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Abstract

Rice bran oil was extracted by conventional solvent marceration method and
ultrasonic-assited extraction with several organic solvents and solvent-to-rice ratio.
The oil components were analyzed using reverse-phase HPLC and quantified with a
fluorescence detector. The radical scavenging capability of the oil was tested with
DPPH method. The aim of this research was to compare the efficiency of two
extraction methods: ultrasonic-assited extraction and solvent extraction. The result
showed that the best condition for rice bran oil extraction was ultrasonic-assited
extraction with acetone using a solvent-to-rice ratio of 1:4 (w/w) for 30 min and
ultrasonic-assited extraction with isopropanol using a solvent-to-rice ratio of 1:2 (w/w)
for 60 min. For the increasing of Y-oryzanol, the best condition was ultrasonic-assited
extraction with ethanol using a solvent-to-rice ratio of 1:6 (w/w) for 30 min. For the
developing of the antioxidant oil in water lotion containing the gamma-oryzanol and
rice bran oil, 7 formulas of lotion were created. The formula 3, 4, 7 exhibited the
satisfied physical and chemical properties including texture of the lotion, viscosity,
chemical qualification (Acid/Base) and the stability of lotion texture. Afterwards, the
best three lotion formulas 3, 4 and 7 were selected for teéting the efficiency of the
preservatives, antioxidant activity using DPPH scavenging assay and statistical test for
satisfaction (50 volunteers). The result of these studies revealed that parabens is the
best preservative for inhibiting the microorganisms. In addition, the 4™ lotion formula
exhibited the best antioxidant activity. Furthermore, the result of satisfaction of
volunteers showed that all lotion formulas have no an irritating effect on the skin

and the 7" lotion formula is the most preferred lotion base.
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TnefiUfinanhfufisfulssanadosaga-5

inigldlgatniualifauaisedaunnuavidendeiiasninfanssuves
wulesTlawa lnonislalasladlnsndwelsalidunsaladudase finsuldannauiiud
Lﬁmﬂﬁﬁ%maan%m‘ﬁ"uLLa ynausavesiid1nFulaid ﬁm%’uﬂﬁﬁ%mmiﬁmvLﬁm%ulﬁﬁamﬂ
Tnoawizluiitouuasiy weisenuirdasnisislasladagetieiosas 1 maanimlwuaai“
setnluanetminuanniiy) uavarafiunndefesas 60 Tu 1 ey dm3udniirunsis

v

LLa'l’«J%ﬁJﬂ'ﬂllLﬂﬂﬂﬁﬂﬂﬂ'ﬂ muumﬂ%mi’l‘m’ﬂﬂanmmuuLwauﬂnﬂmqnﬁm N
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Fndumpsanauinuriuindenis
$nwn

w1s (awn)

nfunsniny (lemma)

nRunaniin {pales)

dafuTimen
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o v a' 19 ¥ a § o : L% 1 =3
41 e lulriAnnisidoudvveaiTuluruzaudsiaziiu

(uericarp)
wmumra
(see{i cnat}
finyrraag
=% (nuce1[us}
N mzw.nm % (a surong layer)
vt B wuhmﬂ'uidu

il (mner endospenm)

= dododinmando
e fiadatisaiandes J-nuiu
i {subaleurone layer)

ahnigRe (stenalium) -

rn’ ’
-n},ji—- Sfinaan (epiblast) %
v 'hJaau {plumule)
< L oy
777 fnsaK (mesocot:.r) Py
ST TINADY radicle) ————r

&

(caryepsis coat)

o e
UGARIRR

—

e

Codulnadlfy e uiia

3 {endosperm) | (caryopsis)
v

embn,'c}

; faman {rachilla)
E% Z/ | nRuvasann (slerle lemmae)

JUT 2.7 dhusineg veawdndn

AnauURvIINIBw Barber uay Benedito laagunaandiinsnienimyesidnily

fall S19nfvunauanaiuegluianiie Jusgiunszuiumsddng $19199leannnnsadn

meiaIesddniuung (Friction type) vzfioumaluginitsidnfildannmsanisnissdtnm

WUURNUAT (Abrasive  type)

wenNiinsrtimhunseumelouieynipvestariusa

oy o e v ar o ¥ v v P =
wazn1sddndledluseduin s1anlassdoyniadnas

<, v o val X
Wureuwhvileunalugdu

o v o o v oau v v a = o V- Y | w
LagInUIIUN (5']‘U']'3V|alﬂﬂ']ﬂ‘u’]3mN']Uﬂqiuﬂ)‘uuqﬂaiéﬂqﬂﬂ'ﬂ%l'ﬂm"ﬂu@'ﬂﬂL‘UUﬂu AU

wuUMUY (Bulk density) w9959 Mlnsnalufiaruszana 0.32 nsu/daddns wananiisidn
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feilnauanURlunisgadiu(Absorption) uazae(Desorption) Ay Feduaradulusdm
2aBruuvadiunuenainutiuduivg (Relative humidity) 2esusseIni
aefsEnaunaadinddnlusndn Wun anslulawmsa(Carbohydrates)  TUsiu uaz
nsaaviilu(Protein and amino acids) lusfu(Lipids) w3s1e(Minerals) Amniulvitamins) uaz
wulasl(Enzymes) '
Tuseninenisadn lusudrulvgazesnunfiusidn(Bran) uazdatedna (Polish)
Loshllusdmuszana 1 Tu 3 lnaneuuile (Embryo) Badlushuwasidntutuseduns
% uariinieddnn lufussdimmdidusnnlutuuen uagluayndn (Germ) dwiduirinmwy
lyshuussuiniosay 17.0-23.0 Faangefi 2 2letuinvawlngdulasndiwelsa
(Triglycerides) finaalwala (Phospholipids) 1naladUn (Glycolipid) wagly (waxes) 10u

Uty

A15197 2.2uaneBsAUTENoUMIaLAT LS

Constituents Content(%)

Protein 13.2-17.3

Fat 17.0-22.9

Fiber 9.5-13.2

Ash 9.2-115

Nitrogen-free extract 39.6-60.8
Starch 16.1

Free sugars 6.0-6.5

Fandlu Lavisse Induldndugfoglutuuenvomanalueuile deddindes
Fonfiud Tty wazussinazesnindusitiinasatedn ylsdraduunasemsiid oy
Vinauavsevesudsimlusidn wuussanaiosas 9.0-11.5 veudn uasussigusazaiinny
innluduuenvemauaziexudle wiswmiinuinniian fe veareda Usameanealusiin
wnninfesaz 90 aglugUlnRuweaneda (Phytin phosphorous) Fasnedl 2.3
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ANTei 2. 3uanussrauaydmiuluitin

Constituents Content (U4g./g.)
Vitamins -
Thiamine 10.1-26.9
Riboflavin 1.17-3.4
Niacin 241.590
Pyridoxine 10.3-32.1
Biotin 0.16-0.47
Vitamin A 4.2
Vitamin E 149.2
Minerals -
Calcium 140-1310
Phosphorous 14,800-28,680
Iron 130-530
Magnesium 8,650-12,300
Potassium 13,650-22,700

Tnevhaluazutsidnoonidu 2 dw A Swenuloran) Ssldannnsdainwdadn
Lazsanduapolishldainnisdnunuadaiu Suhlillesduszneumaaiiuanstefiudng
Famn3n9i2.4

Taesmeruazdlusau lufu dulovenu i wisaquiseile wasdanduuissie
1t Samden snduadlulensn duudainniiidlvadeiity afalsiu uas
mimmiauLﬂuwamnmwuuamawulmmnmw’lmﬂummiﬂmLmuu (Luh, 1991)

SduenanazUsenaudeansomns wu Wsiu lethy wuleveny ussmiisdy
wazinnfiuvanevilaud Geuseneudmeioulusl 9unid uuag waviudouudilifieUszasdsn
wnuevateyila éai’ﬁnizmumiLLUigﬂlﬁﬁnﬁimuQuﬁmmzau‘lu%’umauzjmﬁﬁaﬁlﬁ%"}%’n
ponUABEtUReY warmM AL fBneilisimidaieuunn ursthals
musrinfddiauamisemsuinndmiunsldiluemnsdad (Luh, 1991)

Tusriniithsulei) egussanniosas 20 dausvneushensalusiuiifiusslomine
$r9me Uszuamnsalusiulaidus uasnsalusufisuiuluySunumn Wy nsalowadniovas
42,5 Aluadniovar 30.1 wazthduiiAndosar 15 dunsaluiufifiios wu nsnaieinioy
av 1.9 alwasnionay 1.1 luSaRndosay 0.2 wazdiefindosay 0.2 (Kreuzer, 2000)
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ﬂ'l‘i’l\iﬁz.ll aaﬁﬂisﬂawmﬂﬁmmimmmmsé’wamﬁammmﬁ?n

a9AUsENDUINSLAT] @afinanudy 14%) 3 $1azden
TUsRu (%Nx6.25) 12.0-15.6 11.8-13.0
Tsiu(%) 15.0-19.7 10.1-12.4
dulevnenu(%) 7.0-11.4 2.3-3.2
aslulansn(%) 34.1-52.3 51.1-55.0
161(%) 6.6-9.9 52-7.3
W59
waaLdew (Hadniu/niy) 0.3-1.2 0.5-0.7
wunilden @adnsu/nTu) 5-13 6-7
Weaviesa Madniu/n3w) 11-25 10-22
iy Weoanesa @adn3u/n3w) 9-22 12-17
Fan @adniu/n3u) 6-11 2-3
faned (Tadnsu/n3y) 42-258 17-60
iy
nezdiu (@ 1) @adndu/niu) 12-24 : 3-19
Tstulau (@ 2) @adnsu/niu) 1.8-4.3 17-2.4
Tuasdu Haaniu/ny) 267-499 224-389

Tnesweuaedlusiu Tosiu duloveu i ussrquseile wazdanduuiyie
11NN avden sntiuaisiulawnse ﬁaﬁu%eﬁmsﬁﬁﬁnlﬂaﬁ’mﬁwﬁu anmlusiu wag
z«maWmauLﬂuwamnmwuuamawulmmﬂme’lmﬂummiamwnuu (Luh, 1991)

SduenannavUszneusasansemmns wu Tusiu ety uleveny wistnfisndy
wagdniuvagyiiauda Sasznaumetauled 8uvsd uuas wardadevuilifieUszasddn
mnmwmwuﬂ mmniumumiLLtJiiiJ“Lzmmimmzmmmvaﬁlwumauammwlmwn
ponuRas Uy LarnsnTTUAE Y fBaagylredniidaiovuinn uregnslsh
Gl’]ﬁJi'WJ’]’)ﬂEJ\‘mﬂmﬂ'W\’NE)’Wi’]ilﬂﬂﬁ’]ﬂiUﬂﬁl’ULU‘ua’l‘Wﬁﬁm? (Luh, 1991)

, usrdmniullatv) agUszaniauay 20 Fauszneumensalufiuiifiusslenide
drang Ussiannsalesulaidu uasnsalusufisnduluuiummin wu nsaleadniosas
425 aluadntovay 30.1 warurdulfndosas 15 dunsalusfuiifites wu nseafieindes
av 1.9 aluadndesay 1.1 lidafndouayr 0.2 wardisiinsauay 0.2 (Kreuzer, 2000)

$1Uszneudglnlnedeaea (phytochemical) agluszauge FelWlmafinaailiu
anUsznevinnluduazeyiusvesiniiud(rdaueamt e LA Lasnan) Toun Inlaw
soa Wnlalnsduoa(Shin & Godber, 1994) uazunuuilelsyiuea Felulaefineaiduansi
maa‘lwmmau‘lmﬂummumn(Xu & Godber, 1999)

aghalsfin1uesdUsznouToILIsInlusIU1I9Y sRufuUsIuEnsemslufuiine
WSqiiule giiennia waznislile duduluasadiaveruainiignalcrude rice bran oil)
Usenousme lnsedanaiwasoaltriacylglycero)iaeay 68-71 laedandiwosoa
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(diacylelycerol) Fowaw 2-3 luluieTandlwpsealmonoacylglycerol) $puay 5-6 NI luiiy
Sasulfree fatty acid) Sovay 2-3 1nalrddn(glycolipid) ) (@lwaiiluphosphatidylcholiine,
phosphatidylethanolamine uagphosphatidylinositol) $ovar 5-7 lu(waxe) Souazr 2-3
(McCaskill and Zhang, 1999; Sayre and Saunder, 1990)

uanmnusawmﬁﬂ‘mwmamlmumiLaauLaEJaemiammuaammaulwwﬂamaaEJ
senunilofinistadlutuneuresnsindanldendna (Cheruvanky, 2003) Noaeroulasdiinlu
s sivaneuiia 1w lawa(lipase) Yawon@dLua(lipoxygenase) Yorluaa@mylase)iadiiuiue
(Lecnntlnase)LaaL‘VlaLia(esterase)aul,’.laiwla(lnvertase)uaaLma(mattase)LWﬂm‘ua
(pectinase)uas Lwaiaanmma(peroxldase)mumu ‘UQL‘U‘uﬂ'lL‘MG\IMLﬂﬂﬂ’\ﬂSIﬂﬂﬁ%ﬁ LY
Ssnomensaladudassussinatesas 1 aodalua@Ben Sautuud, 2548)FatunsHAn
dsiustamsuanegeriasmdaniusidanliug

wulws] QAuvsd wasuaaq LUUﬂ’\LViﬁ%ﬁﬂ‘U’e}\‘lﬂ'liLﬂ’eJllLﬁEJ“U‘a\‘Ii’\‘U’\’J Tasamiztoulal
lawa (lipase) LLﬁ”LE]UI‘UllE)E]ﬂ“ULﬂﬁ (oxidase) avrliAamsidendsvnsdiuusznauiiiu
Todulusiim chmLaulszjual,wmvmﬂumﬂgniEJwlaimﬂaq}amamuu’tuiwﬂm’manﬂuna
aseauaznsalutiudasy wulesiedoondinalperoxidase) vilkAnufATeoondiadu il
waviliAnnsiasuuadleasiadieedlufuuasinlafison daundeqaunidfiiiualums
duasunisitauveseulyiilaa wenanigfianstudnisiauesouluilusiea
(protease) mmamamwummimimLmUImLa gyilormslallasunisteslusiene
Windiens sty Lwaﬂiuﬂiaﬂmmwmaqiwwﬂmmmmmm‘lmLﬂummiuuwLLauLnUinm
Pldu Femsisdnludunssuiumsane 1wy msvidntasldsfiianuaeaf thi
FrsmuANToUY Lwamawmammwuauaulsvm TneAEn1sovauseu wsoR NN
\nTaaLondngiaes(extruder) mﬂmwnmmmwmu iluateisuldUinamntuninns
afmnsdanu (Luh, 1991)-

aala uaz y ﬁJ‘Vl’J(2544)615’)‘0?1@‘U?111‘UﬂVl’lx‘iﬂ’lFJﬂ’]WLﬂllLLﬁuﬁ]ﬁ‘(ﬂ’WlEJ’\‘U@\‘ii’l‘U’nL%’l
wsau‘mﬂsvLuuﬂmmw‘LunﬁuﬂU‘ImUummi Iﬂaﬂnwﬂuiwmmm(smq) LLavmnswn
Bn(mnd) Sadunanassldannisatathifuressiils $rdafAwmdnsoonuns veuzfinindndl
AvEnseu Saewilafifudandasuiien ImUaumﬂsumimamu‘lwmwumeﬂmmmw 50
wy vnugioynavesmnsdalnafivwiainnin 50 we i’mQLLauﬂ'lﬂi'lllﬂTmWUﬂWl uay
iwnmaawuﬂlmnﬂwa Arulszneumaaivashiiadesniiningt snuiuladiu iwmam
ginsiUSunutiaies Usinalwinags wasliwuneanmendud 1 wuﬂimmaaumwwm
ﬂaumam‘luswnmaaaﬂjum meaeflummmmmmulm (Wipanin 1061ﬂ1aumansu) wazdl
UimmwLnuanmmmmiﬂiummﬂa @nndn 107aTadsensa) lanuBaslusidausiny
UnnItUNINg LLavmnmammnﬁmaaumwszmmaumawmw mndiindureuvesini
wavilfigou anuriisindumsiuiruasiidad %dmmimﬂiul,ﬁumalﬁiﬁ AnsaEidafnig
MEnm mMaed wazdulsramdnda unndiidinis Tunnsfiansunil A owam
nEnfusemslanse wianursadndulUldlagdeu wu iUl dasmenansidusyiovl
Lasifesmstuidlaenss asthluriunszuaunsuets ieanuTinuqaunid uay
U%’UU@@L%"a&qmé’nwmwaamiaﬁﬂﬁwﬁuuasmnﬁu%’nwﬂﬁmmsam
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iﬁauLa&Jwﬂi’uﬂiaﬁmmwmLLmam'1'5nm“LU’L‘ULﬂumuwaummimﬂaau 31l
mumsau’mmmLLmLLUUﬁﬁumLLauLmuaﬂﬂlwuLLm mmmu’ﬂﬂ’t‘mﬂumuﬂimau
wEnfua o vslidvaneuin (50U, 2549) NARDIHEABIMNTINADFUNMUUUNTOUWES
TneldinToaondmgines fidunaussd Ao $nlwaindnfosas 70 TusaudndesaialSoy
protein isolate)foeas 10.5 withmdedlasiuiudosay 4 Sarumsviliasudiey
as 10 uay ‘Uix‘iiﬁﬂ’)&lﬂauiﬁUﬁUﬂ’) w@Sdnniiu wazlolafu "Lmumwamumnwuﬂnﬂiu

" LnEuaA mmmmaa'wmmmﬂmmimamlﬂiﬂauiﬂimu Seniiu wazindens ity

Tula.@ 1972 Houston “Lm']m'mmmﬂ‘uﬂiia‘uumﬂﬂmmmammwaﬁwn
AvdudueslunansUssmetauisidneeiiviunaiisnanioy WA A e
qma’wmammwama sunaulondsaniualdminsudledgmidasaruaiiosvsaidnalu
sefugmamnssunisaiadule(fiver) aaﬂmniw'nLLaum'ianmiﬂimuwmumniwnmm
Tinsldeddwsuiusmsfustnanieunsdy Tngliiauaiduemadeiviniy

2.3 dsfusrdn

nsuaRthiudiatundusnide 50 Ureu waziinsldegiuaufielagiu T
Uszanaunuiawde wiu gUu inwd Sulduiu lny wazUrRanuesUsznouresisiuiiin
Auwdeeantalu 2 nqulvg)q Ao ﬂ’ﬁ'umiﬁﬁ’lmmﬁ”ﬂauﬁ‘vﬁEllﬁ(saponif“ able)Uszanuiog
ay 90-96 LLaunaumivﬂummmauﬂauuWw“Lﬂ(unsaponlfuable)ﬂivmmiaaav 4.0 uay
'W‘U"nnaumiﬁlummmauﬂauumEfLm uﬂimmmammmuauq

shitusdn e Shetufiiiarnniiuhinivdeetnenim Jamnefe deusean
gpedazduauasdnng dalinduihduiiivsslevdsesianie wasdnuamidaruinsge
LuaqmnuﬂimmaamimamumianlgnimaaﬂmmmmuﬁﬁmmmiﬂULQW'\UIV]IﬂWiaa
Tvilalasduoa nsnwesdn wnuuilelsyuea Inlnanosea Iwdiuea uas arnefu audinn
‘uaaLmumialimuaauwmwﬂﬁmmmnmﬂ'vﬂﬂ“l,mauaamwumﬂ‘lumuummmnw*u WAz
vennihus e duumamesnsalasuiid iy Foldun Towdn Aluadn uasurduiifin
Tumsnafi 2.5

137617
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Component Content(%)
Saponnifiable lipids 90-96
Neutral lipids 88-89
Triglycerides 83-86
Diglycerides 3-4
Monoglecerides 6-7
Free fatty acids 2-4
Waxes 3-4
Glycolipids 6-7
Phospholipids 4-5
Unsaponifiable lipids 4-10
Phytosterols -43
Sterolesters 10
Triterpene alcohols 28
Hydrocarbons 18
Tocopherol 1
ansedl 2.60sUsenoulneusvanailuitiusrdn 100 niu
d1sUssnau Uuneu
Tusdalnsndielse 92.0-97.0 n3u
asUsznaufiazansluinaiu 3-8 N3u
TnlaWs9a (Tocopherol) 0.06 n¥u
nlalnsduaa (Tocotrienol) 0.07 n3u
To3%usa (Oryzanol) 0.09 n3u

Suﬂ (Phytosterol, Triterpene, Polyphenol)

2.78-4.78 nN3U

i : audus vazunng (2550)

nsalasufinunnnlaun Teasn(18:1) aluAH(18:2) wazurdulan(16:0) wulseu
Lopay 75-95 uananidudludasn(1s.3) Jeuay 1-2.7 afesn(18:0) Sowas 1-2 w1e3adn

(14:0) $oway 0.1-1 Fawanslumsait 2.7
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ans1eft 2. 7uansesdusEnoumaedl wavauaNTRivnaman it

Physicochemical parameters

Acid value 1.2
lodine value 91.5
Saponifiable matter 2118
Unsaponifiable matter 4.2
Fatty acid composition (%)
C14:0 0.6
C16:0 21.5
C18:0 2.9
C18:1 38.4
C18:2 34.4
C18:3 2.2

ATty wuin dhtusimfiansiuoyyadass Wy InndiuBlungulvleiisen
Fanfiudlunguinlalasdusauazunuuilelsyiues ImameJﬂa“l,ismuaammmmuauua
fasglaaninieniiud 6 Win(Wudiwy wazany, 2004) mumwnmmummuwmmmiam
sEAUARIAALIADTOALULGDA ?méhﬁ'cywNﬁiiumm'lumuuiwnwmEJW@(JuUano, 1985)
Taun

nguaalnlala(phospholipid) 1y tadifu(lecithin)iynwidu(cephalin) uazlalwia
FRu(lysolecithin) fanuddnlumsaihuasdounrudniidnvsevesuadusamuaraes
Fretastuwaduszamanansiifufiviavoyyadaseancy Yivananuadon uazydy
suadslumuaud

nauLszmlum(ceram|de)LU'umuUi“nawmmy‘uawu‘lmmmq drgliRniladiny
daneu aummsmmiwkumuuaumummm’l,wnmﬂmiuuauammqmuumwamlmmav
Fufuseniaslsiwad(moisturizen Trenurguduunfnniadnge

nqaﬂwﬂaa(tocols)'amuuaﬁﬁmmwag‘lugﬂmaﬂwiﬂﬂiaaLLastIﬂ“Lmﬁuaaﬁ
Ustlowdnesneme Bnviadatneliseneigfiduiuselsamnan uasdefusyyadass B
andAgrasmsiialsnuziie

nqunsnlesiulaluadallinoleic  acid) wialawnin 6 waznsalalulaiia(alpha
linolenic acid) vialawfn 3 Midunsalufuswiu Tnefegustanasevay 33

nauimfiudaeuiwind (B-complex) Lﬂuaﬁma‘lwmimmumaaiuwﬂiumwm‘uu

nauunuulolsvuen quﬁ‘lumiamiumﬂaLaamaiaauaulmnmsualw vinlvian
msmjmwawaamaamwumﬂwanuu‘uaﬂaw figvdlunisanmuiedisauasnwonnis
Nmﬂnmmaqam'awm vananidudiuassueyysdassuasdideciuSedyila inlifmd
ity drunssniauiieldundeldm mnmi'mumlmw*uwaﬂmLﬂawamnumialismuaaw

3

Judunsesesnsnevsywd(Patel and Naik, 2004)




dy ~ N o 1 N =~ = ' gj ' N ) N o N
wnansiiduenarsianubidniunislynuiionisfnewniu lueygslnillydsslesuaunisan

lunnsdllagisau Snvinudlvdaulailon wasnesedaiuaivetenarsynasaminisinltuly
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S uaz 1576 (2002) levanasldanudeuitesdaeulilaalunisasaniw
¥susdna meﬂwm'}mauLﬂuiuauL’Jmmufom'ﬂmmsmmimu’luumuiwnamEJIU
Wy Indud

