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ABSTRACT

This research is studying of suitable extraction condition for rice bran extraction by
using 7 varieties of rice bran; Dok-kham (DK), Phukaothong (PK), Nang Dam (ND), Nang-dam
(ND), Sarm Duen (SD), Dok-kha (D), and Dawk Pa-yom (DY) and conventional variety; Khao Dok
Mali 105 (MA) under 5 extraction methods; Soxhlet, Maceration or Shaking, Ultrasound-assisted
extraction, Supercritical carbon dioxide extraction and Subcritical solvent extraction
Preliminary optimum condition and extraction method were examined for finding condition to

get rice bran oil with high quality by using DY and MA. Rice bran oil was then analyzed by

quantitative and qualitative. Amount of Y-oryzanol, total phenolics content, total flavonoids
were then analyzed and quality of antioxidant was then analyzed by DPPH, ABTS, and FRAP
assay. The extraction by subcritical water extraction has given the highest quality of
antioxidant. Among various upland rice bran varieties was found that DK and KN gave the
highest yield of Y-oryzanol. Especially DK gave the highest antioxidant quality by all means of
antioxidant activity determination. Therefore DK and KN were selected to be ingredient in
cosmetic production; serum and lotion. Cosmetic product with selected upland rice bran oil
was found to be high stability, good appearance and having antioxidant activity. The products
were tested by 20 volunteers for satisfaction in all factors in serum and lotion production that
were covering an overall satisfaction, absorbance into the skin, odor, the viscosity, moisture
and the results showed score of 59-87 percent was the satisfaction in the lotion and serum

formula product.

Keywords : Rice bran oil, Upland rice bran, Extraction, Y-Oryzanol, Cosmetic product
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sitostanyl ferulate \Juesiuszneusie  eslsvusaiinulutidus dmiivsunadssana 2%
Tuvauziinuindud Jszanu O.1%LLdﬁaﬁﬁﬁua§f‘ﬁ’umzmumﬁwﬁmﬁwﬂué’ﬁn

unssneslsruealuaszdfluiinidgausdlovimaiamnnmgliduiivse
wankazansnugnssuluead  dnlvgiimsthldldnenisumg  emnsuazivdiens ey
ownstenlfiduansiuoyyadassludduiis  Mduastudowssduasdestunmadeudly
wan ST Iudsady masnunvdorslenliifudiunavomdnfumisnweniegures
favtls Tenuduiy Snwianuamuresdndndas  warldmuaunauiiiennede  mmed
nsunnduazind@inemuiknuuneslsvuealinuautitisanUiinalawanesea annI3
ufveundnden WuUimnamndinsmidlugaasy uasthednwsruunsinuesatesd
Haun@lel
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2.3 nsiin wazn1suaenuayyaddse

a15eyyadasy (Free radicals) %50 Reactive oxygen species (ROS) \Uuluana %508
pouiiidlanmsoulanifenegsevusnuariiongduundaiuluanaitliiafiosuazdoslaienis
AaufAzeeiiiaiuiisentuluanasiiegmelussmeiielidsiuaiosunasivilma aeyua
dasylusaull 2 urasheanaslusiiniglrunIsINaIyeIMITNITIglaniseanfidiniunas
MnuvdsnsuenimeiidufinssduliAneyyadasylduimuaioansindeafisluoinie
Lﬁuﬁuauuaﬁﬁsvﬁwms%ﬁmﬁmﬁﬁwé’wlﬁudmﬂa%aaﬂlﬁ?jﬁuaulaaau (Superoxide  anion),
laimwul,waiaaﬂlem (Hydrogen peroxide), lamaﬂsziammmﬂa (Hydroxyl radical) L:ua:uauma
aaiummumLﬂ@ﬂﬁiﬁﬁﬁﬂﬂIMLaﬂaauﬂmaLuaaﬂumuafﬂ%mmaiwmmmaamawmmaL&Jaiwma
AnsasesifisaguuulunthseumeuasiamssusiaduaivnueaniaialsaFodeinaqdu
Lsailavadendenszanausulaingsdalamesiuimiuuzisaduiuininiglusanieves
finalntlestunisTanfianeyyadaselngedonmevhnauvesmsiueyyadassiiainstulusane
wutoulesl Superoxide dismutase, Catalase, Glutathione perOX|dase Juduusnisadieans
Fuoyyadaszdiliifismonasifasifndsenoududleangainniuinsnisadisansduoyyadass
lmuaaaqmuuiwmsJRNﬂaiiumimua%aaaiwmﬂmauaﬂmalﬂjmu

