Uagtunandusiayulnsvesyaiflasinisuatedinisldansadnuazinduneusemeannity

a % ¢ 1

Wudussnaunan setumindinisiesdanuiauulumaluladuyssandldiundn fuviagday

'
a @ & ¢

\inUsEANS nwnnseengns waraIuAsT 10 snA R Sl %ﬂLﬂUﬂﬂiﬂﬂﬁgﬁULLagLﬁa\lyjaﬁﬂﬁﬁ}‘u
wanSustanuinsvesyadilasamanans dmuaideddd maussasdifioAnwnminilumellad
wlflunssurmumsiimumdsdasinvdaneyaiitlasmmais

Aot IWAnndeyafiniesduuuiivfiasuiudnay 8 via éun ndhoenudes vudes
vz agladdu dunum nyd plunned waraniwned wdouinsiouansafauasiniuney
suvpnfivdenaniadu 9 wia i asatandhoenudes arsatmudes asatemluuned @13
afalnyl ansafmaniaueed arsaiadaiuaum difunsuuiy difuesladfy waziduaauees
Pnuihmsfnemnisarae nageugrdmeianmiisstestumsihuildluniundesdiensis

o/

B tduny waztasUniiy laungrsdueyyadase MRy dednsises deduidens

o e U

&1 siedudenalsnneluteslin uwagasnisvansiwaaduny wisunaiawisululasdiatuves

v
v o o @

ansafauazhiiuneyssing wagneaougvsMsTan e ulilasdifaduifiasadaagiiiunen
sumguasiinioduuuiuiigeingn
nnmsAnssnsagatgnuinlasvsadarandludiufvhazarefidiian Geanunsoazae
asafnuazthifuvenssve ldynuda sesanfsumusauasioniuea feannsnazagansarinuas
iifumeussmelfifounnuin dnnduduiviesareiliauisoszarsansatnniaiidunon
sumevdnlaldias Tunsveaougninisdanm wuinasaakasismeNssme g audmsy
msluduims Idun arsafeeidoddlgniviilifinntuldfiae asadaalueddesudims

| o
e [

mnueseuledasamiuawasiouledidmawaladvan diduaiiumesdduaneuledlasglsie

1 b24 1
Y e & = 1 Q,g\/Lydd 1

dlafign uaziunglasiuiwarmudanadildifan dumsldnuiudun ansadafivanzaniign

q

'3
= |

Ao msafadiiuaundalovisueyyadatsuazqriannimaniiusdunuifian wasdmiumsly
ufuteshnasatangaenldes asatades wasituszlaidu awnsededudenslsa
anefludenhinlfivign

Tuimushsuunulusuuudlilasdiiadu I8Anuniadeftinareniswdensiiu 4dsun vinves
it ansanusediai asanusefieRnTn wavdnd et sanusaRdianem sanussaiaTn Fmuta
ynilafeiinanemivlilnsdtady Tnessululasdiaduiiuiivs sutuanivuudedauous A3 4
Usznoaunae Almond oil 30%, Tween 85 48%, butylene glycol 12% WavUANAY 109% Huunn
puamngluviiiy 178.8x2.4 wiluiuns fimsnsznnedeynia whiy 0.285+0.053 Fafududen

