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ABSTRACT

Moringa oil (MO), extracted from various parts of the Moringa tree, is an attractive choice as
a raw ingredient in various products, including medical and cosmetic applications. High-quality MO
can be obtained through the process of cold extraction. However, there are limitations to its direct
utilization, particularly MO's instability and its tendency to accelerate the degradation of active
ingredients due to external environmental factors, resulting in reduced product efficiency and shelf
life.

In this study, the microencapsulation of MO was carried out using three biopolymers: poly
(Hactic acid) (PLLA), ethyl cellulose, and cellulose acetate butyrate, employing the solvent
evaporation technique in an oil-in-water system. The prepared polymer microcapsule suspensions
were found to be colloidally stable. Micrometer-sized spherical polymer capsules with a core-shell
morphology were produced. Notably, when a high Mn of PLLA (140,000) was used at a PLLA: MO
ratio of 70:30, the highest encapsulation efficiency (EE) of 74.08% was achieved. Additionally, an
increase in Mn led to an increase in both capsule shell strength and smoothness. Furthermore, as
the capsule size increased, a reduction in the release rate of MO was observed due to an increase in
arystallinity. Importantly, the antioxidant properties of the polymer microcapsules obtained were
found to be similar to those of the original MO.

Therefore, high EE PLLA microcapsules encapsulating MO were successfully prepared using
a solvent evaporation technique. The obtained microcapsules exhibited excellent control release

performance and maintained the active ingredient's properties.

Keywords: Moringa oil, microencapsulation, solvent evaporation technique,

poly--lactic acid
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(e wag e’) 58: 42 (f e ') g 64: 36 (AL G )urvrvriereeereeereeeeeee e 82

SEM micrographs veanedueauandn wagalulasuauya
Tusnsrdrunedueaandn wedin senedliialoanssed 41: 59 (a)

44: 56 (b) 47:53 () 50: 50 (d) 54: 46 (e) 58: 42 (f) U 64: 36 (9).....cvvveernnce. 82
wuamnsuenuiailiauysalvemedusauanin uednlulasuauya
AIIBNISNTEUNEAAITDUNSEUUUNAUTNNIA MU (a) wavnad

RTUNTEUTUN VTN (D). oot 83
Wosiusinisuanudestitunega @) uagnodmaiuaya

Mawing 9 veswedweskilasualganuuin (ulaswns); 9 (Gil)

N G ) B AN G- -0 S sl O osers oS TR 88

wWesiduinisgadeivinvesiifune uiaisig 4 veaneduoauandn

wedn lulasuaugadivun (alaswns); 9 (391) 5 (G4) uag 2 (@170)........90

SEM micrograph ¥84 weduaauanin kel lulasuaugainiian 0 Tu
(a-0) wazndaINAUsn® 80 Fu (a’-c) NuAvgavuia (lulaswns); 9

(@uaz a’), 5 (0 WAL D) LAY 2 (C WAL €)oot 90
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uni 1

UNU

a
1.1 fuwaztdyna
ludagdugeamnssuieniundadusiguainiaganuauinisldindiuuesy (Moringa
oil) Wuingvlunsimundnduriguamuasanuauegandiewng dfunssuduansadai

lAnsssuAtignsnedinmuazindyineilaawiu 1y grseiueuyadase dun1saniay

£% a a6 1 3 £ ) i & a L [ < ad v A o
wagAugauvsdnelsa WWudu [1, 2] Weduussuildnetdanisadadu auduisnisadanii

'
a

Tgendvansdrdgytosnigainbilduiuusundaanings uasilosniduussnduaisada

9 9 Y

o,

a IS

NANsTIUYIRUTANT UsAmnnansialiuazdnnudaeadesiegly diduuesudananedunis

thawanndundadoeinng 9 udludagiunuiinsiihduuesivldiasas deddedin
saneUsen1s 017y anuliieeia (nstability) vesintungsudosandaduneuon 1ud
gaumgdl AwTu n1seandiadu uas wagawieu viiliansddy Wy a1siiueyyadass
(Anti-oxidant) @150 14N158NLEU (Anti-inflammation) waza1sA U3 dunIgnalsa (Anti-
microbial) Iiansidesaans (Degradation) lWeesmanidy dawaliuszansnmuazengnisld

NUVDINANAUNANFAIAY WBNINNT TINUIETATAIINNAAN UNTITUVIRLDNTINITT UK 1Y

a a

31113371917 (Low skin delivery) yitliseansainlunisiiadsansdrdyngueng 9 wu ishves
(Retinol) uo33u (Moringyne) lasinesWusea (Triterpenoids) Warlaussa (Flavonoids)

wazdamasyn (Alkaloids) lUdaunudmneiidesnisiosas nasnduliaiusaniununis

'
(Y =)

YanUdapansdiAnla Ay nisasaniniazsnwiauautivesdunssulind oy

'
v =

Usgdnsnnuazengnsldnu saensunisemvaunisUanlassarsdidnyiadudddgdas

o

AIHAR AN INVDINANTUNLAEATS

JagUu welwlagnisinifivansdidglusUuuueusalgiaty (Encapsulation) 195y

v

AnuaulIegsnuaziinsiuUssgnalglundndueiang 9 08190119719 LH9INNTL BY

Y aaa & A

walgladulivenvatgusenis wWu edesiumsiinujitevieidenaninvesansdAgain

1Y

dnnewInneNnIguan muANsnIINITUanUdesansdfnylusrusnafnents wagiuium

Alunsifinufisen (3] Wusiu deu lumsiausezenszauaun nvesiuugsy winiinas
dinaluladieuwalgaduniivszansamasnldlunsinfuinduuz sy s gieiuanune
muaun1sUanUaesuazindsasdrdganuniuuesull dsundmunglaegaiiusednsam

¢ a

Ferzanunsadunalulaginiouleluseganluszauanaivnssy Ml lanand el i



v '
ca o o

UsgdnBnnAg st unaziiunaansndnau vibiansnandueiianuduendneal eansients
aondeunuy wasilunsiiiuyariiundndueidnaie Tnsnsveiuaiseengvsddgil 9z
Preunlosanseangrsainnisaatssiisieladons q iliansesngnsdanuasdiuindy L
ian1seendiady wien1sildsuanin aan1siiauisenduaisdu o luansisu nieds
aunsamuaunsUandassansdifgyldlussuludsinundeinmisuazanunsalantaseans
5 a £ Y Q) dl 4 d! ddﬂl ¥ Q‘ a a o ! L2
Wuazdeelaidunaruumnuiisents fanaluladdlamudseaniamlunisideansluds
| gy 1% &g v v A ) a Y A v e
dufifeansliaunu lunisnevausiaudenisve liinsesdonsiiaglaldndnsiuni
= ' « o a a & o Y a v 6°¢ A o o 4

Anduasesdonsuuuiiu o Snnsdaladundndueluguuuuivivade uaznseinudeens

[N =
AUsLaANNTIan

1.2 IngUszaeAva99IUIY
1.2.1 WieAnwanmeimnzanlunsinduitunsudomeialulesieuseugaty
1.2.2 L‘ﬁa‘mmauamﬁ’@LLaxﬂszﬁmﬁmwmaqwaﬁmaﬂaﬂmLLﬂUﬁaﬁ’mﬁUﬁgﬂﬁumqmﬁ
wisesld
1.2.3 lefnwinisihmediweslulesuaUgatnuiuiiung suiwSeuldluyssondldly

KA NTAUNINUAEAIINIY

a v
1.3 YU URN9UIRY
au & = a a v 2 ) v a

NATell wfnwinswisuneiuesiulasuadgadniiuinduussusismaiialulasiou
wagtatuluszuuinfuluduieiiunisawnmeesansainindudy sukasiaUseanininnis
Tou lngldnediuestinin 3 wiia Ae neduoauanfinieadn (Poly-l-lactic acid; PLLA) tafia
waglaa (Ethyl cellulose) uay wagladez@ing 97sm (Cellulose acetate butyrate) 1Uu
Waen Favzuazdienudnduldduimdiaywdlaglinelmiinauduiiv neuhluwmIoy

HARAUTAULUUNSSUAYA LAY ALY neTivaulunnsidy Al
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1.3.1 Anwianzimuiganlunisinfiuinfuuesudsmaiialulasiounauygaduly
szuutdiului

1.3.2 neaevauUfuazUszavinmvemedwesiulasualgadniiuinduuzguilinday

1.3.3 Anwinisuimedweslulasuaugadniuinduussuiwssulaluuszandldlu

HARANTEUNINUAZ AN

= = o
1.4 NFULLUIAAYDIINUIARY
nszuruNsanaduansarfyaniie iWunseurunsidiesnuiannnazandhves
asdfglad vinlnldansadafinunings ansgedeansdrfgydeslunsyuiunisann wiile
a1safngninunldaulaense wu diunaulugasduiniesda1s 9amis vieen ainns
donanmledng lias Wesandadenng 9 1wy uas anuty gangil n1siineendindy uay
nsinufAsenivdiunandy o lundndue 33uegivanaudivesansaiauwsiazyin vl
z;mujLﬁ8@mamﬁ’ﬁﬁwﬁmaamaaﬁ’dﬂ%mqNﬁ&i@@mmwmaﬂwémﬁmﬂmma nsuAtymfInga”
o U al [ I3 o
ansavilalagnsruiumsieuuaugiady malulagnisiniiuaisadgluguuuuieunadyia
FuneszausEAUUITULILAS (Nanoencapsulation) kazlulasiuns (Microencapsulation) 1asu
Anuaulegsnuaziinisiuyssendlelundndmeiane 9 ageninewing W nsesdieng
9115 N15UNAIET Ao haznIsinuns Wudu Weasnnisieuuaugiadulivenvatgysenis
iy Predesiunsiinuisevisodonan nyese sdAYINNan 1IEINGoNNBUBN LNUTIUT
Halunsfinufisen ddsdsusanunidmanelaeg1eiusyd@nsam wagaunsnnuaudng
1 o d'il [~ %
n1sUanUasudsaIAYRINNABINIS LUUAY
U990u lugnannnssuin3esdens quatnuwagauny deuvinisuasaisdifgylu

o

sUsuUresBiTatuitililasdiadu (Microemulsion) waguiludiiadu (Nanoemulsion) Susgiu

Tnguszasdvaensida Ingerahldlglugunen (Drops) vieaiusd (Sprays) [4] lulasuazun

Tusadudundnfurvosvariifidnvazduiededla UsznoudeTganah (Water phase)

waz¥gniatnsiu (Ol phase) dwilmAnauiaioslavansanusefiaiin (Surfactant) uazdinig

WPaansanusaiaiasia (Cosurfactant) fnelunsdiveslalasdiadu (4, 5] Kanmil 1 Feviaaes

nsdlvunevemenilliazeglusziuulumng Jamngiundndeiunasenn Wy sandnsi
oy

1590291909015 e A D TaTUTUN1URII

9

21



Jgaaun FnAIAwIN® ARG EUN

? \gi’ﬂmﬂm

AN 1.1 wuuInasdlassaseveslulasdiadu: (n) Usennuneiuluii (@) Ussianunludigu

wag (A) Uszinwsiaiiiaawuug [4]

I I & av o & Ao o = a Y
aghalsinny elulasuazuiluddatuluseuuniiieduanaveansanu SRty
lun1saeuseunTevieuaIsdIfy Ay NMsshwiauaiiosnineaasunvedlaty s3ud9

£
ot 1 (5 a a

nsasannLagsnwantavesansdfyngnievueg neluazdued iulszdnsnmvesarsan

Y 9 Y

' o
a 4

= a = Y Y = A 3 = 1o o
W3R leense Falaeiinliagldan sanussisianiluanavuadnuioanslddu q Tunssnw
Anuativsvesddatu vilidanuaiosuasasiiaglusseranfiliuiuuinin fauddnluung
n3fiazdin1sldansanuseieiingiy venntl mavieviuasddnseluanavseaelgvesansan

= a a 5 a ral a a = U a aaa
LSRR WA (Monolayer) 8193z lifiuseAnSamiisanelunislesiunisiinufizen
fuanswIndeunieuen lnslanzivarsndenaninlade iliianisideuanin aoyde
audfvesansdidaylide fengmsldnunsosangnaidu fau nsieusalgatunsoriony

°o o v ' a s & I = a s
ansdAgsgaslgvamediuesmiuluanavwinlvguasiinueannlusliuuvesnadiues
wAUea (Polymer capsules) aziiusgansnnlunissnwaudiuazaiunsitvesansdfgla

AN maenaudauEiosneeaasgs iianssaudany vilidetgnislidaunuiuuin

1%
=) )

Tu lnen1susuildsuauenmelgnieuivinluanavesnediues wonainil §eaunse

a

panwuudennediueinasusevasdifyliaiunsoniuaunisUanldeeansniuideanisia

[
= 14 = =

dnee Tneluauidui azAnwinedimeidanin (Biopolymer) Nninslalusundsnssunas
3091919 Ao wodueauanfnuedn Loiiawaglad uay wagladezdive Jafivn Wuwwden
(Shell) Muthduuegy logvsfnwinavesulaluanavesnadioatanfnwedaioiiuauifinds
azangvamnediues Wevhufisenlnalalagameioiiau lnarea Niaie 9 oanulaluana
sgyhlilalnalaladneduanfinue®n (Glycolysed polylactic acid; GPLA) Nfluaaluiananiafiu
[4] AeuhunAnwinmswseuiluddenwauyarienuinduuzgy lnewedwesiidonldlumnuide
S Ny aoa < a sal v a VI = 1 & a 1 ¥

1 fvef Ao Wunedweinlannsssura middie d9agn iluiiy awnsagesaanalaies

N9 (Biodegradable) wagiimnuitniulanuddidin (Biocompatible) [7-9] Jsamnsald
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a

fuaUAATREIN quamkazaunldedisaensie tnvaunsaUsuilisurunueaned

'
4

weswalgaliunzauiuingussasdvainmsldnusarauaudfvewidndneindenisla Tne

nawenlugtveslulasuadgaiifowneynialuszivlilasuns wvliglddandudaiade
uAUga Famdsannsesuasuuiin nedwesuaUyatzaen o YanUdssansdfyeenuiuas
FuasgRomilsldmuszerinaniideanis Sszevnailumssengydfiemunidy Feaunsoiily
W ndundnsiueiang o wu mémﬁwﬁm%’uﬂmﬁ’mﬂﬁwﬁumqu w%aagmamﬁwﬁumzqu Beay
yilnlenanfaumfiinnuunnsauaziiondnual annsaifiuyadlsiiunansioseile
Iumim?smwaﬁLmaﬂmimLLﬂUﬁga%m%‘aﬂuizwﬁﬂﬁﬂufw (Oil in water; O/W) ag
MawSENTEAATBUNIEuULAUAY (Conventional) annsatiludesenvideussyndlilusedy
gnamnssuradnld Wesnnifumadadifdunue wdesdlomdiouaziinnligsdn Tng
nswIeuneaaIsdundduuudaiuagimediuesuazinfuursuaranelfauysaiifude
Fenfuaglfifuduresini 9ndu dilunanfuasanussisindsazarseglutuvenii dily
Juselaluiluwes (Homogenizer) niodansilafiiames (Ultrasonicator) aglédraduunuy
hsiuludh ety dilvssmedshasasesnarldnediueslulasuavgalasdnediues.fu

2 vy S o i ~ a s H TR = = d'
Lﬂa@ﬂﬂﬂuqﬂumgﬁaﬂﬂqaiu Lu@\ﬁnﬂwaﬁLllaillﬂ']qllsﬁailuqlnﬂﬂﬁquqllUllgill AN DUN

