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ABSTRACT

This research aims to prepare poly (l-lactic acid) (PLLA) micro- and nanocapsule
encapsulated herb extracts (HE) where quercetin, curcumin, and linoleic acid are used
as the HE models having different polarity. The polymer capsules were prepared by the
solvent evaporation technique in oil in water (O/W) emulsion.

Using the homogenization technique for oil droplet generation, spherical
microcapsules with broad particle size distribution (PSD) were obtained. In addition,
various ratios of PLLA:HE were studied. It was found that at 2:1 of PLLA:HE ratio was the
optimal condition where percent encapsulation efficiencies (%EE) of all HEs (64-82%) in
microcapsule were quite high. To prepare a nanocapsule, an o/w emulsion was
generated by ultrasonication. The capsule size was about 169-685 nm with a narrow
particle size distribution (PDI: 0.22-0.30). The %EE (67-83%) of all encapsulated HEs were
similar to those in the microcapsule. The results indicated that both particle size and
polarity of HE did not affect on the %EE. In addition, the obtained capsule showed high
colloidal stability with non-cytotoxic characteristics and effectively encapsulated HEs
which released gradually HEs and reached 28 wt% by 21 days.

From these results, it can be concluded that high stable PLLA/HE micro and
nanocapsule particles with high %EE were successfully produced using solvent
evaporation in O/W emulsion system. Because of non-cytotoxic characteristics and a
good controlled-release HEs, the obtained micro, and nanocapsule suited for use in

cosmetic products.

Keywords: microcapsule, nanocapsule, encapsulation, solvent evaporation technique
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Useansamlunisinifiuans dunvaaiionsdaadenisvengainalunisadn lngvlunediues
ﬁ%mmLU‘uLUaam/gaJmﬁmmguu%maqummmwﬂ (Hydrophilicity) 1nnnana1sdfey
~ v a Y] a ¢ = aw My a a a a & &
dieliAnnisuendgaaiauysal Fsluanddeildidenwedueauanin uedn unduienly
msnuansd1fay LﬁaamﬂLﬁuwaal,ma%ﬁﬁamwsﬂ’aqmazsiaaamaiélaqmﬂ%amw FU9y
mmzauﬁ’uwﬁmﬁm%ﬁaqﬁumw pgnalsinuansdrfayluansainainsssuvfaiuannaziaing
NP TERMRTEN G ﬁﬂﬁmiﬁﬂLﬁumiméwﬁiﬁﬁﬂwﬁm%quﬁ%ﬁLﬁuﬁmﬁmiﬁﬂmuaﬁﬁaﬁ’u
sall

At TunuidelilsaulanazAnvinavesanindivesansafymeussansaiwlunis
v =~ v a a A & 2 a P A
vieviy Weldweduaauandn wedaludenluniswseululasuasuilunalya mewadanis
syedavinazatsluszuvintutgduludn wazdnduluiidiatu wagmadan1smseuRen
a1sdunsdlagldusadouas uasuwuunduignia mudisu weidudeyalunisiiansanminy
Jululelunsuszgndldmaiugnaimnssy
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1.5 Uszleviifianadnazldsu

151 lanmzfimnzanlumsisSounedusauanin wodalulasuazunluuadgai
ffivansddyfemadansszmeinihazarsildinaiansdsuvenasdunidlusuuuy
A

1.5.2 lewedlwesuaugaiiiuszansnmluinifuansdrdygauaziinudululaly
nsauIENSWIELlusERUERaNTIY
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unil 2
N8 uazUIeNAYIVaY

2.1 #138NAINFITNYA

nsafaans Ao nsrulumIenarsddnyiivongvdoonananriearsiiduveauds
vievosviad lngldfvinazats dun3ddeanunsnazansanseengnsfideaniseanuld (1] ans
pongriasnadnléanluiivayulng wald wozdnd fasmmaaludiunisinyilea
\3ead1ene uaynamsinens sy JufefvesasatailiainsssunIeuiieudeidsves
aULAILAnITIAN TR 2.1

o = ~ Y A Y} a Y o a i
M99 2.1 LUiEl'UW]SUigﬂjqﬂmaﬂsﬂaﬂﬂqiaﬂ@ﬁiilﬁﬂ@LLagle@LaEJGUENﬂqiLQNUEQLLGN [1]

FoNUDIATENNTIINYIA YoiduaeansUTIuae

1. lifiansindl
2. lnsuusylevdannansanmiue
3. IAnuiantundfranisiulseniu

1. 1Wufivsasranele
2. anshunnanazaulusnanie
3. F91n5u

4. SIAADUYNILNS
5. 913 lE9NaNENNTININ

4. anpnudedlunisialsasg

5. anaNSNElUEIIUYIRA

6. MALNUASATIEMSULATDsE0 1T 0ENS
Usausiala

(% [
L3 U o

7. Wueydndgilyaglvedusnuay

ansUsznaunmaaiilusssueid wuadu 2 nulvajs Ao

1) a15Ugu il (Primary metabolites) 1uasusznavatunsanusallufiy 19u
nARKATlA91NNTEUIUNISEIASIZREI8 LA (Photosynthesis) L3u A13lulaLasa
(Carbohydrate) TUs@u (Protein) ludiu (Lipids) tndeafiun3 e (norganic salt) kagiind
(Pigments) tJusu

2) a1snRenivsea1ssTIuYIR (Secondary metabolites %@ Natural products) 1lu
ansUsznaunifdnuae iy nuwandrsiulufivudassin 919An9NNTEUINNISELATIER N9
1070 (Biosynthesis) laaditoulasl (Enzyme) 191594 msﬂﬁzﬂamejmﬁié’m LOAAADLA
(Alkaloids) weuns13lun (Anthraquinones) wagtinsfunenszne (Essential oils) gy

dulnglassIInIRNEDNNENIIAUNFTING A UTLLETUNIPUATOIAD19 U

'
a

91NAT3TeNH ULV A I NqUUTNATUNAIAAILITaLAAIgNENII UL dYINE LY
Uselovinienuaiesd1anebauiu 9a1u15adnuunalsnnuniusssuamaniiniy



lassadamaedliidu 7 nqu 7sil weamaswd (Alkaloids) m15lulawasy (Carbohydrates)
wnuily (Tannins) ndelalan (Glycosides) lusiu (Fats and Fixed oils) Ui unousLne
(Volatile oils, Essential oil) 5% azuragy (Resins and Balsams)

2.1.1 Pe%¥Y (Quercetin)

\M0371 (3,3°,4,5,7-pentahydroxyflavone) tuansidneglunguaisngnu
wiidman sarlaness (Flavonoids) anusanuldvislufisuassdnfasianfiavareyiia v
Huommsuazfivayulng wuunlu Tniues fnluden Sulss enden thedu ueuidla num o
#1 wagiamey (Hudu ldnsAinvgrimandyineivesarsnguiiailiuesdegnaniteuing
wuihdiasensiungiss madiunsniay wareszuuAuiy Fulida Funueiise Fude
51 Minanseyyadasy ansvaulviuluifen Inadessuulvadoulain Snwiunalunssinie
91113 venevaenden Undesinle Jestunissiunguuennaniden waztigesdiu Wudu (2, 3]

Walaueeaduaisngnuaiingunediluea (Polyphenol) #ifilassadianan
U 2-phenoyl benzopyran Usgnauludeaisueu 15 evnen 1Sealussuu Co-Ca-Co tneding
WUUUBY 2 99 Juiiumeaisuey 3 sxmeu wazdiduunaiulaswaiiadnvesmianliuess
aaﬂL“fﬁJumjuéasﬂé’ 6 ﬂ?jm Flavanones Flavonols Flavones Anthocyanins Isoflavonoids weg
Flavans [4] wansdsansnail 2.2

AN 2.1 aseasnemluvesailausen Tue1uns [5]

Tnemilusiamenyedliaunsoaiasngunailiueendweald [6] Weswin
fiansUseneunilassaiedneglunguiinds 8,000 ¥ila vinlidnseengnsmandyinguay
AavaudRMaAdinwaneeiu [7] alaliuseanienielasudedu asgnlalasladlaeinane

q
1%
o 1

N a a v ~ AoVvy & .
1YY LLazLLUﬂwLiﬂumaLmum‘miLLm%Qﬂ@mwaﬂmaﬂlugﬂﬁum Active aglycone [6]
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AN5199 2.2 wansnsankunnanlIuseamulAsIase [5]

ngugay G 729819 UG

Anthocyanins | 113U was ghe | Cyanidin Peonidin wulunenld wald
Delphinidin

Flavans laiid Catechin Epicatechin wulunalsl 6 o1
Liteoferol Procyanidin
Theaflavin

Flavanones | Liifid-1ndnsgou | Hesperidin wuluiynsenady
Neohesperidin Naringin
Naringenin

Flavones S RRNL! Apigenin Diosmetin -wuludn wald dw
Luteolin Neodiosmin agulws
Nobiletin Sinensetin - tricin W‘lﬂ,uﬂﬂﬁl,??a
Tangeretin Tricin

Flavonols N RRNERY! Isorhamnetin Kaemferol | - wulufia &n wald
Myricetin Quercetin - Quercetin Wmnﬂﬁqm

Isoflavonoids | laifid Daidzein Genistein Wuiuﬁ%mszgaﬁa

AN 2.2 uansgnslaseaiamaniiveunlediiu (8]

C15H10()7

Uminluana = 302.24 niusialua

iwnediuluasiueyyadassitvanssaunglaaludon iudsunaduyiu

wazdaaiulsanasnidenuasiila saunissniau Tnsanarsdaaiidu suluanvandnvesdsa

Qfu WinUszaninimueslen uazannisidesdenisilulsaiinesiunismel 1wy veudin

LaznaenaNdnldy uenaNtY asialednudedldiulunisanseaunaelsanesea UITnN

NANULHDI19718 LAZYADALEBAANDIRU VINIASEAUAINUAUYDILADAANMAIAY N959%9I8anNTT
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% < a o g v I3 @ PN a a o
dunziSsluszuumaiuems leenmsvilviwaduziSele wWwadsegansamlunisviauees
3uT waztredesiululevialesndu AAnnnsanevesaseuyadase (8]

2.1.2 1pasAdIu (Curcumin)
sa _a = sa _a I . . I3 a A '

a19iAesAINuNTeaIAesAMNuBYA (Curcuminoid) Wuansdwmdedlunguuas
ansusznauiiuea (Phenolics compound) [9] waesAiiuluarsifenldludnaunimis [10]
wulugnfuladiieunnvlinlagianisiengusiniisininged Zingiberaceae [11] 1oun U 1
N3y wa lnslanigaliudu (Tumeric) Famsinenransvesuiiutufe Curcuma longa L.

2 o g dve I3 A Yy v dll | vay |

vilududunidnvesaulneilusgrsdnngldmindunisunaldlueimsuwazanslvd wu
WaeIweadanisa Andeiueanenyus nsedvesunuinatesilanlaaindvesriudu
WWULAEIfU [9] Ciamician way Silber LaauegnsluianavewaasAifiu Aa CuHoOs wae
aeAUsEnauvesasividiae laiesladadiinu (Diferuloyl methane) [12] lngansannid
(Pigment extract) Niafnlaanviiudulseneunieaisusenau 3 vinfe wwasAiiu Auvend
LABSAITU (Demethoxy curcumin) Wag Ja-ladluNendiAasAI8Y (Bis-desmethoxy
curcumin) Benansuseneuiilidanausinineesfiuess [13] lnggaslasiasiseaosn
fuusgnevlumenyossinuvendiaiin fuea (Orthomethoxylated phenols) 2 vy Wiy
mslui-ladlau B-diketone [14] dananslunni 2.3

R, Ry = O-CH3 ; Curcumin

Ry = O-CH5, R, = H ; Demethoxycurcumin

Ri, Rz = H ; Bis-desmethoxycurcumin

A 2.3 anslassaiiameiAaiiu [15]

ansusznaulpasmtiuarhwemnudunsan Ingasilasudandivasudud
H A | ] ' A A A & A A ! = ~
wmauaiieagluannuludg wazidsunndvdesdudunauiieagluannuilunsa [10] &
vaBNmaIRg oISy 176-177 adrwaldea a1susenauinesffiuiianuaiunse
Tunsazansluinledesnsazazaiglam i LBNIUDA LUNUDE AABLSNESY WALNIABLTRN [16]
=~ a I & va A ~
avdlauuazlaieSadises awnsananfuuadlananuenadiugeai 429 wiluwns [10]
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2.1.21 magady wosddufumsussneuiianetléiios n1sulssvnu
illnenssoalaildna 1esaniinisgadaldtes Fsannmsmeassliansusznauinesaaiiug
Taluanstudunninsad wud Jdmvesasiudunnindadidngnssualadinuazeioiseneg us
limuansinesmduluguifen uansinnesmifiuenagnivdsunlandugudunouiignduuiiim
ald [9]

2.1.22 msnsgnedituidentarszauanuiluiiy a1snesAfivaiuise
wuldluszuulnadeuladin udaznuluumadiaiumn mnmmeasaiesussmunesandiui
U3uas 400 fiadnsu wuindlewuniaanuduvesd (Colorimetry) lilanusansaanulgluiala
winuluidendiuunaumiann (Feendt 0.5lulasniudediadniy) dululauazdunuifios 20
lulasnfusledadniu wivdu [17]

