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- ABSTRACT

This research studied the preparation and characterization of
nanoemulsion from natural product such as squalene oil, virgin coconut oil, tomato
extract (lycopene), astocarpus lacucha exiract (oxyresveratrol), turmeric extract
(curcuminoid) and gotu kola extract (triterpenoids) to enhanced the qualities of the
emulsion in terms of the size and stability. Comparison the results of the droplet size
between how to make nancemulsion by using high-energy "Sonochemistry” and tow-
enery "Homogeneous Dispersing’ technigues, the ratios of oil, water and emulsifier
were studied. Design of Experiments (DOE) which the statistical analysis technigues
was applied to investigate the best condition to find the important factors which made
the emulsion had smatl droplet size. Analysis of variance showed speed and
temperature which effect to the droplet size of nanoemulsion in the significant level
of 0.05.

Keywords: Nano-emulsion, Natural product extract, Design of Experiment
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YSunaunsaanin (lauric acid) 47-53 Wosidus niﬂamnmawm‘lmmuumwiﬂauﬂmawm

1
lﬁ'ﬂ’u £ o =

furslumsasy guamuaganuauusaywd wenatniihifunenindsdnmnamiin (capric

acid) egUszann 6-Tiaiiud fatruieludseBvBnmlumsauveaninaeinld iy
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0.15-0.25 uanethifusswimviaviduiniuftaunmaeiiawi e luinitafinuasls
¥asfulplant seed oil) agfldrudsznoundnfie lninfiwelse (tiglyceride : TGs) waw
Aquisznavsesieluluniwelse (monoslycerde : MGs) landiue-13d (diglyceride : DGs)
anasoa (sterols) uaznIinluiudasy (free fatty acid : FFA) dsfunsndnfliiunnadou
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UszAndnmegludiuings

o ' ' % e % P ¢
ATNN 2.3 a'J‘UU?%:«’ﬂOUWWQVI YHIUNUUEHIMIUIFND

monaglyceride {1-MGs) ' 0.027 %
diglyceride 1.549 %
sterols 0.096 %
Free fatty acid 0.127 %

i - Dayrit, FM.,, et al. (2008)
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tween 60 way tween 80 1Uufgaeli essential ol wae Fandiudiaranslalulodu Wy
2anfiu A D £ K avansldlumiueniuastaslunmsfiunisavanavesshonddglel agalsiin
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(Amphoteric) Fausazaiinasfimnumnyaulunsldnuuandafudndy Feivodns vesans

anusadsiuinmeuanslafaseluil

asanusaisisiausegaulludiuUsznoundnlundndasidndg,

v
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1A Fr0879t%u Alkyl Sulphate, Linear Alkylbenzene Sulphonate (LAS), Olefin
Sulphonate Sodium Lauryl Ethoxy Sulphate
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anmdunuluwuy fsgey Quanternary Ammonium Compound WuPolyguaternium-
6,~7,-10,-16, Alkyltrimethyl ammoniumchioride
GRELT AR e (VR laumniilearangluth Sanudunanne
1yith fedhedle woanesedletuivendian (fatty slcohol ethoxylates) uasdaralningle
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2.8 MMSPDNLWUUNISNAADY (Design of Experiments: DOE) [8]
MsoenLULN1IVAaed Design of Experiments (DOE) LﬂuLﬂ%aaﬁaﬂmmwﬁ
Qﬂ‘lﬁ'ﬁmUﬁ’?ﬂqﬂwaaﬂ’ﬁwmwammiLﬂﬁammaaﬁaLLU'i%aix%wia"LUﬁ%ﬁaﬂ'jw Javy
(Factors) °UENﬂﬁ$U1uﬂ‘lﬂﬂﬂiSU’3umiﬂﬁﬁLLﬁQQWﬁﬁLﬁG\“ﬁuﬁUﬁ?LLﬂiﬂﬂUﬂu@Q (Response)
POINIHUIUNTHY
28.1 TUROLNTIBBNUUUMINAGDS