2.3.1 Uselgatiapstinsiusidhg (Utilization of Bran OIU)

ﬁ’m%’ﬁ’nﬁﬁ’ﬂl‘uﬁuﬁlﬁmﬂnizmunﬂiLLUsgﬂﬁwﬁufﬁﬁwaﬁuaﬁmwmﬁmnﬂu’s’mqau
Tunnsafalusausenainidmannlusuils Tnensuasidnliados Idasazaeiualy
nsatalusay udisaenaznaulusiu vinlwuwis Indulusfuadadudy druva il
maaaauﬂﬂmummsamﬂﬂ mwsuiﬂmuaﬂm‘umuhLUumuNaummstaLaiuiu'mu
U LATDIRL YUY LLauLﬂiaaﬂmmamuu WJusu (Luh et al. 1991)mniﬂ1/12 91ty
mumaulun5“mumiLLUﬁUumu’m selalasiufiiuslonide duiuduneunisvinle
lﬂaﬂiuuusama‘uu iy ey Tudunisidelalele andunisfidniulfiaday
mnmumimwmiﬂlmau Mnsunsssanauldinlafisen wazanfunsilsdsululass
Iafedu Juay uanmnummmmﬂiwiaﬂmamm‘uawmuswn’lmwmEJn‘svmuma'
lalasdiudu LLa“‘Ugﬂ'SEJW!i’mﬂLE)ﬂLV]E)‘iWLﬂ‘Uu (ifones, 2537) IuvansEuIunTTBUY Favin
Ildansuseneuitusslomisnuanesiiaainthduidniu ('iU'w 2.10)

dituimavllmneiasiaviiiuisleddulsamamdaianntitusndni
anﬂlﬂmn‘unwlulmnwm’smLamEJifovmnmm‘lw5°Iaﬂju“luama'mmﬁmLﬂwan wuldidu
muﬂiuna‘u’lumiwamau’lmﬂuaﬁﬂaanuauuLLakuaamﬂé‘lmUummmwL‘U@'sﬂuwahs
Lﬂumawr\mLLaﬂmUummﬂmmemmmumuuiwnﬂwwimmnsmlwuaaimEJ
ay 20-70 aansorluimnsdlelasauadldlumsndnajununselutudaszildanle
%1 (tallow) wamaeeWanmsvilihiusinuigviisunsalutuadiiullecithin) uaglugn
ﬁ'}mﬂis&gnm"l‘t’fa&han”hwmaﬂiml‘uﬁugﬂﬁm'1w5may,"umzﬁlmgnﬁﬁlﬂ’h’ﬂﬂud’mwamlumi
Farnegemsdniiedsharsndouinafeuswnsuaznszavarsuaudmuadivaunse
T duansmsanmwlunszuiunsuane s

ﬁw%’uﬁﬁﬂué’ﬁﬁﬁﬂﬁshunﬁﬁﬂﬁﬁﬂméLLﬁ’m“’L%wamL*fJuLusm’J(shortening) Yt
U3901115ua¢e umuanmmuumuiwnmmumwwiamaLLa rIunelitgdu
(winterization) ¥ AR UM SHERLNEDILUA (mayonnaise) maaﬂLLauwammwuanwmumu
diladiulemulsion) aufﬂ,uﬂiumwmaawwmuammumuswnmwmmimusawsumm
dulalanauitelrlaluuiiisnuusAwewds snefivssmafinmuugitominhusdn
ﬁuiwmw‘iw“iqw%rué’amv‘hL‘fJuﬁwaé’m%wzﬁﬂﬁlﬁﬁmé’mﬁﬁﬁmmmG‘f’manmnﬁﬁwﬁuﬁﬁ
Frnddldifuiiupemsiinuertuiiuiivily

shiuhdniihunsafletuudansaluduingivlumssdaled (o) Fadu
Fadelumsiinde @) wuudiu ussreadvasswuudiuldifusted

Anuaul wavAue (2532) vaassthlafiueniisninnsyuaunisidala ﬁmw‘iﬂﬁ
‘U'5?1‘1/16@3EJGDVI’mua’IEJL‘E]ﬂL‘U"LJi’mﬂUIE)I‘UIW'SW'I‘L!E)a Io'ﬂwmwﬁiaaa“ 18 9 ntuEeaL
warauy (2534) ‘U’ﬂ,‘U‘a”l‘U’]’WWI’ﬂMUiﬂVlSLLa’JUWWUWE)lla‘lm‘l‘ll‘iﬁ‘l]’l’)LLﬁ“’I‘UNﬂNi“W}’NI‘U'S'\
druluanfusun Wewdeuinuaznald wausingdt ausaldiadeunausuniliamunse
Eudnwnlunuie 1 deu wagliumnssannluandusundauiifunemnanisin
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umuiwnmwiunaﬂﬂma"L‘uwmun'ﬁavwauWLﬂsuu (saponifiable lipid) wazlusiu
Flaiunisazwetifiadu (unsaponnifiable lipids) muumamniumumim’mmawsaﬂw
snigals awznEﬂ*wum'uuﬂ:umm\ﬂmmmiaqmﬁmuumam

mmmmm“au‘lumimammmiﬂivmmuuﬂwam #e tsfusii iesanndl
anuandRwnzan ThuA Anunwind ansoldile 6-7 sou usnanidsldifudunaives
muuaamlmﬂuamam mseliliingusa deldsusuhduiinginandn sgaaelindusares
dunauty (Kreuzer, 2000)

Aewitaunldduddseneulusims maamuniumumiwaw:’]nsmLau"l,szm
lawanioanalufusenainiitn Weluuadlysiiu wdulsems uasnguimniud U Tendu
Srstustusimaniuuiiusslendlunai i iddududseneueomns [etaeanmAIy
Aeodlunsiinlsauzideatdlug dulelsausaOryzanol) Tuﬁﬁﬂu'ﬁﬁnﬁﬂmﬁuﬁaﬂumi
EJ'Umﬂgn'smaansumwmuuiwnmuﬂ5“Ia°uumammwlumumaf] wu teadunisgas
Youduidon mEJn'ntmmjmmuumasawlulwu wazw3sInUNTia
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2.4 nsafaunRus1912 _
2.4.1 Jadudiinadauszansnmmuaenisaiaungiusadnn laun

24.1.1 Uinamasnvinazans tldusunasmyvihazanslunisannunnazyinlv

armthiusemnidnniithiumdesglunindey uidldfvhasmemnnseddinaiumumnnly

msndunsnievinazatsean MiviAansaydesiazaeiissesonlugstiumey feiu

v o 9 3 P <
ﬂﬁﬂﬁazaﬁﬂm%ﬂﬁuﬂ‘m’lmwL‘m.lwﬁm
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2.4.1.2 wilempsavhazany finhasaevaeydadlflumsataiiiy dah
saneunazviinayinuautRuanssiueenty foadenldlimnzauiveinveaniafivuas
LiFufuursame frvhazaeitelduniian Ao ieniau
2.4.1.3 gumnil nsafeifusviasaiededigamgiguseann 60836
wadaiietatlinduazaegesninanuaiivliine
26414 mmumuueesing Simfsauuauiuly ssiliafad
goninen widsaududssiuluazuandie uasiinadusnn
2.4.1.5 Aty %ﬁ‘ﬁ'ﬁ’;ﬁﬁmﬁaﬁmﬁﬁﬁulﬁﬂaiﬁﬂaﬁu%uqaLﬁu%'aUas 10 uag
favnazany avspdlliith wieemduuey wawashldatatduoenifesn
2.4.1.6 nailumsafn msataisiuieivinavanededdnanunoaunis
Aelvnazarsannsoafnintusenuilildunniign Taevhe W azldinassan 1-2
i
2.4.2n52uauM suEMMSTUS419 (Rice bran oil processing)
nspRuMsEnaY Adlumsafeleiy wssihifullgnuszasdudn 3 Usenas fio
2421 elilddhiluanmitllaanesfuselidadovuiibiesniseyiies

=b.
-
i)

' )
d I a

2422 eldldhiluTuamniigauiniiussansamasensyuiunisas
inls
2.4.2.3 \ernanninfivdeninnisafinfiinudiuniian
FBnsafaugnlefunaziitueananiagiu axfifflone dwiuingiuudazeie
Juogfudnune wazaATRvesTngRutiu dmsumsataintusiirlulsamealnefeald
nsanamesYinazany (Solvent extraction)
msafindaeswnazan ittt nldatmbtuonudefefiiviinonhi
#1 doatnarnnin Awdsnnnsudeiniessn Mviazanefldedlifufvsdosanie
o iy asusuladalnd uaviefindmed Wudy dnisemefifexlituinniign fio 1o
LU
Fnshldlegliihasanslvafurudaiivaaziden driufegluniaezazay
ponfuiwhararolethiuazawesnuinuauds ilundunsniefvinazaiseen
ansavangvensiuluivihazameenafunin Sawam (Miscella)
Tunsafnthiiusdnasgnudinluiviasaisdainfussgnataeenundaeiai
avans udr3anseanenirdniuiawaaesnaindu wimnduazugndviazaieeenain
dhunawszrasavnavaeiuiiy 5ﬁﬁuﬁlﬁwgnﬂﬁlﬂmumsv‘iﬂﬁu‘%qmé
nnsliRarmiefvharasegliuunanidugininitty wiafeunculialditnig

Tusufumsanagesiviazats egnslsinnisafiadeiviararsanideaildinegeniiie

'
=

S mszEvinaraneilistaiune aeuarnadunenionsvinaratendvunlylasniniy ual

vnsdussmegly
¥ L% " b ‘ﬂl L 5 1 a A‘ ! 'n/ o o . L%
dsfufildpenuuiuinuiliviavs Buend dhdudiu (Crude oilifndlansuszneu

¢

#199 Yuegunnung deniilusinunmsvinliuiavsdely

q




27

infiasden Ghunsunseun 100 mesh 16) ssilsthiiufasaligu il
Kodldszznalumsatnisiudiuiu LLasLﬂummﬂﬁnmwnaaﬁﬂssnauﬁlﬂ%ﬁﬁﬁu‘lm
ANSANRAZNOULIN

Ysfudisindunensssuviivieeiia Wy Yrshungnonlienaldisnisaiadisfav
avaneld wsnzasilvinaumelvnsiueneiviazansoen

2.5unuNlelsyrues

Tolssuoadunuadausnluidusdnlud aa. 1954 Imaﬁniwmmam%mazﬁﬂu%a
Tsuchiya, T. uay Kaneko, R. (Orthoefer, 1996) Tughausnidionn Ialismuaat,ﬂumimm
foinnevdsnuitoalsviusausznoumeaadIudfy druusnidudauiiies fe nsawes
Aa(Ferulic acid) MiussdussnoundnliiBsuuas anmwuuﬂumiﬂiznawumﬂ
fefduduneanosed Idudmn amesealsterol)  uaz lasinesiuneanagedtriterpene
alcohol) ﬁﬁiﬂsqa%aﬁnwm”ﬂﬁw TnaamesaalCholesterol) uaziassduiidouseriy
feWusTIoamDS szmmal,wnawwm 3 gia Ap weavilelsvusa Janlelswuea uay
wnuulelswiuea mLmumialsmuaaLﬂusmwuwwumnwam fdnInerdransla
ynsAnwisenuin luthsiusdmtice bran oil) fivunuunusnlslsanueasgssningiey
ay 1-3 *uuaan‘umawuﬁw'emmLLa:f;ﬁ’;Lﬂiwuw‘I%(Seetharamauah wag Prabhakar, 1986)
wrdisssuraTnuunu-lolseuea Ae $19 uwsasunseiafimulusnundelsyuea 1wy
sitostanyl ferulate, campestanyl ferulate FeanunsanulatudninanasSyiu(Seitz LM,
1989)

Usinauunuanlolsmusadinulnhiusdniiuinnidaniudussaim 20 wh oN
p19siiusinnunuulelsyueageda 3,000 fadnsumedlandu (Xu as Godber, 1999)un
Fidusunannunle lssueadiiamuuususiuegunn wWu nsasavaeudiiunnuilels
ﬂmuaa’[,umuuwmwmumiwﬂwusawﬁwmaaa‘luﬂiummgﬂuuﬂs 110 1,500-2,900
fadnYusenlansy Ussiweduienulseann  1,500-1,900 fiadnduseflaniy Tuypzd
Useweauigaiusniwudszuna 100 fadnsuronlaniu (Saska Wag Rossiter, 1998)1;&;
Luaaf\nnnnmmaamﬁsaamamhﬂuniumumim“lwiawﬁ (reﬂnung)maumnmaua‘a‘uun‘u
ﬂ')’13.1i‘uLLiQIuﬂiuUQUHWiWWIMUiﬂVIS LLaUmmLLmnmwmn‘svmumiwamumuswn 1oy
Van Hoed wazAny (2006)31ﬂawum‘luwmawaqm'i‘l«ljmwsanﬁm‘lw,ﬂunawLﬂu‘uumau
mﬂmumm‘lmnmm'sgmwLawaaLmum‘lalsﬂmuaagaqmmaamﬂamnummmﬁwm Krishna
wazAny (2001)Anuitunourainisiidniy uadluvildgadeunuulelssueaiivedos
ar 1.1-5.9 unludunouvesnisviansalutilagldiadinaliununlalusagnidnlufia
Ypra 93.0-94.6 uaruendnifsiusgfumetuguesd Inounna uazane (2545)fn¥1
anuuanavesansiuginluUssmalnedeuiinueaunulolssiuea lagwuirdany
Wgra9 fusinaveunuanTolsmusaiiunnsiaiy
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2.5.1 ausutRivesasunuunlelsunuea

wnusrlslsuea fdnwusdundumiedrnuumdeseur dgnaaiae CaoHsaoq
waluanaiius02.98 nsm\aT,a,JaLmumialimuaaamﬁaavmalmlu‘umsismm Y
vueA 1BNIUea LLauﬂaBIi‘V\[aim azazawldvssludimesuaziginy Lm'luaumy’(,um T
findu mwaanma’m 135-137 °C An1sganiulasgedn (absorption maxima) 315 291
way 231 fansuansemvyiuvealuasasatsumiuealszinm 108 (393 WIYETIT
nawily, 2543)

O
CHO-_ ,\/j;"\‘iv’u\oﬁ
HO'/L‘ Z
g’ﬂﬁ 2.11lassaamaaiivesnualolsyuea

wy R fie nqualmeseaviendulnamoifiuueansged
1311 : Xu uag Godber (1999)

nsitmmaTadmiuiaeiUTnununlelsueatuduiulay Diack  uay
Saska 1wl a.m1994 Imenisidveila normal  phase high  performance  liquid
chromatography(normal phase-HPLC) szjammimwmmumial‘imuaalmﬂu 2 @ uaz
wravdruUsEnaumeasdrfgetaties 2 glanseunnniniy nisasrendnualuae
3Lﬂi’13ﬁﬂ§mM‘uadaﬁiﬁﬁﬁmLm'amjﬁmIULLﬂwmﬁialisuﬁuaauu%qLU‘uLim‘wmﬂauLua\‘lmmﬂ
nsugnafaasdfgusaziialdliauugal uenaindudafinisldinade reverse-phase
HPLC anunsauenansdrdnld 5 wlla(Norton RA, 1995) w3e 6 wila(Evershedet al,
1988;Rogers et al., 1993) MniaSsannsauenansddguesunuunlelssusaladnian
dtfusrdalneldinadinpreparative normal pHase-HPLC Idunnuunlolssusaidudu
NS einnsuenLaannIssUNILANaIsBURBmATla reverse-phase  HPLC Faawnsn
wenanséfylate 10 wia Ao (1)A"-stigmastenyl ferulate (2) stigmasteryl ferulate (3)
cycloartenyl ferulate (4) 24-methylene cycloartanyl ferulate (5)A7—campestenyl
ferulate (6) campesteryl ferulate (7)A7—sitotenyl ferulate (8) sitoteryl ferulate (9)
campestanyl ferulate wag(10) sitotanyl ferulate (3‘1]171' 2.11) Fsasdfoyman 3 afindiny
ntuwnuulelssiuea Ao cycloartenyl ferulate, 24-methylenecycloartanyl ferulate,
campesteryl ferulate (Zullaikah et al, 2009)lngeuiugudnuasunuantelsyusaiinuly
dhusainngl 3¢ afie Beldun cycloartenyl  ferulate,2d-methylene  cycloartenyl
ferulate, campesteryl ferulate uag sitostanyl ferulate (Xu Waz Godber 1999; Lloyd
WazAnY,2000; Xu wasany 2001; Fang wagany,2003)5miudnlulszuiusosas 80 vas
wnunle s ueaLA




Pyl
ZTs)

11y A%-Seigmastenyt fesulate

o)
CH

’ ﬁ/\*a

Heye”

{2) Suigmastery] ferulate

0 )
o
HO

i 35 Cyclosrtenyl fernlute

iy Qj:)/\iﬂ
FID

14y 2-Mahwlene cyclonnanyl ferulue

CRy0
DO

HEy

153 A7.Campesteny] ferulute

sUfl 2.12 uandlassadvedlalsvuearia 10 oyius

29

CHyOh ‘\fl\ar‘Qé/

;4(7«
(6) Campesleryl ferujute

f.,'t-l;.;f,.l: : ~
[}«

73 A-Sitostenyl fezulate

oL JE\]’:)/\’LO'
e

{8y Shostery] ferulate

5
st

{9 Compestunyl ferulate

B

(10} Sitnstanyl ferulale

<
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wulusdng thsiusdn susesuwsstinn dsuandussuresdn uenanidinulu

[
=K

Syt 1u dnlne 410808 dnlsd wavdnlndneney
2.5.3 gruusslevivaaunuulalswiues

wnuslelssuealiumsiiauusslendununeg uwaedifinunsiiansunuunlalsen
voaluldusslenifuesreniisuns uenandunanisasanaeuaulasnfossysd ety
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’mmLLnumT,alimuaalﬂria‘l%ﬁmmmﬁﬂﬂnammﬁu lajL‘fJua'ﬁdam'L%aLLa“Lﬁaaanﬁnﬁ’w
wnaunlolsuuea mnnmhﬂ%aUNLwaawmmamumms LPEDIAN9719 HATIMIMTUNNE

‘Lumummi Lmumialsemuaannmm‘lmﬂums{]mﬂumsmawa‘lumamm%
91913 MildnwMY Lﬂuaua%u‘lmﬂuminmaU(Preservatxve‘lummi THiotoafiunis
anﬂgnimaaﬂfamw Wy wnaduthsufiodiefuity

‘lumumiaamma LLmJmialwnuaamumﬂmwamUm‘lwmmwmmaww
Wasvas fhiuaa mmu LagUIFNn3aseELfiEnsy LmumialismuaaLﬂumimuauua
Saszadreiuinniiud szmumaamﬂgnsmaanmmmuaumummwuwm‘lwnGmiaa in1s
mlﬂ‘lmLﬂumumau‘luwamm%m‘umﬂivmm 3.20% Taeimidn Weld$nuilsadanls
dnlau(Atopic  dermatitis) LaZINSHINIAUA(Senile  xeroderma) ) W dudaunauly
wBnfougndunsU sz 1% Tagtmin Lwa‘lmﬂasuamwammmnNuamﬂmﬂuwuam
mmwmuialifmuaamani gunsasrauaniiu 14 1 lundndusissiunaulfuauiie
mumnaummmmmma ‘lumm‘mLaULwaﬁmnuLaULUaau BAZENTIESNYIAMNAINUTDS
AR

Tugunsunnunuanlelsvueadgvdnsfueyyadassausssuyd Faaunsnan
UfRseeendiaduld Fegeanaruidsateninifausiiels vreanviinalaaanesealy
watdu (Plasma cholesterol) ann1sduATeilaaanoToalusuLaY ammsmmfmu
Tatadmesoa trewiiusinaumsvdansathmdluluald dofinsasnsivaioulafinuay
Yoartun1ssaumvaandniden(Platelet aggregation) dreananudssrenisiialsaviale 1sn
su Tsale TsAuamany wazn1sinsninaemang dreaduaisludumiusi anauaien
dhodnmnsyuunsTnuYesaNasfiinUnf(Nerve aggregation) uaznzudmunUszdiou
(Disorder of menopause) ImBﬂmiﬂﬁ’mz‘lﬂﬁwaﬁuaaﬁuuqmu%\‘i (Luteinizing hormone ;
LH)eduasumsaiandnie TnensuanudessesluueunssfiuEndorphin)  wagvihli
umqnazuﬂmiau,asnss%uﬁw‘luﬁawaamiﬁqm&nn wazdaeifinausionmmandlag
nsRuseRuse uumalnamelsy (Testosterone hormone)

a

2.6auila§ﬁizl,l,axn'1'ic3f'1uauigaﬁ'iz

ayyavasy(free radical) 730 reactive oxygen species(ROS) L“t‘JquLaﬂaﬁﬁ
aLanmamwanaﬁﬂuLﬂummuﬂ (unpaired electron) LLauumaaumn amﬂu‘lmanawln
tosuaziashirensiiaujiseail mmﬂgnimnuimanamm mlusramenitelisasiu
esiiannuaiios oyyadasilvansuila vland Ay ldun gidosoanlunuouloosu
(superoxide anion) lelasiautnaseanlan(hydrogen  peroxide) wazlonsondausnnifa
(hydroxyl-radical) (ua@33l57e, 2545)

Lméwmauuaﬁai“mmmLLﬂaaanlﬁL'TJu 2 unadlugjq Ao

2.6.1 auuaaasuwmmnmumaaumauan Falaun asafluazduioufiuniu
mmﬁmmma%wﬂﬂ AR ansiAuuAems Suanems ansedivudeuluaims
ansfuyn wipasiaiimnegildlunisinens w8
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2.6.2@14;3515?133*7{%1\1nw‘uaqma%ﬁmaa Fsldun arsaiifivaandennnszuiums
s wiAatunglusamenaslumadion Wy nssuiunsHIRa1ae M I(metabolism)
luiAnUsesnfu mseenmdanie msaaglufuesnannsememnngiasyibiiineyyadase
UINAE

Ugnsmaanmmnm.,mﬂ‘uuwwsaﬂnwnuﬂ%amqq W Las gamndl ATy
Lavuinvosoandiay viavensaluiuiiiussduseney aliauasUSunuansaluiudasy
Gnaredilundiwelsauaslandiwolsd sining wealwdln adiauazUSunuvadlansmin
(Choe Wag Min, 2006) Imwmummu‘lawmun iy widn owas Tavea sy Felavs
wiinenatudiouafuingiu Lasesile LLavaUnimm’l‘ﬂumswamumu WazAYUzUITY Wl
Jaanasmadlangwiinesiiton 1y sefuiiadniuseilaniy fanunsafiezanaaunsiaves
dhitulst mLmamﬁmmLiqﬂgnsm’l.wmlﬂmsmmﬂgnsmaaﬂemmmnuaanm’lmmsmﬂnau
suantoradid Tnsdupauresmsvilihiuusansfidudunouiiannsaaninumedans
winwarildssaunis muuumu‘vﬂ,umumsm’l‘mLUumuuUiqwﬁnmmuﬂimm‘uadam
wilneggs Inalanswidn 1 uén arinaluisednsmaiinsendinduvasthiul flaomse
Wesornugnasdusisulalasiauannsalviuvhliiniaduleafansusafinea (alkyl free
radical: R)uazisanisuansavesiglasweioanled (hydroperoxide: ROOH)newmanaglv
5 énasautulslnsmesoanladudrasuduneioondusafnea (peroxy radical: ROO)
LazLoanNTLINAAa (alkoxy radical: RO)mLaIAU (Choe wag Min, 2006)

aumaaaiuuﬂmauummqLﬂwmmUwawmaamaauuwsﬂﬂmUﬂgﬂsmaanmmm
(oxidation) LmamauuaaasummummmmsmmUI;JLanaauq mamammﬂuanimawa’lmnm
msdnaursaialotinme adseafisrsuuilunth sounm wasiawssasaiaiy
amnuosnininlsaitesaingg wu Tsavalenaiden Tsadenszan lsannuduladags
Tsasalawed lsmumnu Tsaueise Wudu dninnglusenmeveasiinalndosiuoyyadas:
Tnsadonsvhaiuresansiueyyadasziairadulusieme wu weulelyuiesaanted fa
fuma(superoxide dismutase) Aiaa(catalase) ngmiioeuiedsendina(GPX) Jusu us
msaswmsmuaumaaaiusﬂmmewauavmﬂmﬂm’l,ufjww WMTIMIEERIITUNTE
AUWUI ‘Iuﬂﬁ{]aqnumauunmawamqmsmqsmmﬂmnmi‘mmsmaamaaauuaaaisuu
slumsifioianegrivesansoyyadasy Jadeni asdunisiiaujisernandindu
wWinansiuayyadasy(antioxidants)

] [
wva v oW

ansfusyyadass(Antioxidant) Ao ansnllaniAdudelfiteeendindu it
#139N555uU A(natural antioxidant) Wudaiuddanfiudidudu wazarsdunsizai
(synthetic antioxidant) wulifialanlansandiodlealbutylated hydroxyanisole: BHA)
TniaanlansandlvgduButylated hydroxytoluene; BHT) wnalan(Gallate)Jusuuazdl
qwﬁmmaauuaaaivmwmslmu Toun muws woanesed Saddansilalewn Bnasd i
nanofuansildfisunsenaiad ’luswmmummsmuaanﬁvmumamwmwswwgnsm
aansmmmiﬂsmwmwmamauuaaasv (free radical scavengers) ﬂaanulu“lwaumaaaium

Ugmmnumwﬂmanamqqmvnawamsmaﬁqma a8 ladsnsal 2549) Wwdeemnshtlans
Fusyyadasznddey laun
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o

nnduenulusungsuln lolasamizlduna thuy fadnfifiddendu waldisig
wiResdy wWu dnsds fnnonasa dnds finves uzahegn ugaznegn uslewme

Fonfiud wumnnludds du uzvuten uzaznosn WinawuTes uenlad dnazi
gapayian Tuls Anviu fnn1adied

Fondud woluhiuannayndmand dhdusenunzu thifudnlnn dishuiandes
dhifunendes wiamunyiu windauoud ayndnnd