1%
saal o

sonuduusnnaneiiuldenviuansununans (Core) spaudivesnodiue st ninluana
a9 axvhliiudonvesuagadilafinuudausannniinsldasanusssialuanaidn o sild
yhlsiuaugaiildfinuaios assadestumaidenanmuazasanifddyvosiiuugsuld
oehailuszAvsnm dunefdalulasiounatgaduiasdussadnmlunsfuiiunesldd by
wellafiie azain wazanansaverelugszduanamnssuld uaranunsauuasurunnves

‘NI ¥ v
LLﬂiJ“gﬁVW]ENﬂ’ﬁ@W@Jﬂ’]ﬂ‘UQ’TU

¢l 1 Y o
1.5 Uszlewiiiaindinazlasu
1.5.1 medweslulasuaugainifivinduursundussaniamlunisdnivgs uay
a1unsnIvALNTUanUdosvesndunsiula

1.5.2 landnsfusisuwuuniussansainlunisaiuaunisuandassunduue sy
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2

=D,

un

[

= a a o 174
NOYHUASITUIYNINYIVD

2.1 uzgu

ihifungsuduansiiafaldandiusg 4 vesmesy uzguideonsivenaansin Moringa
olejfera Lam. dnagluaed Moringaceae \Uulddusiugs 3-6 wnsnseluginin wWaendv s1n
srumiy Tuaduuuumuun 2 v 3 4u 877 20-60 e Tudunikilluges 8-10 4 Tuiugy
lasandu 1iluailrdeu ludeuduu Fwn aurluem 1-3 wuRes Sndusonsiomn 5 ndu
FadldvvForoumides uaslidunsiiigiuduuensnd 1.4-1.9 wuflwss ne 0.4 wuRing
Jmendumennieniilau 4 ndudanss lasdenenazueniuuesnaiugonlures Sszuenain
fuasysal 5 §u liauysal 5 §u uz3u TneBesaduiuilvudvnilaunazduinasimies nas
fudle 1 §u waddnwaizen iulinaumden Sudavunaduigudnats 1 wudiues [1] f
awdt 2.1 Tnonzguiivgnlutszmalnefussiglnunaidon uaaidon wazindn Uszuin

1,904.08, 1,795.13, waz 25.97 wasi@udiiadnsy mudisu [6]

Al 2.1 sz [7]



2.1.1 aausznaulutduue sy
Jagtulinisihuzguanlduselonilugnamnssunindu lidrasdumesiiuad
NWAT 81 NISWNNE 8115 Uagde naenaunsidluasesdians Ingastunldanuluguwuy

wsiu wazgnimundundndadisng 9 iesniduuzguluasadaflaansssuiusgns

Y

o § val U 1 Y oa =~ a £ ~ v a A i
quﬂmﬂjr]llﬂaaﬂﬂEJW@%‘U?IJW’]LLagﬂiqﬂ‘U'\lﬂaqsLﬂﬂJ LLﬁzﬂJﬂV]ﬁVl'NGU'Jﬂ"IWLLagLﬂﬁsﬁ'ﬂmﬁﬂﬂI@ﬂL@u

a a6 1

WU gnsiueuyadaTe duniseniay a1ulisa wazdugiunidnelsa [8-15] Wndiuilean

'
o w =

dunne 9 veadiungsy wu Tu wazwén asadailaldulianseengrsmsdinmiiddy &
vwlinanunsadesiulsadinizls wu arsraliuesd (1ne37u) Inniiu nsnraslsiatin 9a
13 a a a dy % VY = [ 1
maoyn wnuiy lolglslolyeun waz J-Glnamesea uenand Gelalinsfnwiiuegng
n1are legangludiuveslutgguwasnuindvsvlosilunssnwlsnsesmatelsnuasnis
anaulaesan [16] wiusluansainudnugsuifiansinueyyadase W a1suszneuiluea Wan
Taweed unuilu wazlvlailsea [Wudu lngesiuszneunualiveswzsy dnvaemaunainienin
Yo uNe 3N USunailuednimun wagasrusznouvensatuiiu [17] uanaliluansnei 2.1-

2.4 ANUA1eU

A13199 2.1 psAUsENOUMILATl (Dry basis) veduygu (Wesidudimdnlnedmiin) [17]

29AUsENaU

ALY 7.78+0.62
TUshu 33.39+3.6
Tgiu 41.7+3.17
wdule 4.23+0.32
fal 3.1+0.02
¥ana 17.58+2.2
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M13197 2.2 anwaeaAiinen mveniniule gy [17]

W1513LM83 (Parameter)

ALY (40 °C) 1.467+0.03
ANUANTUNE (25 °C) 0.916
ALdunsA (mg KOH/g oil) 1.5+0.21
frnaubnlatu (mg KOH/g oil) 168.3+0.45
Alalofu (g 1,/100 g oil) 67.42+0.21
Annesoanlys (meq 02/kg oil) 7.5+0.03
ansigwedliallld (Uosidud) 1.13+0.14
Fustmunsiavesigu (h) 30+0.5
AUNLA at20 °C (mPa.s) 97.1+0.02
a

Red 3.6+0.1

Yellow 70+0.0

M151991 2.3 YSunauiluedniianue (n./nn.) wagaisusenauiluedn (un./nn.) vesddus sy

[17]
Wuoavianue (Total phenolic content) 29AUIENBU
10 £2.41
a1sUsznauiuedn (Phenolic compounds) paAUsENOU

nsafluadn (Phenolic acids)

- nsAwNaaN (Gallic acid) 0.20+0.05

- nsaAudn (Caffeic acid) 4.30+0.18

- nsAlaan (Vanillic acid) 4.30+0.18

- naLegan (Ferulic acid) 22.90+0.32
a1snalauewn (Flavonoids)

- 9gNLatly (Apigenin) 16.12+0.23

- U13UU (Naringenin) 20.70+0.25
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A13197 2.4 oeRUsENaUTEINIAluil (Wesidud) vesunsiuuesy [17)

nsalvsiu (Fatty acids)

Unaudin (Palmitic (C16:0)) 6.11+0.84
Unafilatadn (Palmitoleic (C16:1)) 1.420.09
aLesn (Stearic (C18:0)) 5.37+0.45
1o1adn (Oleic (C18:1)) 73.36+0.22
aluiadn (Linoleic (C18:2)) 1.01+0.06
alutadn (Linolenic (C18:3)) 0.44+0.22
pE31AAN (Arachidic (C20:0)) 3.26+0.04
unlatadn (Gadoleic (C20:1)) 2.21+0.25
181 (Behenic(C22:0)) 5.71+0.2
anludsn (Lignoceric (C24:0)) 0.66+0.27
nsnluiuBusn (Saturated fatty acids; SAFA) 21.11+0.65

nsalusulidBusudafion (Monounsaturated fatty acids; MUFA)  76.97+0.19

nsalusuldBusdadiou (Polyunsaturated fatty acids PUFA) 1.45+0.16

2.1.2 AauaudRnT5eengnsN19TININ

I3
a v a

2.1.21 VNEANUBDUNADETS

a

a1391ueULadaTE (Antioxidant) Ao @1snatunsavzaenietediunis

aaa

\WnuAseneendindu Fendudinisasieansiueyyadasglusiameiuiieguiisanasianis

1%
a

\ineyyadaszduniglusnmey wininlannziaundluiianiy Wy nsueunnfnseiuuIug
MsulsEnuendiinaan Antioxidant enzyme AuAEn wioan1izlsarng o Ae1aasviili
nsasseyyadassiuiy Saansfuoyyadasyluimeduiinnudidglunistesfunisai
Fouvesiunouaznininlsadie q (18] fafu Sansldsuansiueyyadaselineifieio

a a

Auspinsiudaz i Welviiinauaunalusaneseniansiueyyadasviazayyadase
MAnTu Fauzguduunasvesansiueyyadasynusssunfnasiansiusyyadassvaievil
Wy Wailaueed nsaweanesin uaAlsiiuesd wasiiuea [19, 20] Inewanvessuinnsau

ouyadasTaNNTigais 99.74% [21]
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Ly )

2.1.2.2 gnanumsoniau (Anti-inflammation)

a [

n159nLau (Inflammation) WWunalnnistdesdudwvanvasuninnu

(%
o w

wadseneildsuuimdu Tnoesduasuwaduaniod elfiinnisdeuuan dedly o
ugguduiied farsngunailiuosd 12 wdn s2uvan108Au (Quercetin) andinasea
(Kaempferol) wagnglalyst (Glucoside) iuadusznaundn [22] Insesdusznauimariiagly
Fuinsvhauveseuledlaleley (Lysosome) fiffunumdrdalunszuiumssney deals

Usunalnalalushu (Glycoprotein) linaudsdignssziviinnazaunmsonauls [23]

2.1.2.3 gn5NsAUNZITIMaZMIHUNYAE (Anticancer and anti-proliferative)

Welduwinifinnsfinwuazseawii Uduusguussnausiensaludu

Buduwazlidud Ussana 49.1 waz 50.9 wWesidud Inefinsaluiulidudfignidiuugiie
3 < a a & 3 v & =
wanuziSmaneyialunasanaaes nasnauaanisiiulaveilosentuluudiaesdnd [24] &
Netaaiun1siin Lipid peroxidation Avinau dilugnisnaneyyadaseiiiudu udanaln
peRUsEnauvasnIabuiuluuusuveseadiliatenae tnewanisisugydednuuenia
dugnuinemiudnd Wy msinziinanas wazganigdllugnsuenigadoantazng ves

Le?jaafml,%fﬂuﬁqm (25, 26]

2.1.2.4 auUAn15A1ULT0aTN (Antimicrobial property)

=

Wntfunzguiianuaiunsalunisiugadnled lneiinnsfinwdneninves

L3

a A

ﬁwﬁumgmamsﬁmvﬁaLmﬂ‘wLi&JLLﬂimmm 2 wila [27] A9 Staphylococcus aureus \Uu
wunfhiSenelsa (Pathogen) 7id1dayluaimis vlidalsaemsdudiv dedeinisaduld
andeu Tadsu Wunvasiludesissuazeeunds wag Staphylococcus epidermidis \Hu
wuafiGeieglusamenywdinagliviliiAnlse uifiiefiszuuniduiuunwsesitianudes
fagindeld uenaind SadinsAnwnisiudewuaiiBeunsuau [27-29] WA Pseudomonas
ceruginosa \JunuafiGuanslonadaduauvmusimsindossnaguusddulsmeiunauayssd
ArudunueUfiugldgeiliiinanisiosild WeuuadiFeUsyariu (Normal flora) 1y
Escherichia coli Tnsunfaglavindunsevionelsaiiouss uimnidognat idrgdssuusie
vosdumefagyiliaslsafndosuuss iy lsefadossuumaiuilaans Tsadoruaves
Sniau uagnsaidelunssuaidenld Enterobacter cloacae \udonuaiiouszdndulng

a Yy o !

Uniaglivihdunseviienslsniouss uiaziansonslugnilanegdAuiuunnses wu n1shn

Y 9
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& a a v A Y o \ .
Wemaaudaazuasniwaunmeglalugndanegdauduunnses uag Klebsiella
. ) dy a a o a a (- & 1 12 1 [ 1
pneumoniae \Juidewuaiiiieussdntulaguniiazliidunsienienslsnirousuduiu us

awnsailuenslsalulen Weruaues du wasmaududaare drlugnuluauiilsa

(Y aa U

Uszdnda Tsaunvnu lsedu Tsale Aundngddudun wazaugeeny wenanaudmlunisiiu

Wouuasoudl nluuesudiansadwdesiivinliinlsalunywdla 3 wiia [27, 29] Ao
Candida albicans Candida tropicalis wag Candida slabrata ¥ mdudadinulailuly
a v = i v a PR v ¢ = & a & a & !

dwnaey Naunsaneliinlsalansluauwazdnd Fadunisindeluuiiiangaymusienig
wazaruisagnatulugeiotzntslusiunsaiuisansegangdssuunyuisuladn n1sinie

°o v A

Candida spp. Tunsziaiaen (systemic candidiasis %30 candidiamia) Lﬁua’lmmmmywﬁﬂﬁ

9

AAnLeLdeTIn [30] wavdalianusinumuenujtuslagailiiionisieald [31]

2.2 lulasiouuaugiadu
lulasieuwavgiadudunalulagffiiugiuuiainnisindeueun1Areduds vamar
winfaruasviovuivihmihidunszdesdiu lesweniagmanesnananimuandeunisusn
Y ¢ A v @ % " A & = =
finguszasdliion1siniivansununasmeaisvieviu lunsdfasununasiulifiaenuatios
wazdanubigwionisidsuntasiiinaintadanisusn Wy ANTY gaungll was wag
pandiau [32] Wieandadiiawmanll msdnivansununanmemeaialulasiouwauyaduis
2 ad Y o v ! P o s = 2 &
Juitnildlunmsandeddaniing1d uasiieldluingusvasddu q lneidlow@sadunssuiunisay

<

Iodululasuaya fmnasaud 1 89 1,000 luasou [14] 34 qﬁiﬁﬁmumﬁaﬂawL“f]u?\la‘maqwa
AedsTTund Asdungn vieduasei JsaudRvesianiiiudondinandanuddnsie
Aranadsvesasununan (331 lnswadelulestounatgadul aunsaduunmumuiouas
Fugniiven auansvieriu uazdslilasiounaugaduiily [30)

lulasuadga amnsadwunldniugduuunisiia Wy wuussuuinifiven (Reservoir

a o

system) fianwazlaseasiady Core-shell structure Usznaumed@iulaunane uagtundau
(Coating) n3oLdan dia1sununalsnszanaansinaltwazgniniulilutanfduden
anvauzilisendt lulasuadya’ winiasununaenseateidluseuuamsng (Matrix system)

Foni “lu Tasadles (Microspheres)’ wanssannd 2.2 [35]
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ACTIVE AGENT

SHELL

CORE POLYMERIC
(SOLID, AQUEOUS OR OIL) MATRIX

MICROCAPSULE MICROSPHERE
reservoir system matrix system

awil 2.2 lailasuegauaylulasaiiles [35)

yiavesUdenaunsathiagvatssidaunldlunisieduld laod Tould 1wy
aflulawnsalusiu uaglufu Feiani ashunldiduudonzdesiinnud esniaad
(Chemically inert) iitelallsfvinUiAsenfuansununans [36]

lulasteunatgiadugnianldlaefiinguszasdvaieetng (nmit 2.3) Taslawziitonis
Unilesansununansiiiuanseanguifidanuldonondiau uas wasanudu vieiietosiy

'
aaa v a

nsRauAsefuansuszneudu  egalsfinm Snvidavanaiiddnyiigadmiunisvieviuans
aaﬂqméﬁa nsAlvAun1sUanuaey (Controlled release) [37] n1sAluANN1TUanUA oY
el maviliansUanUaesiiaztieseseiivszansnin ileglusnuasszezinaniud
Foan3 uazviliianseengnignuanudesesnunameil lnsanansoimuadmaneld naln
nsvanvassfimunauldansauvsesnlsdunalamamenin waznalamaad (37) Tnons
Uanudeganseienalnnianignn 1y n1suns isenusedaluin Uil Iu8aN1Tara1evne
nsaanefavaameBiuesiuning [38] waznalnnsUanUdesansununatimiaed asiatuile
fiusziafisznindlulanavesudenuazarsfivanddesgnsuniusionisdesaaremaaiinio

wulaal [39]
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Heller SruunszuunsUanUassnuuaunueenidudnguman fe (1) MInuguns
wws (Diffusion controlled) (2) msmuqumﬁmﬁummﬁﬂ (Water penetration controlled)
(3) M3AmuANNIGALl (Chemically controlled) wag (4) s¥UUN13AIUAY (Regulated systems)
wamafannd 2.4 [37] mavanddesdannsaiiatuldlunadtmuavdelaifls Taesunaln
MsunsHuvIensuanuesden Welimsdsulasanmzwindeuneuenvioniely Wy
ﬂﬂiLU?{auLLﬂaqqmmﬁ nsiasuulas pH msifnnsazane vieusiusmiinnisgesaanema
Fanmaestan [40] dufunsdenldrinvesianudenisdinuddysenalnnislanUaes
dn3dey [33, 41-45] wonanis lmimwmmﬂsgLasﬂ’us‘]’qﬁ%ﬁﬁ'uﬂ LU @NNITOAIAUANT
UasUdogansuuusjatmingld Wy mstnifiuseuazUanydesfeniunisidasunlas pH
[46] uazmsiniAvanslilulslasuatgalaeilifosnsliansununanainnsialvanienis
vanUasgeanuiniouen wu naeioululasiaugadnifuianuasuuvasipgnia (Phase

