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ABSTRACT 

This study aimed to develop serum product from rice bran oil by 

microemulsion. The antioxidant property of Riceberry bran oil and Jasmine rice bran 

oil were c_ompared using DPPH assay. The result showed that the .EC50 value of the 

Riceberry bran oil was significantly higher than jasmine rice bran oil, more than 2-folds 

compared to jasmine rice bran oil (P<0.05). Microemulsion is composed of a mixture 

of Riceberry bran oil, Eumulgin® VL 7 5 and Cetiol® HE as oil, surfactant and co-

surfactant, respectively. The optimized microemulsion consisted of 3 5 % ( w/w) 

Riceberry bran oil, 44% (w/w) Eumulgin® VL 75, 11 % (w/w) Cetiol® and 10 % (w/w) 

water. From sensory evaluation, the sensory liking scores for overall, appearance, color 

and transparency of the optimum formulation were 5.1, 5.7 and 5.5 respectively (7-

point hedonic scale). In addition, the stability of the formulation was investigated by 

Freeze-thaw cycle. The results showed that no phase separation was observed in all 

formulations. 
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m~L~8u LL"1~niK1() L ll'Ul'i''U LLvit1cJ1-:i hn~1l.li:.J~~.nrusvi~i11m11-:i"ii'1V1i.l18~-:i L U'Ui:.J~~.nrusvi~l1111"11 

~11l.Jl11°111lJVl"11nVl"11mL"1~n~lJ~-:i'lJ1~Vln~~ 1 'Um1W~'U1i:.J~~.tlrusvi L ~t1~~1-:Jl.l"1rl1L ~l.l "i11nm1"1-:i 
' " 

~n~ L llml1l1'U11.U11 b ~t1'11V1i.l18 'Ut1n"i11nd\f'ju11.U1111"1iL ut1~ bU'UBni:.J~~.nrusvi~ii m1i:.J~~mmLvi 

"ii'1V1i.l181~tl~mrui1t18 L m1~ b U'Ui:.J~~.nrusvi~u~tnALO\f'jl~n~lJL v11ii'U "i11n'U ruV11~-:in~11V11-:in~lJ ' ~ ' 

m1Ln~~11t181 ~bLn~1V1i!-:i 

faml1l1'U11.U11 (rice bran oil) tl1~nt1u~18~11\f'j()tl~LAlJ~lJ~lJU~m11'11'Ut1t1n"BL~i'U 

~-:i 1~bLn n~lJ~11tl1~nt1uV1'Ut1"1 L-ci'U phenolic acids bb"1~ flavonoids .U11~ii~'llt1-:JLlJ~~LU'U~ 
" ' 
Lb~-:JVI~ EJ~l.J° 1-:ivi1'1~il~11l'i'1'Ut1~~ "1B~1~ 1 'Un~ lJ phenolic compounds, anthocyanins Lb"1~ 

proanthocyanins (Itani and Ogawa, 2004) ~11l'i'1'Ut1t1n"BL~oU'UbV1~1-tf?i1'U1VlajtJn~~~lJEJ~'1'U 



~1'U'Uv.:J.ff'U pericarp LL"1::: aleurone layers 1'U~1'U'Ut1-:ii1.LJ11 (Abdel- Aal et al., 2006) ~-:i 
iJ m.JL11i1.LJ11m'1n~Lll'Utl1l!'U LL"1::: 1 i L ll'U~1'Ui:.J'1l.J'Ut1-:i i:.J~ (;1.tfo.1'1 Ll"l~e:i-:i?i1m-:i L ~ t1'!j:::"1e:i nTrnn'Ue:i-:i 

L"ll"1~ ue:i-:in'Ufl1"iLn~~11e:it1nt1'Ui't1 tl13J'Ui1-LJ'11 h'liL'1.rn{1'1n~Lv'Uii'111 gamma oryzanol zj-:i:W 

~ru'1!l.lu~'li1t1tlnue:i-:i~T'il1fltl~n~t11 lipid peroxidation ~m:::~winn1'-:ii'1~1 vi11~J13J'Ui1-ii'11:W 
11ru'1l.JUliiLU'U sun screen agent '!j

0

1t1tlnue:i-:i~1"iJ1rnL'1.:JLL~~ (Brigitte, 1995) LL"1:::ii'11"i 

tocopherol zj-:i'lf 1 t1tl1'u'1.fl1'l"l ~T'il1fle:J'Ul.J"1B'1"i:::~'1flfl"i:::lii''U"il1fl1'-:ii'it11 'li1 tlU e:i-:in'Um fl1"i 1 Viii LL~~ 
,\I \l , 'U 

(sunburn) Lb"1::!"ie:Jtl~'U (photo-aging wrinkling) 'Ue:J-:!~1VIU.:J1~ (Bissett, 2009) "il1fl~ru'1l.JU~ 

vl.:Jfl"1°11Vh 1 ~ Lfi ~Lb 'U1fl~1'Ufl1"i'11'1.:Jl.J"1l°i1 b 'W
0 

l.11 ~ bbrl J13J'Ui1-LJ' 11 1~ tl~li!J'U1b U 'Ui:.J~ (;1.tf rusn 
'IJ 

Ll"l~e:i-:i?i1e:i1-:i1tlbb'U'Ub"ll~l.J'1(;1"i1l.J 1m 1 'UBlJ"1oU'U (microemulsion) 
'IJ 'IJ 

1l.J 1mBlJ"1oU'Ub U'U"i::!'U'U~ tl1:::ne:iu~1 t1J13J'U J1 bb"1::!'11"i"1~bb "i.:J~ -:!~11 'Uei' (;1')1~1'U~ 

LV!l.J1:::'1l.J 1~t1fl1"i'1~1-:i pseudo-ternary phase diagram vi11~Ln~mi.fl11"1LL'U1'U"1e:Jt1~ii'U'U1~L~fl 

l.J1fl (10-140 nm) vi11 ~BlJ"1oU'U1'1 iil"111l.JVIU~~1 :Wm1l.ll"l.:J~1V11-:i~ruV1'1"l"1l(;1 (thermodynamic) 

:!115 m1L(;l1t1l.J~ ~1 t1 '11 nm1i:.J'1l.1'1!11L-ii'1~1 t1nmL"1::: L ll'U1:::uu'l11~ -:i'1111'11A'ru1~ t1 L ~l.l m1~ ~61il.J~1 
~ 'IJ 

'11"i?l'1Aqj~1'U~1VIU.:J1~e:i~1-:i:Wtl1:::~Vlfifl1'l"l 'Utl fl"iJ1rnr'Ufl-:!UeJ.:J tl'U fl1"ib~e:Jl.J'1"11 tl'UeJ-:!'11"i:::?\'1Aqj1~ 

Bn~1t1 

J13J'Ui1-ii'11"il 1n-ii'11V1t1l.Jl.J:::~ LL"1:::-ii'1111'1iL ue:i{~ LL"1:::tl1m~li!J'U1"i:::uu 1l.l 11"1"iBlJ"1oU'U 1~ t1Pln'l!f1'!jtl~ 

'Ue:J.:J'11"i"1 ~LL "i.:J~ -:it'.h LL"1::!'11"i"1 ~LL "i.:J~ -:i~111l.J L vi e:JVl1'\.J~ L 1ruvl Lil~ 1l.J 11"1"iBlJ "1i'U"il1fl pseudo-

ternary phase diagram zj.:JL U'Ufl1"i~ li!J'U11~t1 H''11"iLl"l:W1VllJ~fY-:i1lJ:Wm1~m~e:ifl 1.-ul 'U.:J1'Ul~ tl~'U 

1 lJ1rleJ'U 1'Ufl1"iL(;11tll.J1l.J 11"1"iBlJ"1oU'U ~-:itT'U 1 'Ufl1"iV1~"1eJ.:J~-:i:W fl1"iA~b~e:Jfl'11"ibl"lii~iiVIU1~b U'U'11"i 

"1~ Lb "i.:J~-:!~1 bb"1::!'11"i"1~bb "i.:J~-:!~111l.J~ b Vll.J1::!'1l.J "i1l.J~.:JVl1el(;1')1~1'Uy/ b Vll.J1::!'1l.J ~1tl b Yi eJ 1 Vlb~ 

n 1:::m'Um1i:.J~(;1~ L V1m:::'1l.l LL"1:::VJ ~'1!e:iu 1"111l.l l"l-:i~1'Ue:i-:i1:::uu 1l.l 1mBl1"1i'U~-:i nci11LL~1tl1l.l1~ li!J'U1 

b ll'Ui:.J~(;lnrusnb"ll~l.J zj-:ii:.J"1-:i1'Ui~t1"'1mwtl11tJ~e:it1e:i~1 'UL :U-:i'l"l1ru'!j8LL"1:::ci1t1Vle:i~ 1 ~LLnncil.Ji'11V1n"iJ 
' 

t.2 11'ltltl':i::it.:il"i'!Je:i.:i.:i1u1~Ei • 
1) L ~e:JV1~'1!e:iunVJttii'1'Ut1'Ul.1"1B'1"i:::'Ue:i-:i'111'1n~"il1n-ii'1111'1iL ue:i{~1~t1:Wm1Pin'l!f1 Ltl1t1u L Vit1u ·1 ''IJ 

" cu c Cl.I 0 v v o:::i. 

fl'U 'U 1l.J'U"i1'U11"il1 fl'U11VI e:Jl.J l.J ::!"1 
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1.3 "l.lv'UL"l.ll'l"l.lv.:i.:i1'U1~v 

~n""1~'UAi'1ifinTH'f n~"iJ1n-U111 ~i L uei{~ m~vi~?1t1U(]V1Bvn:i'li1m'Vl LL"1~fl1~~\>l.J'U1~1'1~ 

i;.J~l?ltlru~ L"ll~lJ llJ 1A~BiJ"1-a''U"il1fltl1iJ'U11oLJ11i;.JG'llJG'l1~G'ln~ "il1floLJ11 l ~i L Utl{~ ~1lJ~'IV1 ~G'ltlU A11lJ A'I 

vl 1V11'1 fl1 ti .fl1'Vl'lJ ti'! i;.J~ l'l.fi' ru'1 LL"1 ~Vl ~G'ltlU A11lJ ~ 'l'Vl ti 1 "il'lltl'I er u~lfl AY1 :ij tJi ti i;.J~ l'l .fl ru~ "iJ 1 nif 'U 

Input 

" 

Process 

1.111·n'il?1e:i'U?11":Ie:i e:i nn'VIB!iht.1 e:i'W:1.J'1 B?l':l~ ·1 , ' 

2.~~'W1?11111&J~l11Jln.!'f1L'll~l.J 1:1.J Li'l':l 
' v 

BlJ'1otl'W'il1n-J1lY"W11'1J11 

3. 'Vl\1l?l'iJ'Ufl11l.J fl.:Jti11'Vl1.:Jfl1 lJ.f\1'\'j'!J'i).:J 

i;.,i~111Jl'ru'i1 

4. 'VI \11?1e:i'Uf111:1.J'i11.:i'\'je:i 1 'iJ'!Je:i.:i~'U~1.n fl~ e:i 
' 

~ ~ ' &J'111l.fln.!'YI 

s.n1tJ'Vle:il1le:i.:ir1m1:1.J~.:i1'Ui'5'tJ1~n'U 
' 

3 

Output 

v 

BlJ'1otl'W'i11n-J1lY"W11'1J11 

i;.J ~ l1lL fl ~ eJ .:J ?1°1 'iJ 1.:J LL '1 ~ 

?11l.J1':lti 1.ff i;.,i~ 111.fl ru"1 lilmL 'U'U 

L~'iJ~'iJlJeJ\111 'WL:S.:Jyj1UJ'1m1ri) 



2.1 1i'11 

d 
'll'Vl'VI 2 

-U11 (rice, Oryzo sotivo) "5'~LU'Ufl1Vl11Vl'1fl'llfl.:IA'W1vrn bW:::Wn11L'Vl1::oJ~mU'UVl'll 

LPi1~~n~V1~fl'llfl.:ioJ1::L 'YlPi ?11m1mLu.:i 1~(;rn.JLL Vl~.:ioJG'ln 1~tJ 1 'Ylm ll'W~ci.:iflflni11'il'Uvi'u 1 'llfl.:i fan 
.. 'U 'U 

1~rn1 'WU 2554 b 'YltJ:i1ci1'UbL U.:Jl'l'11~~fltJ'1:: 30. 70 (?!11.T n.:11'U~lill'U1l'YltJ1Pi1?11'l{LL'1:: b 'YlA fo fa~ 
bb vf.:1'111~ m::'Y111.:ll'YltJ11311&'ll'l1LL'1::b 'YlA 1'W b'1~' 2555) bb(;)fl~1.:I hnm:w 1 'WU~~U'U b 'YltJ:i1ci1'Ubb U.:lfl11 

' 

2.2 fi1'U'lh::m1\J'llv.:i1i'11 

~n~ru::'Y11.:i'Vlqn~Pi1?11'l1'llfl.:ii11Lb u.:iflflm ll'U 6 ci1'Uvi'.:it;lfl 1 uil 
2.2.1 11 fl :cr VIU 1~ fi ~i;i1~'U1 'IX~ .:1(;11.:J bb'1::Vl1€l1Vl11 b oJ Li tJ.:ii;i1~ 'U 11fl'tlfl.:Ji 11 "5' ~fl tJ0

1 'U 
'U 

oJ1::b'Y1Pi11n~fltJ b~mfl1b:w~~-U11~~'U1::tJ::~n~1LL~1 bL'1iJ1H 24 i'11:w.:i V1'1.:itT'Ui..hm'IX:w 
' 

(incubation) an 48 i11:w.:i i11~::b~:W.:Jflfl b~tJ11fl~.:iflflflflfll.11A~.:JbL1mT'ULU'U11flBfl'UVl~fl11fl 

LL 1fln1L il~ (radicle) 'tlru::i11~L~~t1JL~u 11'l:ff 'U 11fl~fltJ~::L~:wLn~:ff 'U 1~tJ.:Jflflm~1flifl~'11.:i 1 L1tJfl 

11fl~fltJ'll~~?lfl.:Jl1 adventitious root ci1m1mL1fln1Lu~~::l°ifltJ 61Vf:W~fl1tJLb'1::&'1'11tJ~11 Ub~fl 
' I ' 

i11:WmtJ{i.:i 25-30 1'W bb'1::b~flfi'1tJfl~11 oJufl~1 1 ufl~1~LAm ~mfl~1 mL oJG'1.:ifl~1fi~::rifl tJ 61 b Vl~fl.:i 
' " I 

:ff 'LI L d fl.:! ~1m1 fl'tlfl.:J ~'LI fl~ 1ci flC1fl'U bb'1:: bd e:i11 fl.:i flflflflfl:W 11VllJ~1 fli fl~ fl ~1tii'~1~m~:wV11mV111 
'U 'U 

b~tJ.:itii'mL'1:: 1 u 1 un~:: b~:Wb ~m:ff 'U:w11 Vl:Wb 'UM11YlUfl~ 11fl'tlfl.:ii11~::bb Yl~fltJLl?i'~1~'U 
'U 