UVaSHNTAUBYYADHTE

asfusyyadasyvseansueufoanduaud (Antioxidants) Ms133nAud laun Indiud
fiud Faen Luaualsu Iandute wasngnwiailinee (Phytochemical) 1w lndnuea
(Polyphenol) lalanailau (Isoflavone) tumu
2.4 MINATIAATAUDYNADETE

Bfeuilull 3 3380 (1) Antioxidant activity Fufunisieasizinuszansamessans
Auenyadase lunisresunsiineyyadaszueinsnaludda (2) Reducing power 1Uun1s
AATIIMAINEINTalUNNTIAEYetan R ueYYadaTy Waw(3) Scavenging effect on 1,1-
diphenyl-2-picrylhydrazyl radicals (DPPH) 1Jun133iAs1evininuaunsavedansinueyyadase
lun1sirdnans DPPH Badueyuadassvianis InslfeduisssaziBoavousay sl

LnsieeiniUszansnnvesansinuayyadasslunisdedunisiialalases
ponlun Y89n5AALUADA (Antioxidant activity)



a aa < % a < aa o s ! [ v & LYY
nsnaluasalunsaluiustanilaniiiuseailudiudsenaurivinsatianansaduiveuya
dasgifiegluszuvylinansdueyyadasyantuisinugisendueendinulusmedlalalnses
¢ < & . . A a v a P Y] ] ' o § v
ponlen udu Conjugated diene Wiafesansiueuyadassiinusealudiudsenovyilvians
Aullanunsalidianaseudvenyadaseladsauisaannisiialueyyadaszuoinsndluddnle
mewnilusgansamvesasinueyyadasylunisresiunsiineuyadaserainsnaluadadin
lnaidnansiueyyadaseasluasazaneiinind luadanauey Nelissevnis :nduldiaes UV
Spectrophotometer IAIN1IAANGULAIVBIENTALABTIANY1IAAY 234 WilunsANlATLUS
AuduanudutureslalasivasoonledNiinTuAItuN1ITaNaUBIAINITAANAULAITIUITEY
ANUEInsavesasiuenyadasslumsdedumainlalasilesoanlanle
2. MFAATIINANNENTALUNTIAIGVRATATUYYABESE (Reducing power)
asndusmdeenudanunsadedidanseuliivesneurioluanalunse)avetlansi
v v ' < @ v N . 6 3+ «
annsouanduduleseuld ( 1wy wan newas Wudmuwaniegluguesialoseu (Fe™) &
= a3 < v Y = a el' = & A
AuansalumMsidianaseuanatseug e lumudueiloyyadassnnuanniianduansid
sondaunazlineufiisen (ROS) leoeudaszveaninaiunsaludusinisfia ROS dueuya
giosoenlvduauleosy  lalasaueseenled  waveyyalsnsendadusuieUseuiisu
Auanansatunsiidianaseuvedsasansiaialasseznalunsinugisenseninanesse
lopouiuasainudasslindendl wavA1veInsgandulaninlafiaueIndy 700 wiluwns
NnAIeslloliaTziasiagldrannismsaUalasalay (UV Spectrophotometer) azfiAiusnu
muanuiuturesnessalessuiinuistumsiiuduresriinsganauadeusuanlang
ANLAN50VRINSTUTAITULIUA
3. NFIATIENANUEINTOVIIAITAIUBYLADETTAIWET DPPH (Scavenging effect
on 1,1- diphenyl-2-picrylhydrazyl radicals (DPPH))
DPPH  Aosunmadasziediosuasannsasudiaansoulddniiaiasuduluanailiiu
auyadase AuNl uazlielasuezaeulalanunnluanadusziiiiansdanailiduoyyadass

é’fngﬂﬁ 2.2
—N

03N N
NO NO 2

1: Diphenylpicrylhydrazyl (free radical) 2: Diphenylpicrylhydrazine (nonradical)

