %A iR (V)P 0 kR S 02 % (WV)EA K pH B3 4.7
PRz = BEipd (TPP)A >4 5 -k¥ A& pH &3 9.0 #
A % (Naringenin);z *>8 $HiFpt @ - & Tﬁ:’z B % - #-Naringenin
BRAS rFICSHREEELI L RTPPARESF 2R &Y -
P EB P $834 Naringenin k& ~ CS 2 3 £ 3% CS/TPP £ & v
¥+ CS-TPP-Naringenin 2z X 3f k2 £ % ¢ % Z (Encapsulation
efficiency) ~ & 3* 4 (Loading capacity) - # i %7 #= 2 5 (Process yield)
Fs o] (Particle size) 2 % m ® = (Zeta potential)2. 82 58 -
Gr: G E/RY $FLS PNLP LA ZFLRIINPE) Ll
g 4o
1. A FERZPE

# 5 mL % F k& (400 ~ 800 ~ 1200 ~ 1600 %2 2000 ug/mlL) 2.
Naringenin /3 3 $HiFp# ¢ > 4% % & 5mL CS /% 7% (Original Mw » 0.2
% (wiv) > pH 4.7)+% -ﬁﬁ’ £ #8310 min > £ # 2 mL TPP ;3 ;% (1.667
mg/mL - pH 9.0) % H i%jF 4 » ] CS ¥ Naringenin 2.8 & ;3% ? 1

F30min> i ¥ & Bz ¢® CS/TPP £ &+ 5 3/1> g e 38(32,000
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A4 %ﬂi

&

(U'J\
4

x g 20 T>30min)#-+ iF% | % Naringenin 7 £ ¥3* ¥
5 o k4 e¥n A (CS-TPP-Naringenin % A $g# ) RIp) 5 & &
BFAE X2 dm R oo
2. B EpEAEFEZLRBE

#-5 mL Naringenin ;% ;% (conc. 1600 ug/mL)2 5mL % ¢ &~ &+ & 2.
CS /3 ;% (Original Mw~High Mw-~Medium Mw % Low Mw>0.2 %(w/v)
pH 4.7) ';% A& ¥4 10 min > £ 42 mL TPP ;4 ;% (1.667 mg/mL - pH
9.0) % M i% jF 4r » 3] CS &2 Naringenin 2_ 7% £ 73 /% @ ¥ 3+ 30 min >
% @A %? CS/TPP £ £+ 5 3/1> g 97 58 (32,000x 920 C>
30 min)#-1F 5k Pl Naringenin 2 £ ¥+ 5 ¢ % 52 K5 > ik
4 2% 4 (CS-TPP-Naringenin 2 F 3R BBl TR & F s <] 2
Fooh mo
3. BT RBE-ZRBEHMLE I LZEE

#-5 mL Naringenin ;% ;% (conc. 1600 ug/mL )£ 5 mLCS ;% /% (High
Mw 0.2 %(w/v) » pH4.7)% —ﬁﬁ' LI I0min L H2mL 7 BIER

2. TPP ;% ;% (1.667 ~ 1.25~ 1.00 2 0.84 mg/mL > pH 9.0) % i i jif 4 »

] CS £ Naringenin 2.2 £ %% ¢ I 3+ 30min- ¢ (F;3 /% ¢ CS/TPP
TE w5 3/1-4/1-5/1 2 6/1> g a0 38(32,000x 9720 T
30 min)#-1 Fik Pl % Naringenin 7 £ 3-8 ¢ H &2 £ 5 kK
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F e3R8 & (CS-TPP-Naringenin %2 K 3gk )RR T 82 & F ~ s < | %

(=) A7 RpE-= RS -WA F 2 M3k & TPFm

%% USP(# W& L -2004) ;2 fie & simulated gastric fluid(#-2 g
NaCl ~ 7 mL 37 % HCI ~ 3.2 g pepsin(> 250 units/mg solid)£ 1000 mL
double-distilled water ;& & -pH 1.2) 2 simulated intestinal fluid(#-6.8 g
KH,PO,4:% ** 250 mL double-distilled water » 4c ~ 190 mL 0.2 N NaOH
% 10 g pancreatin ;2 £ » 12 0.2 N NaOH A & pH &2 7.4 £ 11
double-distilled water =& = 1000 mL) -