2.1.2.3 mI3fnwgvdmandsineweaaeimivlutiaguiinigliasarin
viutulugUvenneimiussdulddmiunisinulsarie Gaasmemmandyingrwesaes
Arfiueesity drelumsinvumalunsamnzens qrslunisiudesduniainelmielsn ua
ANNanTalunIsNIsIuBUYadase wazaaniseniaulusienie [9] awnsaldlunisanuaz
funsiniwaduzsle [16]

1) MsAnwgrslunisiueyyadaszvouneiniu inefAuiiud
ananvAlunisiusendindu lasdnyilludn lensenda (Phenolic OH) wazLufiady
(Methylene CH,) ﬁﬁmas&'ﬁ’u wen-laflau Tunumdrdglunisimdneuyadasy (Scavenging
activity) [18, 19] G?faminhmséfmwyﬂa@mmmLﬂ@%ﬁaﬁuéﬁ’qLLamﬁqmwﬁ 2.4 Tpgtuusn
wesfailiuariusuyadasefiuamyiiludn (Phenolio) udrdsuduiresidiunsinea
(Curcumin radical) #ilsiiadies Sianseuitlidhaiannsaindoudielugshumisiivangauld
Tasaansgud Il waz 11 szgnuddsuiuguilafiosndn TasinesMiuusineasznumiuinesi
fuusAneadnluanaviefinglensenda iadulassairnwumuiEsnineesmiulawes
(Curcumindimer) wiluaniziifieendiauasiaesmfiuiloduiuoyyadassudinz asudy
\nesiiiunsinea ldiadesaviinnisesndladigjiundan Benzylic) uazAlou (Ketone) ¢
agﬂ’uﬁ‘ﬁ' 4 war 5 Addiadu (Vanillin) waznsawlsan (Ferulic acid)Imaa%ﬁqgﬂﬁ Il wag 1X
puddu nalnnisduoentindurenaesfafiulussniedudsldduiidlataou uwilne
MANNITUAINTEUIUNITAIUBYYADATY (Chain breaking) Yosansluaisusznauiiusauus
sanilu 2 vz Ao [14]
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(1) Radical trapping stage
S-00" + AH —> SOOH + A

(2) Radical termination stage
A —>> Non radical reaction 131 A-A, AOOS wag AOX

Tned
S Ao ansnaduivinlifAneandindu (Oxidation substate)
AH  fg @senueulaBaTe (Antioxidant)
A Ao LouADONTuAYLSARDA (Antioxidant radical)
X Ao vlaveseuyadasy (Radical species)

Tupeutuwsnilunisduiuvesansilueyyadase (S) Auansiu

'
a1

auyadasy (AH) ndulvgduanslunguussaisuszneuiiueaiil Unsaturated aromatic ring

a =) =

Inefinylansenda viowedu (amine) Wuwnathilalasiau tuneuildudunujnsedunduls
Ioanssnuayyadassnianvauzluoyyadass (A) dwlutuneugaeduuinsendundu
LalawsagliouyaniinnuadesliinlimAnnisvenenavesnisadrseyyadasednd oly

4
nszvIuMsiueyyadastlussnesinazinemugiuuiitoeendinduesanstaluanasiisg
i nseluiulaidudianeen (Polyunsatulated fatty acid) ié’a%a'@aimmﬂsmlmﬁu%malﬂ
Frunseendintuveinsalutiuresaeimfiuainlusufiaes (Radical terminationstage) Tng
wesiiiulusudaszassusfueyyadaszvesnsalusiulsiduasuszneuifiamnuadoslsvh
THLAANSVE18NaT0INTZUIUNTT lipid peroxidation [20] A N@ILNTavedADSARUTUNTS
ﬂaaﬁumsgﬂﬁwmmaaLﬁaL?jamﬂaquﬂaémz [21] 918971U3LADT AU ALEINITALUNNT
Jeafunisiineyyadaszainnszuiunisoondinduvesiuiulfinanitansiueyyadassvia

duf nleanayulng wazmsldinesmitiusenziuseavinmuinniinisldnesiiuiasda-
WAIVONTLABITAII

1%
a v £

2) msfnwgudson1saudeaumse vilududuayulnsfidgns

Tunsinuilsaviendold Fudedidnilminoinisiendnduieditnionesinuidadu
(Penicillin) aghaua 1MNNTANYIVES BuNTULATALIE (2543) wuhansavanginasmiuluosd
Taufisziumnudadu 0.25 0.5 uaz 1 fadnsusefiadans aunsadufimaasyivlavente
Staphylococcusaureus fivhlifionsvondelfifouynanewus udliawnsadudude £ coli
waz Pseudomonas aeruginosa b [22] nsldaiiuduiiiisefuresnosidiuoss 1.8-5.4
Wosidust fnwngnansiiesiastiseny 8-10 Yu wuignansiildSuaiiutuisedu 1000 Sadndi/
Tia/fu funliimeiinimssnwsesufiugladaiu (Colistin) enaiesanaisinesan
fuluriududauifannssnauvesdild hendeuunalunssmzens uagnsedunmsiuld
(23]
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3 % s

3) N13ANWINTAIUNITENLEY ANTLARIAITULALRYNUSTAINITE
ann1ssnauldd nisdniavgnnziulaegiduiuresiunaifiensvauasieiodefidome
Tnewpesifuarluiufinisahaeuluifufntestumsdnanesiansineliannissniauiils
NnsnerAladin (Arachidonic acid) wardqradudanivluszerusnvosnssniau [9] ans
woimdufgndlunisannisdniavuuudsunduldfinduuuiFess (241 wesiadvlusues
TgAeNLARsALUN (Sodium curcuminate) haztansilalasiaasAadiu (Tetra-hydro
curcumin) da1uansaanein1sonaulaaniaeifiiiu laglinelwianadiaudsslag
demnladenneimiiunwesnnsldanaesmiuiruausalunsazanehldfiniwaes

a a

AU [25]
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o 0
CH,0 e P OCH3
*0 ‘ ] ‘ OH
OH O
CH30 F OCHz  CH30 NP # OCHs
L L
0 OH 0 OH
1l 1

w24 nalnnnsinueyyadaszreuneiAitu [19]

2.1.3 nsndluadn (Linoleic acid)
2.1.3.1 nsalwsiu (Fatty acids) @nunsadnnunaiuandivesaslalasasuou
Hu 2 9fa Ao nsaloiudusa (Saturated fatty acids) waznsaladulddus (Unsaturated
fatty acids) nsalusudusda vuneds nsalefuiiaelalnsarsuowduieatau (Alkane) 3
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Uszneuseezneuvesnnsueuuarlslasuilidonfusetusidetanun waznsaludulyl
Sudmnefinsalusiufianslelasesueuduweaiu (Alkene) Fsflovmauaniuouuiioynay
Feuruseiusye annsoutuendeslidnde nsalusudid 1 Wusee (Monounsaturated
fatty acids) waznsalududiduinnii 1 sz (Polyunsaturated fatty acids) waganswinlela
g1upes (Eicosanoid) Ae nanlvifufifiunnnit 1 Wusshuasiinniveu 20 exnouuananiisil
wonnsaluiulasendeamamalaruinisdu 2 via fe nsnlusfuiilisududesianie (Non-
essential fatty acids) Aonsalusufisianeanunsadunszsildiedldun nsaluiudus wu nan
U&fn (Palmitic acid, C16:0) nsaaLfie3n (Stearic acid,C18:0) drunsaluuiisnduse
$19M8 (Essential fatty acids) fie nsalusuiisenieliaunsodunsieiladedlduane s
Wi é’m%’uwwéﬂmlmﬁuﬁﬁuﬁuﬁa AsaaluLadn(Linoleic acid, C:18:2), nsAdluLatin
(linolenic acid, C18:3), nsnazusdlailn (Arachidonic acid, C20:4) aziiuintuluanavensa
lodfusananasiiiuseasyning €9 fadany CH3 %aﬁwﬁﬁuaz@iuﬁaqﬁiwm&fbja’lmiaa%ﬁﬁﬁ
[26]

2.1.3.2 aﬁﬂa;miméiw,a%ﬂ (Conjugated linoleic acid; CLA) nsAABULNAG
Twadndunsaluduaiionils QﬂﬁUWUﬂ%LL’iﬂiu% 7.A.1987 18 Michael Pariza WagAY WIS
L TINe1ds Wisconsin- Madison Fsadaldanidela ninrougunnaluadnifunduleluwes
vosnsalufiudluedndadunsalofufisniu aruusnsslunguusnsnaluadnaziuegiu
YUALAZNITIAALAUIUDINUGTY %@Imsﬂﬂaﬂimlmﬁu%ﬁ@ﬂzj%mﬁaL%aei’fau%ﬁﬁwmeﬁuaaﬁuﬁg@j
agjvhaﬁ’umﬂﬂdmﬁamﬁfuauawauﬁﬁﬁuﬁzLﬁ'm (-C=C-C-C=C-) Fu8u Unconjusated usiile
fiuszhegvinaiunilimiusueaeuiiuszife) (-C=C-C=C-) aziFonnuginn [27]

naneougnealuadniiundulelemevesnsnlusualuadniiviomn

16 lolaues [28] Lwiﬁwumﬂﬁqﬂﬁl,ﬁm 2 lolawas Av ¥a-9, N51u-11-00nmziAAlAludNwLe
¥ (Cis-9, Trans-11- Octadecadienoic acid) wWagns1u-10,8d@-12-0annziaA1taludnuwade
(Trans-10, Cis-12- octadecadienoic acid) Fawunnlusssuf waveInNI18uTee Ha was
aniznu Wleliemsfivszneusensnreuginpdluiadn 91w 9 lelumesuivynaass az
WULNEITEA-9, v51u-11-eannziaarlaludnuadawituidussdusznauroanonlnada
(Phospholipids) ”me‘ialﬁ'aﬁjm%aé [29] Bem3afUTIE91U0S Dhiman wazAnzfinud1 §a-9,
N31U-11-09n0zLAATlALUBNLETAAINITAFIATIENLALUTTTNYF [30] Ineqduniduseinm
Butyrivibriofibrisolvens ﬁawﬁaagﬂuﬂﬁquwﬁﬂ Fafunalvnulaunnnia ns1u-10,3a-12-
ponazaAlaludnuedn [31]
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H H H H
| I N
CH3— (CH;)y—C=C — (|3— C=C—(CH,),— COOH
H

Cis 9, 12 (Linoleic acid)
H HH
| (|
CHy;— (CHy)s—C=C — C=C—(CH,;);— COOH

|
H

Cis 9, Tran 11 CLA
H H H
[
CHy— (CH: s —C =G — G='L|3 —{CHzls— COOH

H

Tran 10, Cis 12 CLA
A 2.5 uanalasaasnaveenIaaluaen,ga-9, ns1u-11 uag N31U-10, Fa-12 NIAABUINA
aluadn [32]

2.1.3.3 undweensaneunnaluadn lngunfinsanauginadluadnaziied
Tundndfasifldandaiifsndes (Ruminant) wu Tuiusledmuiluihualaesdnsnnouy
wnndluadnegluyie 2.9-11.3 Tadnsusenduludu lngeglusu da-9, nsu-11-eennziaaile
TuBnuedads 73-93% o Aeugnnaluadniiovun daluluiiuts ssieouginadluadney
Tuda 3.1-85 Tadn3udensulusiu lnefleglusy 3a-9, ns1u-11-eenmzinailaludnuedais
57-85% vasAoLRNAATuBNTuA [30] Hamsfidnsnasuginnaluadnlundnfasidldan
dniAendes iesanludniiAeadesiigdunidlunszimieniin enfildu Butyrivibrio
fibrisolvens Tiansnsndnasizyi pouganaluadnld dauludnflaifeses (Non-ruminant) 1
anusodansieildios Suipdld¥uanemanintu (33]

2.1.3.4 n1sduasiginsaneuginndlulasn lunsduasiginsanauginad
Tuadndesendunszuiunislalasiiutu (Hydrogenation) Aardunszurumsiiduvylelasiau
sznouilUluluanavesnsaluiulidudyilinsalufulidusuuasudunsaluturdadud
Fogvililuifuduiiganaouivaigetu Wunsidulelasauesmewdiluiinussduasansuou
ozmau wtiliAnluuduiuandesvinlelasaussmenseninfasiliiAniusyasna s
[27] 4@¥31NT18UVDY Ha azamy 1ns1891ud1 YSunansaneuginadluladnaziiviuim
Fudussanm 5 wh lussrienisusemsmnidelasandutu 2-3 wilun1siiueainua
[29] SaudiuTinauesnsnnougnaaluadnaziutuluseninenisugeenms uwinalnnig
Wasunsnaluiednludunsareuginedluadnlussninnmsussemnsdussiaunsnosungld

Py Maivneamliaduauigavenvesluduudizamnsaniauiisetlalasiiuduld lng
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anunsaiiinsadluadniasuiunsareuginedluadnidneuniazdeuludulelslowmdnue
g (Iso-oleic acid) uazaiAgsnuedn (Stearic acid) auawu[34] sauanslunini 2.6

linoleic acid

1s0-oleic acid———p stearic acid
e

conjugated linoleic acid
AN 2.6 wanalalasiutureInsnaluadn [34]

ngUiingn azmulailunsduaseinsnrouginedluadnaziog

Tnsalualuadnfuasiiulunmsdianed fudufisdoinisdunesininaouginmd
TuadnlifuTinngusasdeddngAvidnseloiufifarsdsiulusiinugatuiu Sdusms
dnivanerinivsinaletunarinsiadrsvesnsaluiudasy (Free fatty acid) fiunnsneiu [35]