2.2.2 tii''U oJ1::flflu1oJ~1tJoLJmb'1::oJ~fl.:i imll'W~bn~'tlfl.:J1u ~oLJ'fl:Wm m~::L~~t1J:ffmll'W 

Vl°L1fl1 VllJ~ .:i~::vh 1 '!Xi11V1ti .:il?i'mLl'lflflfl:ff m U'UVl'11tJtii''U1~ oJ~ fl.:J'tlfl.:Ji11 fl'11.:Jbb'1:: bbciuu :w b~ flfl~ 
' 'U 

L V!Ufl\;\'1 bb V1°L1.:il'l1nfl'W~i11~::?1~1.:i'lifl~flfl i11~::E!.:i 1lJfi ~oJ~fl.:i:ff 'Wm ~fl~ru::~ L 11L1tJfl11tii''Ui11 

1 m:: tJ::tlfl'U~i11 ~::&'1~1.:i'liflflfl~ir'U n ~fo 1 Ubb'1:: mutii''Ui11:i1~fl~ru::~'U~ fl~ b VIUfl~ ~n1 b U~11 fl 
'U ' 



2.2.3 1u 11i;rn'jjru~bll'Ubbe.i'Uu1~ bbA'U bb"1~tJ11 ~ri1bi!~r'il1n'IJB1'WViPl'Vl1~?1i;run'W 1u 

tl1~nBuvi'1tJ 2 ~1'UAB mn 1rnrn~~'U1 u mn 1 u~n1b 'Llvi"il1n-ii'mb"1~~11i4Btl~B~~B~b V!UB~'U 1 tl bb~ , " 

"il'U{i~mu·1m~1 un~ b1tJn11 AB11~ -ii'11~1~"il~~AB11~~'UtJ11~1~n'UBBn 1 tl 

2.2.5 V1Bf1 V1Bn-iJ11 bU'UV1Bf1?1:J.J'U1rub'WP1 i;rf1'jjt\J~V1Bf1U1~f1B'Uvl1tJbU~Bf1'UBf1 2 bb~'U 
" 

fimtl~Bf1'UBf1bb~'U1Vlajb1tJn11 lemma bb"1~btl~Bf1'UBm~m1tJn11 palea zj~mtJ1'U lemma bb"1~ 

Pale a U1~f1B'\.Jvl1 tJbf1?1?11b 'WPlcr bb"1~ bf1?1?11b 'WPlb~ tJ vr~ir'Ub~ BV1Bf1-ii'11'\.J1'U"il1f1U"11tJ11~~1rim1~ 
" " n 1'U'lJ bf1?1?11"11~"il~~~eJ'\.Jb1ru 1~~BBBf1111"il1f1V1Bf1-ii'11~ ~b U'U'Uru~ b~tJ1tl'Utl'\.JeJ'\.J b 1ru bb"1f1bb"1~ 

~ ~ ~ ~ 

1 '111'U-r~1-Ubb~1 b"il~ru~'Ub U'UA'W.n~ €ln'Ll1bA~tJ?IV!~~"il~b -ii'1~?111nu 1-tl~'U~b V!~BBf1 2 'lJV1 bb~1 b"il~ru~'U 
u ' u 

bU'UbB'U1vimt1{11 b11~vi-ii'11 tl1~nBu~1tJ?IB~~1'UV1i;rn AB ~1'U~i-iB~m11~vi-ii'11V11B~"1 b1tJn11 
' ,, 

bbf1"1'\.J (hull V!~B husk) bb"1~~1'UbUB~"1V!~B~"1bbVl (true fruit V!~B caryopsis grain) V!~B'IJ11 

f1~B~ (brown rice Vl1B caryopsis) bbf1"1'\.JU1~f1B'\.Jvl1tJbU~Bf11Vlaj (lemma) bU~Bm~n (palea) 

U1~ f1'\.J tl'U bV!tJ bbf1"1'\.J"il~tl nn1'1 V1BBm~V111~m1~-ii'11~1'UU1~f1B'\.J'UB~ b:l.J~ vi-ii'11 b~ tJ~~1vl'U"il1 f1 
" 

..ff'U'UBf1{i~..ff'U1'Uf1m~Bir:J.J~"1 (pericarp) b~Bir:J.Jb:J.J~Vi (seed coat) i!1b6ll"1i;r?l(nucellus) b~Bir:J.J 

.ff'U1 'U (aleurone layer) bb"1~~1'U'UB~b-d'B?lm{'lJ (starchy endosperm) zj~~mn~~vi 1 m11~vi-ii'11 

(tl1~111ru1'BtJ"1~ 80 'UB~b:l.J~Vl~~V!:J.JV!) (B1Bmrl, 254 7) tlmtJ-ii'11 bU'Ub:J.J~vi-ii'11~f1'U'l.J1V1b~f1~~B'l.J 

e.i1'U"1~bbf11~b 'UB{ 7 (111"'1~1'U~'UA1bf1'jjl'11bb"1~B1V!11bb i-i~'lJ1~' 2555) b U'U~"1'W"1BtJ1vl"il1f1f111~ .... 

-ii'11fiviblJ'Utl~mru1'BtJ"1~ 15 tl"11tJ-ii'11tl1~nBuvi'1tJ"1~BB~-ii'11V11m~B~:J.Jb:J.J~vi b:J.J~vi-ii'11~~mrn~ , 
"il~n-ii'11 (embryo) tlmtJ-ii'11~~~'U'U1V1'U'U1Vlb~mb"1~'U'U1V11 Vlaj (51"11, 2549) tl"11tJ-ii'11V11B-ii'11 

~ntl1~111ru1'BtJ"1~ 70 tlni.111 tl1 off b U'U B1V11161"11 bb"1~ bb tl11tlmV1111111 {i~m1i111111 off b U'U~1 'U~?l:J.J 
" " 
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1'1.J(;.J~(?)JlnJ'1LA~B\1'11B1\I ~-:l'ntJ\11'1.J'lJB\I th:;~VI~ (2553) 1:;u1°1 u~-JVlfJL),J~n'l.JLLvl\IV!,j\li:J , 
i;.J~t?l.tlru'1LA~B\1~1m\l"il1n-U111tii'LLriA~),JU11\1~1 LL'1f),J'l"l A~),J~1\lvtil1 A~),JmuJ1 Lllu~u 

s::m 
Panic le 

Tu 
Leaf 

, " 

111~~ 2.1 LA1\l?t1'1\1'1Jf)\l~'l.J-U'11 

~ 

flUlltlU\J 
flUPIUEl 
Tiller 

~m : http://www.allricesurin.com/article/58/U"il~tJ~i:lm1~Bf111b"il~'!Jb~ULt?l'llB\l-U'11 

L1'Aantilant'4qj -----
(lemma) 

fl1Utilil0 (pedicel) -----.I 

----- a11LninLWA~ (anther) 

--- fl1UD\ILOmLWfl~ 
(filament) 

'----- LtlAantilamlln 
(palea) 

- Yjf1.J":lilil\ILOif1 (stigma} 

~--- fl1Uvjf1.J"::uu\ILOi11 (style} 
--f\l'hi (ovary) 

------ f'l11t1n (rachilla) 

111~~ 2.2 LA1\l?t11\1'1JB\lb),J~~.LJ11 

~),,)1 : http://www.ricethailand.go.th/Rkb/varieties 
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" 0 Q,/ 0 ti 
2.3 'IJ11l'IJ"51"1111 

'f1-LJ'11 Vll.11Vfi\I ci1'1.Jbdt1ih1t:.J'1 bdmXim.1~~ 'Ll1b611'1'1?1 .ff'Ubbt1~1h'W .ff'UsnUbbt1~1h'W 
' ' 

bb'1~ri'vu1~'1Jt1\lbl.l~~.LJ11 (t11t1'1.J\IA, 254 7) 'f1-U11 hi'"i11nm1~-U11 zj\l"il~ 1vi\h~mru 8-10% 'llt1\ltl1 

V1i!n-U11 b i.J~tin-~\IVll.I~ i1'lJ11nt1\lflu1~nt1uV1'11v'llu~ 1~ bbn 1 i.J1~'1.Ju1~mru 15% 1 'lll1'1.Ju1~mru 

15-30% b?i''W1v 6-20% bb'1~A111u\mmVlzj\lt11"ilnu~mru?1\lfi\I 50% t1\lriu1~nt1u'llt1\l'l1.LJ11 
" 

" 2.4 u1~'1Ji1'!i'11~e:i~1vi-U.:i 

J1:ifo1°1-LJ' 11 b U 'lJ J1:iJ'lJ Vi' ?In~ lJ1"ii1n1°1oLJ11 iJ 1~ntlUvl1fJG'l11 n'1' m~ tl'G'lb vJhlJ ~ 
' 

(Phospholipids) bb'1~n~l.l'lltl\lb61111 bl.lvl ( Ceramide) zj\lb U'Uci1'1.Ji.J1~nt1u~'11ri'(1j'llt1\l.ff 'U 1~~1VIU\I 
'lh vvh 1 ~~1V1u\lnm1l.l~~VIV'U i.J11Pi"i11n{11t1v~ bn~nti'Wi'v 1~m611111l.lvi EJ\lljflru?ll.IU~ b ~l.lfl11l.I 

' ' 
m~~1\11?11v1 (Brightening agent) (Verleyen, 2001) zj\IG'l1l.111('1EJ\l~\lm1~\lbfl11~,,;bl.1'11U'U bb'1~ 

v\I b ll'U?111b ~l.lfl11l.l'lil.l<ff 'U 1 ~bbn~1V1u\lb 'li'Wn'W 'Wtin"il1nd J1l!'Ui1-U11 i.J1~nt1uv11v?111'11ri'ru~n 
' u 

fltu?ll.IU~1'1.Jm1vi'1'1.Jt1'1.Jl.1'1B?l1~ hfori iVl1lJ'lJB (Tocotrienol) bb'1~tltl~6111'1.Jtl'1 (Oryzanol) 
' '" 

(Muntana and Prasong, 2010) 

VJfl'ljn~ b~ v1nut1'1.Jl.1'1B?l1~lj nWl''l~fi\ltl'Ul.11tl~1\lfJ11'1.J1'1.J n-hfl~ \IP1Vl111'1j ~\lbb~ tJ fl. Pl. "I d.J , " 'U 

19 54 1~vm~m'W m1bbn'1J11b ll'U~vib~l.l~'W'llti\lunn~mtitin"B bvi-B''Wzj\I b ll'Wm~m'Wm1~ riti 1 ~ bnvi 

tl'4:i.J"'B?11~ zj\l"il~ci'l~.rn 1 ~bnviA11l.lb~t1l.l?lflT1"l'lJt1\11~uu~1\I 11 'W~1\lmm~m1'11~1'W1u 1viv~tim 

1vl'Fi''lJ'V'lU11m1bnvit1'1.Jl.l'1B?l1~i!'Un"ilvi b~l.l~'Ul.11"il1n bl.I 1 Vlflti'Wbvi1v (mitochondrion) zj\lb U'Ubb Vl~\I 
'" ' 

ti'Wl.I"' B?11~~ bnvi~'U ~ \l,f 'W m1E1 u ~ \lu fin~ v1t1t1 n"B bvi-a'mb"'~"' vi m1bn vi ti'Wl.I"' B?11~?11l.I 11mh v ~vi 
'I 'U dJ 'I 'U 

tl1fJ'lJtl\lb611'1~~ \ln'iliVl 1v11:iJ11"il~b U'Un11fJU~ \I bviEJG'l11~ 1'1.Jtltin"Bbvi-B''W~b i.J-U'vi'lJ11\IU fi n~V1'1n161! 
' ::.J " 

'llt1\lm1bnvit1t1n"Bbvi-tl''W b 'li'W imil'Wu V11t1'1viel'Vl11m1bnviu5n~v1t1t1n"Bb~-B''W 1~i1'1\l1viv 1 u~u nu 

faV1~V1tTn~1\I"] b'li'W Vlti\lbbvi\I b'v'l~n bb'1~vi'1d\li.Jfln~v1t1t1n68b~i'W (catalysts) '1J'LlviVl°1\I 'l 
(Harman, 2003) 

n11bn vii.Jfl n~ fJ1tltin"8bvii'Ub U'UD "il-.5'vm1 \!vi"' \1~'1Vl° tln11bn vif 11tlfJU~b 1ru~1VltJ\lzj \I 
iJ 5n~fJ1 tltl n"B bvi-B''W ~\In~ 11G'l1l.I11('1 bn vi~'U 1v1"il1nmfJ1 'W ~1\1 m fj'lJ tl\ll.I~ 'lj~ btl\I Vl1ti~ nm~~ 'lJ "ii 1 n 
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" ~ \lbb1li1'1ell.J.fl1tJtmn b'li'W nT~G'Zl.Jcr'G'ln'\Jel1n11'1 bb'G'l\lbblillil m1.fl11~ 'G'l1'Hfl:iJotfUli1 t;\1\l 1 11l.Ji1\l 

fl11l.Jbfl~tJlilvl1tJ (Rinnerthaler et al.,2015; Po~sak and Dahmane,2012) bliltJ~\lm~~'UbV1~1-d 
"il~nel1~biililel'Ul.J'1B'G'l1~bb'1~el'Wl.J'1B'G'l1~'Uel\leleln6ilb"il'W (reactive oxyoen species; ROS) zj'l1vlLLn 

'l'U 'I 'U :::> 

el'Wl.J'161!Ltlelfaeln1"1f\9l co2 •-) 1~1li11L"ilt1Ltlel{eleln161f\9l CH20 2) el'Wlrn1~meln68'1 (Ho•) LL'1~6il'lLn'1 
'l'U 'U 'l'U 

elel n68 L "il'U C102) L U'Ut>i''U Llil tJvl el'Ul.J '1B'G'l1~'Uel\leleln68 L"il'UL VI~ 1-d "il~n el 1 ~Lnlilfl11l.J Lfl~ tJ(i1.fl1tJ1 'W 
''U 

mtJ 1 t1L"lf'1~vlLnlil:d't1~\ln~11 zj\ln'11nm1uel'lnt1~hV1u\l"i11n-r\l~B'1{;)11111m'1{;)"il1mL'G'l\lLLlilli1 LliltJ 

511l.J'll1~'Uel\l~1\ln1tJl.J'4'1!ftl 1vi'LLn L~li1~~1 LL'1~ Lel'U 1"1ftlvlii'G'll.JU~1 t1m11'11t1tli)n~tJ1eleln68 Llili'W 

L'li'W Lelt1161ftl61!Ltlel{eleln1"1f\9l~'G'!lJ1LV1'G'I (superoxide dismutase, SOD) Lelt1161!l1n'11'111V11eit1LVrn{ 
'U 'U 

eleln68Llil'G'I (glutathione peroxidase, GPx) LL'1~Lelt1161!tlfl~{;)1L'1'G'I (catalase) t;\1\l 1 LLt;\V!1mnli1 

oxidative stress mmn'U 1 tJ "ilt1vi11 ~~1\ln1tJ1:w°'G'l1l.J11fll'i'1'UVl1'W1~fi "il~n el 1 ~Ln lilel'Uf;l11tJLL'1~ 

fl11l.J L~tJVl1 tJ(;\el L61f'1~t;\el 1 tl LLt;\el~1\l 11nml.JL 11'G'l1l.J11fl-r'\J'G'l111'11'Uel'Ul.J'1B'G'l1~"il1n.fl1tJ'Ueln 1~ L 'lit1 
'" 

m1-ruu1~V11t1mV111vliii mlJt1Lel i{;)1lJt168 LL'1~i {;)1lJt1B V1~elumnt1~1V1U\l"il1nmtJt1eln 1li1 tJ 1-U 