Change Material; PCM) dwsunsdmiundsaiuainusou [47]

Reactivity .\
@

Insolubﬂitﬂ

Structuration for
administering compounds
that are insoluble, volatile,
reactive, hygroscopic

Immune system

. Hf H+
H*H+

External
snmulus. Y/,

[/
[ Microencapsulation
il 9°

Protection of product from
environmental factors: O2,
light, heat, humidity, pH,
host immune system

Controlled release of product
for targeted delivery,
extended therapeutic effect,
increased product half-life

A 2.3 Tedvaslulasiouuaugiaty [40]
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- Diffusion
controlled

- Reservoir
-Matrix
@
- Water
- Regulated penetration
Systems Controlled controlled
- Magnetic or ‘ Release - Osmotic
ultrasound systems system
- Chemical - Swelling
system
B
- Chemically
controlled
- Monolithic
Systems

- Pendant
chain system

AW 2.4 MITBUNUTTLANTBITTUUMIUALNSUanUdes [37]

a

Jagdululasiounavgiatuaruisauvslavnatsmaia 1y maldanianienin

[
=

(Mechanical) wazmadaniaail (Chemical) [41] Tngn1siaanttAasinARATuag i unNIShuIu

Y

= o = o &
LagUTLLANYBIAISULNAUNANY BINT19ALLDEARNIU

2.2.1 wadlansieuuaugladunisnenn

Tnevaly Wuwmedaisings e vidld wazvensvunaldiedmivgnamnssy

Fallageefiuvanewnaie wu

2.2.1.1 watlan1sviuiauunurles (Spray drying)
a a’lj 1< o 14 Y v 1 1 1 [y
wedladlidunszuiunisyiliuisnisauiou d@ulngazldluszau
RNAMNTTY LBINKARLAdY Ygla nTEUINNIsIANNsBLeY LagduyuAl neTuwsnY

= av o o a sag v & A Y v v o c{'
MswseNdtaty dinedwesnldiduldsnazangnduaisununanslumvinasaigNinuigas
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Ya v o al 1 a

ndu dlvdunssunanmninsaalaludluwesazladiaty wazdanudlatuniamas iy

£%
= v v Y 14

av0ad (Atomizer) Wisnlilaazeasvuinan lasavesiiiinduarduiaivausouluiasaunin
(Drying chamber) @ailgaumgiuszanas 100-160 ssrwalded vilviuinasdvinazateseine

sonllegesinsa glinedweswaugailunuisiniiaudu (Moisture content) #in [48] #19

a I

a VY a & a a | =y
ATNNN 2.5 LHUBDLAYVDINAUAU AD E)']"Dllﬂ'ﬁ'sjjiyl,aSﬁjiLLﬂUﬂaqﬂl‘U‘Uqﬂaﬁu LU B39INEIT

wnUNaNuITiine1alareaumngiings wenainid n1sudnlulasualgalugUuuuniasidenas
%

MM sTuivedlulasuaya dso1adeddnsvuiunmsiiuiiuieantymifsnany [49]

Feed
Hot gas
stream l
L 4
_____ Spraying
" Shrinkage ™. TTteeel AR Cyclone
s > Cold gas
/ — O % A stream
'r‘ ‘..l // Dryin
Crust ' TYIng
formation | """

N
N
S,
s
N
N
.

7 Microcapsule

ANA 2.5 UWHURILAAINSEUIUNITYITUASLUUNUR B8 [41]

2.2.2.2 madansyiuriawuudenuds (Freeze drying)
a1sununanausiinensliriegumgiings wu Uiduneuseme Junung

Aunisteunalgladuiliaamginn ieannmsgaduaisununand lagimadanisiuiwuy

9 Y

o w A

Wonuds Tuannsfidrdgde Tinsssifinvesans Tngdunsnazihaisidosnisiuiasnedwes

o

[ (%
&Y

wvihmsavanglmuiledentu andu Welwiananiiuds (ce crystal formation) agvinnns
angaungivesansazanediatuathininitgalonuds (Freezing point) wazalslddnsniaves

| A < . < . . a Y a P o & 0
n1sudienuds (Freezing rate) WUULS? (Quick Freezing) talvilinnanyuladn 9ndy v
nsanAusuakaglraamgll lnglumealindazldaamgiisniinisiuisiuunudey diiay

v o A i < a a cl' < )
G]’WH@S&’]EJVI@EQJJELHE%WUSSUBQLL?N‘\]%Lﬂ@ﬂWiiSL‘M@ laeLua Uu‘ﬂﬁﬂﬁﬂquz‘ﬂﬂﬂLL%QLUU&QWU%I@I@H

33



Ldsuanuzeunad [50] A1l 2.6 Fanswsey lulasuauyarienuduasAIanINY s
ansununaniiduansuseneusemelafnaauazdnisgadeaisununansiosninie
Wisuisudunisviwiawuunudes [51] uateidevesnaiail As Tondanugs Tdnan

ANTUAITUIY WagAUUNIIHERNES [52]

TEMPERATURE CHAMBER

7N

dry
material

VAPOR

1141 ] sreesearying

frozen interface
material

tray shelf

AR 2.6 LHURIDLATBIUIALIUTS [53]
2.2.2.3 wediamsindiauwuungdladiun (Fluidized bed coating)
nsadeungdladiuaduisiiidnsinisaisimanusougs aunsoan
& o P, < Y a PR & 2
ANNTUVRITAN AL BE19TIALEY Iz AuNIsiAdauasuNuna1sideynalluvesudsiny

anufouls Tngluduusnagldaudoudriuduian (Bed) vilianaoesiududasy uazinnis

q

]
U v v 14 L=

dudaiuauieusgsaiiane luraziieliuinnsnaUsdnilaunauvealsiniauaingn
1% = = a I v A o § v & v = @

AU Fernunilavesansiadeveylussaunainsaviliiluasesdliuaziiniuasianmeaiiy
Fou lneazdnrTuiiIdmunannsInssuenian ulAd suaITLAUNATY A2 AANISTY OV NENS
waunane i viAalulasuavgandvuinsendng 2 8¢ 100 lulaswns uwagiiesrinnaiiall

welgatinsaeedidudassluseninnssuiunis fsanunsativannisiniznguiuvesaugalea

[
s %

[54] fand 2.7 lngeuniaiaziadevluwaiiaiazfeaduvsinay daunuiuiy uasdodl
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¥
aa

11905818V NLAY WAlALTTER ABMTAUYUAT kardNITTeUIEAINNTEUNALUTENING

= =

e Y = ¥ a é’ 1 ¥ ¥
ATEUIUNTT LRNUVDLAY AD IUﬂ'ﬁLﬁiﬁJﬁJLLF’]U%I@@’JEJLV]ﬂ‘lJﬂuﬂ’eJUGU’NIGUL’Ja']U’m [55]

Outlet air

Coating solution

Top-spray fluidized-bed coating Bottom-spray fluidized-bed coating Tangential-spray fluidized-bed coating

A 2.7 unudaiannszuiunsindeunlgdladiun [49]

2.2.2.4 weallamssgimeiiazany

walianssemediagasluszuviniuludndumedandnlasuaiy
fou lngluduusn drarsununatsuaznedwesazangludvhazaeimungaunaninsoazany
] 1 v &~ 1Y v & Y ) v a o o =
drunauisaasbilduilodeniula i szldlutudiiu lnedeswiadvharateuas Anw
gnsdusyinmedweisedwinaraevaay 910ty dilunauivasanusdidingasany
aglutuun drlududielaludluwes aldnediues arsununany wazdinavareilule
Wenfuey nszredegluduln iluasuviuassvesmenaisazaedunid Weasuiuaey
massulmiluszmediiazaigesn asiianisnesiiveanediesualgalaedaisununaised
aelugaiinedwesiludeniu ewin Weldwedwesidanugeuunuinninasidenis
> a ¢ 4 A v = & a < A Ay a &
Vi wedlesazindouneeniinuuennangduiliion lnenediuesualgaiesuusieimnaindl
azflvwnseavlulasiuns Iusendn lulasualgya [56] Anni 2.8 udlaenaly weviing
wissuveaiulaenstusmeleludluges lulasuauganiwsoulaveiimanssaefvesuuad
N3 Bamnldmadaniseseuneaunduleglduuusunioniseseunena1sdunsduuunauiy

o = o § v o a s A & 9
1A [56] AsAIN 2.9 ﬂ3‘1/]']1‘1/1&]ﬂqiﬂiﬁﬂqﬁlmﬁﬂaﬂ%uqﬂwaﬁLN@?LLﬂUG‘gaWLLﬂULLawﬂu’]ﬂLaﬂﬁ\ﬂ,ﬂ
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Vitamin E

PLLA+ Vitamin E
+ Solvent

Homogenizer Solvent
- 9 ﬁ
500 rpm/ min & Byl =
VA Solution o
I
J O O

Y a a

MW 2.8 wedueawandn weda lulasualgaviimiudnwivdlaemedanisiouwaugiatu

q

(%
[

WUUNSIEREAazanlngdn19LeS s RIALUUAILAL [56]

(o o3 o 0N SDS
O PLLA solution

Vitamin E

O PVA g

w29 wallamsieulalgaduLuunssemeiiinazaty  lagsniswseuveninduiuy

naudnnna [56]
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N15aNsanksIRsitassvila vilandwanlutuuidu diudnvidanis

I 5 < a = Y v v = < =
azanglutui Wuwetaluniswleuvegaiiduiuunduignia 9nami 2.9 iWunseseune
duoananin wedn ualgaruIndudaiemalinn1sseivemvinazaly Juwsn Y1Indud wed
Loakanfn wadn uaznedlillauoanesed avangludivinavanefinunzauNaiuisnazaieyn

drunaulmduiiamerdiu wdarludusmeluininainusa 800 sausauli Tuvaendusie

)=

snsusnsirey 9 YnisrenasazatevesaIsanusisiadnyinaduaisazanedunsd il

nawullaziianenasagatenediweinszateiieglutuduinnisnduigniady nnuu

a ¥

luduiu 9 Wesswmedinasangesn aglanediwesualya lneinndudgniulinngluuas

Y 9

a a a a < &
UnaaLaaLannn wagn Wullasn
222 Lwﬂﬁﬂmit,aul,mﬂﬁl,a%’umaLﬂ:ﬁ

2.2.2.1 nszviuMsiaezwelIty (Coacervation)
Junildumnedelulasieunagatuildiuegsunsnaneuniigauay
dumeadadaudy amnsaduwuneonldidu nszuiunislaesiwendueieiie (Simple
coacervation) Ao linedmesnilwmioassviln uaznszuiunislaeziveindustadutou
(Complex coacervation) fie ldwedwesinnnitaesiia [57] Tnewdnnsveanaiail fe n1s
\WasuLAIEN1IZNTaZaNEYRITEUUABARDEATIUSENa UM 8 @Rs IR Ae Tn1AYDsans
wnunasuazinnavesansy tngldwedweiinsasuulasesiianudunsnaisuay

'
falal

ANNAHNTALUNITUANFIVRIUTEY TIAANTIUAUYBINOAW BT NIUTEIWANAIAUAIELSS

vl (Electrostatic interaction) Insansiuazudsdinangiuudeniuansununansly g
sgdvunuaUgasiaws 30-800 lulasiuns [58, 59] inataliflarsazaneneanssdiusznaudie
Usznsaduaesia Jamsvilmdunansesszgaeiliiinnisuenila lnenisieuualgadu

v a

& o ¥ a s 1 a a « 5 v 1 a
G]’J‘EJL‘I/lﬂuﬂumﬂistIWEJaLiJEJiﬂQlII‘UiG]ULLaSWE)aLL“ﬂﬂﬂW‘liﬂiuﬂﬂiwmﬁ’ﬁLLﬂ'L!ﬂa"I\‘l LYU LAa1nU

v o a

fuiy 21500 warAudulalagIw aRududadun RaRuiungasadten wazlaaAuiy
Asuenduiiaisaglaa [49] lunsalnansununansiianuldveuin denmd 2.10 Tuddatund
o voA a ¢ v a ] a s & a A A
asununaauazasverunedfimesuandaiuassrila ludrunediwesmiulusauiliowiy
gaungiluaziiiy pH augandgaleleBianysn (Isoelectric point) vealusiu (f pH NUsEYTIY
vaensakeiily (amino acid) w3elusiu (protein) Wugue) aziinnisuenilaveavaiduaes

g Ao anduuuasinavesnediues 91Nty muANgamgIlianningamginisiinlaaves
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LUsiu azifiansazaunediwesiiniusey 4 aswnunan feilbindslulasuadyanadiy
14 Al a o Y a Al . . v @ o
gavne WelinasiliiAinn1sieuvIe (Crosslinking agents) niislulasuaugavsudeiiuay

vuansununansliniglu [60]

Cationic polymer
and Anionic polymer

Electrostatic interaction

Mononuclear core

POLYMERS

O o O

ESSENTIAL OIL —2 ~\ O o
- -

EMULSIFICATION COACERVATION RETICULATION

AN 2,10 LEURILERINTZUIUNNSLABLLY DI TUTENI VDL ARINUVBMAT  (AALUAIRIN

[53])

2.2.2.2 wadlan1swedielsiudunsessnosynineia (Interfacial polymerization)
mawsedlilasunugamsmaiianisnediuelsieduisesdesenineiag

2 waila [61] Ao N1IHUATIENLUUBUEY (In situ polymerization) [62-65] WagkuUAIULLY
(Condensation polymerization) [66, 67] lagN13d4LASIERRUUAIULUUTIRANNITAISIAANDE
wesualta A TuigniAvesasduvsdsiiveusiuesuinliigoulilazasuAUNA1NNABINTS
1 2 & a Y b o v = a o y %
vuazangiduilladeniu 91ntu dilunszangdiluansazangvesansanussiaiy ihluduayle

I va

neavrasETaraIeBunIsinszemegluin 9Nty WuuewsweBnvlianlnaaudiveulnd

)
avanefufsisuuifseradduluszuuiasifanimmedweslswtuiisesreseninainvesuoue
wosfiavaeluhfufiazansluasdunidviny dunsduasginuuduiy Sunsnihansi
fosnsvlunszated luasavansanussisianazansssuuiiseileliansidesnisviuiians
3uUFATIN Nty danszeiluasesaeueusiies wazyiliansTsuuizeuan
o 4

MTAIveENsNRBINSTNMEANNTaUnIaUfsemnanll 9Nl wesuaweizsuNwoa LY

1%
Ao Y I A

NEvesansifeINIvin gavhedzlanediwesualya Asnnd 2.11 winallaiiideds Ao villv

Tanedeswagaludtuiutoaiiosnifineunianediuesdase (Free polymer particle)
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Heated 75 °C

[ Mlcroencapsulated]
5h

PCM

AN 2.11 nsieSeugnngn PCM uadea (eutectic PCM capsule) Agnsdauasigiuuudu

@y [65]

2.2.2.3 nMsdaanginediweslulasualganienssuiun1sdunszinefiues
MEYLUULYILADE

ASEUATIEANDAUDTAILNTLUIUNTRUULIIUARY [68-71] taeldnaln

Y

nswenigninnigluainnisdauasisviveusiues Ineinn1sanasNAeINIsu Louaias 6

[

33U A azanslmlullewendudedviazatemuizauladuignindunsd aniu

o CY) v 1 dl' el‘d <<\ (= o y v all 6
nszatemluignasreiiesiiliasazatevedasanunsefien Inevinnstumelaludluges