FRdoumunnnluamsvza Yamyun ilodad fu vewil 1n Jan sundldleadn

walsivesa(daualsiiu giu waslalefumuluindidfoadunalifidamaerd
W finsinds fnmnsds dnde aves uslhsgn wvaznogn uzilewne

WONWILATIA9Y WuansUsznoulnEfusad(polyphenols)anwiuazayulnsunila
Telematauisoflavones) 9ndaumdos (s

2.6. 1miﬂamumimﬂﬂgnia'1aan=vm°uwuaaLmumia‘l,isznuaa

msnoondindureaiiiudmiuuslaaiinalpeaseiliAnd ndusafiiaundluan
W geyifeRnAmalaruinis Suvaziledudavoomnsasuuias fudlasliveusu wie
orAeansUsznoulmififusunsenosiene (Nawar, 1996; Choe was Min, 2006)3ens
Erunsiineandiadu Ao asiflauditesiuniedasliinuinnsiulddas Jadumsd
Fuaduiiudewanviesudfuiisueantinduiilidhsiunsi Snuvnadnuny nAuuaz
samalslaunudu Teepruannsolunisiduaisiusendindu vasasnguunuunlolssn
ueaININAITaINTAMesAn WosnnayiusluduvesamaseauialnsieiUuneanased
fMassadruweluguazindoudedidnnseusinninsaesdn (Xu uaw Godber, 2001)
drvsunthilunisiuesndinduainisnaduiglilaenisiiia resonance-stabilised
structure  (Kochhar,  2000)fuanslusudl 2.138namdleunsunlelseuealdiu
'?iLﬁﬂmiaumnawaéaizﬁﬁm“ﬁuLﬁaammJﬁﬁ‘%maaﬂ%m%'waaﬂimlsuﬁuﬁlﬁéuﬁa wnule
Tsgnueaaviiiuannsadedidnasoululesiairnumin Tnensiiaslawuudresonance)
viliunusnlelsuusaiinuativsguarliiiadusuyadasuideies




COOSst COOst(

COOst
7 &
e B
ocH OCH * OCH
O- f) / 0
COOSt COOSt
2 ,
.
OCH OCH

0

St= Steryl moiety

1J17'i 2. 13naln'l,umimuaanqjLm‘uu‘uamnum‘[alimuaa
fisn: Kochhar (2000)

mmummmmin'Lumimunﬁmngnimaanmm‘uumaaLLmeIalismaaum
AM5ANYIAUDEIINIIUIN Imawmwmmmmunﬁmmﬂgnimaanmmwﬂuawmulmmma
ma‘unumimamunﬁmmaanmmwumauq Wy ueavhlnlafisea Orfiatanlansendiell
lwalbutylated hydroxyanisole: BHA)ﬁaﬁaLaﬂaman%‘[waﬁu (Butylated hydroxytoluene;
BHT) (Xu Wag Godber,2001; igbal wazANE, 2005)Imamminawuwuaa induction period
pnly LLa“UiUUNmmmmmanﬁmuaanmmu‘uawmu wonndifaiinnsuieudieu
’SU‘WJ’N?ILﬂ@iaLW’a’iLa%(Steryl ferulates)fiulniaWsoa(tocopherol) Turhstunenniune Tl
mwmauwammm 100 uaz 180 esALwALTYE wmmLmaiaLW@SLawmmmm'Luiva
mianaansumummwmanmmulﬂ 96 213 uaz 6 $2lue AU Lmlzuwumnaimqm
nuismwamaiamaiLamaz‘[w‘[ﬂmga

o
a °

ugua Juanufdng 2s5aeldinsAnviidaluundsssuyin NéARyUoIET
wnuanlelseuea arsusznauknuuilelseiueaie: quﬁmumsaan%mﬁuLW'mv'Lu

4
L)

IﬂsaaﬁwiunaumEJmmWasammLﬂumimummanmmwuqwmm Tus 98y
(Crude rice bran oil) Wainnsanalaeisnisldmvinasane 2 vila g funvihnisaia
e anzdTiFeeNg (Liquid- -liquid extraction method) Imsmmauawvﬂm lmm tY
musaazienay leUTinuansafmitiuhdniesas 10.9 Seofurudwinuesiiiug
F1iu MlessimUTInuEsLnIlelsgea 9z 2 Fevdnvssansafnunsusiinal
dormaauasfiad vinlaoesos HPLC wunfiaedufindvesansunuunledeuealuaisana
TSt iudosas 2.3 uay 4.1 mwdey dedeuruimnussasatatdusim
Mntniansatalunsedeumendsmuoondiedu villas 2 38 Ao colorimetric  analysis
way ESR ImaLLamNaLﬂuﬂ"\mmLﬁmﬂuﬁﬁqm‘ﬁ(é’ugﬂﬁaaaz 50 (ICs) NAAWSWUIIAIIN
Futuyesansafmidiuidridguisudlafonay 50 vewrazfinwiniy 140694 uas
1325.63 llasniusediadidng aud1ay wEniuansasatiusiagnidudunat 90 fu
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ﬁwmimﬂ'ﬁaaasﬂmwﬁwﬁ'waaﬁﬂﬁmaamiLanﬂa“imuaaﬁmmﬁaaq"lum‘iaﬁ’mlﬁﬁqﬁ
71.35-70.75% snudndiu Talneia3es HPLC

2.6.2m37ARINTIUN TN UBYYADETE

I‘uﬂﬂwum‘imuauuaaai“lmummau‘lmﬂuaUﬁduﬁﬂlmuﬂﬂ'imm‘imuauuaaai“
yldlunisdaasuavandasiunay iﬂmiiﬂmd‘]mi'] L?Jammmmamﬂgnimaamjm‘uu
hay mumimmauuaaaiulﬂmi‘mmaaquw’mauuaaa‘i ummmﬂmwalﬂmaﬂ
Uizﬁ%ﬁmwmwmauuaaai“mnqmmmauuaaai“umaaLLam’JﬂuUi“ammw‘lumimu
miLﬂmauuaaasuaqmEJLmunuaﬁmuwlﬁﬂumwmaummmmmlumimuauuaaai::u
waedsaiy 2,2-diphennyl-1-picrythydrazyl (DPPH) radicalscavenging assay 2,2'-azino-
bis (3-ethylbenzthiazoline-6-sulphonic acid) (ABTS) free radical declorizationassay Wa¥
oxygen radical absorbance capacity (ORAC) 1Hudu (wwé’mwnﬁﬁqm 2551)

NANNITVDY 2,27diphennyl-1—picrylhydrazyL (DPPH) radical scavenging
assay

DPPH L?Ju%‘%ﬁﬁau‘lsﬂum'ﬁmﬂ"mmmmsa‘luﬂ'ﬁﬁwauua5?{3“161&13%’ DPPH i
wdnnsiiansiad 2,2-diphennyl-1-picrylhydrazyl (DPPH) uLUuauuaaai sHuATnTiAINL
mmmaaa’luiﬂmsauma DPPH muamaLLaummmmmnauuaﬂmwmmm’mau 517 nm
‘Vn'1miwmaauqmmuauuaaaidﬁlmawau DPPHe LLaumimuauuaaaivmmaamimmaau
(AH) ’Iu‘v:aawmaaamanUgnimnumaumsu

DPPHs + (AH) — 5  DPPH-H + (As)

a‘uuaaaiﬂ%u‘wmmu (A-) %wwgnimma‘lﬂ (radical-radical interaction) Im‘a
nsruUIUNnsradical disproportionation wniumlmLUquLanawummmm (A-A) Feeunsid

DPPHs + As(n) ———» DPPH-A(n)

Ae + As — > AA

a

\Wleayyadasy DPPH. liiuldsnousinansiusyyadasyiinnvageuaisazany

=

4 a a <« = ! ¥ 3 & =)
DPPH rmzLUaUuammamaL?J'uamaaamwalvimﬂ'ﬁqmﬂauuaw 517 UnlUUNTaNas




wnansiiuenansianubidmsunslynuiensfinviniu lueugralmilulayssleguaunis

lunnsdllagusdu Snvianudlvdaulasilon waznasendaduavetenaisynasaminisiitule
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Erumusemnuiuiimaainagiand mmummwmmmmmaumm‘smmmu‘[maa
FouuafiZouas@osld Auiasuszieuaghifinnudaneu auUndfiRaneasiiansi
LUu“LﬂJaJuLLa ansdu hydrophlllc Unﬂauaamm‘lmwﬂmma mLLmvaa‘luwummw
Hunda wudsafuedesdienimaneyile Wy A3y Tadu Feaannssemereniuuty
Fuds Feiinaennnuduludui ANEANEUYDIN LasAMUAmUNTURDANSLAL]

29  p3osdrenedmiuRionls

Lﬂ%aaﬁﬁmﬁﬂﬂmﬁ%umﬁmmvﬁaLﬁ%m%ﬁwﬁﬁﬁwaa%mw Heuldfueiene
msusnassdeme Taud Bvil wu vu sasdu wiowiinmstigsialkiendndung uas
FroudlaunTnsesasmwiadadmiveiia unistesiu warsedundunisuazaumela
mstsstufinannnieuen wu anmdou wawan Wuiu lumamsuwndlddnuanuiaund
eeghavesinvls wu 31 th nse Sua 1Jusu

210 wansnusilFarudutuunfiond

vt stratum  corneum wanenagdeafiunsTuunsturesansddgann
ANYUDNLED é’aﬁmﬁwﬁﬁﬁﬁ’aﬂumﬂhEJaﬂmingt,ﬁaﬁnﬁaamngmﬂﬁauﬁﬁaafﬁﬁwéa?{u
Rawils daeffuaduiuweiinl} uiluunseuiamdedu stratum comeum WRnmURRUNG
FlTinssemeveniesnainfiamvtananiund iy Isﬂﬁwﬁamﬂﬁuﬁﬂssu (congenital
lChthyOSIS) 7130 Xerosis mmmNrmJnmmaam’muwmmmnmmwu stratum corneum VA
i wazvanoonifuye Wianstsydeimdannifuaudndu auilsdundeidedia
gNUEANDANAUNUA uanmnuaﬁmsumammmmmqma”(mmmm‘ssumamaamamaﬂasu
aa“Lqm Iumwuwu stratum corneum m‘lwﬂmmwmaammuuaalﬂ warlunnigitenniadl
AT Wy qwunmauivmaaanmnmmuamnﬂuu yilvRnufauis wdansianuly
woaFuainie Fadanudus auLsa‘lmmmaLmervuumumwamsmﬁ]mmmna'nlm
sUnuundndudienvngluguvesniy Tadu dfaduladula 1aa wazasd Tnonisasde
NARAALAE mmmquumawamnmmuuauﬂuuaaﬂuaaﬂﬂsvnawmau‘luuaamaakmas
ﬁ"ugm

2.11 na'lnﬂlunﬁv'iﬂﬁﬁ'aﬁuﬁwawaa%ma‘ln%a%

2121 occlusive fo nstlaafutnssveesnaini Tneiaduiiduunsiinedasun
nauia Sevilwiady homy layer fathaniadudedunilaglignsyvesanly \Annsgath
wazsouyy daudaveu

2.12.2 humectancy A9 msmmmammmﬂmamm m‘lwmﬂnu horny layer ‘tm
ih

2.12.3 restorationof deficient materials Aa MIVauNURIVTIRBENSTIIIAMmElY
WU AMIVALTUENSS AT URLIsTSHYRIURY (natural moisturizing factor : NMFs)
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2.12 3fadu (emulsion)

e dispersed system  fiuszneuseveamaietietios 2 wila uiaduasaly
mﬂﬂaagmﬂmﬂu wazipgnianiguen ﬁnulunsumammenwsalua zanelufuuaziu
LU mLLaumuu thuasfvhazanedundd, thifuuas mmasmUaumwmmmazawau
unddine 2 agmﬂ Imymim"m‘uadmmmaamgmﬂn'iumEJmmenuﬁmLUuLuaLmmnu
Tnsefuansifiauideie ansnediatu (emulsifier or emutsn‘ymg agent)ImEJmlU YUR
gameavesinmanieluazeyluyie 0.1(0.5)- 10luTAswns Feunsndeonawudiadurnedn
1 nfle 0.01 lulasiuns wseluguinie 100 Iﬁ,ﬂﬂimm urapilszuvlsneiaunndety
dispersed systems Lﬂuswwmaangmﬂagﬂmu el (@mildnszauiau uasnviseung
SIALA, 2549)

2.13.1 mmﬂmaﬂ,u (dispersed phase %30 internal phase #1390
discontinuousphase) ﬂmgmﬂvﬂ;unsumwﬂuamgmwm nszaeiathldreiios

2.13.2 agmﬂmwaﬂ (dispersed medium %30 external phase %38 continuous
phase ) AeshililusanansiiliBnignmandenszaneie
2.13 Dispersion system

2.14.1 water phase of emulsion lngvidlulu water phase EHE ATV TIN
athafieuaiiansiunsyatesaagie My water phase sxUsznaudae

- soluble drugs
- humectants
- mnﬁmmmwﬁm it veegum, acacia, tragacanth, carbopol,
methycellulose
- preservative 11 methylparaben, sodium benzoate
- color 19u amaranth
- flavor
- distilled water or ionized water
2.14.2 oil phase of emulsion Usznause
1. éﬁﬁuﬁﬂu‘uadmm (fixed oil, volatile oil, mineral oil) LU arachis oil
(peanut oil), cottonseed oil, soy bean oil, sunflower oil
2. thifufidurouds (fats, waxes) 10U paraffin, beeswax, carnuba wax,
fatty alcohol (cetyl alcohol waz stearyl alcohol)
3. oil-soluble drugs v oil soluble vitamin , antiseptics

4. antioxidant
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2.14 yfiavasdladuuiweenlfiiu 3 vin
2.14.1 conventional emulsions {u emulsion 97l uialu 2 Yssuavlvgj

‘n’ s o 2,’ I3 [
2.14.1.1 oil in water emulsions (O/W) unfuduignnlu dniuipne
uan AN
al o 174 2/ al 2/ 2/ 1 [ dln a o @
Sauwiionnussuusies Mudinseaen dreeenladne 1uideuuinlundaiug
wipade1e WU AT uazladumidn (body cream and body lotion) A3uMMT(vanishing
cream) ASUAULAR (sun screen cream)
%,’ o ::’ Y I s
2.14.1.2 water in oil emulsion (W/Oninduignalu dnduluianmauen

' [
@ a

wudtadurindtnsluniniusiiniosdiens Wy ASudamii (cleansing  cream)  A3UNY
NaN9AU (night cream) ASNWIAWIN (massage cream) faturiatiinniooneniafud
Teulgvoy
2.14.2 multiple emulsions 1 emulsion ﬁﬁmsnssmaﬁwawmmmﬁv’q 2
windpuiuniaiu 2 Ussiam Ao
2.15.2.1 water in oil in water emulsions (W/O/W) Aaszuuiiinmsnszany
FYDY
W/O Tuwater phase
2.15.2.2 oilinwater in oil emulsions (O/W/O) Aeszuufifinisnszanesiives
O/W Tuoil phase 19U cold cream
2.14.3 microemulsions 1 emulsion Avunmeynaassnng iWuusluwmssil
fanwuglusauas uaaldiviu droplet Up3 internal phase 8nwuzAde true solution Wi
auiinvadiadulidy 2 via feo
2.14.3.1%%u (lotion)  Hudifaduiifauniai msredinnaameouenly
USmadige Tgnanelufildiiudoss 35 WusUuuuiiwunniigalundadusiniio
Tnslawzimlsfifuinaniie insgnudguiulimuesrus gadud Tdmnuiinauiouay
Aratheenldie wu Taduniia Taduesfuuasuan deladuioraldasiiuainunia
(thickening agent) ‘lui’gmﬂﬁﬂﬁwﬁm"ﬁvﬂﬁ wdinafuveuvandilvald
2.14.3.20%u (cream) WHudsiaduiifiennuviings wanelidlsenovvesans
wanluuds (waxes) uazlusiu (fatty acid or fatty alcohol) Futhouramile uaviiensy
wavagfuthiiiluigmernsu aduinasdimumdainnndiladu mseduinaigmeanielu
gann AeussanniSauay 35-75Tneinsldansiiuiiony (bodying or stiffening agent) 19U
Tosfu wazlouda uazdudu 9dn o/w  emulsion  enafinisldansiiuanuniingaudeity
acacia, veegum




2.14.4aaﬁﬂssnauﬁugwﬂuﬁﬁuﬁw%U%ﬁa%"u
sansnsausnasdUsznau lusmiumiudtaduiiteinldfuiomladudnlng s
st sanslus3uldsad
2.14.4.1 moisturizer wueii
- ansildtostunTeusTvnANLLAReIEIvl
_ ensiviler fudlou wazdewn
- ansfanssaifiinanhudfoms
- miwﬂwmmmu
moisturizer wmmmimwmﬂimmm’luw stratum corneum Uuw’mu\‘iLLa“iﬂmm
iUl Husrosnameauans auannInUisuuas stratum corneumn THilidnwazly
Weulaiuns
2.14.5 anwnzal ideal moisturizer product
2.14.5.1@3150A2UAY nasdnwanuduly statum  corneur Taglu
USunaufiwemang Aol water content UszanniSauag 10-20
214,52l 1%1An superhydration (ni1zazanauaIn1salun1sidu
barrier ¥ilRndadns enainnisuiite
2.14.5.3 UszAninm ldemstufumsawisuuasmesdaindon
2.14.5.4814onq wie avuaue Tsinas¥ilsidu stratum  cormeum  1flu
FUATE
2.14.5.51dvin sz meAsviainnisuw
2.14.5.68Aua06
2146 emollient Ao astiartuiuuionis vinthiivdeauinlijuuasduse
Msdudta GresnwpatuiuasfiuanuBanguldiuie dwadequnmussgydnuailu
wAnu Tiun Huswnfifvesihves @ ndu uasnisnszaiesitn auguentunils vl
AR uaiawaiaye emollient wdiamanlaun
2.14.6.1 lanolin and derivatives
2.14.6.1.1 lanolin ‘L‘i’ﬂuLﬂ?aaﬁwmaﬁﬁaams‘lﬁﬁmmusﬁu?guﬁu%ﬁﬂﬁ
epidermis na‘Uﬂuaam‘wﬂﬂm Taigudidnds lanolin Lﬂummﬁiimnm Usznaumie ester
994 higher fatty acid qsalma“mam mmmaumlﬂumm LLa“IMﬂ’J’liJ‘UlJ‘UULLﬂN’MUQ
Aty liAudesas 5 dufudesas 5 Aamfziinusswuy
2.14.6.1.2 derivatives 484 lanolin #ie drunauiigudouuss lanolinesterin
Tugunuusnanfu iel¥lnuauiRaniisssuni fe fuiuunnniy wileatiosnitazansd
pamgiidinitlu hydrocarbon annsaldluaududuiigeni Wikaennndwasifinnisud
ooy '
2.14.62 sterols lur cholesterol uananazvilifingudu ddldanntsszaefes
finilsethoxylated cholesterol finsazanstn uae alcohol @ndn cholesterol efealld
gty
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2.14.6.3 phospholipids 1Huansuszneuldeufiazanelulusiu Uszneudy fatty
acid , glycerol, nitrogenous base Wagphosphoric acid anstmuldlumadvesid®ialiun
lecithin Tolupmudnguldiiuiovas 1-2

2.14.6.4 hydrocarbon 1l petrolatum, mineral oil, paraffin, wax Wwagozokerite
film Unaauiaifatostuasgudiod d w3y mineral ol ldnsliluaaduduganse
WUIWIA epidermis mawymwmaﬁq%mwié’qlﬂwuﬁaLﬁa'lum

21465 fatty acids Juanszdrdnluaiu wasladumity fifewnnde stearicacid
Truuilnofiuiidinne Unaaufanduasgumiililuluens Welinmnuguduunfon
A sauiiiduzut ezl duty aududuilldfesosas 1-20  uwdudaumind
#ioens oleic acid lfidesenisussmenn udlifisaldunn mnemduiiuiedeudmdn
oleic acid 1451 polysaturated s iiteannsmiiudiy

2.14.6.6 fatty alcohol WU acetyl uag stearyl alcohol l4lafann lauryl uaz
myristy(l4 ot %V‘fﬂﬁlﬁm?\léuﬂquﬁ’mﬁﬂﬁm’]mjuﬁua 19 acetyl  waz stearylalcohol
i ieliigavasumaige inldedrsasosay 0.2

2.14.6.7 fatty acid ester loun butyl stearate, isopropyl myristate finnuvilac
wdeuimiTafuiiduunnliduiy Wwideumuesmue arududuildfe¥evay 2-20

2.146.8 barrier agents (protective agents) iJuasildilostunisuivesfionils
barrier Tu cream %38 lotion Mwdadl 2 Uszinnde water repellant wag oil repellant
a’liﬁ'lﬁu barrier agent Tawn petrolatum, ozokerite wax, beeswax, paraffin wax,
strearicacid wawsilicone

2.14.69 humectants \uasiinuauanuiuvesnsuvieladu uasautuves
Amids Tnganmsseieesin LLas%@ﬂmm%ﬂumnmL%Hml"ﬂut.ﬁaﬂ%m REARIRLEEIEY
wths Taimasld humectants luanududugansizasgaauduaniniseanin shlwAaes
asstutuanuUszasdansitenldidu humectants 1 glycerol, propylene glycol,
sorbitol  sraauwdailiu polyhydric  alcohol Gmﬁ'uﬁifmﬁnimaqaLLasmiia:ma Ine
propylene glycolﬁﬁmﬁnimaqasﬁ"q n5IEvEEd glycerol agluszAuurunand uae sorbitol
ﬁﬁmﬁnimaqaqq mnumiings uaglissive humectants  8u7 Iéun polyoxyethylene
sorbitols, sodium lactate , polyoxyethylene glycols, mannitol wagglucose

2.14.6.10 thickeners and film formers laun polymer V{ﬁﬁ"’mﬁnimaqa Y
anandid fitm Unaguiwvh ity uasiinrnndu venanivhldesufidedu dnissen
agflugu solution v dispersionsluthriswiTlunauifudndun wiai 2 Ussam fo

2.164.6.10.1 @57LARNSSTUR AAanlaun gum, tragacanth, algin,
veegum cellulose derivative (Husu
2.14.6.10.2 ansildanmsdaasizsiesuiiaunanitldansssund leud

carbopol, polyvinyl pyrollidone (P.V.P)

2.14.6.11 emulsifiers mnuaenvesndy wazladuiusunsidenld emulsifier 7
aglvirfuthiudhfunazaai wadu 3 wia fe

2.14.6.11.1 anionics laun sodium, potassium, triethanolamine, stearate
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2.14.6.11.2 cationics ey emulsion fidigvifunsa shifldunn fie
cetylpyridinium chloride
2.14.6.11.3 non-ionics 9134 anionicsiagcationicsA19813U9INoN-
lonicshawn sorbitanmonostearate , glycerylmonostearate
2.14.6.12 preservatives 271914 benzoic acid $oway 0.1 %3 sodium benzoate
¥98ay 0.1 combination 48 methyl paraben (§owag 0.15) wag propyl paraben (Fowaz
0.3)
2.14.6.13 antioxidants asrUseneulundndmueivie m‘%’laaﬁwmamwﬁm o1afiansi
lmaﬂgnsmaanmmu m‘lmaawmua“/ma Uszansanuesansiuanas iunavinle
wammmmﬂanwmmauﬂﬂ Wy Aty ndwdeuluanida e Aansuenduld dhans
uuLﬂumimﬂmﬁ]vm‘lwiuawﬁmwamaamEJ sufugaddasiuoondiadu ietlostunis
mmﬂgnsm%qnamamamnma Imaawsmuaanmmuuuﬂmﬂu 3 nqul Ao
2.14.6.13.1 gssueBNBATULT (true antioxidant) Lﬂumimaumalmg
matuldietestunisfiuradladulaiBusasngeg 16un propyl callate,
alpha-tocopherols, nordihydroguaiaretic acid (NDGA), butylatedhydroxytoluene (BHT)
Hugu Ineldlunnududusiig uazensldsmivasiadudseandnw (synergists) ey
Usgansamuazanemududuiicodld
2.14.6.13.2 @153A1wes (reducing agents ) Huansdeazanenh Wiloeiu
Uffsuneandinduresansieazareiils I sodium sulphite, sodium  metabisulfite,
ascorbic acid Tneldluamudadusmaiuiy
2106133 a15ia3uUsrAniainnisiiueondiadu (antioxidation
synergists) luasTeignisusendindutiosn wdleldguiuansnaud 1 dsiEsuvS e
Addudstenldansi 2 nauiswiilusdnsuriaiosdions arsnquildun cic  acid,
phosphoric acid, disodium EDTA, lecithin $owax 0.05-0.1 Wusu
2.14.6.14 coloring agent Feoradiudifazanenh wieaflavarsluduiy
2.14.6.15 perfume 81alAANEIIUNR W3oN13dUATIER
2.14.6.16 F138U WU
2.14.6.16.1 healing agent ¥18n32AUN"IIA3EY2e granulation tissue laun
allantoin waw urea
2146162  hormones theiiuamannsalumsduiililumad ldun
estrogenic hormone 1819tBaUToETiEnEuTREANATLY