~ ~ {;) i1 ru<vi tl'Ubblil li1 VI~ el 1 'll Lfl ~ el\l '11 tl1\lvl ii 'G'll.Ju~1'Wm11'11'\.Jel eln"8 Llili'W bu 'W l'i' 'W (Poljsak and 

Dahmane, 2012) 

2.6 a1~~1'1Jaan6ilLfl'tf'IJ1 'UoU11 

.LJ 11ii'G'l11'V1tin'l!fLfliivl ii 'G'll.JU~ m1l'i'1'\.Jelel n68 Llili'W n~ l.J'G'l11tl1~ n el'U¥lt1 el'1 zj \l?h'W 1 VI qi fi el 

phenolic acids, flavonoids LL'1~ oryzanol 'Uru~vl.LJ11vli'.l~'Uel\lLl.J~li1L U'U~LLli1\lVl~el~:W1\l(;\'1 hi'-ru 

n 11 tJ ell.J f u1' 1 Lu 'ULL V1'1° \l'G'l
0

1 r1 qj'U el\l 'G'l11vl 1'U elt{ ~ '1 B 'G'l1 ~1 'W n"\' l.J phenolic compounds, 

anthocyanins bL'1~ proanthocyanins 'G'l\l 'G'l111'11t1eleln68Llilit1L V1~1-d~1t11 Vlrufl n'G'l~'G'll.Jel~1 t1~1t1 
'U "''U 'U 

'Uel\l.fft1 pericarp LL'1~ aleurone layers 'Uel\lLl.J~lil<LJ'11 (Abdel-Aal et al., 2006) ~\lvi11~~1'U 

'Uel\l11.LJ11 (rice bran) iiu~mru'G'l111'11'Weleln68 Llili'WL V1~1-d 'G'I \lffJ 1~1t1'Uel\l Ll.J~ 1i1-LJ'111lil tJ11 tJ\l1'U 
'U 

'Uel\l Gunaratne et al. (2013) '1'1'\J1°1 1°1'll11l!tl'!l.J1ru'Uel\l total phenolic compounds, 
' ' 

proanthocyanin, phenolic acid, gamma-oryzanol LL'1~'1Vl5l'i'1'Wel'4l;J, '1B 'G'l1~ L:W' ell lil~ 1 tJlTI 

ABTS method ~\ln-h<LJ'11n~el\l (brown rice) LL'1~-LJ'11-U'lil'U11 (polished rice) 'llUli1LL'1~tl~mru 

'Uel\l'G'l11~1'Ueleln68Llili'W 1 t1.LJ11i'.l fl11l.J LL{;) nt;\ 1\ltl'U~'U tl'\J'G'l1tJ~'U5 
' 
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2.7 'l::'U'U1:i.i1n'lil3!~'!i'LI (Microemulsion system) 

l1i1CJvi'11 tl ijm11 ~f\'1\lmm::uu Ll.I 1Fi1alJ'~i'U-:i1b U'U "1::uu'UeJ'1J1 J1lJ''U bb~::?111~\i1bb1..:1 

~..:ie11 (Vl~eJ?l11'lleJ'UJ1bb~:: L 'UlJ'U) zj..:ib U'U?1Trn::~1CJ~l.l'iJ'1b ~'Ub um ~m~m bb~::ijflru?ll.IU~ L :U..:i Lb?l-1 
' 

L V1:i'.iEJ'Un'UvinViMvi1..:i (single optically isotropic) bb~::b U'U?111~::mCJij m1l.IF1..:ilii'1vi1..:i~ruV!'vrni'l'1 

(thermodynamic stability)" Ll.I 1m·alJ'~i'Ub U'U1::uum::'11CJ'UEJ..:IJ1lJ''Ubrn::J1 ~vi11 ~Lnlilm1l.I 

Fi..:ili11vi'1CJvMm::V1-:i1..:i e11 (interfacial film) 'UEJ-1?111~\il bb 1..:i~..:ie11zj..:i~1'U 1 Vlql iii'EJ..:11i~1l.lnu?111~\i1 

bb 1..:i~..:ie11~1l.I (co-surfactant) bb~::?l11~\i1bb1..:i~..:ie11~1l.1~11f EJ~1'1 bb 'V'l~VlmCJ L U'Utl1:: b.f1V11 'V'l~Lf1m 

El n6/I (polyhydroxy compound) bb~:: Lb El~ neJ f1EJi;i° 'llU li1?11CJ1611 i'UVI~ EJU1'U n~1..:i (Lawrence, 

2000) U '1'1 u'Utf1tilli m1 bb ti '1 Ll.I tm5lJ' ~'l1''Ul>11l.I bf11'1?11' 1..:1 bb~ ::1:: ~'Ull.I bf11 ( microstructure) 
' 

EJEJnLU'U 3 tl1::b.f1V1 Lvlbbn (1) J11'UJ1lJ''U (water-in-oil, w/o) (2) ~m~EJ..:lbb'\.J'\.JA (bicontinuous) 
" 

Lrn:: (3) J1lJ''U1'UJ1 (oil-in-water, o/w) 

b~ El 1i1 '11 n ~1'Utl1:: nEJu'U EJ..:11::uu Ll.I tFi 15 lJ' ~i'U '1:: ij Fi11l.I Fi~ 1 CJ Fi~ ..:in m::uu alJ' ~'ll 'Ul.11 n 
" 

b ~EJ..:1'11nij~1'Utl1::nEJrn u'UJ1lJ''U i.11 brn::?111~mb 1..:i~..:ie11 b 6ii'Ub~CJ1n'U -ilmbl'1n~1..:1~~1ri't1J1::V1-:i1..:i 

alJ'~i'Ubb~:: Ll.I bF11BlJ~i'U AEJ 'U'U1\ilbrn::~tl~1'1'UEJ'1VICJ\il'UEJ'1b Vl~1~m::'11CJ 1 'Ul!J.f11Fl~m ~El-1 zj..:lb U'U 

~ ..:iu..:i:ff1~b~'Ufi..:im1l.lbbl'1n~1..:11::V111..:im1l.!Fi..:ilii'1vi1..:1EJ ruVl'V'l~i'"''llEJ..:i-vr..:i 2 1::uu Cm11..:i~ 1) 
' 

5lJ'~i'ULUm::uu~ijm1l.IF1'1lii'1V11'1'1~M1?1"14 (kinetically stable) Lb~L:iJFi..:1"11vi1..:1EJruVl'V'l~i'l'1 brn:: 
' 

V1~..:im1Lnu 1 ·h::CJ::Vl~..:i E11'1bnlilm111l.llii'1'UEJ..:1V1CJ\il'UEJ..:1b V1m~m'1u11 tl~m1LbCJni'U'llm L V1~1 b ll'U 
" 

?1EJ..:11' !JmFi 1 'Uvi1..:il'11..:in'U-iJ1l.I Ll.I tFi1alJ'~i'Uij Fi11l.1Fi..:ilii'1V11..:i~ruV1IJiJ ~ruVl'V'l~1"'~..:i 1:iJ Lnlilm1 Lw n 

i'U'UEJ..:i?IEJ..:ii'!Jmfl ~1Vl1'ualJ'~i'U'll'U1\ilb~n~m'1b~CJn iJiJalJ'~i'U (mini-emulsion) Vl~EJ 'U1fo 

alJ'~i'U (nano emu ls ion) b U'UBlJ~-ti'U~ij'U'U1 \ilVICJ\il'UEJ-1 b '\11~1~ b~ nn-:11 Ll.I F11El'U zj..:ioiJ1m~l.Im1l.I Fl '1 

lii'1vi1..:1'1~M1?1"11Ltil~ L oJi'Ub~ CJ1n'U bb~ iJ..:iij F111l.I Fl-1lii'1'UEJ'1El'U.f11F1~1n-:l11l.I tm5lJ' ~i'U (Boon me, 
' 

2007; Junyaprasert and Boonme, 2002) 

'U'Ll1 Vl'U eM VI E.J VI bV1(I1 

m1:uri.:i!ii'1 

f11'l'1~1'l 

A 11:1.J l oLJ:UoLJ'U'U f"M'11'l'1 VI ll 'l 'l~'l ~1 

Virnll.'1.:Jl th..1t11'U:u 

mnn11 1 1:u 1ml:um 

hJri.:ilii'1 

tilei.:if11'l~~'l'l1'W 

~1 
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1tJ~'lll'1'l 

20-200 m1m:um 

~'1'Wl'l1'1VI~ 

tii'ei'lf11'l~~'l'l1'U 

~1 

1tJ~.:i1'1 

10-100 '1.111 m:um 

~ruvt~'1lVI 

lflVl~'U 1lil leJ'l 



2.8 n1'1fl~1.:ILLa::fl1111f'Hl~1"11il.:I 111 lfl'lilii'ai'U 

n11?1f 1\I LL"1::: A11l.I l°l\I ~1'1JB\l ll.I 1A1Bl1"1iueifiu1tJ 1~ \11n n11L tl~ tJ'U LL U"1\I~« \l\11'UB ?11::: 

(free energy) ~vh1~vm~'lJB\ILV1"111°l\l~tlei~1~LL"1:::nm1l.IA\1~1 ~«\l\11'UB?11::: (G1 ) zj\1Ln~~u1~ 
'11n (1) ?111"1~LL1\l&i\1~1~"1~LL1\l&i\11:::V111\1~1 (interfacial tension) 'lJ'El\l?leJ\ll!).fl11°l Lrn::: (2) m1 

Ltl~tJ'ULLU"1\ILB'Ub'Vl1U (entropy) 'llfl\11:::uu (;11l.J?ll.ln11~\l~B1tlif D.G1 =Yi M - TD.S 

1~()~ Yi LL1\l&i\11:::Vll1\1~1 A LU'U~'U~~1'lJ'El\IVl(J~'lJ'El\ILV1"11 T fl(\JVlfli1'1l.IU1tU LL"1::: D.S LU'Ufl1 , '\) '\) 

m1L tl~ tJ'ULL U"1\ILB'U 1 mll'llei\11:::uu 

1u?1m1:::~n?l11"1~LL1\l&i\1~1LL"1:::?111"1~LL 1\l&i\1~1~1l.I vh1 ~ Yi nfi1~1mn\l'ULoLJ11n~~'U~ 

A ~Lllu~u~~1'lJEJ\IV1tJ~'ll'El\ILV1m'lJu1~L~nmn'1:::nfi1~~~mn fi1 yi M LlluG'i1u~G'i'li:..mm:::viu 

vlfll°l11l.I hJ l°l\1~1~'El ll.I bl°l1Bl1"1otl'U zj\l\l:::nfi1"1~"1\I L~'EJLL 1\l&i\11:::V111\I ~1nfi1"1~"1\l 1 'UV11\1{;11\ltl'UoLJ1lJ 

fl1 T D.S 'Ufl\l ll.I bl°l1Bl1"1i'Unfi1~~\lmn L ~ 'El\l\11nm1~?1l.ll!J.fl1Fl'Vltl\IL -U1rjBnl!J.fl1FlV1tl\I LL"1::: Ln~ 

n 11?1f1\IVI (J~'lJ 'El\I L Vl"111'Utl~lJ1ru l.IVI 11211"11 'U'Uru::: L~ ()1 tl'U n11 LL~~ 'lJ 'El\1?111"1~LL1\I&i\I~11 u.ff u 

1:::V1-:i1\1~1Lrn:::m1LL"1m tl~tJul.leiuml.lei11ull.IL61!"1~'1Jei\1?111"1~LL1\l&i\1~1L uu~"1vh 1 ~Ln~m1L ~l.lfi1 

LB'U 1 vi1u ~\li!u fi1 D.Gf 'lJB\l ll.I 1A1Bl1"1i'Ui5\l\l:::nfi1L U'U"1UL?ll.l'El (Aserin, 2005) 

~ ~ \9l.l'U1?1 (;11(;1°1'f u ll.I bl°l1Bl1 "1otl'U c)1 B\lli l°l11l.11:::l1 ~1:::1''11 'Un11L~ 'El n?l11"1~LL1 \l&i \1~1 LL"1::: 
'\) '\) 

n11l.l'll1&i'lJEJ\1?1'El\ll!)fl1A 1um1~\l:::vh1 ~fi1LL1\l&i\11:::V1-:i1\1~1nfi1L -U11n~~u~ ?11m1'11mmvimJ1\I 

L V1m:::?1l.I 1 uG'i1uoJ1'lJEJ\1?111"1~ LL 1\l&i\I ~1 ~1 tJ1fim1if vh 1 ~ ~"1m:::viu~ eim1 hJ A\1~1\11nm1L ~l.I 
~u~~1nfi1~1?1~ LL"1:::m1L ~mEJu 1 vi1u\1::: Ln~mn~?I~ 1ll 1A1Bl1"1iu~\ln~11\l:::Ln~m1?1~1\l~u 1~ ' , 
L'El\I (spontaneous, self-associate Vl~fl self-aggregate) Lrn:::Ln~l°l11l.ll°l\1~1V11\l~ruVl~"1l(;1 

~1 tJ'lJ'U1~VltJ ~'ll'El\I L Vl"11'1JB\l ll.I 1A1Bl1"1iuiJ'lJ'U1 ~~ L~ nn11 m1l.I m1 l°l~'ULL?l\l~l.I B\I L i1u L llu 

ei tJ, 1\lmn ll.I Ll°l1Bl1"1i'U~ \In« n~ru::: 1 tl~ '11?1 (transparent) LL"1::: Ll°l1\l?lf 1\l'lJB\ll1uhi ?11m1'1 

(;111\l?IEJu 1~~tJm11 -b'n~ei\l\1"1V111121tln11l.l~1LL"1::: ll.I 1mBl1"1iun~u~~1~?1\lmn ~\li!u ?11m1'1 ' '\) 

m1~V1~EJti'mnu?111tl~:i.nru:i.nn~1ll"1:::"11tJ 1 u1!JmAvi m ~ EJ\l.fl1tJ'UEJn"1\l 1 u LL nu nm\IVl~eiu~ L 1 ru 