2.1.3.5 auautilunsuansduenyadase Ha wasanenuinngnnaugng
dluadndnuaudilunisiduaisiusyyadassuinninindudniewean-Inlailsea (-
tocopherol) wagiUsednsainiiieuvinduiiSianinnlansendingdu (Butylated
hydroxytoluene; BHT) Imaﬁmmau@mmﬁima@ﬂLﬂé’f’ﬂﬂLﬁuaqﬁﬂszﬂamaqwgm‘lw%miuL?Ja
vuwas yilvidesiunisineyyadase (free radical) tnogeliuseansan [29]

2.13.6 AuantAlunsiduasiuuzds (Anticarcinogen) $591n518911703
Ip LLazﬂmgWUdmimaugLﬂmﬁium@ﬂL‘fJumiéhumL%Wﬁmﬁmﬁlﬁmﬂﬁmi waztlunsalusiu
fiflauandiduasimusiatuiersuidiulan uideddddulaniulimamn & 10
Wedldudvesens) Jaazuansua luvarinsareuginmaluadniimiuidutuiosnin 100 win
(0.1 Waeddusivesans) annsadudamatauneadusddudumyld 136 Ssusnainnsa
pounAATuadnazannsasudamanaugadunis nsnreuginadluedndsansatiostiu
nsuinlsauziseld winalnlumstlostududslinsundn Susano uazanrldsnonuinng
AounnAluadnazluanmalutuYes prostaglandin E 2 kax leukotriene 4 TuBSuuazsing
vaaYy &4 prostaglandin £2 fianszdumaifinusfaduuinszannsonssiunassudstiade
fienuaumsUasuuUasgUs1eves epithelium cell woanusls dwalinsaneuginnaluiadn
fudamaiauveasadusiaduald (371

2.1.3.7 atduayuni1svnanuvesssuuniauiy Cook LagANENUINNTAABUY
inedluadnanansndestunisaaiendmielassiisannanszduresndduiy Ssarnnis
e lelalat (Cytokine) aziinasonisdunssiuazaaondunielnseine Inaaniznis
isuves IL-1 (Interleukine-1) agvilfmsaaendandelassinanas uazmaifivtunes IL-1
Haflawdusiusiunisanasues prostaglandin E 2 (PGE 2) Fsnsameuginmaluiadniinalunis
Uann1sadansners1Aladin (Arachidonic acid) fLfuansiafulunisdansied PGE 2 [38]
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aenndariu Watson uagany (2005) naasslunyuideszuuniiduiuazanainsnaeuginnd
Tuadnilualunsluiiia Thi cytokine vinliiinalunisauauaunavesszvugdAuAukazdy
nstesiunsiialsailakazlsaludugaduluiduidon (Atherosclarosis) [39]

2.1.3.8 Jastunmsiiaduidenudediinaziusdy (Antiatherogenic) Lee uay
Anzliseaudn Ml 0.5 Wesidudnsareuginaaluadnlunydunailitesndt 11 Juasd
NavinlisEAU Low Density Lipoprotein cholesterol (LDL-cholesterol) wa Triglycerides Tu
Fonaniesas dudunsdesiumaindudoaudsfuaziuiu [40] uagienuandAveanse
Aouginmaluladniduansiiuoyyadase danuduiusiunisiinlsanasaidenudss
(Atherosclerosis) tns1¢lsaiiAna1nn 3Ty fuves LDL—choLesterolqaﬁu waglina1nd
Oxidative modification Uuanywes LDL-cholesterol fifindu warluduiaruayyadasesinegii
fogluiden vinlsforyves Oxidized LDL wWaguwUawirlsf LDL-receptor d11afle Tuvmugdi
Macrophage receptor lj\iﬁ’mqiﬁ%JUiﬂ’liLU’gEIULLUaQﬁQﬂEiWDbLG?]J 3e¥uOxidized LDL \iinTuuay
Audieadldesndlisitn wuldludwiivndtunesasnidenluneiiivasaidonudedsiing
slsnandenfivaruindunseld fefusenuauifiveansnaouginadluadniiiuans
susyyadaszisanunsadosiunisiinlsavasndenudasiale [33]

2139 waseninadgivlavesnduiieuarnisanlufuazay Javadi uay
azlaasuinnsaneuginnaluadnazluvilviwadluiu (adipose tissue) fin1sduas1zinga
lasfuanas Wumsinuvesnisesndladvensaluiunazifiunisineuvescanitine iile
M379317 fatty acid synthase way acetyl-CoA carboxylase 3z #UHUTUIUAADS LALUFRY
(hapatic tissue) nsnAauginaaluadnaglihlidinisavauresdlnmniu insziimsdunsgy
voansaluduinntu uenaniidsdimaveassiivends ninneugnealuadninasosesluuain
soulssesdiazifinsgiu insulin Tugrene Gevirli anabolic rate vo9n 158 LATITWIYSAY
i [41]

2.2 wadwaAnn wadin (Polylactic acid)

neduaafin wodn iunefiuesfidunusiued a e 1932 Tny Wallace Carothers
Ivhmananneduanin wedafiftivinlumanad lngldanuseutunsanaainagldaniog
guaniawazlaandnsinslul a.a. 1954 Tuunuwasuiem Dupont TudagUuiinswaiun
nszuaunsuinngladlinaeifunsauaniin (Lactic acid) eg1si1edu Saiidumilunsndniis
yilimeduanin uedaidunedmesniaunhaulalunninnuszgndltifuussias uay
Faneineg enaununediwesiliausadevaasiedldnusssunanidiuluiagiu (21]

woduandn wedadumeslumarainlunguuosedieamesfianunsndosaaeiosle
PUSTIIBIATRATMF LU TIReTige wagdsannsatnduntugulv nglugramnssuiion
Ul luussyduet mesunmsundldduiantide wagldusslovinmanisinens [41]
woauanin wodniignslassairedauanduninil 2.7
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A 2.7 gaslassasisvesneiuaninuadn [42]

nsnuaninfidundnsasisdulunisdaunsizdnoduoauanin uedaiinanlaain
nszvaunaminuds Aowimsnduldnsauandn 2 Tuana ududasuduuanalnd (Lactide)
Tounodloalanfn wWaTFna1u1TOFUATIZYMBNITIUAN (Ring-opening Polymerization) U84
wanlng [43] Fsnmdi 2.8

(n)
P i
0.1% PTSA
n HO-CH-C-OH - +O-CH-C+ + (@2n-1) H,0
Folycondensation | “n
© 1) 120°C/ 3hr O
L-lactic acid 2) 80°C/3hr/ vace Low MW poly(L-lactic acid)
@) 0.1% Sha O3
Thetmal decomposition
O\
‘iH3 @ Rop }:—0\
O-CH-C 1‘ " 18 —
{' i1 SnOctyROH  CHHG o ER—CH
0—C
h
0
High MW poly(L-lactide) L-lactide

AN 2.8 TUABUNITAUASILVNDALIALAARNKETA I5N15AIULUULABASTY (A) N15LARA
warlng (¥) waznswadwasisieduruulnig (A) [44]

= ~ & a v a Y ] a faA Y W 9 =~ ° v
Wosanianudulinsiuaskindsukazidunadiuasnunnulaniadininia
woAwaARN wadnausaliiduussyiariomisls dsdudaivemslalaenss lnslivaesans
Yulauasgemis wenanlannsaiinduantdlvadlalugvesmsslaoda [21] weduandn
waTnanusadesaaislilosnusssusfneujisenlelasladavesiussieames aunsoday
% gj d'd ' (= 6 @ LY} 1 aaa (v ] d’/ (XY}
ganglansszuuiiioulesiuaglifoulediduduseufiise [45] dnsnistevaaieaztusyiv
waluana vwnkar§Usvesdan tassaiendn eaumgiilunisialasladia uazdnsndiuvedle
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lowas [46] Undszezlianialunisdevaneneduaniiniednvzldiiaiuszanm 6 wewds 2 Y
Wisuifguiunanadniltluiiegiuiidedldinaids 500-1000 U [43] Wumesluwaradniawdn
yizelififuedugiu Jusyiulassaduvedluanaauiif (Stereochemistry) fignmnfindneutia
(Glasstransition Temperature, Tg) 50 — 60 83ANLT ALY E A 1L z9AVaouLad (Melting
Temperature, Tm) 130 — 230 o3rLwaLTud G?Tuaauiﬁ’uimaa%ﬁqLLasé’ﬂwmwmmi Tg9u Tu
nsruIUNIIHEnIfedldgamiiussana 185-190 asrwaidea vingamaillidivangauazyiy
TiAnnsdeanmsuosnangamaiingaiuld [47] weduaniin uednasnsaazanslély
lanaelsiiny raelswesy wudy wnselalasyuau 1usu neduanin wedandanudundn
geazaraeldtindn wuuedugiu fhwidniun Bevigud vuarwdeu bifindu annsndesaany
ey 4-5 dUnsi meldannensliianudou autu uasiiadun3s neazaansnaneidu
th uagmsvoulneanlud

wodwanin wednaunsainluldusglevilavaleniu aunisunng 1wy Ienssy
dowde nubuuna qunsaidmduBansean uaznsUanudosse dunisinuns wu 160y
Ayuzdgnivy TanveviuuazUanudosenguiag mmnmwwaaﬂammmanamm‘wum AU
Tt UsTatasilindaia Wy nvuzuTIg 893 vaath Qawanain sl uasil
dmduiiusie dudule wu nansusieunde frdeu d1503u idediTesoin uazidule
dmuussqluiosuou fustusud iwu Tvhgunsalanusanszunn (Bumpers) uHusosiu
wargunsainnudaniely frudidnnsefind wagnisdeans wu léidudiusznovly
Insdwiiiadond udnusznevlupenfinmes wiudd wazdiu u 9 Mvigunsalirieadeu
tnswanadin udndeildlutuFou arsiadeunseay a1s Badn vienaaindiasna Wudu
[48]

NsaanefvBInedLanan Wedn inannsuIavataglananviseaneldnuinves
lutana lusssuyianisaateiiinainnisgnnsedumenuiey Ujnselalaslada wie
AanssunedInImeee) 1w Ufasensendndu ol was (Photolysis) waz3ad (Radiolysis)
desnmsaaeiafetuldiiainnssuiunamedininuagnienin nalnnisaaisdaiadin
Rerdeduiunsaaisdiandunndon Tnsnisaaiedivesneduanin LLa%méﬁuagJﬁ'Uﬂﬁa
A9 aneUsznis Wy seauaslundn fﬂmﬁﬂ‘[maqa gl mnuuIavd eandunse-
9 (pH) Ardudturennde Ysinmeendiau vieUTumensdmiugdun3s fuifu luns
yadeuNIAEfTameALanin Lada Tafesinrsandadusiieg Usznaudie uenaniing
annefdtuegiudnsusianignisnionm uazed wu Snsnizuns dugu anandugngu
wazauudusivana Wusdu lneweduanfn ueda szdaresilirisueulaeenledeanun
wazth flegluaniieznisuifn nglu 90 u uazmsiineduaniin wedagnlelasladlutheunie
lothvilfuaniin uedn Fudumeuswesausaihndululdduaseinedwesdulmils
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2.3 mMsieuuAUgatu (Encapsulation)
n1steuualglatunatiagniaundulul a.e. 1950 31nuidelugnainnssunis
fin [49] Felutagiulasuanutisuwassansulusmundunssy mandl naadusiniesdions
PRAMNTTUOMNT WATENAMNTTUNISALUN [50]
n1steuswavgatulumaiinfildiaquideusou Aniv ey wiedaduans
L3 v <3 Y a1 Ao o 1 ! A ! a & A
parUsEnauifeamaiusnyenld ddwdsenauiidrfyey 2 dw fie dwuiduiuden (Shell)
wazdIUNRRINTIIVSaUALNANS (Core) AININ 2.9

Shell
Core

AW 2.9 uansdnuzvomeAeILAYYa
231 wiavemedweiualyaiiwisyldmemaianisiounauyaty (51]

23.1.1 wodlasuaUgatuuLNuRE (Single core) lusUuuvvamaALLDS
uAUgafitinsuenipmefusgisauysalsenitanediuesuaugaazansidionsiniiu unuves
vweAwesuaUyatladedlunuies uansdaniwi 2.9

2.3.1.2 wedwesuaugauuunaeunu (Multi-core) neluming Lauualmia
#u (Matrix encapsulation) {uguuvuwedwesuavgaiiinisuonigaiaduliauysalsyming
oA AuasTfosnsAniAY uansdisnnd 2.10

AN 2.10 wARYENWEYRINERLIDTWAUYAVAIELNY
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23.1.2 wedwesuavganiintdivatedu (Multiwall) \ugduuunediues

A A $ o qw | v 1% o =

wadganiliuden 2 du ilianunsamivaunsUanUaesansluan1ieidenisld uansianini
2.11

Second wall

a % a s a L4 o aa = a ]
AN 2.11 LLﬁﬂﬂﬁﬂ‘l&}mgﬂJ'PN‘WE]@LZJE]iLLﬂUSQaLLUULiJVl’iﬂGU LQULLﬂ‘UfgLﬁ‘UNWNﬂWELﬂaE}‘UN? 2 YU