2.15  awauazaudt WulunsldeduuasTadudmiuiands

Tun1sssadinUsssriunalnassuminie ldRvwefiesdeaiufinanmsuiavie
uAnaNBMBnAvesAn1IEIanAaLA 16 Svanaiivh IhiaukaRnananuadelud (us
wiyge, 2547)
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1’4
9

2.15.1 nsgausgeinannianie

v v )
do w4 { o va v oo a & a2 w €0

Lﬂu&ﬁL%ﬁ%ﬂﬁﬂm%ﬁﬂﬁ%’] TvRuRpan W INIAL AN UTUFURNSAN Lﬂiuq@wun

wIaviosueivh IiAnausana1wasausulavelafuainia Brdgadeiannlaens

sune wazgadugdernieegaTiaiid na"l,nsuaaswmawmmuﬂaanuamuﬁuﬁumawuwma
anmeinaied Wusedldthuasiity ‘m&Jinwwﬂmmm}ummmw'ﬂa FafironiaTuiia
weedlaaslswes

2.15.2 magaydeludiu vapthsufinaaiBoeiauis

drulvgiinainnistisednusy 9 Mmeay viensdnwen mquﬁmumwummms
 yhanglushilufnds Welufugmitanglufiamivaswenunsesng LLauLmamemun'}ﬂ‘umu
natladuminertretesiulildifmieiu hom layer uandadummlfivloey e
a3uarldmnuduiu Baveudl uazvi Whdudadulissane wazluniumdaladumingsd]
duusznauvpaiiy ?ia%mLmu"lmﬁu'luﬁwﬁaﬁgnﬁﬂ anglula

2.15.3 sioulosiuldRvdutidoras

yhlRmduiuaniioisudoafennmsuisuaddunee  nedidansldady
way Taduiliiduusenevvedlaiy uashiunntu Weveunuudfmdauasidunayves
Saniiu Fethediuaanifvaranuudasaunivadion
2.16 naudneTy waglatutigein

Tunsrurunisuiansy waeladuthgeidvinnsite g Aeazusndrunausiieg u
ﬁi’ﬂ%"umwﬁmaanmnr'fuL*fJuaaaﬁwﬁadawaamiﬁavmmfﬂ (water phase) wazduTiazay
el LLaumiﬁlﬂa meﬂum (oil phase) efpanan 2 diluniuneu wagasfinnsl
mnmaunummgmﬂumu Mntiud 2 dnsnuauiulagldiaios homoginizer mixer Tu
mumauuam'mﬁmu WAy 'eJmmmaamuwamuumama‘umm‘uauml«uuuwni REEE!
Tudsfadu Tummnuniln nasanuasiavesdiadu ndannnisinddadusnsnisviile
Arunanfusadiruddyunaednvasiledula wavanuduniavedady madTuiv
SnwawnsaneEnuesansiithnaluianagauneda Wy 3ie, nsaaifiedn (stearic acid), dfia
woANEDE (cetyl alcohol) warnflwedaluluaiAsisn (glycerylmonostearate) Jsduuroq
finsAnwsmsinsvinliidu (cooling rate) Mmunzaudmsundnsnsudass eanindidu
mMsuAnusasAsusidiunanfiuanetdly

w3osmuiilélunisudneduausuiatusgfuriinesdiatu dmfunisniey
wAnSuTRdaruniin wu Tadu 13es propeller mixer wuude 7 lauRfiu rheostat
v3o varian  iflamuRusasinisanfifieuds fednsnsnanvenaiowautlinting
s rannAerdRSUATLY MauuvdeduAulusiadussnand fulin Saudaesnsndiuas
wsufulvasifionpteimeunn waddenisnsniufiusdunieldfureanaiiiinuvin
Urunane1ald turbine type mixer ﬁ'}‘uaammﬁ'uﬁmﬁwﬁmgqmnmﬂ% ultrasonic mixer,
colloid mills %38 homogenizes FudupIasmaufiiaumuzamnndmiunisiadey
Sifatu sgerldBiaduiduuineyniadnasidon uaznisnszareuneiinuaiaie v
WidsTaduifoidoudald wazasdadu Guns, 2540)
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2.16.1 JadefiidnSnanani1unInlv09dlaTy

& o

Sladuiidaiiuasdn nuneds Slatuiddnensiludoertuldiianiswendu ¥se

Wisulvanduudmendnsidauuiul tesuiinanonunsivesdiiadud di
2.16.1. 16 Bsiadu
madenldasinlaitoiduiavin Sadusesinddnmuantd wasUSnaild e

fnaroanuudussesiiduiviedusounsaignianiely Fuinlidiatunsiaegls driden
ptalilmnzay wierransfnwisnmuanifivosiavh ddaduiildorain IWstaduliag
anwla

2.16.1.1.1 fvhdadusia 0w (dhsiuludy

Sifaturiin O/W Fifuiifnsounemiriuazdesiuszqlaih uay

Ysuraluanadszaseannne webiianisndniuveseauniungniuld drwilddusey

9
' v
e L4 <

Titigesianih Siatusesiufufiousiiunnnafioldiduinanuuduse wsefiduiiuila
unntfestufulassadrddilivouindafuunuaiveussnenvaansaleduy Sndulaty
Buununss (saturated straight chaimazifnfidufiudausslidifatuiifionuniags wazas
i dudulotuldBuuuunsiud  (trans-unsaturated chain)  azl@ddaduiilinsann
wszussdususzrindluanavedluumardliufausme uasnsidosililnddanunuiuh
TRauldnsann
mMsavansvesiarh dlfadufiiinaneninunsivesdiadu svhdladudisans

azansliislut wasdifuedrsaugaiu Sravarsludunniiuluagii Whiinluead
(micelle) luth Fetuazlaififumu (protective film) Wusounsntitu Fsasvin Wusatdity
sy uazdfatunendald venaniddvi Sfaduasangluth wassildviafufivh
Toisifaduldasi mnzasiAnlineadlusasTgnedidiffusumnfuseunsaigniamely

2.16.1.1.2 favhddaduriin w/o (hluhau) Satdusiia w/o

duiliAnsouventilaisn Husasdiuseqliin udshvi Saduasios
srunslunsananuiinsewineiveni uasthiuldunn wazavanelddluthiu easls

U '
o o o

dfadunasanmuenaniiviunuresini Bladusoaisawelunisvin IiAeiduiuseudy

| =3}

mamelulsvun Bsdrdaanislinenigniamelufiaunemdadanaddiasi sifaduiifinny
Wuduge Teevhluildansanusiaiaududni Bfadu ewlduSuumudtosas 1-10 (Hox
14 Yoway 2udliiiAudosas Smafiuaruasivediiadu wuinsldsv dtatunarssin
Srufuagh Tidsadufinuasiininisldedador mssazadaildudimnuduuduss Tne
piinnnsiinansidadounsenisidoesiivesluanasdrelnddnditnussdugawiddadu
o1afumsanusiieinnag 1wy viud (tween) U aulu (spans)  wieleisuaifiowsn
(sodium stearate) fu lalsamasen (cholesterol) sy wiep1aldmdevih dfadusauiu
Fidiadu wu odeuassadama (sodium  launylsulfate) Aundwesaluluaiieisa
(glyceryl monostearate) \Jusu

2.16.2 NMIRITIIU

drunanvasasdulumiusoavansan wazhinssnudenuantivosivh Sifadu
anmzanulunsa-ate v3o electrolyte  Tusn SUTNANTENUADAIILASANINYDIRINN



[

Sfadu uenanifain adurdalifivssquiwiinerainansidedoufuansiudungu
wuuy vh Isadulinei uaz/mievin Wqnvesansiuduanas

2.16.3 mAANSHEY

wdpafleflldnaniinaroguuuunisiva (low pattern) weswasimad FueseeHewsin
ThAnnsinau Gurbulent flow) 2wt Winisuamdfuifign denaliddaduiiaiunadi
wiedai Sifaduflenadudatuinussduresinuagdiusniign uenandenumiily
mswasfifianu foy Sl dgahiudunsfudinunniy veefpmameluiie
nsnszneiaziBundnuinh Iddadunsi

2.16.4 aaumgfitldnay

s 3 fpnaeasiigumpiviiu vielndifes Tneshlugumgidldlunismdndiiadu
ogiuszanm 70-75 aseniaifua mi‘lfuam‘mnummwmgmﬂmuumwwaauma'ﬂ,wm
uighgaAvly Wy gendn 85 ssaealea eravhliiavin Saduuninfnlslaslada vie
WAl

2.16.5 taniildlunswas

narillinanasiounnweiiosyin lasanussisinfiogluisansigniaegluanin
auna Faazsi Widtaduasnuniu Sldnawautosluenah Wasanuseisianfinns
indsuivasignanisludnignianis vinliguaudivianionin uazeunaiaves
dadudsuly

2.16.6 nsusaluniaviliiduss

fvi Widsaduduiasduiuluasiionisnnuinvesansmntis (waxes) warleufy
(fats) viavans ¥ Tidstaduiilfidaneny uasaumiladeululs

2.178 nsUszliunmunwadniusiasy wazladutigedin
2.17.1 mvaaauluiealfjisinas (laboratory test)
unsUssfiunatusulnonismsasaounmautinig vesudadusidn Wunud
smsguiiniluield Snrmeaeudioluil
2.17.1.1 Msanainsieimaed iomuSunasediiyy astuymdusiu
2.17.1.2 mivageuAnAmaNenwead wu anumila anudunse-ang
AouadRnsiua [Wudu
2.17.13 MIVARBUANATYNINIENM 19U nsuendy wiemnagneunis
Heouvoenvusussy wneyniavesditadu \udy
2.17.14 mansainseimeadiine WegussAvsnimvasansiuyn de
msdudsenussgiulavoadoqiunid
2.17.1.5 msnasounsUszamduia Wud nduaraniiua aruniouves
loAunisnszaneauay nsfueugi Jufu msdssiliunasinendofiderunglaetaen
Wuezwuuioi3oufieuviodad iy
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2.17.2 MmsvageuaunNUsER AR vesnEaiua

lundnfasiussianeiy wagladuthsaindundndud fezisadestuaiuny
safufuslaaddsifesannunwnamenn uazialivewdndoslagnss urazgAinwian
Tumsmuasnailivioassnauusaansusinnnd Wy ganmmisnisamlneanizas
nilavoindnduaiuszinnasuUigean warladuisiidnuny duredinafanarty wuiudle
fuilnamasuasiimaghifinsanaruduninvewdndusilasaswdagidaddugiues
auidn dasuialunimi uagaumuegugiInnd MIfinviaudnvuynIaUTEEm
fudarh Whshdnuasveswindusiidusianiinvonduduls Sdsiiodifusinalitn
auianelafildsuannudn g wasvih IhAemstovdelite dudulumsiadannmnyes
a3y uasladut widnlugazsh nisindannsveasumaaeulneiBmaussamduda
(subjective  measurement)  1AnT uaRsduTasfpmadaUINIEnIH waziadlly

[

HoaufRnsmugludreiionsiuamasingimansdadudritaruenuiinniiaii
wueuvesnAnnst lunismadeunmameUssamANiad nuzvendy warladutiein
ﬁ’uﬁﬁimﬁu A9SuFUAINNISAUM warTnyalRAn fnnannauianvesdnagey (Gl 34
3nsuilaflanunsavi 16 #9738 texture profile analysis Faudinaasuidmssamndivh 1t
LSMIIUAEW AT BTesA A LaeiinInaaoy Jafiudiflianunsovendennin
Wudsinald 1wy luedy uasladudigsiaisenassuenlsin fdnumesiu (creamy), nszane
i (spreadable), wifle (sticky), Ha (stiff), Aush (oily) (Husu

nsvadeunIIUssaududalneds texture  profile  analysis Tundnsdusin3u
wazlatuingih Jeaunsoutinadnunsvendeduiavasninsurioondu 3 42 fo dasfl
Bumesnuniiile tasfiduvasiiin uazdnuuzUsng uasanuiinudsnismioil il

2.17.2.1 raFumosnin mnefsiindnfusiedoufiooninanasugussy
Taonadunnuaen vionszunnoonuanvInasuuiie wiadnannsldidathetuinan
AUz nwsfinufe

2.17.2.1.1 thickness wSonsarAnfusifieamuuuaghadiuls

v
a

Faaunsomarldninuseiildlunstulviaiulvasenunseninedaaulile uaving Feay
aunsavenanvazeanlaldutisfiowan (thin) Ytunats (medium) Fumila (thick)

2.17.2.1.2 consistency wiensikansneiilasiadeogadivladn
mAneusumunsdesy wasansenlunistheeiutuinenasus Seeasaven
anwazoanlmiurieio Ut (light) Yrunans (medium) wiin (heavy)

2.17.2.2 dsfivasuuiiy vineils Brsiimnnsearendndusiiiniolagldie

guldfombednanjuwnaiduisnay Taelisnsuslunisnszarsadu 2 adidourdt ientss
favhsvssniafasiuegiuriinvowdnin snunzinude

2.17.2.2.1 spreadability wiorudnglunsindeuiivoudndos
1ngefidumauihuinuassomalnasdunusady Saasisavondnuay
ponuuu

- slips e awsanseaeladigann

- glides An AwsanszuladewaaNAIS
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- drags A9 @wnsanIzwlaen
2.17.222 absorbency viadnsBamanfasiannsadus g
Rawifelfedhadiulddn Feaunsamalilasgannisitliivdsundasdnvaz e winfus
i wienndinasdndusiimiofteguuin Swmnulfnmsduda vienisduna
vodaunsansiulfannsiudsuniaiin dssaunsavendnuazeandy 41 (slow) -
tunan (medium) - 137 (fast)
2.17.2.3 PaaarwiBnudinism uasdnuwasiusingudinism wanefeasivhinis
UssiluAanfmimeveniagldiaile, e uasnsEuauivdsanudnteioangms
viedmnuiiniunsndudngfouds dnwnsiiwude
after feel wioviln wavauiFnvesndnfasifiviedsoguuiouionuidnd
Wasuutasiuresiis muwmaamaaauumﬁauLmnmanulﬁmmummmamnmmmmaaaw
A7 1 iiafldn (Dustu oily v3e Au greasy) LAy u3e coating (AdN8TA wax viaLs

|
=t

dry) Feazarunsovenyiuandudndes (slight-Uunats (moderate)-uin (large)
mmi’ﬁnﬁmmmmuanwﬂu Wiis (dry) 30 (taut), feam (pulled ), Sawvu (tight),
WWan(moist ) vi3e (Yu supple, Savieu pliant) Wusfu %o oily (wusswue dirty, wiluafa
clogged)
2.17.2.3.1 MsvngdaUNana3wn1e (physiolosical test) Wuns

nadouwandudinady wialdudunseresienienseld 1y nagounTuW ¥Sons
sEAELABIlABNNSYIN patch test uag sensitization test waznIsnAdBUANUTURY
(toxicity test) L‘L‘Jué’umwmaau‘lu%iﬂu%ﬁﬁ’gyﬁmiﬁw fofls mseansildudnlooanie
msanusefieia dvesnesiineravi AnsunefUTnele

2.17.3 NMSVAFDUAMUAIANTWUDINANANN (stability test)

wandusivdsnisuintoussfedodudlag enadeudoaunwldaniduiossin
anmwwnaenlunsuuds uazsenissivine FeeslvudeSusiuentu anpnouUaeud
wazndule Jerpalinsfinmanunsan wludusieg Wy anuasdaIwnuaiivearen
dfny LLa‘”ﬁ’ﬁU'ﬁuﬂaUI‘uﬂ%ﬂJ msamﬁsﬁwmnﬁw%’u msLU?ﬁ'auLLUaamqwﬁmavmmmﬁa
v98Tadu msLUaauLLanmmLUunim AN mnﬂaauuﬂawmmaumﬂm viethiuuas
NNIATINABUNTVRIETHY

2.17.3.1 Usziflumnuasiananienn lnedunadnuasidonsy nsuendu
nsanmgnauLaznay neasuauiunse- e Tneld pH meter wasvagauauniln ves
Nﬁmﬁm%ﬁam%'ama%a‘lmq waziilonamly 1 Mo, Immﬁu%’nmﬁqmmﬁﬁaa
2.17.3.2 Uszliiuanuaeiiveinan Suaiianingise Tnevia heating and

cooling cycle 317U 5 50U ImEjmwasmmsmLmﬂ,ummuﬂmamwnmaumﬂmu Famasou 71
aungl desruwaivaunu 48 4alus oasy 48 dalug ‘lumamwnmﬂu 45 orwalfua
w1 48 4l Tuidu 1 seu Tnedvun 5 sou

. 2.17.3.3 Ussiliuauaudfivinanienw mmmmmaawammm waamul"ﬂumau i 50
ssrngaldeaiduna 2 18ou (nodung dnvnsidordu pH  mumiln nisuendu nis
ANAYNDU LAZNAL)
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2.18 nisidensavinazatgluansana (Yedwid, 2540)

'Lun'ﬁaﬁmméa1nﬁmaqulw*mxlﬁwaﬁm‘%amﬂv’wﬁuaejﬁumiﬁmLﬁanﬁw‘hazmaﬁ
wsnzan Tngansiidesnsafauaihavaemsinuaudinuitindronfetu duhazany
Fapnsiiauantided Ao aunsnasanmsifasnsaiald liszsveds viosniduly i
UARserfuasiideanisana ldifufiy uazdsiaign Faiazarsfdeuldfuninldun
raelswas (chloroform) Badusvinazaneiia wiilguaudiduinhazareiinfveiden
lunsavandlddden (selectivity)  wasdniindnuuedlaidiu Aoludnuazveninauiu
vhatu (emutsion)  uasdldmihazanedadusaun envasviufisenldnsainde ansvin
avanuBnuiaviieie 81509 (ether) answilaiiirwanunsalumsazanetosnitnasisviesy
uwivzdlmudumzianzas lumsiazatgansuinndy uwilveide Aeseimeiessiiade Lin
panlad (oxide) i uasgeiildun drusanosed (alcohol Tifleuldiuunnliud w
ywea (methanol) ua tevuea (ethanol) lasmndimnuanunselunisavareniiann
wazdaldvhaeulydluine

219 nsldadfienisiinsesidoya

afif (statistics) Wn9InnwIeeTiud statistics fsndwvianan stat vineda daya
wipansauna Jazsunedsslevisanisuinisusemaludunngg wu msvidwzluash
easnsusaunaiioslusemarionun luadedaun drin add livanede davude
Foyalsiannisifiusuny wu SwufussavetRmmuuiesoun Sasinsiiaveudn
msn Usinanheluusies® Jusu addluenusnefindnandFendnognandei doya
N9ENR (statistical data)

Snanumunenis @R vunefs Bnnsiidienisifununedoya msduaus
foya myheneitoys weensienumnedoya addluanumnedifuianeimans
waz@auanans Fundh adfenans

2.19.1 Yszunnvasadn uuandu 2 Ussuan Ae

2.19.1.1a0ANI30uUN (descriptive Statistics)

\HuadafldesuisnndnunzvssdsiinasnisAnungulangumils lianunsndedaly
fangudue 1 ﬁﬁﬁﬁag”luﬂizmwﬁ U Aale Afsgu Agulen dudesuunasg,
ATREE 18

2.19.1.2.a6591984 (inferential statistics)
WuadAnldesurenmudnuasvasdsivoinsinuingulangunivdovatongy udranunse
Fadslugangussansld TnonguiiisAnwasdondudmunuiifvesszains funuiis
vasUszanglilngiBnsduiegns Lagfunuiiivesusssnaidondt nauding1s adn
gneBauusleilu 2 Yseom fle
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2.19.1.2.1 afidws1ines (parametric Statistics ) WJuAsnsms

=3p

ad
fagsoudulumudonnandasiu 3 Ussms dd

- doyafifuurnlfossosegluszdutdasdnly (nterval Scale)

- doyafiiumurallfnnguietasdesdinisuanuaaduliand

- nguUsznsuRanaufithin@nwasiesdianuusunuhiuadnvoslu
Ussandl 1w ttest, Z-test, ANOVA, Regression “1a

2.19.1.2.2 admliwisniwmes (nonparametric statistics) 1JuAsns

yaddfiamsnunldldlnsunaandennandesiuis 3 Ussnnstredu addeglu

Uszunvdl wu lAauA23, Median Test, Sign test @

2.19.2 miUszunanadeyanisasuiames : TUsunsu SPSS for Windows
nsUssnanadeyaifunisiamsiudeyastefiszuu Relviveyaildsunis
UstnanaudreglunmiiannsahlUlfnulfedrefivsriniam aildumeu doil
2.19.2.1 mafiusiunndeya Wunadurusmdoyafildanguuuusieg
WULUUEDUNIN WUUNAABY Wuudunwnl ﬁqﬁLﬂuﬁagaﬂﬁugﬁLLasnﬁagﬁ
2.19.22. msidsuanmdoya \Wunsidsuanimesfeyailifiusausiun
Weglusuuuuilazmnvamngaudanisthlulszinana Sesznouse
2.19.2.2.1 n5a95%d (coding) Lﬂumimaausﬂwwauaim&J‘l‘wwa
unudeyaiiioviiliarunsaduundnuusdoya swaw‘lmmwauaawa aa‘luiﬂmmm
#dnws vedonu mimaﬂnmuaumwumwamaualmﬂummm (oniulusunsudld
Uszanawadeyalunsideidenunmlngiane) ‘lu’muLﬂuma;gamqmmwmamwimm
winsuh lWileswivSeuszainana wavnisinmasunnanaiuly
2.19.2.2.2 msudly (Edltlng) LUunﬁm’maaummanmawaa‘uaua
suvisdeyaildutadsioglugusiaud FWINIATIAEUANNANYIRIvDITDYA saruily
Yuusslvignaias
2.19.3 n1sUszanana (data processing) Lﬂumiuwauaﬁlmmnmimaauammm
1vinTiiseideys %QIUﬂjﬁ]i]U‘U%ﬂ‘ﬂUSLLﬂiNﬁWLiﬁ]i“d%%‘iﬁﬂﬂ‘u’)ﬂuﬂﬁ’lLﬂi’]“‘Vi Fan1s
Ansizd ennasdunisiangiduiiu wu nsseeday (sorting) n135uTNdeya
(merging) viiemsinszilusedufigedusndn wu madssinmen (estimate) nsvedoy
auuRgu (hypothesis testing) Miami’;mi%ﬂmEﬂ,%amugaauq
2.19.4 mIuanmadws (output) L‘fJumiﬁﬁmuaNaé’wﬁ'mnmﬁmswsﬁ?’faua‘lﬁag’lu

Y

suiidlade Foraidusneau msne nsm MiaLqunuauq



UNA 3

ASANIHUIUARY

3.1 grsiaiiuazgunsal

$rimildlumsinyibusinidliondnlsiugnonanssu asedild fo wniw
wieesdnn axdlay Tolulwsmiuea uaziomuealAR grade) lofianzdinn lolelnswiuea
waglunuoa(HPLC  grade) fm‘uwmgﬂuLLmeIalimuaa(Santa cruz biotechnology)
DPPH(2,2-diphenyl-1-picrylhydrazyl) BHT(butylated hydroxytoluene) ansediildlunng
WAsed1ens Cetostearyl  Alcohol (50 : 50), Hydrogenated  Polydecene,
Caprylic/Capric Triglyceride, Dimethicone (TSF  451-100), Butylated Hydroxytoluene,
Isononyl Isononanonate, DL-Alpha Tocopherol, Shea Butter, D.I. Water, Na,EDTA,
Glycerin, 1,3-Butylene Glycol, Novemer EC-2, DIDW 50 SF, Phenostat, Microcare
PM5, Xanthan Gum, Methyl Glucose Sesquistearate, PEG - 20 Methyl Glucose
Sesquistearate, C12-15 Alleyl Benzoate, Aquagel 45, 2,2-diphenyl-l-picrylhydrazyl
guUnsaliildfe nszawnsovovuuuiued 1 wlunsessvhasaeiaRiiewd (PTFE) #if
guugngy 022 llaswms shnseshetheiefifiiend (PTFE) Aiflvuugwsy 0.22
lulasiuns uiunagoumuiunsn-m 1eSaanTosaynnia taTesteens ta3asaen wilv
anufou indowaulalusluiaed wdsindusunetheidolphiniodulasinaniomes (EMS,
Labsystems) lulasiadimanada 96 wan indasiunies edadamnlunsilvesvan
ausi0uzgs (isocratic pump system, Shimadzu) AREWUACE 5 C18 wuin 250x4.6
findums Fudufiguugl -20 sseniwaidoa fougamail 105 ssrivaifea

3.2 N15A5EUIE17

vnsusnunasiinlaenisldnzunssion Tngasidenldsrdmifivualiiiu 850
luasou wethuldluamaded wasdlovimsusnuumFeuiosuds asdluifuluguguded
fgnmglianii -20 ssiwaldea