1:::V1l1\1~1 (interface) 1m"1n"1?111~ m1\leitJ'u~ L 1ruV1u 1'1l.lel'?1\l:::'EltJ'1 u?lm~'1n"1:::"11tJ ~\!Ju 
'I 'I 'U '\.I 'U 

tl1:::~vifim~'ll'El\l ll.I 1mBl1"1oU'U 'El1\ll ~ 1~'11n l°l11l.l\1'1J'El\1?111"1 :::"11 tJ'lJ'El\1?111 "1 :::m tJ (solu bilization , 

capacity) 'lJB\l\1?111 
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2.9 fl'J'U'lh::nv'l.l'tlv.:i 1:1.1 Lfl':i~~il'lf'ULLil::n1''H't~1.:1LL~'Ull1~ L 'rlfl 
L~Bi;.J?fl.J J1~u J1 ?tTH'l(jl LL 1-:i~.:ie'.h LL'1::?tTH'l(jlLL 1.:i~.:i~1~1l.J L oif 1~1vnu 1l.J 1fl1a~i;i-tlm liu 

1::uu L~ v11 un~l.J tm.:i?1{1.:id~?11m1ri?1{1.:i:ff u 1~Le:i.:i t(jlv:ff u nun11l.J"IJ1~V11.:1Lflii LL'1::fl11l.J L oif l.Joifu 
' 

'llv.:1?111'\.h::ne:iu muV1.nii LL'1::m1l.J~u 15m1~ L llutb:: fo"IJi.11'1 e:im1LL?f (jl.:I 1 ~ L ~ue:iu ml.Ji uie:iu 
' 'IJ ' 

'lJB.:!Btimn~v1~ bn(jl:ff 'lJL~ e:Ji;.J?fl.J?f11'\.h::ne:iu 1 tiBl?l11ii'i1ul'i1.:i 1 b oif 1~1 vnu Avm1?1{1.:i bb{;.Jti.f11'\"l 

L °V'l?f (phase diagram) b(j]EJ 1 ~LLl'i'1::l.jl.J'llB.:ILLi;.Jti.f11'1"lLL?f (jl.:IA11°111l.JL oLJl.JoLJti'llB.:i?IT'rnl'i'1::"1Ju(jlb llu{e:iv 

i;i:: 100 ~.:iVi
0

Lb?f(jl.:!1-JL~ti1um'l"lVi' 2.3a 1uLLi;.Jti.f11'1"lL°V'l?t11?l1.f11fl (ternary phase diagram) 

?11l.J Trn"if1 ~L ~uu~ L 1ru~ Ln(jl L liu 1l.J 1fl1a~i;iiuV1~e:i1::uu tm.:1?1{1.:i 1n~ Lfi v.:i~u~ Ln (jl:ff u 1 um'l"l~ 
2.3b bb?f(jl.:!1~L~tiU~b1UJ~bn(jlblJti1l.Jtma~i;iiu~.:i?f1l.J"IJU(jl 1~Lbrl "IJU(jlJ11uJ1~u l'im~B.:ILLUUA 

'IJ 

LLi;i::J1~u 1 uJ1 zj.:i?11m1mn(jl:ff u 1~m.:i fav:ff unun11l.J"IJ1~ (Lawrence, 2000) 

ii.:i LL~111l.J lfl1B ~ '1otlti?f1l.J11(1 Ln (jl:ff ti 1~ b B.:I bb'1:: hi~ B.:IB1Plv'l"l«.:i.:i1u1 ti n11Ll?l1 Vl.J bbl?l
0 

ii 

Vi'11 vu'\)~ v~ ii i;.Ji;in1::V1ul'ie:in11Ll?l1Vl.J1l.J lfl1B~ '1otltibb'1:: fl UJ?fl.Ji1~'llB.:I 1l.J lfl1B~'1otlti~ Ll?l1Vl.J1~ 
' 

U\l~m V1~1d 1~LLn "IJU(j]LL'1::m1l.JL oLJl.JoLJti'llB.:i?f11'1(jl LL 1.:i~.:i~1J1~u LL'1::?111'1(jlLL 1.:i~.:i~1~1l.J ~.:ii!u 

u 11JVl1'llv.:i m1~ ~m~ m 1l.J lfl 1a~ i;ii uFi a hi ii VI ~~B l?l 1vvi'1~1wfom1L~ an 1 i'11u th:: n au~ 

L V1m::?tl.J ~1V1fom1V11"1JU(jl LL'1::tl~mru'lle:i.:i?11Tt.h:: ne:iu~ L V1m::?tl.J1::uu 1l.J tma~i;iiu 15m1 

?t{ 1.:1 bb{;.Jti.f11'\"l b °V'l?f b ll till ti1V11.:I ~ b ll m.h:: bv"IJi.1 (?\0 Bn11Vi1U~b1UJ'll B.:IB m1'11ti'lJB?f 11'\.h:: n BU~ 

L V1m::?tl.J~vi11~Ln(j]LlJu1l.J lfl1B~i;i-Uu (Aboofazeli, 1994) 

m1'lh:: Lii mfim ru~ L Vim ::?tl.J'll e:i.:i?111tb:: ne:iu LLl'i i;i::"IJu (j1~1wru m1?1{1.:i 1l.J tma~ i;i-tlu 

?11m1rivi11~\jlvm1?1{1.:iLLi;.Jti.f11'l"lL°V'l?111?l1mfl zj.:i?11l.J11rivi11~(j]EJ 2 15m1 AB (1) m111?lLl?l1VI 

ii'i1ti{;.J?fl.J'lJB.:1?11T\.h::ne:iu 2 "IJU(jl ~1V?!Wt.J1::nvU"IJU(jl~ 3 bb'1:: (2) n11Ll?l1Vl.Jl'i'1e:iv1.:i"ii1mu 

mn 1 tiBl?l11ii'i1u'lJB.:!?!11'\.h::ne:iul'i1.:i 1 nu ~.:i?te:i.:i15d\l:: 1 ~i;.Jil~L Vlile:iunu n1'llv.:!i;.J?fl.J~.:!Vil.J(jlii.:i 

'\) (jl?fl.J(j1'11~BV1.:!11(jl b ~11tiVl1.:ll?l1.:ltltioLJ1l.Jn1'llB.:li;.J?fl.J1:iJ?11m1m oif 1G'i\J\jl?fl.J(jl i;i 1~BV1.:111(jl b ~1 m1 
, 'I "'I 'I 

L~e:in1m5m1~ 2 1um1?11'1.:iLLi;.Jti.f11'l"lL°V'l?11mmfl 

~1V1fu1l.Jtm€i~i;iiuvY1h.JVi°'lh::ne:iuli11v J1~u J1 LL'1::?111'1(j1LL1.:i~.:i~1 m1?1{1.:i 

bb{;.Jti.f11'\"lb °V'l?f'lJB.:11::Uuvi11~\jl vm1?11'1.:i bb{;.Jti.f11'\"l b °V'l?t11?l1 .f11flzj.:!iil.Jl.J LLl'i'1::l.Jl.J'lJB.:lbbi;.Jti.f11'\"l Lb?! (jl.:I 
' ' 

u~mru?111L liu1e:ivi;i:: 1 oo m.J1.:i bnl?l1l.J 1l.J 1fl1a~i;i-tlu\l::iim1L~l.J?111u1::ne:iu~m ~m~l.J 1~LLn 

?111'1(jlbb 1.:i~.:i~1~1l.J 1 umru~~e:i.:im1m1\l?IBUi;.J'1'lJB.:!?111u1::nvU"IJU(jl~ 4 Vi~v"ii1mu~mnn-J1 

l'i e:i1::uu m\l 1 i15m1?11'1.:i L lluLLi;.Jti.f11'1"lL °V'l?f"IJU(jl?fe:J.:iii ~t(jlv 1 ~?111u1::ne:iut'i'1V1~ .:iii l°i1fl.:i~ LL~1 

LL~1Lu~vmL'l.Ji;i.:i Lu~vuLL'l.Ji;i.:il°i1ei'm1ii'i1u~fl.:i~ L-iiu ?111'1(j]LL1.:i~.:i~1/?111i;i(j]LL1.:i~.:i~1~1l.J J11v11 
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?fTH11A'qi vt"'.:!'11fl?f~1.:ibbe.J'U.fl1Y1b 'V'J?fb~bb~1 ?f1l.ITmv11flTHl'l~E.Jl.l bl.I bfl1B:i1'1i'U 1~~1E.J~1 CJ fl11e.J?fl.I 

?111tJ1::: fl'ffU~B'm1~1'U b vtl.11:::?fl.l l'lll.l~th1fl!]'U~b 1ru bl.I bmB:W'1i'U L 'U bbe.J'U.tl1V1 b 'V'J?f (Wang, 2013) 

L 'UV11.:ib.n-K'llm1l.l'WE.Jl.l L i?111'1vi bb 1.:i~.:i~1'1l'iivi 1lJ:WtJ1:::'1 L 'Um1bl'l~E.Jl.l bl.I 1m€i:W'1i'U b 'li'U be:i 
' 

Vl€lfl6Bb'11'!•1l€J1UbbVl'Ub€l?fbVl€l1 (ethoxylated sorbitan ester) vt1e:i Vl1'U (Tween) zj.:lbU'Ufl~l.1?111 

'1vibb1.:i&\'.:i~1vl f "5' fltl'U~ bb'1::: b ti 'Uvl 'ii E.Jl.11itl'Ue:i~1.:im fl J 1:W''U'1:::vt' .:i'll'ii vi 1eJ 1m~ b 'U I'! beJVleJ fl"B b'11'1 
~ ' 

(hydrogenenated ethoxylated castor oil) ~:Wfl~l.IVl€lfl'Brnl'l 8-40 fl~l.lbU'U?f11'1Vlbb1.:l~.:i~1~:W 

tJ 1:::~ VIB .fl1V1?f .:i 'U e:i fl'11 rnf 'U ET .:IV1'\J fl111 i b €JVI e:i fl"tl b'1 l'l bb 'V'J I'!~ bb €1'1 fl €l eJ€l~ ( ethoxylated fatty 
~ 

alcohol vt1e:i Myrj) b€JVl€lfl6Bb'11'lbb'V'Jl'!&ibb€l6Bl'l (ethoxylated fatty acid vt1e:i Brij) bV1'1€lfl'll1bl.1€l1 

(poloxamer) vt1e:i 1V1~€l€lfl61ibe:iVi~'Ubfl'1A€l'1'\J~€lfl (polyoxyethylene glycol blocks) Brij 97 

vt1e:i Brij 96 vt1e:i c _ (18: 1) E _ 1 Ovt1e:i 1 Y1~€le:ifl"8be:iVi~'U-1 o-fa~B'1Bb Yle:i1 (polyoxyethylene-10-

oleyl ether) ?111vi1.:i 1 b vt~1tlb ll'U?111~'WE.Jl.1 Lib ll'U?111v11€i:W'1i'U'1°1vtf u bl'\ ~E.Jl.IB:W''1i'U511l.I vi 1'1l'ii vi 

J11 'Utl1:W''Ubb'1:::'1luviJ1:W'U1 'Utl1 zj.:i:Wm11imfl 1 mhf u bA~ e:i.:i'11m.:i bb'1:::bll'UvluE.Jl.ll.11L-Ul 'Ufl11 

bl'l~f.Jl.l bl.I bA1B:W''1i'Uvt'11f.JU1:::b.flVI ?f11'1Vl bb 1.:i&i.:i~1'15UVlb€JVl€lfl6Bb'11'1bU'U?f11~i1A11l.lb1vl€l€lnJVl.fliJ ' ~ 

'QillVIJJDvlue:iE.Jfll1 b~bbrl 'IJfl1b€l?fbVl€l1 (sugar esters) bb'1:::bV1~bfl'1A€l'1b€l?fbV1€l{ (polyglycol 

esters) '11vtf'U'll fl1b€l?fb Vl€l1b U'U?f11'1Vlbb 1.:i&i.:i~1~1l.J1:::A1E.J bA€l.:l~UE.Jl.l L imfl L 'UU1:::b Vll'1t"i1u'Ubbvlbl.J 
~ u ' 

b U'U'ii E.Jl.11-Ul 'UtJ1::: b VI 1'1V11.:i bbfl'Ul'l:::i''Ul'lfl ~ ~1'U 1 m1J'1:::'ii E.Jl.11-tl't V1~bfl'1 A€l'1 beJ?f b Vl€l1'1.m.:imvi 1 'l.l:W''U 

(PG Es) mflfl11 b ~e:i.:i'11fl?111ffi ~e..i'11 'Um1b u'U?111b ~l.lm1vivi61il.1~1E.J 
~ 

ifl6Bb'U?fb'llb~E.Jl.I (bis (2-ethylhexyl) sulfosuccinaye sodium) :W11E.J.:11'Ul1?111tl~flt11m1m'Ufl11 
t11~.:iE.J1~1'U~1vtu.:i bb'1::::Wm1Pifl'l!l'1vt~.:i 1~1:::u111l.l 1A1€i:i1'1i'U'l.J€l.:i AOT :i1A11l.IU'1€JV1DE.J L 'Ufl11 ti 

' 
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Oil 

a 

oa 

'' ' ' , ' 
.. ···<·--··ic· .. ··K······'.<·· .. 0,1 .... ».c..... JC 
'. ,· "· ' · .. · ·. ,· ·. :' ·., •/ ~ / 

----~--· ,: .... :,: .. :,~ .. :· :'i:_··_l:_;}4.:·-~· ~o 

·· .< .:\~~lrf:~)':.-::.- " 
'---r---r---r~r-....--.---.~...--.-~Smi> 

.JC 5C ,,-0 :c lC 3C' 

b 

mw~ 2.3 bbi:.J'Ufll'V'lb 'W?t1\Pl'Jfl1A (ternary phase diagram) (a) bb"1~~'U~bn~ h.1 bA'JBil"1oU'U (b) 

'!Jel'l'J~U'U 1:w bA'JBiJ"1oU'U 

~:lJ1 : Chemix Program 

2.10 ni'l 1n"!le:i.:im·mwi~1'U'IJ~1'VIU.:l"!lv.:ih1 Lfl'l'B:U'i'li'U 

?11:lJ1'Jm ~:wnTrn 'V'l~~1'U~1VIU'l 1vi'"il1f1f11''.ib ~:w thermodynarmic activity '!Jmtil'1t111'U1:w 

1mB iJ "1oU'Uvi ?f 1:lJ1'Jfft.h~ ti n\Pl1 iXbn ~ f11'J b5' eii;i ei f11'J bb ti .:iG'11'Ub oU 1'1 ?tm1 til:wAei{ b i!E.J:w (Deloado-, v ~ 

b ilt1:w 1~t11:w1iXvmei:w~1boif1nu.ff'U?t\Pl'J1~:wAffh ilt1:w vm~ 1:w 1mBil"1i'Llm"il bb\Plneieinu'U~'U~1'!Jei'l?1\Pl 
'J1til:wAei{ b ilt1:w"il1ntT'UntJ"1~tJ'1m.1?11'Jm'J"il b oif 1G'l.ff 'U~1V1u.:i (Peltola, 2003) fat11:w 1mBil"1oU'U"il~ , v 

ABE.I I U"1~tJ'1ei E.J~'"JE.11 1~ E.J?f1:lJ1'Jflvi1til1 b Vli'.lv'Ub U'UG'l'"J'Utl rnnu E.11b~ti1 iXtil1 E.11~'\.J'J'J~eJ~?f1:lJ1'Jfl 

tJ "1~tJ'1 el ti eiei f)"iJ 1 n1 £] fl1A b Vi E.J:W fl1ti1'Ub-if1~1!]fl1A b Vi E.J:Wfl 1 E.J'UeJ n bb"1~ 1'Uvi?!~boU1~·.ff 'U~ '"JVIU 'l 