L
o e

AsneasITlATuN S nLUULTIRELINRE TN avHA 4 TURDU A9 N1T
N a " = - . v dad
11U (Planning) N1sfAALEeN (Screening %38 Process Characterization) nsIANARREA
(Optimization) wagnsnauaauy (Verification)
282 ATDENLUUNISVIARBILULLHAVISES (Factorial Designs)
AMSEBNRUUMTNAaBILUTEHAYDE Batiuazyi RS E AN,
= = L7 d'dl tJ = d‘! 2 o 2 c‘ = o o
SvEnavaeladefiilsenszuiunisiindunsong fuls Weln1sviinimeass AITIINTS
= 1 W ar [ o g = ] o w Al wr o o
Wayumsgiuroetiade lunsoy F]ﬂmJ'\ﬂﬂ’J’m’lﬂ’l‘iLUaE}Uﬂ"li&:ﬂU‘U@\‘]ﬂ’i}’iJEJLWE)ﬂﬁ'ﬂﬂm‘ﬂu\i
o 2 o ey a - A o o v o
wzasrinbilFenun SussdvsnwuinninfduioseinsUisniananasauyu Lage
= P a = 1 [ ' ot o A @ |
a1u15031AT1Ev S0 BvEnaday (nteraction) 3ewitesladyledqe aedvinatu
. e o = w4 o o " v o ¥ o
(Interaction) Roxavainsf ddsfusiuniedluvaisanssuiunis tlailavianisneans

wuukHAneSEaanarly unaradviwaiin (nteraction) tadaaudn



15

2.9 MUNIUITIAUNTIY

A or o el ar
15190 2.4 aﬂwmma&ﬂ’nmﬁuuﬂuauaw

anwauy unluddadu i
surneyn1Auay | Bunaeglutis 100-1000 nm ffnuasluidld | Chaiyana et al,2010
Fnwneitusing wielsmaduogiunnnoynia Pdro et al.,2009
23AUsENBY Wi weniiy wavansanus e Elnaggar et al.,2009
Arai et al.,2012
Larm et al.,2013
ANSLATEL gusaws B lAEB LUy ‘Mason et al,,2006
1.dusnsndudiadununsdniinou uddld | Balkumar et al,2013
A% peiladan 19U LAT Y High Pressure
Homogenizer (HPH) a3 94 Ultrasound
generator etc. (islfoymavuaivgjiinns
wanslvidrunanasauiaseauUIlumLnT %_a
AsEUIUNTSHEENTT Mechanical shear Tng
adndpenavansaaus R i dunou
vnnsa e naglidudiaduung
2 Sifaduiinauléiedagldudnns PIT
wisaruildly ~ Uiwdougdlunsd@lfisiesie | Anton and
NSLATEN _ UwSasnsdiiifediatuies | Vandamme, 2011
. Mason et al.,2006
ANUAIF gn¥inatelag Ostwald ripening U Alaign | Anton and
VranedieinsAeulagamgiviieiioa | Vandamme,2011
ANSINTUA - Particle size diatribution Chaiyana et al.,2010
- Zeta potential analysis Elnaggar et al.,2009
- Droplet size analysis Balkumar et al.,2013
- TEM
arsldussiosy | Wuselomilivannvanendaiout duyugalu | 1555m.,2556
Tuesosdiens | mandadiagnannisy Kohli et al.,2010
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2.9.1 Teldseuresunludliady

uﬂuaﬁaﬁuﬁmmwamﬁLénmnﬁn‘lﬁamsﬂﬁudaamaﬂanﬁmma‘v‘h
viwamma"lu%ﬁa%’ulﬁa&hamnLLa::m'iLﬂ%"auﬁLLUUU‘anﬁ (Brownian motion) 9194KA
Womelunsiausisilinsadlanta FilfuTustadulsAnmsuondu (creaming) 190
ANMENDUTTIIINSIAUNY

waneaiidnaniilddestunmainnisiunduiuromvenansty
sfatunuuiunduls (floccutation) wazdastumafinmsSunduiuremannigludladu
wuutfundulala (coalescence)

uﬂu%ﬁa‘ﬁ'uL%uizuuﬁwéﬁmﬁﬁﬂﬁfylumiaanqw‘é&]'\uﬁwﬁaﬁﬁ
Usvam%mmﬁmmnﬁﬁuﬁﬁa‘uaﬁwummﬁ'ﬂﬁmi%’uﬁhuLﬁﬂ?Tulﬁﬁ