3.3 Msiananudiulusiig

ihihesumeghandsliazenudnhlveuuislugouiiguugd 105 sseiaidea
WHunan 24 Flmsanduihlundulagaautunsedicfidu v 30 uf wdahandamden
Juiinthuiinvesdiseuiiogs wimntuimsdeogasdn 5 ndildadufesy Jufin
thuifn wagdndeslishatunsvaeiiuiuiuazatiae lveufigumnd 105 oaen
waldsaidunm 24 Sluadleasuimuanan thisaulundulagaenufunas vy
v 30wt udrhandewfeutufimiuiingauvesdasauiusedieiidn fevazues
anFuannsowlanaumsaslui

Y, 3 Wntindvgeio sy - thniindetharidou
IDHUASVUBIAINNTYH = x 100

Thwtindseehanauay
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3.4 NSANALUUNLNAINNAaYae (Macerate extraction) waznisiaauLdes
Tunsadauuuninahazatedl azldmyinazatevianus 5 ¥9a Ao LNy wiasy

a

(3

wnn ozdlau lolalnswiuea uazievuea Taseesdeidn 5 ndu Tdadlumnguusmanar)
uagiiuusazayiazaeadlulnasWaraniusadmveshidinemasanedu 1.2 14
uaz  1:6 T,ﬂaﬁmﬁnLLGiaszaﬁ%Qn’meﬁwwgEJé W lunauuaSosiag(Shaker) #
AuiSIseu 200 seuspwfinazesuangamgiidu 30 ewwa@umluiam 30 waz 60
wiifleasuiianasiasmel St dunazyinisnsearunssmensemenuauued 1 u
TEUVANYINTA mnﬁuﬁﬂﬂwmaﬁaﬁmsmsaané’aaLﬂéaaism&J(Evaporator) AU
mmﬂmaLmaluimwunaumiﬂmui”ﬂumLL%Lmeuammummﬂ 20 serwalfeauazin
Lwau'ﬂ,ﬂ’smiwvwmﬂﬂivnaumaiﬂ‘[maaavmmiwmammwm 34
’luﬂaguuuqﬁmmnwmmﬁwmmman@msmua%aam: \TU &7 gamma-

L4 QU L 1 4 IJ v IJ o/
oryzanol 31n17 16 leur msldaauios msldaaululasian msldanfvaulaaanles
A r=3 A a & L .:Yv a L ) 1 Q. @
fisnaznilageingd udu wennndidslinaszyndliaarhasaoiuiumsanasag

[ ea & a a o v A L3 a A ar i
anuaulasanlodfimnziniioredngfenvesi iRunmasdueyysdasenanaled
aa & 9 o & A A2 1 A o

USnmannuazgmnwasiule aennlwuddpitfesjsfiezusasanaaauln

[ Lo a act v a‘ 1 s o o
nsztnumMsanagIdunayadasclaniinslaadmideshutudvazasly

v

dn3ead quazilSsuisunuiSaaids (classical method) 138n17lalRdSanm

Wy o
#1717 gamma-oryzanol Tatinanfin

3.5 N1530UTaUA9HI835 Reverse PhaseHigh Performance Liquid

Chromatoghaphy (RP-HPLC)

wisusagiaifusidimududu 30 lulesnsudefiadang Invasarfiogadly
iaLadoud LLmniaamumnsaamaewﬂumwmL@W@(PTFE)wmmuiwsu 0.22 lulpsiums
nnildinsaesetha 20 hﬂﬂiammﬂhﬂumimLﬂsaﬂ,ﬂimiwmmaammammuuaa
(isocratic  pump  system, Shimadzu) ‘memmw‘numﬂaaaLiﬁL‘U‘um(f luorescence
detector) roduniTlRiaseiiiu ACE 5 C18 Tuim 250 x 4.6 aduns(ACE HPLC)ina
Lﬂaauw(MobILe phase) w‘lmﬂisnauma wnuea Telelwswiusa uaviefiaesdinn(HPLC
grade)ludnsidi 475 © 40 : 12,5 mwddu idsesinisivau 1 faddnsdeund &
Av2edugnReANLEIAdUlIA 330 wiluiwns Womlumsiieneiny 15 wifidedegs
hnstuiinlasualaunsu(chromatogramingldawensuas LC Solution udrssaruadu
fadnfuroiaddnsvasintusidn wdnhdeyaildluisuifisutunsmanasguunuule
Tswmeaneliannadioaiu WemuSinaunumnlslsusalusietig

Tnsmumsgruunuanlslssusaifisldlunmsiemeiiinawswnuulelseuea
Iuc?haéwaﬁwﬁu%’w*ﬁn‘[ma*&awmuL“ﬁ'wﬁwaamimmimuﬁwwﬁaﬂﬁﬁuﬁlﬁﬁﬂﬁmaUﬂau
Fuilgfeae aamima&mszmﬂ’nwfumwmaﬁaumammmmmum‘[a‘limuaaw‘lﬁu fo 50
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3.6NM13ATIEVANENNT0 lUN5eUBYYaBasEA3E DPPH (DPPH radical
scavenging capacity assay)

W3vuaNsazany DPPH (2,2-diphenyl-1-picrylhydrazylaanaududu 0.350a8luans
LazazdomAndsinisgnuas wisuasatamegufierududu 10 25 50 10,0
15.020.025.0ua% 30.08adnsusefiaddns gaietearsatniinauidudusiggun 100
lulasas Tdaslunqu udnfvansazate DPPH Usuns 100lulasdnsadluusazvau wauld
ity dludsludifiau 30 il mﬂﬁ?uﬁﬂﬂi’mmms@mnﬁuuaaﬁmmmm?{u 492 wnlu
wnsfeSesMicroplate  readerlagld BHT 1Humsinasg WaiSoudivugndnmseu
oyyadaszivansaa anududuiildovaglutag 0.015625-2.00 fadnfurefioddng T1e1y
warduranuduiuvesasainfidudouya DPPH 18 50 1wefidust (CTaeldTusunsy
Graphpad prism 5.0MUUeEUNTS

MIMUBYYABTTH(%) = (A prrn ” A pcores) =B sompe ™ A sk sompe) x 100

(A DPPH A BlankDPPH)

08 Asample = ﬂ'1m'scg]mﬂﬁuLLm‘uaaﬁaa&hamiaﬁmﬁlﬁumiazmEJ DPPH
Aglank sample  =AINTIQANTULEIVDIRIDE
Aoeen = AINNTAANAULADIAITaZAY DPPH
Agtank DPPH =ANNSRANAULAYDIIIVINATaTY

3. 7n5WseULazA Ut Sulaty

ﬁﬁmsﬁwumﬁﬁi”uﬁugwmawﬁmﬁm%uasﬁﬁuﬁvﬂgwﬁﬁLLmeaa"Lsemuaaﬁmm
WutuSeway 0.5, 0.7 was 1.0 Tuguiuu oil in water emulsion wagvinn1sussdiusidu a1n
dnwasmanienm dnvuaioduda arunile mmmﬁmﬁvaaﬁuﬁwquum%’mﬁ'
ANIITITOU 6,000 seusaun? unan 20 undl

nswselad

1. uendninossening water phase uag oil phase

2. dheu oil phase Tuuasusie hot plate Ineligamgiiussann 85 seriwaidoa
Juan 20 vt

3. thansheapsdninesunauiudd 2 Browdgmathadluigniadhiuvdonis
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5199 3.1 dnusznavlussuladud 1-3

v U3u1tu 100% w/iw
INCI Name Trade name UUMN — — —
MUl ‘ MFU2 l A19U3
Part A (Oil)
Hydrogenated Polydecene HP-30 Emollient 1.1 1.0 1.1
Butylatedhydroxytoluene BHT Antioxidant 0.1 0.1 0.1
Dimethicone TSF451 - 100 Emulsifier 3 2.5 25
Cetostearyl Bedying
Cetearyl Alcohol 1.0 1.0 1.0
Alcohol (50:50) Agent
Isononylisononanoate DUB ININ Emollient 1.2 1.2 1.2
Caprylic/Capric Triglyceride | DUB MCT 5545 | Emollient 0.8 0.8 25
Shea butter Karite CN Emulsifier 0.4 0.4 0.4
DL-alpha tocophyryl
P Py Vitamin E Antioxidant 0.1 0.1 0.1
acetate
Part B (Water)
Diluents/So
DI water DI water 84.1 85.2 84.8
lvent
Disodium ' Chelating
dihydrogenethylenediamin - Na,EDTA agent 0.1 0.1 0.1
etetraacetate
Glycerin Humectant
‘ Glycerin 1.2 0.6 0.6
s
butylenes Humectant
1,3-butylenes glycol : 0.8 0.9 0.9
glycol S .
Sodium Acrylates/
Beheneth-25 Methacrylate
Crosspolymer (and) Novemer EC-2 | Thickener 3 4.0 4.0
Hydrogenated Polydecene
(and) Lauryl Glucoside
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INCI Name

Trade name

U3ueu 100% w/w

A15U1

A15u2

fINSU3

Part C

Titanium Dioxide (And)
Diisopropyl Dimer
Dilinoleate (And)

Polyslyceryl-4
Isostearate (And)
CetylDimethiconeCopoly
ol (And) Hexyl Laurate
(And) C9-15
Fluoroalcohol
Phosphates (And)

Alumina

DIDW 50 DF

colorant

0.3

0.3

0.3

Part D

Methyl paraben, Ethyl
paraben, Propyl paraben,
Butyl paraben, Isobutyl

paraben, 2-
phenoxyethanol

Microcare
PM5

Preservativ
e

1.0

1.0

1.0

Part E

Gamma Oryzanol

Gamma

Oryzanol

Antioxidan
t

0.3

0.2

0.2

Rice bran oil

Rice bran oil

Antioxidan
t

1.5

1.0

1.0
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WL
INCI Name Trade Name Function 100%
w/w
Part A (Oil)
Cetostearyl )
Cetearyl Alcohol Bodying Agent 1.0
Alcohol
Hydrogenated Polydecene HP-30 Emollient 1.0
Dimethicone TSF 451-100 TSF 451-100 Emollient 2.5
ButylatedHydroxytoluene BHT Antioxidant 0.1
Isononytlsononanonate DUB ININ Emollient 1.2
DL-Alpha Tocopherol Vitamin E Antioxidant 0.1
Shea Butter Karite CN Emulsifier 0.4
Part B (Water)
D.. Water D.l. Water Diluents/Solvent 84.7
Disodium
, o Na,EDTA Chelating Agent 0.1
dihydrogenethylenediaminetetraacetate
Glycerine Glycerine Humectant 0.6
: Butylene
1,3-Butylene Glycol Humectants 05
Glycol
Sodium Acrylates/ Beheneth-25
Methacrylate Crosspolymer (and) Noverner EC-2 Thickener 36

Hydrogenated Polydecene (and) Lauryl

Glucoside
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INCI Name Trade Name Function Formula
100% w/w
Part C
Titanium Dioxide (And) Diisopropyl
Dimer Dilinoleate (And) Polyglyceryl-
4 Isostearate (And)
CetylDimethiconeCopolyol (And) DIDW 50 SF Colorant 0.3
Hexyl Laurate (And) C9-15
Fluoroalcohol Phosphates (And)
Alumina
Part D
Methyl paraben, Ethyl paraben,
Propyl paraben, Butyl paraben, Microcare PM5 Preservative 1.0
Isobutyl paraben, 2-phenoxyethanol
Part E
Gamma Oryzanol Gamma Antioxidant 0.2
: Oryzanol
Rice Bran Oil Rice Bran Oil Antioxidant 1.0
Part F
Xanthan Gum Xanthan Gum Co-Emulsufier 0.1
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JSuneu 100% w/w

INCI Name Trade name N " . . o
. A1TUS | N1V l n1TU7
Part A (Oil)
Methyl Glucose .
. Glucate™ SS Emulsifier 1.3 13 13
Sesquistearate
PEG — 20 Methyl Glucose Glucamate™
Emulsifier 1.0 1.0 1.0
Sesquistearate SSE-20
C12-15 Alleyl Benzoate DUB B1215 Emollient 0.8 0.8 0.8
Isononyllsononanoate DUB ININ Emollient 0.9 0.9 0.9
Dimethicone TSF 451-100 Emulsifier 28 2.8 3.1
Caprylic/Capric Triglyceride Emulsifier 1.0 1.0 1.0
DL-Alpha Tocopherol Vitamin E Antioxidant 0.5 0.5 0.5
Part B(Water)
DI water DI water Diluents/Sol
82.7 83.5 82.7
vent
Disodium Chelati
elatin
dihydrogenethylenediamin Na,EDTA : 0.1 0.1 0.1
agent
etetraacetate
_ 1-3,butylene
1-3,butylene glycol Humectants 2.6 2.6 2.6
glycol
Sodium Polyacrylate (and)
; i Thickener 3.0 3.0 35
C13-14 Isoparaffin (and) Aquagel 45
Laureth-7
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v Y3uad 100% w/w

INC] Name Trade name RUMN — T o o o
A13U5 | AIU6 | AIU7

Part C

Titanium Dioxide (And)
Diisopropyl Dimer
Dilinoleate (And)

Polyglyceryl-4 Isostearate
(And) DIDW 50 DF Colorant 1.0 0.2 0.2
CetylDimethiconeCopolyol
(And) Hexyl Laurate (And)
C9-15 Fluoroalcohol
Phosphates (And) Alumina

Part D
Gamma Oryzanol Antioxidant 0.2 0.2 0.2
Rice Bran Oil Antioxidant 1.1 1.1 1.1
Part E
Methyl paraben, Ethyl
paraben, Propyl paraben, , Preservativ
Microcare PM5 1.0 1.0 1.0
Butyl paraben, Isobutyl e

paraben, 2-phenoxyethanol

3.8 NIUTLUAMAWYBIRNTUNEAS U

Us“muﬂmamummamamw‘lmwmnanwmvmauan‘uaﬂaﬂmmamwmaia
Tlqludessnuniioladu & aunin msuwondu wasANuiAniamudduiinue

Usziliupaanianiadl Imwmaaummﬂunsm— aalagldnsenwin pH
ﬁwﬁléﬁ’agﬂuﬂha 5.0-6.5 uaiufinua

UspiiuAuA

- vilpsmstladuluvmsiusiosihowrios centrifuge A
58U 6,000 seuspulunan 20 uiit Mntudanadnuazveslaty duidoideatunte
Aansuendunsolsl

- o35  heating and cooling cycle Tagiladuilwiouliwnld
fifuiigangd 4 ssmwademdune 48 Flusnduiunldgeuilgamgl 45 o
wadua Wua 48 Flustudu 1 sau vheuasu 5 sou wdnuiinalagfansandelul

1. Snwaziilelady funadnvasidoladuiive uiulaglddiasuny

[
[y o a

nungisil Weasdue, Weildle, o, ondle warvufinnaannse
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2, 3 dunpdvadaduiiveadiuinfuivn Audewsodsug

4. nsiAn creaming 1Wudnwniziignianiglunenlusmiiuasesg
Fuvuvdeusufunsusiliiuusniduiueiuwssdusfaduiidenainiulionnilewd
annsovinltunenran Tnaufuldsa

Ussiflumautinaedanin ionaaeudssansamuesansiudeiildly

miuladu mfmsnuLawmmwmmmlu‘lmawsaL%immu‘[mamﬂummm’lmnﬂms
Wasuulaseadelady 1wy Fadn | ndundy, msuanﬂm‘uamgmﬂmLLavagmﬂmuu Tk
Imwmaawimmruaqawsa‘luwamnm%la‘uu nsvaudnandeuuaiifeiiiogly
HARAUTA875 total plate count lmemsuwansfueiuioans (10-fold dilution) wag
1 spread TiRamthems NA Snauaududuas 2 91 Yudedunan 24-28 dalus
Lﬁaﬂsunmﬁwmiﬁmﬁu’muasﬂ“mmIﬂIaﬁL?Y@ﬁﬁ%‘imamima‘lﬁgm

PUIUANURTIGD = n X 10™ X 10
1ae n A uulalall
n a v v & o
10 A9 ANULVUIULYDNLADNG

3.9 nsVadsUANLSEAEIADuD IRy

faldoneraratasiliuseifnisuien warlddaufinUnfvofioniausion
Vipauau Il 50 au tnevhanuazeeRondiuinsousstaronn seauLT WEA
Nﬁmﬁmﬂa‘ﬂ’uﬂwqaﬁ’;ﬁéf@amiwﬂaauﬁv’q 3 9dn A A13UT 3, 4 war7 MuSuRananTiels
2 Falas wnbiflontsdu warldfifuuns Sodisuladusananiusendelddnmussaneios

3.10N1INAHDUAUNIND 1A LUDNEHIIAS
thiuladuiifinnunssadunionin maedl wasmedanmmi 3 §150 ey
7l 3, 4 uaz7 luvhnisnaasuanufewslalusianasiassu 50 au Tnensvuuvasuany
Usziuanuianlunislilady
Usaumufinlunislfladilanfnnsurludossslud
- & Funadvedaduindinnuurldvioll

- anuuilae ‘umzmiaﬂ"uwﬁwﬁafﬁnmuawuz warwuinlatumieada
Rowdsliauramvioly

- dnvamilendi dunanssndudeifvesiasna ldfinsuenda
warlaifne nouvesdiunauiluidn iy

- msdumudhgiomtadoladusmuuimtaudaie SRk dutauinn
ﬁmwziﬁﬂmﬁaﬂaﬂé’m‘[a‘if’u

- ALY Ummmmwamnm%Lmam‘la‘ummianmﬁmu uiiamda

myaszidoyaiildlas sausiudoya uwauaﬁlmmamiﬁmmamaaﬁaﬁaa

¥ aa

TUsunsy SPSS 17.0 IﬂEJI‘Uﬂmﬂ ANOVA LWE)ﬂﬂ’)’liJLLG]ﬂﬂ’N?JE)\iLLG\auﬂ%%ElLLauLUiEJ‘UL‘V]EJ‘U
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ANuuANABIAisunIladePAnulagds Dancan’s New Multiple Range Test isyeu
Aseiiuseyay 95 IeagUnanvinaea

3.11 MAUIPUTBUAIMNERR

imsaunAmsadalaeglflusunsy SPSS 20.0 Wuu One-way ANOVA ana3Sves
Duncan’s New Multiple Rang Testmmfuﬁfa’m:u’]mﬂﬁi’]ﬁﬂﬁ’lﬁm(Signiﬁcance; sig.) Tu
A13°9 ANOVA wnen sig. drntlaendwmlewviiurdudfiymeadi(p<0.05) sxufjias H,
wazeensy H,fe fetnates 2 Yadefiunnaietu wasmnen sig. faunnaAdydAynig
dtiA(p>0.05) azweniy Houazujias Hifie Bninwavesndaduldunnaieiy

TnglumsiSsuiileuAazganualdvesirdnlundasinat ieviusiniause
ualigaiian mnﬁu%ﬁﬁﬁ’uﬁfﬁnLLaxamwﬁﬁﬁqmaaLLca'ammu%U?aULﬁwﬁ’uﬁnﬂ%v’a

Womugiuazansivgaudenisainuiiusid unumlelsuuea wasliqnslums
iuayyadaseladiign

3.12 mmedouauautR  AnuUasafevssansaiadwiuldidudiulsznay

N19WBF1D4

nsaseuamantivianenn maeliiazanuvaensvvesasatadmsuladu
dudsznoumanedions swdsqvderudufivdowadies® SR8 (sulforhodamine 8
colorimetric method) Tawmsuuvegeua i lufviuwad  african green monkey
kidney fibroblast Tusnumguwzideatole (well tissue culture plate) Vsmnouead
wusssveutadlaildlunsvageuiie 1X10°wadreliadans sufuansiogiigenis
negeuisziuaudutusne vhnisveassianun 3 41 Mheadniidy (ellipticine) uazla
witatavanles (dimethyl sulfoxide, DMSO) audutudesas 10 JuganruauiBauan
nazgaeuRudvaun sy dhliafigamgd 37 ssrnwalfualuguniiuiina
mivaulaeenled Fowas 5 1Juan 72 Hilus anewaruiduierewadlnenisinanves
f#ni8vea Skehan wavamy (1990) Yanaduranuiduduvesansussneuiiatnsasuda
MY VRLTAALAa8aY 50 (ICs)
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4.1 auBuvesirdng

Uhinuerutuluiedresdnilivaaeiiin?.9940.16% a1nnmaansmui
fetrhiinildlunisafaiiuldastastuguiuly wszemnduerdmadenudss
vesihazats Fardwanonisataansddnlusidn

A15199 4.1 SeUarAMUIUYDISII7

[

Wugin AN
(%)

U1INDUFWTTO 7.99:0.16

4.2 §nwazvasiniusrdraiianald
é’wmwaaﬁwﬂuﬁaﬁﬂlﬁmﬂé’ﬁnwaqusimﬁﬁmﬁmLﬁmﬁmjﬂmaﬁm thifufildannisara
Ingldiansuuaglelelnsmusaliuimiaraswwiiuddy deldiofassdimmiusvhazars
Tunsaindsiunnsidrmeuanssanusviivdes

A1 4.2 Lamsdnenieveahdudidnfianaldandviavatesieg

Aviharae | Wuddn Wgius anwy
Hexane d1mey R dududdumdos
G A
Ethyl ReVLH) _ Uiuildindes
acetate GUERIY L
Acetone 1o R uiuduiiiens
gwssal "
Isopropanol | 41viay uhdfuudduseu
YR '
Fthanol Y1110 uundudvnalafinduney
gnssa




4.3 USunauvasingudrdng
U%mmﬁwﬁu%ﬁnﬁlﬁﬁ]mmiaﬁ'ﬂfﬁnwauqwssmé’w%%‘miaﬁ’ﬂLLUUMﬁ'ﬂﬁaﬁﬂasmmLaz
nslfaduidsssauiudvinasats 7 30 ssra@oa Huna 30 uay 60 Wi Tngldisnian
oilassinn axdlau lolalwswiuea uasieniuea iWuiwhazare Tnedsnsdiusdnee
Fvnazaneldlunisada 1:2, 1:4 uay 1:6 uanslilunisied 4.3

62

A19199 4.3 Usinauhdusidniildeainnisadalaenisusinsvinaratsuasnsidniudes i
30 earmueaiiva [Wuan 30 uaz 60wt lusvhasaneuassmsndausiieg

ABn1s a1 | dwmsidu Y3591
W) | S1nee (hSuman3usI917)
fivin Hexane Ethyl acetate Acetone Isopropanol Ethanol
avay)
- o s _ K hi i i m
wunNaINY | 30 1:2 0.110.02 0.14+0.01 0.130.02 0.13+0.01 0.08+0.01
o i defi efghi defgh def lm
azany 1:4 0.172001 © | 0162002 " | 0.1620.01 0.17£001 0.10+0.00
1:6 defg de defg cd ij
: 0.170.01 0.17+0.01 0.17+0.00 0.18+0.00 0.130.02
v o . fghi hi efghi lm L
nsldmau | 30 1:2 0.15£002 ° 0.1420.01 0.15+0.01 0.10£0.01 0.1120.01
= . bc ab a def jlk
W89 1:4 0.20+0.03 0.22+0.01 0.2320.01 0.1720.02 0.12+0.01
AU 6 ab ab ab bc chi
. - 0.2120.00 0.21+0.00 0.22+0.00 0.20+0.00 0.15+0.01
Yazaney
v @ o 60 1:2 hi ) j bed g j
UUNRINA : 0.13+0.01 0.10+0.01 0.21+0.03 0.16+0.02 0.10+0.00
o ] efg fg fe g ij
azaY 1:4 0.18+0.01 0.1720.02 0.1720.01 0.16+0.01 0.11+0.01
1:6 efg fg fe fe hi
- 0.18+0.01 0.17+0.00 0.17+0.02 0.17+0.00 0.130.00
L . def hi abc a ij
nsldmdu | 60 1:2 0.20+0.03 0.130.02 0.22+0.02 0.24+0.01 0.1120.01
= . ab ab a cde hi
LB L4 0.24%0.01 0.23+0.03 0.2520.01 0.2020.01 0.1320.01
FAUNUMN 1:6 ab ab ab ab hi
. : 0.26+0.04 0.24+001 0.24+0.02 0.23+0.02 0.15+0.02
mavaly

WA @ 3, b, ...

um5§1u 1ne35 Duncan’s New Multiple Rang Test

o o o o t o o a HER )
m?@ﬂﬁiVquQﬂulukLmaznaq memmLaﬁﬂ‘uawimmumui’l‘m') 'Luﬂﬂﬁ’wmiﬁnﬂ
' i w1 Se o aa o oA

AN ﬁuﬂ’nuLmnmNnuamwu&lmﬂﬁy‘ﬂwﬁﬂm (P<0.05) nEEJULﬁEJUﬂ']LQﬁU + ATVULUY

nNsAnIvTiuhdusidnilfannsadameianindiarats wuin Usunnsnsiu
dnnatameivhazsaeienisu Wenatlumsatamutuan 30 udt 60 uh eVl
TAUSInesttius N Ty dudasdinvesiinremvinazataeney Wesnsiaiu

vewraraelenisuUIINNLNATY YRl us i fiunndy wiuSinaussisiusen
' ] 1 @& o w o o ' o w I @ e {

srliunnansegafitiddiy(P>0.05) WRRINEIUYDITIUIRDFYINALATLENYUURBUIN
I o ¥ oo o o v o o ad v o al 2

