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Abstract

Project Code: TRG5480021

Project Title: Preparation and in vitro evaluation of enteric film coating pellets from starch
nanocrystals for colon specific drug delivery systems

Investigator: Kittiwut Kasemwong, PhD
National Nanotechnology Center (NANOTEC)
National Science and Technology Development Agency (NSTDA)

E-mail Address: kittiwut@nanotec.or.th

Project Period: 24 Months

Colon targeting drug delivery systems are employed to improve the bioavailability of
protein and peptide drugs through the oral route. So it is important to prepare the drug carriers
for oral colon targeting drug delivery system. In this study, the nanocrystalline starch was
studied for use as a vehicle in oral colon targeting drug delivery. Nanocrystalline starch
particles are crystalline platelets resulting from the disruption of the semi-crystalline structure of
starch granules by the acid hydrolysis of amorphous parts. The results presented here for
nanocrystalline starch particle from cassava starch was observed to be aggregate of spherical
parallelepiped blocks. The melting temperature of nanocrystalline starch particles corresponds
to native cassava starch crystallite. It was also found that nanocrystalline starch particles can
be used in wet processes below 100°C and in dry processes below 150-200°C to avoid
melting. The statistical experimental design and the multi-linear regression analysis used in this
study have proven to be very useful for establishing predictive models for both the yield of
H,SO, hydrolysis of cassava starch granules and the crystalline properties of insoluble residues
after acid treatment. We achieved the production aqueous suspensions of nanocrystalline
starch particles after 7 days of 3.16 M H,SO, hydrolysis at 37°C and with a starch
concentration of 12.5 wt % with a yield of 32.12 wt %. Diclofenac release from tablets coated
with mixture of nanocrystalline starch and hydroxypropyl methyl cellulose phthalate (HPMCP)
was found to be minimal in simulated gastric and intestinal fluids. This suggests that these
mixed films provide starch domains that are resistant to the upper Gl tract and thus can

potentially be used in the preparation of colon-specific delivery devices.

Keywords: nanocrystalline starch, tablet coating, control drug release, drug delivery system
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AN 1.1 UFAIRNUANITRERILUDILAULNDINWARLNDITUAA 6 (Hussan Lazaue, 2012)

wadlNes FUUANTRzZaY (pH)
LTALAN (Shellac) 7.0
iraglag axBing wniaa (CAP) 6.2
waRlumasanuadalalufalunasian 5.5-7.0
iraglag azfing laswaiing (CAT) 5.0
Wad e 8:Bina WLaa (PVAP) 5.0
laasandlnafia wilaimaglag wniaa (HPMCP) 4555

Kim wazanse (2007) ﬁnmé‘w%wamaams@ﬁLﬁuﬁﬁqmauﬁfﬁ’lumia:mm{w (HPMC,
PEG 4000 LAz mannitol) Uaz&13 HPMCP daqmiauiidvasilay Surelease® RORAWIIZUL
@981 tamsulosin hydrochloride 31NN TANHINLIN pfiafidnsiiy HPMC uaz PEG
4000 9luAsY Surelease® Imtanlsasagnagnisinsifi pH 1.2 luvmefisndasidns
16y HPMCP asluflda Surelease® imytantsasspnadnesiaisaf pH 7.2 lagdasns

' o a X a A ' o o P P
UaauaagargNuInaIuUINIMNNILGN HPMCP tazdaadaassaignvasunni pH 1.2 1la

' ]
A =

WIsuisunuRIIALANTRA D WNUS N WAL ANYINABNLIN HPMCP §aasnmsdaadaas
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> { ‘é L3 1 Qs v 1 1
mmgdqﬂﬁ pH 7.2 T9n17MEa1T Surelease® 33UAU HPMCP uaadliiinin mivaadaay

o X o ] wa { X o
Q81U BNY pH FadunanInguUanIazaeNUwNL pH 183 HPMCP

Zaid WAz Qaddomi (2012) dnwmsindeuiiiaenlalaafuualoidonlasls sureteic
a a A . ' a a A

JutaumaSnwadiwes 99 sureteic LIURITHENITzRININEE LA 82Fina WLaa (PVAP)
WANaa bolwas (plasticizers) wazdIwnaNdn g tladilasnfitnumaaievlUnagauny
azany WU lsnanmMIazasveadasn e sazanunsa lalasaaaini pH 1.2 lagide
a o Aa oA t o & = A o '
JanumeAdLay LL@Luaaglumiazmwmmsw pH 6.8 LAANTNITUANAILAZATAN BB
awyiﬂl,ﬁanmmuvlﬂ 10 w7 waztlainlUnegaunisUaadaasalrgiwuin @egn
Uaatsssaanunesniiiesaz 0.9 luasazarunsalalasaaasnd pH 1.2 (2 33L849) uay

' & [ A ' ') 4 @ .
Uaalaasunduannitasas 97 Luaaglumia:mUMmeuww\lai‘ﬁ pH 6.8 HAAINET"

v & & a a . a a ¢4 U o
LRAIMALARDIUTEANTNAINVDY sureteic TunITvTulantnaInwafiNassIgINIatasnunis

v

aadaasaelunizwizaivisuazmissingssn llaasasna l&Lan

Soradech UAzAmE (2012) @AnmguavtATINauazautaANAINENFvaINAY
=3 Aa a a A v v ] ' 6 =3 Aa a a
LIaLAN (shellac) NUMILAVLANAUNANUTNTUANT G WL RBULTALINATNTLAULARNAW
% qo/ o A (2 a [ [ S A
Jowaz 50 lawvninddnnsduussfiunzg (puncture  strength) uazidafidudniidsia
(percentage elongation) §9Ngafa 15.58 MPa uazianaz 32.47 muday ugadlwiduil ns
a a = 1 t-:‘ a a k% ~ A [l 6 =3
anaadudnadamaiudszdninwluduanaudsusiwazanubanguvasilsuizaudn

wanNNHARUTaLANAIA AU ILFAIAANNENNTaluATIdenn (wettability) AMW&I9

[ (%
a A

ARITANWAD (surface free energy) @3NV (polarity) NTUINKN (water swelling) audln

NMIRTAUWN (water  solubility) USN ANt "I,aIsnmawms@@sﬁ”umm%u (moisture
. . 1 o a a% = 1 g/ e

sorption isotherm) LLazaAn audseaninsSunuaslasin (water vapor permeability

4 X A4 A a a a v on ¥ o

coefficient) ‘Y]E;N“]JW,QJﬂLWNﬂi&J’]Rm’ﬁL@]&JL’%]’]@]% LLﬁ@]Gl%L‘ﬁ%ﬁdﬁNU@]ﬂ’J’]&J“ﬁ@U%’]“DQGﬂZ&JY}

&
NV

Albanez uazAme (2013) Anwiavadan1znltiumTiaiauidaslalaafuna
a Y a a ® 0% . . '
laduualsiauinasnnadines Acryl-Eze laslgnszuiwnns Wurster fluid bed coating Wu30

DTWA Janauian (inlet temperature) LAZEATINT MATBIRTULINADE (suspension flow

n
U
rate) SnadodszEniniwlunsiefay (N%) uazd1 agglomeration index (mM,g%) lagana
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4 & Y A A A A ak ad X
mat"l,mmaammmuaamgwumNa’l,%ﬂizamﬂ'lwlumsmaau NIV LLG&QM%QNV]E;N‘II

=

1 v Aa st ot s l&’ lﬂl o 1 1= dl
aawasl,vxmmmisawmﬂuuazmwzﬂmaaﬂfiwmﬂmu L&Jau'lvlﬂmaaurrﬁaza’mwmﬁ LR EIN

® 1 { Qs 1 ™ {
WRauUARY Acryl-Eze snanTanudaan1zidunia (pH 1) wasdisasimsdaadaasaisnn

v @
[

pH 6.8 1ulaun1a337% United States Pharmacopeia n9fnstadaufdadasnliisanm
sufsudndasss 9.7 voatianin nia 2.7 mglem’ Lﬂuamazﬁﬁﬁq@lumsﬁﬂﬁmﬁm’m
AINBADENIZNTA-AN9 Tl pH 1 (120 w17) frenantlsasasnundininiesss 10 uasf
pH 6.8 (45 w1f) ArenUandaasaanuniouas 75 wanNEINLIN MIAusnElasle

am’azrs'aﬁqmmqw 40 BIFLTRLTUR AINNTUFUNNTIOLAT 75 ﬁwa@iagmmumsﬂa@ﬂdam

AN

1.2.3 uilsamszuazanniawluzasaasz (Starch and starch nanocrystal)

wisgans (starch) Lﬂumiﬂszﬂaumﬂﬂmm@ﬁﬂi:nami”aﬂﬁwmaﬂgiﬂa@iaﬁu
< l:i‘d [l =} Qo a Qs li‘ v dl:l v v
Lﬂumalamﬂmm@lmyua:wmswLimmLﬂquLaqamﬂuLauma L1 UNINIBLY

A

wnanluunsluana (ezlilag nio amylose)  uazluianai@eis (ezlilaiwndu  wie
amylopectin) lutananizasitgsfimsdaisosaniadulassairondudeudn nanoduidauds
(starch granule) a:auagiumu@mq PRINTLTUINN KINI0LAIN §16% Luae LTuaw (Jane
= &t ¥ o o a A S A
LRZATHY, 1999) lugﬂmaammmaam% wilsgansy nuladndussindusan lsauianiten
szavagluimdudwiunn sasnnaglas msfinsnadulasiaine (morphology) w4
Lﬁ(ﬂLLjJaami‘ﬂmmﬁﬂmﬂIuIa5%1”%@\1@‘1”’;UuﬁmLSﬂ%LiﬁﬁWLLWiﬂImﬁmai‘ (XRD) N&dY
INTIARBLANATOUNIULUEINTIA (SEM) UazULLFDINIM (TEM) ananaumilindatazaau
fawasalulasalal (AFM) tWavinmsanendsansaswuiivaddantsgansolussauulu
o Yo A 6 v =3 Qs L a o = (Qq:
was MlwinInsmaasaansadhlafisansuzmadaiiosiivasluanalniuoaai lidng
A A A A a A & = k1 & o a
gosTnafoazilag wazazdlamwadn Nidusiddsznavvaddawliaasylaatisaziduaann
J ] =1 Aa e K a U = 1 a aq: a
Iu luwdsasmidnsisoisansozlasiaimaadadniazidoavasluananiaassialuy
Aa K d'l o Y A SR o o A o & a ::'d R L L%
\B9an wiath lulfasunefisansaemsiaisusmvasluananizassfiandanusaudusan

v ] v AI 3 = v
et ladstndney
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mmj"agamiﬁﬂwﬁﬁ'ﬂﬁﬂﬁmmdﬁ Imaqaﬁ'& 2 FRAGINGN L wWaRLNDIVD
v 4 - W e e v
ianauanlalasnglaa (anhydroglucose)  Tatfimarnmauadinuvasinaanglaslas
o v . . e A A X - -
gadnti 1 luana de 1 wuszlnaladdnfifiadn lusnmwsssun@laanaesiilasuazes
ﬁTaLWﬂauazﬁmiﬁT@L'%UaéT’m”uasi'm‘mmLLuuLﬁmﬁué“ﬂHm:giJiwLLazmumem@i'mrTuaaﬂ"Lﬂ
\ \ o &< XX | @ ' A Ao Y &
v iunsenasuun Ul udu Neilnednuunasasfsiiananasaiss laanaes
a A A R o o o & .
Alasuazeziilaiwaduazdanudrowuszlalasian (H-bond) nansluluianauazszning
2 ::' a J =3 6 1 v 1 s v 1 1
luana laslewssswifadumslwdesamioaausaudseanlaidu 2 daunang leun dau
Aa o o o o . ~ A a @ . = X . ' AN
nAnTIalsssanuadadusndaunTanAWINEIUNEN (crystalline region) wazaIu by
a A a N o i [ P o v = ¥
sufuunizunnuingIuogmg 1 (amorphous region) AIUEadLALUANA 1.5 i ldidautly
& Ao =2 ' A a o o ' ' =2 ' o
gasrdansmzanuduninuisdanneln MSoIaaUNUITHINIFIUKENLAZEIROT TN
. . . ' P 2 a Y . A I &
(semi-crystalline growth ring) lapgunidundaniiaanlassainsluarninduassinasuad
luanaasiilamaduniolwdauds (@3n1WA 1.5) (Hizukuri waz Nikuni 1957; Robin wazAmz

, 1974)

¥ Amorphous
| p
A — regions

Crystalling

/ f1a— regions

end

& glucose
units

a1+ 8
branchpoints

AN 1.5 meéi”ﬂwmzmiﬁﬁ”m‘%méﬁmmlmaqamﬂluLﬁ@am%

= A ¥ 6 d‘ d‘ v s L% 6 ' eq: a
MIANBIFNLAG 9 vasudsgasofintasnunsiddselosd woinnedSunm

o v A ) & = ° v % & A A '
Tassaine u,a:mswLiﬂa@amaaIuLaqaﬂaaaaIuLaqam:mi%LLﬁJoa@nsmmwmmu@ma 9
%'%amﬁmﬁmﬁ'mwi@mw”uﬁ:ﬁ'u ﬁqmauﬂ'ﬁma%ﬁwﬁu@m@mﬁumﬂmﬂ (Yuan Uasame,

1993; Shi LLaz Seib, 1995; Mua Waz Jackson, 1997; Yoshimoto Lazamke, 2000) A414N171
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=3 o 6 a ' ) & . 6 v ¥ v v = L [ A @
LN@]LL‘IJGE‘T@]’]TE“H%@]@]’NG] L“E%LN@]LL‘]JGE"I@]’]TE%’]WH’]’JIW@ 212197 TR UBHTI BIaUn

o Ao

filznasniaduimassgivdagosdszindlng aldlselomidsaaslinnuday wiow

N =] wa A v A = ¢ Ao q a_ o ¢ A
ﬂﬂﬂquﬂﬂﬂqmauﬂ@nﬁ@%uqﬂﬂ]aﬁL@J@]ﬁ@ni?j'ﬂ(ﬂaﬂﬂ']iu’]u'ﬂ“ﬁluwﬂ@]nm‘VlLﬂuaﬂqﬂfJﬂ

o o a val o % U 6 d'l .;' a d?
fnTugamnnysumnias ladmahudanlfdszlonbivaidusaiadianouile