'
=

Frvililavenueusitainiynedieglutuin veausualaiiiintuaregluseaululasiuns

v <

FIYUINVRINEALTUBLAUDNT NS TUNSTUNTIUNEA IINTUNITAWATIEN UDUDLUDTIY

Y

a s

a a < = Y v v a ¢ v 1% i
Annswdsuluilunedwes Gannudniulaveanedwesuavarsnfeinisviuazaoy 4 anas
quiian1ue1aelgInge (Critical chain length) M wedwwas liaiuisaazataiddulafu
asAUsznavluneatousluesladn Mlinediuesinf oul 00N HIv89a157 A 8In159Y
= = H i [ = o Y a = a
Wandanuveuiininniuaznateduden aavgaslanediueslulasuaugaduingin

nswenignianiely e 2.12
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Monomer droplet Polymer capsule

f”j o\ PDVB
DVB/ |
oD/
BPO
N
DVB+0OD+BPO Homogenized 70 °C/24hr/N, g/

~s
~s (oA Stirring rate 200 rpm @ @

~N ~s

x O
~~ PVAsolution ~r @

(PVA~v)

M 2.12 nsieunalgatumemalansdunsginuuiiuasy [69]

2.3 WaAWBIIINN (Biopolymer)

wodwedTin mduianilduiainningnsiarusaiianaunule (Renewable
resources) wazilufinstiudawinden Fsaunsaldununediwesandinseadl ogielsfnu
AENURAS 9 WU AULENETNIIAIINTEY ATIUAIULIINTEWNN (Impact strength) AANY
fouseie (Tensile strength) wazA1n15as1U (Permeability) Aoudnenn fefu §aldfinng

USuupanuantfvesmediuesdinin elsslevuninisawasnisinlildanuvemediues

' 1% '
va ada= A

Fanm TngIsnsie madintandu q etiwlimediwesdinmidaudAfiavuienisilule
sfvaInvas Wy funnsieaine nsunng Wuenssu dme envns Sidnvseiind vusud
wagamamnssueueud Jagtunediweitinnlasunnulisnegiunn wu waglaa lalaeiu
Wl 8195550977 wedlhidlaneaneged weduandin wedlnaledn wedalnsuaninu wedlan
59nd Tafisn waznweddanau dadiun 1Wudu [72] leenwodusauaninuada (PLLA) 1uned

westinneiianisnlasuanutsuegraunniunisiianimun T uaunige)
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2.3.1 woduamdn weda (Polylactic acid; PLLA)
NoAuarin wada NaRlAINNIAWARAN (Lactic acid; LA) taglul A.fA. 1780 nsaua

adn lagnueniainuulag Scheele siaulul a.a. 1847 Blondeau Loitdnisudnunldly

e al

nszuun1sas N Tud A.a. 1877 Lister anunsaweneqaunsdninulunssuiunisudnla

[

o = a a ° LY 1% I a Y i = P a a U
1159 lagn1sHan NIALAARNAINSUNITAIAIAISUAUAILALLT A.A. 1881 Nllosdniiasy 55

o9

s

wiEYRd Useinaanigesni Mskannsawaninveslaniinisiiudueg et 9 neiluseme

o

wosuiJudun [39]

v a Q|

Jagtulinisldnsananiniuegaunsvatglugnamnssueims o1 wisamtedagdme

a0

amnsdnd wazggniunlfduneueweslunisduaseineduandn wedn Fulunanafinides
aa8len1stan1n (Biodegradable plastics) nsaLaARNEINTANERLATIIINNITFILATIZARIN
Usenaiuazannssuiunsndnuesyegdunsd laensananiniininlagydunigasd
o ! = a A a a a a =) 1
ANUTUNIZNINNTY FeuupThTenanfnazaInsondnnsawaninuin L(+) n5a D(-) ag1ala

othanflavFenauiu Juegiuaeiusvonde waniernuuefiSouaeindadunguyiunisi
Uaonsie (Generally Recognized As Safe; GRAS et n3auanRnTInaInMsUTNYeIUATISE
wanfndaaendudmsunistnunldnudiudig q [40] Taneduanfin uwedn Uszneudie 3
Stereoform #ifldeisandiunnseiulaun Poly-L-lactic acid (PLLA) Poly-D-lactic acid (PDLA)
uag Poly-DL-lactic acid (PDLLA) [73] uonanil weduanfin ueda dilassadraluanalés
UV Levorotatory; L(+) iag Dextrorotatory; D (-) ﬁqmwﬁ 2.13

Tnseadaneduoananin wedn Wulslunediwes Fessuidslunediued PDLA wazln
wodlued PDLLA Tng PLLA uaz PDLA 1Hunediwesiawdn (Semicrystalline polymer) Tuaqus
i PDLLA sinagtduedaugu (Amorphous polymer) [74] woduoauanin wedadulugilu
nsansin dedunediwesfilufinsdudmwandon IHu9nssTund 100% wu wiadalng

LaLeey [75]
0

ﬁ)}\o r/,,"'.. HJ\O //,,h”. Hko
OW(‘\ OY‘\ OWH"””/’

0] 0] (0]

@]
@]

L-lactide meso-lactide D-lactide

A 2.13 5ULUU Enantiomeric va3nsakan@n [76]
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[ aad a & v v A aa < s 1 ] 4 o
nsneInsssTuIaiiaduluila Ingiendudadussdusenou 1wy 1wy T1alnanasily
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AW 2.14

olnenlod dralnn
ATUDU ﬁgan qip - e
waz 1 B

Aerob?gacteria Ferrr}r{a:tion

O O

uz(-j)k ASALAARN nIAUAATN “'(‘j}\
OH (| actic acid) (Lactic acid) OH

OH OH

Enzymaticy Polylactic acid Demglration
Breakdown (PLA) Lact|de
Hydrotytlc 2 0
Degradation ﬂ ;: I
H; 0% ~0” “CH,
ng opening

Polymerization

AN 2.14 TURBUNISHARLAYEDUAANUNDRLIALAARN WaTA [77]

2.3.2 waglaa oxdemn Uiihan (Cellulose acetate butyrate; CAB)
waglaaduesdUsznoundnvesmdusadiiy (78] waglad ezdian Javisen 1Ju
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Cellulose Acetate Butyrate (CAB)

OR;
R,0 o
0 R4, Ry, R3, = Acetyl, Butyryl, or H

ORj

ad 2.15 lassaaaglaa axdien Ui

2.3.3 1oiia waglaa (Ethyl cellulose; EC)
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Ethyl Cellulose
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N13ATUUY
3.1 ansadluazaunsal
3.1.1 a@13LAdl
a919d 3.1 ansiediildluenuise
d19103 fE) Bivra
1 ‘1§Wﬁumim (Moringa oil) Commercial Organic Thailand
2 WOALDA-LAARN LOTA Analytical Reagent B.C. Polymer Marketing
(Poly(l-lactic) acid; PLLA)
3 waglameydieniiiism  (Cellulose  Laboratory reagent Sigma-Aldrich
acetate butyrate; CAB)
q Laﬁamﬁaqiaa (Ethyl cellulose; EQ) Laboratory reagent Sigma-Aldrich
5 maslsnesu (Chloroform; CHCL,) Purity 99.9 % RCL Labscan
6 Loiidu lnarwa (Ethylene glycol; Purity 99.5 % Loba chemie Pvt
EG)
7 wnuea (Methanol) Analytical Reagent Fisher scientific UK
8 L%Wiziaiﬂiwul,lﬁu (Tetrahydrofuran; Analytical Reagent RCI Labscan

10

11

THF)
Tamaslsimu (Dichloromethane)

woalhausanagea (Polyvinyl
alcohol; PVA)

laneulaw@adame (Sodium
dodecyl sulfate; SDS)

Purity 99.9 %

Analytical reagent

Analytical reagent

RCL Labscan

SIGMA-ALDRICH

Ajax Fanechem




3.1.2 gunsaluaziAseile

M13199 3.2 gunsaluaziaTesileldluaidy

aunsaluaziaaciie U B
1 wawmediotulasunlnngu (Gel permeation Water 2414 Water
chromatograph; GPC)
2 gougwy e (Vacuum oven) DZF-6051 DZF
3 ndpsganssAmidianmseuluudensIa (Scanning JSM 6510 JEOL
electron microscopy; SEM)
4 wdsanmusimdnuuuldaudeu (Hot plate stirrer) C-MAG HS7 IKA
5 napsganssaiuuuldias (Optical microscope; OM)  SK-100EB& SK- Seek
100ET
6 piesfmaien 4 fuamis (Analytical Balance) SI-234 DENVER
INSTRUMENT
7 edestuaiies (Centrifuge) Spinette IEC
centrifuge
8  \AYpsHawans (Vortex mixer) VORTEX GENIE 2 Scientific
Industries
9  Taludluwes (Homogenizer) T 25 digital UL IKA
TRA-TURR
10 ﬁauam%fau (Hot air oven) UNB 400 Memmer
11 Aesudseaunuisiuaasidines (Differential DSC 4000 Perkin Elmer
scanning calorimeter; DSC)
12 weslunsiwnsnezulawes (Thermogravimetric TGA 4000 Perkin Elmer
analyzer; TGA)
13 pesianisnsziduamaln (Dynamic light DelsaTM Beckman
scattering; DLS) NanoC Coulter
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gunsaluazATaile U #vie

14 Lﬂ%‘la\ﬁmmmaymﬂ (Particle size analyzer) SALD-2300 Shimadzu
15 esesgiidda awnlnsluladines (UV-Visible Lambda 35 Perkin Elmer
spectrophotometer)

3.2 YURBUNITAWBUUIUIY
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Fuluszuvuslui

1%
a v ‘NFLQJ a

nsn3sunedweslulasuaugadninuindunssuluawided Mmatdanis
6 =
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3.3.1.1 MIWSEUNEAANTBUNIILUUALAY

Tuwsn Umedweswaviuuziuazangdinlenuludivinazaney

winzaudutuiniu lnednwvdadvhazarsuwasdnsdiuseninmeduessenilusadiai
= & o Y = a o Y = s A

azangiivangay 31ntu ihlunauivansavaievesansuwssians dilulusielaludlugesvie
w3esdansleind azladiiatuiiusznausie wedwes Widunzsu wazdihazaraduiile
Weatu wagnszaemeglutuin a1ndu dildduun 9 diesevedvhagany wedlwesavnied
a

Fududoniuindunesulinigly degui 3.1 lnenedwesualgaiivieuldmemaiiailaz

£
= v v

vuneglussiuuluunsvselilasuns Sluegiudnsnistunisunen

Oil phase: PLLA or GPLA+ Moringa oil + Dichloromethane

Water phase: Water + Surfactant ~~

Lo
(.

Moringa
oil

5
q droplet
H

SR

—

Homogenized

Oil phase Evaporation
B Lo M Pt oY 4 7=\ N

_Water.™” =

~phase Ww=gd N

A 3.1 wedlansieusaugiatuluumsssivediinagaielagisnsinieunena1sdunse
WUUAaLA
lnglunisinseuuauyaizdnuitadesneg Nllnasensiiaualyanas
auUAvaalyamnIeuls fall
1) winvosnodues
= a a 14 a & a
Anwniswseunedweslulasualgalaglinediwes®inm 3 ¥ila
loun wedueauanin uedn wagladesinniaiisn uaziefiawaglas laedlanniznisnigy

LANIAINITIN 3.1
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A15199 3.1 anngnisweseunedwaslulaswalys

Chemicals
Oil Polymers?® g 1.75
MQOP g 0.75
Water PVA g 0.23
Water g 22.5

* waglagerBwndnfian eiiawaglaa uaz wedloauanin Ledn

> Wodkues: WuNegu 70: 30

2) dntinlnanavoanodiues

Anwmaresimiinlianaveswoduea-uan fin wodn sonisaie
nediwoshilasuntgadmiudnifutdiuuesy fmidnlanasine 4 fo 140,000 15,800 8,900
waz7,800 ﬁﬁmwdauwaéma%&iaﬁwﬁumz@u 50: 50 WosGurlngymiin

TngagAnuinislinoduea-uaniin uednditmidnluanase 9 &9
annsawieyldlasnszuiunisinalalada [100] Tnefianmglunsedon fmsed 3.2 duwsn
thnedueauanin uedn vinujzenduieiidulnanea Msnduseninameduea-uanin uede
sotofidulnanoa 1: 1 Turanihufizen vnsudalulasuaduiugaoiniaeendast
U 5 59U Lﬁav‘fﬂﬁizwaeﬂuaﬂnzwmmﬁ N Iﬁmm%’auﬁ'qmmﬁ 175 9967
wandea seanslumavuAsenavarsaududeideaty 1ndu Buduiend 30 90 180 way
360 unil agldneduna-  uanfin ueBafithiminluanasistu derisliligamgianasauds
paunnfivies ndndu thansilduazaredenaslswesu anaznoufsmiuea nes uay
vinliwiislugd ovagainia azlalnalaladnedusananin woda (Glycolized PLLA) 1Ju
wAnSuTanTny fannd 3.2 Siemeiininluenavesmediwesiildmemedanamesiiedy
Tasulnnadl Tnweudiogrsiinrundudu 1 Weddudlastmidn Tngldinmszlelnsyusu
Huiwinazans antu nsesansiiwdealdiuiiawmedouin 0.2 llasiues neudadiaiasaa

wiasleTulasUI AN
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_stred [ \ o
400 pm : ./-

PLLA : Poly-L-lactic acid

CH40 : Methanol

EG : Ethylene glycol 175°C 30, 90, 180 and 360 min CHCl3 : Chloroform

AR 3.2 nszUrunINMsanuIvtnluanaveneduea-iandin wadn laenisinalaladanie

aa
wiaulnarea

o a ¢ a a a
$13719N 3.2 aﬂ’]’wﬂqimiﬁlﬂ‘lﬂaiﬂla%waaLLE]@-LLaﬂGm LLDYR

Chemical
PLLA g 20.00
Ethylene glycol g 20.00
Chloroform mL 50.00
Methanol mL 100.00

1%
o w

3) 9RSIAIUNBALULDSAB U UL T

9

1%
[

Anwdnadiunediuessetiduls sy Ninadodnvaeduguine,
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wagUszdvsnmnisininuinduusulinelunedweslulasualya lneazfnuidnsdiuned

(%
o

weasseniuuzgu 70: 30 60: 40 uaz 50: 50 WesWudlagthntn fan1izlunisnei 3.3
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M19190N 3.3 ﬂﬂ’]’wﬂ’ﬁL(ﬂiEJﬁJ‘W@aLN@ﬂﬂJIﬂiLLﬂU‘*QJﬁﬂﬂLﬂUU’]NUMBEMWJ?JLVIﬂUQ FELNYRNINN

avan® 1AgISNN5LHSIUNYAANTDUNS O UUR AL

Polymer: Moringa oil

Chemicals
50: 50 60: 40 70: 30
Oil PLLA®® (g) 1.25 1.50 1.75
Moringa oil (9) 1.25 1.00 0.75
Water PVA (g) 0.23 0.23 0.23
Water (¢) 22.50 22.50 22.50

% NeAkoakaARAN-LeTA daluana 140,000

b Inalaladneduoauaniin wedn wialuana 15,800; 8,900; 7,800 uae 1,600

4) VUIAVDIAYAFISIUNSEY

\HasnvuinvesnedwesunuyaiinadeiUasidudmnuduninuas
gnssvanUdesvesifiuugsulunediwesuadya dulu ludunsuilagyinmfnwinisesey
wazAUANvUIAYRINedesualga Welvlivuinvesnediuesuauganiunneaiu g
MnseEnwnstumssureadlsaunsdnlulalulluwesiaviaseidansiloing

o a 4 io’ LY v d’lj al [y} LY} o a

inediwesiaviidunrsuazareliiduilloreanuludviasaned
winngaudutunniy 9101 Wt luauiuasazaeveansanytsafan 1ngagyinn1s@nednsa
nstuvedaludluwesninasevuaveslulasuatega lnenstuidnsisq 5,000 waz 10,000