1:4 Ju 16 eeawswdSuanhsuiadamesiviiazarsenau Inedensldadudesls




dy ~ N o 1 N =~ = ' gj ' N ) N o N
wnansiiduenarsianubidniunislynuiionisfnemniu lueygysinillydsslesuaunisan

lunnsdllagsau Snvinudlvdaulailon wasnesedaiuaivetenarsynasminisinltuly
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MnnmsAnwanensatmiaiusdaildnnmsatndng feisnsatauuumn
Fvhasaneuaznsliraudestan A 30 ssmuwadea Wunan 30 uar 60 Wit Taeldienau
ofiaesfian avdlau lelolnsmuen uasiovnues Wudvhazane Tfawnsoataisiu
Imeenuldunitgnfansldndudssn dvhazasfiamnsoatmldusinauiiusidnun
fignde axdlaudeinvhazaeieniou lefinesfion uazordlau fisnsdiuvasdrindadioh
azaw 1:4 wag 1:6 Uhinawesiduidnfladeldliuandretuetheiiifeddy (P>0.05) uax
fvhazameiianinsiusdrliviinatissiignde tevnues dunailldlunisateiiffiged
ansoasaiuidnesnlduinde 60 i uardnsdiuvesiivharanefianusaane
hifusdmlfuTnasnniignie 1:6 Fuandugui 4.6



dy ~ N o [ N A = . gj ' N o N o N
wnansiiduenarsianubidnsunislynuiionsfnwimtiu lueygslnilulsdsslosuaunisan

lunsdllagrsau Snvimuiiludawdasilon waznesedadauarvesenarsynasaminisinluly
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MnmsEnsUiInanisuhd s veugnsIudaeiEnsada 2 wuuAensarin
mefvhazansuaznisaalagldnfuidsssin Huna 30wl uaz 60 it TeTvilLe
Ymanhduidannilgaite marslngliedudssiam Tndldsvhavanesdla shsdm
vesiinseivharane 1:4 Malunisatn 30 uii uaz 60 unil

4.4 Mmelansitinamnuanlelsvuealuiigiuding
U?m'1mLanuﬁialiqiﬂuaaluifﬁﬁué’ﬂ‘i’fﬂﬁlé‘fmnmsaﬁ'm%"vﬁ'nmaﬁ’uﬁfﬁnwamqwsm
st nsatauuumindviazasuaznisldndudosim 7 20 esmieadoa Wua 30
way 60 u laeldieniwu Lefiaesdinn avdlau lolelnswiuoa uavientuea (Jusvi
avany laefidnsdwsdndesvavareildlunisadn 12 14 wae 1:6 Fewmdes HPLC
Usnaunusnlelsesueaildmnnisainddnlagldisnsldndudessauesiusnamnni
Wusindresviaranefianmisdentu fuandliluansed 4.5

a a Y oo o v auy Y v @ o
A1519 4.5Ui-u'1fuLmumialsezmuaa‘[umuuiwnwlmmnmianﬂimamwunmmazma
wazmsldaduiossiu 9 30 esmnvadea Wunan 30 war 60w lugvazansuas

BNTIAIURNE
ERG O] AnduTuresLnuLlalssiLen
- nan | (§1dmee ({lagnsunoliaddns)
h] o o o
(W) AN
azant) Hexane Ethyl acetate Acetone Isopropanol Ethanol
ijk fehij jkl ktm cde
. o o 1:2 17.32+1.65 20.23£3.22 16.53+0.91 14.86+2.20 25.98+2.28
UHANIN lmn efghi mn ijk c
30 14 12.24+0.91 21.45+1.52 10.74+1.60 17.50+1.79 28.17+0.46
asany n i mn fohy defeh
1:6 8.47+0.81 18.8321.70 11.85+1.83 20.88+1.57 22.41+1.93
o o efghi od n ik def
nslemAy 1:2 21774085 26.80+3.78 7.91+0.74 17.68£2.27° 2036:280
= Km defgh ik hij b
bAEN 30 1.4 14.82£2.13 22.87+1.83 18.41£2.16" 19.8920.87 44.7624.75
I 1:6 18.22 235ijk 24.60 377CdEf 6 " I :
° . LL2FL, .0UE5, 0020, N 5V L0x0.
X, + 8.66+0.95 18.71+2.77 51.46+6.24
klm fjklm hijklm jkim a
v o o 1:2 13.92+1.15 16.30£2.02 17.14+1.92 14.67+1.59 48.50+5.53
HNUNAIVIN m hijklm hijk ehj b
. 60 1:4 12.38+1.27 17.20+1.98 18.38+0.80 19.01+1.99 40.05+5.66
azany JKim Rkl RiKIm kim bc
1.6 14.90+£2.23 17.71+2.69 16.73+2.05 16.38+0.42 37.47+1.11
v hijklm def def def
Mskpdu 1:2 17.14+0.57 24,54+1.27 24.25+2.23 24.55+2.94 ¢ 34.25:2.62C
= klm de fehi d b
LREN 60 1:4 13.76x1.11 25.29+3.43 20.13+2.00 28.84+1.06 37.6743.23
ANUM tm def efgh efg b
vhazans 1:6 16.14x1.22 24.77+0.52 21.61+1.34 23.50+2.50 39.74+6.01

v v a1 o ' ' d v oW % o o
e 3, b, ... Monwsiissiuluwraznawandeinisanudiuduvosunuunlolsruesluihsiui
413 luanmemsaineiie Alenuuandrsiustrefifoddiymeas (P<0.05) Wisudiey
' o " a
Alaay + Andsauunmsgiu 1ng38 Duncan’s New Multiple Rang Test
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nmstnwannznisataununlolsuesluiiiuidnildnnmaiasidn 2 38ms
affa fo mInsingaewhavany uaznnsarauuuldadudessan 4 30 esewaldos Wunan
30 wav 60 Wi lngldienia tofinesdinn oxdlau lolelnsniuea uasiovuea Wudih
avene Ffmunsatmiiuiniiiviinaresunantelssusasoninldnniigafenisly

adudushu fvhazanefiaunsoadniduinaunentelssealuhiuhdnldnnfigadie
leN1uea LLaznmﬁli‘j‘lumiaﬁmﬁﬁﬁqmﬁmmsmaﬁ’ﬂmeuﬂalismuaa’[,mfwﬂu%ﬁnaanm
Wnnie 30 i wardrmdnesvhazaefiaunsnatnunsnlslssusaliiiiuiin
3nannniignite 1:6 fauandluguil 4.12
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4.5 pMsUsziiuausunsalun1sAusyyadastvesinsiuingn
auaunsalumsiueyyadassvesasaueyyadassludniuidnilaanms
v v oad @ w o v 4 o 1 P
afnneBmsmindvharansuasnisldadudessy wanslunised 4.7

M99 4.7 anuanansalumssueyyadassvenidusitnaflaannnsadalesnisudng
Maransilaznisigrdudossiy 7 30 ssrwadoad WWulnan 30 uag 60 Wi lusviazaiy

KALEATIAIURNGN
BmIEI Asutuvesansaiavidugouyadaszleiovas 50
- . nan | e (fadnTunoiiagans)
IDNNTANA - o o
(U) fIN
Hexane Ethyl acetate Acetone Isopropanol Ethanol
avane)
i g cd ef b
1.2 . 18.04+0.42 11.180.21 6.96+0.70 9.87+0.49 3.59+0.25
ninAIem i fg ef ef b
. 30 1:4 18.87+0.80 10.58+0.77 9.61+0.71 9.59+0.22 4.09+0.18
MALHY .
i efg e ef b
1:6 18.90+1.33 10.08+0.58 9.24+0.38 9.39+0.56 4.26+0.50
h ef a d a
, 1:2 13.79£0.81 9.34£0.22 1.85+0.19 7.90£0.65 1.37£0.11
mslyadu h of d o a
o 30 14 14.02+1.06 9.55+0.05 7.80+0.68 7.82+0.21 1.70+0.24
LEHE939M - = - S .
1:6 14.74+0.84 9.70£0.30 6.68+1.17 8.03+1.54 1.93+0.09
( hi i [ b
1:2 26.42+0.78 10.91+1.54 11.85+0.78 8.72+0.26 4.13+0.23
WL t eh i fg b
0 60 1:4 25.18+1.66 9.91+1.14 10.43+0.45 8.80+0.53 3.70+0.03
Mavany K hi hi ef b
1:6 22.95+1.07 10.41+1.49 11.19+0.72 8.27+1.02 3.66+0.21
j fe def cd a
, 1:2 19.79+0.09 8.59+0.62 7.79+0.43 6.37+0.48 1.21+0.09
nmslyafu ] cdef cd cd a
s 60 1:4 19.22+0.83 7.44+1.33 6.25+0.76 6.42+0.71 1.22+0.10
@959 -
j cdef cde c a
1:6 18.65+1.20 7.56+1.03 6.82+1.41 5.98+0.39 1.13+0.15

vanewg :a, b, ... Mnwsiimeiulusaraanieadsanuditurssmsatalutsiusdnisud
auyadaselifovay 50 luannzmsatasingg Adeuunnansfusghaiideddymieada
(P<0.05) LU‘%&JULﬁaUmmﬁaﬂhLﬁaamummigwu 19838 Duncan’s New Multiple Rang Test
nnsfnmanuainsalumssudieyyedaszaenhiuiinilatalsnnis 2 3
wuin $1mvediBnsatnii 2 33 Sefhezanaeniuidiungm 30 Wi Asandnstn
sofvharansUunnnty wuianuansalunisfudieyyadassaslifianuuansneiy
otheililadhdty (P>0.05) wavmrududuiiansnsodudsouyedassroniiiusinilasade
Brsnlindaeisnsusgradioniiung 60 und Asnsdnsdndesviazats 1:2 uay 1.4
Liflanuuandwiuedsiildrdy  (P>0.05) udazumnArsiuagaiitodfg(P<0.05) fu
Samdusrdndesviasats 1:6 Sellarududuiiaunsadudidassteoningnsdi 1:2
uaz 1:4  duerududuiiannsadudioyyadassvoniuusrdniasaldainnisldsi
azanelaniusniunsldaudsadung 60 nit Sasvdusinresasaisysutoan
Fu mmL%’uﬁuﬁmmiﬂé’u5@aqga5asﬂﬂﬁmmLmnﬁmﬁuaamﬁﬁaﬁﬁé’zg (P>0.05) uay
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mnmaﬁﬂmqw%{msﬁwa%a5aswaafwﬁué’ﬁnﬁaﬁﬂﬁmﬂ%‘ﬁ’ 2 3% fie msndnlagldsn
viharaeadauien wae msldadudosa 7 20 ssmgaidea {Hunan 30 was 60 Ul lag
IHenivu ofiaozdinn oxdlay lolelnsmuea uaziovues Wudvhazany T8ns1aLsn
Fsemvhazaneildlunisara 1:2, 1:4 uaz 1:6 wm'nfwﬁu%’w*ﬁnﬁiﬁmﬂmiwﬁnﬁwﬁw‘h
asawa&haL?wmﬁﬂ'ﬁnwsﬁuﬁaauma@asviﬁﬁﬁamﬁa nsafameentueaiduiar 30 und
nTEILIMIReRYNazaEouea 1:2 mm”lwummmmmmauaaauuaaasu (1C50)
WU 3.59+0.25 NadnSurefiadans mumuuswnwanmmnmﬂ‘mamamiwmEvan
azagonmenanaluiat 60w snsrdusdareivnaratsienivea 1.6 el
mmmmsaé’u&f&awaﬁais (IC50) Wiy 1.13£0.15 fadnfusefiadang annisuedeu
3§ﬂﬁaﬁﬂ§ﬁns{aqméﬁué‘?&aumﬁas“ wuh dhiiuhiniaialdennisliedudetaed
iazangtevuealluiian 30 wifiuas 60 il ‘l‘wmrm‘fyumauuaaaiuﬂmqmuuswnw
liannisaasenmswiinogaiifeddiny(P<0.05)
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mnmiﬂnmqwsmimuauuaaai g atnusdniiakaldte 2 3 mammavma
Huan 30 uait wag 60 Uil wmwumuiwnmummiwmauuaaai“"lmmmamﬂa dhafusn
5un'vmnmmn’;smﬂ‘uﬂaul,amiwmEJmmaummamuaaanmLiJunm 60 U BRTIEIUI
JrsosvinasanlenIuea 1:6 szjmmmmmmmlumiauaqauuaaaiuL'vnrm 1.1320.15
fadnsunalading mluummLLmnmanuamauuﬂmﬂm (P>0.05) muamﬂumiﬁw 4.8
f1T97 4.8 LiJ'%EJ'ULﬁwmwmmnmawaﬁamaaFmaJmmsfﬂ,umsé’ugqaquvaaaisﬁﬁﬁqm
maqﬁwﬂu%“z’mﬁlﬁammsaﬁ'ﬂﬁ 30 segadea \uiaan 30 war 60 uil

. ATDUDUTDIET
annelunisana o e ¥ A
- afavidudiousadass
20NTENA ” : Iuv o
. . Smsnd a1 m3peag 50
Fvinavane . o . o w i s aa
($rimmemiinasany) (1) (findniumetianans)
v o ' C
mMsidefudeasiu LBNIUDEA 1:2 30 1.3721
A o b
nsliaBudeesiy WBNIULA 1:2 60 12162 °
v o o ' bc
nslYeauLE s LDYIUBA 1:0 60 1.2158
v & a ' b
mMslgpaUEbes LOYIUDA 1:6 60 1.1301
a
BHT 0.1763

MAUBA 13, b,c manwsmmanu‘twmmuammmLaasm'\uLmumumaaawsanﬂluuwuuswnmwm
auuaaaidmsaaau 50 'l'uamrmsanﬂmaq Finnuuansnsiuethedifsddynisatia
(P<0.05) LUSFJ‘UL‘VIEJUﬂ"lLQaEHﬂ"lLUEJ\‘ILUUIJ’Mﬁ’m 1neAT Duncan’s New Multiple Rang Test

wamnmiﬂnmﬂimmunmﬂalismuaa‘Luumuiwn evnanisfiansaanialilaniy
Huturpanuunlelsrueatuthifusatmn wud nsatalagldaaudsdeivhazaiy
La'vnuaammmanmumuiwnvmmmwmumamnum‘lakmuaalmawam WA
aumwanmumuwunvﬂmﬂimmialsmuaaiaaaamm svhavanelolelnsniuea dauda
‘Vl’laua’\EJLﬁﬂL‘EJ‘L!R]ullﬂ"J’li.l‘UﬁJWQJLLﬂMNWI’a‘li%WU’aﬁIUU’IMUU’e]EJ‘Vl’dﬂ FenalelndiAeefy
MUASIUee FRw (2506) Anudtluivhasateianiay eAansTian YSunuwnuanlalsguea
i]“’llﬂ’mEJEJﬂ’J’lL?,J’e]L‘UiEJ‘UL‘VlEJ‘Uﬂ‘U‘Ui‘M’\mLLﬂMN’]IEJli‘EJ’mEJaVI?{ﬂﬂﬂ’]EJ’]SGNLG\%JLLE\”IUG\’WI’\
aYangLeNIuDa LLaU"Laiszﬂw5wwuaam‘bﬂumianmuﬂiuwmmumialismuaa’L‘uiwnmnrm
Luamiwma‘un‘uﬂimmunuuﬂalamuaamlmmsmmu fdammazawﬂ‘ﬂumsaﬂmaa
Sasundined Hushasanedlaiic mu’l,ummavmEJLamuaauamwmmLﬂumm oN
lumaEmwmml‘tﬂumianmmnumm*uuﬂuaEJLLa“mmmaumw‘l,‘iﬂumsaﬂmLﬂ‘umm
avansliidh anuanunsalunindiluatnanshazanas Hetntvdoautuludnely
nm'mmimlﬂauwammauawnuLLmeIa"Li‘muaa mﬂﬁlummmmwmﬁ%nmlm
ﬁ?ﬁlﬂﬂimﬂ’]w\auaﬁEJLEJ‘VI’\‘UEJﬁLLaUIEJI‘UIW'i‘W’l‘uEJa‘VlMﬁﬂ’\W‘U']?i\Wl’ﬂ‘wﬂ’lll’ﬁﬂauﬁ’lEJLU‘LJL‘UEJ
dearusuhle muumwmwaﬁwnaﬂmLﬂuaﬂaﬁﬂmamiaﬂm drutaduduqndinans
URunnunuanielsmusaluthiuiidng de vilavesdin msddn asAusnen A1TNEN
anm wazanmeildlunisaia
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4.6 msﬂm’ﬁuﬂmmwmaw‘h%’uwamﬁmw‘l
4,6.1 Ui“L&luﬂmﬂﬁJ‘Uﬂﬂ']\‘lﬂ']ﬁlﬂ']WLLﬁuLﬂll
"U']ﬂﬂ']'iwwu'm'ﬁUIa‘UuNﬂll'u']ll'lﬁ'\‘lﬂ?'ﬂul,l,ﬂuu'] aaliﬂﬁuaawauagﬁawum 7 G'I’W%IU
Ia“ﬁlluLL(ﬂaSCﬂ']TUNaﬂi‘.‘}ﬂi&’;V\'Nﬂ']EJﬂ']WLLa 'Vl'NLﬂll G\QWTTN'W 4.9

A15199 4.9 Snwneynansnnuaziadvasiriulatuii 7 MU

A5u AsUsEiu
anwziile a pH | auddniamn nsueNYU
1 WWaideu 91 6 sfuiuly wenYuU
FHnumuevuy
2 DRI e 6 Wiuesnusldnoy N
WaIHIN
3 awdleu 9N 5.5 114918 lainendu
nilaantion Ui
4 ety 9 | 55 Y Taiusndu
LA Fuaud
SAnauay
5 Wawdleu ST 5 MEIn Tduendu
pilaun FUIUT
6 Walteu LIl 5 111978 laluentu
ADUTNINLA Fuaugn
7 ooy 9713 5 11918 lalueonau
ADULILUAD Fugullal
MUDYUUL

4.6.2 UsifiuA2uALR7
Nami‘uiuLuuanwmumamamwLLa.,Lﬂwaqmmiﬂnmmmmm‘luamqvmmEJ
335ouaduiiu (heating and cooling cycle) (et 4.10) IneniladuiieToalAdlugidud
ol 4 sswaduadunar 48 dalug Luaﬂsurammmlamwammu 45 99"
L%awaa Gunan 48 Flustudu 1 50U viheuesu 5 ToU wmmmiwwaﬂ 3 m5uke
fsuit 3, 4 uag 7 Luaamnuﬂmau‘ummamEJmWLLavmwmm savdaioladuidnumy
dou ldudie faumilefivuizay liifie creaming Liinsuenduvsadelatu uey fidd

pH 5.0-6.5
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A1919¥ 4.10 Snwasnaneniwsasiafivasiiuladuis 7 PN UNSIMAFDUAINNAIILAL
32%uasuifu (Heating and cooling cycle)

gns n1sUssiiu
Snunizilo d pH Creaming L
1 dauleu M 6 Lsiifin wendu
wanda
2 devieu M 6 LA wentuy
WRN
3 ooy Tee! 55 LliAn {aiuendu
niladnta
5 dowlay LT 5 Liifin wendu
piauan
6 davleu UM 5 L laiuendu
ADULINLA
7 dowlou e 5 lifa Taiundu
ADUTINUAD

4.6.3 ﬂiuLmuﬂmawmmammw

‘lumu’ma'u"lmmmsmmaauﬂsuawﬁmw*ﬂmmmmauﬂ%‘lumwla‘uu Feansiuded
l‘ﬂu\‘i’m’mwﬂa Methyl paraben, Ethyl paraben, Propyl paraben, Butyl paraben,
lsobutyl paraben, 2- phenoxyethanol mwummmmlﬁlmaumUmmmuimumummm
TAansidsuaneuiiolady Tnetudasuailatuiduit 3, 4 uag 7 wUSuuTum
WNUNT- aa"l,ismuaawla”lul,ma“ammu 0.5, 0.7 uaz 1.0 LarUsanaaasus i ilaluus
avgnsidu 0.8, 1.0 uaz 1.5 mmmsmwaauﬂsmmmaLL‘U@W\Lsawau‘lumamm%mmﬁ
Total plate count Lﬂunm 3 giing YlasnsUNERAMYTINNIDNN wagthunnaglin
Ranine1ms NA agar Usifeuu 24-28 ‘zj’ﬂm 'uU:a'1m'uIﬂIausmmmwwlﬂuuamﬁn
dhandunauialatidefiifinsen fwmad 4.11 LagAseh 4.12




daaa

as1ed 4.11 Talatdeiiitinsennnlatuinuut-selsviuea

- U’%mmmuu:-aa‘li U (cfu/1mi)*
vwealilatu (@ FUanidl 1 Howid 2 | duaniidi 3
0.5 <30 890 x 108 | 2.39 x 10°
3 o7 < 30 9.80 x 108 | 2.49 x 10°
1.0 <30 7.70 x 108 1.38 x 10°
0.5 < 30 470 x 108 | 8.50 x 108
4 0.7 < 30 6.70 x 108 1.01 x 10°
1.0 <30 4.20x 108 | 8.60 x 108
0.5 < 30 6.30 x 108 1.74 x 10°
7 0.7 < 30 870x 108 | 227 x10°
1.0 < 30 500x 108 | 1.83x 10°
UENR) *$rquaudiinde = n x 10™x 10
aseit 4.121elatde i nsen anlatuiiusiing
- B ﬁlﬁuﬁﬁﬂ UIUD(cfu/ImD*
hilatu @ Sonaidl 1 Fuawidt 2 | dueniidl 3
0.8 < 30 8.20 x 108 1.22x10°
3 1.0 < 30 8.90 x 108 1.58x10°
1.5 <30 9.10 x 108 1.09 x10°
0.8 <30 6.30 x 108 1.44 x10°
4 1.0 < 30 7.00 x 108 1.21 x10°
15 <30 5.80x 108 | 1.40 x10°
0.8 <30 8.30 x 108 1.66 x10°
7 1.0 < 30 7.70x 108 1.48x10°
1.5 < 30 1.06 x 108 2.23x10°

wneg *$unurnuidiadgie = n x 10™x 10
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4. 7ms°v1mﬁaqusmuauuaaﬁswaaIa"uummﬁ DPPH scavenging assay
nmsISEldtnladumsui 3, 4 uaz 7 mvnn'mmm'mmmm'lumsmuauma
Sasvvasladuiinauunuun- _oslsmusanazintiusiing tngldusuaeannuun- _aolsvunad
1dluuiazdnduidu 0.5, 07 uaz 1.0 niu LazUBinmuestisiusdnildlusagdiiuiu
0.8, 1.0 uaz 1.5 N3y vingBUaMEsUsyyadasyAILIs DPPH Scavenging assay 91113
npaet wuin Tadufinauunush- aalimuaaummimuauuaaaivmum 12-61% dnladud
wsummamsNauumuiww’maﬂmammmimuaumaaai“mLm 35-69% uavladusdu 7
qwﬁmuauuaaaiuuawamqmmiwwuﬂmmiquqwﬁmuauuaaaiumﬂwmumsw
8

397 4.13namstusyyadassvedaduunuin-eelsyiuen 835 DPPH Scavenging

assay
dsuauunan- | u msdinusyya | MIFuUBYYEBEss
dfu | oalswuea FmEganaY Besy vaslatuiugnu
Tuladu (g) et (% inhibition)* | (% inhibition)*
3 0.5 0.550 54.61 1.24
3 0.7 0.515 57.50 1.24
3 1.0 0.469 61.30 1.24
4 0.5 0.521 57.00 1.09
4 0.7 0.495 59.15 1.09
4 1.0 0.463 61.80 1.09
7 0.5 1.058 12.69 0.17
7 0.7 - 0920 25.73 0.17
7 1.0 0.877 27.63 0.17

NUNBLAG. *%inhibition = [ (AbScontrol — AbSsampie)/AbScontrol 1 % 100
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A51ad 4.14 nan1ssueyyadasyredatuiniuiiin #1835 DPPH Scavenging assay

| Wi | dms msé’iwumgga - miﬁma%gag
miu |, o a GGEE dasvueslatuiu
frluladu (9 | ganauus (% inhibition)* | (% inhibition)*
3 0.8 0.56 53.79 1.24
3 1.0 0.428 64.68 1.24
3 1.5 0.423 65.09 1.24
4 0.8 0.459 62.12 1.09
4 1.0 0.392 67.65 1.09
4 15 0.365 69.88 1.09
7 0.8 0.786 35.14 0.17
7 1.0 0.752 37.95 0.17
7 1.5 0.748 38.28 0.17

ninewe. *%inhibition = [ (Abscontrol — Abssample/AbScontror 1 x 100

a5t 4.15uamsnueyyadassaedladuiiiusidng fieds DPPH Scavenging assay Wi
Wadusiun 8

USaunauwnuun-aalsan n1seupuYaddasy (% Inhibition)*
uaaluladu (g) aniu 7 . afus
0.5 12.69 51.45