81 (bulking agent) @3W&1W (binder)  ®ISLANNITLANALVBILTALIRAIIAVUTLIAALN
(disintegrant) LRZENILNUANUT TG (thickening agent) lugﬂLLuumadmﬁn (Roper, 1996)
waNMNUULUIRINTTAY (native starches) aunsashanaanlsal83inaad Lﬁ@]Lﬂ‘l«LE]‘L&W”‘l«LﬁS
asnirasinarsaiaite wlvazdian wilvlaasandlnina lanasineg wiaaaulsaara3s
) o & A o ¥ Aa wa o ¥ o o ' o
‘l’]’ldﬂ’]im’]WI@]ElE]'lﬂﬂﬂ?ﬁ&iﬂ%“ﬁ%‘ﬁdﬁ]ﬂ@LLﬂGY]&JQMﬁNUG\L@%L%W’]:G\’J wilsaautsasnadla
anthanlgidudwauwinnludisumeda g teldfiiagdszasdlildvndendguantfuandis

o ' a a° A . [% A
nuaan it sudesiiaaangndiiiuuu (sustained release table) snidaiadauliaangnin

&1d (enteric coated tablet) 1 Judn

’Luﬂamqu”uﬁmiﬁnwﬁé'ﬂmﬂﬂuLaqmjaaaziﬂaa AHIBNTUENENABANNIANLAA
uwaaniz lasmiondonszuiumaifiaidussdsznaviBigouvesluianaaziilaanuas
dun3d(amylose complex) lastawizaeddsdinuaa (butanol) (Milojevic Wazanse, 1996)
A A o & o a ' . o
d amylose complexes Auenladowiadanszauu lu (t38N71 starch nano particles) a1k
WuirgBrnwludunaunandaysadansiafauidasn (Coating  compositions) lagil
o o o > af o A o u A
anUszasfiniumaidido wiamseangnininwlldiinmeiziningda
fldlng adrilafonudeunmaefeuidamdisluanavasasdlassudunazdasrild

i -é d‘ ' o v a 6 al ff{/ a =1
luanaadlugivas glassy form Fadad aansnldifaduiduesilasuuiniiveda
d'd ~ ¥ v o o v a [ al A
prfianuudusslddmsmiauquaanmaiudilumafiefiduasezdlag maaou
anuzvasluanaesiilas lheglugluas glassy form  Aanmsidfsuananiwanudu
crystalline vasluianaaziilasianaaanin ldanidaudsqanis (crystalline type B) 1w type

& oA @ s A a = a . = a
V A39N8117 aﬂuﬂ%u@ﬂﬂ"ﬂqﬂﬁﬂ']wwa%LﬂuNaﬂluaﬂWW"ﬂaﬂLﬂﬂﬂ?ﬂLﬁuNaﬂluﬁﬂqwmaﬂLﬂa )|

¢ da X a

H v ‘&l . .
e LﬂuwalﬁﬂauﬂLn@muuﬂawuLL°1"]\1LLsaqwu (Bernazzani WazAtwy, 2008; Whittam W&
Az, 1989) NANNTITBEIRINYWLINMIARaUAILTALN @28 amylose complex nanoparticles
T LALIAINEIIRINIINNIENUG AN TL AL RANLUDILAN kT daN18 TLARAINALS D1 b6 b

A o ~ & A P = a o [ v 6 a & )
JLUSLIRTINGABINIT u,a:mal,mmLﬂaauw"l,ﬂmmnmmvlﬁilmyl,l,m ﬂaua:-ﬂaaﬂa:umi
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Aa

a ] L A ea i I3 [l v & (<3
Lﬂﬂ&l%LLﬂﬂdI@]ﬂﬂ’]iﬂﬁ&lﬁa’]El’i]’]ﬂﬂiz‘]_l’)%ﬂ?i%llﬂ“llQdﬁ‘]‘ﬂ%ﬂiﬂﬂﬂﬂluﬂ’ﬂiﬂ%mﬂ LRI LUAEINIS

U
Uaatassaignsanunauanay (Milojevic Liazate, 1996) Aaugnmsle amylose complex

nanoparticles LJuizqiaRauindamnaglugiuas glassy form zlsz@nTnndnga ud
NIZUIUNIHAA amylose complex nanoparticles g1 liaansnyimindaliagluszaunlng

.&’ v o . > %
VWLLANIENI pilot scale Vl,eﬂuﬁaquu

Freire WazAmAz (2009) AnAmsanaNialNFngaaflauNaTuuaIN maize starch
® ® ' o ®
(Hylon VII, Hylon V, IM-DS acetate starch LLaz LAPS) 334UNU Surelease wazAN®INNY
Yandaasalrsnanniiaen 5-ASA  Alafaua1uWau starch-based-biocomposites  #4n&17
' & a & . ® A A oA o a & o 1%
WU N9 AN maize starch/Surelease Mia3oyladanwaziSouiduilaldoini way
woRlwasNImed I uAINATHITLNININUINNNNTAATIZHA8LATEd MDSC  uae FT-IR
Xae d a . A . e o ' (3 .
%aNIMNWNANNLATLNAN high amylose starches-based i swelling ability §nninWaa high
amylopectin starches-based waziiiaii lUdnsnsdantdesdisn 5-ASA wuin Rauniasow
. ] [ ® A
91N high amylose starches (Hylon® VII, Hylon® V W8z LAPS) 37UNY Surelease f
80318 1:2 ww Inmstaadaasaionlugneinaasradnal lnTsNNzaNmITLaZ T8 L AAD
lugldidnisadndan usadldiiudt Aduaindndanuananumudeionlodnalu

a ] = . 9 o o o .
sruumMaLaneImsEInus Saduwdszlosidamathanldlussuuindeenluges ldlngla

N

agmﬂmiu Lﬂuﬁvl,@ﬁ”ummaulaasmmﬂsl,uﬂaﬁ;ﬁu NIPINAANIIANEIVBINNIDE
TwinszaulanasearnningamnnITinalzan laslawizagabgaamnisuminia

£ Lﬁaamﬂi'aquﬂu%amwﬁﬁ'n alquwiamiﬁnmﬂi:qn@ﬂ%ﬁmmmﬁmwuﬁnm 81 WAL

o v

mMTApAafuNawI & RsU T I na T aNnaslnd1Tus el beanddszansainlunis

a A

o a & a 07 6 “ 6 oA
un (ﬂiﬂ'is}’]Iiﬂll’]ﬂ"ll‘Ha ﬂ']iNa@]LLE]ZI“E‘]J?ZIEI“D’%%']HE’J‘%J‘I’]ﬂ%’ﬂuﬁlﬂduﬂ\‘iﬁ@n?ﬁ na3d

anusaguazatinIAnedssduadisun asanulssanis satdulndwassinin

a 4 4 a a a & ' o
ﬁ%@‘ﬂ%\‘lﬁﬁﬂUﬂiu’]m&l']ﬂluﬁiill“ﬁ']@] i’]ﬂ’]gﬂ ﬁ']&l’]iﬂNﬂ@]“ﬂul%ﬂﬂﬂLLﬂuvL@@]ﬂﬂﬂL’Jﬂ’]

U

RNNIDLDURANY LALAIANNTITNTNA ﬁmmﬂaa@ﬁ'ﬂgd waz lunalwinanisidwiNeeasianie

unid d181a38619 9 aenannlaslanizegrsbsmuanuduiuyinlv a‘t‘l‘,mﬂuﬂwuaal,tﬂd

q

o ° o

ganszdanudanLiuiiad amiﬁwvl,ﬂﬁizqﬂ@lﬁlﬂuﬁﬂm 8Q&IUMIUGNEIY (Implants

a

. ) & o @ ot X e a = R
matenals) Iui']ﬂﬂ']ﬁlll'%ﬂﬂ LLﬂzsL“ELfI%'Jﬁ@]‘u']ﬁGEIW wanIINB GNﬂWiﬂﬂHWWU?WNE]ﬂ%WI%ﬂJQG
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uwhaaszanansath llfiRnanaudus uazassanadanguldnuuiuidaadininuaz
MINAALHUENIBNGE (Angellier Lazamsz, 2005) Anuna KA lwauswIaUaInLlIaa s
nadudasndt 100 wiluiwas (@unawilu) anfatszanm 100 lulasiwas (eunialu
a ] Y & 1 Rt [l A 2
1a9) fikadanmsanumansalunmadszgndlddszloiAuandranuau wiswudasanudu

‘vsﬁ@Lmzqmauﬁ'ﬁﬁ'quanﬁumﬂm luq@m%ﬂﬁumms & uazniinwan uansi@uuas

o—

N AR AWRNT AN TAALUUFIRTUARIWAITIMINEAM 1B D uanTiaSunsaaTiansdnle
b q

[

’saq@iamsﬂizqn@"lﬁmuﬁmmsmﬁauﬁ’aLLazwam”a@ﬁ'smwﬁsiaﬂaa’l o'ler Lflu'j”a@;ﬁm 1P

%

ﬁqiﬂhﬂ"ﬁﬂﬂﬂqiﬂﬂ@l}a’aﬂ(ﬂﬁUﬁl%q@lﬁ?ﬁﬂ?i&lﬂfﬁwa@mq Lﬂ%aﬂﬁ'l@']\‘l LL@zE]']Vi']iLﬁ%llq‘ﬂﬂ']W
o o a5 ° v o o o =
Lf]‘l«lu'JE"(@]“l«lﬂﬁﬂﬁﬁi@aﬂf}‘l’]‘ﬁ%ﬁﬂ?WﬁWﬂiUﬂ?'ﬂ@ﬂ@lEﬁ"ﬁI%q@lE‘T'I‘V\ﬂ'iillLﬂ'i:l'(ﬂi LRSaNUINULY

(Angellier wazatue, 2005)

atnd lsfannamavadlautszansolusssumdazivmaniud 1-100 luasan (Jane

¢§/ 1 a 1 a L 1 ) v
LRz, 1994) muagﬂumumaaﬁm LLazﬁ’J%N’]ﬂNﬂ’ﬂtEIGVLSJﬁ']uﬂiﬂuﬁvlﬂﬂitﬂqﬂ@ﬂﬁd’]%

(2
v v ~ a

AINaTIaR e ermainIzuInmIaanlsiantaasT iWwrwnsaeanazyinle laide

q

wilsaasaNGUUIaV a9 auNeA LRZANHIASNNTNIZANLAIVDY auNeA momui’mqﬁs:mﬁm a9

] ]
a

o ¥ o A X a o a o o

ﬂ']i%']vlﬂﬂizUqﬂ@ﬂ“ﬁd’]%vl,@]ﬂ%ﬂﬁﬂ%aﬁElﬂJ']ﬂElG?l‘Ha ﬂ’]iﬁﬂi&ﬁ'ﬁ]El‘YlN’]%N']LﬂEI'JﬂUaﬂHMZLLGZ
= &t & e a o A a A a a

PYUIAVDILNAUUIRANID ﬂ'ﬁ’fﬂ(ﬂLiUG(ﬂ’J‘HLﬂ%SzLUUU‘IJE]GINLE\]QE\]EK&JIQ& LLaza:wIameumﬂ

=1 b 6 a v A 2 =3 . . [ 1 t2 2 o A o
Tufaudsaansnialassansfduiendn (semi-crystalline) @4na19196% (9ATWA 1.5) i

v 3 a 1 A = =

slmmwm'msnmmuwLﬂuwaﬂazwm(ﬂmmvsmﬂszmm 6-8 %’lIuLﬁJ@I‘i ANz
20-40 wluwluas uaznaUszanm 15-30 w1 luluas (Putaux  Wazame, 2003) ¥inlwasd

v Y =S s £ =3 ¥ 6 v o
mmgmumsﬂﬂmaﬂwmﬂmaaﬁﬂwLaqmlaamemmmw VL@Qﬂmmﬂs:qﬂﬁ'l%’Luﬂ'ls

6 1>

wisvagmauwluanidaudsganis Afiansunduinia Afanuduninludl (crystalline
o o @ A o ° o o o
nanoplatelets) lasvin Il dWannianusilugasmnssuidudwinann sudussgaladm

% o

L
A ' a & & bt ¢ A o ' o o
ﬂaiﬁﬂ’]gﬂ vLNLﬂ%WE@]E]iWGﬂWUN%HULLQZK@I PIULIRANID snam@!wamr]muﬂuﬂmmm 3!

eda o

fAUAU 9 vaIMTABUATNAMKA AR Indans A wlumsnaadamsauduwacneg

o

[ v v a Aa ' 3 va A =S =3 a =S
nnmisuaiideyanuitenfaneunudt ldisuimsdnsfimaaioaninulu
o & A o . | @ a v [y °
nusgansy anduszazinaniiousn (Batista, 1975) udgsnsdadywiluaunasnsiinly
Urzgndlfvasninnianfam luiieIowlaluduedni g isumsdszgndldnumaaioamwnlu

a a A b 1 a v { 1 s
ﬂa&lI‘Wﬁ(ﬂ LLa:mﬂfﬁ’luqmammmmma@1mﬁmm"l,uﬁﬂﬂmamﬂmmﬁuum ﬁ']Lﬁ(?’lﬁﬂﬂﬁ
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a [ =

vosluanaazllasuazaziilaiiadunoludautsaanss Nazvoufinmadessaodauds
6 v a A o Aa A 6 o [ Aa 1 A
ganszaionia (lalasaaaia nie dayia) nIateulad densidauTinadiunidu
= b & A v =R & = = it & @
amorphous Mgluidautsaansy iNalhlandnuSandaauluanideandsgasoandasnms
wiangmantiduianizarvesuligaisnatsatiiainndnaewdu nuannudaynd

v a4 ] a V- aa a wn
anwwasanNildsuwuda i lunmaau aummim@ﬂtymmmim:qm YlﬁJﬂ'liLﬂ(ﬂIiﬂQfU(ﬂ

v [
[ [

| a A A a X Aa & . = oA =
11’\NVN'@']ﬂﬂ']i@@]L"ﬁE]LLazWVLN@I@]L"ﬁE]“ll adiaﬂﬂwaﬁiflﬁﬂﬂlua HINIIALIVLLRSABLU D ﬁ]ﬂﬂaqﬂlﬁ%

U

@ o %

s aynylvunissuszininenmaesnauanldnnusulawasyinnmsdnunluisasiia

& . o
Indudnaau

Putaux wazamue (2003) lavinmsinsnlasiainsvadindananuw luannilauntsaanss
A . A o 1 [ 1 A o [l =1 o 6
284NT waxy maize 7il9NNNNsHaBEA18A8NTA WU LHaYinMItesrasLlauliaansy
. @ a [ [ v I3 = Aa
waxy maize dransalalasaaase iluszuziian 2 sdan# azldindandanuluniainumun
U323t 5-7 WIlLU§T 3INNIIATIERALLATA TEM WaztiayinmsanunIzesiiains
dasaanaldn 6 FUAY INAANANW WA b6 LLaNE199 NIt auFa 8N LZIaT 2 §UaW

o o

' [ o a (<3 = A ] ' a ] A o
a:aamvl,snmuqmamymzmwmmm ﬂdLﬂﬂ(ﬂNﬂﬂu’]‘[uﬂvl,@ﬂllLL@m@]'NﬂuﬂEl’NﬂJ%Elﬁ']ﬂm