(Peltola, 2003) 

.c:t. IV ( Q_, 
2.11 ~i'll'llltl.l't'IL'li'l:l.lbLi'l~fl1'li'l::i'l1E.l 

i:.J~\Pl.tlrus;1bA~ei.:ici'1m.:i1 mtJ bL urn'l!~:Wbb"1~?11'J"1~"11t1 b U'Ui:.J~ \Pl.tlru'Ylb 'U'JUbb uu'!Jei.:i b Vim~ v v 
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1~ LL ri \;)1 vh fl :rn 1 t1 zj..:i rn1 Mn ~1 fi1 n Tm~ m tl'U t1..:i?i1'Hl t1 mi 'Vli1'W~1-ruJ 'W~ F111:1.J ?11fl'qit1~1..:i ~ ..:i ~ "il ~ 
'li1t11~c'.Je..i~vi?J1m1m~t1n\;)1vi1fl~fl1t11 'W~1'v1foe..i~vi.tlru"Y11~t1~1..:iL 'v1l.l1~?i:l.J zj..:i\;)1vi1fl~mt11 'W~1-ru 

\I 

1) J1 LU 'Ut?i'1vi1fl~fl 1 t1Vi' lJ'.ff 1 iJ tl:l.J 1 '1J LU 'Ul'i'1vi1fl~fl1tl'\'1~f)1 'W f)11LM ~ tl:l.J e..J~ V!Jl rusri 

Lfl~t1..:i?f 1m..:i 1 'W~U LL UUL 61!~:1.J LLfl~?i11fl~fl1 ti ~..:ii!'U ?i11tltlfHl'Vli~ L '\'1l.J1~?i:l.J"il~U1:1.J1 LM~tl :l.J e..J ~VI .n rusri 

Lfl~t1..:i?f 1m..:i 1 'W~u LL uu~..:in~11 ~..:i-;.i1L U'U~"il~vi't1..:i?l1m1rifl~fl1t11~~1 ml1 LL~mn?J11t1t1nti'VliJ'W 
fl~fl1tl 1~lJ ~'!! n tl1"il tiL 'VlfliJ flf111fl~fl1ti~1..:J 1 'v1'1!..:J~f)~11l.J1 LL'91-iJ1..:Jvl'U 1 'Wf111L ~:l.Jf111fl ~fl1 ti 

'Utl..:J?i11tltlf)fl'Vli1 'U~1-ru e..J~ vi.tlrusri Lfl ~t1..:i?f 1m..:i LL uu L61!~:1.J LLfl~?i11fl~fl1ti1~ 

2) J1lJ'U 1 'W mrufi' ?i11tltlf1fl'Vlt fl~fl 1 t11~t1i1 'U'U'::1lJ'U ~ e..J~ Mt11"il~ "iJ 11t\J1n11 LM~ tl:l.J 

e..i~vi.nru"Y11 mu LL urn61!~:1.JLLfl~?l11fl~fl1t1m .rrJ1:ir'UL u'l.J\;)1vi1fl~mt11~ LL~t1~1..:i 11nvi1:1.Je..i~vi.nru"Y11 'U 
\I 

e..i~vi.n ru"Y11 'W1u LL uu~'W ., J'1:W'U~u1m 1 iL u'U(;)1vi1fl~fl1t11 'We..i~vi.tlrusri Lfl~t1..:i?f 1m..:i1u LL urn61!~:1.J 
" I " 

LLfl~?i11fl~mt1J'U t11"iJLU'UJ'1:W'W~1~"il1nf111-K..:iLfl11~vi L'li'W mineral oil, isopropyl palmitate, 

isopropyl myristate 'v1~faJ1:W'W~1~"iJ1f)511:1.J'll1~ L'li'W J1l1''1.J:1.J~~~11 J'1:i1'1.J:1.J~nt1n J1:W'U'f1-ii'11 

L U'Uvl'U 

I 1 LI I II I 
CV .:ii I .r::11. CV '.dil .::ii Q.J Cl. '":II. I .dil o1:1.. 

LQ~1~ Vl'J'Vl LLM f)V!1..:J"iJ1f) e..Jfl Mi1t\J6Yltl'U 1 'l.Jtlf)"iJ1f)'Utl..:Jtl1"il"il~ LM:l.J?i11 L ~:l.Jf111:1.J'/1:1.J'll'ULLfl ~?i11L ~ :1.Jfl11:1.J 

oJ:1.J~'U~1 L ~ti 1 m~e..ifl~~~t1rn1H..:i1'1.Ju~nru~1'v1'11..:i1~Bn~1t1 , 

I I I./ I I 

L61!-r:l.J?i11vl1'1.Jtltlf)'8L~'li'W ?l11L~:l.Jfl11:1.J~:l.J~'U LLfl~u11..:i~1 '\'1~tlB'U 1 e..i~viilrusr'iL61!-r:l.J?i1lJ1WLM~tl:l.J 
1~vf ..:i 1 'W~U LL UUL "ilfl B:W' flotl'U J1 LLfl~tltltl~ fa ti e..J~ viii' rusri L61!f :l.J "iJ ~lj rn11 'li'?i11tltl nti'Vli vi L-U' :1.J-U'1.J 

m nm' 1 e..i~ vi ii' ru<vi fl~ :1.J LLfl~ e..i ~vi ii' rusri L "il fl u"11..:i tJ 1~11 u ?i' ..:i e..i flvi11~11fl1'11 t1..:i L61!~ :1.J :iJ n?f ..:i n11 
, \I 
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3.1 1flflLLft~a'l.lmru • • 
3.1.1 1~t:16i\J • 

d 
'U'Vl'Vl 3 

1) J1l1u-il11 b61iLuei1~ e.J~Vl faEJn~l.l1?11V1n'1'tfl.l'lft1At1~~ ~~Vli'~~~rufan 
' ' ' 

2) J1l1u-il11V1eil.ll.l~~ e.J~Vl t~EJfl~l.l1?11V1n'1'tfl.l'lft1At1~~ ~~V11~~~rufan 
' ' ' 

1) DPPH (Sigma-Aldrich, GmbH, Germany) 

2) Butylated hydroxytoluene (Sigma-Aldrich, GmbH, Germany) 

3) Ceteareth-20 (Eumulgin® b2) (Connell bros. co.Ltd., Thailand) 

4) Ceteareth-30 (Eumulgin® b3) (Connell bros. co.Ltd., Thailand) 

5) Ethoxydiglycol (Transcutol® CG) (P.C. lntertrade Co. Ltd., Thailand) 

6) Jasmine rice fragrance (Thai-China Flavors and Fragrances Industry Co. Ltd., 

Thailand) 

7) Lauryl Glucoside, Polyglyceryl-2 Dipolyhydroxystearate, Glycerin (Eumulgin® 

VL 75) (Connell bros. co.Ltd., Thailand) 

8) Methanol (RCI Labscan, Ltd, Thailand) 

9) PEG-7 Glyceryl Cocoate (Cetiol® HE) (Connell bros. co. Ltd., Thailand) 

10) PEG-8 Caprylic/Capric Glycerides (Labrasol®) (P.C. lntertrade Co. Ltd., Thailand) 

11) Phenoxyethanol (and) Chlorphenesin (and) Glycerin (Microcare® PHC) 

(Phitsanuchemical Co. Ltd., Thailand) 

12) Propylene glycol (Phitsanuchemical, Phitsanulok, Thailand) 

13) Polysorbate 20 (Tween®20) (Phitsanuchemical, Phitsanulok, Thailand) 

14) Steareth-21 (Eumulgin® s21) (Connell bros. co.Ltd., Thailand) 

15) Trolox (Sigma-Aldrich, GmbH, Germany) 

15 



3.2 Lfl~t1.:iih1vhiiil:unTn'l~flt1.:i 

1) 1tJ·rnmlJ GraphPad Prism Version 7 (GraphPad Software, San Diego, CA, USA) 

2) LU'j'LbmlJ~1L1"il~tJ SPSS 17.0 (IBM Corp., Armonk, NY, USA) 

3) Analytical balance (Mettlertoled, MS3002S, Switzerland) 

4) Centrifuge (MPM-380/R, Poland) 

5) Colorimeter (Chroma Meter CR-400, KONICA MINOLTA, Japan) 

6) Homogenizer (T25 digital ULTRA TURRAX®, IKA®, LABORATORY EQUIPMENT, 

Germany) 

7) Hot air oven (Memmert, Thailand) 

8) Hot plate (C-MAG HS 7 SOOO, LABORATORY EQUIPMENT, Thailand) 

9) pH meter (Mettlertoled, MS3002S, Switzerland) 

10) Microplate Reader (EZ Read 800 microplate reader, Biochrom Ltd., USA) 

11) UV-Visible spectrophotometer (EV0201, Becthai Bangkok Equipment & 

Chemical Co.,Ltd., China) 

12) Viscometer (RV DV2T, BROOKFIELD VICOMETER, USA) 

3.3 15m~~1L\l'U.:i1'1.11~EJ 

3.3.1 m~fl n~1CJ'Vl~~1'l.lt1'l.l:1Jflila~::"l.m.:iJ13J'l.li11i'11'11n,;'11'Vlt1:1.1:1.1::iii Lrn:: ,;'11 h'li 
'" 

L'l.JV{~ ~1EJ15 2,2-diphenyl-l-1-picrylhydrazil (DPPH) 

v ' ' 
n 1'j?lti'l'I?l1'j~1A't\J"il1 n-t11l1t.1-:i1.U11 L ~ BVl l'I ?l m.J qVJ fi~ 1 t.1 B11ld"' B?l 'j~ 

Ll?l~f.JlJ?l1'j?ltll'l"il1ml1l1t.1-:i1.U11vmm.J~~ LL'1~ J1l1t.1-:i1.U11 h"liL uei4~ Ll'ltJi\IJ1l1t.11'11ei81\1 

5 g b~lJllJV11'UeJ'1 5 ml "iJ1mTml11tJ~t.1vlri11m11 500 rpm 'U1'U 120 minb~ei1~?l1'jvliitiVJi 

~1'UB'UlJ'1B?l'j~v1'1~'11f.J1 t.1 methanol bbf.J fft1'iJn"iJ1nJ1l1t.1 i111'11eJ81\lv11tii'm~'Ub vt~ tJ\lvim1lJ L 11 
'" 

'j'iJU 8,000 rpm 'U1'U 15 min bnU~1'U'Ufr-l?l1'j'1~'11f.JblJV11'U'iJ'11 tJP'im~1t]Vli~1'U'iJ11l;J'1B?l'j~tii'1tJ 

15 DPPH assay 

n1'j'Vll'J?l'iJUqVli~1'U'iJ11ld"'B?l'j~tii'1tJifi 2.2-diphenyl-l-1-picrylhydrazyl (DPPH) 

n1'j'VJl'J?l'iJUt]Vli~1'U'iJ11l;J'1B?l'j~lii'1tJifi DPPH assay vll'lbbU'1\l"il1n Brand-Williams et al. 

(1995) Ll'lf.JU1?l1'j supernatant 1t.1~1t.1vl'1~'11f.J1t.1 methanol "il1n'l!eJ 1.1 lJ1 75 µl ~?llJtlU 
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?l1'Hl::ft1t1 DPPH A11lJLoLJlJoLJ'U 0.2 mM 150 µl u:wl'i'1ei~1~1'U~:ijli1LU'UL1ft1 30 min lli1A1f111 

~tilf1~'ULL?l~~1mfl~eJ~ UV-Vis Spectrophotometer ~A11:Wtl11fl~'U 520 nm (vi'1m1VltilfteJ~ 3 

"51) Ltl~t1rnVit1unu?111mm~1'U Trolox (Sigma-Aldrich, GmbH, Germany) ":il1mT'UA1'U1ru A1 

~fltlfl::A11:w?11:1J11t11 'Uf111EJU~~fl11l;JflB?l1:: (% free radical scavenging) "11:W?l:Wf111~ ( 1) LLfl:: 

'Vi1A1 EC50 ":il1f1 b U1bbm:w Graph Pad Prism Version 7 

Abs sample 

free radical scavenging (%) = 1- x 100 (1) 
Abs control 

fat1 Abs sample 

Abs control 

3.3.2 n1'1A 61Lflvf1a1'H'l61 Lb '1~~ ~~ 1 LLil:: a1'1il61LL '1~~ ~~1~13.J L fl e:iai'1~ pseudo-

ternary phase diagram 

.a-~?l11fl(ilbb 1~~~~1 Lbfl:: ?l11ft(i1LL 1~~~~1~1l.J vl~Vl111~~ 2 ":iJ1mf w.11:1J1~'U~?llJ A11l.Jb ~1 
'JfJU 500 rpm 'U1'U 2 'U1Vl b¥Jei 1 ~?l11boLJ1tl'U~ U'UVif1~ftl11~"111~?l:W~1?l'Vl~eJ hJ bbft::Atilb~flf1?l11 
~1ei~1~vhm ¥lml11tl~~'U11::uu1:w 1A1Bl1fl-ll'U~ei 1 tl 

V11"i1~Vi 3.1 'll'Llli1'lleJ~?l11fltil LL 1~~~~1 ?l11fltil Lb 1~~~~1~1l.J bbft::eJV111~1'U1::'Vil1~?l11fltil Lb 1~~~~1 

bbft::?l11ft(ilbb 'i~~~~1~1l.J 

Eumulgin®B2 Propylene glycol 

Cetiol® HE 

Labrasol® 

Transcutol® CG 

17 
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Eumulgin®B3 

Eumulgin®S21 

Eumulgin®vL 75 

Labrasol® 

Propylene glycol 

Cetiol® HE 

Labrasol® 

Transcutol® CG 

Propylene glycol 

Cetiol® HE 

Labrasol® 

Transcutol® CG 

Propylene glycol 

Cetiol® HE 

Labrasol® 

Transcutol® CG 

Propylene glycol 

Cetiol® HE 

Labrasol® 

Transcutol® CG 

8:2, 5:5, 2:8 

8:2, 5:5, 2:8 

8:2, 5:5, 2:8 

8:2, 5:5, 2:8 

3.3.3 m ':iL(;l'ifl:1.1~1i'u b:l.l bfl':iil :iJ a.tf 'IJ~a:1.1J1:iJ'IJi1'!i'111fl fln1'iai1.:i pseudo-ternary 

phase diagrams 

f11'H'l1'1.:i pseudo-ternary phase diagrams 

?1{1.:i pseudo-ternary phase diagram '1JtJ\l'J~uu~tl'J~m:ruti11ml1ii't1, ?11'J~l?lbb'J\l~\1~1 
bb~~?l1'J~\?lbb'J\l~\1~111l.J (Sm;x) ~\lbb?lfl\11'1.J(;l1'J1\I~ 3 bfltl Smix flnA\?lb~tJnl.J1'11nfl1'JV1\?l~tJ\I~ 21'1.J 