U 2.2 Msaseiuseivespeulalsauiieasvansiililueyyadasy

MatuANEITaveENsAUaYLadasETiAnwidunsfinuUszavsnmaesansinuenyadass

a

Tunssiusaiu DPPH eglusUsyyadassiiatesiegluaisazany (Hewly DPPH MeglusUauya



Sasvann weldandie) Inglunsmaaeuiagly DPPH @Ashady) vufAsentuansiueya
sastluszoznaiifnuasinsganduuasiinldifinimuenadu 517 uluwasazuusiuiuay
uduves DPPH fsfunisanasesaududures DPPH (@seuadiusuenisauanunsaluns
MineuyadaTrYeIasiUaULAdaATY
2.5 Fmsainasitueyyadasy

2.5.1 msafadlelAIas soxhlet

YVaad A

Taevalaunisdunisainagldisd Juduisnsadawuuauiulagldyaniesie

soxhlet m&nN3Ae arsiidesnisatnazazasoeninanianiideanisadn Insazansludi
avaneiindunaziunduinednasieios nszurunsataiayldinaiuiumnnnit e $aluadesunda
Liifansidesnisazanseoninudilasunninasdunaldanansazaneiiaiifidvesansfiazanin
2.5.2 N5aNAR875A15UY (maceration)
Huassuruildlunisatnanssuiidlnenisurianidesnisatnadusvinas aredund

q
[

Wilwisnhengaudldnalunsaiauiu
2.5.3 ANSENAENSA28LATE99aNsHEN (ultrasonic)
Juasnldia3es Ultrasonic  Mldlunisavaunsaindegluiesufjifinig winnisfe
4' = v} 1 1 d' A a L% Ad! d‘a’lld L% o U 1
\3a9ilasInanIrUassmaubadeaeanuiludiinidslunfefmvinasals NSEUIUNITHINAIL
vibiianesine@nisuasiwazveednduinging Weesiiwvenediazfsansiognieluian
gonungnieusnuazazavangludinavany n1sananigslaziseansawavseliauiulady
Na189819 DULAKN
- anwdnld aldanudlunisadegeasldiaandulunisanie
- AuanURnuensiuresiaviany suldun Anuaule
A v o a v A A a o o Ao )
- Il nsadaialafuletionmniias uasludvhazaeniaiusulegs
- Yfnvesingnly
- ANUAUNNYUDA
P A o Ao v
- ANULUBIAAULESI LY
Tnginlun1sannasiiinanAsEUINAITEUAIUYBINY (secondary metabolites)
seAsvesiulszansninlunisana TuwivaslSuiu fsg1eansiannaiedsd Tusn Jun
r-ﬂl 3 . [ Y Y 1 a o A dy vaa X [
n309mA (sage) Alulud (chamomile) Taw WWudu dedrsnuidslusinilgisluanng
ANS519N 1
2.5.4 A15ananeLAsa9lulasian (microwave)
aa «, aa U d' a dﬁf 1 [ A v d{' I [ [
5 Tudsnsanenintulng ndnnisie nstgraubilasanlunisadinans fae
AuautRvessivinarareyliliauaudinuanseiululesgluauiuwimaniaiin wu nsgadu
dl' 1 < v 1 1 4' 1 I3 [~ Y [ d‘ 1 a a
AduwLmantiin nnsazviau n1sdsuLAAULLMAN AN Wudu Jadeinanauszansainlunnsg
afn annglunisadn a1 gamall Mawesrdululasion asaudfdan esduszneuiduauiy
ANUAIRLTaR AnauTRTeYaraeuazansNaiala
TuaRs3stldunlursnisarmsiie lglunisausuamsiagldanusauLie lvan



deqdurdsiivudevluomsuardiglunsanautluewnsussnndnuanalsl ludagtuisd
THlun1sadnansfnuoyyadaszaniiy (Oufnac 2006, Wittayasinthana 2007) Beluniniuasiisn
fufluguuuuresisnsatafisings fegrnuiseildisdlunsatnasuansdmmeiz
2.5.5 MsatadefvazateIngaeInda
Faduinsataussavmisildatnaanien viemsiueyyadasy Aadosnmly
nsnuarmdoulds wasduansiifinnuiitasi Tnsunldansveulaoenladidufhazats 3
fmunanzvesasveulneenledliegluannzednasinds vieanzimilegningnves