2

TagnaaNANaTIAMNEN 20-40 W LLNAT WazNIN9 15-30 W lwiues

Angellier LazAME (2005a) TAYNMIANINEA1ITNIHNAANANNLFNVDILNAANAN U 14
AMnuiaansy waxy maize #2835 Response Surface Methodology las¥innsiaentasslu
MIANEIIIUIN 5 fIuls vLﬁLLﬁQM%QﬁI%ﬂ’]SNﬁ@I AN NTUVDINTS ANV NTUUDILL
RA3T F2UzIa1 b uNITHaEauaI8nIa wazad1NtSvauluniInInaiIazais lay
& ¥ = A A o v = P ¥ Aa =
aatnagraInmsanwngmizlumInasasnazyin i lananui lun ldazanutinngauwiasu
A = <& o a A = . =2 b1 &
fan luszpzmauuazldtandagiga Ganansdnswuiwdnuluanudssanss waxy

. A a o ' & AN wva
maize Aiasulalivwauazgling (ndafnldianunu 6-8 wluiuas 117 40-60 w1luluas
Y ' ' a AN oo Iy A o o
waznd14 15-30 wluuas) luandsannszuawmaiasonflinulasnii g deldiaan 40 1n
danItaggaadauligansreanIalalasnaasa NIaNaNaaTasas 0.5 lagtinwinL#svag
wilagansT udnNMIANE I8 Ud Angellier uazamie 1332828 NES 5 1% lwnstHasaany

JANSTINN waxy maize (ﬁ’)Uﬂiﬂ%ﬂﬁ%ﬂIﬂﬂﬁﬁ’]&l’ﬁﬂiﬁNﬂNﬁ(ﬂq&ﬁd%ﬂ ez 15 lagthnsinuia

v3ulIRasT  uazdeunAmeyIdb(Angelier uazamiz, 2005b) B lavinIAnm
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NITLIBMTLANAMNAN VLT ILIIVRIR L9 TITNTG I@]ﬂmwauNﬁnmiuﬁwﬁmvlﬁmmma
. [ L wva v v {a & o
ﬁ(ﬂ'l‘ir“ﬁ waxy maize WiE]MﬂfUﬂ'liﬁﬂi:ﬂﬂmauﬂ@@ﬁ%lﬂ‘idﬁ‘i'ld"ﬂE]d‘llE]GN'ﬁlJﬁLﬂ@“ll%(ﬂ’)El Al

= Ao X = i & . A a & aa
ﬂ']iﬂﬂ‘]&ﬂ“lﬂj@')']NﬂﬂLﬂﬂ@uWIu"ﬂqﬂLLﬂ@ﬁ@niﬂj waxy maize V]Lﬂuﬂﬂvlﬂluu'] YINDTIINTINUNIT

o ' H & ' A o ° a =
NITANYAIDUINRVUILRA al%Luaﬂla\‘]LLNuﬂq{] FINIINISINYA E‘TNWLE‘TNQTQGE‘TW?L@]NL@]NI%T]']?

o a

a & A . A e Ao o = ~ a a A . & A
L(ﬂjﬁl“ﬂﬂ“ﬁiﬂuwu&nﬁ ﬂaL‘]‘jHﬂ'ﬂ'ﬂﬂl“ﬂﬁq mu‘]J\'i‘]Jaﬂﬂﬂﬂ?quwﬂizﬁﬂﬁnqv\lﬂ@maﬂLLN%‘W@N%?@

o
[ %

mﬂm%aqmawﬁ&%ma NMIANENIILATIREILFUDIT LNAANINWI L nuIganITazyinlw
. ¥ o - . - v ad
AUEINITD AN T B NN WU ILAL TN TOONTLIUYDILHUN A NNLATUNINNUI LI TI TN A9

a = = &t &
L@mLﬂaﬂwaﬂuﬂuﬁ]’lﬂLLﬂaam‘S‘na@md

Y o

Thielemans WazAMe (2006) lavin3dunsaaundsiuidlrvaindanuiluiesoslaan
utlhiga$e waxy maize 3nnsuialJisentasinasALaTunL stearic acid chloride waz poly
(ethyleneglycal) methylether (PEGME) laananuw luvadutsaasanrunmsaaudsininy

PEGME ﬁﬁ'ﬂﬂmwg\‘i@ianﬁﬂﬁvl,ﬂ’lﬂuwﬁmnwmﬁmLl,a:wa@m"'meﬁmamsl,l,vm N L0 b w319 e

6

VTRANETRe luameNn1Iaaulsaay stearic acid chloride 3zX1szansn1wdani1yin luld

q

Tudsuenfidrendussdunigndanalizewings (Hydrophobic)

Szymoriska Lazame (2008) ﬁﬂmﬁaﬂmﬁﬂﬁmwmm;smﬂuﬂuﬁm%‘wvlﬁmmma

'
[

O30 NUHTI launTzuIUMINMATING HaAMIANHINLI LI TTIN N BHTINHY

mMIaaudsmadenalumsiasamwidaudsaanss azifia E‘J‘l;mﬁﬂ‘l«la'li%ﬁ 19321319 50-

v
[

100 wlutuas Ussunmsosas 15 iauagluwawﬁmmmm sﬁaﬁ”ﬂeﬁaumm:'j'}m;,mﬂmiuﬁ

2

a X & a P A do a o | = &
Lﬂmu%um@]mﬂﬂ’mmﬂma\ﬂuLaqaazwiaLwa@uwﬁ]ﬂLﬁmmagmﬂmmuﬂmm%ﬁ uazgn
' = & & o ¢ Aa X a '
Uaadassaanuianidanliganss mgmﬂm‘[ummmdamﬂmﬂmuwmﬂuvl,mami

a aaa o A ' = b a . A
m@ﬂgﬂimﬂumsmﬁmLmﬂmammmuﬂmm']{"mu (native starch granules) T3IR1UNIN
ﬁnvl,ﬂﬂi:ﬂqnmﬁlfmmiamiw”wmNa@lﬁmeﬁmﬁ@lmj6] 1A8IaNIZANULANNZRNABTZULANT

~3
WEIEN UAZ/MID RIIDANONDTININ

[ 3
1.3 'J@lﬂq‘l.]iga\?ﬂ?laﬂ‘[ﬂiﬂﬂ'li

1.3.4 1NafnNMILaTeNaynAFaTTHANUT LY (starch nanocrystals; SNC) uaz

ﬁqﬁ] wlassasemaaimeninuas aBNA laglgaanssaninavenaanduansassis
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1.3.2 WNadn®LasLaSuNARY starch-based nanocomposite F1WITUMINAIUW T UENT
A A =1 A ' Aa ° o A an
Lﬂaaummmmwmmsamuqumsﬂa@ﬂaaww"[m”lumnmmvl,a I@ﬂmiﬂi:muqmaum
a a 6 ] 1 6
MIATNENT WRZANNNUFDFNNIZNIA-FNIVINAY
1.3.3 WadAnuaaMsUanlaasarsn luani11z893s UM aRa1RI TN T aLN

. . o4 ¥ .
HIUANTLARBLARY starch-based nanocomposite  N&ILATIZRIN Lasrinnsansnluanly

1883 (In vitro)

1.4 VB ULYANITANBHINHIDY

1.4.1 myAspdmuInidumisianziuasAgaulasiairives starch nanocrystal lay
INMINuHBaEN1 13l un1IHE® starch nanocrystal 628375 traditional method fianseiae
RA8GUNTA (Linntnerization)

142  @nw1gn1znaIaufan (free  films)  flaNz@uaNN starch-based

. A a X o \ ) a a A
nanocomposite M@3uNTHNNNTLT starch nanocrystal JWNUNBALNETTIMNAL RN Y
iu laasandlnsdawfiaiaglaawnian sarsrriassilasgs idudu anniudnm

A = a 6 6 A v I3 6 v o 2{/ a v A
auaudmaaiifdndvasfisunlaludruanuudusivesfdn druansuzinidinaia

(Y fa & ' . . =2
NAIYANITARDLANATOUUVURAINING (Scanning electron microscope; SEM) AMULTUNEN
29INRNABLATBIIATIEANITIRY U UUVBITIFENT (X-ray diffractometer; XRD) WazAINS
azane (dissolution rate) lasvinmsanslusnsazareniduvssnarsiaaslunizinizennis
vasuyinUTanawlad (gastric fluid) uazvaanadlud1 l§ian (simulated intestinal fluid;
sIF) walfidutayadniunseTuisquautiduesflduain starch-based nanocomposite

v o (% A = A ' Ao @
alddniviefenidasiWamugunisaaddasnd |d
a & A A @ . A o e A
1.4.3 NRALNALINLARDUAIY starch-based nanocomposite NRILATIEHRVY lasidan
A =1 A Y o = v 1 A A v A
gasradaTARaulaun ldviinsdnsudiiwanzanige lasnisiefausidioiaias
a = . . A @ . .
\ARBLENLAA (coating Machines) waztadauluansmusad enteric coating lagls lalaaluua
a . . Y s o [ ' o v
laidoy (diclofenac  sodium; DFNa) ifluenduuuy Ssdmainandaidusndudiuns
anauf Ldle su@ssass (NSAIDs, non-steroidal inflammatory drugs)
=< 2 o ' o P [ ¥
144  dnw1fseasimsdantaasaisnluusiimedislzidinune laganunwns

L < o i a
NA[NILUY in vitro mlums‘n@aawzmmﬁnmﬁqquu 37+0.5 a9ALTALTOR Lazding
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o A o o 9 o o &
muasazansluszuume lasnmuualiaacaefltidwansazanoNsaasduauaniig
199 Tuszuumaduanmavesayed laud sasnmlunizinzemsidneanniewlsin

o v = . . . . A A s
pH 1.2 uazvadinadlus I§lan (Simulated intestinal fluid; SIF) Faiasauannnasnatwinas

pH 6.8 Nsliimuanaivhmsdnsmydaaddasagluti 0-240 wifl uazymsdiemzi

'
a o

wSuranen lalaaduwalao@ouninisUaataasaanuiaiugniiznvinnisansile
JTHZLIRNGI 9 @T’mﬂ’]i’j”wi’]mi@@ﬂﬁmm uv

1.4.5 FN15UTLL T ULA AL ATITHHANIIFD @ I@ﬂ’a’mmumimaamuuaimaa@

. . a & \ ! ai @ v aa

(Completely Randomized Design) LRSILATIZAAIAIUUANGWNYDIANRNUVAIVDUNAILID

Duncan’s New Multiple Range Test (DMRT) fiszsuanuidasusasaz 95 (p < 0.05)
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P> ag o A a o
UNN 2 I5ALUWNITIVE

(2

mydufiwnuitsdmivlasimyidviiudseandu 3 daunananiagdszaad aid

1) Ma3duiianAaaun AR TIHANWILY (starch nanocrystals; SNC) 9Inaa1sTdud1nas

laamitasdionsadafain uazigadlassaimuaiimoninaasaynia 2) Ansaniog

= 6 . A . A a &’ %

nItaIsaNau (free films) NiwUNZFUINN starch-based nanocomposite MaIuNInNNNIID
& = ) ) a e A a o« A A o

apnasanITnanw luTinduwefiwaiinwsfiadii g uaz 3) minAauiasfiniaueae

[

LA X a o . .
starch-based nanocomposite NFILATILHIKIHANW MU VDS enteric coating UATATIVFDL

ANBIENIFMININEITadasn PUNsdnssamlanldesaisnlusniizdiseies

TLUUNILABDINWT (In vitro)

[

21 anAY @13LAd u,azqﬂn‘mi

fRsuaITAdE ”ruﬁlﬂumﬁ% @uA hydroxypropyl methylcellulose phthalate
(HPMCP) Eg("\‘iéfi?aﬁl’m‘]_l?ﬁ'ﬂ Acros organics 3@ amylose-rich maize starch (Hylon VII) ﬁl\‘iéf}/a
91NUSHN National Starch 317 Ethyl cellulose (EC) #3%8a1nUSHN Sigma- Aldrich $17ia
sulfuric acid L8z hydrochloric acid ﬁiﬁsﬁamﬂugfm CARLO ERBA Reagents 31n@ diclofenac

sodium salt, poly ethylene glycol (PEG6000), potassium phosphate Was potassium chloride

v
[

§9T0NNUIHN Sigma- Aldrich 317@ glycerol Waz sodium hydroxide #3%80a1NUSHN VWR
International 311@ & iso-propanol acetone Waz ethanol g&%ﬂﬂﬁﬂﬂ%ﬁ'ﬂ Fisher Scientific
UK 31n@

m‘%aaﬁa%‘nmmam*fmgugdﬁslﬂumsﬁﬁﬁ'ﬂ Iefuri 1n3asdiaeimsBouueedss
\an (X-ray diffractometer; XRD) 3% D8 ADVANCE 989U319% Bruker Corporation Uvzine
LUaTN ﬂﬁadﬁ;a‘niiﬂﬁﬁLﬁﬂmammudadﬂi'}(ﬂ (Scanning electron microscope; SEM) g’u
Hitachi S-3400N wa8Ju31" Hitachi High-Technology ﬂi:mﬂrﬁ'ﬂu m‘%aamaauqmauﬁ":
VBINALUULEUNLTERIA  (Universal testing machine) 8dU3SHN shimadzu ﬂs:mﬂf}jﬂu
Lﬂé@df@]ﬂ'}i@@]ﬂﬁ%%ﬁd (UV-visible  spectrophotometer) j% Lambda 650 283U3HEN

PerkinElmer U3zinaanigaiauini
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22  35n1Inaaas

221 NIINAABWNIAFAISTHANKILW (starch nanocrystals, SNC) 91N&A13%

and1dznaslagnisdasalgnIaganasn

mMInaaadninaunIAgaIITHENWILY (starch nanocrystals, SNC) 3naans

Aa o

w”ué’]ﬂzﬁﬁﬂwmisiayﬁaUﬂs@wﬁaﬂﬁﬂlum%aamemuquqmvmu Mlalaarasunganse

U

(2
CZK

AANMNTNTUT8a: 15 1AUIIRINLAS IhRIIRLa8NIATaNITATUTY 3.16 Lua1s NN

wnnd 37 asrioados wiannuinmIniuniaitnaseaanens1 100 saudeuIfi (rpm)

i)

1wszeziian 168 Talud w3a 7 7w Laasuirnaan liinaat198an3NLATAIUEN WA

v
a v s L o

falingunpiivas nasaniunsasuazindIuaznay (residues) lddsdroinanaude
amdunand (pH = 7, neutralized) uasihanazanslutinnaunatunanldiduitaidaanueas
High speed homogenizer N1A1NL33581 12000 Jaudawfl Dwiian 2-5 wIfl ¥innsnsas
v = 1 a 6

FenTIuNTRILENUULTUNUNTBNTTINIUIATWIRILET 2 (BUIATNTH 40-100 |uATaw)
wWausnFiandsnuazeuazasstuiilan viuwdsdienszuiumssuuisuuuuianudy (freeze

drying) wazifudiagna liludaannuiu

222 msAnBIEnIIEMI@IuaNa (free films) Nanzaa

=2 a ¢ A .

