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Abstract

Free radicals may cause dermal elastin and collagen damages leading to early
wrinkle formation. Clove oil possesses a powerful antioxidant activity which might have a
potential for anti-wrinkle cosmetics. The aims of this study were to investigate on
antioxidant activity of clove oil by thiobarbituric acid reactive substances (TBARS) assay
and 2,2-diphenyl-l-1-picrylhydrazyl (DPPH) test and study the characteristics of clove oil
solid lipid particle (SLP) delivery system prepared by solvent emulsification diffusion
method using 23 Full factorial design. The effects of 3 factors which were tween 80, benzyl
alcohol and polyvinyl alcohol on characteristics of SLP including, particle size, Zeta

potential and percent oil entrapment were investigated. Of the 8 tests formula, the maximal
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percentage of oil entrapment was up to 96.6%. Benzyl alcohol and tween 80 were

significantly affected the particle size of SLP and their zeta potential.
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6 33424 + 2.015 233.207 + 6.612 6.908 +0.232 -15.9 £0.371 96.59 +0.07
7 21514 + 4.261 115.849 +57.801 5.763 £4.049 -40.1 £0.809 ND
8 11.045 + 1.102 277.699 +47.296 24942 +1.736 -25.4 +£0.222 ND

TPTATILE)

Yi: mmﬂaumﬂﬁ d(0.5) 14u1ﬂﬁqﬂ'mmwawmﬂmmagmﬂﬁ $ogaz 50 104#10819 (Volume median diameter)
Y2: ‘Uu’lﬂﬁ)’tgﬂ’lﬂﬁ d(0.9) ﬁ11wﬁaﬂ'mmwawmﬂmmaumﬂﬁ $ovaz 90 ¥0Ii10613

Y; : zeta potential AvAnnuandndmalulihusina shear plane vesoynin

Y. : nlesidudnsifudn (Entrapment)

Span : A1AWN9UBINITNTZIIBAIVBIVUIABUAIN
ND : not determination

oynialudundenfivuiadn edrelsnarn  luiundsh d0.5) (Y1), d(0.9) (Y2) 1Az zeta
[ 9 i1 v v

iosninmamiouTaeisi Ll lasesiiadu  potential  (Ys)  Teeldaunisialuuuy
anvuAaNssaurge Jevh ldvuaeynialial  polynomial lumssuesy, dwaaslu

miﬂizmaﬁ’aﬁqq qumsi 3) (11-12)

nramsnaaen Idieriuninszina Yi = B+ Bixs + Boxa + Boxs + Buxi? + ox? +
Taoldimatialunmsmiuinsaouauesdae Lisxs? + Bixvs + Busvics + Bsxaxs &)
ana ANOVA rievianuduiuisyninalosy
3 %1 A0 tween 80 (x1), benzyl alcohol (x2) oM Y: fip Armnaimes e

A '

uaz PVA (x;) fumidana laun vuieeyma Bo A9 AN
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B, 3 waz B e Fulszansmsnanoy
Y9 linear term

b, B UAT B
0ADBYVDN quadratic term

L2, Pz UQE o3
DADVYVDY interaction term

x1, X2 WA x3 Ao Awlsoasy

A o a Q"
Ao duilszansms

A [ a Q(
Ao dulszansns

a d Y .
1AN15 AT IZHRe 15T Design
Expert V.7.1 (Stat-Ease, USA) I,W’E)Gl e
npusiaeelaseadianlFlunisviiuie
anudusiusvoIdlsdusuadunanson

a Py & 9y a o A I a a
W eI NIa ¥ ldesuretfaeiilusnsna

v . o A d a a 1
Nan (main effect) uazdodemiuonsnasiy
effect)
serdnafadendnyinuardanadlonn

(interaction

FulszdnsanduwusiFong (R) A
ﬁuﬂszﬁw%ﬁwﬁuﬁuﬁ%mnﬁﬁwmﬂf?mﬁaslﬁ'
duiussusruudulsaulugdunudiaes
(adjusted R?) nazmduilszang anduiugise
wyszninvoyayalvisugluuusiaos
(predicted R?) wams3insiziuaaslunisnd
8 1Az 197 9
3.3.1 mﬁmiwﬁwmagmﬂﬁ d (0.5)