2.3.2 walian1sieuwalgady
a o 1 [ 1 &
watlan1sieusalgadu awnsauusesndu 2 Uszanlvglq e nsieuuay
v ada . a . aa =
YLAYUITNIINIYAIN (Physmat process 138 Mechanical process) Lag3I8N1IN19LAY
(Chemlcal process) LARIFINING 2.12 (52, 53] GszSLaaﬂmc—mﬂumamswwaaLmasu,ﬂuezja
“UUEJEJﬂ‘Uﬁ’]iLLﬂ‘IJﬂa’N wedesAdudon way gnsinbuUszendldau
2.3.2.1 mseunalgatulagidnianenin loun viuisuunuees (Spray
drying) ¥iuvisuuuugiBenuda (Freeze drying) tnafianadnladiua (Fluidized bed coating)
aUsdTads (Spray chilling) Wadaladiun (Fluidised bed) wazidngnidu (Extrusion) tudu
[52]

1) nmsvihurawuuuees 1Juisvihurslagldniuseulunisiidnin
wiedvhazateoen Susunaunediwesuazarsununansbiiluilefeatunieldusadouas
ntiuazgnieudginiasvhuisuuuriudes neugndavuiluazesslos (Droplet) lduiariy
aueunfigauugiigennn Foilianuduniedinazalsgnizmeesnlied1asinis wazla

a v ¢ v & a s I oA Aay o w oA v Y A A da a
Hansunaaeilunefiuesualys wimeallailiteminfededddiasosilonisiniauasd
TunpUlUNSWTENTABUTINEIEIN FIFI0E1NVDINTLUIUNITHANIGINING 2.24

2) mawadeulaeldimadangdaladiun Wuwmaianisindeuiia
aun1Avas Ingluni3vinusis (Dehydration) ﬁiﬁﬁau%auL‘fhmu%’uﬁuaaaumﬂﬁﬂﬁaumﬂ
avefndudasy m@mmaﬂmmLLavamaﬂuam@uamqamLama fons1n1sanemauTou
LATHIAFEY @11190 anALTULAZITINEETAY £a189830YN1ALABE195I0L5) TnBaInnse
muAuAIMUvesRaedeuldanszeznaoyniraeeiuludasy lsnedwesuatgaruia
Uszana 5-500 lulasiums
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Wall material Core material

Malecular weight Molecular weight

Conformation Emulsion Relative wolatility

Chemical groups Palarity

Fhysical state Chemical groups

Chemical process Mechanical process

Coacervation Spray drying

Co-crystallization Spray chilling! cooling

Malecular inclusion Extrusion

Interfacial polymerization Fluidized bed

Shapes :films, spheres, irregular

Microcapsules particles

Structures : porous, compact
l Physical structures : vitreous or

crystalline

Controlled release Envircnment conditions

Shelf life

MW 2,12 uanstuneukazIsnIsinenlunseseunediuesuala [52]
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|
|
: _J : l PRODUCT I
| Recovery anp |
| stage 2 | | AIR CLEANING '
: SPRAY-AIR : | '
LCONTACT | | |
' |
DRYING | SCRUBBER |
CHAMBER | |
' |
|
| |
’ : |

————— 1
stagE 3 "}/ + Worcione '
LEVAPORATION ' |
|
l |
| |
R Vg1 L R SR R SR s e 3
A 2.13 nsteuLAUgatumEmATANITHLLAY [54]
TOP-SPRAY COATER BOTTOM-SPRAY COATER

/

‘ Shell formulation

°o
Coated
(-]
‘ : Probiotics .
° - @ Q
. k)
Probiotics being °,°
(-]
0 . coated 3
_______ - __I 1--
T T Shell formulation T
Gas flow Gas flow

awi 2.14 msiedeuinlagldmalinnadaladiun [55]
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2.3.2.2 Matoukavgaduiedznieail laun nswedweslswdusening
so8R0iA7 (Interfacial polymerization) lrezigaiidu (Coacervation) M3duAsIfaINLOUD
a3 (Monomer polymerization) lngldnalnnisuenigninnielu n1sduasizinedwesiy
38UUNTE218 (Polymerization in dispersed system) wazinAatadlatumnion153zine v
arang (Emulsion %5e Solvent evaporation) tu@u
1) Msnedueslsiwtuseninsesdediin wady 2 wedafe wuudy
%wwaamaﬂn%u In situ poLymenza‘uon) LaTLUUMIULULNDALNDILIwTU (Condensation
polymerization) Fsits 2 wnadlafindnnisfiuanssiuie N13LATEULAUTARUUAIULLUNDE
weslswiuusznoudeneusuesfiinyliveuihazaneiuasununans vl dunendiogly
5EUUNIERNE AswAan snededlsiwdufiseudeftveueusiuediilefuneuaiuesiis
AraUtfufaEuUARTeadluszuY [56] daunaeieuuaUgauuudulymediueslauty
szuvsennidy 2 du Tnsdruusnazinisdanszsimedwesfldiduudenlunisfuans
WAUNA LLazdauﬁaawzﬁwﬂ'ﬁm’%aumiLmuﬂaNﬁlﬁL’wasmas”islmzwﬂﬁzma gttt 2
drumvhnssauwazUfumannefiuneaulngedsrnuuanessninsUseieansdiu
AT 2.15

: o«
mus:’ncihon f\ ¥ X
Mechanica k" N
of ultrasonic =) DR LN

Critic acid
At + %‘s ’
bomogenizer L&' o Heuting

Shell: MF nsin

pH=4.8

n-Dedecan .
ecane  gpa Emulsln MF prepolymer
NH, HOH;C. , .CHOH NN
,"m)\\ AR Mt S _oewd  NSNOH2 o NCHOH
P 7
Z H™ " H 3 \*)\ CH,OH . HNTN™ NH ,,NHN\T
pH-80-9.0 . H=4.8
HoN" NZ S NH, "3 Heating T oo ek,
Meclamine Formaldchyde HOHZCMF pol CHon ji ‘JN\
prepolymer “
HoN™ "N” "NH,

MW 2.15 MsieusaUgatumgmalindudynediueslsedu [57]

a v L o a o U I

2) nsessuualgameni1ssewedinazatslussuuddadu Ju

wiallafiig THaseadenisnligann wanzunnmsihludssandldaulugaamvnssuvuaén
Y auv o [ 1 qoj CVRY) ?:/ P 1 I dy a [ . . . . =

q 19 Bfaduuszneumediuvesuntiuiuinlunauuiloimeaiu (mmiscible liquids) F99y
ns¥aneileglusuuuuvetounia (0w 4) luemsdiulngjaziivuineyninsening 0.1-100
luasou [58, 59] datudwusngulalagldtuinduiazdudnlunue Ao ssuuiivsznause
veminiunsygitegneluduin Senseuvddatuilin adaturiiaurduluiii (Oil in Water,
O/W) waglunmanseiudiy seuunusenaumeveaiinszatemegaelutuiiiu Senssuy

(%
v A1l au o a

dadutinddatusdauiluiigu (Water in Oil, W/O) uananflgellssuuddatudadou ¥4
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wUadudatustinuinguluinlugndy (Oil in Water in Oil, 0/W/,) wardsatuyininluting
Tuth (Water in Oil in Water, W/O/W) [60, 61] @sanuazvaediatuguhuuniiee Lanasanin
fi 2.16

Dispersed
phasc (oil)

Dispersed
phase (water)

Continuous
phase (water)

Continuous
phase {oil)

Oil-in-water emulsion

= o Dispeesed phase (water) @ Dispersed phase {oil)
& O o WS @
P-—’- at ‘ g
P

Internal phase {oil)

Internal phase (water)

Continuous phase (oil) Continuous phase {water)

Oil-in-water-in-oil emulsion Watcr-in-oil-in-water emulsion
AN 2.16 uansinwzvasdlatusULuUAIeY [62]

FsnswsunediueiualyaUszneuseismaiieumenansduyis 2
LUU FON5LATBuvEnaNSBYEELUUANLRL karnsnTeuvEaasBunILuUNaUTgna Wy
nMsissumediuesuayaiiiniAviniiud femaiamsszmedinazate Aldmaianis
3NN TIUVEELUUALAY [63] Fandl 2.17 Guduthnedusauaninuedauariniiud
azanelndudedioruluiviavarsdunidimmnzaundnilunauiuasazarsvosansan
wsafiei antduilududeeiodeludluwesilunan 5 und wlddtaduvesarsazans
Bureiiusznouse wedweauaninuedeAmiud/fihazarefezaeludedentu anidu
thluszveiviazaiseenasldnedmosualya ilnedueauaninuedaiuldenviuiniiug
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Tnsfinedusauaninuedniinuseuinannnindmiud Juedeufiundundenuinmiudey
melu Fanadail axdoaiennediueiiifienuroutunnniasununans wedesuaugafild
sgfvuneglussdulilasiunsuaziinisnszaesvesuineynaiini1e mndesnislined
wesuaugafinoaldfivunveseynaiidnasuazinsnsraneiifiuavannsoldinaianis
wlgurenaNsaunIduuunduigaialunsmisurenansdunIdaiuaiumalansseme i
avaneld danwdl 2.18 F93sHuARRNBuararmnlunTeTeuLeUya wivsdusyAnsninns
slldigauniin Tnendnnisluniswiounediuefuatganauutsiuluh wagdiludiiuly
spuudsiaduiiusindnnsduionty

Vitammn E

PLLA+ Vitamun E
+ Solvent

— Solvent ‘
- —_—>
Oil Phase 500 rpm/ min 3
e f o= Evaporation ‘O
PVA Solution [
i '. ©

Homogenzer

AW 2.17 wansnsielunediuesualgariuindudmsmaianisssivedvinagaty o
NSWSEUNERAANTBUNTEULUURUAY [63]
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‘OPLLA | - SDS

solution
Vitamin E
O pPVA &Q

—
[ 800mpm ,2ml/min |

=

AT 2,18 wannswSeunedesiuaUgaridndudmemaianisisimedinazaty 6
NSWREUNEAANTBUVRERUUNAUTNIA [64]

AnsunanNsiuNISAssudatuldedeu Ae N1slUnTEUIUNSIAS UL
difaduanstumou (Two-step emulsification) tnel48sadlniens 2 vfladeiu vflausnify
57adlvioesifinanuveuiny (Lipophilic emulsifier) fifiAn HLB (Hydrophilic lipophilic
balance) s Iluduneunisadrsdsiadurdaiilutsiu (Water-in-oil, W/0) wavuinfiaosdu
Siadlioas@idiarugoutn (Hydrophilic emulsifier) fisidn HLB 49 T ludunounisadng
ssfaturdaiinguluii (Oilin-water, O/W) Sﬁa%’uﬁm%’amlé’mﬂmﬂsi’j’l,lﬁuaauﬁgﬂé’w%%é’a
asleda (Ultrasonification) w3an1sleludluedy (Homogenization) luduiiaaslunisunien
siatuidetoutiuasldusudouiitesniniatosiunsunn (Rupture) vesaunmatadu [61,

65]

v & ¥
2.4 UIYNNYIVDY
MNNEITBTINIUINNSeURAvgETuswaliansszmefiazae undedluns
dnfnivansddyiiodiluussgnaldnisinuanannssunis 9 uinune Wesanduneia
g o a o a s o v = $ g oA v
418 sunulunisudani lagnedwesniunldiduddenduiiliidenlduinuegniuainu
winzaw winteuldiulutagiuazsifunedwestinmiiaunsadesaarsliiowusssuwd

@& a 1 a v & a a a = a s v a
LWUNENDAILINADN AD NOALBALAARN LLOTIA ﬂ'ﬁLmiUNW@aLN@iLLﬂﬂ"gﬁ‘VjNﬂﬂgLiﬂ [56] Iu
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sruuilutiulu Tegldweawosiinmdudonfutogdofifinuseutannniniitu
wuiwediwesivninluanagailidey SoianisuanUdesdt Tunnssiudranimn
TuianaveswediuesmmstanUdesioy Soasifiniu SnsAnwnaeiounediuesualyari
Inndudluszuuiniulud (63) Ineldwoduoauaniin wodadudon wui Sinainiusi
oglunedmesunugaiiuiinalndifesiuusnakudu Ssnandoudiatuiitinuaiosmns
Avaaossiuiitadefidosifleieie arsanusiinviedadinaens Tetty Kemala wazaae
Anwmanoulalasaileslussuudtadureshiuluhleglfinadansssmedahazas
wuindlefnwiinavemedhiaueanssed (PVA) Mduansanussisianunsawieylulasa
Fesnflaurnfiasdiaueld [66] Sanjeep K. Sahoo wazamzld@nwisafunisldnedlia
weanesed \udadvheoeslunmmisumedmeiuaUyaiifiounnunauluvemeduaning
wavned (O,L-uanlnd-la-lnalalas) (PLGA) [67] F938nnshanunsawmssudtadulavalssyuy
Juogfuasununansiazarsldluihduvdoludt Hansununansweuszangluinduazien
winalfegluszuvinifuluh dauasununansiivevazarglutinaedoueionlussuutily
thiluth udmealindaedinisgydeasununandluunsdnlussisdunounimeass Jedewa
Tiseangnmlunisviuanosa

a

nuITedsiuniuIdiuszansnanlunisiuarsddgiinn wazweduoauansin

[
[ LY

wadadaudunizivaningivesarsdrfey muuluanuldetdaulanasimunisnsnToune
a

5Lmaﬂu‘[muawﬂmmﬂ@aﬁﬁﬂLﬁumiﬁﬁ DA INIIANANULTIUTEENS A lun1sAn
Wiuge Weanunsailudszsandldlunsenamnssula
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uni 3