ANBIFN1IZNILAIUNNAUNLANIZRNINN starch-based nanocomposite lag
dauninasnwafwes 3 whia laun hydroxypropyl methylcellulose phthalate (HPMCP),
amylose-rich maize starch (Hylon VII) LLaz ethyl cellulose (EC) mLaNm&ﬂ’]ﬂa@ni{“ﬁﬁth’m
mM3UTU34 (native starch; NS) uazayn1ARaNTTRANUILY (starch nanocrystals; SNC) e
A en Ana € ¢ Ay o A a &
Rsanguandanaaiiiandvasflaunld waziangaimaiaIoufduain starch-based
nanocomposite 11 lavhmifnsudriminzanigalulslumaafovsduunuluansu:

. . A = S o 1 [ Aa [ ¥ ] A

2849 enteric coating tWafnsfsaaMsUanddesmenlunsiimaisizitnunvdeld 69
LERNIA AR IUEI UV RIN TN TANENENNENTLAT BN A NN AN S RN LRAIAIATND
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a &l = ar ¢ a
waamaiw‘l%‘lumstmsmﬂamaumain

|

.......... | — S ol

R Hydroxy propyl methyl ™ Amylose-rich maize Ethyl cellulose
: cellulose phthalate starch 3
i3 (EC)

(HPMCP) (Hylon VII)

S = e
| |

Starch nanocrystals

(SNC)

a [ = 6
- AlenzianudunanaINa

- AIIIFROUANY AN T U IWINNVRINEW

= va A (3
- ANHNRNUALTINAVDINA Y

= A o 6
E ANHNATBRNU AT UNIREA1LVDINAY

o
..........................................................................

AN 2.1 LEBATA NIRRT IANBIRAIIEMTAS DURA NN AT RN

2.2.2.1 MIAIBNARY hydroxy propyl methyl cellulose phthalate (HPMCP) ‘ﬁl
Ai@nann1a NS uaz SNC

L@%ﬂuﬂﬁwiﬂﬂﬁwagnWQ NS uaz SNC yvduadluiannasnnadivas
HPMCP 718@31&%n1360%

0-6 &1l 100 &% (phr) lALEATEIUVBIRNTANE 9 NITUFAIAS

ANI19N 2.1 I@ﬂqmﬁ 1 @8 HPMCP ﬁﬁmilﬁwmgmﬂ NS LLEI:E;T@]iﬁ 2 fia HPMCP 930195
Lﬁumgmﬂ SNC
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A19197 2.1 LRAIBATIEIUVBIRNTAN 9N 1Tl TiaIauRauanwadiuas HPMCP

USuramwnmisié
813 gm‘ﬁ' 1 gm‘ﬁ 2
HPMCP 10g 10 g
NS 0-6 phr -
SNC - 0-6 phr
Acetone 44 g 44 g
Iso-propanol 44 g 44 g
glycerol 29 29

o { v s 1 v v &/
WIRIIREA ﬂNﬁNﬁL@]%HNVL@]'ﬂ’]ﬂ amwmummummugﬂ (cast) /3IU®

Tuawadslasunsainnaan LLa:ﬁwvl,aJaunﬂ'aﬁwamaﬁwazmmﬁqmmﬂﬁ 60 BIALTRLTUE L%

a & & A o wn & AN o,
1IN 15-30 ¥IN ﬁ]qﬂuuﬂﬂﬂﬂawaﬂﬂ‘ﬂqﬂiﬂa LW@%’]VL‘]JVIQE‘TQ‘U'NN‘U@WHGG] TQG‘WQN‘Y]VL@@]QVL‘L]

2.2.2.2 M3@3uNNay amylose-rich maize starch (Hylon VII) Afmaaw

auN1A NS uaz SNC

L@f%'wﬂﬁw‘[mmagkmﬂ NS uaz SNC anLduadluianinainnafiuas
Hylon VII fsardumaey 0-2 daulu 100 §au (phr) lagaaaInUaIaNTaiNg o Alduans
GIm397 22 vmsmussazaneliigiiwduna 1 5alue arnsiusia ke faud
pannd 121a9mimaifos noldussau 0.26 MPa Luiia 30 wifl e aranafiiIwms
lﬁqm%qﬁuaumﬁumﬂfugﬂ (cast) asvuluainwaen ugh lauiiamsasasanof
gaunn i 60-70 adrLTaLTuE LA 1 A nniusanflsuasnainlua iasildnesey

FUUAG1 9 vasRaun lasa b
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AN9191 2.2 uaadeananveIm Ia 9nlslumaassufauanwafiuas HYLON ViI

USummsiaw
GEP qm‘ﬁl 1 gmﬁ 2
HYLON VI 49 49
NS 0-2 phr -
SNC - 0-2 phr
DI 100 g 100 g
glycerol 29 2g

=

2.2.2.3 mM3tasuuNay ethyl cellulose (EC) ‘ﬁ'wmnauagmﬂ NS uaz SNC

winuiaulassiinediwes EC davanslulomuaaanwefiuasazans
aufl,l“ifﬁ LLﬁ’J@iE}UG]L@&J poly ethylene glycol (PEG6000) Uk 1 3N a4ty waINIUI
AzAUNY mnifuﬁmﬁumgmﬂ NS uaz SNC aslutannasnwadiues EC fsasnmssin
madiu 02 #aulu 100 §3% (phr) TausaaIuvaIEIIiNg g AlTuaaInianT9fl 2.3 ¥

a

{ v v { Qq// o ‘&l
gyazanun el lwanusannamnndl 40-60 a3t TalBor WA 5 WIT 3NN DH

9 U

)

;Jﬂaduuimmmau LLﬁﬁdﬁ,ﬂﬂauLﬁaﬁwmmmazmﬂﬁqmﬁqﬁ 60-80 DIANLTALTUR D%

1181 30-60 wfi Nnwuaanavaananlua el lnaseuantifang g veslsui lada b

A o , . A a & a &
AN 2.3 LRAIDAINRIUVDINITAN G]V]l?ﬂuﬂqslaﬂiﬂuﬂaNﬁ]']ﬂWE]aLNE]i ethyl cellulose

UIanamIé
a3 gA37i 1 gaaf 2
EC 59 59
NS 0-2phr -
SNC - 0-2phr
Ethanol 949 949
PEG6000 19 19
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a [~f a
223 mPaTeianutdwransalay

Teeianuazlassaiananvasfavlasldinias X-ray diffractometer N4
NBILAI (CuKg) Lduunasiifiassfiond ausn110au0959I8LanTN b TLYINAY 1.5406
gamavaw lauyimsiayu 2-theta 1uz3 5 i3 45 a9e 2-theta G88a71157 0.05 B4eN 2-

theta @23 u9

3

224 NININFDUVANBULNTUIIWINGIVBIDRNAFASBUALT AN

ATIAFDUANBULNIFUTIRINGNVDINANGIBNADIVANTIANBLANATOULLIL
#89n31@ (Scanning electron microscope #3a SEM) LaSuualatnlagnmsfaalatinsuuyin

= Aa & a " <, A A o ) ¢ o A v A
ga (stub) V]NLV]ﬂﬂWQQ']SUQu@@aQ V\a\ﬁnﬂ%u%qvlﬂlsﬂﬂaﬂN?@naiﬂﬂﬂau(ﬂqu}aﬂ LW@SLV\Lﬂ@]

i T ATLANFNIENITNANEINAT AIINIILTIVINNNEIANE IWWIN 20 Alaliad

(kV)

wa A ar ¢
225 miﬁnmaammmnamaaﬂau

Anwaui@BinasasldudlsaTanasaUg e ABINauUULaUNLTE a6

(Universal testing machine) T,@]Uﬂﬂaaum'l&lﬁ'm"n'lml,‘iaﬁagaqm (tensile strength) a314
a & & & S A . &

11187 (toughness) WazllaIlbuanN1IAIEa (percentage elongation) UAIWA MUNINITN

ASTM D638 (2010) I@]UE\Tﬂﬂmzmaa%mmﬁﬂ,’]mﬁﬁmsmaam:ﬁaaLﬂmmuﬂﬁwgﬂma

AULLIAS ﬁmwwmmaa%mmagluma 2-4 UARLNGT

2.2.6 msﬁnmqmauﬁaé‘mmsa:msmao?\lﬁu

dnsinisazansradfanlassaiininvedudufsNnaunasay wal1in
weuwRaulaluansazaronsalalasaaasni pH 1.2 1Tuwa1 1 wae 2 Talud wazansazans

WosWauWiWash pH 6.8 tJut181 2 waz 4 T21u9 INBUIILHURF VN wRIG Y
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ATTUIBMTOLWAIUL LTI aNUTY wazUNNIRIN2 ILHWA QKJJ e ﬁ’]vl,‘ﬂ FWIHANN AN

Aaunazay lavaaiiduilasidud

a (=1 { a6 -
227 msHaaAgNtARauA28Waa starch-based nanocomposite

NAALIAENNLARBUAIY starch-based nanocomposite lavltlalaafuna

A o ° o |a = A9 o A e o
To@ouduedniuy MrualrdSinavasudslnssazanonltinfouyinnusasas 10 lay
HnnNn l%mfamﬁauﬁﬁaw”aul,mqm%gﬁﬂizmm 70-80 BIALTALTUR WY UG HDAIILIY

(pan speed) 30 Jaugdaw i mUIdRnsazanaflEiafey (coating solution) L3N 0.17

: a a A

Jasaasdaun  tduszeziian 300 w1 mnﬁuﬁ,’]Lﬁ(ﬂmwmumsmaau"lﬂauﬁamwnﬂﬁ

q

1320104 40 BIALTALTOR LUTZHZLIAT 10 W ﬁdvﬁﬁ'ﬂﬁ'ﬂﬁqmﬂgﬁ ADIVULNALLAIRIN

Lﬁm”’aasi'mvlﬂmjgmﬂmu%uﬁ AWM IANATIER T A UGS b

228 msanvraaIn1sdanlass@lun

o

An19aINITUaaU /U@L LUY in vitro lauaalladannituad Kim was

AT (2003) LAZADVEY Sanli LAZATE (2007) WELHINLNALNNIBMTLARDUINNARALNIT
daadaasaronluasazaruainaisfe ssazanansatalasaaasni pH 1.2 1Juwian 2
771304 wazasazanunasWatWiwash pH 6.8 Lutian 4 37109 lasdualasnalilunIas

= v a [~

wHiLUUAIUANMAN AN 37 aseimaiFo drodaiiilunisiudn so saudewndl v
fBENIRNTATANAINAIATIAL 5-10 NaAanT (LN ITazawaINaInauauludSIasvinnn
NNATI) ﬁw"l,ﬂi'@@hmi@@ﬂﬁuum@ﬁmﬂ%aa UV-visible spectrophotometer 121081208

287 W lluaT waddIwImAUSIma lalaatuua ladsunlaataasaanainuiagn
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UNN 3 HALAZIITMHNANIINAADI

a o 6 ¢ 6 o
3.1 ﬂ']iﬁﬂﬂ']aﬂ'iﬂ'MZﬂ']\‘] amg’l 'HFJ‘VI g1 a%ﬂqﬂﬁﬂqiﬂfﬂgﬂ%qrﬂﬁ]qﬂ AANIBNW

o o ) ¥ o Al A
mﬂwaafﬂﬂmwa ga8NIATAaNIIN

INNIATIIRAUANBUSN A UIIUINDIVOI0UN AT T Wi UL TUL 9
(native starch, NS) LLazmgmﬂamﬁ’wﬁﬂm‘[u (starch nanocrystals; SNC) NN

fa & 1 o d' di a o
anTIAuBLanaTauLLuFInTIa (SEM) asugaslunind 3.1 laRansanansmslany
22903NAFATTNIRBINUT an1a NS zdUienidusl uazliluiafiiioy dauaynia

o . o a o A & o ) Al A A . &
SNC azflansmiguiilausiuen Smydaioadusugfounu uazdnuiivyoee Seluduil
Judadidanistiainzuaseynia SNC AuAsy laglEnann1s mechanical inter-locking lag

o ' o o [ wa A A A ' Aaa A A

HagINaNFaAAaINUNANTTUUTIRuTAInafintaninaunia NS NIRISHY TINanT
NnaadaInalzaEwasia i

$3400 20.0kV 8:3mm x500,

)

20.0kV 5:.5mm x9.00k BSECOMP

o @

NINT 3.1 ANBAUSNIFUZININGI289 NS NiNAI2L18 a) 500 ke b) 1000 ¥ ke SNC

=h.

89818 ¢) 100 waz d) 9000 L
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3.2 nsdaneranzlunisasaanannmanzay

321  msAnwsAzImInzaN lwnTesuuNay HPMCP nimMsAvanNa NS

Lae SNC

nnmMIdnsanizimanzaslumaeiouids HPMCP  Ndnaiduaunia
NS uaz SNC U3anm 0-6 phr lasmsih sy HPMCP Ma3swldanayniasaiiznisesly

JienzAansmelasigInanuaINaual8L@Iad Xray diffractometer L ABLAUAWANA NS

q

uaz SNC 118WI13191N X-ray pattern 7ildWndn ayna NS uaz SNC UmngAafidiuni

20 ¥iNNU 18 I(ﬂ&lﬂ‘léﬂ’lﬂ SNC ﬁw"ﬂﬁgdﬂ’h NS WRAIDIANUTWNANNNIANTN wananth

Do

MWl 3.2a-b HIUFAI pattern vaINAN HPMCP AifimIi@naynia NS uaz SNC anudau 7

UIunm 0-6 phrTmywudflmnﬁwﬂ?mmagmﬂ NS 1az SNC gdHalhmudunanuaslay

v
[

& o % { o ' e A a
AR FUNA lANNG AU 20 WAL 18 n31Wves HPMCP Aldiimsidunsannia NS

q

{ = [ o &
w8z SNC 11f8uania board Guaasnuuasmgin (amorphous) TiuRansaiandn

=2 = . A &
LLﬁ@\‘]ﬂﬂﬂ?'\NLﬂuNﬂﬂ (crystalllne) NNV

DWT 3.3 WFAIANB LN IWINE1aIRAN HPMCP Admaiduaynia

|ﬂ€dd a ¢ < A

NS uaz SNC USunm 0-6 phr laswuin mmumsmuakl,mﬂamwmaamumﬁumiﬁu

vad 1a a

msnszﬁnﬂé}"’;"uaam&m@uuﬂz\i’uvlmwﬂsmmmsmmﬂu 4 phr ugtlatnudIunmnaidy
& ' a = o @ A = o . °
gadiuLilu 6 phr wuin Liwmumiwnqmmaam‘;,mﬂam{muumﬂﬁu TINAAINA1ID1AYIN

v a v 1 &/ { = a g v 1 1 e A {
lwAsuiad E]fIJﬂWiE]x‘l‘ll%LﬁE]d’%’]ﬂNEWE%LT]@]‘U%I%IQ?G'ﬂ‘i'l\‘l LasRINaRaRUUGLTINAN AR
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—\/-N

Intensity —— .