Asusulaeenles (T, = 31.1°C uag P, = 73.8 bar)
Paquisildtuunsvaneidesnnlissdnsamlunisafaiifdedio fuisnisade
‘Uizm‘m?ﬁuq wagilesAnsionvulavinnisvetevuinvessruufenan’ agnelsinuszuuaenanil
foudy Ao A1gunsniuazmasuiunisdeudiegs fegnanuddedliisilunsainasuanads
P1579913
2.6 "AseiiReadestunmsainansfiusyyadaszlutia
%’nﬁmﬁﬂisﬂauﬁwﬁ’@ oA free fatty acid, Y-oryzanol, ferulic acid, tocopherol,

phenolic ~ compounds  LJudu a1saenarnuenainagiivsylovilundlnguinisuaided

Usgansnmluidansiueuyadase laud Y-oryzanol, ferulic acid, Y-tocopherol uag phenolic
compounds  91n91uddelumsei 2.1 fs 2.4 uansliduinludagtuiieuddediusnniaun
szuumsatmansifiusslevtiuazansinueyyadaszaindn SBveaeuuszandamansiuoyya
dasziilenld Ao 35 DPPH
2.7 arurjutuvasiiavi

AUz viiviliiafieiisesuuiionly fo nsfiiavdeeenutudu Sufnan
anmeaeluressnnne uaznmsinatendsiadon Ay Stratum comeum agdasl
thannnd 10 wWeddudvesduusznouianun ielWduusenouimansssasnmuaudiiiadies
weflevilsfiamdsiu Stratum comeum anansafnwniiiinasanantRne Wy AuauFEly
msffut euauiFvesnsihoureseules  fnwianmwesioidlgasnuiniou
paeaaduda uasvhlmAansudaUdsunasaoonvesiawinuund danauRvend
Felumsrzaint vieviaauguiuanamalafinu iy n1sdniau mawtieseinia fasds
whtuen wasindusasesiiansaduneld



St 2.3 Fufianily
2.8 sruunsUuUSINaIA U Tuvasianie

ﬂwﬁfqﬁ%ﬁﬁdumi@m%’uﬁw futstudmiumuauUnamesautuiiagssmveeenty
vioTuithun WeinslvaiewvesnssumdeanmuunfagiliAnnusguiunielumad A
SUENﬁwﬁa%guuaﬂ%ﬁmmé{’wﬁ@mnﬁﬁwm Keratin vasfinisasiimudnumusiennuguis
maeiluasiidnd SrindeutumaranusadudinsasyiivimvestouuniiSouandols i
winzszhewazliinuavgu LwiﬂﬂaﬁﬁwﬁfwwﬁmiﬁL“fjuléuﬁuuavmsﬁlﬂu Hydrophilic
Uﬂﬂauaaawﬂwmlmmq mLLmyaalummmwmuamwmm Wudetuedesdienmaissin
wu Asu Tadu Atwannissamereniuutuinb Fulnadonutulutuis ANUTANEUVDIA
LAZALATUYI UG OENTLAL
2.9 \nSesdonsdmsuianile

i3osdondddiasuaunudaasuaimiiivessisnie dealdfueteienieuenves

$19me Suldun Ravids wa vy wazidu wieun g lidendininund uagtheudluundases
Aaivsedernivesinuasdu Wunstlesty uazsefunduneuaraumela nistosiufinain
Aeuen wWu Anuseu uawwan Wudy axviliuageeuislunianisunmdldsnyanuiaund
U9ee9UesRInt 1wy &1 81 nsy Swe [Wusu
2.10 AuvanevasAsutissRanazlady

Tadu (Lotion) wanefls Asgeiifidnwaugiiuveanardmivldnsusniang lonadu

ansazanela (solution) Falnudiu (suspension) w3adtiati (emulsion) @1uA3N (cream) WA

v
= ]

dsussiidnwandudiaduiuds asuuarladumiin nuneds asuladuiiaudmiuldifevise
Tﬁﬁmawu'm%uﬁﬁu wUsrndiatumunnuniale 2 via Ao