" 
n'J~U1tlfl1'Jbfl \?l'J~UUbl.J 1mBiJ mlt! 1 ~ ~?ll.Jl !Jfl1AJ1iJwfu1' !Jfl1fl?l1'J~ fl bb 'J\l&i \1~1 (Sm;x) 1 ti 

B(;l'J1ci1t1~1.:i 1 At11 ~b -U1nt1b um -d'm~m '11rn.1u b(;1b(;1'JV1tii'1t1tl1nit1A~.:i~~ 1 oo µl ~u 1 ~b -U1nu ~ 

fl11l.Jb~1'JtJU 500 rpm Ut1Vin~~lflt1~l1'J~UU1?1V11tJ~tl iJ1~~vi'\vl'm?1f1.:i pseudo ternary 

phase diagram b ~eiV11u'1nruvi'bnl?l bl.J bfl'JBii'~it1 11?1t1il1J'1~t1~P!mn bvlbbrl 'lftJl?l'lleJ\ltl1ii't1 'lftJl?l 

'1Jei.:i?11'J~1?1bb 'J.:i~.:i~1 bb~~'lfil1?1'1lei.:i?11'J~1?1bb 'J.:i~.:i~111l.l 
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~1'11.:J~ 3.2 ~1'U'lh:::m1'\J'l.JB.:J~1'fU1'UmTI'f~1.:i Pseudo-ternary phase diagram 

U1~'U~11~B~~:::~~~~ 

J1~'U~111161ib uei4~ 

'V1 ~H'I B..:J rl'IJ ~11'1 \91 'Vl\91'1B..:Jrl'IJ~11'1\91bb1..:J 'Vl\91'1B..:Jtl'IJ~11'1\9\bb 1..:J~..:J 

d 
'Vl\91'18..:J'Vl 2) 

~11'1\9\bb 1..:i~..:iC'.1111~ 

bb1..:J~ ..:i~11'1~ 3 ~..:iC'.1111~ 3 'l.Jtl\91 

'l.Jtl\91 

' " 
~1'11.:iVi 3.3 5m1~1'U'l.JB..:J~11~~m:::~-J1..:il't>1ml"ltl1~'Ubb'1:::~11'1\9\bb 1..:i~..:iC'.11 

., . ., 
(g) Smix (g) 'J~.fl1fl'U1:1J'U 

0.1 0.9 

0.2 0.8 

0.3 0.7 

0.4 0.6 

0.5 0.5 

0.6 0.4 

0.7 0.3 

0.8 0.2 

0.9 0.1 
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Oil 

\Vater 

m'V'lvi 3.1 bbe.J'U.nTVH~G'l11il·H11A~iim1 plot ~(11~1.:i 1 m:wei'1i111~1'U1'Um11.:i~ 3.3 

~:W1 : Chemix Progra 

' ., 
fl11~\9ll'U1G'llil')~1{'Ub"lli':wi11l!'U11-ii'11 

" 
blil1 t1:w~1f u b"llf :wtl1lT'U11-if 111(11t1"1 (11 b~ 'ElfleJ!il11'11'Uv1 b 'Vl:IJ1~G'l:W "il1fl pseudo-ternary 

phase diagram m 3 eYm1~1'Ub~'El~\9ll'U1bU'Ue.J~lilnru"l1b"ll~:w 3 e.J~lilnru"l11i1111.:i~ 3.4 "iJ1rnT'Ui11 

1:w 1A1Bl1'1i'Um~\9ll'U1b ll'Ub"ll~:w fat1 b~:w&'l11b ~:wm1:w'li:w~'U, &'111tl11'U'El'Eln<ab(11i'U, tl1V1'El:Wbb'1~&'111 
' 

n'Ub~tl hfon' Propylene glycol, Butylated hydroxytoluene, Jasmine rice fragrance bb'1~ 

Microcare PHC m:wci'1tilu (1i11:wci'1tilu)!]mA A-E) A'U1~\-U1n'U "iJ1mT'UPin~1m1:w~.:ivrn1"il'1m.:i 
~u11.nA~'Ele.J~lilnru"l1 btl~t1ubVit1u~.:i 3 e.J~lilnru"l1 
'IJ 

1) 

2) 

3) 

1.c::i1 QJV _,d 
1"11&'1 L * a* b* 1(11(11')tJbfl1'El-:J Minolta color meter 

ri1A11mll'Um(11~1.:i l(11~1tlbl"l~'El-:J pH meter 

rl11"111:W'VIU(11 l(11~1tlbl"l~'El-:J Viscometer fo Brookfield viscometer model DV-11 
' 

'li.:it>11'Elt1'1.:ib6llf:w 2 nf:w i111tl1(11~1tlbl"l~,'El-:J viscometer L(11t11'li' spindle no. SC-14 

A11:Wb ~11'El'U 200 1'EJU/'U1Vi nm 20 imVi 
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A 

B 

c 

D 

E 

... d 
'lll'U1'Vl"!Jtl.:lfl1'I 

I O QJ -=! 

?f1'U'U'EJ.:J'U1:l.J'U'Vl b '\lll.J1:::?f:l.J 

?t 1"Jlii'1 'U v 'W:l.l" B?t"J::: ,.., 
?f1'J'1~ bb 'J.:J~.:1~1 

?f1'J'1~bb 'J.:J~.:J~1~1:l.J 

' ., 
?f1'Jb ~:l.JA11:l.J-tl:l.J'li'U 

' 

hedonic scale 

•th:::b:i'.i'Ul'l11:l.J~.:J'\•'l'EJ lil'U'El.:Jer u11Jll"l'1°1'U1'U 30 l"l'U ~B~~t>1.tlrusvlvi'~(l)..J'U1bb~11K1t1i~ fl1'J 
'U 

'Vl~?IB'Um1:l.l'llB'\Jbl'1:::m'Jt1B:l.l1'u 7-point hedonic scale ( 1 AB 'llB'UtJBtJ~~ bb'1::: 7 AB 'llB'Ul.J1f1 

vi'"~) (b~ty'Ui'ty, 2550) 1'WIK1'UG9n'jjru:::i..h1n!J €11"111:1.J1?t m1:1.JV1i'.i~ rn"Jm:::'11t1~1 m1:1.J 

b'Vl'UB:::'\ll'U::: 1"111:1.J-tl:l.l~'U bb'1:::1"111:1.J'llB'UL~m1:1.J 
' 

3.3.5 f11'I'Vlflfltl'Ufl11:1.lfN~'J 

i11~~t>1DUJsvlb61l~:l.J'11f1oLJ11 h61ib'trn1~ 'Vl~?IB'Ul"l11:l.Jl"l.:J~1~1tJiTI Heat-cool cycle '11'Ud'U 

6 "JBufat1vi1rn"Jbnu~~t>1nru'Vl1il'Wm'll'U:::u~?tii'Vlbb'1:::~mb?t.:ivi°Bruw1iJ 45 °c m'W 48 i11:1.J.:i 

1) 

2) 

3) 

4) 

A1~ L * a* b* 1~ti\'1ml"l~B.:J Minolta color meter 

A11"111:l.JbU'Um~~1.:i 1~ti\'1ml"l~B.:J pH meter 
I .::!ii Q..I I.I d • 

1"111"111:!.J'Vl'U~ 1~~1tlbl"l'JB.:J Viscometer 

' 'U 

oti'.:i~1B~1.:Jb61l~:l.J 2 nfa i111'\.J1~~1tlbl"l~B.:J Brookfield viscometer model DV-ll L~t11'U 

spindle no, SC-14 m1m11"JB'\J 200 'JB'U/'U1Vl b1'11 20 i'W1Vl 
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3.3.6 n1''51Lfl~1~~'Vl1.:Jfltl~ 

11CJ.:i1·1..11: .. mmw1vi'1€l\lb U'iJA1bO~tJ ± ~1'1.Jb ~CJ\lb U'iJlJ1~1~1'1J (SD) ~1noU€llJ'1i:.J'1fl11VIV1'1€l\I 
"' " 

3 .ff1 bb'1:::lbA11:::v;-m1lJbb~nt;\1.:i1:::V1l1\IVl1\1?1'1~hm1'ilhhbbmlJ~1b~~~tJ SPSS 17.0 (IBM Corp., 

Armonk, NY, USA) fatJm1ibri11:::v;--UeilJ'11m51bri11:::v;-m1lJbbU1U11'1J (Analysis of Variance) 
" 

bb'1:::LtJ1tJrnVitJUA11lJbb~nt;\1.:i'!m\IA1bO~tJt~w15 Duncan's New Multiple Rang Test (DMRT) ~ 

1:::~ui!CJ~11°1(1JV11.:i?1'1~Lvi1nu o.o5 (P<0.05) 
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d 
U'Vl'VI 4 

~anT"a1"5'vbba~n1·ae1iltJ"!i1v~a 

-:i1ui~ m~e:i-:im1~~u1~~ ~.nru"VI b61l~~-;;i1nJ1lJu11.U111~t.1m11.ff 1::'1..J'IJ 1~ 1m€ilJi;:iim ~ e:i 

b lluni;:it.1VJITT um1a~1-:i~~~.nru"Vl~i;:ir11b ~~ b lium1~~m 1~t.11.ffa11 bAffi vt3.l~f!-:i 13.Jilmwn b~e:in 1-ff 
' " " 

1 m1ui~t.1~U 1 mne:iu 1Uf111b~~t.J~1~ bf11BlJ"1iU ~-:ii!u 1 Uf111V1~"1eJ.:J~.:JiJf111A~b~vf1a11bf1iJ~il 
vti11~ b liua11i;:i~bb 1-:i~-:i ~1 bbi;:i::a11i;:i~ bb 1-:i~-:1~111~~ b vtm::a~ 11~~-:ivt1B'm1~1u~ b vtm::a~~1t.1 

bb~ 1i11m~ ~u 1 b liu ~~ ~ .n ru"Vi b 61l~~ bb"1 ::VJ ~ae:i'IJ ri11~ ri-:i{;)161Je:i-:i ~~ ~.n ru"Vi b ~ e:iVJ ~ ae:i'l..Jn-:ia11i;:i ~ bb 1-:i 

~-:i ~1 bb"1:: a11"1~bb1-:i ~-:1~111 ~ (;)11 vt3.l~B'm1~1u~-:in~11 1~ t.1il11 vi;:i:: bBt.1~61Je:i-:i ~"' m1i~ t.1~-:id 

4.1 ~an1':i'Vl~flil'UCJ'Vl~~1'Uil'42Jfl~fl':i::~-u.115 2,2-diphenyl-l-1-picrylhydrazil (DPPH) 

-;;i1nm1VJ~ae:i'l..JnVJi~1ue:iu~i;:i€ia1:: 'l"l'IJ11 J1lJu11.U11-;;i1n.U11vte:i~~::~ bbi;:i::.U1111"1ib 'l..Je:i1~il 
·1 ' " 

r11m1~b.U~.Uu·1m-:ia11v1a1m1riv'IJ8-:ie:iu~i;:i€ia1::1tK~e:it.1i;:i:: 50 (EC50) bvi11fo 8,166 bb"1:: 172 
'" 

mg/ml ~1~~1~'1..J (~111-:i~ 4.1) zj-:i-;;i1n~i;:im1VJ~i;:ie:i-:ibba~-:i1~b~u11J1lJu11.U11-;;i1n.U11b"lib'l..Jv1~il 
th::~VJITm'l"l1um1~1ue:iu~i;:i€ia1::1tKmnn11th::~1ru 10 bvi1 b~mVit.1'1..Jn'IJJ1lJu11.U11-;;i1n.U11vte:i~ 

'" 
~::~bbi;:i::-;;i1nm'l"lv1 4.1 'l"l'IJ11ri11~b.U~.Uu·1m-:iJ1JYu11.U11b"lib'l..Jv1~ 160 mg/ml bllut.J~mru~ 

bvt~1::a~~1vt1''1..J~~u1~~~.tlrusnb61l1'~ 

EC 50(mg/ml) ±SD 

" U1lJU11oU11'11f1oU11VleJ~~::~ 8,166.00 ± 1.59a 

172.00 ± 0.26b 

a11~1~1~1u Trolox 10.95 ± 0.04( .. 

(;)15 f1~1Vl tl1tl'IJ A1 bQ~ t.JVl bb~ f1~ 1-:JtlU bba~-:in-:i m1~ bb~f1~ 1-:JtlU e:i~ 1-:iil'I! t.J'11AtlJV11.:J 
' ' ' 

a~~Vi1::~'1..JA11~b:fie:ilJu P<0.05 



100 . 1 ,'', 

£ . f :>ree•., .., . 

"' 75 /; . I,-.,"" 0C .E 
c ·;;, 
c 
"' 

~ 
> 50 "' :;: 
I 
C>. 25 C>. 
0 

0 
3 25 3 50 3 75 4 00 4 25 4 50 4 75 

Concentration(t1g/ml) 

100 

~ 80 
"" c ·o;, 

60 c 
QJ 
> 
"' 40 ~ 
u 160 mg/ml "' 20 '6 
lll 
QJ 0 
J; 

0 100 200 300 
concentration (mg/ml) 

4.2 n1':iAflLfleJnaTrnflLL ':i.::l~.::l~'J LLfl:: a1':iflflLL ':i.::l~.::l~'J~'J1!LfJeia~1.::I pseudo-ternary phase 

diagram 

"il1tle.J!;1f111Vl(i1€J.:J (\?\111.:ivi 4.2) 1um"JA(i1L~'Eltl?l1'J!;1(i1LL1.:JM.:Ji'.j1 ?l1'J!;1(i1LL1.:JM.:Ji'.j1~1:1..1 ~ 

e1m1'11ulii1.:i 1 V'l'\Jl1 Ld'EIH Eumulgin® VL 75 LUU?l11!;1(i1LL1.:JM.:Ji'.j1V1'911~1:1..1nu"111!;1(i1LL'J.:JM.:Ji'.j1 

~1:1J'lJU(i1lii1.:i 1(Propylene glycol, Transcutol®CG, Cetiol®HE LL!;1~ Labrasol®) 'WUl1?l1:1..111fl 

L-LJ'1nu 1vl&i"ilu 1?t LL!;1~ Ld B 1 <ff Labrasol® L llu?11"J!;1(i1LL 1.:iM.:ii'.j1V1'911~1:1..1nu?111!;1(i1LL 1.:iM.:ii'.j1~1:1..1'lJD(i1 

lii1.:i 1 (Propylene glycol, Transcutol®CG, Cetiol®HE Lrn:: Labrasol®) 'WUl1?l1:1..111fl!;1~!;11tJ 

L-LJ'1nu 1vl&i"ilu 1?t 

~.:iJt.1"il1tle.J!;1f111Vl(i1!;1€J.:J11...1m1A(i1L~'Eltl?l11!;1(i1bL1.:JM.:J~1.Q' ;s.:iL~'Eltl Eumulgin® VL 75 Lb!;1~ 

Labrasol® LUU?l1'J!;1(i1LL1.:JM.:Ji'.j1V1'9tl~"il~Pltl~1l'i€lhl ~1:1.JtlU Propylene glycol, Transcutol®CG, 