1AM AATIZHANUFNTUS T n Tt
fdnfuvaeymMai do.5) nudnay
FurusiFuduaseiiidninason Taoiden
HUVI1809%UA 2 factorial interaction (2FI)
reduced model W1ITA adjusted R? azfn
predicted R2 1M1A1 0.8925 1Az 0.7542 A1
§19U FeozuansfinnuanInveuLTIaea
lumsiinnorai 18 ndiRoanues s Jevaz
75.42 naznuniesiiioninanevinaeymn
71 d(0.5) Faiivdday (p <0.05) mnfigade
benzyl alcohol (x2) 589891170 tween 80 (x1)
HAZBNTNATINTZH I tween 80 11 benzyl

alcohol (x1x2) MUY F9910MIAATIZH 18

HEAIAIANUFUNUT
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AUMTUAAIANUTURUT VO VVT 10033
uaaslugumsn @)

Y1 =31.31-5.77x1-14.56x2+4.62x1x2  (4)

NAFUMIAITaeTUI A NTNaves
benzyl alcohol ﬁwas&iaﬂumﬂaumﬂﬁ d(0.5)
unfigalasysinm benzyl alcohol iy
ﬁ”ﬂﬁauWﬂﬁuﬁmmﬂaumﬂﬁ d(0.5) Mued e
vinlud5ull benzyl alcohol  ga az¥ir i
oy nTvLIAIANAL LAZHINT benzyl alcohol
You sz Ioumadivuia gt eIy
SnEWave tween 80 FeflHadeviIABYMIA
599411910 benzyl alcohol HALBNTWATIN
FLHIN benzyl alcohol (I8¢ tween 80 wiflu
dadiuTasasaneuuinoynined wiisdiAy
Tﬂﬂmmmuﬁmgﬂmmmsmaamuuﬁuﬁ
MIAOUAUDIVDIDNTNATIN TLHIN tween 80
1ng benzyl alcohol 1ugﬂﬁ 2
3.3.2 mﬁmwﬁwmagmﬂﬁ d (0.9)

NMIAATIZHUVUTIa09%HA 2 factor
interaction (2FI) reduced model WA
adjusted R? @z predicted R2 1M1 -
03974 uaz-11.7761 awday Felimiaaau
paaslfifuinuuiaesvesvnaeynaf d
0.9) 1ﬁa1u1331%’1uﬂ13ﬁ1u16'1ﬁ Wit
mmmmmumﬂaumﬂm d(0.9) mﬂummim
vinaeuMadl Seaz 90 GII’EN’E)‘LLmﬂVNVillﬂ ox
Hoymadiwnn hlimsnszaevesvuia
aymanin
3.3.3 MIUNTILY zeta potential

NAMTIANEHALTMI AU UD NI
ANUFURUT T UTUFUATIVIHA reduced linear
model a1 adjusted R? 1azf1 predicted R
1R 0.8099 118 0.7338 AEIND Fauaaana
ANUENISaveVUTIaedd1 vinti ldviung
nai 1oz IndiAvan1uesaiie Yevas 73.38
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M1919% 8. M Regression coefficient, R2, adjusted R2 1
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1az predicted R2 vesmdann

Regression Gumﬂm}gmﬂﬁ eummHmﬂﬁ Zeta potential
coefficient d(0.5) (um, Y1) d(0.9) (um, Y2) (mV, Y;)
5 31.31 243.18 -31.78
i -5.77 3.44 4.70
5 -14.56 -17.20 -5.49
5 - 11.25 -
B2 - - -
B2 - - -
B2 - - -
B 462 27.22 -
Bis - 10.67 -
B - -31.74 -
R? 0.9385 0.8004 0.8099
R2 (adj) 0.8925 -0.3974 0.7338
R2 (pred) 0.7542 -11.7761 0.5133
p-value 0.0069 0.7329 0.0158

M5190 9. M35 ANOVA naaan p-value uag F-ratio ¥@3uy1i108a

Main effects

Interaction effects

variables
X1 X2 X3 X1X2 X1X3 X2X3

Particle size d(0.5) (Y1)
p-value 0.0212 0.0025 - 0.0419 - -
F-ratio 13.56 45.71 - 8.71 - -
Particle size d (0.9) (Y2)
p-value 0.8881 0.6348 0.7455 0.3937 0.6793 0.4348
F-ratio 0.032 0.42 0.18 1.98 0.30 1.51
Zeta potential (Y3)
p-value 0.0178 0.0287 - - - -
F-ratio 12.05 9.25 - - - -