5 10 15 20 25 30 35 40 45
Diffraction angle (20)

Intensity ———

Diffraction angle (20)

NN 3.2 X-ray pattern U84a3MAFASY UazWay HPMCP NimILduaynasaiy

1J307m 0-6 phr a) NS 1laz b) SNC

31



20.0kV 4.2mm x500 BSECOMP

20.0kV 4.5mm x100 BSECOMP 500um 20.0kV 5.3mm x100 BSECOMP 500um

20.0kV 4.4mm x100 BSECOMP

20.0kV 4.4mm x100 BSECOMP > 5 ) ~  500um

NN 3.3 URAIANEIENWFUIWININVRINTN HPMCP Ndimsidnaynia NS UTuna a) 0
b) 2 c) 4 uaz d) 6 phr uazay HPMCP Niim3i@vanna SNC J3unm a) 0 e) 2

f) 4 8z g) 6 phr
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i RS/HPMCP NS/HPMCP
15 SNE/HPMCP SHC/HPMCP
6

Tensile strength (N/mm?)
g
Toughness (kJ)
-

0 2 4 6 8 0 2 4 6 3

Q
~

Starch content (phr) b) Starch content (phr)

NS/HPMCP
SRC/HPMCP
9 4

% Elongation

ek

0 2 4 6 3
c) Starch content (phr)

AN 3.4 LEAIFNUAEINAVDINAN HPMCP ﬁﬁmnﬁwagmﬂ NS uaz SNC U3unow 0-6

phr a) ANFUMULIIAIFIFA b) ANWAHET uaz o) Wafidudmfsia

nnMsanantainaveslanlasltiaiad Universal testing machine WUINRAY
HPMCP fifim7iduaunia NS uaz SNC uaaduwd liuzassuidnnudumuusaiagage

(MW7 3.42) Indlaunufe WatRuTanmmadnagniasairvissassiiaauislum 4 phr

'
= =

mﬂmi”wummmﬁagaq@ﬁmmm@ uazazdataaadlatnudIununsi@uds 6 phr 13

a ]

A J wa v =3 v & ' 3 v A
LW?J"]J‘H?Jﬂ\‘]ﬁllﬂ@]ﬂ'l']ﬂ@]']uﬂ']ul,lﬁﬁﬂﬂiﬂﬂq@LLﬁ@ﬂl%L%u?q Q‘Haﬂ']ﬂ NS waz SNC ‘V]']%u’]‘ﬂsl,uﬂ']i
a v 6 4 o ' [ a A =S 6
LﬁiNLLiﬂl‘ﬁﬂ‘UﬂﬂN HPMCP T\?@Nﬂﬁﬂ'ﬂﬁ@@ﬂaﬂ\‘iﬂ‘uNE‘WJ?J\?ﬂ']iW"ﬂ']im']ﬂ'J'WJLﬂuNaﬂT?J\iﬂﬂll

A a Yo v v o A, A a v A [ 1
(ﬂ']W'ﬂ 32) Y]vl,@uﬂl,auaml,l,m“uw@mﬂm miLmﬁhmmmimL@maﬂuﬂau HPMCP ®3W\
[ { { o X . '
T¥nsnifauannia board (amorphous phase) TUiduwafiTalands (crystalline phase) W
a { a A 1 v v 1 4
Namil,@mﬁllimm 6 phr T3INWUIN LL‘H;'JI%N“]J?J\?ﬂ'l']N@l']%ﬂ']ul,lﬁﬂa\'igﬂa;@ﬁﬂ']ﬂﬂﬂﬂ Lﬁﬂﬂ"ﬂqﬂ

ATEIBLALUSNIATVBILRALNAINT RN LLa:Lﬁ@mﬂﬂ'ﬁﬁuﬁumjuﬂ”wnaaagl,mﬂmm"’;Lﬁu

A a ¢ A o v a £ & & o wa a o , A
m@maﬂuﬂaumawwﬂmn@gwgumuluﬂau "ﬂﬂﬁx’lNﬁlﬁﬁ“ﬂ@n“ﬁﬂﬂﬂ@ﬂﬂﬂqlﬂﬂﬂﬂ 5
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v Qs a v Qs a Ci‘ ‘é Y o
§OAARBINUNAMINIIINA3Ias9NIggIwIngasflay (nwi 3.3) Teldainaualy
WRRTNIAY EIUNAVBIANNLATEY (NN 3.4b) wazidasiguan1sadta (MW 3.4c) V84
A/u HPMCP ﬁﬁmilﬁuagmﬂ NS 1az SNC waasuuw liundannuia MINNUSIN 1T
o A . o e A & 'Y A o f A A Aa
ALAUFINA LA RN AL TINANIFDITUU LTNRNAI TIAINEITUHALHBIINNTIANUSNI RS
v A ' Aa A ' . A =a '
dududunmsaadrundaanuiiangu (fleible) FINADRIUVBINAN HPMCP 89 §IUHANTT
a a a a a a ¥ 6 1
N1 USouisulssAnTA WA TRS UL I LW nuUN Sy HPMCP 5:ningauna NS

WIsusuny SNC - WU MaILavannIn SNC Iﬁ@hawﬂ“&%anahm’mﬁgaﬂ’h NS

] ¥
al 3 A a A

199N HATaIANUTUNANAFINGT (NWA 3.2) uazanvaenIFMgIWINENINURITAIY
27p3zdINAlRBRA1A SNC munIndaimzuaznszanadiuuiay HPMCP lddnitaynia NS

(WA 3.1 Uz 3.3)

322 nsdnmanziingaslunaieieafay Hylon VIl Nimaduaunia NS

e SNC

INMININTIN Xeray pattern Aldanmsansraadundnuasfsy Hylon
VI ﬁﬁﬂ’]ilﬁ&lmﬁﬂ’lﬂ NS waz SNC 13wt 0-2 phr I@ml‘fméad X-ray diffractometer W11
W&y Hylon VI ‘ﬁ'ﬁmslﬁuagmﬂ NS waz SNC dsngfafidiunibs 20 iy 18 lasflsu
Hylon VII ﬁl,awagmﬂ SNC ﬁﬂ'ﬂﬁqaﬂ'ﬁﬁ NS ugasisanudunaniannnit drunavas
YIurmnstduwuan muﬁuﬂ%mmmﬂauagmﬂ NS sdualranuiduninvasNauaaas
Fanaldaniiafidiunis 20 whnu 18 me'ly Lwisl,uﬂsfﬁmslﬁwakmm SNC wud1 ML

a a 1 v J [ 4 Qs v
USanmmsidnaynia SNC fana NN NI RHENNINTY wellalSouisunUwwl ity

]
a

PpIANULTUNANVINAN HYLON VI nuAay HPMCP nimMI@vennIA SNC Wudr M3
6

\@uayna SNC srunuiay HPMCP 1ﬁﬂauﬁﬁmwmﬂuw§nﬁgandw LRZRINTOLANITINAY

"L@”Luﬂ%mmﬁgdﬂdﬁmﬁmaaﬂﬁu HYLON VI
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-
O
-

2.0phr

1.0phr

\_/N =

5 10 15 20 25 30 35 40 45 5 10 15 20 25 30 35 40 45
Diffraction angle (26) Diffraction angle (26)

2.0phr

1.0phr

Intensity

Intensity

NMNN 3.5  Xeray pattern a9Way HPMCP ﬁﬁmslﬁwmf‘omﬂa@ﬁmﬂ?mm 0-2 phr a)

NS uaz b) SNC

a

NN 3.6 WAL 3.7 LRAIANHINIIEILZININY1VBINAY HYLON VIl N17M3
a [ ot { A a lé 3 v
\@ueun1a NS uaz SNC anudau (MUSunamaidn 0-2 phr) F9nwdisaInnass SEM
] ¢ da a ¢ & a a @ @ I3 va A
wudn Aauninadusanisnigessiaiiuwaliuniinszaisdrveseynmauuiaalaan
a a o A A a a &
USinama@uidu 1 wag 1.5 phr mud10 ueldlatulITanmnsidn NS uaz SNC §97iu
oA & o Vo ¢ a & & a a
% 2 sz 1.5 phr wud1 BTuAUMITNFUAUBID UM AR TTURAINAN uazHanITuLAa
A s 1 o v = v 1 &/ tﬂ‘ =) 1 1
nIuanaan weanwaainaaavi lidsuiadaunwiasdu tiasanisesuunuaztasing
a & [y ! . “n A a = ! a wa A
adululassgsrs ssnadosuifiBinazasfsunanss Goludrumsnasansudaionaas

lenaasiall
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o - Jp
it }
e e T ]

(e
300um

S3400N 20.0kV 4.6mm X150 SE

S3400N 20.0kV 4.5mm x450 SE

a

AN 3.6 NBULNIFUIIWINGVBIRAN HYLON VIl Ndn1aiduannia NS a) 0 phr
AfaIuee 500 L1 b) 1.5 phr NNaIeNe 150 1IN WAz ¢) 2 phr 71

fasveny 450 10
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S3400N 20.0kV 4.6mm x150 SE

v

NN 3.7 NBUSNWFUTIWINENVRINTH HYLON VI Nimsidnaynia SNC a) 1 phr

[

AMa9vene 150 Wae b) 1.5 phr A& 450 1in

MNMINN T FNLALEINalagn1snagaudiuiaIad Universal  Testing
Machine WU7NA&N HYLON VII ﬁﬁmsnﬁuagmﬂ NS w8z SNC waaduwd liturasgniaainy

v =2 P A = A a a > A =2
Gl’]%ﬂ']%LLidﬂx‘li;{\‘lij@l ("N 3.8a) LrUauNUwAL LNSLWN?J?N']ME]‘L#J‘H@W]’JL@m’ﬂuﬂ\‘l 1.5 uaz

A |

1.0 phr gUIAL ﬂ"1@muﬁmmumoﬁaqaq@ﬁmaoﬁa@ uazddnaaadtlatnulIunmansen

U 9

a 1 :::' J A v = v & 1

Wnaaly T@Umnwwmmauum@mu@nummmmqoq@LLamlwmm'} aun1a NS LAy
SNC viuinnlumasSuusaldnulay HYLON VII 835012 Liuaa9anadduni w6
goq@ﬁa@amﬁmﬁuﬂ%mmmgmﬂ NS uaz SNC 41131 1.5 ez 1.0 phr @N&1QU%Y

4 a 1 a :&‘ a a a e ' e
Lﬁad'ﬂ’]ﬂa@]i’]ﬁ’)ui@ gUINaTVD LuaL&l@]iﬂ%ﬂ(ﬂﬂﬂ Lm:m@mnmsnmunqunumaaagmﬂ

]
Aa A

(o a [ o 2 [ a ) ' =3 ' 3 wa
sadufduadlufay mldlassaisessfsuiadusesusnuasdasing Saasnaliansa
a Qs 1 & s 1 U s ~ v
FINaaINaIanad TINaaINANFaAAdaInUNaTaIMINANTanaNNIdunEnuazlaTIasIs

[ a 6 A A ¥ o v v v 1
MIDFIIWINGIVBIRAY  (NWA 3.6 uaz 3.7) G9lawiaualdusrnsdn  srunsvad
wWasidudnsdsiia (MW 3.8b) 2a9Wd HYLON VI Niimaiduaunia NS uaz SNC uaad

v A = a a @ A & ' 3 va A & A v
LL%QI%&JL%NG%T]%Q@ ﬂ’]iLWNﬁJiN’]maqi@nL@]N‘ﬂ\‘]ﬁa\‘]ﬁ\‘]&lﬂl%ﬁ“ﬂ@]L"lix‘iﬂﬂ“llﬂdﬂﬂll&lLL‘H{JI‘HN

Aa A

= { A 1A v a ! \ .
BN ‘D’OLﬂuNﬂLﬁad%’]ﬂﬂ’]ﬂwwﬂiﬂ’]mﬁ’li@nL@lMLﬁ%ﬂ’]ia@]ﬁ’)uﬂNﬂ’J’mﬁ@%E!‘Ha (flexible) aa

§INVINEN HYLON VI 89 §anNan1snasaslSouiiaulssansaiwmsasunsslwny

' a

ﬂﬁm:ija%mﬂ NS 11JJouLsuny SNC wuin mal@nayn1a SNC TWenaniiaEang

=3

lagmuigendy NS iiasnnuasasanudunanigandy (nwn 3.5)
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10.00

16.00

=== S/HY LON V11 == HNS/HYLON VII

== 5NC/HYLON Vi1

©a
=
=

== SNC/HYLON VIl

12.00

ad
=
=

b
% Elongation

b
=
=

Tenr\s,ile Strength (N/mm?)