Tadu (Lotion) WWudtatufidmumiam (ma7) stflvmgmﬂmauaﬂiummmwaa 19y
Aanglulaiifiy 35% Dudu Iasuumﬁnﬂuvl,mm o/W (sliadsiulu) e w/o (@iailudsiu)
winuu W/0 laduiifey stﬂvﬂvmuwvmaaaﬂum Taduoaldansifiununiiniielivilnty
wadsmadureavaniilualaly

ASY (Cream) Lﬂu%ﬁa%’uﬁﬁmmuﬁmqq sanvazdwde) seiidiulsznouvasarsnan
Tyufa (Waxes) uarlugiu (Fatty acid or Fatty alcohol) Sstretiiununialiiessuasiasiiai


http://www.google.co.th/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=2LPN8atPhGc7aM&tbnid=W2l-FZ6o-aJDdM:&ved=0CAUQjRw&url=http://th.wikipedia.org/wiki/%E0%B8%AB%E0%B8%99%E0%B8%B1%E0%B8%87%E0%B8%81%E0%B8%B3%E0%B8%9E%E0%B8%A3%E0%B9%89%E0%B8%B2&ei=3Cl1UZjwMYjBrAfN5YHAAQ&bvm=bv.45512109,d.bmk&psig=AFQjCNHQglFpbLaZ2z5j_9OYCaMMupUKkw&ust=1366719293023868

Juow viewo Tauduniaminnitladu msgiviinaigaianislugeninlatu Ae
Uszanaieay 35-75
2.11 drunanvawdnfusiaiuuasladutiigeiin

asuuazlatutngiy Wundndusilusuuuudiiaduiifiesduseneundnddy 3 dau e 1p

AU nnadndiu wasdiddatu Faunsiazesrussnaulsivastdennil
2.11.1 asAUsznaunazangluigniauiduy
asduszneuuignanduluguuuuddaduenaluuibu (Oils) ludu (Fats) luuds

o
¢ a v 1

(Waxes) @ao19lfainsssumavienisdansizst dasudveanadlvoudweuddiidonunuie
13619 aidauauih fefuazdaideridiununinreiniluazannmdesuinuaives
wANSuT funmnseRlsiuniidifiddny 16un Wuasdueadeus Emolloient) Faduans
Tieuadunnfamils (Moisturizer) viutiniivdeduiialiiy wasAudemsdudadis3nuai
JuiunaziiunuBanguldiiuia auaioldniuuia Wy nsvaedu arugouty Ay
WiupgVLE uaznanszeiauuiathuandatuly diuguniwdesudnuaivesudniost éun ¢
w1 (Carrier) fivsiiwon & wagndu nszanedd iliudasasifaruaiiasowasinld Wuans
diandlendu vieansmueueuniln Wudu dedrsasdueadeus Hud

lalnsAnsuau (Hydrocarbon) ansnailladd laifindu Lty wazdinnuawiad Thun

Wdiuus waglywis iy dauaudfne ilildududivuidlagli@udngionds Januiegiu

a LY L3

HandunUndein wasndndaridesiunawnndclifenisliiinisgaduvesaiseengns wald
WHgAuNandueiu139R waglianunsanaunulviiniuasfiazatediulsenovvesludiuuu
Havitianng

(3

nsalvdu (Fatty acids)leuldnsaludund Cc12-18 TupSudwmsuliniaieliinilau

(%
=

UN9ARNRT NI NIRafeIn Deuuniige WWeinaiunsaguinliluluana yiliAnauguiy
wARIniialannn

3 ¥

woanagaaludiu (Fatty alcohols)asimaniyilminilaumauiy uaausaunsnduLing

9 Y

(% ¢ a a

Avilsfguuatulfuasdeldifofinanuvielifundn e deuldafesaueanased diia
woaneged nieldi 2 sy

amaivasnsaludiy (Fatty acid esteniefiawawme?d Wutsudsdddussiusznavly
waRF a5 anansagaduingiovldlaie wagsanga vimihiduinaisunswde
g1 visoansdAnngRamiald Wy wiisaludien [Wuduy

awasatvasnsalutiu (Liquid fatty acid esters)iJuieainasnsalvsiunas dainu
niladn douiuduinfldauuisgilidui arunsagadudngianislsalaglvinliidnmien
winozvug 1wy lolglnsiiauesawme lolalnsiaafeise