NN © X1 fio tween 80, x2 Ao benzyl alcohol uaz x3 fio 1% w/v PVA

wazwunTasofiianInane zeta potential Al
Hodaw (p < 0.05) mﬂ‘ﬁqwﬁa tween 80 (x1)
509091170 benzyl alcohol (x2) @u PVA (x3)
Y3iTinanenn zeta potential F191IMIIATIZH
wldaumsuaasanuduiusveanuudians
Faaasluaumsi (5)

Y;= -31.78 +4.70x; 549  (5)

1 zeta potential 1fuA1AUAIANAMS
IW#hvesoyninuSin shear plane Fauriu
Pinaszy lihuuriveseynia mindisigs
2 UUTINANIUTT NI TZYU0IUMALINI
IWoyninauisauvauase Tae liduune
NAUAN U303 UVNTNITLIOAIVOIOYNIAL
anuasdaaluannzadouiiuhlsaeng
99U pH 7 11az1A1 zeta potential BYIZNIN -
40 19 -50 mV s2UVIzAIRI0Y Idd1ation 2 )
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Design-Expert® Software
P05

60.5833

11.0453
X1 =A: Tween 80
X2=B:BA

Actual Factor
C: PVA=7.50

P05

1.00 0.10

Pl
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014 A: Tween 80

31 2. iumsaeuanesszrit Tween 80 nag Benzyl alcohol

§ < v v A
13) naaumsh (5) uaasliimunidesoniing
MDA zeta potential 3J1ﬂ17]t;fﬂﬁa benzyl
= 3 o 1 @ @ 1
alcohol  FududadIUNnAUADAT zeta
potentialsH ¥18AITWITHINGE1T VL benzyl
alcohol 117 (M5UN 3 4 7 uag 8) vz lvia
A g o o A
zeta potential uauduauunnndsun 1 2
§ 3’, ¥ I 1
5 uag 6 (151990 3 tag 7) naerniulylan
benzyl alcohol luszaugeuenvineziiili
9
daundulinidufanisuensuudl eynin
H I 9 H
lusiuudaneTou ldlvinaldngaliiunmammn
4 2 o
WoNvzHAnlTZaUUUBUNIANINTUTILST
. o . 2
HENAUTYHI1YNIANIATY Tunieasediu
I o 1 1 [
5110 tween 80 vzludadiulagasnon
. o A a
zeta potential HUADMINNT U tween 80 g4

AInSUN 2 4 6 uaz 8 VIRV YNIA Ui
3 A < 1 o o Aa
UYL NVUIAANNNAITUNT tween 80 U
o o A ~ a ' o w AA
szauanioTouinonlusenaiedrsunil
drutlszneudundiony 11109910 tween 80
I 1 Ao o d‘ 1 d' A A
Wumsneddatun lulidszy WoldSumun
=< J Y @ Y
veonvawwalvoynialviundasilszgavla
vouas dawalin zeta potential HARIAIAUF
@11 M15UNY tween 80 Tuszaw
3. 4 Verification of the models
AUV N IZAUYDITUNITUAA
ANUFUWUTVR VYT 1Ia09N 1A @150
asnaevldnnmsfSouiouanuuanais
1 oA 9 1A Y
sEN119A1N 1d91AnIsnaasIuaz A9 lan
M3INIUIE (Yo-Y:) Fauaasluaisieh 10 wun

M3 10. HAAIAIIINMINAGBIAZANINATIIUIGUBIATMITINADS NBINI TA

¥y vinaeyMAN vinaeyMIAN Zet":{ P°te\r]‘tial

¥ d(0.5) (um, Yy) d(0.9) (um, Y2) (Yo mV)

Yo Yi Yo- Yi Yo Yi Yo- Yi Yo Yi Yo- Yi
1 60.583 56.269  4.315 248520 274.340 -25.820 -36.600  -30.988 -5.613
2 23.680 28552 -4.872 208288 182468 25.820 -17.100  -18.463 1.363
3 14281 17.897 -3.617 274803 248983 25.820 -39.900 -41.963 2.063
4 18.639 14.842  3.797 276452 302272 -25.820 -37.400 -29.438 -7.963
5 51954 56269 -4315 319.798 293.978 25.820 -29.300  -30.988 1.688
6 33424 28552  4.872 233207 259.027 -25.820 -15900  -18.463 2.563
7 21514 17897  3.617 115.849 141.669 -25.820 -40.100 -41.963 1.863
8 11.045 14.842 -3.797 277.699 251.879 25.820 -25.400 -29.438 4.038
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