@ &% % K 3445 mL Naringenin ;% ;% (conc. 1600 xg/mL )£ 5 mL
CS /%% (High Mw > 0.2 %(w/v) » pH4.7)2 £ # 3+ 10min > £ £2 2 mL
TPP /3 % (1.25 mg/mL > pH 9.0)% i j§ 4r » 2 CS ¥ Naringenin 2
REZ R HFE30 min. & Fiare CS/TPP £ & & 4/1> mggs
#(32,000xg > 20 T 30 min) » & 3|k T 5 CS-TPP-Naringenin
ZoFRER e 24 55(2003)% £ MEL LR € F > > 2(2004) 5 Bt 3
3t 3k % > 6 mL simulated gastric fluid ¥ > 12458 ki 37 CERF
£ %60 rpm) > >+ 05~1~15% 2 ] pEp48 1 mL 2 $35% (T4
w )Rl E H ¢ Naringenin Jk & o @ (S8t 25 2 KRRk HERR A K

pH 2 7.4> & 4 » 3 mL simulated intestinal fluid 3 r2 7.8 -k % #, 37
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CRT®4A60rpm) > > 3~4-~5-6~7% 8 | P4k 1 mL 2 fi
R (LA w )RIE H ¢ Naringenin )& o B fs 1% 2582 Bl 2 kR

%35 Naringenin 22 R f g > H3 5 O30 deT
Wn=CnxV+VsxZ[C,.y]
Wn /Wx100 = p¥ & % # Naringenin §#2x 5 (%)

Wn: pF P % 4% Naringenin 3. 7 £

W : CS-TPP-Naringenin z st g # Naringenin 4%, 7z &
n,a: B3k =t #ik

C: /] %_Naringenin z_jk &

ViR RER

VS 3B R A

I~ A2
(=) f %‘xﬁ;i z ﬁﬂz)§i7 P Z

%+ Toei & Kohara(1976)2 = iz » #4=0.02 g ¥~ RpEE ¥ &
2 el £ R o RS2 R R 10mL2 0.1 Mpas LR iR o
EREFRTHELIFFLRE L A4 LTE 2 50mL - #3330
mine B 5 mL {8 2.2 4 5.2 %302 £ 483557 > 4~ 0.05 mL
toluidine blue 45 7 & » 12 N / 400 potassium polyvinyl sulfate solution
(PVSK)EFF 2 F 223 d I BRI LK B T Ll
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(=) %237 BfEHREA~F 2R

%% % (2008) 2 > ;% >4 =5 mg pullulan &3 5-2 %7 & pEiE 5
mElp st bml 2 2 #a ok 2 1% EokR R Y o 2 0.45 um filter i&
=g o 14 Gel Permeation Chromatography(GPC) = ;2 &~ 47 5% 7 R pE
g2 &+ F o A pullulan 1% # FiE 2 6 € 50 pullulan %8 54
<+ & 4 %] % 6000 ~ 10000 ~ 21700 ~ 48800 ~ 113000 ~ 210000 ~ 366000
2 805000 Dalton - 7] = # &% 7 p¥ [ (retention time) & &2 & £ 41 7 4p

HE S TERESS RRREL TS0 E

& 5u 1 L-6200A intelligent pump ~ D-2500 chromato-integrator #% 4 i%
(Hitachi » p &)

i ;p % : RI-Detector 8110 (Bischoff » 4t &)

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

#o0dp 0.2M FEAE /0.LM FffL4M

ik 21 mL/ min

BR 45T

¥k R (1mg/mL
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BIEFR ;15 min

N

() thidFe B BPF2 20000 AT 2RI
# % CS-TPP-Naringenin 2z 5t %g > # CS-TPP-Naringenin » &%
Brow o B ik 0 1408 o ik 4 k& 472 (High Performance Liquid

Chromatography, HPLC):p] _Naringenin z £ > & %} Naringenin

[

Bz EM 8 H & F (Encapsulation efficiency) o

Total Naringenin amount — supernatant Naringenin amount 100
— X

Encapsulation efficiency (%) = - -
Total Naringenin amount

¥ oh g 748 2_ gk g . CS-TPP-Naringenin z 3 3@ > 4% &

=g » ¥ {# 3] CS-TPP-Naringenin % ;32 iz &

SRS A I

NS

=5 # % & (Loading capacity) -

=
4

Total Naringenin amount — supernatant Naringenin amount

Loading capacity (%) = x 100

Nanoparticle weight (dry weight)
A % (Process yield) p] £_12 CS-TPP-Naringenin %2 } $gt2 iz £
Freerde 2 BA R E R 0 T CS~ TPP 2 Naringenin Az i 4e 2.
£ 2 (Ww) -

_ Nanoparticle weight (dry weight)
Process yield (%) = - - - x 100
Total solid weight (dry weight)
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(z) gz g3