=
=
=

05 10 15 20 s 05 10 15 2.0
Starch content (phr) Starch content (phr)

AN 3.8 LRAIFNUALTINaVaINSN HYLON VII ﬁﬁmilﬁuag‘,mﬂ NS 8z SNC

U3 0-2 phr a) ANudUNMuLIIGIFIga b) iasidudmsasia

323 maassufau ethyl cellulose (EC) idm3Léia NS uaz SNC

INMIANBAN N TURNANVBINAN EC ninTLANauN1A NS uaz SNC

USaunmw 0-2 phr lasldin3as X-ray diffractometer 1iaWaNTM1AA X-ray pattern 7ile (AW
' A A a A Ao ' ) A a

3.9) wuin Aan EC 'ﬂ"l,:uumsmuakl,mﬂams‘mﬂ‘nﬂgwmmme 20 LYNNU 20 TINAL

e (shift) luvean 2 asedaiivuniufiazaseunia NS uaz SNC lasiilaRasanilay
Aa a A a ' A Ao ' ' o

EC Aiimsiduayna NS uaz SNC nl3unaeng g azdnngiandunikeszning 18 nu 20

LRAILALRAWIN EC ﬁ"umg,mﬂa@n*fﬁ'oaawﬁ@ﬁé’u@]iﬁ%miwdnﬁu TaomstANlIun

8%n1a NS adluiay EC dawa@iamnﬂﬁymmmmmgwaaﬁﬂﬁauﬁﬁoﬁam welwnydivas

1 13' a 1 v v z
a1N1A SNC Wui1 mainlTinmeyn1a SNC adludan EC mwa%ﬁaﬁmﬂuugwu Tay

a 1a a A
LﬂW'lzﬂﬂill'WMﬂﬁiL@l&Jg\‘lq@ﬂa 2 phr
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l 2000
L5phr

Lophe
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f

Intensity
Intensity

s 1 15 0 x 0 5 0 %5 5 10 15 2 x5 0 £ @ %
Diffraction angle (26) Diffraction angle (26)

NN 3.9 X-ray pattern U8483%NARAIT UazaN EC Nimsiavenniaaaivliuim

0-2 phr a) NS 1&g b) SNC

NINA 3.10 Uae 3.11 WEAIANBIUSNIIAMIUINGIVaINEN EC NAMIAN
a o o A \ | Aa a
a1uN1A NS Uaz SNC U3k 0-2 phr auday Gannmuawudn Asunimaiduaass
ﬁ'daamﬁ@ﬁummumsmzmmﬁ'wadmg,mﬂuuﬂﬁu"l@i”ﬁﬁﬂ%mmwmamﬂu 1.5 W8z 1 phr
o @ A A a a & ' a
MudeU wdllatwalTinmmsiduan1a NS uaz SNC g9auwidu 2 uaz 1.5 phr wudn 13u
Qs ~ Qs 1 Qs =) ‘QI a A
FunaiunsiunguinzataynagasTuniIfdy  uaziduisuiianisuanaan Gaua
o 1 o v 6 a v 1 ,&’ 1 1 va A A 1 [
aInanevn AR uATaUANIITY LasEINAGaaNTALTINANaARY (na1uuaIlan EC
o & A A a ¢ & A o o &
anwazvaIflanfldimadneuniavasaaianssessiaadlunodn ansmeialivasfisy
EC nlafiynyulaginuwiavasgniniaioazaylugag 265-729 wluiuas uazilaldnaynia
. “ e 4
NS uaz SNC adldluflan EC wudngnudvmalnnaueglugag 794-16400 wrluiuas 4

a ‘2’ lﬂl 04 1 s = o v lﬂl
FNATWLUBIIMNIUNIUNWLBIDBNA NS uaz SNC NNR‘VHI%‘UWWVDE}GEWE%‘UU’]U RSN

RIIINMWINENMIAIDENEFININIANLAN NS Uaz SNC WudImMIaw NS uaz SNC 7
IummILtén 1 phr agm'mawﬁ"nﬁaaawﬁ@mﬁ]ﬁmﬁﬁﬁlumsﬂaaﬂ”umiﬂa@ﬂdamlaami

2 d'l 6 a 1 1 6 A
aamnngw;u"l,@] Luaamﬂagmﬂamiﬂﬂqmmamwm%amwlugw?umaaﬂau EC (NN

3.10d sz 3.11c)
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S$3400N 20.0kV 7.5mm x450 SE

MNN 310 URAIANBTIENWFMIWINGNVaINEY EC Nidlmaduaunia NS a) 0 phr 7

fNa9peNe 450 ¥ b) 0.5 phr NMadwens 450 i1 c) 1 phr Nasweneg

150 1¥i1 ez d) 1 phr Arasveny 450 Wi
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$3400N"20.0kV'7.6mm x450 SE L’ ' qooum

= 8
S3400N 20.0kV 7.5mm x6:50k SE . -

e b i

MNN 311 UFeIANHILNIFIEIWINENwaIRay EC Ndmaiduaynia SNC a) 1 phr A
fNa9p8Ne 450 L1 b) 1.5 phr NfaseNe 450 Y1 Waz c) 1 phr Afasuene

6500 L¥in

mnmiﬁnmauﬂ'&%anammﬂﬁﬂ@ﬂlﬁﬂ%‘ao Universal Testing Machine
wuin Aan EC ‘ﬁ'ﬁmslﬁumgmﬂ NS a2z SNC LaAILHIIIaUaIRNTANINNIIUNIHLTIA
GRED (MW 3.12a) dlounude LﬁaLﬁ'umsLﬁuagmﬂ NS uaz SNC audaUSanm 1 uas
0.5 phr @u&1aL mwu@Tﬁummmﬁogoq@ﬁmgaﬁq@ uasfidaanafaindsunmnsiay
1% 1.5 waz 1 phr AINAIAL INNHAAINE1ILEAI IRLARIN mmaum‘gmﬂamfﬂuﬂ%mmﬁ'

WNNZEN 8N1A NS Uz SNC RINNTLES NI INUASN EC uadaululSunmn
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mmﬁuwaa:ﬁﬂﬁmmqmi’mmmmﬁagoq@ﬁumiﬁuama Liha9anaaINEINlaLlSuIT
gl' a 6 a na' o 1 o 6 d' a 6 tﬂ 1
P HBLNASNTAAR LLazm@mﬂmSLsuﬁmﬂquﬂummagmﬂamswmuaﬂuﬂaw TIFINR
v 6 A .&/ a 1 1 1 % va A [ 1
Iﬁgwgumaaﬂauumunﬂlﬁmmu mmﬁm;@unmammmhry RINA LARULUALTINAAINA1D
& v Qs a v L a {
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WU ﬂitﬁﬁﬁmnaum&mﬂ NS madndIanmarna NS Mauadluiay EC luginada
A ' ¢ & & R A ' A a ' ¢ & & 2
muddswudasdndesidudnsteiia sauwnsdmaidveunia SNC wuii waiidudnsag
v l&’ § na' a lé v Qs { { v
Badumliugedmlaiudianmeynia SNC S9xaandaaiung XRD (WA 3.9) Nuaaald
3 1 Qs aa s k4 A a a v
WALIN agmﬂﬁaummmﬂuﬂa’w ec la snaimUﬂﬂ@m'mmuagmﬂmluﬂﬁwumagmmm:

A

Aavlaudonasnsedani ﬂ'rsLﬁmJ'*?mmmqm'mm‘luﬂ5&%:5%\1 na bl asiEudni1sfsdadian

] o < &

08 WA buNIINEN EC ﬁﬁaﬁ@mﬁmﬂuakLmﬂ NS waz SNCWUI wwrlibuvaasiiue
A A A a X Y ) & Ao Aa @
MIAIHANAIAINWAZINNDY auEIaU uu%mﬂﬁamagmﬂ NS uaz SNC JauaInssnny

6 v v a =2 ¢ Ao a & a =
Waw EC VL@ (GREREREN UﬂﬁiW%ﬁifW]ﬂ’)'l&lL‘ﬂ%Nﬂﬂ“ﬂE]Gﬂﬂ&l‘ﬂ&lﬂﬁ'im&lQ%ﬂﬁﬂ‘l’]\iﬁa\‘l‘ﬁ%ﬂ BN

wudn 20 Ranlunendeigenin)

1200 5.00
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Starch content (phr) Starch content (phr)

NN 312 LRAIRNLGLTINaaINAN EC ﬁﬁﬂ’]i@&la‘%ﬂ’m NS uaz SNC USunm 0-2

phr a) ANNAUMULIIAIFIFA b) tlafidudnisdsia
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ANHNANIANENRAIL TN TASHUNSUNLANIZRY LAUNITAN IR WU
JULUUMILAT8Y nanocomposite NNWaRLNaITINTNTRAANS 9 iawﬁ”umg{mmam% (NS
W&z SNC) uaziin starch-based nanocomposite 7 L6 mm%aﬂﬁagﬂugﬂmmﬂﬁw (free films)

d'l a A 6 v 1 =3 > [ a an
Wodsziduamman@eng g veasiay lown eudunin anwmen1IgmgIBIng uazana
a Fé > 1 1 a = C!‘ =1 =}

LEINE TINNNANIINARDIAINEIINULIN WaRLNaITIAIWI RNz aN lwnITiaSouNaNAa
HPMCP LﬁmmﬂlﬁﬂﬁwﬁﬁmmLﬂumﬁﬂLLa:awﬁﬁL%aﬂaﬁgaﬂ’h LAZEINNIDLANYAA

'
a

& a a ] & a ) a 4 & o o
a@n?ﬁ"l,ﬁluﬂimmwgdﬂ’nﬂawa’mwaaL&Ja‘immwmu@au6] I@mﬂﬂawmmwaﬂﬂmzma

Fuguinmedvafinuisunlddnndueynmasanis duiugidsazliwafiwaidinaw

U

A Ao o <
TRABIIMIUNINAaaIlunda b

324 mifnmguandAdunIaza1srasilaa starch-based nanocomposite

nnmnaseuguautadunIszmsluanzinssenudunialunszmwie
2191 5U8INaN HPMCP ﬁﬁmilﬁuagmﬂ NS uaz SNC USunm 0-6 phr lasvinnisnasaulu
gazannalalasesasnil pH 1.2 1Juszoziisn 1 uaz 2 Falag GanamInaaasuaadln
MWA 3.13 wuin Asu HPMCP AlimadusseaifanasAsy HPMCP ﬁﬁmnﬁum&mﬂ
SNC ﬁLLuaIﬁumaaﬂﬁia:aﬁUlﬂﬁLﬁﬂaﬁuagﬁﬂizmmﬁuaz 43-48 §mAsy HPMCP i
madnanIn NS ﬁﬂ'}‘:azawagﬁﬂi:mm’ﬁama: 52-7.2 waealAiduin aunia SNC 4
ANuENT0lwmMInuaamMIaza1ef pH 1.2 lddndreuna NS damaldddulassauiinig
aranoil pH @InaheasnIn WaNINNHEINLIN A&U HPMCP ﬁﬁmnawagmﬂ NS uag
SNC filSunmmaéin 6 phr §msazanslu pH 1.2 gaﬂiwﬁé"@mmilﬁwﬁuq 2L unNa

1aIun9n E]‘Léﬂ’lﬂﬁLﬂ'lzﬂ’siNﬁ%Lﬁ@ﬂ?‘iﬁQ@]ﬂ@ﬂ’ﬂ’]ﬂﬁ’)‘ﬂ [l E]‘l«qmﬁﬂﬁ’) Uﬂw%LE]d%%"E]%Q@]ﬂE]ﬂ’inﬂ

‘ﬂé‘i/llvl,ﬁl,ﬁagﬂill Laqam IULAZ N INZANULTIUNTN

43



8.00

7.00 -
£
&= 500 - 1 | #HPMCP
s N m2% NS
g 5.00 1 P g 4% NS
"= 4.00 - 6% NS
= m
= % 2% SNC
O 3.00
v . ®4%SNC
8 2001 +B% SNC
= 1.00 -

0.00 & : : :

0.0 05 1.0 15 20
Time (h)

NN 313 LRAIHANINAFIUMIATAUVINAN HPMCP ﬁﬁﬂfmamaua%mﬂ NS W&z
SNC USunau 0-6 phr lasvinmsnasavluaisazaroniatalasaaasn (0.1 M)
1 pH 1.2 1 Juszoziaan 1 uas 2 Tl

100.00

90.00 .
£ +
& 90.00 n +HPMCP
%5 70.00 1 m2% NS
g 60.00 + 4 4% NS
‘= 50.00 4 2 6% NS
= 40.00 1 ¥2% SNC
v 3000 - 4% SNC
8 5500 - +6% SNC
N 4000 -

U.UU - T T T T
0.0 1.0 2.0 3.0 4.0 50
Time (h)

ANN 314 LEAIHANTNAFBUMIaTa8IRaN HPMCP ﬁﬁmilﬁumgmﬂ NS uaz
SNC 13114 0-6 phr lasvinmnasavluasazarswesnatWinesy pH 6.8
Wuszozim 2 uaz 4 92l
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annm‘m@]aauqmauu"'ﬁ@i’mmm:mwaaﬂﬁu HPMCP ﬁﬁmilﬁma%mﬂ
NS usz SNC fit/5unm 0-6 phr luan1izsrsasvasmarlusldsin Tasvinmsnasoule
sInzanewamnatWinesn pH 6.8 1 JWIzEZIIA 2 LAz 4 S2YER (m‘wﬁ 3.14) INHANTT
NARBINLI1 Aay HPMCP ﬁlﬁmnﬁwagmﬂ NS uaz SNC danumiansalwminuaanis

azanefl pH 6.8 laanifiay HPMCP Aludinsiduansaidy dunanmsnansandSoufioy

& d a

szwj’mﬂs:ﬁw%mwmi@”’mmu@iamiazmwaaﬂawmma%mﬂ NS ka8 SNC wWunin Nay
niimIduaynia SNC danudumudansazaisq pH 6.8 dndiaynia NS lasnavas
Usummsidvagnia SNC Wy AUSHIMN5LAN 2 Uaz 4 phr IARA2INTAIUMUMT
A a . A A a a A o o & o e A
828187 pH 6.8 @311 6 phr TIRINNINTUUTHULNSUAMNTUNBTNUNAVBIFNUALTING
waaalwtAnIn m‘:ﬂé”uﬂ@qauﬁalfﬁaﬂamaaﬂﬁwLLa:mWLﬂuwﬁﬂmaami@TﬁLﬁu Inadaniny

g o o vdg
fuwnuwmIazaeluanizinaaslud L laaun

ﬁnﬂmiﬁnmqmauﬁ'ﬁﬁ’mmiazm puaINaY starch-based nanocomposite f

= a

1@38u91n Aay HPMCP ﬁNﬂ'liL@lNE]‘léﬂ’]ﬂ NS uaz SNC luan1izdnassvasnarlunszinne

DIWITUAZVDILAR LS bFLAN WUI1 Nay HPMCP nfimadnaynia SNC Juwirlitulunng

v
< A @

@T’mmumsa:mUﬁam’szﬁmaaaﬂ'ﬁagmﬂ NS asnurizazltaagranlunsasondn

U

F1ILARDULAALN S2WNU HPMCP & sunisnasasludneda b

a ® {
3.3 NINAALINALINLAR UMY starch-based nanocom posite

3.3.1  snwmengmpwIngvasda lalaaluualodouniafaualy starch-

based nanocomposite

INNNINARBINAALNALNNLARBLAE starch-based  nanocomposite 1
o & A o i . o A A =1 .
FLAT129 AU lapmsiadauluanuieuas enteric coating dR8LAIBILARBUENLIN (coating
Machines) lasldlalaaflunaloidiva (diclofenac sodium; DFNa) usnduuuy uazldgns
A ~ A = 3 =
24813ARaULTaeNAANNzENININMIANEN LUt 3.2 A hydroxypropyl methylcellulose

phthalate %38 HPMCP #ifimaidnannia SNC watiuiasn lalaafuualoiduufniiunis
q

iwndaudiufdn HPMCP  Aifimaidnayn1a SNC U3anm 0-6 phr ldamamaudnuaemy
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ﬁ'mgmfiﬂmu‘%nmw’ﬂuﬁmauﬁ@mﬁaﬂnﬁaaﬁ;amsﬂﬁﬁlﬁﬂmamwuaaam'm (SEM) @3
WRAILUWAIWN 3.15 FIAANWLI Lﬁaﬁnfmawwmﬂ SNC 84h) 9zFILNARKAIINTZILA)
289835010 SNC vuffay laodumlitunsnszansad laanusummsiduin 4 phr udiile
na' = a 1 A 1 s Qs &/ o
WudSinmmaiavennia SNC 1% 6 phr WU DUMALAAMIIMENFNTINAINUUNTH 11
vy 6 A 1 ' Aa ' v &€ A @ ' = [ '
ARV UBANTAIIUNIFIBNATOLUSN DNAFINA IANSNLAATIUNNIAY  TINAAINGD
FOAARAINUNANIINARDIN LAIINNITATIIFOUANH S NIITHIIBING1VDINA S