' A & P o a a R A ) A € Y

sausoud LWuial 5 w9l warlunsaldunssuenansdunsanignseiansiannd asldueu

NN 70% Wutan 2 Ul leedlan1izaannsen 3.4 wWevinnistumssuneandlaslaans
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& )

WYIUaREURIEAENTarawBUNIoN ntu thludulun 9 Wesziedvinazats aglanediues

wAUgA Fan1ni 3.2
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v y a I a
IRIINTUURILNNRYAA 9

Chemicals

oil PLLA (g) 1.75
Moringa oil (9) 0.75

Water PVA (9) 0.23
SDS (g) 0.23
Water (9) 22.5.0

Aaludluwas 9m51157 5,000 wag 10,000 s8UADUN

ganslatind 70% wouniyn

3.3.1.2 MIAEUNYAAITIUNIEUUNGUTNIA
nsw3sunena1sduUNsdLuuNauinninvsldansanutsfisinanviin

TngvRaniananlutuaisdunse diudnvianisaratsludui Juwsn dnediusskariiu

uzguazargbiduiafientu wazifunedlhdaweanssed Feviuinduarsanusiaialutuy

1% (%
o

Y o =2 a a < = a o v [
Wt ANty veeasanksaisiidnviinlluasavangleiealandadams Mmudnsnisven 2
fiaddnssoundl aslundoudurinistudieniesniuans (Stirrer) ian1u5250U 500 s0URD
Wil ludissuaslaasuvivasevesmeniilutidiu Weneaaisazavlufsulandadamnas
Tauivuasnnniduiniurziianisnauignianargiduneaiduluin Wuasuvivasy 9
Tunealsznoume wedwes Wituuesy uazdhazaeluianeniu nszaediagludui
nuu il usemedviazargeenaglinedweslulasuaugalneinefiwesiludeniu
’o’ CY ! a (% a a a ¢ 3 a (2 d‘ a s d'
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wisuldmewetiatasdvuneglussaulilasunsnidnnituazaziinisnszaedivesauin

LAUgATILAUNINNSIATUNEALUUALAY
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g @ 0.1% Sodium dodecyl! sulfate (SDS)
Moringa

Rate 2ZmL/min

Droplet Polymer capsules

|G

a a % (% o ada a a a6
AN 3.3 LV]ﬂUﬂﬂWiLE)ULLﬂUSZJLﬁGUULLUUﬂ’]’ii%L‘ViEJG]’J‘Vl']a8@’]EIIWEI'JGﬂ'ﬁLGl’iEJlI“VTEJG]ﬂ'ﬁ@uVﬁEJ

WUUNAUINNIA
Tnglunswienlilasuaugatinsfnwidnidiuveaneivea-uanin

wadnrenedlitaLoanoged Nlnduaisanisimei luduiingiu f9mns1dlu 40: 60 45: 55 47: 53

50: 50 55: 45 58: 42 uay 65: 35 lneian1izaamsed 3.5

14
o ¥ a

o a a AL a
f19190N 3.5 aﬂ’]’JBﬂ']ﬁL@]'ﬁEJllW@ﬁLllaﬂlliﬂﬁLLﬂUsgﬁﬂﬂLﬂ'Uu’]llumgéll AULVNAUANTIILEIIYUNYR

A13BUVSIWUUNAUINNIA NENIIFIUAI ¥ VBINaRLIDS

PLLA: PVA

Chemicals 40:60 45:55 47:53  50:50 55:45 5842  65: 35

oL PLLA® @3 \\\75 AP 75 1.75 175 175 175 175
Moringaoil® (9 0.75 075 0.75 075 075 075 075

PVA © 250 2.25 2.00 1.75 1.50 1.25 1.00

DCM (@ 1050 1050 ~ 1050 1050 1050 1050  10.50

water  SDS @ 002 002 0.02 002 002 002 002
Water (@ 2250 2250 2250 2250 2250 2250  22.50

% NOALDA-UARRAN LaTA WIakilana 140,000

> woRwoa-uanin wadaseiduuggy 70: 30
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3.3.2 MnadevantRuavussdninmeesindunguuasnediueslulasuaugadin
i duuzguiwSeule
na991nNn1stasunediueslulasualya sviin1saasvanUiveduas

Y

UsganSnmvesmedweslulasuaugadiniiuinduusuiesenls fadl

3.3.2.1 Anwsusuazduginevemediueslulasualya

MNsAnwIsundesganssaduuuldias (Optical microscope; OM)
LaTNABIRaNnIIAUTLANATOULUUABINTIA (Scanning electron microscope; SEM) Taglu
funeunsiwisumegailofinunsuiuasdugiuinevesuaugafiondosganssminuuld
& whaswvInasevenediwesulasuaUgandissmediviazate venasuunszanalan
Uszias 1 ven wardndenszantnalas andu thlunmatasemdaeefivanyay dauly
ndivesfinusuing sune uagiuinvesualgadendonanssatuuudesnsa axililaswed
LN@%LLﬂUﬁaﬁm?amlﬁﬁﬂUﬁﬁLw’l’ﬂLmuqaujaujmmﬁaag’fauqaﬁpﬂm Junan 24-48 Falus uda
ihlalasuaugaiiidnvuzidundseasmuusiuaiusumnudsineguuuriuiedaegas (Stub)
91y deg1slulasnediwesualyaluvnisiadsunienesdn wazilunsiainne

[

ANBIVYNYNALT AL

3.3.2.2 fnwawinvesnadiueslilasialya
TarurnveinediuesiulasualyanlgiaTasinvuIneyN1ANeANY

YIRBUNMALRALYDILAYTa e EUlA

= s 2 s 2 < v & 8 o a s
3.3.2.3 Anwesidudnisussguaivesiduinmsininuiiung sulunedies
lulasuadya
a ¢ = ) =i v 2 a
AnseimUsunaiuiesuigninivluneiuweslulasuadyalagns
TaA1n15AANAULAY (Absorbance) AleiaT asgI-1d10aaiunlnslnlndiines (UV-visible
Spectrophoto meter) lngudnedweslilasuaugantiunisiuiuaiuseana 0.1 nsu Juiin
umiinudueu 91ntu dilvazarememnsglalasyusunasysulsuinsvesmsazanedu 25
n3u dldinAnsganduuasiiaiiuganau 293 wiluwns wagyuTinaduugsuluuday

iegraiisuiunsminsgiu (Standard curve) ntutluAwInmUesidudn1sUTIqves

1%
CY

dunesukasofiuinisinfiuinduuesy deaunis
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1) Ysnanhdunesiluialgaainnismaaes 0.1 n3u

[MQ] x 25 mL

Wyo: capsute s Exp) (M) =—/™——— .. (1)
O; Capsule s (Exp.) g 1,000

2) Ysunauhduuesulunedweswauganunged 0.1 nsu

W MO; th. (g) x0.1¢

Wyo (mg) =——x1,000 ... (2)
MO; Capsules (th.) g [PLLA (g) + MO (2)]

Woesidudn1sussgundiunzsu (%)

Wio; capsutes (Exp) (M)
%L; = e X 100 oo (3)
0.1 (g) x 10

Whio,Capsules (th,) (MS)
%Ly, = —= X 100 oo, (@)
0.1(g)x 10°

Uszansnnlumsinifuingduuzsa (%)

%L

O%EE = x100 (5)
6L
~ = v v A A o P Y
Wwe  [MO] Ao AUNTUYT Uz SUNAWIAABURUNSIMASE Y
(Hadnsunoans)

(%

Wito: capsute (exp) A1 WItinvasdndunzsulunadgailaninnisnaass (@adinsu)

Wio, th, Ae WninveshiuNy TN NensIdINse @adndu)
= g L ’0’ %) dl L a a U

Wi, capsute (in) P18 Wmitinvesdidunsuiegluialya @adnsuy)

Le Ao LWasIHUANIIUTITUAITULZIUIINNTNAGDA

Lep, Ao Wesiiudn1sUTITUeIlTuNs TN E]

3.3.2.4 Anwdesidudnnulundnvesdulasunuya
Anvivesidudmnuduninveddulasuauga lnaidaegranedwes
P o g v v v a ¢ ¢ =B < & = a
waganium s liwisludeaugygina linsmsinwefidudanuduninvesneadwesiy

lulasuaUgameiasasininasudsaaunuiluaaeiiives lngvhnsnaasinelianie N, v
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AUSDUAILA 20 D9 200 DIALEALT oA N9AT57 10 DIALEALTUAR U 1NUU ¥11N1T

3 § < s [ =2 v
ANUIUNMUBITUAAIUUUNAN AEUNTT

AH,,
X, =(——)x100 .. 6)
(® PLLAXAR,)
ef X, = wWesi@udanudundn
AH, = uiaUn1svasumaIvemedLeauanin wedin Tudiegslulasuauya
DPLLA = \AwaILInUnUDINadLDALaARN Lo
AH, = UTAUNIaRUMAITDINBALDALAARN WOTA UTAVS

3.3.2.5 nageupuluiivrosmediweslulasuaugasowadiinis

<

MMNINAEeUMEWATAUTT wodldd (MTT assay) [101] Wieuiuans

(%
v Y a

afpthiuuzsudafuareunianeaLea-waninuedailiitiiuns sy Inevinsnaaeudosas
nssaiulnvenaduualasiia (RAW 264.7) Wedufatvansvageu snsmsibougad
wurlAsHe (RAW 264.7) fagenmsiasaead DMEM 10 wWesidud di Dulbecco's Modified
Fagle Medium, fetal bovine serum (FBS) 10 1asidus wazenujTaus Ausznauluseg 100

U/ml penicillin wag 100 ug/ml streptomycin 31U Ue LWIZLE 8gad N IAUTUTUYB S

§ & a

¢ & A ~ & ° a X
asuaulaeenled S1esigud Noamigil 37 ssmiwaldd 31nUY kain1saguemIsaes
\waavne 2-3 T WielwadnIyUszanal 70-80asidud nsiufeILsad buaunIzia o
Wt luneasuanutduiny Insunwaasie PBS wuiduiian 10 w1 a7niu Lhvaisazany
prnauaakalt iUt uwes 3000 seusaud Wutal 5 ui

1NTU NswUsgaawualasIlEiauTNTY 3 x 10* waddenay
(luanumizideagaduuin 96 nau (96-well plate)) Ar8e19siasugas 10 LUasIHUR V09
DMEM dhluuslugimeidssgaaiaamgd 37 ssmigaldua Hdvsuiaaisveulasenled 5
f 2 & & ) A = vy v vy v v ') p

Wosidus WWunan 24 92lus Whnasneaaufnudutusg 9 waslidanududugaving fe
0.01, 0.1 uaz 1 mg/ml auadiu Ineingumiuay fie fviharaievesasnaaey wiuulilug
& & al a ~ & ) A v & &
wnzdssgadigamnll 37 ssrwadua Wwnan 24 3lu9 Weasulanligneisiieead
9 wduANanTazaneduiif (3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide;
MTT) Adaadudy 0.05 dadinfuseiiadifng 31w 100 lulasdas uaniluvulilug

wnzidgawad Wunal 2 $2lus 35 MTT dldumeidenldlunisneasunisiiinsenvesead
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TnglululnaeunIoveusaanisidinfiazaiunsainag Tetrazolium salt (MTT) Aifidwdes Trdu
NAN Formazan Aildng 39U3unnweandn Formazan MAntuiianuduiuslnensaiusiuiy
voeAATETInon 1 ntu oasu 2 Falus vhnisgaansaratsdi udravanendn Formazan
A8 100 lulasdns veslawiiadanenlen (Dimethyl sulfoxide; DMSO) tglmaniuuseue
15 wnft 910ty mslesginnudiuesaisazats Formazan taethludadinisganduuas
fimnuenaau 560 wluwns wasnmseuansesaznsidinveuvadvesasaday M

auMIiuae leellSeuiiisuiunsasayiulpvessadlunguaiuny

¢ @ & Asgo Sample
wWoskiun Cell viability = ——— %100 ... (7)
Asgo Control

lagfl AsgpSample = AINIOANTULENTDIETNATOU

AssoControl = AMNIAANTULEIUBINGUAIUAY

'3 1%
v [ v o w 1

3326 AnwquisdunssnauresansatminduuesudeisAnumnisdudinig

&4 Nitric oxide (NO) #e) Griess Reagent
Anwignd dunssniavveamedwedlulasuatgadnfuisfuue sy
dieutuasatnisungsusasiu lnensdudinismanlunnoonldfluwaduunlasvhg fe3s
Griess reagent [101] ¥n3nszasieaduualasvhaasuamimsdsasaduuy 24 gy $1uam
1.5 x 10° wadsiovqu Tuswnsidenead 10 Wodifusd DMEM wiiiwadlifigumgf 37 asm
wadea luomefidarsuaulaeenled 5 Wesidud Wunan 24 Halus 91ntu gremmsiindis
WaNANDI1MS DMEM 71999 phenol red i Usenaudasansazarediag1asaudiu 1

lulasnsumedaddns o9 LPS (lipopolysaccharides) Usu1as 500 lulasans uaiiinisuu

& 1 =

wadsefigumadl 37 ssrwadea lusnefidansueulnoonles 5 Wesidud 1Wuan 24
Flue ivemsidsuradiiiemsiansidiiansuanlussnesnleslnenisTnusunallu
o9t Gaduanseendladueslunin sonlesflatios nglulaniaunsavijitenduasazane
Griess filvansAvuy Fannuiduvesdiiintuazuusiunsstfuusinalulas Wanalusinoen
lash) Findmoenunlusmisidensad Tnsthemsiasasadiniuldludumios freanumss
12000 saumau1? Lduia 5 Ui waavinista 100 lulAsans ved Griess reagent
(WUsznaudae 0.1 Wosifuduminlneu3unns NA(1-naphathyl-ethylene diamine uaz 1
Weodumhmdnlaeusuing Sulfanilamide Ty 5 Wesduiu3uaslnausuns Phosphoric

acid) aslwwan 96 vau Uy Vuun 100 lulasing vesomsideasadnasaindumis v
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mswanTidniy wduunisld 10 wid wazthlunsiainaisia3es Microplate reader 1A 3e17
4:4' Y o v & a a s o = = =
AAU 560 ulwung LadmuIuKanIssuginsuanlunineanled Asaun1sn 4 nellseuiisu

Aumswanlunsneanlentugadwualasnian ilndulaiuaisnaaau

s & & Asso Sample
Wasgus NO inhibition=100 - [ ———— x100]  ......... (8)

Asgo Control

laefl  AsgSample = ANISAANGULAIYDIANTNAFBUY

AssoControl = ANIAANGULAIYBINGUAIUAL

33.2.7 ﬁﬂmqm%miéfﬂuawﬂaﬁaiz (Free radical scavenging activity) U8W®
aweslulasuavgadniivinduuzguaie3s DPPH

Anwigninisiueuyadaszveanedinestulasuaugainiiuuidu

Y ¥ aa

= LY Y 901 LY g a v o 1 aa ¥ ¥
HEFUNYUNUATANAUTNUNSTUAINUAIYID DPPH lagin3auasannsiio819M8anm sy

a

0.001, 0.01, 0.1, 1.0 wa 10 daansusaiiaaans NNTAL INansazanefegaufay ATy
U3ms 100 lalashns aduanumzidsaeadann 96 nay WWna1sazaty 0.1 Jadniune
fladdns DPPH USu1ns 100 lulasdng weniteliarsazanednsu iuliluiifauiu 30 widl
ﬁﬂﬂﬂ’mﬂ'wﬂﬂi@@ﬂﬁuLLaqﬁaaLﬂ%a Microplate reader fianue13adu 517 unluwns ¥inis

NAFDU 3 U1 IMNUUAIINVENIAUBYYADATEAINANNTT

ced ¢ | _ 74 [ aB)-D ]
Woesktun Radical scavenging activity = T x100 9)

Tneh = AINIANAULEIYDI DPPH

AIN1IAANGLUEIYDY control

Il
.