unTuBadugnnsatieifiuniifuvesanadfluniieengnidiu
Tvilsieuldiesndvuavenfiinunn

wiludiatulidnuaslusdawasiinuniatdosunn Frlidnvae
mtmulﬁmmﬁﬁnﬁﬁdaﬁq waviloruuinanunsadnfuintadustneg

uﬂu%ﬁa%’ummsam%wlwﬁma’t%mﬁamLLsaﬁqﬁaﬁﬁaUﬂ'jﬂluIm
sitatu wulumswton Wlasdadusnumsanussiifldlaehluaseglute 20
WesduRuiaunnan Lm‘lumim’%auuﬂu%ﬂm‘fmwuﬁwﬁu‘mﬁw (O/W) Afteruidudutes
Snsiu 20 Woddud aunsoldensanusaidinludag 5-10 Wesibus

LﬁaamnﬂumwUmﬁténv‘i'ﬂﬁuﬂuﬁﬁaﬁummicmi:ﬁmnaﬁauuﬁuﬁﬂé’
stz ALDIINN1ST LSRR (surface tension) wALWIIReTEMi1aRIUsEAU (interfacial
tension) #1 919978 1RUAINEL1satuntsnTden, n1sudnTERIY waENITFUE Y
(penetration) T

uﬂu%‘)ﬁa%’ummiaﬂisqnﬂ?ﬂumiﬁﬁéaﬁmau (fragrance) lnykey
adlunandasilrluiinusednTu (personal care products) kagdiananduldlaiunis
U'ﬁzqnéfl‘ﬁ‘l,umiﬁwuﬁgmiﬁwwaumﬂ:ﬁLLaaﬂaaaﬁ

wludsaduealdunulalules (iposome) wagiififa (vesicles) Fafl

annaadatesndt unludsdatuld wazianulululdlunisildifia tamella liquid

crystalline phase éﬁauiawﬂﬂaumﬂuﬂmﬁaLﬁmmmmﬁwmmﬁmﬁmﬁﬁlﬁ



ghiinodyANa NITIBUINAATANTTL
17

wludtatududunsuusnlunsimnduassiuiluiaiya ua
= LA =5 ) < [
aynAwilunanosphere) Fldmdnlumsrdauazdnssnauivueaunmniudiadu
2.9.2 fodinuaanairunludiadu
= v oy v [ | a ¢ -4 y
mswndsuunludiatudeddirissiouavimadinnme 1wu inssaiu

g = L) . - =] ﬂi = .
netdudiowdien AuRIEa (high pressure homogenizer) mamiaaqamﬂ%uﬂ (ultrasonic}

1
=

«t P & | rala
Fuatedlomdrdauninwilaludaalintuni
nsndaunludfaduiialdinege fumspaioldluntsndatisnaiwna
o = v 174 -V . ¥ a L2 = a o ¥
wazsndudadiansiodiadu (emulsifierlumnududugs ilvinsndan@annm personal
care wazeEpsdR IR
nswsmmdmudilslunalnnissialilfoynpauiaiidnady
{ATEY LALUENNNTTRIANIAALIARILALATTAALTIANHI9IU (co-surfactant)
fansanwnitetutuis Usvlevmiviedalfusauresuludiatuh
wilonissuusiadunvunifiuioy
123 174 = - .t v . . ‘:1
aruiedtlaniuaivesiivizau (interfacial chemistry) ¥i
o £ ) a o o W o Vel = a = w e ey ed , .
Readeafunisudauiluddadu vilvdalinisndnddatulaoldids phase inversion
temperature (PIT) 1iae