%% Ishii ~ Furuta 2 Kasuya(1996)4!* & »z st ;% 48 & 47:% (High
Performance Liquid Chromatography, HPLC):p| ¥ 4h & 2 2. 7 & o
HREI* BEAPLEATF RS S0 T HTAPL A Y
B3 oo Aol ] chde FRCRAL I D R el R F 20 @
BAap iz BFER2Fen gz pao g ufflrafREER
Z MR E2FETE AT -
* HPLC /p] =i % :
J 548 : L-6200A intelligent pump (Hitachi » p #)
## ~ i& : D-2500 chromato-integrator (Hitachi » p_# )
WP 2. L-4200 UV/VIS Detector (Hitachi > p )
# 4: ODS-2 column 250*4.6 mm (GL Sciences » p )
# o 4p ;. Acetonitrile-0.1 M Ammonium acetate solution-Glacial acetic

acid (30:69:1, viv; pH 4.9)

WpIA & 0 292 nm

3% ;1.0 mL/min

MPIPF R . 25 min
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e HPLC B =_7
H L flth 4 #5873 7k (Sigma-Aldrich » 2 B) > JEA 5 6.25
1252550~ 75100 ~ 150 2 200 ug/mL » % * $h 4 % 2_ ¥ & 5 >

TSR 2w 2 0.45 um filter i i g > §1* HPLC » 474 il 2 2

o

B B 52 4B F P T (retention time) 2 4 £ 40T AR R

A
z e

\

SRR A AL LR A A AL R o ¥

-
(7

CS-TPP-Naringenin % F ¥z & 35 PF > § % F BBt i odn
Ao R KRG e 5B ImL b F R e x AmL & S v B
MUARRERRAA G FERSBRML BRSO ERSERT

BB AR

() 2 A3pkkiEz £ w7 2 Pla

i T ek R IE R oo 7§ > 4 47 ik (Zetasizer 3000HS -
Malvern » UK)ip| 2 2 K 3pks i@ s 2 2o T = W# 2 K32
B BARL FRTE > Y 2030 F 1 045 um E IR R R &
79 5% o % CS-TPP % CS-TPP-Naringenin % 5t 3 & 53 £ 2
Bk P o Ag g e e s R B 2 3 B 2-(40 % duty cycle >
20secs) » # ¥ 5min {& > B~ K AR > B f R4 s (dynamic light
scattering method) ip] T _3f k2. fj= < /] o ¥ ¢ » 3 CS-TPP %
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CS-TPP-Naringenin % A 3fdri 4 #3 kR 1 3i 4 kA > Bl 4

-

hORAE oo T & W Rl E = k0 RE T 27E (mean £SD) o

A

(+) #4425 FAERE
CS-TPP-Naringenin % st 3k 2 33 -k 4 =t F BoRiedgpe > 3 %

Toe? 2B m S EIERRET ImL 2 s kP > IR A e

e R A fTiR S R ETF mAmmxdmm SR FR o

BELEE R T E R AL 24 L Pl B s AR e - K6 £

w

L ESFR T RREERES T Btz 20 A -
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Fig. 28. Effect of ozone treatment time on the degree of chitosan
degradation. (Ozone concentration: 6.3 g/m3).
Foo A R HE TR AL R
Table. 1. Solubility of naringenin in a number of solvents.
-k 1% kpspe | okpspk v pE ¢ fig

A A 4 o ®

A precipitate (% > % 3 f#)
@ precipitate and creamy suspension (384 % %)

@: creamy suspension, no precipitate (= 7% %)
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Fig. 29. Effect of naringenin concentration on the naringenin
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 is expressed as mean £+ SD, n=3.
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Fig. 30. Effect of naringenin concentration on the naringenin loading
capacity. ( 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. 31. Effect of naringenin 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. 32. Effect of naringenin concentration on the particle size of CS-
TPP-Naringenin nanoparticles. ( Original Mw CS ; CS/TPP
mass ratio : 3/1).

* A-D mean bars (naringenin 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 naringenin concentration on the zeta potential of
CS-TPP Naringenin nanoparticles.

Naringenin concentration ( ug/mlL ) & potential (mV)
0 +49.0+1.934
400 +38.8+0.94°
800 +39.7+059°
1200 +39.9+029°
1600 +40.6 +0.68 °
2000 +40.5+0.82°

( Original Mw CS ; CS/TPP mass ratio : 3/1)
*A-B mean in the same column (naringenin concentration) with different

superscripts are significantly different (p<0.05) . Each value is expressed
as mean + SD, n=3.
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Fig. 33. Effect of chitosan molecular weight on the naringenin
encapsulation efficiency of CS-TPP-Naringenin nanoparticles.
( Naringenin concentration : 1600 xg/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. 34.Effect of chitosan molecular weight on the naringenin loading
capacity of CS-TPP-Naringenin nanoparticles.