A5NI5AEIUIIU
3.1 dsnlivazaunsal
3.1.1 @15l
ARG LS g7

1. NoALALAARA LLOTA
(Poly(l-lactic) acid; PLLA)

2. wodhilaneaneosed
(Polyvinyl alcohol; PVA)

3. LARRNIY

(Quercetin)

4. NSAALULADN

(Linoleic acid)

5. 1AaAdiy

(Curcumin)

6. lnnaalsilinu
(Dichloromethane; DCM)

7. lawnSanesunslus

(Dimethylformamide; DMF)

8. 1a%a waaNesed
(Ethyl alcohol; EtOH)

9. ToAeunasnalaLumn

(Sodium phosphate dibasic;

NazHPO,)

Commercial Grade

Analytical reagent

Analytical reagent

Analytical reagent

Commercial Grade

Analytical reagent

Analytical reagent

Analytical reagent

Analytical reagent

B.C. Polymers Marketing Co.,

Ltd

Sigma-Aldrich

Sigma-Aldrich

Sigma-Aldrich

Sigma-Aldrich

RCI Lab Scan

RCI Lab Scan

RCI Lab Scan

Sigma-Aldrich




3.1.1 a15wail (519)

GREIGEY

bNIA

g7

10. Wululwhsy vanme
(Monosodium phosphate;
NaH2POL1)

11. d@udu 80
(Sorbitan monooleate;
Span® 80)

12. lnhsulandadane
(Sodium dodecyl sulphate;
SDS)

13, fdudLou
(Dulbecco’s Modified Eagle
Medium; DMEM)

14. onUied
(Fetal Bovine Serum; FBS)

15. mullgadu awsuladeau
(Penicillin Streptomycin;

Pen-strep)

16. M5UTU-DANLD
(0.25% Trypsin-EDTA)

17. 1Huf9

(MTT; (3-(4,5-Dimethylthiazol-
2-yl)-2,5-Diphenyltetrazolium

Bromide)

Analytical reagent

Lab grade

Analytical reagent

Cell Culture

Cell Culture

Cell Culture

Cell Culture

Cell Culture

Sigma-Aldrich

Fluka

Sigma-Aldrich

Gibco

Millipore

Gibco

Gibco

Thermofisher

40



3.1.1 a15wail (519)

GREIGEY LNSA g9

18. drdiiunalalnsiiua Analytical reagent Sigma-Aldrich

(Succinate dehydrogenase)

19. ToasnlanTadaine Analytical reagent Sigma-Aldrich
(Sodium dodecyl sulphate;
SDS)
312 \edosileuaraungal
LﬂéaeﬁaLLazqﬂnsnj U Bivra
1. in3esniunanuuuiTluie RW 20 digital IKA

(Overhead Stirrer)

2. 1p3penusimadnuuuldanudeu C-MAG HS7 IKA
(Hotplate stirrer)

3. insedlaludluwes T25 digital IKA
(Homogenizer) ULTRA-TURRAX
4. \p30sdansluin VCX130PB Vibra-Cell™

(Ultrasonic)

5. N&0RanIIAIBLANATONLUUERINT A JSM-6510 JEOL

(Scanning electron microscopy; SEM)

6. ndosganssAuBannsousuuldLa SK-100EB & Seek
(Optical microscope; OM) SK-100ET
7. Lﬂ%@ﬂ’?ﬂ‘ﬂuq@@Hﬂ?ﬂﬁ’)ﬂﬂ’]iﬂi&%\‘]LLEN Delsa nano C Beckman

(Dynamic light scattering; DLS)
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3.1.2 \p3esilanavaunsal (vin)

\n3asilouazaunsal U i
8. inseameslunsimvsa oxulales TGA 4000 Perkin Elmer
(Thermogravimetric analyzer; TGA)
9. AOUgYINA DZE-6051 DZE
(Vacumn oven)
10. \sesgiada awnlnsluladines Lambda 35 Perkin Elmer

(UV-Visible spectrophotometer)

11. in3esuRalasuiinsnsm
(Gas Chromatograph)

Star 3400CX

Varian

a2



3.2 WHUNIVDI9IUIY
LA UASLANININTINYDIITNITAMRUINUIFUAIN

3.2.1 Msmseunedueatanin uedalulasuazuiluualgaiidniuasdidgiienis

semedazaty Tussuudiluddiulud wavidfuludddadu wazinallansinsey
nenasauvsdlngldusadougs uashuunauignin mua1au

4 . )

:> 3.2.1.1 Mmawseunedweslulasuauganiniiuiniediiu inegiuwas

Y
[

aluadn wedn lnefAnetladesingg fall

[y

1) 99T1EIUITLMINNOALDALANFAN WOTARDAITANALY
2) HAYDIANINTINLANFNTUYDIETZERTY
3.2.1.2 nswiseumedwesuiluweuganiiniiuansainayulnsuas

k PN PPN NZRALINAT AT S AL /

N

3.2.2 Anwaudivesmadwesialganinisulimemaianiiag

J/

/1) é’ﬂwmz'gﬂéwLLazﬁuﬂaﬁaaﬂé’awamiﬁﬂuuui%umLLazﬂé’aq\
aNIIANBIANATEULUUARINGIA

2) IUIN NINTEILMVRINDTUDALAARAN heTnunlunauganivieuls me

:> WMALANITIANITNTLLIILAS

3) musunavesasdfymemalingd-Id0a alnnslulawns uazuia

Tasuanns

\_ /
7

3.2.3 Anwinsvanvdegarsannansdirnlunediuesialyga ANuAW Lagnaaay

& a a s P ¢ &
V’TJ']@JLUUWHSU@QTJ@QW@aLN@?UWIULLWUSQ@WLmiﬂmlmulﬁ(jaaLW']SLaEN
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321 nawisunedusauanin uedalulasuazunlunayaiiiniiuansddndae
nssEweAvinasans
AnwmasSeunedusauanin wedslulasuazunluuaugaiidnifvansdifoyi
fanmdaunnsnetu 3 wia e ey neadu wardluadn uede Mdufunuresaisad
MnsssumATianwndaunnd ety fewadanssemeiaviaranslussuuinludhsulug
wag difuludidiady Tunsindsuveaaisdunidlagldusadougs uaznisinisuven
a13dunsduuunaUinnia
3211 mswisanediweslulasuaugaiiinatsddy semaldanissemes
inazany
nawdeamodiueslulasuedgaditnansdidy Tussuuiludiulud ffnns
wilsurgaansdunIdlagldusudeuas vnsnavansazanevesasddnludviazaredunsd
fuansanwssFisiiafidl Hydrophilic lipophilic balance (HLB) ¢ 19U Span80 wéheriu ¥inns
NaweLR e AL TaraEy A TueNh, HaLAsazanevomeRLoauanin ueBrlulaaaels
Suufudndeiy inmauderiowanasayaiaylddurosiiy antunauduvesh,
futuitudnde iy wdavinsdudesasnisti 5,000 soudewit WWuian 5 undt agld
diaduvamentluthify Sediveavosin,nszaefoglutuingu anduihaiadudiluthiiy
wantuturesasarmevesmsanuNisiniatu, udvinstiudesnainistiu 5,000 seu
st iunan 5wt wlddtadurmeaiiluiiiuluh gevievhnstiuniuegnadig e
suntlanaelsfinuayldneduoananin uodnlulasuatgariuansdidny dunsunswisunay
AVUNANANY UARITIATIT 3.1 wazansedi 3.1 puddu

PLLA
PLLA  : Poly (I-lactic acid)
NE : Natural extracts

DCM : Dichloromethane
PVA : Polyvinyl alcohol

Solvent

NE+Span80 | Homogenize Homogenize

N——— O
5,000 rpm/ 5 min .~ ()5,000rpm/ 5min PVAaqueous | evaporation
’ PLLA+DCM QP 090 | solution °O°O

Water / Oil
Water 1 Oil / Water

a =~ a a a v o W
AnA 3.1 laezunsunisinseunadusananin wadnlulasuavgaruaisdifgylussuy
diatu MemALANISSEINEAYINazaNelAgITNSWSIUNENE15DUNTE LaelTwsa
BLIGN
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Inglutunauniswisunedwesiulasuaugauaisdry Tussuuiihunduludils
nsAnwdadesng o Nina At
1) NMIANYIRTIEIUNINTANTDINEALDALAARN LOTARDANTEALY
TutuseuilllunisAnwdnsiduimunzaussnedioalanin Ladnme
0 v Ao 1 a a Ao 1 1 [y P Y a [ a
a1sdAyiinaden1swssunedwesiulasuadya Nonsrdun1eiu eliAnluuauyad
auysllaraunsausIEnsaAylauInyian fwmnsnen 3.1

a = a ) o w H Y
M19199 3.1 wansanvlunswssunediweslulasuadyaruansddy Tussuud,Tuiduly
11, NRTIEIURN 9

PLLA : Herbal extracts

Phase  Ingredient

1:1 2:1 3:1

Herbal extracts® (g) 1.25 0.83 0.625

W Span 80 (g) 2.00 2.00 2.00
o PLLA (g) 1.25 1.66 1.875
DCM (g) 10.00 10.00 10.00

W PVA aqueous solution® (g) 22.50 22.50 22.50

NUBWA ° 1A8TNIY LABATU WAzNIATLUABN
° ansavanenedldawsanasealuyl NaNuUNTY 1 1Wesidudlaginun

nswssuwedusauanin wedalulasuadgaiiinifuansdrdgysemaia
nssemedinazarslussuuindulud ddmaeieumeeasdunidlaelfusadougs vins
naNdTaTaIeveImedLeawanin wedauazarsdrfalularaslsimuddety Tneldiedes
wauansaraneazldtutesity ndunanduresitufuturesasazaisanussiaiongi
frufu uwdwhnstusesnsinistiu 5,000 seuseund 1unal 5 uid aglesiaduvowmen
il e?i'ﬂﬁmmaﬂfwﬁuﬂsxmaﬁaag"lu%guﬁwﬁLﬁui’gmmmﬁaa anvhevhnistiumuegng
419 \iioszivesiinaratsazldnedusananin wednlulas-uagaviuarsdifey dunouns
WNSHULAYAIUNANAI LARIRININ 3.2 uaza1s1eii 3.2 muddy
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PLLA

PLLA  :Poly (I-lactic acid)
NE : Natural extracts
DCM : Dichloromethane
PVA : Polyvinyl alcohol

PLLA+NE+DCM| Homogenized Solvent
PVAaqueous | 5,000 rpm/ 5 min evaporation OOO 08 o
solution o OOO o

Oil / Water PLLA microcapsules

d' a a a a b4 o %
Ane 3.2 laezunsunisinseunadueananin wodalulasuavgaruaisdrfgluszuy
dratuinduludn Mmemelan1ssenefinazatelaeiIsnIsseuneAa1SIUNIE
lngldusaiouss

a =~ A ) o w Y H
A15197 3.2 uansanglunisnssunadieslulasualyaviuai sy luszvudidului
NonIIEIUAN 9

PLLA : Herbal extracts

Phase  Ingredient

1f ! 3:1
PLLA (9) 1.25 1.66 1.875
@) Herbal extracts® (g) 1.25 0.83 0.625
DCM (g) 10.00 10.00 10.00
W PVA aqueous solution® (g) 22.50 22.50 22.50

NUBWA ° LAIDTNIY LADANU WAZNIATLEEN
b ansavanewedliausanesedluth Anudiudy 3 Wesidulaemiin
3.2.1.2 MS3UUNDALDALAARN LLa%mquLmﬂsgaﬁﬁ'ﬂLﬁuaﬂsﬁwﬁ’zgé’aa
wmpdanssemesyinavanslussuuinsiuluih
MswRBIMeRE s UNISLUUS RISt uiTulnennsavanewedLoaua
Afn wednuazansidielanaslsimuaniunauduvesiduiuduiniiflasanuseiiein
azanwogiinmeiu udwihnstushenausansiledng 50 Wesidudueunaga Wuan 2 un

sgladlfaturamenirduluil Faliveavesidunsyaredieglutuinniuigaiaseiies
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gavineviinistuniuegiedny wessimedvhazaigazlineduoauaninuednuiluwaugadiu
A15E1ATY TUADUNITATYULAZEIUNANRAIN®) UAAIAINING 3.3 LaZAIT19N 3.3 AINEIAU

PLLA

PLLA  : Poly (l-lactic acid)
NE : Natural extracts
DCM : Dichloromethane
PVA : Polyvinyl alcohol

PLLA+NE+DCM Ultrasonicated
| _—

PVAaqueous | 59 o amplitude/ 2min
solution
—)

Solvent
—> 0, o
_ 00
evaporation [o]
0P 5%

Oil / Water PLLA Nanocapsules

851 ¢
oreq

[

o = a a a v °
AINN 3.3 lﬂagLLﬂiﬂiﬂqﬁLmiﬁlﬂJW@ﬁLL@aLLaﬂmﬂ LL@%@UWIULL@U"’Q@WN&']iﬁ']ﬂ@UIU?%UU

o
N ¢V v b4

At MEWATANISIEERIYNazanglng S NNSIASIUNEAANTIUNTIAILDANS
TatlATu

a Pt al a a a a .0 [ [ <@
M990 3.3 wansaneAbdlunisieIsunedueaianin wagauiluwalga® dmsuiniu
ansdAgy Mmesoans ety