HPMCP/SNC lugtuuy free film (dausasluga 3.2.1)

c!‘ a I a c!‘ [ =
NINN 3.16 LLﬁ@]Gﬂ’]W@]@]‘U?’I\‘Wa\‘]EIWLNG]VLG]IQG‘WLL%QIGIJW]El@J‘Y]N’]%ﬂ’]iLﬂﬂﬂll

@88y HPMCP lagwuin anunuuadNay HPMCP ﬁ"[aiﬁmnﬁumgmﬂ SNC a7

AINARAATUIT WA HANRIILAAD YTz N8 90.2 luaTan LL@iLﬁQﬁﬂ’ﬁLﬁN@‘%ﬂ’]ﬂ SNC &4

6

la' IX a § a v, lﬂl
14 anunuuasfay TN NINA% T@UﬂwsL@wagnWﬂ SNC AUSu 4 phr IARauNTA
‘v\mgaﬁq@LLazﬁmm%mmﬁﬂﬂs:mm 172 luavan ﬂ”@ﬁmmﬂmwm:mgmﬂ SNC NLANR
1UluRay HPMCP °ﬁ"auﬂﬁ”uﬂgaﬂ’nwa'lmsnluﬂ'liﬁmﬂ'}zmaaﬂﬁuuuﬁuﬁﬂm RINR AN AN

=< va & & AN va g
El@]Lﬂ’lzvl,@]mml,l,a‘z‘ﬁuﬂaw‘nvl,ﬂwm’l VANV Y
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N
$3400 20.0kV63.1mm x10 SE 5.00mm $3400 20.0kV 12.0mm x200 SE 200um

NG

$3400 20,0k 65.6mm x10 SE : §.00mm

M 345 anwmeniamniIngvessude lalaafunaladuuniunisinfauaiy
#au HPMCP fifimai@uaunia SNC a) 0 phr Aifa3VENY 10 L¥11 b) O phr 71
fNaIp8Ne 200 LY ¢) 2 phr ATasee 10 i1 d) 2 phr Nasa18 200

L1 e) 4 phr 71 fadveny 10 i1 f) 4 phr AfaIVENe 200 L1 g) 6 phr 71

faspeNe 10 1Y waz h) 6 phr AT8IVENe 200 L¥i0
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$3400 20.0

ANN 316 MWAAUNIVaILLNA e laaRuwaloaaunkiinmMInfaudliafNay HPMCP
NinILANaRATA SNC NNaIVLNY 200 1111 @) 0 phr b) 2 phr ¢) 4 phr Uaz

d) 6 phr

3.32 msanwaaMIdandaaualsn

31]u,uumsﬂa@nJa'amﬁ‘asJWVL@TﬂaWLLuﬂTGHLﬁsJMQWﬂLﬁ@mﬁmumsmﬁamﬁsJ
Asy HPMCP ﬁﬁmslﬁuagmﬂ SNC USanak 0-6 phr lua158za1863N819 Ao 8138ZANLNIA
lalasnaasnd pH 1.2 uazansazarowWasWauWiWesn pH 6.8 LRAIAININA 3.17 LAz 3.18

2

Rt totl]
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0.25 -+

wpe HPMCP/SNC 0 phr

0.2
«={i}=HPMCP/SNC 2 phr
go 0.15 - w=fy=HPMCP/SNC 4 phr
S
g wéee HPMCP/SNC 6 phr
E 0.1

0.05

0 20 40 60 80 100 120 140

Time (min)

AN 317 aanmidaatsasdizlalaafuuelmasuainidasiniwniiaiauds
A8y HPMCP ﬁﬁmnauagmﬂ SNC 1USunau 0-6 phr laavinmisnasaulu
f3azan8NI Lalasnaesnil pH 1.2

100 -+

80 -

60 -

40 «HPMCP/SNC 0 phr

wfill=HPMCP/SNC 2 phr
wofe»HPMCP/SNC 4 phr
wées HPMCP/SNC 6 phr

OTZ DWUN0-T—

20

0 30 60 90 120 150 180 210 240 270

Time (min)

2NN 318 aanmsdaatassdislalaafiualmasuainidasfinwnisaaauails
Asu HPMCP ﬁﬁﬂ’mauagmﬂ SNC Y311t 0-6 phr lagvinmsnasaulu

sInzanowamnatdinasi pH 6.8
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Tasnanisnagaun1tldaadsayarsnannmdasNuiwnsafauaroWa s
HPMCP fifimatdnaunia SNC USum 0, 2, 4 uaz 6 phr lussazasnsalalasaaaing pH
1.2 WUq1 N5zeian 2 32lad sndandseseanyniauay 021, 0.13, 011  Way 0.13
ANAAL wazluanTazansWasmWaUWWesn pH 6.8 Wuin Nszaziian 4 Thlud endaatsas
paNNNTDLRL 74.81, 70.51, 65.12 LAY 76.43 ANNAIAU RINALAIN LdAUINHINNTIAREY
v 6 1 s ¥ v et ::' (I: A a 1
mﬂﬂawnﬂgmﬂa@ﬂaaﬂmm"lmuamlumsa:msmnmm pH @nadanuidunia ue

. o P o A A A A = o '
NI daaUdasdlon e e luaITazaaana1Ing pH genIadenauduius SINaaINa?
aa@ﬂﬁadﬁuNamiﬁm:ﬂQmaufj’aﬁﬁ%m‘iazmEl“lladﬂar&l starch-based nanocomposite (NN
A x4 . - »
f13.13 uaz  3.14) nattraifiasunanmisls HPMCP (uweleilugasmsiafav lag
HPMCP Juasiadaufdanuasadtugnnzidunsa unszinizennis) wazainnsa
augumidaaddasdisluilfldidatuinfoviaTonlaslfrzuudivazaindunid (Kim
et al., 2003) LﬁaﬁmimﬁNamaaﬂ%mmmilﬁuagmﬂ SNC 3z beq1 NUSuam e 2
waz 4 phr aasimMIdaatassdisnluasazanuainandnizadannziuuwi liuanadiile
Lﬂ?ﬂuLﬁﬂuﬁ'ugmmimﬁaumﬁvlmﬁuagsmﬂ SNC udtlaiudIunmmsianaynin SNC
Ju 6 phr wudn sammsdaadsssalrenlussazanonaslaiWinasi pH 6.8 Juwiliy

& = [ [ =S wa v 6 ¥
gwu Gﬁdaa@ﬂaaaﬂuNammnmqmauummumm:mﬂmaaﬁauluma 3.24
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A )
Unn 4 a?lj LAsUDLAND LS
#3Unan13298

1. ATHaUAAITNWRIULHAIGIINTATANITN T UTY 3.16  luans Ngunnil 37

~ o A o o & 2 Aa =
AIFNLTRLTOR LD UTZUIAT 168 TN w38 7 sl:nagtmﬂam‘swaﬂm‘[uﬂumwmfluwan
annniagmasa o ik umalivly uasdeanaseuansmznIFugIWInaaIandas
€A & 1 1 6 =3 a o 1 1
aNIIANAIANATaULLLFAINTIA (SEM) WUt aunmasarisnanu ludansuzgd el

12
a =

1 a A a a qul U a A v A =3 a [
LLATA B Th NW%N'J“].I‘%“].I?: LLﬂZNﬂ’ﬁ’ﬂ@]LiUGLﬂ%“E%G]"D‘Q%ﬂ% gadutaddanistgaimenuiay

2. M3AnsanzAmInzaNlwnTia3uuAaY starch-based nanocomposite 1ANNT

IFaunasa1ss (NS uaz SNC) Sruruwefinei®iniw 3 il Aa HPMCP, Hylon VIl uaz
A a A 6 v ' =3 s o

ethyl cellulose ialsziiiuguantaensg vasfan laun arudunin ansazmadugiu

a '

NPT wARNUMTING WU waﬁL;Jas{%"amwﬁmm:auﬁqmlumam%‘wﬂfiuﬁa HPMCP

& Aa

~ 7 IS =3 = va A A A ' a 6 v
L%ad’ﬂ’]ﬂl%ﬂﬂﬂ‘ﬂ&lﬂ’ﬂﬂL‘]_]%Naﬂgd URNUALTININEHRUDNIN LLG$E¥’]3J’]5GL@]@Jaﬂ‘)ﬂ'}ﬂa@]’]i“ﬁvl,@]

lulSnanganidsunnwediweiTinwsiiaauy

3. minasauguaNAdIuNIIaza8BINsN HPMCP ﬁﬁﬂ'ﬁ@&la‘%ﬂ'}ﬂ NS uas
SNC  fiUSunm 06 phr lugazdinasszuumaduainisvesnysd wodn Ada
HPMCP/SNC fanumunsalumanudanisazansldaniifsy HPMCPINS nslussazans
FAnan9fi pH 1.2 Uaz pH 6.8 WaNINAGINUN USinmumaidnauniaaaiz (NS uaz SNC)

2 uae 4 phr WHavaINIMUMUMTaza18@n3Ng 6 phr

4. minaseIndailauafaudis HPMCP fiimaiduaynna SNC UTunmk 0-6 phr

lasmsiadauluanumzwad enteric coating wazltlalaafunaloiduuduenduiuy wuin

wasuiasnlalaatuualaiduunriinnmstafaualalas HPMCP/SNC M asi9gauans e
nIFUWINEUTMARAIAzNWAATIBdamndBndasanTIARBIEnaTawIL UL Fad

N7a (SEM) 9z6ILNALAKININIZNLMBIB%NA SNC vufafan lasduwaldunsnszane

' ' '
A a

drldanysunmnndudu 4 phr udilladudTiamadudu s phr ayniaazifianams

' a

: v @ & o @ A & . a & @
ﬂ@“i?u@l')ﬂu&nﬂ”ﬂu V]'ll%ﬂa{llﬂuﬂnLN@]E]']U'N&']%LTW]?E]ULLUT] BONIMNUUINUIT NIILA
¢ dAa

1 v AI J { a a v,
aun1n SNC fonalArauianurvinndn lagndSunmwnsidn 4 phr lWRsunanunm

gaﬁq@LLa:ﬁm’lwmmﬁﬂﬂizmm 172 lunvan
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5. msdnseanmidaadaasaiznlalaafuualoldovanidasfdiwmsiadeu
28N aN HPMCP ﬁﬁmnﬁuagmﬂ SNC U531 0-6 phr wun Wiasniikiunsiadauais
A8y HPMCP/SNC nngmﬂa@ﬂdamﬁmvl,@i”ﬁaﬂ’lumia:mﬂﬁanawﬁ pH 1.2 UWGR1U1TD
Uaadsasarenldaluasazaisdina1sil pH 6.8 lasdSanmmsi@naynia SNC 72 uas 4
ohr ansaaasanmslantsasdrnansndandauluarazaisnansnigasaning ua
WarAulsummstdudn 6 phr sanmalaadassdrsnlumsazarowesinatiinesi pH

P @ X A = a (% A = A 1 a
6.8 NLL%']I%NE‘EG"U%LNE]Ll]iilllLﬂﬂﬂﬂﬂiﬁ@lsﬁqsLﬂaaULN@UWY]VLNL@]NQ%IHQ SNC

VDLABDIIE

ATIMIANEIANNAIAIUBINEN starch-based nanocomposite AagnN 1z IARaN
FERINMITAUIAB LT DONTLI LFI LAZANNTU LD WA L‘ﬁaﬂiuﬁumﬂqmil,ﬁu%'nmua:

dudszlomflunmsilddszyndlslunfanmaionau g da’ld
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Carbohydrate chemists have developed products that have greatly expanded starch use and utility.
Most recent developed products from starch chemistry include starch derivatives and
nanocrystalline starch particles (NSPs). NSPs are crystalline platelet-like particles obtained by the
acid hydrolysis amorphous parts of the growth rings of starch in a granular form. The hydrolysis of
starch could be schematically described as a *“peeling process” of nanomaterials from
microparticles. Thus, the kinetics of such a process will evolve with granule hydrolysis. A detailed
kinetic study on the acid-catalyzed hydrolysis of granular starch from cassava to NSPs is reported in
this paper. To assess the kinetics of acid-catalyzed hydrolysis of starch granules, the reaction
between 312 hrs in shaking incubator at 37°C was carried out to prepare NSPs. The hydrolysis was
stopped after 5 hrs, 24 hrs, 48 hrs, 72 hrs, 168 hrs, 216 hrs, and 312 hrs for each the yield was
assessed. Rate of reaction can be observed by investigating the change in the concentration of a
starch reactant with the time (dCs/dt). Two-stage hydrolysis profile was observed: (i) an initial fast
hydrolysis step presumably due to the hydrolysis of the amorphous regions of starch granules, and
(i1) a second slower step presumably due to the hydrolysis of the crystalline regions crystalline
areas. Initial concentration of starch granule present in reaction mixture is 0.12 kgL'J. Linearity of a
plot of 1/Cs" versus t indicated that acid hydrolysis of starch follows Third-order reaction base on
starch (S). The rate equation are described as -rs = k’Cs® with k" value equal to 2.0019 L'kg”h™ at
37°C.

Keywords Acid hydrolysis: Cassava starch; Chemical kinetic; Nanocrystalline starch: Reaction rate
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Abstract

Colon-specific delivery of drugs and nutrients has been subject to increasing interest for use in
the therapy of colon-based diseases. In this study site-specific release of a bioactive compound, using
a single unit formulation for targeted release in the colon was developed. A time-based formulation
approach was taken to exploit the relative consistency in the small intestinal transit time of specific
dosage forms. The proposed device explored the application of nanocrystalline starch (NST) and
hydroxypropyl methyl cellulose phthalate (HPMCP) as a mixed film for colon-specific delivery.
Tablets containing the model compound Diclofenac-Na were prepared and coated using various
combinations of HPMCP and NST (0-6 phr; parts per hundred parts of HPMCP), by spraying from
non-aqueous systems. Coated tablets were then tested in vitro for their suitability as colon-specific
delivery systems. The results from pure HPMCP coating of tablets showed active compound release of
65% at 3 h; practically film-tablets that are insoluble in the stomach or small intestine require a transit
time of approximately 3-5h to reach the colon. Therefore, the drug dissolutions of different NST
containing film-tablets were compared in order to identify the batch which showed the lowest level of
Diclofenac-Na release at 3 h in PBS. The dissolution profiles show that with increasing parts of NST,
the lag-time for swelling and diffusion of the active compound via the polymer film is extended. The
best reduction in early drug release for HPCMP coated tablets, containing NST, identified as 4 phr
NST. The results suggest that the use of NST would improve HPMCP films as colonic delivery
systems.