A
B
C = AMIYANTULEIYDIAIBE
D

ANIAANTULAIYBIRIBETIAL DPPH
NTY AuARUdItuYesasiteg wannsadudianseyya

daszld 50% (SCs) MMNNTMuanImNduRussznIUasidudnsdudansoyyadassuay

ANMUINTUYDIETENA [102]
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3.3.2.8 nadauUszansninnislanvassansaragluszuudnass (in vitro

testing) AeLnAtlA Franze diffusion cell
naaeuUszansnmnislantassarsaifgluszuuinasiniginaila
Franz diffusion cell [103] f81A5 89 Transdermal Diffusion Cell System Fanni 3.4 3
Isunseenuuuniieldlummaaeunisunssuioms Ing Tissue w3 Membrane 2gn
11413581114 Cell cap (Donor) wag Cell body (Receptor) LLazLﬁaﬁ’laadizﬁuqmﬁﬂuﬁﬁwma
uywd gaunpilumnaaeuazegil 37 °C lasmamudeuwiniiosnsgamgfla dragsi
M9 B9F 1A 19UB S Water bath #5e Water jacket f1aau50U Chamber 13 wazaziiou
ponlumsvasdiuuy Tnensdneinduaziiean n1snszaregamgiinielu Chamber 2y
Huluegrevinga Lﬁaamnmsmumumaa Teflon coated magnetic bar wagn151Ua Cell cap
ienaaeuluanizeumnivesveiosufiiing lunsmaaeuuszansnmnnsvanddes
an3dfey Tuwsn Win Phosphate buffer pH 6.8 aslu Franz cell aunseviaiin wioglwau
29 Strat-M® asduuLes Franz cell 8 Cell cap 3dme Clam naustadugonliuvuy
mﬂﬁ’jumaé’aasmluimmﬂﬁa 1 ¢ AR IUULYEIHL Strat-M® 188l Sampling port Tau
AU Lﬁaldmmﬂﬁaq&hudmm Strat-M® ®88n%119 Sampling port %8931nlae1ne
wanmmoenuda T Phosphate buffer pH 6.8 aslutiinaudsdnds andunageunsda
KUl 13 way 6 Falue deasuimuaanfiuuniy Strat-M® dietlunadeumysunaansd
Furuwiy Strat-M® Taemsusiy Strat-M® Warnansdifaselnnaslsiing 91ty
yeaeumUiinuiiaslasTinsesiaianududuresinfuszsudionisinansganiuuas
feweded UV spectrophotometer firnueniadu 293 uiluwns wavianifisusiainududu

Y93a159A91NN15a5 1IN TIMANUTNTULIATTIY

Donor Compartment

Sampli
Donor G S~

Compartment

Tissue = TS Add-on and O-ring ’;.z;:;:::;z.z.! Tiay
Meleleltetolels
=] Receiver Compartment : s
ﬁ Out
Perlstaltic S
Pump

(R

Receiver
" Injcction/Sumpling Valse Compartment

Water Bath

Magnetic Stirrer

Al 3.4 drulszneuvena3es Transdermal Diffusion Cell System [104]
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3.3.2.9 nageuauAwIvastlulaTuAUYa
nadauAuAsiavetiilasuAUgalngn1sNUAsWYINABENER T b

lasuadgalingumgivies vinsguiieg19u1vinITiATeRUs ez suInvewalYa uax

9 Y 9 Y

a

Usinahduugsuinaiai 9 Wunan 80 Ju

q
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unil 4

NANISANLEUIUIRY

4.1 msAnwanzimunzanlunisininuinduuzgudiewmaialulasouwaugia

Fuluszuvunsuluun

1
o

nswssunedweslulasuaugamemaianisssveiviazanglussuuidiuluiil
Junszuaunisiie  lideddiniasienaifigs  lneazisuduannswseunenasduvsdn

Usgnaulumeundiuuzsu wedlues uagdninazans Jaldfnwniseseuven 2 35 el

¥
4.1.1 MIASEINEAENTBUNIIUUUALAYN (Conventional emulsification)
4.1.1.1 ¥llavenediues

a13uvInasgveanediueilulaTuAUganSsuneALUUAUANAIENEE
wesdinm 3 ¥ia wudt rannzddnvazduiiug 819y fanmd 4.1 - ) dietwed

I3 A = ' % 1% ¢ v |
weswaugaiwseulaluAnusuiaasrnnuaUgamenaesanssaiiuulduas wudraunse

= a s v a s v ] o < S

wissuwedAwesualgalavnanng lngnedwesualyanndnsdiuiidnvuzilunsinay dvwn
agluszaululasiuns ldudndufoukasnisnszanemia danmil 4.2 n8INNIseULiLaY
ilUAnwsUTwazanvasduguIngmemelin SEM wudtwedweslulasuaugaiildned
¢ o a Ao < v - ! 3 Y a
wesisauyiadidnuvazilunsnay Asnnit 4.3 agelsinig wunssiudiveswagladesd

o 1

wvTisalulasualgauisdin eradlesnaindviduundligninfuiasnszaigaguiion
& a a o vad a A A a v
Uiy wazleiawaglaglulasualgaiiwsoulatinurivivsersesionainainnissevevesi
o v v a a a a v < [ a

Marate lunmssiudny wedueauanin wefnlulasualgaiidnyazilunsinay danimi 4.3
() uenanlddunaiuiuinzeunitwaglagesdinndafisauaziefiawagladlulasualya
2ENTALAU FaNINT 4.3 (a, b) viasanualianiefnudugIIne el nudnwasdugu
a A a 3 a I % v d‘ a
Ingwuuknu-Uien vammedweslulasualgarsaiusinegedniay dsnmi 4.4 lngned
weskavihuneguinnsenmasyenssemedvinasans dvihlinedwesindeunsenty
£ a a6 o X [ A v 8w 14 v & & ¥

AunenvemgnasBunIduarnemvuludenveiuinduussulinnely dslu Tudsiune
fwesmauyiaansaldiiewssunedweslulasualgadniuinduueuls a1ntu el
AnwiUszdnsamnisussguasnisiniiuiiduuzguveanediweslulasualya sewnioeda

9 Y

Uaanlasliladines uazihfinA1n139anauLaIvesasazangfIng 19 AINIUTINMYDY
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= [ [

uuuggugniniulunedweslulasuauga Weuduiinuinsgiuvesindutssy danmi 4.5

9 Y

a v 3

wuIUsgansammsiniuintute e anadnsei 4.1 Gaenndediuna SEM wodluasly

) = v a

lnsuadgaiwieuieeiiwaglaalivszdnsamnisiniiuaiige eswniiuiadnnuuguse

A a &£ da a = o8 v o o | a Y]
wazdgiintuniiveaefiawagladlulasualya Jaevibiiniungsuuisdiuenvgadslds

Y

a v [

USHIUNNEUDN AINALAUSUIUUNTUNESUNQNANLAUANAY TUNNATINUIIY NORLDALAARN

9 Y

wedalulasualgaliuszAnSamnisiniiugegafivszana 74% eradumsizindnluen

Y 9 9

a a

YINBFLBARAARAN (140,000 nTusalua) Nldainitveswaglaa oxdian Jaiksm (77,000 N3y
solua) wazlefialwaglaa (51,000 nIuselua) Wesnwedesniiminluanageiaglyne
a sl | Y3 o " v ' ¢ v = a &

fuesenagdgliidiunyugniierinedsanysaliazaialionfiuanssunniy [105] lag
WUIEITRE UL AATUNRIAuLeNYBINBALeauanRn woTnlulasualga fan1nil 4.3 (c) Ay

Judonnedweanandn wadaluvinnisanulutusousall

A 4.1 ansuiuasevewaglagerBinndifiuelulasuaga (a) wiiawagladlulasualya

(b), wazweduoauanin wagaliulasualya (o)
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A 4.2 Optical micrographs YosMEAa1TazaIeNoAILeST AoU (a - ©) Laghad (a’- ¢’) Sz
dvinazany veuvagladesianiiiisnlilasuauya (a uaza’) leitawaglaalulasuadya (b

wazb’) waznedueauanin wadalulasuauya (c uazc’)

A 4.3 SEM micrographs vasgagladesdemdanianlulasualya (a) wofiawagladlulas

uauga (b), LazwealoaLaARN LL@%@luT,ﬂiLLmJGga (o)
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A 4.4 SEM micrographs vaugaglagezdiandifisalulasualya (a) wiiawagladlulas

walga (b) uasnedueananin wedalulasualya () Aignualiuen

1.0 0.6
09 (a) y = 0.5433x - 0.0277 (b)
R? = 0.0968 o
0.5
08
0.7 Amax 293 nm 0.4 .
® g
S 06 Q ‘
<u c
205 508 -
; 5
804 2
< 0.2
0.3 @
02 0.1 7oy
041
0.0 / 0
220 260 300 340 380 420 460 500 0 2000 4,000 6000 8000 10,000 12,000
Wavelength (nm) Concentration (ppm)

AW 4.5 UV spectrum Yasansagansatnsg uituizg (ppm); 2,000 (——), 4,000 (—),
6,000 (), 8,000 (=) @z 10,000 (~—) uaza1sazangofiaiaglaalulasuAUya (=——)

(a) waz N33R (Standard curve) AlglunsAwumMUadTuiesy (b)
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a s & & s & & v & a
M197190 4.1 LU@?L"UUG}ﬂ’]SUiiﬂqLL@BLU@?L%UG]ﬂ’]iﬂﬂLﬂU?JENWE]aLSJE)ﬂlIIﬂiLLﬂU"ga

. . Wasiwusin1sussy (Y%ewt) UszAvSamnisininiu
719819 -
NAABY NQ ) (Yowt)
waglaaerdinniaiim
12.72 + 0.03 30.02 42.37 +0.10
lulasuaga
lefialwaglad
12.28 + 0.29 30.06 40.85 + 0.96
lulasuadya
WORLDALAARN LOTA
22.41 + 0.29 30.25 74.08 £ 0.96
lulasuaga
4.1.1.2 1alUaNAYINALBALAARN LOTA kaLTNTIAIUNDTLALARARN LOTA
ARVRFGTEERH

= Y a a = =~ v g a a
Winlnvfinvesnwedilasdininivunsaulddudannadiuastulas
wedgadniuinduuzguua lvhnsfnenavesnaluanavemeduea-uanfn wedaiia1unse
wisulalngnszuiunisinalaladasieeiaulnanaa 9iinalnesnIng 4.6 lnginedwoawa
a a o aaa s aa % e o . (% aa N
ARNN LLDYR mﬂgﬂimmmmaama’iwLmiu (Transesterification reaction) futeaulnamaad
PRV RGN MS;I:LEJaWI’eJ% (COOR) U040 aWkaa-4amfin kadaNUalgarsldazinnIswan uaggn
wuimevylensenda (OH) Nunatnvylaesaveseniaulnanea gavine azldlnalaladneduea

a a [~ a [ '3 v aa go’ Ly 1 ) o aaa

wandn wodn WJundadaeigaieniivininluananeaiuniuiaivenisindjisen [77]
anvuzAnmn 4.7 Weiilnalaladnedueatandin wedainsvulaluiimsgiuialuanaves
wodwaimeawalialamesiliedulasuilnns il wuitwialuanavenedeauanin wodninsm
NNN1IAILANAIINUTEUI 140,000 DU 15,800 8,900 az 7,800 nsusalua M1a1n15vin

UHA381 30 90 uaz 180 W1 ANE1AY Laeulaluanaiin1sNIEAUAIYBIABUT LAY AININT

4.8
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OH

o] o]
Ethylene glycol
(o] (o} OH
HO OH m  HO o~
n o y

Poly (I-lactic acid); PLLA Glycolyzed polylactic acid; GPLLA

v

n>y

A 4.6 nswwsedlnalaladwedueanansin kedameUfizemsudeamasinty [77]

il 4.7 lnalaladnediveauanin uwedn ndseuliuidudaugaminia Miunseuiunising
1alagaivaan 30 (a), 90 (b) way 180 (c) w17l
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LY Glycolysis time
Mw = 184,800 Low M, B High M,

Mn = 140,000
PDI=1.32

GPLA 30 min daCb
Mw = 22,400
Mn = 15,800
PDI =1.42

GPLA 90 min
Mw = 12,200
Mn = 8,900
PDI =1.37
GPLA 180 min
Mw = 10,700
Mn = 7,800
PDI =1.38

W (Log M) (a.u.)

0 1 2 3 4 5 6 7
Log M
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i 4.12 Optical micrographs mamama'ﬁazmawaﬁLuas‘siaifwﬁumqué’mwdau 50: 50
flou (a-d) uaenas (a’-d’) sewmedvhagane vesnedueauandn wednlulasuauya (a way a’)
wialuana 140,000 wavlnalalad-weduaadin uednlulasualya ﬁmaimaqa 15,800 (b way
b’) 8,900 (c way c’) wag 7,800 (d way d’) nsusslua

il 4.13 Optical micrographs Guawiaﬂmiasmawaéma%&iafwﬁumqué’mwehu 60: 40
flou (a-d) uagnas (a’-d’) sewmedvhagans vesnedueauwandn wednlulasuauya (a way a’)
wialuana 140,000 waglnalalad-weduandin uednlulasualya ﬁmaimaqa 15,800 (b way
b’) 8,900 (c way c’) wag 7,800 (d way d’) nsusalua
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Al 4.14 Optical micrographs mawmmsazmawaémas‘&iaﬁgﬁﬁuwgm 7518 70: 30
flou (a-d) uaznas (a'-d’) sewmedvhazate vesnedueauandn uednlulasuauya (a way a’)
wialuana 140,000 uaglnalalad-weduansin wedalulasualya ﬁuaaimaqa 15,800 (b wag
b’) 8,900 (c way c’) kag 7,800 (d wavd’) nsumalua
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AW 4.17 SEM micrographs vesneduoauaain uednlilasualga snsidmunedmeise
Wsuszs 50: 50 (a), 60: 40 (b-e) kg 70: 30 (f-) veanedueauandn wednlulasualya (a,
b, ) waglnalalad-neduandin wadalulasuadya wraluiana 15,800 (c, ¢) 8,900 (d, h) wag

7,800 (e, ) nsusiolua

75



] s & < s & & v & a a a
M1319N 4.2 LU@?LGUUWﬂ’]i‘UiiﬂLLaZLﬂ@iLgﬂumﬂqﬁﬂﬂLﬂUmaﬂwaaLLaaLLaﬂmﬂ LLam liliﬂil,l,ﬂﬂ"ga

Wasiudnsussy (%wt)  wWasi@usnis

f79814 y
NAAD nguj ~ NMU (Yowt)
PLLA Mn 140,000: MO 50: 50 14.38 +0.16 51.13 28.12 + 0.31
60: 40 1693 +0.44 40.10 42.23 + 1.10
70: 30 2241 +0.29 30.25 74.08 + 0.96
PLLA Mn 15,800: MO 50: 50 10.90 + 0.26 50.65 21.52 + 0.52
60: 40 9.59 + 0.13 40.00 23.98 + 0.35
70: 30 16.89 + 0.19 30.93 54.61 = 0.60
PLLA Mn 8,900: MO 50: 50 17.74 £ 0.11 50.02 3547 + 0.22
60: 40 8.63 +0.11 40.08 21.53 + 0.27
70: 30 1692 +0.44 31.22 54.19 + 1.41
PLLA Mn 7,800: MO 50: 50 14.50 + 0.35 50.87 28.50 = 0.70