ar

v = a = L . o [} =
ganmuiieafiunalnnsifin Ostwald ripening Fadudawdnh
yiiiiAnm i linssresssuy
v oa o 1 [ 3 . = - = 1
arusingfudiudsenaulumiy (ingredients) Hifimfudnlly
FZund1919thaannalAn Ostwald ripening 16 19w asiianindugnulianils (second oit
== ° . = = = = .
phase) wumiazawamu,azm%'amimmﬁammammwmwaamai’ (polymeric surfactant)
Fugndulifioussduvesssuuihiflini (/W) udlilavaneluth
] v o L] o Y ras = ]
aruliingfigtiaueTeuulndgRdslilasunistsviliussuueyn
auysaiuy uduanudud (cost and benefits)
E & ars o o ! k7 2 =3 < o s oal 1
ndasin fsinanuatndiu Sllnnsduausszuvunlubiaduseng
na1e Telditsuressuuuludiatuarldsuntsuseiiu megoniuszuuuiludiadulu

o

suzdugnsiivviialmiuegiu adlauazniseoniureauilan Sagthuiliasedie

a o w o w i & A w 2 a | = y g H = .
yinldadmiunsridiudoduaiuuularudugudu isesduaniuiiomeamm

suga (high pressure homogenizer) waznsudeduae sy Suintu vlviununs

145827
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= o o ;| e ﬂl:' = =R 5 g =3 = o
wamaﬂamazmaﬂnammn‘ua:ua ULUUALAN NIFIFETURUS THOUNUIMMUDIETARLIIAINT

Cr]

o

° ' o o a e o . = as & )
wlugnisldssuusivindiadu (emulsifien) fiuszwiauazimanzay wananiinsAneiiia
wenssuTe Az igmALasddunsranii U wasansanussisin Allerwddgat
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Aouleivuan Wathlugnistannussansnwesinfusiulusiatulirdeiuludiiy
fialy
3.1 a5l
311 msanmaeaeduluiwenen
312 lwsRdulnanes
313  wodwailumg0 (Tweeng0)
314  Fdlgiey 9Rvie
315 yhituewinainduians
316 oala Huoa dfiondian
3.1.7  @uUus0 (Spango)
2.1.8  @sanneinugvie
319 gsatnntalaly

3.1.10 ansannainviiudu

3.1.11 gvsanmantudun

3.2 inesfleldluruide
3.2.1 Sonometer, Sonics & Materials, Inc USA
3.2.2 Homogeneous Dispersing Machine Model. AP3005-H
, ANgni instruments
3.3.3 Particle Analyzer) , Delsa™Nano C

3.3.4 pH/mV meter , Ultra BASIC , DENVER INSTRUMENT
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ABn1snduignauesens wan Phase Inversion Temperature (PIM) FuPuisnasinlians
nanodiussatulagldndenus shnastieseinvineoynin Ransandoulvypsdaus
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musay Tumsdunauens 3000 pm WJunan 30 wift samdfeszosnmlunssuunslelu
afunan 15 wiiidy feundeulalifomn 12 Geuly Tnsddhmdmszwinans
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3.3.2 Suneuwisudiaduigitnmsnduignmes

dmiuisnanduTgarats vw3e Phase inversion temperature (PIT)