Phase  Ingredient PLLA : Herbal extracts (2 : 1)
PLLA (g) 1.66

O Herbal extracts® (g) 0.83
DCM (g) 10.00

W PVA aqueous solution® (g) 22.50

MaeLve) ® Sonicate 50 % WeNWAYA 2 Ui
"1y tmealu nsndaluiadn arvaieayulng wasdduninnuwduvsd
© ansazanenedliflaweanegadlull TAnududy 3 Wesidudlagunin
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SDS aqueous
Solution

Poly(lactic acid) : PLLA
Natural extracts: NE

Dichloromethane : DCM
Polyvinyl alcohol : PVA

Sodium dodecyl sulfate : SDS
Solvent y

—_—

Evaporation

PLLA+DCM+
NE+PVA

Stir 500 rpm, flow rate
2 ml/min

.....

awi 3.4 laezunsunsnssunadweiutuwaugauansddglussuuddadu mewadianis
semeiinazanglagIsnswssunenansBuvsduuunduinnia

nMsssaumedusauanin wedauiluuaugaiifniivarsdrdgyiemaiianis
sumeihazarsluszuuidulut fiinswisumeaansduniduuunduignin azanened
Loauamin wadn uazasdfalusnaninanliiuiemeaiuielanaslsiing ud
dunedhilaweanesedadly avaneliduilodenfuasldduvesansduvad aantu Aesqnen
dvaratevesasanu sl fuuiranadivluduresarsdunis wazdudeluinnaen
I2UZLIA1VDINITUEAFITAZA10UDIANTAALTIAIAT FglAnnansazarsdunsonionen
ansazanenedweiniuseneulufensduoauanin wedn/a1sdrnny/nedlflausanesed/la
Aaelsiinu fiflvuadnnszateiegluiuigniaseiies Ao msavansvesasanussiein e
sumeiniazageanlasnstiuuianindunediuesuaUgariuasddyegnielu dunou
MSPSEULAZATLHANANIY LARFININT 3.4 UAzAT1eT 3.4 ATUEIFY
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o Al a a ¢ v °
A15199 3.4 wansan1izAldlunisinseunefiuefulunauganuansdfy Aien13Teineg
fviagae® saeIsN1skuLInNIA

Phase  Ingredient PLLA : Herbal extracts (2 : 1)
PLLA (g) 1.66

o Herbal extracts® (g) 0.83
PVA (g) 1.50
DCM (g) 10.00

W SDS aqueous solution® (g) 22.50

WM ° 500 saUsaUNY
> 1anediiu wrealiu nsndaluiadn asainayulng wazddunnnuWdumsd
<onsslunisvien 2 faddnsdaunil NAnuuTY 5 Wasidudlaeuinmin

3.22 AnwandRvesnediesuauyaiiwieulddemainasiieg
1) Mmsfnudugiuinerveanediuesualya
anwzLar U YMERANTaYa I NaTII S NoUTTIEAIINaYaNY kaEHD
dweslulasualgandsssmeiiinazaty ausansivaeumenaesganssatiuuldias lagy
nsveadsiadusiogn arduduuszana 10 Weddudlaedwiin asuunszandlad 1-2 vien
Unfonszandaaladudiniatn luragiidnsasiuineuenvemodiueuatyaaiunsn
n339aauUlARIERIENd0I9anIIAtLULADINIIA Inenendlatudiied1udutuyssuin 10
Wesidudlagiiiniin aslu nickel SEM stub udwiliursiigumgiiesiegouaynia fou
\ndouseves uazvhmInsallnesimeidweteinya
2) mséswediosuaUyaiimieuld
reunsihwedmesuavyaiwsenldlufnuidsunmasdfyuazandd
A1499) fﬂzéfaqﬁwmia’ywwaéLaJai‘l,m‘degaLﬁaﬁﬁﬂmiﬁwﬁmLLazaaﬁﬂsxﬂauﬁuﬂ ﬁl@jgﬂﬁmﬁﬂu
nedwesualya deazinizaguuinvesonnia lusrmddeildidenldirnduduaslumsdiome
Awesuauga esanliazarewedusauanin wedamludenvomedwosunuya laely
%umaumsé’wwaat,uaiﬁ,t,ﬂﬂ%a Gusuhdfatuildfanmasisumeduweiuauga Weuielils
aumﬂmﬂumuw figaumgil 37 QIR LG Mntuyinsdiseynianediuefuaya
Frothnduiidnsrdruveanediueinetiindud 1:200 tufl 250 souseunit Wunan 5 urft th
wenodlesuagatildlusuiionmail 37 ssrwadoa axldnauatgauisdmiunmaasy
audAlutumausialy
3) mMandTinaesansardylunediuesialya
mMsmUBnaesasddnlunedwesuaugaiiwienldausasild 2 35
fio JnAnsgandunasieiaiesyd-iada awnlnsllafinesuazimainnisusndneinieuiia
Tasulnnsm dewhmamuTunuasddyinfuluwauga Tuduusnaziaifaduildludu
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wissfennuidigs uduenduieigauasiuniooninuitorhnsinsiest duaugaludauas
AisedeuanaIne lunsdnTinAIn1sNauLAIRLYIINTSWILNEANTaYaIENINTTIUYDY
asddyianududusing q uazwdsuseglnedmedmesuatgaursinionls Uszunm
0.1 n3u tuiintminfuuou Wulanaelsimuauldviiasvesasazanedu 25 n3u a1ntu
thansazaeannsgiuvesansdfayfinnadudusing q wazansazarefiogisuminsannum
A111817A3UgaR (Are) Tut3s 200-600 ulutas tilemArAEIARUmINzaL TS
annduresansddnitlidouiuiuasiusznoudu 4 andu insiadinisgandunases
ansddansgIuia g WAZINAINISOANAUYDIANTALANLFIBENS WA
Usinaasddniegaeluuatya wasmUBnuasddnfindooglutuihdeinideity

Tunsdlveansesuialasuilnnsinagld Flame lonization Detector (FID)
Wudnsiada uagpedudlunisinsigsifie MEGA-WAX plus column (A7131877 30 Luns, Ldu
Hrugudnannigly 0.32 Tadiuns, Anunuivesansiaday 1.00 lulasuns) split ratio Wiy
1/15 Tagazazareiiagiawalganuing 0.2 nfu lulawmSanesunslud 5 1addns neudaans
Aaeg19UTuns 1 lulasdns aungiives injection port way FID detector infiu 250 ae

= & Aaa v QJ' = I3 a = S a

waldea Aalusinsugun)ilisuAues oven 71 60 s waigya Wuldan 0.5 Juri 3ty
@ A = Y Y] = I3 = a ¢ &
Wui 200 esrwal@ud feenst 10 esd-wald 1wt 4 uidl nanlunsiase i
wiriu 9 uiit Tedideandufinemfidnsinisive 1.25 Taddns/awnd mausunaansdfyaze
WunlanAYesan Ay UAUaITIINTTIN

ANSANUIE

1) YSunaansdrdglunadga meweiagd-dada awnlvnslnlawms

UunumsdAglunediuesualgaannmmeaess 0.1 n3u

[HEIx25 ml

WHE; Capsule(Ext.) (mg) SN Noe—m—=all T/ O~ /] e, (1)
1000

2) Ysinaansdrdglunedweswadgamemeatiauialasuniins i

[HEIX5 ml

WHE; Capsule(Ext.) (mg) =TT " s )
1000

USunaensddglunediuesualganiungul 0.1 nsu

WHE;Redpe,(mg)XO' 1g

Wie. oy (@) = e, (3)
HE; Capsule(Recipe.) \8 (PLLAQ)+HE()

50



& @ 2
L‘Uaimummsmi@

Wie. capsule(ext) (M8)
% Le - LT %100 e @)
0.1(g)x 10

Wi, Capsule(Recipe) (MS)
% L = X100 e, (5)
0.1(g)x 10°

Usgangnmlunisvinansdfy
%loading, . ¢, (Mg)

% EE = — x100 (6)

%loading, .. Recipe. (mg)

9 AMULTNTUYBIE TR YN IAINNITTBUNTINUIATFIY

Lﬁa [HE] A
(a4

NSUFRDENT)
uwinvesansadgluuauganlaannnismaaesdadni)

Wit Recipe ﬁmuﬂsuaamﬁmﬂmmamwgmmwmumﬂ 5 (adndu)

=
WHE; Capsule(ext.) Ao
o
=
Whe, Capsule(Recipe.) P® u’mun%mmimmymaqﬂlwmﬂﬁa (llaaﬂﬁll)
)
)

oY

Le
Lin

WaSIHUANITUTIIVOIETIINNTVAGDT
WosduANISUITIVOIETINVIE U]

337 msAnwiAuAsivemedilasualyaiieiould ddtaduvemediues
wnUgainieuldiAviigumgl 5 wae 37 sseuea@oa vn 9 48 Halua 1unan 5 seu Tneay
yhmsiavunvesmoanesuaugariteulazvdansLuiegs

3.3.8 NMsAnwANNaIIsalunIsAvAunITUanUdegvesasdrAgylunediues
ey Tnethnsuayaiiuieuisna 001 3y udluansazaretviiesfigungll 37 eam
wadua anduildInusinaesdduiivanvaeseenutluduin fiaaidaeg ¥ilulesizd
shewzesyidala awnlnstilpdinesuasmadansueneiesesufalasunlnnsm

33.9 manedouauuiivnaiwadionilauyed 1835 MTT wadiiniuywd
(Human Dermal Fibroblasts) #e3791n U538 ATCC Usemeaunszaunini thanviinisfinwua
1030813 #2838 MTT Sduneusall (68]

1) Fnsmnzdsnsadimdayud Tunumisisnuin 75 cn §8e1913
A8 9L9ad (10% DMEM) 33Usznausae Dulbecco's Modified Eagle Medium (DMEM), 10
wWesidud fetal bovine serum (FBS) uaze1UfTrug 100 gilnsolulasdng penicillin+ 100
lulasnfusialalasans streptomycin Tudimzidsasadfigumnd 37 osniwaidoa uay il
viafuveseniveulnsenles 5 Wosidudt wagvhmaAsuomnsidsagadyng 2-3 Ju ileiwad
WS IuBAes (Uszann 70-80 wWaedidud) vhmafuisueadifietlunaaouaady
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Ay Inevinsanawad 1 ASse PBS nntuidn 2 fadans ves 0.25 Wosidud Trypsin-EDTA
LAY 5 uTIgnngiReeadNaavgil 37 serwaldid 1oATULIAIMEANITYINNIUYBS
woulasl Trypsin laen1sifin 8 Tadans ve4 10 wWesidus DMEM wdufvemsuasyinluiu
S A ' P =

WiEaN 3000 seusieunTiilunia 5 uii

2) ntuyINskUsgaaRInTayee HlAnududy 1x10" waddengu Tu
PUNIELLYARVUIN 96 WU M WNTFBNTad 10 Wesidusd DMEM Wiluunlugimnziies
waaiaaumngdl 37 ssmgaldeai JUsuinsasueulaeanled 5% (Uwnan 24 43lus anty
Wiasnegaunauutusie Ingllinnuidudugaineds 0.0001, 0.001, 0.01, 0.1 wag 1
mg/ml M1 Tnedngumuaufe dviazatsvesarsnaaey wiudliluginzifeasad
gl 37 asrwaldean Wuan 24 $3lus Wensunalignemsideuead iy wagdnaeiig
IXPBS, pH 7.4 97u2u 1 AF9 I I GREG G RE (3-(4,5-Dimethylthiazol-2-yl)-2,5-
Diphenyltetrazolium Bromide; MTT) #ilanuidaudu 0.05 mg/ml 9113w 100 lulasdns wan
uluunliludinnzidesead WWunan 6 9alue 3935 MTT adunaidadldlunisueaeunisd

L A.¢, Sample
% Cell viability = ——— X 100
Ac, Control

FInsenvedtgad (Cell viability) lasn1sinarnuginisanisvineuvesoulesl succinate
dehydrogenases lululnasuinisvoaugadiidin Nava1unsasnag Tetrazolium salt (MTT) 9
N A v o =2 Aaa = a = Aa & a v o &
fdwdes Iiundn Formazan NfldNne F9USuuvewEdn Formazan MAnduiianuduius
lngnsaiudnuInveseadnilgingen Anuleasu 6 Tilus vnsgaansazaies uaazany
AN Formazan a3g 100 lulasdns ves DMSO weldnduyseunn 15 wiil 91nuuvinnig
AATIERANUduvesEITazaty Formazan laginluinAin1sganaunasiininug1inau 560 w1
TUluns wagyiINIsAILINAITEEaEN1STINVDUTARVOIAITNAABY AIANNITATUETT 1l
Wisumeuiunsasaiulaveseaaivildlunguauay

1aedl AsgeSample = ANITAANTULAIYDY H1TNAHOY
AssoControl = ANIIAANTULAIYEY NFUAIUAY
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uni 4
NANT1SALEUIUIRY

4.1 msAssunwedueauanin wedaunluuaugaiiinifuasainayulng
mim%‘amwa%L:Jaimﬂégaiumu%%’aﬁ%ﬁﬂmmﬁm‘%auwaauaaLLaﬂaﬂ LaTAUNY
wegaditnifvansadaasulnsiiflanmdaunnsinetu Tnedenlfiametiiu inonfiu wardluadn
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% Loading .
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o Curcumin 24.03 72.09
Ultrasonication
Linoleic acid 27.90 83.7
Herbal Extract 24.88 74.63
Quercetin 15.74 47.21
PIE Curcumin 8.06 24.18
Linoleic acid 20.70 62.10