60: 40 8.92 + 0.10 41.12 21.69 +0.10

70: 30  15.77 + 0.32 30.00 52.57 +1.10

4.1.1.3 YUINVDINYAA1TDUNSE
1) 9MSINSUURILUYA
Wornniswssunenalsazatedunselaslaludlueeasnai1usi 5,000

wag 10,000 SOUADUIN LLazé“amﬂ%ﬁmLauwﬁgm 70% ANSHVIUADLVDINDALOALAARN LLOTA
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dewndedrimvesiiulunisinesvosaeloneduwesluiiuiiuay dwalinaidosiaegn
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AN 4.18 F15HVIUABYNDUILMEAIYINALANY (a-0) WALVAINITU UL B9A1SUUIUADE NS
semeininazany (a'-c’) vesnedaauaniin wedalulasuadya MnTeuniglaludlugesa
93157 5,000 soURUNT (a way a’) 10,000 sEUADUNT (b LAz b’) warsanslain wouwa

0 70 Woslgud (c uag ¢)

AN 4.19 Optical micrographs YasnenaIsazaIuNedllesAoU It uNEIUENTIEIU 70: 30
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flou (a-c) kaenad (@'-c’) semedvinazany veaneiueauandn wedalulasuAuya Mwsaume
6 W
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. (a’) 9-20+0.036 um (b’) 4585+ 0.001 ym ‘ (c’) 2070001 um
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AIWA 4.20 SEM micrographs (a-c) kagau1neRNIA (a-c) Yoanaduaananin wadalulas
walya MwSeusielaludluwesionsiia 5,000 seuseunil (a uay a’) 10,000 seusieuil (b

wae b’) uazdanslalin weundyn 70 Wesidud (c uae )

100
(a) heating AH,, * (JIg-wo) g0 | ® :
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10 80
g 70 1 %
e °
£ 50
12 g %
© 30 -
20
v \SNLC
10 4
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Temperature (°C) Average Size (um)

A9l 4.21 DSC Thermogram (a) waziUasifudvesndn (b) vosmeduoauanin wedn lulas
wagavue (laswmg); 9 (—) 5 (—) uag 2 (—)
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A13197 4.3 Wesidudnisussauazilesidudnisiniuinduugsulunedweslulasualya

NoALDALAARAN LBTA WasiBuin15ussy (% wt)  a
1oL UUANITUITY
lulasuauya - On)
NAADY N Yowt
(ulasiuns) A
9 22.84 + 0.50 30.24 74.08 £ 0.96
5 23.65 £ 0.40 30.06 78.68 £ 1. 33
2 27.13 £ 1.06 30.10 90.13 + 3.51

4.1.2 NSATNRYATITOUNITUUUNAUINNIA
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AN 4.23 Optical micrographs ¥84n8nd15aza18n0u (a-c) Lagnas (a’-c’) SELUAIvN
azany voaeduoauandn wednlulasuauta Tudnsidiuneiuoananin wedn sewnedliila
LeaNeses 41: 59 (a Way a’) 44: 56 (b uag b’) 47:53 (c uag ¢’) 50: 50 (d uag d’) 54: 46 (e
e e’) 58: 42 (f wag ) wag 64: 36 (¢ Loy ¢')

AWl 4.24 SEM micrographs wasmeausauanin uednlulasuatya Tushsdiunedusaua
Afn wada sienedlilaneanased 41: 59 (a) 44: 56 (b) 47:53 (c) 50: 50 (d) 54: 46 (e) 58: 42
(f) way 64: 36 (g)
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PLLA/MO microcapsule

A 4.25 ununmnsuenianldauysalveanedueauanin uedalulasuauya Aie3sns

WTELUVERAANTBUNSILUUNAUINNIA foU (a) WasnaINIUNTEUINNTYIA (b)

= § 13 § [ v & ) a ¥
A13199 4.4 Wesidudn1susTawasilesi@uinisiniiuiduussulunedweslulasuadya fae

NSHSEUNEAATBUNSEUUUNEUTNIA

A29E19 Wasuin1sussy (%wt)  wWasiudnisiniu (Y%ewt)
NAADY ILItH)
40: 60 13.76 + 0.44 30.36 4532 + 1.44
45: 55 14.33 + 0.68 30.00 ar1.75 + 2.27
47:53 1563 +0.43 30.15 51.83 £ 1.45
PLLA: PVA 50: 50 14.08 + 0.28 30.22 46.60 = 0.94
55:45 14.09 + 0.15 30.26 46.55 + 0.49
58:42 14.45 + 0.31 30.26 47.40 = 1.02
65:35 14.46 + 0.49 30.18 47.87 + 1.63
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(Peroxynitrite ion; OONO") nelviiinnsvitaneias Lieide uaznisiangansnilgvaaueyya

Y

fasznisluiwad [111, 112] Faann1sfnwgnidudainisndnlun3neanledvesuiduuggy

[%
LYY

aunIANRAWRS uaznadweakanfn wadn lulasualya WU asvegeUTINATignSEugIns

I
v v

wan  lussneenledluwaduualasniald dawanslumsnen 4.7 Ineunduuegudonsdud

nswdnluasn eenledluwaduualasvhald 25.71 + 3.90% figvsifiauin 0.01 mg/ml vaden

Ialaafiuuafiiluendusnauialy wenanildmud eynianedwesiignsdudnisudnlun3

v
o o IS

neanledluwaduualasiald Tuvarinedweslulasuadyadniiuinduns sudignsdudenis

1%
a ! o

walunineenledluadunelasaldfiiian Sussld 57.00 + 1.779% Sefigvsniniduuegy
wazenlalaafinunilfifumnmuausuuin Ysvana 2 wih uandidiuimediweslulasuauya
foFeuld aunsnannssnauldd oradounanlumelinedweiviethiuuzsudsdiansoon
gvnsTanm Tuluanadruduuvaslelasauoznonfianunsnlididnnsoutuluninoonled
Fadusyyadasy Ineflansoonguimstanmiulaideudueyyadasy (113, 114] vhlvined

weshilasualgaiwieulatignslunisdudmsesunisdniaug

o 2 a ¢ Y '
13190 4.6 Nﬁﬂqﬁ‘ﬂﬂﬂ@Uﬂ’n@JL‘UUWUIULGZ@@LLNﬁIﬂﬁwqf\]sﬂaﬂaqiaﬂ@WTQEJ'N

SagaznmisseAulnvadadnualasnig (v/v%)

A9819
0.001 0.01 0.1 1.0
%ﬁumw 10042 + 4.11 104.54 + 3.78 104.39 + 6.88 104.24 + 9.01

aumﬂwa%ma% 92.47 £ 1.98 99.45 + 2.79 102.46 £ 1.89 4.85 + 0.34*

NOALDALAAFN
wodn lulas 99.47 + 3.39 101.95 + 5.27 98.90 + 1.10  37.45 + 8.58*

waUea
U

nuEwme ¢ Ao a1snnaeuniisosaraudTiInsonvangaduialasHIIlosndn 80 % Lo
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d' b4 % gj a a (3 U 1
A191991 4.7 Segaznmisdudinisnanlunsneanlenluadiualasniavesansiiogng

$28aznN159ULINITHEAR

A0814 .
lunsnoanlen luwasualasnig?
giungsu (0.1% (v/v) 25.71 £ 3.90°
BuNANDADT (0.1% (V/V)) 16.41 = 2.16°
NOALDALAARN LLOTA

57.04 + 1.77°

lulasuauga (0.1% (v/v)
Talpafiuua (0.01 mg/ml) 24.68 + 4.87°

an=3

4.2.3 wan13Anw1NSNIsAuayLadaszvaInadwasiulasualyani nii vty
UzJUA28I5 DPPH
nsANWIgNSAUeLYADAsEAI878 DPPH &3 DPPH 1usyyadasslulasiaud

a

a a1 A = va & &
LEDYT LagdalI LLG}Lmami‘wmaa‘uwmmmmmaiﬂ,umﬂwaLaﬂmaumaaﬂgmﬂaaaiﬂﬂmwu

%

ffu DPPH 2wl DPPH wWisududvde [115] Mnwamsvaaey nudn tduuesudiquid
oyyadaszaniign lneflignidueunadass (SCy, witfu 4.47 + 0.73 mg/ml) se9a9 fe
ouevoAes (PP) fiquisnueyyadase (SCs WU 7.20 + 055 mg/ml) uaziigvdtesni
AMdud (L-ascorbic acid) (SCs, 1¥1177U 0.0420.01 mg/ml) Tnanedueauanin wedalulas
uaUgaiinienldignsdueyyadasesinfign (SC50 Wiy 53.45£0.11) Aiszdutiddama
affifl p<0.05 Fap3197l 4.8 MnnanITAaBsRandliiuI S NS oYy adasy veINed
woshilasuaugasninisliisiungalaenss iesnniduuzsuazgniniullunodiues
lulasuauga eBuduldinansddaiifgvidiueuyadassluidune sugnundosainans
WIndeuMeuendmstisannIsidonaaevesansdifay Mnanzdwndeuld deutluiamn
Hundnsuaiang 9 WennineausaLandn wedalulasuaUgarzanusadesiuuazannisi
Ufsenfudunanduluadesdondluszninsnimdauagnsivine Tagaainansdidnd
ponguissuayyadaseiioglutiunsuazeoy q gnuanUdesooninnuszeriafinga
foly
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M19197 4.8 NSAUBULATATEVBIENTANAMIDENS

. andfnuayyadase
A10819
(SCsp) (mg/mU)
DRFGTHESE 4.47 + 0.73°
aUNANDANDT 7.20 + 0.55°
woduoauanin wedn lulasualya 16.03 + 0.33
nsnuLea-Laanaiin 0.04 + 0.01°

T
aa

naewn: 9 Ao Ao AuLanattupeduleg 19l dud1AyNIainf p<0.05, Widuuygy,

aﬂémﬂwaéma%, NOALOALAARN LLOTA lzuimumlsga

4.2.4 nanagaunadaulszansninnisuanuaseasdragyluszuudiass (in vitro

testing) A2etnAlia Franze diffusion cell
NN IAgeUaRUUTTANSAnNTUanUsevansaAgluszuudIans (in vitro
testing) Mewadla Franze diffusion cell vasnodtuaslulasuavya ednwanuduldlily
msmeawesuaUyatildluldulusdnfusiaiosdiens TnsvhnmaaeunisunsrRamd

s A

Tusnaaeaadnivles fitey 6.8 lnealuauamvglf 37 serwaided fan131ei 4.9 wui

U‘lytdlﬁl

Tugrmilseialususniugsuuiansannsofuasginidlfiifesas 2.30 uasifindunmuiani
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fidennedweiviumuaunisuantaoy LLﬁ%LﬁIEJ?J‘Ll’](ﬂ‘WEJaLﬂJ@ﬂMIﬂiLLﬁﬂﬁaLmﬂﬁiNﬁuﬁl 25
way 9 lulasiums awildnmnisUantdestiduneguiiuandediu Tnsfivuawediu osuauya

[y

<3 a 1 A« ' a s [ PN = a
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VRPGTHERHY
2 5 9
0 0.00 + 0.00 0.00 + 0.00 0.00 = 0.00 0.00 + 0.00
1 29.62 =+ 0.03 15.06 + 0.37 17.65 +0.28 19.09 + 0.08
3 3535 +0.14 17.69 + 0.20 21.05 + 0.03 22.67 +0.40
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4.2.5 wamsnagauauasitvaslulasualya

NNIAFRUANNAITRINBRLEALARRN waTn lulasuAlgalaenisiivans
wuanaeebiNgungivios levnisdumegauinsersuiawasUSuadune suinaisig
7 1 Junan 80 Tu nulunnanne wWesiwudmsgadeiiuugsulunedweslulasualyase
a X A a X A ! o v 5§ < s = Y
WiaRumuaiaYY Wenarullaunseien 80 Tu wWesidudnisaydeuniungsuveine
dueauanin wedn lulasuaugavuin 2 5 uaz 9 lulasiuns agfl 51.10 + 0.85 49.19+ 0.11
Wag 36.41+0.73 (%) MUSWURAAIAINMA 4.27 Iagnudn wodueauandn uedn lulasuauya
o < s & & I = o | Y v oA
nivwmdnuaziesidudmiuiundnanazanunsalandasiidungsuesnunlauinniuie
= ) a a a o ' = = &
Weuiunedueawanin weda lulasualgaiidvuialuguazanudunings wenainid ms
UanUassthdunzsulunedueauanin wedn lulasualgaduinainnisdesaniuvesneiives
LaARN Wadn MmensruIunisialasladaniusyieawmeidsegluaslanefiuesiuargniuunued
Fududuasarsveulaeenled lnenisgosaaisveaneduoananin wadn uduaindiud
Wuedugiulunedusauandn weda gaduun 30y aziian1sAnedwelsydu
(Depolymerization) i mtnluanavesnadiaauanin Ledn anas lngaglinediuesay
gndneenuazildsuduuea-uanan (L- lactate) 9101 woa-warmvazildsululngion
(Pyruvate) gaving azldidumsveulneonladuazunlundndusiaavine [116] Fslidufiv e
dnedueauanin wedn lulaswaugaluAnumanuaedugiuingisie SEM wudn weduoaua
a a a o I & a 1 = a
ain wedn lulasuaugavuin 9 lulasiuns ddnwazidunsnay NuiildiSeu wasinguiia
UV 1H8991NTNTAREAIVBINDAUDALAARN UBTA UAAIRININT 4.28 Uaziduiiefuiy
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Abstract: Moringa oil is attractive to use as a raw ingredient in various products. However,
there are limitations on its direct utilization, especially MQ's instability and hastening
the active ingredient's degradation from external environmental factors. To solve these
prablems, in this work, microencapsulation of MO using poly {I-lactic acid} (PLLA) biopolymer
was carried out. The prepared PLLA microcapsule suspensions were colloidal stable.
Micrometer size, spherical PLLA capsules with a core-shell morphology were produced. Using
high Mn of PLLA (140,000} at an optimal ratio presented the highest encapsulation efficiency
(75.53 %). The capsule shell strength and smoothness increased with Mn. Furthermore, MO
was released more slowly when the size of the capsule increased due to the increase in
crystallinity. These results indicate that encapsulation can control the release, which increases
product guality suitable for the application.

Keywords: Moringa oil, Microencapsulation, Solvent evaporation technique, Poly-L-lactic acid
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ABSTRACT

Moringa oil (MQ) contains various bioactive components and pharmacology. It is attractive to use as a raw
ingredient in various products. However, there are limitations on its direct utilization, especially MQ's
instability and hastening the active ingredient's degradation from external environmental factors, including
temperature, humidity, oxidation, light, and heat. To solve these problems, in this work, microencapsulation
of MO using different biopolymers as cellulose acetate butyrate (CAB), ethyl cellulose (EC), and poly(L-lactic
acid)(PLLA) were carried out by a simple solvent evaporation technique. The prepared polymer microcapsule
suspensions were highly colloidal stable for all types of biopolymers and ratios. The spherical biopolymer
capsules were formed (o a micrometer size after solvent evaporation under all conditions. However, when
the microcapsules were dried, aggregation was found with the polymer microcapsules at a ratio of PLLA to
MO of 50:50 for all three types of polymers, possibly due to the low amount of polymer to completely
encapsulate all of MO. When polymer contents increased to 70%, the dried spherical polymer microcapsules
were smoothly produced. Using 70% polymers, the PLLA microcapsule surface was smoother than the
polymer microcapsules prepared by CAB and EC which exhibited the dent or hole on the outer surface.
Micrometer size, spherical polymer capsules with a core-shell morphology were fabricated. Due (o the higher
hydrophilicity of the polymer than the MO, the polymer moves outward, forming a strong shell around the
M. Then, all three biopolymers can be used for the microencapsulation of MO art a suitable polymer to MO
ratio. However, using PLLA at a ratio of PLLA to MO of 70:30 presented the highest encapsulation efficiency
(74.08%), which may be due to its high molecular weight. Because of the non-toxicity and biodegradability
of biopolymers, the fabricated microcapsules would be well applied in cosmetic products.
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INTRODUCTION

Moringa oil (MQO)is extracted from parts of the
Moringa tree {(Drumstick tree), such as leaves and
seeds. It is currently widely used as a raw material
in the health and beauty industries [1]. MO is a natural
extract that is 100% natural, providing a chemical-free
and non-toxicity. Because of its high antioxidant activity

or the reaction with other ingredients in the product.
This decreases the product's efficiency and lifespan.
To solve these problems, encapsulation technology
is therefore applied for encapsulating active substances.