Tndeoateaad 1wy ndwesaluluaifoiss ndlefidulnreaioames Wuanstwdeis
wiafealdludiaty

dmesvaensalusiy (Fatty ethershdudnes
I3 = ad & @ Y Y a v o = I a a & ¥
sonlen vielwsidusenlen dnlddudmdiatu uazligvsiluasduoaldoudime

WAnannsalusiuvinufisenduiediau

Do SD.

v ¢

lasn@dwalsa (Triglycerides)urdunlaaniisuazdnd diulugjuszneusmelasndives
lsfvasnsaluduansnss dmdnluanagamssiinduds waglidum wazdalinquieameigagounn
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e Fefudhumeandidiararedudlifetultusifuiug S6wnanisgeafugRon wasidu
puAnitug Tnewuhannsogadudngfomidldd wu tiifuelanila didusidng msldhsudi
Tuans asldansiunisiiueme

#alau (Silicones)Juthifuiifimnunialdfusivarouisfuds fanuasimaaiss
nuauSouas Audlan innshndmilaleglivilisanvues e

aludu uazaywiisailudu (Lanolin and Derivative)fuasiiadalsansonlusiuves
ung liazaner usduilludiesld 19lundesdonsdmiviovdadierinlimdsiminduis
nduAuanngutuuazdanguld arlududianauifiduasdueadoudiiussansamauin &

£%
Y =

asfdsenaulndiAsiulufmdanniian uildedere nauuss ieliuudaadiiu naudfuans
JuLN uaTIUDY LI

dwasen (Sterols) ifisnilifo lawnamason arssiuonanvilifavilsutuwdy &
uwnulususssnvnfvesinfignudneenly nslufuiunaguiandsiuszneuse 1v way
Tnwaweson Uszandosay 5 faiu Taawmoseatildluniuuasiaduithysfinannsonaunulaiy
aussINATUDE9

woswedln (Phospholipid)ifuansimuluwaddnivesdsitinetgeiaiosas 2.6 fio 1a

i waznumnnluhduiy wazdnd Sauauifgaiuautu waznszanemilafuuin
d13iuiiu (Antioxidants)n1sinaisiuituudandndud miundnfudasuausuii

[ 7
o

mtliitoUeeiunisiin Oxidation vosUsiu wazasniimulmeufiseteendndu suldun Wi
& LY d‘d % [~ IQI LY a LY Q" IQI LY I v A d‘
3o ludunillassasraduluanauuulidudi viensaluduilidudigs ludiunay asiuiudn
Heulaun BHA BHT way Tocopherols (3nniiud)

ANTHANDUS LU ANTUAINGY waaNTueed visoastieiuAENvuenglREn e
LU @9AULAR @19ARAINTTTUYIR UIOTNTIUA9Y)

2.11.2 asAUsznauazalaluigniain

d158unuaus (Humectants)iduansnaiunsogaiiuauduainusseInIAsa Ui
Auludalad vinnthndestunisgadeunandensy ilvesuliwiirediaifuliuig freiy
mwmmuimmm WALYILSNYIANUAIA AT UNA NS N Imamimﬂummmmummmammu
AUFuINUTIEIMALAULLE nuldAuTuUng Sanamiladiieas mwaamamimwm
am‘dszﬂauauq mmwwuﬂmmluLUaauLLUaalﬂmmqmmﬁ Tsznegdensannnan nIandeda
neldnnuuunivesussernia dgnsuunans whlaatuansaugluansisu lissmedasin &

¢ ala 9 a = ° & aa = a & a A ~
wnwaudnteulduinigaluniesdronsdie lnsiaulnanea ndweu wazeosivea (eodand
Auvasasusaintas luiiduiiy LLGié"flaimﬂLﬁuIU%@mmm%umﬂﬁmﬁq YRR
PIANAR D UL A AINUAIAINIINIEATN

a Ny . 3 1 a = YV av o a 4 [

A15NAUNLe (ThickenenJuastigiuanunialiiuddatuy enaseninduans
B985 TU N15LARNAMUNTATUNITIRLAIILAIED LazAuag Ut LSl A UNEn ST
Tnsanzegeddiaturinlatudadusunaignianiely (gniauiv) des aldldaisiiuning
nilaunigainnieuendie azviliveadiduiitendiunsiuiudiedu uenandgeriedsuus
AauanURnIsInavediatu wasmnunlalvnvwilvndnduenldvaiauiuly