Y ow w o = = o o o v aoa b o
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fasgrnafnvpsssuudnian i nasldansanussilihadluimufieiniinaniwaiung
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s endTadusngs Phase inversion temperature (PIT)
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W ) Ty o o
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T ) ) y guImeRMARRY
sty mmmiiu goungdl 'au:ﬂil-nuz Fumua s
b (seuand) | wnwadua) | (08d8R3) 9@alwT 1 T T
30 200 25 250 C 11724 ;11588 | 1147.0
45 200 25 250 S 1097.0 | 1110.7 } 1068.2
30 400 25 250 s 1005.0 | 1004.5 | 349.0
45 400 25 250 o 166.2 | 1673 | 1668
30 200 40 250 S 1161.9 | 11264 | 1333.8
45 200 40 250 o 1456.4 | 14558 | 1457.4
30 400 40 250 4 14721 | 1471.4 | 14738
45 400 40 250 s 1130.4 | 1106.6 | 1119.0
30 200 25 600 S 1336.2 | 1317.1 | 13504
a5 200 25 600 C 1068.7 | 1068.9 | 1070.0
30 400 25 600 C 3904 | 3918 | 2912
a5 400 25 600 s 411.2 | 4124 | 4118
30 200 a0 600 o 15358 | 1583.1 | 15754
a5 200 40 600 5 17229 17215 | 17127
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Term Effect Coef SE Coef T P
Constant 1107.1 14.3 77.34 0.000
Time -138.3 -69.2 14.3 -4.83 0.000
Speed -436.4 -218.2 14.3 -15.24 0.000
Temp. 611.5 305.8 14.3 21.36 0.000
Container 99.5 a49.7 14.3 3.47 0.001
Probe -76.7 -38.4 143 -2.68 0.012
Time*Speed -156.0 -78.0 143 -5.45 0.000
Time*Temp. 94.6 47.3 143 3.30 0.002
Time*Cont. 585 29.8 14.3 2.08 0.046
Time*Probe -18.0 -9.0 14.3 -0.63 0.534
Speed*Temp. 288.4 144.2 14.3 10.07 0.000
Speed*Cont. -93.6 -46.8 14.3 -3.27 0.003
Speed*Probe -51.0 255 14.3 -1.78 0.084
Temp.*Cont. 98.9 49.4 14.3 3.45 0.002
Temp.*Probe 132.8 66.4 14.3 4.64 0.000
Cont.*Probe -89.5 -44.7 143 -3.13 0.004
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yuosaiady fiuaatasirentsvaasdludesevinsuut Normal
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Normal Plot of the Standardized Effects
(response is Size(Nang), & = 0.05)

@ - -

’T Effect Type

» MNotSignificant |

954 =< | = Sigaificant m_j :

2 CLY Factor Neme | !

- o CE A Time i

uD B Speed i

704 | 35 [ Temp. N

.;E,- 50+ " A'DAC [} Container | !

o 301 . £ pobe | °

2 a0 ) ' ‘

30+ m DE .

wBD .

20+ BA .

10 m AR ;

5 uE ’ i

i

1 . . : - !

-20 -0 o 0. 29 i

Standardized Effect
i = ¢
3UM 4.3 mans AT evinamuuL Normal Plot

Avusliase A B, C, D, uas & wanasuyssel] vanfldlunsdusies
(i swdseulunttiumios Geu/und) amwnﬁﬁﬁwzﬁum‘%m (perwalITea) YUn
gasmusiidussgans (fadans) wagdhumisvesinsy mudRu 3InNsMLERd Normal
Probability Plot we3fiadlan Werndaidhieglndifewdunsdunswiliitiod Yasuidu @
awddndaindudadeifvueinauazhilndifeaiudunse @l laifiarudhdty
vaeflanuddatianesivunndnuiaiiragindgud Fanazeglnaluvinmdunss Faly
rmwumawmamvulmawﬂml&lwuﬂ'zmﬁﬂﬂfg 3 ¢ fefauidasevluntsduwies (8) M1
ammuw’bwm%]mmaﬁ © LLaWi‘Jw&mma&mmmLﬁ'ﬁa‘unuammuﬁ‘lﬁumsﬂumm
(BC) Fisedutiuddnyvingu 0.05 Huihieidsmeserunuesoymaninvodiady lusedy
Wednény wanvinsmupudedvinde drpnnaiaseulumstunies (Speed) Anguugiii
T duwiss (Temperature) u.awﬂwmmuaqmﬂ'mum'iaunuamwnulﬂums{]umam
fimnuddyrorunoumeasTeBiiady

NN1SIASIEANanIsNAanaAY Normal Probability Plot aelgtaduns
SyEna Wlavnauduiusluuianerivanden (Factorial Plot) Tnthdeyaluiasnsyinaaw
WUU Interaction Plot for Size (nano) ﬁ'ﬁLLamﬂuiUﬁ 4.4 way 4.5 INHAVOIWNANDLTER

o @ o

wion (Factorial Plot) Lwaﬂmmauwuﬁﬁumﬂaﬂawaﬂwwai“muuaﬁmm ‘wm'mm'mm

ﬁ

59U (Speed) 400 soUsauT uazhguugll (Temperature) 7 25 semusaiFua Mdvaiy

3

o 13 o o e o
wissansaglviunnoynmisveadiadudniign



23

Main Effects Plot for Size(Nano)
Fitted Means

Speed Temp.

Mean of Size{Nango)
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