0.7 25.73 55.10

1.0 27.63 58.03

4.7 NISNAABUNISTEMBLADILAZYIADURAMENUR auUannfevsasanad1msy
T Judrulsenauniavdnnid

MNMINAFDUNSIEABVABBNaRS T laduseisuuuTn Tagvinsmladuins 3
Ui Snaseuesemariasdunm 2 $alus Wedunaemsfuuasiuuas wuiily
oranasing 50 au lduantemsszenadowoladuii 3 sy uaghimumaidufiuaewad
\waa african green monkey kidney fibroblast
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4.8NNSVNAHBUAINNNIND 1

AT amasauanuRanelalagldoranaias 50 au vinkuvdeunuUsEliuaY
fowslavesndlundndnsiladus ndufte ndutioveuanssas, nau Riz uagnau Flowery
(#1577 4.16) LLasmmﬁqwa‘la‘lué\’aNamﬁmmﬁa%uﬁwguﬁ 3 4 uaz? lAeRasuaIng,
aamiln, Snvaile, autuiu uasanuitawelalags (3157 4.18) A AAs i
wUsusrunadfneTusunsunieana SPSS version 17.0 Mednwiudasadeiitnina
vizolilramsidenduladu %a@lﬁmnmﬁﬁmﬁzﬁmmLL‘UiUiauLLamﬁqmiwﬁ 4.16 uay
4.18

A15147 4.16 Anufanelavaandunia 3 lundndualadu

LA IAN Sum of Mean
df F Sig.
wususau Squares Square
2 ¥ S¥PaNay 131.213 2 65.607 95.430 0.000*
naung 3 =
melungy 101.060 | 147 0.687
57 232273 149

°

wBivR *Sig. <0.05uaaIimauandaiusgreiioddny

A998 4.17euRewelaveandunia 3 lundasinailadulagdd Duncan’s New Multiple

Rang Test
nau ANURIND 12
PIAVRUGNTTO 2.0800°¢
Riz 3.6800°
Flowery 4.3000¢

wanemg Mdnusluredulifeiudiaruuanssiu wneds daauandraiuedsil
dpdAgneaia (P<0.05)

anmai 4.1 7ansSoudiouaafielavesniuia 3 wiln Aendudrovey
awssay, nAutimen Riz waznduthyon Flowery 9mnenanasias 50 au wuiia 3 naudl
amsuansnafustaiitodfymeadnvssdummudeiuferas 95 Suhdeyauifiouiey
AuLAnNANRusaERRvawe 3 naulneds Duncan’s New Multiple Rang Test fisusiu
ardatiudosas 95 (M 4.17) nunduilenanasiasfisnelasniianfe ndu Flowery
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Yaduiidinade | unadsndnu Sum of Mean _
= df F Sig.
AURawele | wusUsau Squares Square :
sywinangu 0.973 2 0487 | 0961 | 0.385
g melungu 74.420 147 | 0506
731 75.393 149
LI9Ng 6.880 2 3440 | 4.089 | 0.019*
aramida | nlunga 123.660 147 | 0841
52 130.540 149
| sewiangy 8.440 2 4220 | 6.515 | 0.002*
a”?““f"”a melungs 95.220 147 | 0668
YU
8 s 103.660 149
FEMINNGY 2.080 2 1040 | 1.262 | 0.286
M elungu 121.180 147 | 0.824
ghina . :
52 1123.260 149
_ FEUINGY 1.000 2 0500 | 0.886 | 0.415
AR | selundu 83.000 147 | 0565
UTHAEUANN .
591 84.000 149
sewinengy 9.160 2 4580 | 9.056 | 0.000*
37 melunau 74.340 147 0.506
5 83.500 149

vaeIg *Sig. <0.05uanyIdiATuuAnesiuDg1eii
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. w oo & - . PR AMURIna
ausulavu AURLA Snuuziiiolatu
Taesqu
3 3.1800° 3.3800% 3.3600%
4 3.3800% 3.6400° 3.8000¢
7 3.7000% 3.9600% 3.94004

e ddnuslurediniiierfiufimiuuandneiu ol dmnuuansiaiuedied
HedAgnealia (P<0.05)
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TazuuuafielslutlodeSeseumie, Snvasieladuiazauiiwelalagsumn
ﬁqmﬁaﬁﬁ%’u 7 Aazuuuenuiawsla 3.700, 3.9600 1ag3.9400 AUEIAU
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vanedu 1:4 Tnodhwinduian 30 uag 60 wndl LLamaﬂmimal%‘laiﬂﬂmwwuaaLﬂumm
avany Agnsdustsesvhazaiadiu 1.2 Tnsdhwifndunan 60 w3 anawiily
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‘mmL'walmuﬂimmLmuuﬂa“Limuaaaqmam muuiwnwanﬂ“lm*lmﬁmﬂmamamiamv
uqms’lumsmuauuaaaidmmmam Lua‘lmamuamﬂummaumﬂ fisasdmitnerh
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ﬁé’uéu'aa%aﬁaizﬁwﬁqm Tngldtenusadusvhazany isasdiusdnaesvhazaioldu
1:2 Tagnhwnin Wuaan 30 wndl
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AMANUIIN N

nsatauuuniinavinazate(Maceration)
1. nméﬁaué{’aaem
11 4931477 5 ndu ldasturanatoun 250 fadans
1.2 BusvazansasiUludndiu 1:22 1.4 way 1:6 Tngthuin fausziiud
yrazaeativdiu 10 20 uag 30 N3UALENY
13 Uavtandrienowsiunasd wiiamendeensliuiu southluBluiaiesiug
(Shaker)

2. ﬂ"liLﬂUiﬂi&}'m’JaEJ”Nit‘;W}'Niaﬂ"liiSLWEJGI’JW'Iﬁ”a”IEI
'Viaﬂ‘ﬂ’]ﬂﬂiENLLEJﬂi’\‘U’]’JEJ'eJﬂ"U’mﬂ’JUIﬂLLa’J %mmu‘lawlﬁlﬂmulﬂumwnLEJumJ
ammqﬁaeﬂumqszmw 1-4 ENFi"IL"?IE’IL‘UEJﬂLLﬁu%JﬂﬁUV\ Lwa‘vnmsumammasmuma‘lu

q
[
Qs

Jumnaunoiy

3. amfawﬁlﬂun'\ii“maﬁaﬁwa“awﬁfwLﬂ'%f'aasumaawm'\mﬂ(Evaporator)

ammnw‘mumisumammauma(bath temperature)ﬂ’a 45 parnwalduald
anugasoulunisvyudiu 120 sousieund waEAIUANAINAUAST

3.1 Fragreiildianigu(Hexane)iuivinagans aeldausundu 360 faduns

3.9 fathafildiefinosian(Ethyl  acetae) \uswhazany aeldfannusudy
260 fiaduns

3.3 fogei¥ozdlauAcetone) Wuswhazany agldmndmuiu 560 fadung

3.4 fagreildlelalnsniuaalisopropanol) iufwinazany agldanusudu
150 fiadung

3.5 §rog197 ltanusa(Ethanol) 1udvinazany azldarnududu 200

faduns

4. MsfiuENYIAieL1NTENiNgEaNITNaEDY
wirnsgwmeinihazaiieuiesum a%mmumawmuswnaanm Farhifu
sdriEE ssluAuSlugvsinudenifigamgl 20 ssmwaBuauasiinglin \iovzans
Hinufisennes
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AMANUIN U

AnsSaUSunaEsunuanlebsueafaeAsaHigh Performance Liquid

Chromatography(HPLC)
1. Mmswieumaeasui(Mobile phase)

aﬂnimm’bﬂumimwuLWﬁLﬂaauﬁﬁauﬁaaﬁwﬂﬁau mriauﬁﬂiﬂ,‘ff $#A991N
amaif\mm Thdnandnadnetindy fowiludsssiemueadnade antiusziivsulugeu
aufoufignmagd 70 psrwaLdsasuwianautluly

WalpdoudiMobile  phase)iildussnauiumiuea lolalnswiuea uas
lofiaosdian (HPLC gradelusmstdan 47.5 @ 40 : 125 muddy Luamnmmamﬂﬁ
AR ouRnERIIEIfINa1ILED 98 uﬂﬂﬂiaammmuﬂiawmﬂ 022 lulasins 9anduds
IUvhnsduasiouseniudes islapmaeenaniaaioud

2. pswdsunsvinasguununlelsuuea
mmL‘uu‘uwuaamiavmEjmmﬁ'mLmumialismuaamh Toun 50 30 20
10 5 105 0.1 ugg 0.05 Tulpsnsuredadansdeiisnined ol
2.1 \eSuNANsay mammmuLmumialimuaamwL‘ummsumu 50
lulasnSunelladang
2. mesa“m&JmmmuunuuﬂalimuaammL‘umuLiumu 50 lulasndu

NGGRLE 11N Teanslilasefuauuduwniu 30 20 10 5 uaw 1 lulasniume
a

2y 3.

SRALGY
2 3pniuthansasanesnsgruunslelssueanundutu 1 lulasnuse

Sindans wvnsSendiilasesumudiduviaiy 0.5 0.1 uaw 0.05 lilasniureiiafans

2. 4ﬁ1aﬁia“awmmmuLmumialimuaamiazmmLﬁuﬁumniammﬁ's
nsesfetheniia PTFEARvuNugngY 0.22 lalasiuns

2. 58nansasangsnasgIuaiudusngeg AlulueSes HPLC

26 ﬁﬁ‘ﬁagﬁmléﬂﬂﬂiﬁdﬂi'}WmmsgmiuwmmmLmu‘uu‘uamnumlalim
yoafuuilEfa
NUBLYG) : aeldinandouilunisazaeasnAsULEENT09

3. N5IA3BUADLN
wgudegnisiustneududu 30 llasnSurefiadniy lnvavane
frogdlumaadeud udnsesiuFInsasetuviafiewd(PTFETluTugniy 0.22
ulnswasoniudadilulueses HPLC  udnhdeyafildluTeudsuiunsnasgm
wnuunlelssuea Wovuiuaunusnlelseuealuningie
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4. NMIATUI
41 wlsuaisavanemaey(stock  solution) Fanududu 1 dadnsy/

a aa ] ) 1 a a o o o e a aa v
Sad8ns Ineteansimegne 1 Tadndu avangluaadouninms 1 daaans avaieaule
ansavanela

42 Bovne@isaranmagnean 1 fadndu/daadns Wilaenududu 30

ulasndu/iadans lae

v, = GV
(1000 pg/mL)V,) = (30 pg/mL)(1 mL)
A = (30 pg/mL)(1 mL)
(1000 pg/mL)
Vi = 0.03 mL
= 30 L

Frathy YLADINAFNTALANLABE faududu 1 fadndu/dadtng Lﬂuﬂsmm 30
lalasans uasiiu mobile phase uviunns 970 lulasdns aldnsavanesnetne fimnu
Wt 30 lulasniu/Nadansusunng 1 faasnsanansazaoiagne Usinas 20 lulasing
Tusdes RP-HPLC wiuitléia i 3 8
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ATANUIN A

ﬂﬁiwﬂaaquﬁmimuauuaaaiu
1. MSwseud1savans DPPH(2,2-diphenyl-1- plcrylhydrazyl)
auditues DPPH 7L fio 0.35 fladluans IMBintoudsil
1.1 41 DPPH 31 0.0069 n3u(6.9 fadn3w) azangluevnuen 50 fadidns
1.2 avanesnewedodladiaian Wuiian 30 il
1.3 nsesrmusunsasfifivuingnu 0.45 lulasuns v3elnssAUNTeaIoNUAIY
wod 1 doufty 3 fu
1 aduiilugwinBuiiigumgl 4 esmiwadvauasiinain
e : 1alinanavos DPPH Wit 394.32

2. MSAsENNIINNINTFIU BHT(butylated hydroxytoluene)
AU TUVDIANTAE mammimuBHT‘m’l‘u I 1.5625%x1073. 125 x1026.25
x107 0.125 0.25 05 1 1.5 uas 2 a,Jaansmauaaamsmmﬁmimsﬂumu
2.1 LmiaumiaxmEm1migﬁmmmﬂalimuaammLmumuﬁumu 2.0 fiadnfuen

Db

ad

2D

m3
2.2 L‘hmiazmammigwmmumialwwaammvﬁwﬁ'uﬁm’fu 2.0 fiadnfusie

fadans wvhmadendiidsssuanduduniiu 2 1.5 uag 1.08la8n3usefladtng

23 ntanhansazatanasgusnuanlelsyueanuidudy 1.05iadnSusie
fadans unhmeadeneieluaufessiuauduiugavioe

2.4 dhasaranensgiuaududusiie ldaduman96-well plate) namnaz
100 lalasang antaufuansavane DPPH 0.35 fadluans vigang 100 lulasins

25 luimmsgandunasoirdaduilasmavinmesiMicroplate reader) il
AUEIARY 492unTulns

2 6idayaildlumemduduresssainfidudoyyadaselasasas 50

3. mamaeududuveansatafisudeyyadasyidieras 50 (1C50)

lumaaseimmemmudiduresasataitusieyyadasdlifosay 50 ald
TUsunsu Graphpad prism 5.0 FeARneeised

3.1 Walusunsy Graphpad prism 5.0

3 25l UalUsunsaasamtieng “Welcome to Graphpad Prism” Fugn 1o
nTRaAndaE

New table & graph : XY

Sample data : Start with an amply data table

Choose a graph : Points and connecting line
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Subcolumns for replicates or error values : Enter and plot a single Y value
for each pomt

Luammmammmamm Iunﬂmﬂu “Create”

3. 3manmmﬂu “Create” Ua2 3wUTINYAITN mnuu‘lmmmiﬂaumamaiaaau‘uaq
nﬁé{wauuaaaiumaqLmaumwwumu IﬂUﬁaumauammwmula’luﬂaauu X TAmu
‘uumamaamuuuamLLaummL‘uuﬂuumama&lmumq LLauﬂauﬁuamaia&Jawaqmimuauua
aasvmammavmaﬂuﬂaamu Luaﬂaumaumiwiamm Tildfu “50” AevinuipuasYaIns
muauuaaaiumauma“m

3. 4maﬁau*uauaﬁwiamm lunmwﬂu “AnaLyze” LUMTNANS “Analyze
Data” ‘uummnuuﬂamaan “Fit sanne/LOWESS”LLmnmmUu “OK”

3.5 Luanmmﬂu “OK” udhazunuiieng “Parameters : Fit Spline/LOWESS”
Fuanlvmsaapndel

Method to create curve:Cubic spline

Number of segments : 1000

Standard curve calculations : Standard curve. X from Y.

Slodsntnadaousesuds Winafid “OK”

3 goniailiiluaandt “Interpolated X value” azUsnganmnududuvasans
anmmaumaumaaaiulmiaaau 50 YBIuAAYE 19NN

3 rheilElumeanade delildaudituesansafnio Jufouyadasslitos
av 50 voauAaziladunowihluisuiieuneedi
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ATANUIN N

NSINNINTFIU

AsaAsgIuunusnlalsvuea

odduvsasasaninasguLnanlalsgueadld ldun 50 30 20 10 5 1

05 0.4 waw 0.05 lulasndurefaddnsidnamunasgiueial

nsmunIgIuLnuanlalsYuea

1200000
50, 1093580.667
1000000 S
. 800000
£ Wonne
g 600000 y-=22345x
% / RZ2=0.998
“F  A00000- %20, 446584.3333
200000 AmAsqq 3333
5%, 117834,3333
o de1,20012.33333
0.1, 9175.666667
30 40 50 60

00.05, 1118.666667 20
0.5,10376.33333

anududu (ilesniudeliadting)
11 ansavaerasguunuunlelsusalindu 0.05 lalasndusieiladans
<Chromatogram>

s30ct 3 s 111 318 U008 stsay not Icd
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3412

P
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T
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12 asazangnasgruwnlelsgeaudud 0.1 lulmsniusiefiatans

zChromatogram»

lezeon 12:5300iS
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<Chromatogram>
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1a ansavartunsyunantelsueadudu 1.0 ulasniuseiindans
<Chromatogram>

: 91900 gy not IoE

1.0

2408

15 ansazaranespuunsnlelsreadudu 5.0 lulasniureliadans

<Chromatograin>

£ i1 std 9593 sdov not I

vy
£.04
2.5
o X
o
n’n
il

-~
]
o
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16 Ansazanenmsguwnalelsrusadidu 10 llpsniuseiinfians

<Chromatograni>
o £ 14 stg 1000 stéov mot S
'

\E =

15 =

40

&
ke ¥ i
T T
2.0 B} 18.9 128

PP o7 B P O

17 sazantnsgusnuslslsvueaidudu 20 Lilasniuneliadians

<Chromatogram>

Y

613

|
i




110

18 asazasInspIuwnuilolsyeaududu 30 llpsniunaliafans

<Chromatogram»
les
e
Deta Thi
iZ2
enin
19 Asaraneunsguunuanlelsvueadutu 50 lulasniudeiiaddns
<Chromatogram>
ChZemmse oryIan 2% fi4 sta £000 sigov ned ics
mY
Gzt.A CRY
9
o 3
T T T T
2.9 2.5 29 TE 102 159

b1
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ANARNUIN

A15AIUIN
1. pseuauUsHUngil
U%mmﬁwﬁu%ﬁnﬁaﬁmlﬁﬁ]:iwsmuﬁiﬂmd‘ﬁﬁmEJL“fJun'%mian%u%wﬂn%a%mlé{mn

AUN1599Ll

: (Y o s Y PR K/ A -
u’]ﬂuﬂﬂlﬁ\iﬂﬁlui]‘U'I'Jﬂﬁﬂﬂlﬂ"lnﬂ‘ﬂ‘lln 3 NN

P3naninius a1 (wiw) = - ; =
TnnaUeesItna 5 03

2. mMsAuaanUiiaunaanlalsvuea

Uimmmeu'ﬁ,a‘liemaa’l,umuuswmuswsa'\umimﬂ,wmamuuaanima
laddns fmﬂsmmLLna,JmT,a"Lsmuaaaavmlmmmiu'\ww’(,mwwlmmnmiami'\vwma
\ASB9 HPLC m*umud’xm’luammimalﬂu

Hunlana
670.35

unsnlolswiuea (ng/ml) =

3, msmmmm‘iaaawuaamsmuauuaaaiu
Souay maamsmuauuaaaiz“uaaumuswn ﬁ]vmnmhﬂ%‘lun'ﬁmmﬂmmwmumaa
mianmmsumauuaaaiulmasau 50 suam"lm*mam'\smalﬂu

ms&m’magyaamz(%) — (ADPPH - ABlankDPPH) -(A Sample A Blank Sample) x 100

A DPPH A gl DPPH)
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ANANUIN W

A1TIesIdANNeEan

mmimummmaanﬂﬂﬂl‘i’ﬂﬂmnim SPSS 20.0 uuy One-way ANOVA A1335%84
Duncan MsUszSinNaN BRI JefvuARALIRgY it

H, = viswarawndadulaunnanaiu

H, = fieaten 2 Yaumnanaiu

TintuRiasananeudfay(Significance; sig) Tun1319 ANOVA A sig. TA1
Joninsawinfumtedfymeaif(p<0.05) wUfids Hosazausu Hfe fletsiion 2
Hoduiuanseity wasmnan sig. Sannnnietudigmeaia(e>0.05) ArepuiU Howay
Uias Hfie Bnowavomniadiladunnseiu

ﬁm%’umi'\qLﬂ‘%ﬂmﬁauﬂ’nmmm\"\qizijmLa?ala‘uamjﬁ)%’mz‘l%% Duncan &5uld

o

N

e

Subset of ak-pha (Q)= 0.05 Joei 1 fmuasnys a

4947 2 Aviuadnes b

fosft 3 fmuadnes ¢

4997 4 Avuadnus d

dosft 5 fmundnus e

ﬂiagﬁ 6 fundnys

i 7 fmunsnes

do5ft 8 AmuASNYs h

o3fl 9 fvuadnys |

J09fl 10 AuASNYS j

dosft 11 faruadnws k

Joaf 12 Frruasnws |

ﬁam‘?i 13 AMUAUASNYIT M

oeft 14 fvuasnes n
mnenwastadeegluduiwnieiiv wanIn “Lum’a'lmmnwmnu wazmnavoidady

abogluduimiieniu wansi Sanuuanaiieiy
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lunsdllagvsau Snvimuiiludawdasilon waznesedadaarvesenarsynasminisinluly
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¢ & a
%’agam'i'wmaauqwsé\'ﬁua%aaaiwadmuﬁwq%
DPPH Scavenging assay
1. %’a;&a@hm‘i@mnﬁmnﬁwaaim‘i’uﬁuﬁ'?mﬁqaLﬂéaaluIﬂiLwawﬁﬂLﬂaé

o 1 & & & dou v o = ¢
H1519N V.1 ﬂ']ﬂ'ﬁ@]ﬁﬂﬁuLLﬁQ‘Uaﬁiﬁ‘ﬁuwuvnﬂﬁ?ULﬂiaﬁlﬂiﬂiLWﬁVﬁﬁLﬂai

o v : a ASANUOYLADESTY
ATy AINITAANAULER o
i (% inhibition)*
3 0.9765 1.24
4 0.9779 1.09
7 0.9841 0.17

e, *%inhibition = [ (AbScontrol — AbSgample)/AbScontror 1 % 100
AbS ontro1= 0.98875

o 8
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1% ' al & o o o ¢
2. ma%aﬂq m&@ﬂﬂauua\‘i‘ua\‘iia‘i!w,mim’l-aali‘muaamﬂﬂ ElLﬂ'ia\‘i‘LuIﬂ'iLanl'imﬂa'i

A3 9.2 ﬂ"\mi@ﬂné‘uLLm“uaaIa%’ume1—aaliszjﬁuaaﬁi’mﬁwLﬂ'%aalmiﬂil,wam‘%mma‘i

ey USanmunin- Ansgandiu ANTRIUBYYADHTE
polswuealuladu () W (% inhibition)*
3 0.5 0.550 54.61
3 0.7 0.515 57.50
3 1.0 0.469 61.30
4 0.5 0.521 57.00
4 0.7 0.495 59.15
4 1.0 0.463 61.80
7 0.5 1.058 12.69
7 0.7 0.920 25.73
7 1.0 0.877 27.63

LR, *%inhibition = [ (AbScontrol — Absgample)/Abscontror 1 % 100
AbScoptrol= 1.21188

124 1 o ¥

3. magammi@mn%mmwaﬂa%uﬁﬂﬁu%ﬂ‘ﬂ’nﬁammam?aa‘lﬂﬂsmaﬁmma%

] 1 o & ¥ W oo v do v o a ¢
AN V.3 ﬂ’1ﬂ’]i@(”lﬂa‘uLLﬁ\‘i‘UE]ﬂa‘lm‘u’mui’m’I’J‘Vl’)ﬂﬂ’)EJLﬂiENIQJIﬂ'SLWﬁV\iﬂLﬂE]i

.y U%mmﬁjﬁu%’ﬁ%'n AINTIAANEU N1SANUDUYADESY
' Tuladu (9 Wwels (% inhibition)*
3 08 0.56 53.79
1.0 0.428 64.68

3 1.5 0.423 65.09
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4 08 0.459 62.12
4 1.0 0.392 67.65
4 15 0.365 69.88
7 0.8 0.786 35.14
7 1.0 0.752 37.95
7 15 0.748 38.28

M. *%inhibition = [ (AbScontrol — AbSgample)/AbScontror 1 x 100
AbSoptro= 1.21188

4. ﬂz’fagaﬂ'qmigmnﬁuuawaa‘la%’mmum—aa‘lismuaaﬁ'l%'u 8 fafqeinsaslulasiwey
Fones

A5l 0.4 ﬂ'wmsgmnﬁuu,m‘uaq‘la‘?j’uﬁwﬁu%’ﬁ‘ﬁ'nﬁﬁ’mﬁwLﬂ%aqlu‘[ﬂﬂwaw%mma%

.y USinmunan- Ansgandu  NMIRnuRYYRddsE
aolswusaluladu () W (% inhibition)*
8 0.5 0.480 51.45
8 0.7 0.444 55.10
8 1.0 0.415 58.03

MnBvR. *%inhibition = [ (AbScontrol — Absgample/AbScontror 1 ¥ 100
AbSconerol= 0.98875
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UINNER
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nau a Junans v v d
wndign (5) wn (8) ) vow (2) | usewge (1)
NAUTTIVIOLAWT I
Riz
Flowery

o & a o ¢
ALY 2 ﬂ?m’uﬁu‘v‘u’]ﬂt’am 1-5 L‘W’e)‘i?d‘qﬂ‘l'}uw\‘iwalﬂaﬂuwri’m Iﬂﬂ

wingtay (1) vanetis tdeeiign (2) vaneis toe
(3) vanefs Urunam (4) vanefis 1N
P o
(5) vunsdd LINNEA
szauanuawsla
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AIAHUIN 4

AS1ULERIHANTITIATIZANSEDA
1. wam‘sﬁnmﬂfmuﬁawa“la‘uaan?{uﬁa 3 lunBanuailadu

Oneway
ANOVA

Smell

Sum of

Squares df Mean Square F Sig.
Between Groups 131.213 2 | 65.607 §5.43O .000
Within Groups 101.060 147 687
Total 232.273 149

Post Hoc Tests

Homogeneous Subsets

smell

Duncan’

Subset for alpha = 0.05
treatment N 1 2 3
nAudnavongnsIal 50| 20800
Riz 50 3.6800
Flowery 50 4.3000
Sig. 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 50.000.
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2 wansinwianuRewelavesiniuladul 3, 4 uaz 7

Oneway
ANOVA
Sum of Mean
Squares df Square F - Sig.
color Between 973 2 487 961 385
Groups
Within Groups 74.420 147 506
Total 75.393 149
viscosity ~ Between 6.880 2 3.440[ 4.089 .019
Groups
Within Groups 123.660 147 841
Total 130.540 149
texture Between 8.440 2 4.220| 6.515 .002
Groups
Within Groups 95.220 147 .648
Total 103.660 149
Absorption Between 2.080 2 1.040| 1.262 286
Groups
Within Groups 121.180 147 824
Total 123.260 149
moisturize Between 1.000 2 .500 .886 415
Groups
Within Groups 83.000 147 565
Total A 84.000 149
total Between 9.160 2 4580 9.056 .000
Groups
Within Groups 74.340 147 506
Total 83.500 149




Post Hoc Tests

Homogeneous Subsets

color
Duncan’
Subset for alpha = 0.05

treatment 1

gnas 50 3.7400
gnad 50 3.7600
agnsv 50 3.9200
Sig. 237

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 50.000.

viscosity

Duncan’
Subset for alpha = 0.05

treatment 1 2
gnss 50 3.1800
gnid 50 3.3800 3.3800
gnavr 50 3.7000
Ste. 277 .083

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 50.000.
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Texture of lotion

Duncan’

Subset for alpha = 0.05
treatment N 1 2
ans3 50 3.3800
anad 50 3.6400
ans’ 50 3.9600
Sig. .108 1.000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 50.000.