Keywords: controlled delivery, enteric film coating, colon-specific delivery system, nanocrystalline
starch.
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Abstract

It is a fundamental aspect to fulfil the different therapeutic needs via development of new materials to
control drug release. Starchis a safe and nontoxic excipient, however, native starch does not present
physical and chemical properties suitable to some specific uses and its modification by physical,
chemical and enzymatic processes is necessarv in order to modulate its properties. Thus, starch
derivatives have beenused in formulations of tablets, microparticles and coating films in order to
reach desired drug release rates. The purpose of this study was to establish the physico-mechanical,
digestibility, permeability and swelling properties of nanocrystalline starch particles (NSPs)HYLON
WVII films as potential coatings for colonic drug deliverv. Mixed films containing different ratios of
NSPs to HYLON VII were prepared by casting/solvent evaporation method. The resultant mixed
films were characterized in terms of puncture strength and elongation (%), glass ransition
temperature, swellability, polymer miscibility, permeability, and digestibility under different media
The mixed films prepared were smooth and homogeneous in their appearance. The two polvmers are
immiscible, and neither DSC nor FT-IR. could detect interactions between them. The resultant mixed
films showed anincrease in strength and a decrease in water solubility and water vapour transmission
rate, in companson with films cast from defat-ted rice starch alone . Films prepared with higher N5Ps
content assured the resistance of materials against enzymatic digestion by pancreatin. Changes in the
X-rav diffraction patterns indicated a more organized and crystalline structure of mixed films in
relation to isolated polvmers. Overall, the results indicated that such NSPs/HYLON VII films had

potential as a coating system for drug delivery to the colon.

Keywords: Colonic dmg delivery; Dissclution; Free film; Nanocrvstalline
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1. Introduction

Drug delivery directlv to the colon has been a problem to treat colonic diseases which are better
treated if site specific delivery of the therapeutic agent was affected. These diseases include minor
ones such as diarrhea and constipation and more serious ones such as Chron’s disease, irmitable bowel
svndrome and ulcerative colitis. These serious diseases may developinto colon cancer if left
untreated . Currently, there are two proposed methods to facilitate the delivery of the therapeutic agent
to the colon. Firstly, the use of enteric coating of the dosage forms. The use of the enteric coating
allows the dosage form to resist the acidic pHin the stomach. However, it is not entirelvreliable as it
was shown that the pH of the caecum has a lower pH than theileum [3]. Hence, this method might
lead to the therapeutic agent being released before reaching the colon. The second approach was the
use of bacterial enzvmes. This approach utilizes the enzymes produced by the colonic bacteriato
degrade the amvlose onthe coating of the dosage form. The development of new materials to control
drugrelease is a fundamental aspect to fulfill the different therapeutic needs. Studies showed that

amylose-rich starch can form strong films with low oxvgen permeability [2].

Several studies have been done on amylose-based coatings for colon-specific deliveryusing pea
starch and ethvl cellulose [3,6,7.9]. However, utilizing amvlose as film forming agents has its
disadvantage due to its swelling properties. The contral of this swelling is achieved bvincoporating

nanocrystalline starch particles (N53Ps) into the films.

The purpose of this studvis to establish the physico-mechanical, digestibility, permeability and
swelling properties of NSPs/HYLON VII films as potential coatings for colonic drug delivery. Mixed
films containing different ratios of N8Ps to HYLON VII will be prepared by casting/solvent
evaporation method. The resultant mixed films will be characterized in terms of'its tensile strength
and elongation (%), glass transition temperature, swellahility, polvmer miscibility, permeahility and

digestibility under different media
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2. Materials and Methods

2.1 Materials
HYLON VII (Lot MES8455) was purchased from National Starch Food Innovation. Cassava starch
was purchased from ETC International Trading, Nonthabun, Thailand. All other chemicals were of

analytical grade and purchased from Carlo Erba, France.

2.2 Preparation of nanocrystaliine starch particles (NSFs)

15 grams of cassava starch was mixedin 125 ml of 3.16 M sulfuric acid and mixed in the shaking
incubatorat 37°, 100 rpm for seven days. The dispersion was centrifuged at 16500 g for ten minutes.
The samples were then homogenized at 10000 rpm for 5 minutes and freeze-dried for 2 days. The
samples were keptin the desiccator at 25 = 5°C and 30% relative humiditv for atleast 5 days prior to

its usage.

2.3 Preparation of HYLON VII films

HYLON VIIwas dissolvedin distilled water to produce 4% sclutions. NSPs was added to the
solutions at various concentrations (0%, 1%, 2%, 3%, 4% and 5%) based on the solid drv weight of
HYLON VII. Each solution was stirred 400 rpm and 85°C for 90 minutes. The solutions were then
autoclaved at 121°C for 30 minutes and placed directly into a hot water bath at 95°C. Theplasticizer
glycerol was added to each solution at a concentration of 10% (w/w) based on the solid dry weight of
HYLON VII. The solutions was stirred vigorously for 15 minutes in the hot water bath. The solution

was then poured onto Teflon travs and oven dried at 60°C for 15 hours. The films were then peeled

off and kept at 25°C (40% BH).

2.4 Preparation of stimulated gastric fluid (SGF) and stimulated intestinal fluid (SIF)

0.5M sodium dibasic phosphate was prepared by adding 35.5 g of sodium monobasic phosphate in

500 ml of distilled water. 0.5 M of sodium monobasic phosphate was prepared by adding 30g of
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sodium monobasic phosphate and 80ml of sodium dibasic phosphate in 500 ml of distilled water. The

pH of sodium monobasic phosphate was adjusted to pH 6.8 for SGF and pH 7.2 for SIF.

2.3 Scarming electron microscopy (SEM)
Miccroscopy of the mixed free films was performed using Scanning electron microscope (HITACHI

5-3400N Dlincis, USA) at voltage of 20.0kV.

2.0 X-ray diffraction (XRD)
The films prepared were analysed by X-ray diffraction. Symmetrical reflecion mode with CuKowas
used. The angular range was from 2° to 60° (at 26) with steps of 0.02°. The measwrements were done

at 20 s/step.

2.7 Mechanical properties

The puncture strength and elongation (%) of the films were measured using an Instron universal
testing machine (Model 55R4502, USA). The films were cut into strips (10 mm by 100mm ) and were

placed 40 mm apart. The extension speed was 100mm/min.

2.8 Dissolution
Films were cut 1.0 cm x 3.0 cm? and placed in 500 ml of stimulated gastric flud (3GF) which was
maintained at 37 £0.5 °C for 2 hours and stirred at 100 rpm. The films were then removed and placed

into 500 ml of stimulated intestinal fluid (SIF) which was maintained at 37 £0.5 °C for45 minutes.

2.9 Swelling

The films were cutinto 1.5x 1.5 cm?2 sections and placed in erlenmyer flasks with 25 ml of
stimulated gastric fluid for 7 hours. The films were taken out from the solution, carefullv doed with
filter paper and weighed at pre-determined intervalsi.e 15, 30, 60, 120, 180240 and 30 minutes. The

swelling index (SI) was calculated using the following formula:

o]e]
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SI (%) =(Initial weightFinal weight) x 100%

2.10 Permeability
The films were cut 2.0 cm x 2.0 cm2 and placed in petri dishes which were 75% filled with distilled
water. The petri dishes were keptin desiccators at 25 °C. The samples were weighed every 24 hour

for 4 davs.

3. Results and Discussion

3.1 Morphology of NSPs/HYLON VII films

As shown in figure 3.1, the morphology of the mixed film surfaces became increasingly amorphous as
the N5Ps content increased up till 4% as compared to HYLON VII film. Several undissolved starch
particles can be seen on the surface of the HY LON VI film but these particles were in a much lesser
guantity in N5Ps/HYLON VII film indicating that N5Ps leads to having a smoother film surface. The
miscibility of the two polymers and overall quality of the mixed NSPs/HYLON VI films was
obtained qualitatively by SEM. SEM provided a detailed image of the surface of the film. Unfused
particles can be detected in HYLON VII film which may indicate that some retrogradation occurred
prior to the film formation. NSPs/HYLON VI films present similar surface morphology. The 1%
NSPs/HYLON VII film onlvhad one detectable unfused particles while 2-4% NSPs/HYLON VII
films had no detectable unfused particles. This suggests that they are smooth and homogenous. The
surface morphology for the 5% N5Ps/HYLON VII however had several unfused regions which

suggests that a less well distributed starch phase was formed during film formation.

3.2 X-ray diffraction
As observed from Figure 3 2, the films with N5Ps have a peak at 9 64079 and 28 866% of 26. The
crystallinity peaks of the filmsat 16.9335 and around 19-20 of 26 can also be seen which indicates the

presence of a B-type crystallinity of the NSPS/HYLON VI films. No significant peaks were detected
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in HYLON VII films suggesting that the filmis amorphous. The X-ray diffraction patterns of the film
shows peaks at 18° of 26 for all films except 2% NSPs/HYLON VII film which onlvhas a peak at 20°
of 26. The absence of the peak for the film may be due to the sample being taken from the side of'the
film where the film is thinner and less homogenous instead of the inner parts of the film whereitis
more homogenous. Some peaks at 22° of 26 can be observed for 0%, 1% and 5% NSPs/HYLON VII
films which suggest that they mav have B-tvpe crystallinity. Despite this, the X-ray diffraction
patterns of the NSPs/HYLON VII films were very similar to each other. Theresults are in agreement
with Pivada etal. (2013). Thevreported that the diffraction peaks of films with starch nanocrystals
had sharper peaks as compared to films without starch nanocrystals. This indicates that the presence
of starch nanocrystals causes the film to have a higher crvstallinity as compared to one without. This
is due to the increased attack on the amorphous fractions of the starch as compared to the crystalline

regions during acid hvdrolvsis of the starch resulting in higher crystallinity of the starch.

3.3 Mechanical properties

As seen from Figures 3 3a-b, the N5Ps content of film haslittle effect on the tensile strength ofthe
film with the exception of the 3% NSPs/HYLON VII film. The elongation however, is affected by the
N5Ps content of the film with higher elongation as the NSPs content increase. The stiffness of the
films, measured by Young's Modulus, shows that WSPs content at 3% and 5% leads to a stiffer film

as compared to HYLON VII film.

Tensile strength is the measure of the maximum stress that a sample can sustain during a tension test.
The tensile strength of a film coating system is one important mechanical properties test as it predicts
the amount of pressure that can be applied to the coated dosage unit during manufacture. From the
results, 3% N5Ps/HYLON VII film had the highest tensile strength of about three times more than
HYLON VII film. The other NSPs/HYLON VII film however did not have such a high tensile
strength with only 4% and 5% having a slightly higher tensile strength as compared to HYLON VII

film.

70



163
164

166

167

168

169

178

179

180

181

186
187

188

Elongation at breakis a measure of a film’s flexibilitv and stretch-ability. This is determined at the
point where the film breaks under tensile testing. From the results, the elongation of the 1% and 5%
NSPs/HYLON VII film was higher than HYLON VII film while 3% and 4% was on par with it. 2%
however had an elongation which was about half of the HYLON VII film. As compared to theresults
reported by Pivada et al (2009), the tensile strength of NSPs/HYLON VII films is similar to rice
starch film without starch nanocrystals with the exception of 3% NSPs/HYLON VII film which hasa
higher tensile strength even when compared to rice starch film with 20% starch nanocrystals which
had the highest tensile strength reported. The elongation of the NSPs/HYLON VI films however are
similar to the rice starch film with 20-30% starch nanocrystals. NSPs/HYLON VI films showed a
low elongation with the highest being 11% (1% NSPs) as compared to rice starch nanocrystals film
with the highest being 30% (3% nanocrystals). Overall, the results suggests that the N3Ps/HYLON
VII films shows potential as colonic drug delivery system as its mechanical properties should not pose

a problem when coating the dosage unit.

3.4 Dissolution and swelling

As seen from Figure 3 4a, HYLON VI film has the lowest weight increase in SGF as compared to the
NSPs/HYLON VII films. In SIF however, the weight increase for HYLON VIIis the highest as
compared to the other films. With increasing NSPs content in the film_the weight increase from SGF

to SIF is reduced. This may suggest that the N5Ps controls the maximum liquid the starch film can

absorb.

From Figure 3.4b, it can be observed that the swelling indexes of the films decreases over ime. This
indicates that the films absorb liquid to near maximum capacity upon initial exposure to the SGF and

hence leading to minimum change over time.
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To be used as a coating material for colonic drug delivery, the dissolution of the material under GIT
environment must be studied Films were placed in SGF and SIF media and studied In both media,
the films remained intact throughout the both tests. This suggests that the films are able to resist the
dissolution in GIT environment. However, the weight of the films increased upon exposure to both
media indicates that the starch swelled in the environment. This swelling was highest forthe 3%
NSPs/HYLON VII film in $GF and 4% NSPs/HYLON VII film in SIF. As compared to HYLON VII
film, the W5Ps/HYLON VI films swelled more when exposed to SGF. Upon exposure to SIF, the
NEPs/HYLON VII films did not swell as much as compared to the HYLON VII film which weight
increased by almost 20%. The swelling of the 5% NSPs/HYLON VII film had the leastincrease when
exposedto SIF as compared to other films. This is in agreement to the swelling test which was
performed on the films where 3% and 5% N5Ps/ HYLON VII film had a rather constant swelling
index throughout the test. Although HYLON VII film showed a lower swelling index at the end of
the test, it was alreadv partially dissalved in SGF. As compared to the results reported by Freire et al
(2009) where HYLON VIL'Surelease films were tested and had a stable swelling index of around 20-
30 throughout the 8 hour test period, NSPs/HYLON Vii films have a higher swelling index. This

suggests that the water inscluble Surelease has a better control abilities as compared to N3Ps.

3.5 Water vapour permeability

The water vapor permeahility is a constant which is assumed to be independent of the water vapor
pressure gradient applied across the film (Pivada et al., 2009). In this study, the water vapar
permeability ofthe film should be as low as possible to allow minimum moisture transfer between the
surrounding environment and the dosage unit. As seen from the results, the water vapor permeability
of the films with 1-4% N&Ps content have around half of the HYLON VII film. Thisindicates that the
presence of the NSPs have an effect on controlling the water vapor permeability of the film_ This
results are in agreement with what Pivada et al._ (2009) reported where increasing starch nanocrystals
content leads to lower water vapor permeability. However, in this study, a water vapor permeability as

low as half of film without N5Ps was achieved at 1-4% N5Ps content as compared to 15% and 20%

72



starch nanocrvstals which were used to achieve similar results. This suggests that cassava starch N5Ps

have a better control over water vapor permeahility as compared to rice starch nanocrystals in films.

4. Conclusion

HYLON VII films reinforced with NSPs were successfullv prepared and characterized. The prepared
films were smooth and homogenous in their appearance. Films with higher N5Ps content assured the
resistance of materials under GIT environment. Changes in the X-rav diffraction patternsindicated a
more organized and crystalline structure of mixed filmsin relation to isolated polymers. Overall, the
results indicated that such NSPs/defat-ted HYLON VIl had potential as a coating system for drug

delivery to the colon.
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