( Naringenin concentration : 1600 ug/mL ; 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. 35. Effect of chitosan molecular weight on the nanoparticle process
yield of CS-TPP-Naringenin nanoparticles.
( Naringenin concentration : 1600 ug/mL ; CS/TPP mass ratio :
3/1).
* 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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Fig. 36. Effect of chitosan molecular weight on the particle size of
CS-TPP and CS-TPP-Naringenin nanoparticles.
(Naringenin concentration : 1600 ug/mL ; CS/TPP mass ratio :
3/1).

* A-B 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.

96



Gan ¥ Wang(2007) 4 % = RpEe B2 5 i 3v > &2 = BB

HEE AR FH A BT B2 BT RPEH 2 AL
Al RERTEFS T RES S i

%) edgg > 8. 5825 nm T ' 3 388.4nm- 1§ (2008)F § 11 7 IF
AR TRBEETR pH B2 = BB UE 2 K3k
FHM Az Ry pH E 5 0.0 g F A7 Bppl + 4%
R e i~ oAb g o T HdRR K S BT R S
e DR R o & FZ RS G RS P TR 2
T > WANK B ST REEA 4 PRI LI 3 FIRARL o A
e R PR - R R
S. 2 KRk o & 2 B
2z 57 FAS R 80 EpEst CS-TPP 2 CS-TPP-
Naringenin # st 3fd e T2 #iP ke BH > 6 EFH
FoEs+ 242 > 2N A G R 7 &b g KR A
T 476 mV T A FES+303mMV e TR ST BEE

FLFEBAIETAREL (TS BEA S E4%)) 0 NHy 4>

)
N
|

i
)
=\
1 R
{ﬂ
Pl
=
=H
K3
R
=
{ﬂ
&
s
\\t:r
| —
(+
“1
=

=
)@-l

A

s
=

)2



FZ BT RS EENR T R REIRAZ BT R PE-Z R

fadp-th A % 2 FER A R 2B

Table 3. Effect of chitosan molecular weight on the zeta potential of
CS-TPP and CS-TPP-Naringenin nanoparticles.

Type of nanoparticle

Chitosan molecular weight ( kDa) Unloaded Naringenin-loaded
& potential (mV)
Original Mw +47.6 + 0.45"° +40.1 + 0.31°°
High Mw +37.2+0.17% +28.1 + 1.495°
Medium Mw +37.7 + 0.98% +25.8 + 1.115°
Low Mw +30.3 + 1.26% +21.8 + 0.70°

('Naringenin concentration: 1600 xg/mL ; CS/TPP mass ratio : 3/1)

*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. 37. Effect of CS/TPP mass ratio on the naringenin encapsulation
Efficiency. (High molecular weight chitosan ; Naringenin
concentration : 1600 ug/mlL).

* 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.
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Fig. 38. Effect of CS/TPP mass ratio on the naringenin loading capacity.
(High molecular weight chitosan ; Naringenin concentration :
1600 ug/mlL).

* 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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Fig. 39. Effect of CS/TPP mass ratio on the nanoparticle process yield.
(High molecular weight chitosan ; Naringenin concentration :
1600 ug/mlL).

* 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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Fig. 40. Effect of CS/TPP mass ratio on the particle size of CS-TPP and
CS-TPP-Naringenin nanoparticles.
(High molecular weight chitosan ; Naringenin concentration :
1600 ug/mL).

* 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.

*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-Naringenin nanoparticles.

CS/TPP mass ratio

Type of nanoparticle

Unloaded

Naringenin-loaded

& potential (mV)

3/1
4/1
5/1
6/1

+37.3 + 0.60%
+37.8 + 0.49"B2
+38.6 + 0.947B2
+38.9 + 0.45"°

+31.3 + 1.30%°
+36.9 + 0.59"
+37.1 + 0.58"
+37.7 + 0.05"°

(High molecular weight chitosan ; Naringenin concentration: 1600 pxg/mL )

*A-B 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. 41. Naringenin cumulative release of CS-TPP-Naringenin
nanoparticles in the simulated gastric fluid ( pH 1.2 with pepsin )
and simulated intestinal fluid ( pH 7.4 with pancreatin ) system.
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Fig. 42. Scanning electron micrograph (SEM) of (A) CS-TPP and (B)
CS-TPP-Naringenin nanoparticles.
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