4.2 msAnuanuasivemedmaiuTusaUyaTinTould

mMsfnwANAsvemedmesutlunalgaiinienls lnotdfaduremediues
wegaiuiiguugll 5 uay 37 ssmwaBua udvihmstasegiann 4 48 dalus S 5 ads
e tnvunnvomediwesuaugaSeuiiouivruniusiu Tnedoyauaniaisied 4.5 91nua
NINAABI WU Sﬁa%’uaumﬂmimmﬂﬁaﬁﬁ'ﬂLﬁumiaﬁ’magumiﬁuquﬁgmm%ﬁﬂ (1P18%
fiu \nopfiu uardluiadn uadn) Talansadnayulngats daunaroudiegs Taglifinng
inesatududeuruislug udeinfianaili 10 Yu (gamnd 5 uag 37 sseneaifoa)
og9lsfinu iefiansandswuineymaiinsainsmeiedasinvuineynialasldinadanis
nszdauas wul edntsveaeseyniauluualgaazdosy dvunaveseyniaualyaiisiy
w&a91n 10 Yu 1Ju 42 31 24 uaz 9 Wesidud dvFuuluuaUgaiiniAuimediu neaiy
Aluadn woldin wavansannayulngase a1y 1u%mzﬁqmmﬁ 37 DIFNYALTYA YUIAVDS
pynAkAUgaarifindumnniii 5 ssaneaideannaniiz Tneifiudu 47 40 33 uay 38
Wesiiud dmiuuaugaidmfvinedfiu negiu aluiadn uedn uavansafnayulngase
ALEIAY

ogslsfionu winavesnluatgaasindu wifldwunamediududouua
Tngjuesuatya duiuualyaivdeuldinazannanilulssgndldlunuduedosdendld

68



M990 4.5 ANuAIveUIneuNIANeilleTuIluLAUYaguMaNn1e 9

U

RRIVHE p Particle size (nm)
o 59U
°C) Quercetin Curcumin Linoleic acid  Herbal extract
0 169.8 685.2 304 282.6
1 164.49 663.79 294.5 203.77
2 187.96 687.39 304.97 236.37
> 3 207.63 688.11 305.29 236.62
4 237.25 786.29 348.85 270.38
5 241.1 898.49 378.63 308.96
0 169.8 685.2 304 282.6
1 175.84 709.57 314.81 198.25
2 194.23 710.31 315.14 244.25
> 3 221.94 735.56 306.34 252.94
4 253.61 840.52 352.91 289.03
5 249.8 960.45 406.12 390.27
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= 17.24 Wosidus

86



[

nensdumedwes : arsadnayulnsingu 2:1 aziliiUasidudnisussgmanguiaad
wodwesuwaua 3 Weosidud fesdiansadnayulng 1 wWesidud

fwedwesuauya 100 Weosidud Jasfiansarinayulnsfe

1x100

%Ly =
3

= 33.33 Wesidud

[

Ndnsdunedwes : arsadnayulnsvindu 2:1 sslivunaasainayulnsnunged (n5u) dall

a s [ IS = [ o/
wedlwesuauya 3 n¥u Yaellansanmaulns 1 ndy
dwedwesuaUya 0.025 n3u fvzliansadnayulnsfie

VvHE;Redpe XVVCap&Ae;Ext

WHE; Th (g) a\
VVCapaﬂe;Redpe
1x0.025

3
0.00833 N5y

)| WHE; £xt x100
1N@UNT (6) Ui%ﬁ%ﬁﬂ’]‘v\lﬂ'ﬁzﬂ” =S ANGY Y

VVHE;TheKNy

[

annsaAnamUsEanzatnnsalenad

WHE; £xt X100
%EE = - Tvv- __—
VVHE;TheKNy

0.00431x100

0.00833
51.74 Wasidun

87



AIANUIN A
NSNAEUANUIUNYADLYARNINTIA283S MTT



fa81e MsAunsnegeumLlufivrawadnrsaInauns

A___ Sample
% Cell viability = Mx 100

Aly Control

A8 MsAMuINSALIMNMIageuANUuivABad M NaNNS
asazaneveswediuesuaUya finrdudu 0.1 fadns/diadans
A ontrol = 0.459
A sample = 0.469

% cell viability = 0.469 x 100
0.459

=102.179

At ANTaTeLAulavaaaaInls (% cell viability) vosasadawindu 102.179 %
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SURF-F1

Preparation and characterization of methyl methacrvlate-based copolymer microcapsule
encapsulated methyl anthranilate by microsuspension polymerization
Jiniuta Pagzuwag, Preeyaporn Chaiyasat and Amern Charyasat®
Department of Chemustry, Faculty of Science and Technology, Rajamangala University of Technology Thanyzbur:,
Klong 6, Thanyaburi, Pathumthani 12110, Thailand
*corresponding author: a_chaivasati@mail rmutt ac th

Abztract

In this research, the preparanion of polymethyl methacrylate (PMMA) mecrocapsule encapsulated methyl anthramlate
(MA) as an impertant meredient of essential oil by microsuspension pelymenzation was studied. The obtained
microcapsules were spherical with homogensous distnbution of MA i PMMA particles. Using iodine transfer
microsuspension polymerization (microsuspension ITP), byproduct-free PMMA particles formed m an aqueous medium
were greatly decreazed compared wath conventional radical muerosuspension polymenzation (microsuspension CEP).
Moreover, percent total encapsulation before washing was about 93% wlick was ugher than that of microsuspension
CEP (64%). However, after washing, percent encapsulation were sigmficantly decreased to 37 and 40% for
mucrosuspension ITP and CRP, respectively, due to the removal of MA adsorbed nearly microcapsule surface. To merease
encapsulation efficiency of MA copolymenzation of MMA with ethylene glyeol dimethacrylate (EGDMA) as
crosslinked monomer was conducted. Although, percent total encapsulation before washing of P(MMA-EDGMA)MA
mierocapsule (92%) almost the same as that of PMMAMA microcapsule, 1t was greatly improved after washing (58%).

Keywords: Microcapsule, Microsuspension polymerization, Iodine transfer polymenzation. Methyl anthramlate

SURF-P1

Preparation and characterization of poly(l-lactic acid}-based nancencapsulated organic coffee
oil by phase inversion emulsification technique
Jinapa Sape-ee’, Supanida Wiritchar’, Korawinwich Boonpisuttinant’, Preeyaporn Chaiyasat' and Amorn Chaiyasat'”
'Department of Chemistry, Faculty of Science and Technology, Rajamangala University of Technology. Thanyaburi,
Klong 6, Thanyaburi. Pathumthoni 12110, Thailand
"Kasetsart Agnculinral and Agro-Industnial Product Improvement Institute (EAPT), Easetsart University, Chatujuk,
Bangkok 10900, Thailand
*Thai Traditional Medicine College, Rajamangala University of Technology. Thanyaburi, Prachatipat, Thanyvaburi,
Patlmumthani 12130, Thailand
'a_nhzi:eam@mailmun.ac_ﬂl

Abstract

In thas research poly{l-lactic acid) (PLLA)-basad nancencapsulated arganic coffes oil (OC0) was prepared in o1l in water
emulsion system using phase inversion emmlaification with solvent evaperation techniquse. The influence of
PLLA-PVA:OCO werzht ratio, surfactant amount in confinnons phase and dropwnse additional rate of confinnous phase
on the colloadal stability, particle size and particle size distibution (PSD); dy/dp) of the obtained nanocapsules were
studied. The ratio of PLLA:PVAOCO (wiw) at 3:2:1 and 5 wi% of SDS agueous seclution with addition rate of
2 ml'min in confinuous phases was an ophmum condinon. The obtained spheneal nanocapsules was apprommately
200-300 om with parmow PSD (1.29). The percent encapsulation and loading of the encapsulated OCO measured with
UV-Visible spectroscopy were 67% and 17%, respectively.

Keywords: MNanocapsule, Encapsulation, Phase inversion emulsification, Organic coffee o1l

92



Preparation and characterization of poly(l-lactic acid)-based nanoencapsulated
organic coffee oil by phase inversion emulsification technique

Jinapa Sangsee', Supanida Winitchai?, Korawinwich Boonpisuttinant®, Preeyaporn Chaiyasat' and Amorn Chaiyasat'*
'Department of Chemistry, Faculty of Science and Technology, Rajamangala University of Technology Thanyaburi, Klong 6, RuurT
Thanyaburi, Pathumthani 12110, Thailand: www.sci.rmutt.ac.th/pcl/
2Kasetsart Agricultural and Agro-Industrial Product Imps Institute (KAPI), Kasetsart University, Chatujuk, Bangkok 10900, Thailand

3Thai Traditional Medicine College, Raj la University of Technology Thanyaburi, Prachati Tk buri, P i 12130, Thailand
“E-mail: a_chaiyasat@mail.rmutt.ac.th

Abstract

In this research, poly(l-lactic acid) (PLLA)-based nanoencapsulated organic coffee oil (OCO) was prepared in oil in water emulsion system using phase inversion
emulsification with solvent evaporation technique. The influence of PLLA:PVA:OCO weight ratio, surfactant amount in continuous phase and dropwise additional
rate of continuous phase on the colloidal stability, particle size and particle size distribution (PSD; dw/dn) of the obtained nanocapsules were studied. The ratio of

PLLA:PVA:0OCO (w/w) at 3:2:1 and 5 wt% of SDS aq lution as conti phases with addition rate of 2 ml/min was an opti lition. The obtained
nanocapsules was approximately 200-300 nm with narrow PSD (1.29). The percent ipsulation and loading of the encapsulated OCO d with UV-Visible
‘\?ecrroscopy were 67% and 17%, respectively. =
Experimental oF »F
; ] : Lok ° 20
Table 1 Recipes for the preparation of PLLA/OCO capsules® by solvent AL =
evaporation method i
Ingredient PLLA/OCO (w/w) L g ! o
11 2:1 31 i J
ol
PLLA (g) 26 3.5 39 ) | Uu. ; L
- e e am 2o e e
0Cco (g 26 1.7 1.3 o ar—
PVA (9 3.0 30 3.0 . g 2 S aser
DCM  (g) 25.0 25.0 250 ¥ &
SDS aqueous solution (5 wt%)? (g) 50.0 50.0 50.0 L i
a) 500 rpm, 2 ml/min & “ st 1
- e [— I
19) DAY, o T o S s e
[ 'f;;aqus’w‘s—\ S}fv Fig. 4 DLS histograms of PLLA/OCO capsules before (a and b) and after

Solution ~

(a” and b’) solvent evaporation at PLLA:OCO ratio of 3:1 (w/w)

Table 2 Recipes for the preparation of PLLA/OCO capsules by solvent

1 g coeeti 500 evaporation method
Onarsranera oo | | §

- Polyvinyl akohol | PVA

Solvent Sedum dodecyl sufste - SDS H 0,
— H Loading (%)
Evaporation PLLA : Coffee 7 Encapsulation® (%)
experiment theory
1:1 34.0 50.0 68.6
Stir 500 rpm, flow £
ol - 2:1 21.7 333 653
Fig. 1 Schematic diagram for the preparation of PLLA capsules encapsulated 311 167 25.0 66.8

OCO (PLLA/OCO) by solvent evaporation using phase inversion J N FRESY7S\ 27

. . . . - loading (cxperiment
emulsification technique for oil droplet generation d= 8 (ox )

loading (theory) %100
a

o

Conclusions _Z

— gt

= g

“In this research, PLLA-based nanoencapsulated OCO is successfully
prepared in oil in water emulsion system using phase inversion emulsification
with solvent evaporation technique. The obtained capsule size decreased with
the increasing of polymer shell content. The ratio of PLLA:PVA:OCO (w/w) at
3:2:1 and 5 wt% of SDS aqueous solution as a continuous phases with addition
rate of 2 ml/min is the optimum condition in which the capsule size is in the
nanometer size range with high encapsulation efficiency (67%).

Fig. 2 Optical micrographs of PLLA/OCO capsules before (a, b and ¢) and
after (a’, b’ and ¢’) solvent evaporation at various PLLA:OCO ratios: (a and a”) References

1:1, (band b”) 2:1 and (c and ¢’) 3:1 9 : " s >
1] P. Chaiyasat, A. Chaiyasat, P. Teeka, S. Noppalit and U. Srinorachun, ‘Preparation
of Poly(l-lactic acid ) Microencapsulated Vitamin E.” Energy P L vol. 34, pp.
656-663,2013. /Wdi
Chaiyasat, Md. Z. Islam and A. Chaiyasat, P ration of poly(divinylb

microencapsulated d by it polymerization: oil droplets
generated by phase inversion emulsification, RSC Advances, vol. 3, pp. 10202-
10207, 2013,
s — 5 E [3] S. Namwong, S. Noppalit, Md. Z. Islam, P. Tangboriboonrat, P. Chaiyasat, A.
. il 101 o/ fea 10 m Chaiyasat, i : o i i poly(divinylb ethyl
Fig. 3 SEM micrographs of PLLA/OCO capsules at using SDS 5 wt% at methacrylate) using phase inversion emulsification  for droplet ~ generation,
various PLLA:OCO ratios: (a) 1:1, (b) 2:1 and (c) 3:1 J Macromol. Sci. A., vol. 53 (1), pp. 11-17, 2016.
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Encapsulation of herbal extracts with poly(I-
lactic acid) by a simple solvent evaporation

7. Sangsee', K. Boonpisuttinan®. P. Chaiyasat’ and A. Chaiyasat'"

! Department of Chemistry, Faculty of Science and Technology,
Rajamangala University of Technology Thanyaburi,
Klong 6, Thanyaburi, Pathumthani 12110, Thailand

Email:a_chaiyasat@mail rmutt.ac.th
‘Thai Traditional Medical College,
Rajamangala University of Technology Thanyaburi,
8 Phaholvothin 87, Soi 2, Prachatipat, Thunyaburi,
Pathumthani 12130, Thailand
*corresponding author: a_chaivasat@mail rmutt.ac.th

_Abstract— Poly (Hactic acid) (PLLA) microencapsulated
herbal extracts (HE) was prepared in water in oil in water
(Wy/O/'W;) compared with oil in water (O/W) emulsion
systems with a simple solvent evaporation technique. Using
Wy/OW;  emulsion system, microcapsule with low
encapsulation efficiency was obtained. The spherical
PLLA/HE microcapsule with broad particle size distribution
was successfully prepared in O/W emulsion system. The
Yencapsulation (%E) was increased up to approximately
55%. Moreover, %E increased with increasing of PLLA
content.