isuilUldlumsinnuansadaaniuigeiedugdell Tuaudndusesay 10 Gawudwindululag



U

o s 4

difaturesmnsafinainuses i vuilss mluuned vighoonudes wagdiluaun funneyaanelu
Wiy 233.8+0.3, 244.6+0.4, 302.7+0.4, 332.8+0.5, 380.7+0.7 waw 400.1=0.5 u1luns aua1siu
Fafinsnszanedveseunineglutag 0.33-0.65 uagianuasanmia diudmsulilasdifadues
duneussneldldihdunenssmeris 3 vila liud diduusueiu azladdu wazaawees uild
duigmiehiiilusisu favuililasdtatureniifuusuriuiiafgn fosifu ma fesenoude
Unsfunswuiy 10%, Tween 20 40%, butylene slycol 10% wazundu 40% aulilnsatues
13131’14@31@1%’&1’14%%@ AeF3U T4 FaUsenaudiy thsiungladdy 10%, Tween 20 40%, butylene
elycol 10% wazthndu 40% LLasiuIﬂiaﬁa%’usuamjwﬁuawnuma%ﬁﬁﬁqm a3y L2 Feusenause
dhifuauead 109%, Tween 20 28%, butylene glycol 7% wasuinay 55% dslilasdsadutai
wzwuIu glaidu waraunes vwneunaneluwinful57.7+6.1, 311.4+67.7 wae 323.3+22.0
wlung N15N5EAERUMAINTY 0.383+0.046, 0.226+0.108 waz 0.478+0.031 a1y uay
@Tﬁuiuim@ﬂa%’uﬁﬁwmgﬁyummiaLﬁmizﬁw‘ﬁmwiumiaaﬂqw%fmq%’gmwsuaqmiaﬁ’mﬁsuﬁaﬁu
vuiufigs Ineauaunsolumssudamahnuueseulsdlesnglslivauazgisuoyyadassvasns
afefinvesduuuiuiigmnminfunniudosylumiulalasdiadu lunaeihiulilasdiaturesns
aﬁ’@mﬂﬁ%ﬁuﬁquﬁmmwﬁ@wiwﬁuﬁaﬁmmlﬁmwﬁﬁmwiumiﬁﬂﬁﬂ’gﬂm%u fudamsieves
wulwinoaandiua waztauled 5-avsanwa wisgslsiniu drsululasddadululagevinli
auanusalunsiud seuledidanawa yanievisredudenedmaziderelsamelutesuinuintu

Tudruvasmsiauimiueg ssdesuiluanaisadafiviosd uuuiuigs Td W
winsdonauiiuluguuuusine sauredu 5 sUsuy i (1) aduthgiimduTuieass sesuasiive
Aminsvidlannlulasdfaduvesssafaaiuangd ) wimhsRmiwiluieariesuaziiof
amnsridlannlilasifatuwenhtuatiunes 3) latuuiludmsuinideunszardannlalas
Siatuemsatauidisuarlulasfaturesdiiuaum @) wauluwidnnlilasdiadureninhy
nelaiiu way (5) weslnilauluannsaesiwatdununnlulasdiaduresasadadiuauniuas
lulasdsiaturesansadanainentdos lnesvlalasdadumsarinmslunedidunugsian
(4,291.68 U ) sesasInAsnlasdiaduansadalml (2,241.68 v) lulpsdladuansaieaiiunes
(2,141.68 v ) WlasBiaduansatavc1aeaudes (2,141.68 vm) llasdatuansadayd o
(2,041.68 um) Wilasdiatuarsatadiuaum (1,891.68 v llasdfatuituaiiuees (920.90

Um) hilasdvatuliiunewiu (804.00 ) waszlilasddatulniunglasau (504.00 UW) A uasU



Abstract

Nowadays, herbal products of the Royal Project Foundation employ herbal extracts
and essential oils as major ingredients. Consequently, applying nanotechnology to these
products would enhance the product’s efficacy and stability, which would lead to the quality
enhancement and add more value to the products of the Royal Project Foundation. Therefore,
the present research aimed to develop the suitable nanotechnology process for plant extracts
and essential oils using in herbal products of The Royal Project Foundation.

The present study reviewed the literature of 8 highland plants, including horsetail
(Eguisetum debile), Assam tea (Camellia sinensis), Indian ivy-rue (Zanthoxylum limonella),
litsea (Litsea cubeba), mamikil (Harrisonia perforate), thyme (Thymus vulgaris), chamomile
(Chamaemelum nobile), and lavender (Lavandula angustifolia). Additionally, 9 herbal extracts
and essential oils were extracted, including horsetail extract, Assam tea extract, chamomile
extract, thyme extract, lavender extract, mamikil extract, Indian ivy-rue essential oil, litsea
essential oil, and lavender essential oil. Additionally, the solubility of the extracts and essential
oils in various solvents were investigated. The biological activities related to the cosmetic
applications on skin, hair, and oral, all extracts and essential cils were investigated for their
antioxidant, skin whitening, anti-wrinkle, anti-acne, anti- oral pathogen, and hair- loss reducing
activity, were also determined. Furthermore, the microemulsions containing the extracts and
essential oils were developed and investigated for their biological activities.