Cetiol®HE LL!;1~ Labrasol® b(i1tJ"iJ~~mhw1?1{1.:i pseudo-ternary phase diagram b~'EIVl1~'1...1~ 
1 Uf111Lfl(i11:1J bA1BlJ!;1ofi'U L ~'EJA(i'\ L~'Eltl?l111 U~\9UU1L UUL61l~:IJ 1:1..1bA'JBlJ!;1ofi't.1l'i'El1 tJ 
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Propylene glycol 

T ranscutol ®CG 

Eumulgin®B2 

Cetiol®HE 

Labrasol® 

Propylene glycol 

T ranscutol ®CG 

Eumulgin®B3 

Cetiol®HE 

Labrasol® 

Eumulgin®s21 Propylene glycol 
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T ranscutol ®CG 

Cetiol®HE 

Eumulgin®S21 

Labrasol® 

Propylene glycol 

Transcutol®CG 

Eumulgin® VL 75 

Cetiol®HE 

Labrasol® 

Propylene glycol 

Labrasol® T ranscutol ®CG 
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5:5 
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8:2 

5:5 
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x 

x 

y 

y 
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-./ 

-./ 

y 

-./ 

-./ 

-./ 

-./ 

-./ 
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Cetiol®HE 

Labrasol® 

Cetiol®v 

8:2 

5:5 

2:8 

8:2 

5:5 

2:8 

4.3 nT'H\;l~E.111~1i'tJl11 bA'l~aj'ft'tf u~a11J1aju~1.U11 l~rnnT'Hl~1~ pseudo-ternary phase 

diagram 

'il1f1 pseudo ternary phase diagram 'lleJ\l'.i~'UU1:w1A'.iBlJ'1oU'U~1.UJ'1l1'1.Ji1.U11'iJ1n.U11 
Vlei:w:w~~ ('.i~uu~ 1) bb'1~ tl1l1'1.Ji1.U11'iJ1n.U11b'11Luei4~ ('.i~uu~ 2) bU'\.Jl!)fl1Atl1l1'\.J L~eiPin~1 
Bl'l'.i1ci1'1.J'll€l\l?f1'.i'1~bb'.i\l~\1~1'\ll~f1~€l?f1'.i'1~bb'.i\l~\1~1~1:1J zj\IU'.i~f1€l'Uvl1EJ Eumulgin ® VL 75 ~ei 

Co-surfanctant (Transcutol®CG, Propylene glycol bb'1~ Cetiol®HE ) 'v'l'U11b~ei1-ti Eumulgin 

®VL 75 bU'\.J?f1'.i'1~bb'.i\l~\l~T\ll~f1 ~1:1Jtl'U Cetiol®HE zj\lbU'\.J?f1'.i'1~bb'.i\l~\1~1~1:1J ?f1:1J1'.imn~ 

~'\.J~'llei\l 1:w LA'.iBlJ'1oU'\.J 1vi'mn~?t~ 1~vvi1m'.iV1~'1€l\lb tl~vu b Vi vm~V111\1?11'.i'1~ Lb '.i\l~\1~1Vl~f1bb'1~ 
' 

?f1'.i'1~bb'.i\l~\1~1~1:W'll€l\1Eumulgin ® VL 75 ~ei Cetiol®HE ~Bl'l'.i1ci1'1.J Lvi1nu 2:8, 5:5 bb'1~ 8:2 

'v'lu11L~m~:wtl~mruLLEumulgin ® VL 75 'il~lJ~'\.Jm'\.Jm'.iLn~1:w1m€il1'1im~:wmn~'\.J (m'v'l~ 6) 

bb'1~ b~m u~vu b Vivu~'\.J~m'.iLn~ 1:w 1A'.iBl1'1i'U'llei\l'.i~uu 1:w 1A'.iBl1'1i'Um itl1l1'1.Ji1.LJ11'iJ1noLJ'11V1ei:w 

:w~~ ('.i~uu~ 1) bb'1~ tl1l1'1.Ji1.U11'iJ1n.U11b'11Luei4~ ('.i~uu~ 2) Lll'U1'!JmAtl1l1'1..11~viJ51'1'.i1ci1'1.J 
'lleJ\I Eumulgin ® VL75 ~€) Cetiol®HE bvi1n'U 8:2 'v'l'U11'.i~'UU1:w1A'.iBlJ'1oU'\.J~lJJ1l1'1.Ji1.U11'iJ1fl 

.rr11 bs&buei4~ c'.i~uu~ 2) 'il~lJ~'\.Jm '\.Jf11'.ibn~ 1:w 1A'.iBlJ'1oU'\.J:IJ1nn11 ('.i~uu~ 1) ~1'\11-rm~uu~ 3 

'v'l'U11b~eJ 1-ti'i'!]fl1Atl1lJ'\.J~t.J?f:IJ'.i~Vl11\ltl1lJ'Ui1oLJ11'il1 floLJ11'\11€l:IJ:IJ~~bb'1~oLJ111 '.i'lib 'UeJ4~'v'l'U11 ~'\.J~ 

1'Um'.ibn~1:w 1m8l1'1i'Uueivn11 '.i~uu~ 1 Lb'1~ '.i~uu~ 21 'UVJn51'1'.i1ci1'1.J 
' 

€il1'1i'l..I Aei '.i~uu~ 2 zj\ltJ'.i~neiuvi'1EJ J1l1'1.Ji1.U11'iJ1n.U11b•1huei{~bll'Ui'!JmAJ'1l1'\.J bb'1~iJ 

Eumulgin® VL 75 bb'1~ Cetiol® HE bU'\.J?f1'.i'1~bb'.i\1~1Vl~f1bb'1~?11'.i'1~bb'.i\l~\1~1~1:Wm:w~1vi'u 

fav~~ci1'1.J'll€l'l 1:w LA'.iBl1'1i'l..l~b V1:1J1~?1:w~1V1-ru~~'\.J1t.i~ wi.tlrusviL61l~:wtl'.i~neiuv11 v tl1l1'1.Ji1.LJ111 '.i'11 
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l'lrnf~· 35 % (w/w) Eumulgin® VL 75 44 % (w/w) Cetiol®HE 11 % (w/w) ll'1:::'U~1 10 % 

(w/w) ~-:i Eumulgin® VL 75 ii~BV11.:JlAii11 (Lauryl Glucoside (and) Polyglyceryl-2 Dipoly 

hydroxystearate (and) Glycerin) :W11CJ.:J1'U11'll1m~l.J solubility 'UB.:J?1111t'l ll'1:::8-:i:Wri11l.J 

UffiJVIJlCJ~Bm11m'W~~~.nru'1lA~B.:Jcl'1m-:i '11'U Cetiol® HE lU'U non-ionic surfactant ~-:i?111 

~.:J?IB.:J'!Ji1 viii riru?ll.JU~~ l Vll.Jl:::?ll.J 1 'Wfl11 H'l U'U ?111'1Vlll 1.:J~-:ieJ1 ll'1:::?111'1VI ll 1-:i~-:ieJ111l.J cl'1V11'u , 
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A 
Oi OI 

Eumulgin® VL : Cetiol®HE (2:8) Eumulgin® VL : Cetiol®HE (5:5) Eumulgin® VL : Cetiol®HE (8:2) 

B 

Eumulgin® VL : Cetiol®HE (2:8) Eumulgin® VL : Cetiol®HE (5:5) Eumulgin® VL : Cetiol®HE (8:2) 

c 
Oil 

Oil 

Eumulgin® VL : Cetiol®HE (2:8) Eumulgin® VL : Cetiol®HE (5:5) Eumulgin® VL : Cetiol®HE (8:2) 

m'W\11 4.3 bb?f~\I Pseudo-ternary phase diagram b~mtl~tn...!bbU'fl\ltl(;'l'J1G'i1'U Emumulgin® 

VL 75 : Cetiol®HE ~ 2:8, 5:5 bb'fl~ 8:2 b~e.i1-Utl1l1'U11-if11"iJ1noffnwmJl.l~~ (A) J1J1'Uoii'11"iJ1n 

off11 h6ilb't.rn{~ CB) bb'fl~J1l1'Ll11-if 11~?1m~V111\loff 1Tvml.ll.l~~brn~-if 11 h6ilb ·1.rn{~ CC) 
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. "' 
4.4 n1~oWw.J'U1fl\;1~~1fob611i'~i.11~'U~1"1i11 

" 
'11f1'l'Vli~1ue:i~~~B?f1~'!JeJ\ltl1lTu11-U'1T'il1f1oU111161ib ue:i{~ bb~~~°lJ~f11'~bnM hi bA1BlT~i'lJ 

'11f1 pseudo ternary phase diagram b~e:iHtl1lTu11-U11bU°lJl!).f11Atl1lTu ~u11i'.i~(Pl1~ 3 (m~ 
~ 4.3C) i'.itYm1?11u~ b 'Vlm~?tl..l 1 ~m1t11m~w.iu1c..i~(Pl.tltusrib61lf l..l ((Pl111\I~ 4.3) b~e:it11m~w.im 

t>i1fob61lf l..l 1MEJf111b~l..l?t11b ~l..lri11l..l'lil..l:ff u ?111~1u e:ie:in'llbMiu tl1V1Bl..lbb"1~?111nm~EJ ~u111~ 
' 

C.J~(Pl.tlrusri~1~~n~ru~1?t~~l..l zj\lb llu~511l..l'll1~~m'11ntl1lTu11-U1111"1ib ue:i{~~i'.j~ b 'Vl~eJ\ltl1(Pl 1"1 

(m~~ 8) i'.iA1A11l.JbU°lJf11M-~1\I whnu 5.5 zj\IU"11JMJlEJtlU~1'VIU\I 

A B c 
.,; C.J~(P!Jltu"Yib61l1'l..lbMEJ?f(Pl11l.J1A1BlT"1oU°lJ (A) ?f(Pl1~ 1, (B) ?f(Pl1~ 2 bb"1~ (C) ?f(Pl1~ 3 111W'VI 4.4 

'U 'U 'U 'U 

i;i1~1-!!vl 4.3 ?f(P\11um1~oo.imc..i~(Pl.tlru"Yib61lfl..l1~uu1l..l 1ri1Bl1'"1oU°lJ'11ntl1lTu11-U1111"1ib ue:i{~ 
" ., 

~hmh:mm.J 
.,; .,; .,; 

1!Jll1fl fl(;l~'VI 1 (o/ow/w) fl\;l~'VI 2 (o/ow/w) fl\;l~'VI 3 (o/ow/w) 
" " " 

A tl1lTu11-U1111slib ue:i{~ 20.0 25.0 30.0 

BHT 1.0 1.0 1.0 

B Eumulgin®vL 75 40.0 40.0 40.0 

Cetiol®HE 12.0 12.0 12.0 

c Tween®20 5.0 5.0 5.0 

Jasmine rice fragrance 2.5 2.5 2.5 

D Water 14.5 5.0 4.5 

Propylene glycol 4.5 9.5 4.5 

E Microcare® PHC 0.5 0.5 0.5 
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4.5 m'lA n~1A1111A1111'1ft1\J LLa:m1'lt1t111i'\J"llt1.:i ~ \J~Lflfl~ v ~i\ Iii.fl ru'ti' ;r1 ti LL \J\J'Vllilflv\J 7-

point hedonic scale 

"il1nm~tJ~::;LiJ'Um1~A11mrnuLL'9::;n1~vei~-ru~~l'lnrusviL6ll~~Flru~n~ru::;~1'UA11m1eiu 
' 

Ltilm1~~n~ru::;tJ~1n!J ~ m1~1?i F111~'\/!Util m~m::;"il1vt'11 m1~L'Vl'UeJ::;'\/l'U::; LL'9::;m1~~~~'U 
fav1-ff LLUUVltil?leJU7-point hedonic scale (l'l1~1\I~ 4.4) ~u11~1'l~~ 1 ilri1A::;LL 'U'Ufl11~'1leJU 1 'U 

~ru~n~ru::;vi1\1~1'UF111~'1leiu11ilm1~~n~ru::;tJ~1n!J ~ LL'9::;A11~1?i ~\ln11~1'l~~'Uei~1\lili1mi1rl't1J 

vi1\1?1'1~ (P<0.05) Lti1Vi1A::;LL'U'UA11~'1leirnu~mvi1nrnrn::; 5.1±0.8 ('lleirn~m.Jeiv) 5.7±0.9 ('lleiu 

L~m.Jeiv) 5.5± 1.2 ('lleirn~nueiv) 5.0±0.8 ('lleirn~nueiv) m~~1vi'u"il1nA::;LL'U'Ub~~ 7 A::;LL'U'U "il1n 

~'9m~?ln~1A11~'1leirnL'9::;m~vei~-ru'llei\leru~t.flA ?ll'l~~ 1 ~\ltirn.111 tJ?in~11 m~ei\l'lleJ\IF111~Fl\lt'l1 
~ ~ ~ 

F111~1?i 

A11~'\/lu(i1 

F111~ b '\/l'UeJ::;'\/l'U::; 
,, 

F111~'li~:U'U 
' 

5.70±0.92a 

5.50±1.19a 

5.05±0.83a 

4.25± 1.16ns 

4.65± 1.60ns 

3.50±1.79ns 

4.75±1.62ns 

5.05±0.8Y 

' ' ' 

' "" fl1fl~ LL 'U'Ufl1111'1fil\J Lil fl ti 

4.95±0.94b 

4.60±1.23b 

4.20±1.44b 

4.55± 1.28ns 

5.15± 1.5ons 

4.15±1.93ns 

4.70±1.49ns 

4.20±1.44b 

i1mhrl't1JV11\1?1'1~vh::;vi'um1~L:Um1'U P<0.05 

ns = non-significant 
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4.40±1.35b 

3.95±1.28b 

4.10±1.25b 

4.05± 1.5ons 

4.55± 1. 79ns 

3.75±1.68ns 

4.20± 1.58ns 

4.10±1.25b 



4.6 ~iln1~'VlfliHl\JFt1111Ft.:1~1 

"il1f1f11'Wl\01?1€JUfl111J~1vl1tllIT Heat Cool Cycle "ii1'U1'U 6 'l€JU b:W'€lil11J1lbfl'l1~i1° 

Arum'v'l?1ml'i1fo~b~~t11J1vi' '1n~ru~~u11n11 1\011-i1?l 1\0ll-i1m11JV1u\011\0ll-i1A111Jbll'Um\01-~1.:i 
' 'U ;.J 

"il1f1f11'lVl\01?1€JUfl111Jfl'lll1'1'v'lU11 '1n~ru~Vl1.:lbFl~f11tl.fl1'v'l'lJ€J'lb61f~1J b1J bfl'lB~fli'U .Jf .:i 3 G'l~'l ~fl111J 
'U 

fl.:ill11~1l.Jbn\Olf11'lbbtJf1i'U A1fl111Jb U'Uf11\01-~1.:l bbfl~A1fl111J'\llU\01 €Jtlb 'Ubf1tusvl~tl€J1J-ru 1vi' ~fl bb?l\01.:l 
'U 

Heat Cool Cycle '11m'U 6 'l€JU 

pH 

Viscosity (cP) 