Keywords— Poly(Hactic acid), Encapsulation, Water in oil
emulsion (W/0), Herbal extracts, Solvent evaporation

I. INTRODUCTION

Normally. Thai herbs such as bael. roselle chrysanthemmum and
lemongrass are used as the important ingredient of various Thai
wisdom traditional products. They contain important active
compounds as phenolic compounds in which display an
extensive range of physiological properties. such as anfi-
allergenic. anti-artherogenic, anti-inflammatory and anti-oxidant
effects [1-6]. Phenolic compounds can be extracted with a
simple polar solvent as ethanol or a mixture of ethanol and water
[7. 8] which will be used in the HE form Recently,
encapsulation has been widely applied for many applications
such as pharmaceutical. cosmetics, food processing and textile
finishing [9, 10]. The encapsulation not only prevents the direct
confact of the core substance from the outside environment but
also improves shelf life and controls the releasing rate of active
agents [11. 12]. In addition the micrometer-size particles have
higher surface area than similar masses of conventional core
materials which lead to higher efficiency [9-12]. Various kinds
of polymers were used as capsule shell encapsulated a numerous
core substances. For example. polydivinyl benzene (PDVB) and

its copolymer [13-17]. and polymethyl methacrylate (PMMA)
and its copolymer [18. 19] were used for heat storage materials
encapsulation. Essential oils and perfume were also encapsulated
by various polymer shells as PMMA[20], gum arabic (GA) and
modified starch (MS)[21]. triacylglycerides [22]. chitosan and
modified chitosan[23]. and so on Polyamidoamine dendrimers
[24], liposome based[25]. poly(ethylene glycol)-poly lactic
acid[26] were also used to encapsulate various kinds of drug. It
is well known that the shell of the capsule containing drug or
active compounds for control release in cosmetic and medical
applications requires less toxicity. For such purposes.
biodegradable polymers have been interested. They have been
affractive as a substitute of petroleum-based polymers. One of
the most popular biodegradable polymers is poly (I-lactic acid)
(PLLA) which is non-toxic and environmental friendly. It is
aliphatic polyester produced from renewable resources such as
corn starch or sugarcane. PLLA is produced from direct
polycondensation of I-lactic acid (L-LA) or nng-opening
polymerization of 1- lactide [27-30]. It is applied for a wide
range of applications such as biomedical, pharmaceutical, food
packaging and agricultural industries [31]. Grafted-starch with
PLLA was developed to improve polymer shell property for urea
encapsulation  [32] In  the previous works, PLLA
microencapsulated urea as fertilizer [33, 34] and vitamin E [35]
were prepared in water in oil in water (W/O/W;) and oil in
water (O/W) enmmlsion systems, respectively, with a simple
solvent evaporation technique using homogenization technique
for oil droplet generation. Because urea is a polar compound and
complete miscible with water, W1/O/W; enmlsion is then applied
for urea encapsulation. In contrast, O/W emulsion is used for
vitamin E encapsulation because of water immiscibility of
vitamin E.

In this work, to encapsulate the moderate polarity HE. both
W/OW and O/W emulsions are implemented. To obtain high
Yloading (%LD) and %encapsulation (%E) of HE in the
capsules, the PLLA: HE ratio is studied.
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II. EXPERIMENTAL

A. Materials

PLLA were used as received from B. C. Polymers Marketing
Co., Ltd. HE was obtained by the extraction of herbal with
ethanol. Poly(vinyl alcohol) (PVA) (Aldrich; degree of
saponification, 87-90%). sorbitan oleate (Span 80) (Sigma-
aldrich), sodium dodecyl sulfate (SDS) (Sigma; purity, 95%) and
dichloromethane (DCM) (RCT Labscan) were used as received.

B. Capsule preparation

The PLLA encapsulated HE was firstly prepared in W/O/W; -
liked system by solvent evaporation technique under the
conditions listed in Table 1. HE (in ethanol) was firstly mixed
with 10 wt% (of total) span 80 and then poured into PLLA
solution (in dichloromethane) with homogenization at 5,000 rpm
for 5 min to form Wy/O-liked enmlsion. It was subsequently
dispersed in PVA aqueous solution with homogenization at
5,000 rpm for 5 min to form oil droplets in Wy/O/W; -liked
emulsion. After solvent evaporation with gentle stirring,
PLLA/HE microcapsules were obtained.

TABLEI
REAGENT AMOUNTS FOR. THE PREPARATION OF PLLAHE CAPSULES USING
HOMOGENIZATION FOR OIL DROPLET GENERATION IN W/0/W; -LIKED EMULSION

SYSTEM
) PLLA - HE

Phase Ingredient 11 21 31
w E® 25 1.66 125

! Span 80 (g) 45 45 45
0 PLLA(g) 25 3% ENE
DCM (g) 150 150 15.0
W PVAaqueous 450 450 450

solution (1 wi%) (g)

The PLIA/HE microcapsules were also prepared in O/W
emulsion system using homogenization for oil droplet
generation. HE was firstly dissolved in PLLA solution (PLLA in
dichloromethane) as oil phase. It was then poured to 3 wi% PVA
aqueous solution before homogenized at 5,000 rpm for 5 min to
obtain O/W emulsion under the condition shown in Table 2.

Finally, dic thane was d by overnight evaporation
to form PLLA/HE microcapsules.
TABLEI

REAGENT AMOUNTS FOR THE PREPARATION OF PLIAMHE CAPSULES USING
HOMOGENIZATION FOR OIL DROPLET GENERATION IN O/W EMULSION SYSTEM

Phase Ingredient PLLA:HE
85 51\ -0 2:1 3:1
PLIA (9 166 250 334 375
0 HE(® 334 250 166 125
DCM (g) 150 150 150 150
W PVA aqueous 450 450 450 450

solution (3 wt%) (g)

IOI. CHARACTERIZATION
The oil droplets and polymer capsules were observed by

optical microscope (OM; SK-100EB & SK-100 ET. Seek Inter
Corporation Ltd., Thailand). The surface of the polymer capsule
was observed by scanning electron microscope (SEM: JSM-
6510, JEOL, JEOL Ltd., Japan). For SEM observation. a few of
dried capsules were placed on a nickel SEM stub and dried
before Au-coated. The amount of encapsulated HE was
measured by UV-visible spectrophotometer (UV 1601,
Shimadzu, Japan). Approximately 0.025 g of dried PLLA
capsule was dissolved in 25 ml dichloromethane as stock
solution. It was diluted to 0.02 wt% before measurement. The
amount of HE in microcapsule was determined at Agay 262 nm
To determined HE concentration. the measured absorbance of
sample was compared with standard curve of HE solution at
0.0010. 0.0025, 0.0050, 0.0100 and 0.0250 wt% in which it was
then used to calculate Wiz by equation (1). In addition, the %
LD and % E were obtained from the equation (2) and (3).
respectively.

- § % 25ml
W g ()= L2 22 )
%ILD= %xm 2
coprale.
W
%E = ek 100 3)
EH}.‘—R(\W

Where [HE] is the concentration of HE obtained from
standard curve (wi%s). Wepae is the weight of polymer capsule
0025 g). WiEapue and WhEmep are the weights of
encapsulated HE in polymer capsule of 0.025 g and in the recipe
(total weight of 0.025 g), respectively.

Fig. 1. Suspenmion photos of PLLA/HE microcapsules before (a, b and <) and
after (a’. b" and ¢7) solvent evaporation at various matios of PLLAHE: a, a7 1:1;
b,b)2:1and e, 3:1

IV. RESULTS AND DISCUSSION
In our previous articles [33, 34], PLLA microencapsulated
urea was successfully prepared by a simple solvent evaporation
method of polymer droplets in Wy/O/W; enmlsion system.
Therefore, the preparation of PLLA/HE microcapsule was firstly
then studied in Wy/O/W; system. The suspensions of Wi/O/W,
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droplets without coalescence were obtained as shown in Fig. 1 a-
c. However, after solvent evaporation. coagulation of PLLA/HE
microcapsules were clearly observed (Fig. 1 a’-c”). The existence
of nonionic emulsifier as Span 80 in the W)/O-like emulsion
may reduce the ability of PVA to stabilize the particles. At high
concentration of Span 80, emulsifier molecule may aggregate in
an oil phase by self-assemble to form reverse micelle arrays and
then act as the capacity of absorbing water from the external
aqueous phase [36]. Approximately 50 wt% of nonionic
emulsifier related to disperse phase was obtained after solvent
evaporation. The particle aggregation may then occur. From the
opnm] micrographs. sphencal PLLA/HE droplets (Fig. 2 a-c)

idual microcap btained from the suspension

separatmg the aggregation) with broad PSD were found (Fig. 2
a’c’). Moreover, %E of HE was significantly low, less than 10
%. which may be due to particle aggregation.

Fig 2. Optical micrographs of PLLA/HE microcapsules in Wi/O/W, system
before (2, b and ¢) and after (2°. b’ and ¢”) solvent evaporation at vanous ratios of
PLLA-HE:a,2’) 1:1;b,b") 2:1 and ¢, ¢7) 3:1

Fig 3. Optical mi

ks of PLLA/HE mi O/W system before (a,
b, ¢ and d) and after (2, b’, ¢! and d’) solvent evaporation at various ratios of
PLLA-HE:2,2°)05:1;b,b") 1:1;¢,¢’) 2:1 and d.d47) 3:1

To solve this problem. O/W emulsion system without the
presence of Span 80 was then applied. In addition. the PVA
concentration was increased to 3 wt% for more effective
stabilization. Using various PLLA:HE ratios. suspension of
PLLA/HE droplets were smoothly formed. However, after
solvent evaporation, small amounts of particle coagulation were
found especially in the case of 0.5:1 PLLA'HE. From the optical
micrograph of PLLA/HE droplets (Fig. 3 a-d). before solvent
evaporation, spherical droplets were observed When
dichloromethane was evaporated, smaller size spherical
microcapsules were obtained as shown in Fig. 3 a’-d’. Using

, Udonthani, Thail

d, 1-3 December 2016 3

small amount of PLLA as in the case of 0.5:1 ratio. spherical
microcapsule could not formed (Fig. 4 a) because of insufficient
PLLA polymer formed as microcapsule shell leading to the
formation of big coagulation. When PLLA content was
increased, the formation of microcapsule was then improved.
The spherical microcapsules with smooth outer surface were
observed in the case of PLLA:HE ratio at 2:1 and 3:1 (Fig. 4c
and d). The PSD of the prepared microcapsule was broad which
is characteristic of particle prepared by homogenization [20. 35,
37-40]

Fig 4

SEM micrograpl f PLLA/HE microcapsules at various ratios of
PLLA-HE: a) 05:1; b)l!c)llznd d)3:1

A, (n)
Fig 5. UV-visible spectra of PLLA (a), HE (b) and PLLA/HE microcapsule ()

To confirm the encapsulation. the amount of encapsulated HE
was measured with UV-visible spectrophotometry at Amay 262
nm which accords to the absorption of phenolic compounds [41].
In Figure 5. the spectra of HE, PLLA and encapsulated HE in
PLLA shell were overlaid. It was found that the %, of HE was
observed at 262 nm which accorded with that of encapsulated
HE. This confirmed that HE was ted in the prepared
PLLA microcapsules. The % LD and %E of encapsulated HE in
the microcapsules with various ratios of PLLA'HE were
calculated by equation 2 and 3, respectively. %E of HE was
remarkably increased (29-55%) from previous W,/O/W), -liked
emulsion system (less than 10%). In addition, it was also
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increased with PLLA shell content (29, 30, 52 and 55% for
PLLAHE ratios of 0.5:1. 1:1. 2:1 and 3;1. respectively) which
because large amounts of PLLA shell were used for
encapsulation. Although in the cases of 2:1 ratio, % E was lower
than that of 3:1. its %LD (18%) was still mgher than that of 3:1
ratio (13%) which would be more benefit for the applications.

V. CONCLUSIONS

PLLA microencapsulated HE was successfully prepared in
O/W system using simple solvent evaporation technique. The
spherical microcapsules were obtained in the cases of 2:1 and 3:1
PLLA:HE ratios. The %E increased with PLLA content because
sufficient PLLA as microcapsule shell was used. Although %E
of 2:1 ratio was lower than that of 3:1. its %LD (18%) was
higher than that of 3:1 ratio (13%) which would be more benefit
for the applications.
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