Absorption
Duncan’
Subset for alpha = 0.05

treatment N 1

GLEE; 50 3.3000
gnd 50 3.5000
ans’ 50 3.5800
Sig. .148

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 50.000.
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Moisturize
Duncan’
Subset for alpha = 0.05

treatment N 1

gma3 50| - 3.7000
LR 50 3.8000
gnid 50 3.9000
Sig. 213

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 50.000.

Total

Duncan’
Subset for alpha = 0.05

treatment N 1 2
GIRE; 50 3.3600
gnsd 50 3.8000
Gl 50 3.9400
Sig. 1.000 327

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 50.000.
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Abstract

Six pretreatment processes took effect on an amount of rice bran oil, y-oryzanol and
its: ABTS assay and DPPH scavenging from Khao Dok Mali, Thailand. Pretreatment
processes with operating temperature were microwave (60-110°C), hot air (70-180°C),
roasting (60-80°C), parboiling (70°C), autoclave (1_21°C) and enzyme treatment (50°C). The
highest amount of oil was available from hot air heating (70°C) with 0.27 g/g of dried rice
bran whereas a;rf;su-nt of y-oryzanol was available from the parboiling process with 9.8 mg/g
of dried rice bran and y-oryzanol concentration was calculated and got the highest value at

46.9 mg/ml oil by roasting process (60°C).
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1. Introduction

Rice is well known as Thailand’s industrial crop. The rice appears in the main dish
especially in Asian country. There are many types of rice, one famous type which grows in
the middle part of Thailand is Khao Dok Mali 105. Characteristics of Khao Dok Mali 105 are
long shape with white color and smell like jasmine with sometime called jasmine rice. Khao
Dok Mali is rich in nutrition (nutrient) such as protein, vitamins, ferrous and antioxidant
compounds [1]. After milling process rice is divided into five parts; white rice, brown rice,
broken-milled ﬁce, rice husk and rice bran. The rice bran is by product from rice milling
process of which around 10-12% contain large amount of fiber vitamins, minerals nutrition
such as phenolics comﬁound, vitamin E and its component; tocols, tocopherol, tocotrienol
and y-oryzanol [2]. A group of ferulic acid esters of phytosterols called y-oryzanol is the main
content of phytochemical in rice bran oil. The y-oryzanol can relieve diseases for example;
cholesterols, cancer, .heart dise’a;se moreover perform to be antioxidant [3-5].

Previously rice bran Wés- used. as animal feed (Thanonkaew et al., 2012) and
nowadays there are concerns about ﬁseful compounds contained therefore oil with contained
antioxidant compounds has been extracted ‘[5-1 1]. The oil extraction process has continuously
developed starting with conventional extraction. by using organic solvent [4], ohmic heating
[12], hydrothermal treatment (sub-critical wétcf) [13] and green technology by using
pressurized carbon dioxide (SC-COy) [3, 14-16], how,eVér, some extraction methods were still
limited with high toxin and cost therefore adaptation;_i_n» extraction method is necessary. A
huge amount of research investigated that although the method of heating pretreatment can -
enhance the extracted oil yield with the height contairniAng of  antioxidant but also/
consecutively stabilize rice bran oil [12, 17-22] moreover graih_bbcor:l_téins large amount of
carbohydrate, hydrolysis pretreatment by enzyme was taken in advIAﬁfa'g_e to get the high yield
of oil with antioxidant compound [23-24]. However there is astonishment that few research
regarding y-oryzanol extraction and increase the extracted yield therefore this is possible to
enhance the extracted yield from rice bran by such pretreatment methods.

This research will focus on finding out on the effect of pretreatment methods on the

yield of oil and y-oryzanol and also its antioxidant activity. The outcome from this research

will be the information to renovate oil and y-oryzanol extraction process.

2. Experimental

URL: http:/imc.manuscriptcentral.com/isst Email: sepsciad@uark.edu
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2.1 Material of Rice bran

Khao Dok Mali 105 was cultivated in Suphan Buri Province, Thailand. Rice was
milled by milling process then was kept in plastic bag and preserved in refrigerator at 4°C.
2.2 Chemicals

The standard of y-oryzanol was available from Wako Pure Chemical Industries, Ltd,
Japan. CN5 HPLC column was bought from ACE®. The solvent for HPLC, methanol,
isopropanol, ethylacetate and hexane were purchased from Carlo Erba®. Hexane was
purchased from Marcon Fine Chemical™, USA, acetone from Fisher Science, UK, ethanol
from Fisher Scie'ﬁ'ce,. UK, methanol from Avantor Performance Materials Inc., USA. Enzyme
of a-amylase was pl.lrchasedvfrorn Sigma-Aldrich Co., USA, 1,1-Diphenyl-2-picrylhydrazyl
(DPPH) from Si gvma—Aldri"ch, ‘Germany.

2.3 Methods ’
2.3.1 Material preparation

Raw material of rice bran is, pﬁmary prepared and selected the size in the range of
150-300 um by standard sieve (Endecotts Ltd, England) then applied with pretreatment
which was informed in following section and then continuously extracted the rice bran oil by
extraction method. Moisture content of the rice bran was measured and getting around
7.99£0.16%.

2.3.2 Pretreatment Processes

Pretreatment methods were adapted from Thanonkéew et al. [20] and Alrahmany et al.
[23]. The same amount of rice bran with weighed around 5 g was used for all treatments.
There are covering six pretreatment methods which are concluded in Table 1 and the detail of
each pretreatment method are 1) Heating by Microwave with differc;nt:-5temperatures; 60, 90
and 110°C at frequency of 2450 MHz (Samsung, GE87Q-S, Thailéﬁd) for 3. minutes. The
higher operating temperature than 110°C with longer operating than 3 rr.ii:nut(_es can bﬁm the
rice bran then turned to dark brown color therefore the limiting operating condition is 110°C
for 3 minutes. 2) Heating by Hot Air with different temperatures of 70°C, 100°C and 180°C
in oven (Memmert, UN110, Germany) with incubating time of 10 minutes. 3) Roasting by
domestic pan with diameter of 15 cm on hot plate (Gerhardt, Germany) with temperature of
60°C and 80°C for 3 minutes. 4) Parboiling by domestic cooking steamer with diameter of 30
cm with temperature of 75°C for 60 minutes. 5) Heating by autoclave with temperature of

121°C with pressure of 15 pound/inch® for 15 minutes. This condition is the same condition

URL: http://mc.manuscriptcentral.com/isst Email: sepsciad@uark.edu
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of sterilization and enzyme inhibition. 6) Hydrolysis by o-amylase enzyme with
concentration of 1375 unit/ml at optimum conditions for its activity by circulating rate of 180
rpm, incubating time of 120 minutes at 50°C.
2.3.3 Extraction method
This extractidn step was done for all experiments after treating with pretreatment methods
according to section 2.3.2. The extraction has conducted by using maceration method with
the same condition according to Ruen-ngam et al. [25], the extraction condition which can
achieve the highest amount of oil in the extract. The ratio of rice bran and solvent was
selected at 1:4 (g/ml) with using hexane as solvent and the circulation rate was controlled at
200 rpm with shaking time of 60 minutes at 30°C. All extractions were done in 250 ml flask
covered with aluminum foil for light protection. The residue in the extract was removed by
filtration with No. 1 Whatniap filter paper and the solvent was removed from rice bran oil
under vacuum pressure by rotary evaporator. (Heidolph, Germany) then the residue rice bran
oil was weighed by 4-digit weigﬁt '}nachine. The rice bran oil was continuously tested its
antioxidant activity according to DPPH radical scavenging activity and ABTS assay.
2.3.4 HPLC Analysis |
Amount of y-oryzanol in the extracted oil was measured by HPLC. The stationary
phase was CN5 HPLC column with size of 250'><v4.'6 mm. The mobile phase was the mixed
solution of hexane:ethyl acetate:acetic acid with \}ol.ume ratio of 97.3:1.8:0.9. The mobile
phase was operated with isocratic flow with flow rate 0.5 ml/min. All extracted samples were
analyzed with volume of 20 pl at wavelength of 330 ﬁm. The data was reported by LC-
solution software and the amount of y-oryzanol was calculated based on the area under the
peak of exacted known concentration of y-oryzanol standard at thte.sézlme retention time of y-
oryzanol standard around 27 minutes. :
2.3.5 Antioxidant Activity
"~ 1) DPPH radical scavenging activity e
The free radical scavenging assay was evaluated according to Alrahmén;/ ét al. [23] with
some modification. Briefly, 100 1 of each extract or BHT standard was added into 100 pl of
0.5 mg/ml DPPH prepared in ethanol upon a 96-well plate. The mixtures were incubated at
30°C in the dark room for 30 minutes and then recorded absorbance at wavelength of 517 nm
relative to control (as 100%) by microplate readers (EMS Reader MF, Finland). Percentage

radical scavenging or DPPH inhibition was calculated by equation (1);

URL: http://mc.manuscriptcentral.com/isst Email: sepsciad@uark.edu
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DPPH inhibition (%) = [1—[%5}}100 ¢}
control
when Absconyoris absorbance of controlled sample and AbSgampie 1S absorbance of tested
sample.

The scavenging activity of BHT standard were prepared in the range of 6.25-100 g/l then
measured its scavenging activity with the same method. The concentration of BHT at the
same equivalent activity of extracted oil was calculated based on the correlation of percent
radical scavenging and BHT concentration.

2) ABTS Assay .

ABTS assay is used for antioxidant activity measurement. The ABTS" was generated
through a chemical oxidation reaction with potassium persulfate [6]. The concentration of
blue green solution of ABTS* radical solution was adjusted by ethanol to get desired
absorbance range (0.1-0.8). To;pipette 100 pl of extracted oil upon the 96-well plate and
mixed with 100 pl of blue green solution of ABTS®. The mixed solution was incubated in
dark room at 30 °C for 5 min and then rneasﬁ’red at wavelength of 734 nm by using ethanol as
blank. Percentage of ABTS activity (%ABTS) was calculated according to equation (1) or
otherwise results can be expressed in pg/ml beldx equivalents (TE). The standard of Trolox
was prepared and linear in the range of 100-800 pg/ml.

2.4 Statistic analysis ,

All experiments were done in triplicates then the means and standard deviation of
amount of rice bran oil, y-oryzanol and antioxidant activify of ABTS and DPPH were
calculated. Statistic analysis was performed by SPSS version 22.0. Duncan’s multiple range

test was used to determine significant differences with analysis of variance 0.05 (p<0.05).

3. Results and Discussion

3.1 Effect of pretreatment processes on amount of rice bran oil

The amount of rice bran oil from each pretreatment process demonstrates in Figure 1; x-
axis is pretreatment process and y-axis is amount of extracted oil in gram of rice bran oil per
gram of dried rice bran. Amount of rice bran oil treated by microwave heating is at operating
temperature of 60 and 90°C then significantly raised to the highest amount of extracted oil
around 0.24 g/g at 110°C as shown in Figure 1 in grey color or in Figure 2. The statistic

analysis is demonstrated in Table 2 that the heating temperature is no significant effect on the

6
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amount of rice bran oil as shown in the same lowercase character in all heating temperatures.
The microwave heating distorted and destroyed the original oil body membrane resulted to
have large portions of cells contained a pool of oil and small granular material [17] therefore
solvent easily pulled out such oil to the bulk solvent. However heat did not affect the amount
of oil recovery even with reducing viscosity of the oil. Moreover at heating temperature of
110°C, the rice bran turned from pale yellow to dark brown color with rancid smell and bad
oil quality (oxidative rancidity) because heat burned the bran that affected to change in color
and there is still residual lipase activity in rice bran at 110°C resulted in high free fatty acid
and y-oryzanol and also gets the rancid smell [26].

Hot air heating is-heating up the material to desired temperature by convection. Increasing
operating temperature decréésed amount of rice bran oil as demonstrates in Figure 1 or Figure
3. In this case, it contradicts with microwave heating; however, too high temperature around
180°C accelerates the reduction of moisture content at the outside surface resulted in the
collapse of the material. However inéreasing temperature from 70-180°C had no significant
effect on amount of extracted oil as shown the statistic analysis in Table 2, it might be that
occurring of material collapsed resulted in solvent’s difficulty to penetrate inside the material.

The rice bran was treated by roasting with different temperatures. The effect of roasting
temperature shown in Figure 2 or Figure 4 results indicate that increasing roasting
temperature from 60 to 80°C increases amount of rice bran oil however the result was not
significantly different in both temperatures as got the statistical analysis in Table 2.

Among all pretreatment processes the highest amount ‘of rice bran oil was around 0.27
g/g obtained from hot air heating at 70°C and the lowest was .a.rc;und 0.14 g/g available from
roasting process at 60°C. It might be that heat from roasting proce__sé is applied directly to the
surface of material and then moisture moves quickly from the surface results to make it
collapse whereas the heat from air passes though the material then destroys the original oil
body membrane and builds up pool of oil [17]. Moreover air might maké the m:ate_,n'al swollen
results to the solvent more easily passes through the material to take out of oil than collapsing
the material. Microwave heating process was discovered to give lower amount of extracted
oil than hot air heating at the same range of operating temperature (90 and 100°C) because
microwave heating strongly lowered moisture content in the material then made the material
more brittle and collapse [20]. The heating process operated with steam such as parboiling
and autoclave heating demonstrated lower amount of extracted oil compared to dry heating

process such as microwave heating and hot air heating whereas roasting process got lower

URL: http://mec.manuscriptcentral.com/lsst Email: sepsciad@uark.edu
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amount of oil than parboiling and autoclave heating processes that contradicted previous
research [20] that operated under higher temperature around 150°C. The effect of operating
temperature on mechanism in moving out of moisture might be the critical effect on the
amount of extracted oil. Even through steam can penetrate through the material, it cannot
increase the oil yield in extract. It might be that the steam with high pressure makes the
material collapses and il blocks inside moreover steam with pressure breaks bulk oil into
small droplets then gets stuck with water inside the material resulting in difficulty to extract
by non-polar solvent. Amount of oil from enzyme hydrolysis was in the same range of
pretreatment by r_géis;t"_ing and parboiling process because amylase can hydrolyze carbohydrate
that make easily in oil éxtraction.

The highest amount of oil from each pretreatment process was continuously done for
significant differences énalyéié_ between means as the results demonstrated in Table 2. The

highest amount of rice bran oil from each pretreatment is not significant difference at p<0.05.

3.2 Effect of pretreatment processé§ on amount of y-oryzanol

Oil product after pretreatment process mainly composes of group of y-oryzanol. The
amount of y-oryzanol from each pretreatfﬁent-v- process are demonstrated in the following
section.

The effect of pretreatment process on amount of j/‘-oryzanol is presented in Figure 5, x-

‘axis is pretreatment processes and primary y-axis shows amount of y-oryzanol (mg/g dried

rice bran) and secondary y-axis is also amount of y—oryzari‘QL\concentration (mg/g rice bran
oil). The amount of y-oryzanol is in stack whereas y—oryzanél Iédﬁce,n,tration is in dot symbol.
The highest amount of y-oryzanol was available from parboilin‘g{”p.roééss at 75°C and got
around 9.76 mg/g dried rice bran whereas the highest amount o‘f f-_:pry-z'a‘nol concentration
was achieved from roasting process at temperature of 60°C with arék_lb:mda 64.93 mg/ml.
Roasting process accelerates removal of moisture from surface to bulk the_n: makes the surface
collapse resulting in trapped oil inside the material therefore got the hiéhest amount of y-
oryzanol concentration. The highest amount of oil from each pretreatment process was
continuously done for significant difference analysis between means as demonstrated in
Table 2. The amount of y-oryzanol obtained from microwave heating (90°C), hot air heating
(70°C) and roasting (80°C) have no significant difference at p<0.05.

The effect of heating temperature of microwave on amount of y-oryzanol is presented in
on Figure 5, x-axis demonstrates operating temperature in the range from 60-110°C by

8
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microwave heating process and primary y-axis shows amount of y-oryzanol in dimension of
milligram of y-oryzanol per gram of dried rice bran and secondary y-axis is also the amount
of y-oryzanol but in dimension of concentration (mg per ml of rice bran oil). The heating
temperature was increased from 60°C to 110°C, there was a little bit increase of y-oryzanol
concentration in oil which then dropped in range of 90 to 110°C; however, it got highest
value around 35.2 mg/ml at 90°C. Because of high amount of extracted oil resulted in getting
the lowest amount of y-oryzanol concentration at 110°C. Amount of y-oryzanol is almost
stable when increasing the heating temperature from 60°C to 110°C as demonstrated its
stability elsewhere-[21, 26-28]. However heating temperature more than 120°C enhances
degradation of y-odzan61 as reported in elsewhere [21, 28]. Statistic analysis shows in Table
2 demonstrates that all eipf;rirnents are significant difference. Moreover heating promotes
fatty acid degradation that fat.ty acid is cleaved to free fatty acid and low molecular
compounds such as oryzanol [26, 29]. Even though microwave is considered of the most
energy-efficient type and a rapid-method for bran stabilization, it still has limitation and
necessary primary check of feasibility in each application [27].

The effect of hot air heating process o‘n amount of y-oryzanol is presents in Figure 5.
Amount of y-oryzanol decreases with increasing the operating temperature in the range from
70-180°C and achieves the highest around 9.3 mg/g dried rice bran at temperature of 70°C.
Lipase is one type of enzyme exists in rice bran to pro:ﬁote rancidity by cleaving fatty acid to
low molecular weight such as free fatty acid. The optiniuﬁ; temperature for lipase activity is
around 60-70°C that raised the amount of low molecular wc:ight' compound that might be y-
oryzanol [27, 30] however at higher temperature of 100°C, few mdisture inside the material
resulted in no activity of enzyme therefore making it dropped down [26, 28]. Moreover the
operating temperature at higher than 110°C promotes degradation of y-oryzanol with higher
rate proceeded to get the lowest value as shown at operating ternperatufe--of’ 1.80°C in Figure
3 [26]. Amount of y-oryzanol concentration straightly achieved high at operat.ihg;."temperature
of 180°C because of the lowest amount of extracted oil obtained. Statistic analysis is shown
in Table 2, the operating temperature at 70°C, amount of y-oryzanol is significantly higher
value than other temperatures.

Amount of y-oryzanol obtained is shown on Figure 5, x-axis is temperature scale in
range from 60-80°C by roasting pretreatment. Amount of y-oryzanol is going to the highest

and reaches around 9.1 mg/g dries rice bran at 80°C because of existing - of enzyme activity.
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Statistic analysis is shown in Table 2 for both operating temperatures is no significantly

difference.

3.3 Effect of pretreatment processes on antioxidant activity

Results of both antioxidant activities are exhibited in Figure 6 on y-axis, x-axis is
pretreatment processes. The activity of DPPH scavenging in grey stack presents in higher
percentage scavenging in roasting (60°C) and parboiling process when compared to other
pretreatment pfocésses shows that the trend of it antioxidant activity is the same trend as
amount of y-oryzanol concentration in Figure 2. Amount of BHT equivalent treated with
DPPH scavenging is indicated in Table 2. The percentage of ABTS assay is also Shown in
Figure 3 in white stack ...The trend of ABTS inhibition is not the same as the trend of y-
oryzanol concentration that rmght consecutively affect of polyphenol and vitamin E in the
rice bran oil [20, 26]. The. hlghest amount of oil from each pretreatment process was
continuously done for hypothesis tést for the differences between means and get results

shown in Table 2.

4. Conclusions

This research was conducted and btelie_v,ed that pretreatment proceeds prior to
extraction can affect the raw material resulting in increasqd amount of extracted compound
(rice bran oil and y-oryzanol). Heat and lipase activity__ took physical effect on the material
and y-oryzanol stability. The amount of oil was achieved thf’qfil.ttghest value from pretreatment
by hot air heating at 70°C and amount of y-oryzanol got the highest value by parboiling
pretreatment process whereas y-oryzanol concentration was obtamed the highest value by
roasting pretreatment process at 60°C. This research also demonstrated nce b1 an oil to act as

free radical scavengers to inhibit DPPH activity and bleach ABTS.
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1 Tables
2 Table 1 Pretreatment processes with conditions
3
Pretreatments Conditions
1. Microwave heating 60, 90 and 110°C 3 minutes
2. Hot air heating 70, 100 and 180°C 10 minutes
‘3.ViR0asting 60 and 80°C 3 minutes, Domestic
cooking pan with diameter 15 cm
4". Pdr’boiling 75°C 60 minutes, domestic cooking
steamer with diameter 30 cm
5. Autoclave h_éa'ting 121°C 15 minutes
6. Enzyme .7 50°C 120 minutes
4

5  Table 2 Amount of oil product, YQOfyzanol content and antioxidant activity at each

6  pretreatment condition

Rice bran 0il  y-oryzanol- » Torox BHT
Treatments © 9%ABTS %DPPH
(g/8) (mglg) . (ng/ml) (mg/ml)
1. Microwave =
heating
-60°C 0.20° 8.04% 71.1%7.3° 7.54 50.6+2.8 3.60
-90°C 0.20% 9.08°5¢ 71.6+4.9 758 50.8+3.2" 3.61
-110°C 0.24° 88204 63+42 674 - 503221 3.58
2. Hot air '
heating . »
-70°C 0.27° 9.26"¢ 58.0+6.3 6.24 : '149”..6¢2.8“ 3.54
-100°C 0.23° 893"  57.5424 619 49.541.2 3.54
-180°C 0.21° 8.82° 60.9+5.3 6.53 492+1.5 3.52
3. Roasting
-60°C 0.14° 8.81° 68.9+4.9° 7.31 55.35+3.7 3.87
-80°C 0.17°4 9.10*¢ 65.7+0.9 7.00 54.14+0.3° 3.80
4. Parboiling ‘
-70°C 0.18%4 9.76°  61.88+1.9® 6.62 53.9+1.4° 3.83
5. Autoclave
“heating
1
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-121°C 0.20% 8.86° 67.7+4.4° 7.20 54.7+1.5% 3.78

6. Enzyme
-50°C 0.18% 8.31F 71.0+0.8° 7.53 53.0+3.5¢ 3.73

OCO~NOUAWON-=

8 Remarks: Values are meanststandard deviation of triplicate. The same superscript of
11 9 lowercase letter in column demonstrates no significantly difference in each pretreatment

13 10  process at p < 0.05

1 ~ The same superscript capital letter in the column demonstrates is no significantly

16 12 difference of the highest value from each pretreatment at p < 0.05

18 13

URL: http://mec.manuscriptcentral.com/isst Email: sepsciad@uark.edu.




10

11

12

13

14

15

16

17

18

20

21

22

23

24

25

Separation Science and Technology

Figure Captions

Figure 1 Rice bran oil recovery after treating with different pretreatment processes
Figure 2 Amount of y-oryzanol after different temperatures of microwave

pretreatment
Figure 3 Amount of y-oryzanol after different temperatures of hot air pretreatment
Figure 4‘ Amount of y-oryzanol after different temperatures of roasting pretreatnleﬁt
Figure 5 Amount of y-oryzanol after different pretreatment processes
Figure 6 Antioxidant activity of extracted compound in rice bran oil after different

pretreatment processes
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