11

asiuide (Preservative agent)iilpsnneduuazlatuihssindasidomdsielag
aunidiiuduszneuisfesdinmslianstudaiiosudinmasiyiulnvesgauvidiluseming
nswan uazilendnsusinsdlefuslaa lneanstudeiinmsutliafaudududi awnsaeen
gvislenatugduvidynuia eengvdlalutismmndunse-rent aunsadifuldiuasdulu
03 lnglownzansazussisin muanudeu lidufiv lilssaeidosionds 1l ndu wagliszime
2.12 nalalumeilinguiwesesdinslswes

2.10.1 Occlusivefto Matlosfuinsumeoanainia lneiaiduiiduusiidedesunagu
v 3Rt Homy layer ﬁqﬁ;ﬂmﬂﬁadwﬁyumimlﬁgﬂszmaaaﬂlﬂ Anmsuuaseuy
fuganguy

D

2.12.2 Humectancyfio n1sgataIneImadgiamiiaidli Homy layer gt

2.12.3 Restorationof deficient materialsfie nsnawnuimTdgasivnmely
LU mﬁ‘mLmums%’ﬂmmm%ummﬁwmﬁiuﬁa (Natural moisturizing factor: NMFs)

2.12.4 wanfausiliauguTuuiRavs
Rovfads Stratum corneum 1NN UDINUNITUININIUVDIATANAYIINABUDN
15! é’aﬁwﬁwﬁﬁwﬁmwumﬁmaammsamﬁaﬁnﬁaﬂmfmﬂmﬁauﬁé’aaﬁwﬂwémgmﬁmﬁfq Lot
Fueauduvesinld LLGﬂu‘UNﬂuN’muWu Stratum corneum LARANRAUAR  VinlEANS
sumeranieena vt und sldRawRe W Julsaimilaanniiugnssy (Congenital
ichthyosis) %38 Xerosis @snuRnUnAvasimmliiinanfuidety Stratum cormeum w1ath
wazngaaaniiniduye maﬂﬁﬁmszmqm’mmmﬂmummmL‘Uuﬁ]uwﬂwumwaaLammgﬂﬁuz
A1999NIUNUA wennianstsyddonaneliiiamssyameiiesiowadaesilolerludy
Stratum comneum wﬂmmmwmaqmmmﬂﬂ waglunmzasienmaiinTuTus gV
dragsameaniomafivanndu il vemsvhenluiesfuennia deflnudus
szthessliimlutanntuiaiuiiedosidasesvuimlmnat  mslinandasiieiunig
Sdm%u Novdianlswes TR mamaLLﬁM’%aniLmﬂmmﬁaﬂmﬂé’ sUwuUnERSTueINER Y
suwuuesy ladu Bfatu latula wa uwavasd AReTONARAeTLAT AR T YA
uufﬂysuua*aJﬂUaqmJ'i..,ﬂawmaﬂummmaismaimLﬂuwuﬁmmammﬂmmaﬂame‘uﬂm
2.13 msmmywNaﬂuwammmmummqmu

2.13.1 msﬂamﬁufﬂuﬁfmﬁe (Hydrophilic matrix moisturizers) Tnenaua sy
#UUTENOUNNETTUYIAYDIRINTIS (Natural moisturizing factors: NMFs) %aﬁ@mauﬂamﬁﬂéjﬁ
\ieSnwIRausia s Hyaluronic acid 3o Sodium Hyaluronate 9138 LarluAguLanan @1
wiehhSuansfinududiulsenounusssurivesiavs