Encapsulation has gained much attention
and is widely applied to various products. If a highly
efficient encapsulation technology is used to store
MQ, the quality of MO will be improved. This active

and other beneficial biological and pharmacological
properties, natural MO is increasingly used as an anti-
inflammatory, anti-bacterial, anti-fungal, etc. [2-4].
Although MO can be used directly, several restrictions
remain such as the accelerated degradation of bioactive
components when exposed to environmental variables,
including heat, light, oxygen depletion, and moisture

ingredient is more stable after being encapsulated
because it is protected from degradation or reaction
with the external environment and other substances
in the emulsion of the cosmetic product [5, §]. The
encapsulation increases the response's surface area
and controls the release of bioactive components
at the desired rate as well. Physical encapsulation
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techniques are typically simple, repeatable, and
scalable for the industry. Among encapsulation
techniques, solvent evaporation is one of the most
simple and efficient methods to produce polymer
capsules encapsulating various substances [7-9].
It is a repeatable, low-cost, and easily scalable
method for the industry at room temperature. The
microencapsulation of jasmine oil with polymethyl
methacrylate was successfully prepared by solvent
evaporation in an oil-in-water emulsion (OfW) system.
The amount of encapsulated jasmine oil (23.04%)
and the encapsulation efficiency was 72% [7].
Therefore, the possibility of using this technique in
the production of microcapsules is interesting.

Biopolymers, produced from renewable
resources, are used in pharmaceutical and cosmetic
products because of their non-toxicity. Various groups
of them were used especially polyesters, including
poly(L-lactic acid) (PLLA), and cellulose derivatives.
PLLA and cellulose derivatives e. g., ethyl cellulose
(EC) and cellulose acetate butyrate (CAB) are well-
known biopolymers used for the preparation of
polymer capsules [10-13]. Because they are natural
polymers that are readily available, inexpensive, non-
toxic, biologically friendly, and can be biodegradable
[14-17]. Spherical CAB microcapsules containing
diltiazemresin were prepared by solvent evaporation.
The microcapsule size increased with the concentration
of CAB [18]. EC microcapsules were produced for the
encapsulation of probiotics to extend their viability [13].
In addition, the EC microcapsules were successfully
prepared and applied to the fabric samples. The textile
surfaces desired antibacrerial activities have been
achieved to an acceptable level [19]. As well as a well-
known biopolymer, PLLA capsules containing linalool
were non-toxic to human cells and prevented the
growth of Staphyilococcus aureus, Escherichia coll,
and Candida albicans|20]. The spherical and smooth
surface PLLA microcapsules containing phase change
material, Rubitherm 27 (RT27), with a high encapsulation
efficdency (96%) were fabricated [21]. Polymer capsules
encapsulating vitamin E were successfully created
utilizing PLLA by the conventional solvent evaporation
method. Meanwhile, the particle size distribution of
PLLA capsules encapsulating vitamin E using phase
inversion emulsification is narrower than that of
capsules produced via the conventional solvent
evaporation method [9].

Therefore, in this work, the preparation of
polymer microcapsules encapsulating MO by a
simple solvent evaporation method is studied.
Various types of biopolymers e. g. PLLA, EC, and
CAB are used. The influences of polymer types
and polymer: MO ratios on the microcapsule
morphology and encapsulation efficiency of MO are
determined.

MATERIALS AND METHODS

Moringa oil (MO; Organic Thailand), cellulose
acetate butyrate (CAB; laboratory reagent, Sigma-
Aldrich; Mn 77,000), ethyl cellulose {EC; laboratory
reagent, Sigma-Aldrich; Mn 51,000), and poly(L-lactic
acid) (PLLA; commercial, B. C. Polymer Marketing;
Mn 95,000) were used as biopolymers as received.
Polyvinyl alcohol (PVA; analytical reagent, Sigma-
Aldrich)was used as a surfactant. Ethyl acetate (EA;
99.9% purity, RCI Labscan), dichloromethane (DCM;
99.9% purity, RCI Labscan), and tetrahydrofuran
(THF; analytical reagent, RCI Labscan) were used as
solvents as received. Deionized water was used
throughout the study.

Solfubility test

Biopolymers of CAB, EC, and PLLA were used
as microcapsule shells. Before the microcapsule
preparation, polymers and MO must be completely
dissolved in appropriate solvent. Then, solubility
testing was studied at a 1:1 ratio of polymers to MO
with various polymer:solvent ratios under the
conditions shown in Tables 1 and 2. CAB and EC
could be dissolved in EA and PLLA in DCM.

Table 1 Reagent amounts for the solubility testing of

CAB and PLLA.
Polymer: MO: Solvent
Chemicals
1:1:5 116 1:1:7
MO £ 1.00 1,00 1.00
Polymer? g 1,00 1,00 1,00
Solvent® g 5.00 6.00 7.00
2, CAB and PLLA

b; CAB using EA and PLLA using DCM
Table 2 Reagent amounts for the solubility testing of EC.

EC: MO: EA
Chemicals
1:1:9 1:1: 10 1:1:11
MO g 1.00 1,00 1.00
EC g 1.00 1.00 1.00
EA g 9.00 10.00 11.00

Prepatation of polymer microcapside encapsulated MO

PLLA was homogeneously dissolved in DCM
and CAB, or EC was homogeneously dissolved in EA
before mixed with MO as an oil phase. [t was then
poured into PVA aqueous solution before homogenizing
at 5,000 rpm for 5 min togenerate oil droplet suspension.
The suspension was gentle stirred for solvent
evaporation to produce polymer microcapsules, as
shown in Fig. 1. The effects of the type of polymer
and the ratio of polymer:MO were investigated under
the conditions listed in Table 3.
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Figure 1 Schematic diagram for the preparation of polymer microcapsules by solvent evaporation.

Table 3 Reagent amounts for the preparation of
polymer microcapsules by solvent evaporation at
various polymer:MO ratios.

Polymer: MO
Chemicals
50: 50 70: 30
0il Polymer * g 1.25 1,75
MO £ 1.25 0,75
Water PVA £ 0.23 0.23
Water g 22,5 225

2; PLLA, CAB and EC
Characterization

The suspensions of oil droplets and microcapsules
encapsulated MO after solvent evaporation were
observed with an optical microscope (OM, SK-100EB
& SK-100 ET, Seek Inter) to investigate their shape
and inner structure. A scanning electron microscope
{SEM, JSM 6510, JEQL) was used to study the surface
morphology of the microcapsules by distribution of
the dried polymer microcapsules on a nickel SEM
stub and coating it with Au. The amount of the
encapsulated MO was measured by a UV-visible
spectrophotometer (Lambda 35, Perkin Elmer).
About weighed 0.1 g polymer microcapsules and MO
standards [22, 23] were dissolved in tetrahydrofuran
and adjusted the volume of the solution to 25 ml.
Then, the absorbances of the standard solution at
various concentrations and the sample solurion
were measured at Amax 293 nm. The measured
absorbance of the sample solution was used to
calculate the amount of MO encapsulated in polymer
microcapsules using the following equations.

MO in polymer microcapsules from experimental
0.1¢g.

MO] x 25 mL
WMO; Capsules (Exp.) (IMg) = %

(n
MO in polymer microcapsules from theory
01g.

wo; th, (8)X 018

w
Whio, Capsu]es(th.)(mg]: [PLLA (2) + MO (2] X 1,000 (2)

Loading efficiency (%)}
%LE:WMO:Capsules(B{pé) (mg] %100 13)
01 (g)x10
Whio: m
iy = MO;Capsules (th.:,)’( z) %100 (4)
0.1(g)x 10
Encapsulation efficiency (%)
A
REE = 275100 (5)
Where

[MQ] is the concentration of MO from calculation
with the calibration curve (mgjL).

Whio: capsules (kxp) 18 the weight of MO (mg) in the
polymer microcapsule obtained from the
experiment.

Whioscapsules (tny 15 the weight of MO [mg) in the
polymer microcapsule from the calculation.

Leis the loading percent of MO in polymer microcapsule
obtained from the experiment.

Linis the loading percent of MO in polymer microcapsule
obtained from the calculation.

RESULTS AND DISCUSSIONS
Solubility test

In the first step of polymer capsule preparation,
the homogeneous oil droplets are required. Then, it
is necessary to completely dissolve polymer and core
substance using the appropriate solvent type and
ratio. CAB, EC, and PLLA, biopolymers, were used as
polymer shells at a ratio of polymer: MO of 1: 1. The
prepared oil-phase solution requires the minimum
amount of solvent that can completely dissolve the
MO and polymer providing low viscosity suitable for
internal phase separation. Polymers and MO were
completely dissolved giving clear solutions for all
conditions, as shown in Fig. 2. EA, a non-toxic
solvent [24, 25], is a good solvent for CAB and EC.
1:1: 6 and 1: 1: 10 were suitable ratios for CAB: MO: EA
and EC: MO: EA, respectively, giving a homogeneous
solution with low viscosity. For PLLA, DCM was used
as agood solvent [26] at aratio of 1: 1: 6.
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Figure 2 Solubility testing of CAB (a-c), EC(a’-c’),and
PLLA (2”-c”)in a solvent at various ratios of
Polymer: MO: solvent (wfw); CAB: MO: EA at
1:1:5(a)1:1:6(b),and 1: 1: 7 {c); EC: MO: EA
at1:1:9(2),1:1:10(b’),and 1: 1:11 (¢’Jand
PLLA: MO: DCM at 1: 1: 5{(a”), 1: 1: 6 (b”),
and 1: 1: 7 (c”).
Effect of polymer type and polymer: MO ratio
The polymer microcapsules were prepared
by the solvent evaporation method in an O/W
system. The colloidally stable milky suspensions of

the polymer/MQ microcapsules were obtained for
all types and ratios, as shown in Fig. 3.

i

() B

(a) (b)

Figure 3 Suspension photos of polymer microcapsules
using polymer: MO at 50: 50 (a-c) and 70: 30
(a’-¢’) of various polymers: CAB (a, a’), EC
(b, b, and PLLA (c, ©').

The prepared polymer microcapsules were
observed by optical microscope. Spherical microcapsules
in a micrometer size were formed in all conditions,
as shown in Figs. 4 and 5. The microcapsules were
well distributed without coagulation. After drying,
the polymer microcapsule powders were observed
by SEM. Using EC, the microcapsules were spherical
for both EC:MO ratios, as shown in Figs. 6b and 5b’.

Rough surfaces or holes, which may be due to the
evaporation of solvent were observed. However, at
low polymer content (50:50), some aggregation of
polymer microcapsules was found. The non-spherical
CAB/MO microcapsules were formed with large
aggregation due to the distribution of oil on the
surface at a ratio of 50: 50, as shown in Fig. 6a. It is
possibly because the low amount of CAB is not
enough to completely encapsulate all of MO. When
CAB content is increased to 70%, more stable
spherical CAB/MO microcapsules are produced, as
shown in Fig. 6a’. Similarly with CAB, stable PLLA/MO
microcapsules at aratio of 50:50 could not be prepared
indry state. Some aggregation of PLLA/MO microcapsules
was clearly observed, as shownin Fig. 6c. In contrast,
the spherical PLLA/MO microcapsules were formed
at a ratio of 70:30 as shown in Fig. 6¢. Moreover,
smoother surface than in the other conditions
was clearly observed. After crushed, a core-shell
morphology of the prepared microcapsules using all
three types of polymers were clearly observed, as
shown in Fig. 7. Phase separation of dissolved polymer
chains and MO is smoothly proceeded during
solvent evaporation leading to the formation of
polymer shell enveloping the MO core. Therefore, all
three types of polymers can be used to prepare
stable MO encapsulated microcapsules at appropriate
polymer to MO ratio.

P0pm b 4D oL i, 10Em

o @~

Figure 4 Optical micrographs of polymer microcapsules
using Polymer: MO at 50: 50 before (a-c)and
after solvent evaporation (a'-c') of various
polymers: CAB(a, a), EC(b, b"), and PLLA (c,
).
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Figure 5 Optlcal micrographs of polymer mlaocapsules
using Polymer: MO at 70: 30 before (a-c)
and after solvent evaporation (a'-c') of
various polymers: CAB (a, a’), EC (b, b’),
and PLLA (¢, C).

Figure 6 SEM micrographs of polymer microcapsules
using Polymer: MO at 50: 50 (a-c) and 70:
30 (a’-¢’) of various polymers: CAB (a, a’),

\ AND TEGHNOIGY

Figure 7 SEM micrograph of crushed microcapsules
using Polymer: MO at 50: 50 (a-c)and 70:
30 (a’-b’) of various polymers: CAB (a, '),
EC (b, b’), and PLLA (c, C).

Encapsulation efficiency

The loading and encapsulation efficiency (EE)
of the prepared microcapsules were determined by
UV-visible spectrophotometry, as shown in Table 4.
The measured absorbance peak of the sample
solution was used to calculate the amount of MO
encapsulated in polymer microcapsules compared
with the standard peaks of MO, as shown in Fig. 8.
Corresponding with SEM observation, polymer
microcapsules of all three kinds of polymers at a
ratio of 50:50 presented low EE which may be due
to the excessive amount of MO. Polymers are
insufficient to totally encapsulate MO. EE increased
with polymer content due to the larger amount of
polymer needed to encapsulate MO for all types of
polymers. Using PLLA at a ratio of 70:30 provided
the highest EE at about 74%. This is probably due to
the higher MW of PLLA (95,000 gfmol) used in this
work than that of CAB (77,000 g/fmol) and EC (51,000
gfmol). Using high MW polymer chains, MO was
encapsulated more completely and formed a
stronger shell [27]. As seen, only the dent occurs on
the outer surface of PLLA microcapsules, as shown in
Fig.7b’ and 7c. In contrast, the lowest %EE values of
both EC/MO microcapsule ratios were obtained. Due
to the rough surface with holes of the EC/MO
microcapsules, some MO may loss to the outer
region resulting in a reduction of the encapsulated
MO content.

] ApplRes Sci Tech
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Table 4 Loading and encapsulation efficiency of
polymer microcapsules prepared by solvent evaporation
using various types of polymer.

Loadi oWt i
Microcapsules Polymer: MO ading Cawt) Enca]:sulatmn
Experiment The oty (sawt)

50: 50 1598 +0.17 5044 31.68 £0.33
CAB/MO

70:30 1272 +0.03 3002 4237+0.10

50: 50 1234+030 5038 24.49+0.53
EC/MO

70:30 1228 +029 3006 40851096

50: 50 1433 £0.16 5113 2812031
PLLA/MO

70:30 2241+029 3025 74.08+0.96

CONCLUSIONS

The stable spherical biopolymer microcapsules
were successfully produced by simple solvent
evaporation. All three biopolymer kinds, CAB, EC,
and PLLA, can be used to produce spherical
microcapsules encapsulating MO at appropriate
polymer to MO ratio. Using PLLA, a stable core-shell
microcapsule with a smooth surface were formed.
The loading and EE increased with polymer content.
Using a ratio of PLLA:MO of 70:30 presented the
highest loading and EE. Because of its non-toxicity
and biodegradability, it would be well applied to
cosmetic products.
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