L* 

a* 

5.50±0.03ns 5.54±0.01 ns 

271.00± Loons 270.00±0.0ons 

33.04±0.58a 20.37±0.02b 

1.58±0.01 ns 1.60±0.02ns 

0.91±0.95a 1.62±0.02b b* 

'1n~ru~~U'l1f1!J ~'1n~ru~~b Vl~€J.:i1?11l.J~~~n€J'U ~'1n~ru~~b'\11~€J.:i1?11l.J~~~n€J'U 

i1m=i1AqiV11.:i?1~~~1~\>lum11Jbzj€Jl1'\.J P<0.05, 

ns = non-significant 

I -=f ii Clo iJ -"":lt.q , 

"iJ 1 f1 f11 'i"VI \01 fl €J.:l'v'lU11 f11 'lVI \01?1 €JU t)VID ~ 1'\.J €)~~fl €J G'l'l~ \011 tl1 D 2,2-diphenyl-l-1-

picrylhydrazil (DPPH) J1~'U11-il11"iJ1n-il11V1€J1J1J~~brn~-U1111siib U€J{~~A1fl111J b-i!1J-i!'U'll€J'l?l1'l~ 

?111J1'lflEJUt.:i€l'4~flB?l'l~bvl{€lt1fl~ 50 (EC50) bvl1flU 45.53 bbfi~ 21.26 mg/ml ~.:l"il1f1~flf11'l 

VI \Olfl €J.:j bb?l\01.:l 1iXb~'Ul1tl1~'\.J 11-U 11"il1n-U1111-ii bu €J{~ ~u 'l~~ Vlfi .fl1'v'l 1'Uf11'l~1'\.J €J'U 1J fl B G'l'l ~ 11ii' 
'" ' ,, 

I l.di\.::.A QJOQ.JOiJ iJ -"":It. iJQ.J .::f 

1J1f1f111 2 b V11 b1J€Jb VltJUf1U'U11J'U11'lJ11"il1f1'lJ11'\11€J1J1J~fl "il1f1~flf11'lVl\Olfl€J'l?l€J\Olflfl€J.:lf1Uf11'lPlf1~1 

'lJ€J.:l Itani and Ogawa (2004) ~'v'lu11-U11~~~'lJ€J.:lb1J~\OlbU'U?lbb\01.:l'\11~€J~ll1.:i~1 "il~~bbV1~.:iG=i1Aqi 

'lJ€J'l?l1'l~1'\.J€J~~flB?l'l~ 1 'Unzj1J phenolic compounds, anthocyanins bbfi~ proanthocyanidins 

'j'lf111-U11~~~'lJ11 bbfl~"il1f1f11'i"Plf1~1'v'lU11 Fl111Jb-i11J-i!'U'lJ€J.:lJ1~u11-U1111siib U€J{~ 160 mg/ml 

b U'Uu~mru~ b V11J1~?11JG=i1wfo~ l'll'U1~~~.nrusv1 b61f~1J "iJ1nm1Pi n~1e1~11G11'U'lJ€J.:l?111fl\Olbb 1-:i~.:i ~1 

Vl'1f1~€JG'l1'lfl\Olbb'l.:l~.:l~1"i11J"il1f1 Pseudo ternary phase diagram 'lJ€J.:l'l~UUb1Jbfl'lB~flotl'Uvl1'U 
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J1~\.111-U11-;;i1n-U11vte:il.Jl.J~~ (1~uu~ 1) bb'1~ tl1l1'l.!11-U11-;;i1n-U11 b•ih ue:i1~ (1~uu~ 2) b U'l.!l!) 

.n 1ritl1l1'l.! b~ e:iPl n~1eJ'm1?i1'l.!'l.le:J..:n.'111'1(;1bb1.:i ~.:i~1vt"1 n\1l ff'111'1(;1bb1.:i&i.:i ~1~1l.J zj .:iu1~ne:iul111CJ 

Eumulgin ® VL 75 11ie:i Co-surfanctant (Transcutol®CG, Propylene glycol bb'1~ Cetiol®HE ) 

YlUl1b~e:i1'ff Eumulgin ® VL 75 bU'l.!ii'l11'1(;1bb1'l~.:i~1vt"1n ~1WlU Cetiol®HE zj.:ibU'l.!ii'l11'1(;1bb1.::! 

~'l~1~1l.J G'l1l.J11flbn(;l~'l.!~'IJB'l bl.J bA1Bl1'1i'l.! 't\1lmn~G'l(;l b(;lCJvl1f111V1(;1'1e:J'lb tJ~CJU b vfom~Vll1'lii'l11 
' 

'1(;1bb1.:i~.:i~1vt"1rnb'1~G'l11'1(;1bb1'l~.:i~1~1l.J'l.le:J'l Eumulgin ® VL 75 11ie:i Cetiol®HE vleJ'm1?i1'l.! 

bvl1nu 2:8, 5:5 bb'1~ 8:2 'VlUl1 tl1l1'l.!11-U11-;;i1n-U11b•1hue:i1~ (1~UU~ 2) bU'l.!l!).fl1Atl1l1'l.!~l1 
eJ'm1?i1'l.! 8:2 'l.lv.:i Eumulgin ® VL 75 11ie:i Cetiol®HE i!~'l.!vl1'l.!m1bn(;l'tl.J1mBl1'161i''l.!mnn11 

(1~UU~1) bb'1~b~m.11tl1l1m~.:iG'le:J'l'tl'U(;llJ1c..Jii'll.Jn'l.! (1~UU~ 3) 'VlUl1~'l.!~f111bn(;1Bl1'1i'l.!'1(;1'1'lb~B 

Pl n~1111'1 CJ'tlu (;l'l.Jv.:iii'l11'1(;1bb1.:i~ .:i ~1 brn~ii'l11'1(;1bb1.:i~ .:i ~1~1l.J'tl'U (;1 b~ m n'l.! bb'1 ~ eJ' (;111?i1'l.! b~ m n'l.! nu 

1~UU~ 1 bb'1~ 1~UU~ 2 ~.:idm-;;ibn(;l-;;J1f1'1.l'U(;lbb'1~U~lJ1ru'l.le:J'l?i1'l.!U1~f1e:JUtl1l1'l.!~bb(;'lf1\1l1.:in'l.1 zj.:;i 

-;;i1nV1{)~5'1.le:i.:i Aboofazeli ( 1994) vt"1nm1bn(;l 'tl.J 1ri1al1'1i'l.!~'l.!e:i~nu'tl'U(;lbb'1~tJ~l.J1ru'l.le:i.:iJ1l1'l.! 
J1 bb'1~ii'l11'1(;1bb1.:i&i.:i~1~bvtm~ii'llJ ~.:iif'l.! -;;i1nm1VJ(;1'1v.:i~.:i 3 wuu bbii'l(;l.:i1~b~'l.!11 't!U(;l'l.Jv.:i 

J1l1'l.!l1c..J'111ie:im 1bn(;l~'l.!~'tl.J 1ri1al1'1i'l.! 

1~uuvli!m1mvtm~ii'll.J1'l.!f111~\Jl.l'l.!1c..J~(;1.nru,; b6ll~l.JG'lm'tl.J1A1Bl1'1i'l.! fie:i 1~uuvl 2 
" 

u1~ne:iu\1l1 CJ tl1l1'l.!11.LJ11-;;i1n.LJ11 b•1h ue:i{~ bU'l.!l!).fl1Atl1l1'l.! bb'1~i1 Eumulgin® VL 7 5 bb'1~ 

Cetiol® HE bU'l.!ii'l11'1(;1bb1.::!&i1vt"1n bb'1~ii'l11'1(;1bb1.:i~.:i~1~1l.Jml.J'1°1~u i111CJ.:i1'l.!--.i16ii1m~l.J 

solubility 'IJB'lii'l11b111' bb'1~~.:il1A11lJU'1e:J(;1JlCJ~Bf1111m'l.!c..J~(;1Jlf1.!,;bA~B'l'11B1'l ?i1'l.! Cetiol® HE 

bU'l.! non-ionic surfactant zj.:;iG'l11~.:iG'le:i.:i'tlu(;ll1Aruii'll.Jm~bVllJ1~ii'll.J1'l.!m11'ffbU'l.! ii'l11'1(;1bb 1.:i&i.:i~1 
' 

bb'1 ~ii'l11'1(;1bb1.:i &i .:i ~1~1l.JG'11vt-ruc..J~ (;1 Jl ru,;V11.:i bA ~ e:i.:i '11 m.:i -;;i1 nif 'l.! 'tl1lv11 m1Pl n~1m1l.J ri11l.J'tl au 

bb'1~f111CJvl.J-ru'l.le:i.:icru~fori~e:ic..J~(;1Jlf1.!,;1111mbuuVJ(;lii'le:JU 7-point hedonic scale'VlUl1G'lm~ 1 
" " 

i1ri1ri~bb'l.!'l.!m1l.J'tlvu 1 'l.!~ru"1n~ru~V11.:il111'l.!ri11l.J'tlvu b(;1CJ11l.J "1n~ru~u11n!J ~ bb'1~A11l.J 1ii'l ~.:i 

f1l1G'l(;11~'l.!B~1.::!l1UCJG'11AtuV11'lii'lfi~ (P<0.05) b(;lCJl1A~bb'l.!'l.!A11lJ'tle:JUbQ~mvi1nrnb'1~ 5.1 ± 0.8 
" v 

('t!BUbGlf1UBCJ) 5.7 ± 0.9 ('t!BUbGlf1UBCJ) 5.5 ± 1.2 ('t!BUbGlf1UBCJ) 5.0 ± 0.8 ('t!BUbGlf1UBCJ) 

(;11l.J'91~U-;;J1f1A~bb'l.!'l.!b~lJ 7 A~bb'l.!'l.!bb'1~-;;)1f1f111Vl(;lii'le:JUA11lJ~1111'1CJ15 Heat Cool Cycle 'VlUl1 

"1n~ru~V11'lbAl1f11CJ.fl1'Vl'IJB'lb6ll~lJblJ bA1Bl1'1~'l.! ~.:i 3 'IJ1(;1 l1m1l.JA'l~1~ f1~11 b(;1CJG'l1U G'l11G'ln(;l 
' 
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. ... 
U'Vl'VI 5 

a':itJ~an1-:i1~mLa~enBLat.mLL'U~ 
' 

"il1flfl11VHil?f e:lU b '\.J~ 8U b Vi 8UnVJB~TU e:l'Ul.1'1B?l1::1::vt11..:iJ1ii\Ji1.LJ11"iJ1 floU11vt e:ll.ll.I d1 bb'1:: 
·1 ' " 

.U1111s&b ue:i{~vfu1TtI1l!'Ui1.U11"iJ1n.U1111s&b ue:i{~il'\.J1::i1VJ6m~ 1'Wm1Ei'u~..:ie:i'Ul.!'1B?11::1~~ n11 
'" 

bb'1:: 1 ~~'Uvtl 'Ufl11bn~ 1l.I 1A1Bl1'1i'W 1~mnn11 ~..:ib vtm::?tl.I 1 'Um1t11m~ l'll't.11b ll'U~~l'lnru6Vi b"1lf l.I~ 

?1°1vtf UU11..:J i'.hvtu 1 1~mr ~"" "J'U'Ue:l..:J 1l.I LA1BJJ '1i'Uvl b vtm::?tl.1?1°1vtf u~ l'll't.11 ~~(Pl ii' ru't'i b61lf l.I 
' 

'\.J1::ne:iu~18 tl1l!'Ui1.U11bs&bue:i{~ 35 % (w/w) Eumulgin® VL 75 44 % (w/w) Cetiol®HE 

11 % (w/w) bb'1::tl1 10 % (w/w) 1~mru~1nA11Xm18e:il.lfu1'U~~l'lilru6Vi"il1nm1'\.J1::blJ'UV11..:J 
" 

5.2 oUiHfl'UeJLb'U:: 

1) b ~ e:i..:i "il1 fl f\111 bA11:: 'l-1'\.J~mru?t 11'11 A ru bb'1::?111vi'1'\.J e:l'Ul.1'1B?f1::'U e:l..:J?f 11?1n~J1JJ 'U 11 
"' '" 

.U11bb'1::tl1d!'U.U11vte:il.ll.ldibv;8..:i15m1 b~ mm"il"il:: v..:i hJ b v; 8..:i~e:i A11VJ~?te:iuvt1'\.J~l.I 1 ru?111::'11 A' ry 

'llU~B't.I 1~18fl11V1~?1e:iu~1815 HPLC 
' ' ' 

2) b~l.lb~l.lm11bA11::'1-1'1V16~1't.le:i~d;J'1B?11::~1815B't.I 

3) ~..:i-d't11n ~e:i..:i m1~11J1d!'Ui1.U11bb~'1::'llu~ilu~l.I1ru·1m..:iJ1d!'t.lvt~e:i?111'11A'ru1 'W'\.J~mru " "' 

b vh 1 vt~ m1ilm1~..:Jl'l11"ilvt~e:i1bA11::'1-1'\.J~mruJ1d!'U vt~e:i?111'11Aty'll1'.1~~1..:i 1 b ~e:i"il::?11m1t1l'le:iu 
1~11 b~ e:itl1tl1l!'Ui1.U11"iJ1n.U 11'll 1'.1~~1..:i 1mP!n~11l.I 1A1€il1'1i'W bb'91~..:i~'11 ~~'LI~ m1bn~1l.I 1m 

alTfli'WhJb'vhn't.1 b'li'U '\.J~mru LV1LAb'V1e:i1e:i'1 (tocopherol) bb'1::bbfll.lme:ie:i~61l1'\.Je:J'1 (gamma-

oryzanol) 

4) m1ilm1VJ~?te:ium11::A1mfie:i..:i'Ue:i..:i~~l'lnru'Ylnum?11?1l!m~1815 Patch Test 

5) m1'\.Jf UU1..:J?I1'11L"1lf l.I 1,Xij A"J1l.IA..:Jtii'"JV11..:J LAil f\18.f\1~ LL'1::vi1 fl11Vl~?le:JU A11l.IA..:J"11 
' " 

~1815 Long term stability (3 L~e:J'U) 
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Abstract 

This study aimed to develop serum product from rice bran oil by 

microemulsion. The antioxidant property of Riceberry bran oil and Jasmine rice bran 

oil were compared using DPPH assay. The result showed that the EC50 value of the 

Riceberry bran oil was significantly higher than jasmine rice bran oil phase, more than 

10-folds compared to jasmine rice bran oil (P<0.05). Microemulsion is composed of a 

mixture of Riceberry bran oil, Eumulgin® VL 75 and Cetiol® HE as oil, surfactant and 

co-surfactant, respectively. The optimized microemulsion consisted of 35 % (w/w) 

Riceberry bran oil, 44% (w/w) Eumulgin® VL 75, 11 % (w/w) Cetiol® and 10 % (w/w) 

water. From sensory evaluation, the sensory liking scores for overall, appearance, color 

and transparency of the optimum formulation were 5.1, 5.7 and 5.5 respectively (7-

point hedonic scale). In addition, the stability of the formulation was investigated by 

Freeze-thaw cycle. The results showed that no phase separation was observed in all 

formulations. 
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