In the solubility test, the best solvent be able to dissolve all extracts and essential oils
was dimethyl sulfoxide, followed by methanol and ethanol. In contrast, DI water could not
dissolve any extracts nor essential oils. In the aspect of their biological activities, the most
appropriate extracts and essential oils for topical use were Assam tea extract which possessed
the best whitening effect, chamomile extract which possessed the most potent inhibition
against collagenase and elastase, lavender essential oil which possessed the most potent
hyaluronidase inhibition, and litsea essential oil which possessed the most potent anti-acne
activity. Additionally, the most appropriate extract for hair care was mamikil extract since it
possessed a potent antioxidant activity and the most potent inhibition against 5- alpha
reductase. Moreover, horsetail extract Assam tae extract, and litsea essential oil were
suggested for using in oral care products since they possessed the most potent anti-microbial

activity.



In the development of microemulsion, various factors affecting microemulsion,
including oil types, surfactant types, co-surfactant type, and the surfactant to co-surfactant
ratio were investigated. The results remarked that all factors affected the microemulsion
formation. The microemulsion base from almond oils A3 which composed of 30% Almond oil,
48% Tween 85, 12% butylene ¢lycol, and 10% DI water (size = 178.8+2.4 nm, PDI =
0.285+0.053), were selected for the incorporation of highland herbal extracts at the
concentration of 10%. The microemulsion containing lavender, thyme, Assam tea, chamomile,
horsetail, and mamikil had a small internal droplet size of 233.8+0. 3, 244.6+0.4, 302.7+0.4,
332.8+0.5, 380.7+0.7, and 400.1+0.5 nm, respectively. The PDI of these microemulsion were
0.33-0.65. All microemulsions containing the extracts was very stable. On the other hand, the
essential oil from Indian ivy- rue, litsea, and lavender were used as the oil phase in the
microemulsion development. The best microemulsion of Indian ivy-rue essential oil was
formulation M4, which composed of 10% Indian ivy-rue essential oil, 40% Tween 20, 10%
butylene ¢lycol, and 40% DI water. The best microemulsion of litsea essential oil was
formulation T4, which composed of 10% litsea essential cil, 40% Tween 20, 10% butylene
slycol, and 40% DI water. The best microemulsion of lavender essential oil was formulation
L2, which composed of 10% lavender essential cil, 28% Tween 20, 7% butylene glycol, and
55% DI water. The microemulsion containing essential cil from Indian ivy-rue, litsea, and
lavender had small internal droplet size of 157.7+6.1, 311.4+67.7, and 323.3+22.0 nm,
respectively, as well as, narrow PDI of 0.383+0.046, 0.226+0.108, and 0.478+0.031, respectively.
AWl microemulsion formulations were very stable. Microemulsions could enhance the
biological activities of local highland plant extract. Anti-hyaluronidase and antioxidant activity
of all plant extracts had been enhanced after incorporation into microemulsions. On the other
hand, the whitening effect, anti- collagenase, and 5-alpha reductase inhibition could be
enhanced by microemulsion in only some extracts. However, microemulsions did not enhance
the anti-elastase and antimicrobial activities of any extracts.

Therefore, 5 different nano cosmetic products from highland plant extracts were
developed, including (1) nano anti-wrinkle and whitening facial cream from microemulsion
containing chamomile extract, ( 2) nano anti- wrinkle and whitening facial serum from
microemulsion containing lavender essential oil, (3) whitening and conditioning lotion from
microemulsion containing Assam tea extract and microemulsion containing mamikil extract,
(4) anti-acne gel from microemulsion containing litsea essential oil, and (5) anti-hair loss tonic
from microemulsion containing mamikil extract. Microemulsion containing chamomile extract
cost the highest (4,291.68 baht), followed by microemulsion containing thyme extract (2,241.68
baht), lavender extract (2,141.68 baht), horsetail (2,141.68 baht), Assam tea extract (2,041.68
baht), mamikil extract (1,891.68 baht), lavender oil (920.90 baht), Indian ivy-rue oil (804.00 baht),
and litsea cil (504.00 baht).
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