2.13.2 snsdesfiunisszimerasiinain@ia (Occlusive moisturizer) HanfnuidmsuRa
whsagnauihifunanssnluuinaroutisgs dnduasiedouivisdestumsssimeasinn
Ravids tdfufildlueiesdionsiivananduite thifulalsaisuou (Hydrocarbon oils) uawiis
dfudalau (Silicone oils) Tusiuanfiwazdns nsaluty lusuuoanesed Polyhydric alcohols
A5 (Wax  esters)  TRsanite (vegetable waxes) waanadUn (Phospolipids)
Sphingolipid uazamasoalaln laaaneson

shilungulelasensuou thifufiy difuanndad arludu vielafls Wuansfifautu
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wazmuesnug Idesldluvsinamemung dwsulviulunguleanalaln Sphingolipid wazaw
sveaLduluiuifinuaifrdeluiuresiovisssunateanmsaiunldlundndosidviy
FailaléR dwsuansiivhauladnngunds fo nquddlau asnduiiteiuauduiuuasievde
uiimidslemlaglimdounueruy lireliAndy uazlivihliAnensudt ansviedesiuns
sumevosanfilsidenie Vinlvfmilady dudu wastie wildedede luffuuisiinen
\AnnsgadusyuruneliiAngy wasiwanlundnisiusinugs asvhlriidnuasmiedulsidud
Juveuvearfuilae

2.13.3 msﬂﬂmm%’umnmimmﬂ (Humectant moisturizers)

miﬂammﬂumswaymamLLaummlmm 1%’Lﬁa{]aqﬁ’umﬁummaqﬁﬂmmﬁawﬁmﬁmsﬁ
lommdnfariuuiim msmmmm%ummammwmjumﬂmmﬂmﬂumwmm‘vm fraui
Tupnimgendt 70 wWedwud avanansagathanussenidld uidensduluenmes agndus
ihlssmeoenniiligusssnaiilifioufannty  Sseswaudoarududuiinomns
fhogwwesansnguil Ao nAweIu nssuamin lufeuuanwv Inslndulnanea weilves
Pyrrolidonecaeboxylic acid Infiuuaglusauunsyin
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Frequency (MHz) &

No. Source Material Compound Solvent type Temperature (°C) Time (min)
Power (W)
1. Salisova et al, 1997  Salvia officinalis Pharmaceutical active  37-42 kHz, 130 W 65% methanol 20, 30 (opt.), 50 1, 3,5, 12 (opt.),
compounds 24 h
2. Rostagno et al,, Soybeans Isoflavones 24 kHz, 200 W Methanol, ethanol, MeCN 10, 60 (opt. with 50% 10, 20 (opt.)
2003 ethanol)
3. Elisandra et al,. 2003  Chresta exsucca Steroids 60 Hz, 125 W Dichloromethane, 30 30
methanol
Chresta scapigera trierpenoids
4.  Hroméadkova and Buckwheat Hemicelluloses 20 Hz, 100 W 3% NaOH, 5% NaOH (opt.) 40, 60 (opt.) 5, 10 (opt.)
Ebringerova, 2003
5. Hromadkova et al,, Salvia officinalis polysaccharides 20 kHz, 600 W Water 90 1h
1999
6. Sun et al,, 2002 Wheat straw Hemicelluloses 20 kHz, 100 W 60% methanol 60 5-35 (opt.)
7. Jianyong et al,, 2001  Ginseng root Ginseng saponins 38.5 kHz, 810 W Pure ethanol, water- 38-39 (opt.) 1-2 h (opt.)

satuared, n-butanol,

10%methanol

13



d‘ Ao A o (% v a [ ! ! v A ! 1 %
f1319N 2.2 \‘1'1‘14')%?J‘VILﬂEJ'JﬂUﬂ'ﬁﬁﬂﬂﬁ’ﬁllUi%IEJ“Uu‘ﬂ']ﬂLL‘W@QWNG] Ineldndulalasinsiunglunisanina

14

) Frequency (MHz) Liquid/Solvent Temperature ] , Pressure
No. Source Material Compound Solvent type Time (min)
&Power (W) (ml/g) Q) (kPa)
1. Pan et al., 2000 Licorice root Glycyrrhizic 2450 MHz, 700W Water, Ethanol, ethanol -water opt.10:1 85-90 0.5-10 -
acid (GA) (opt.50-60%), Ammonia (opt.1- (opt. 4-5)
2%), ethanol-water- ammonia
2. Guo et al,. Radix puerariae Puerarin 2450 MHz, 700 W Ethanol-water 0, 30, 50, 70, 95 85, 90, 100, 2,5,8,12, 50-100
2001 (10-100%) 115,130, 135 30 (opt.50)
3. Pan et al,. 2001  Salviamiltiorrhiza bunge  Tanshinones n-butylacetate, ethanol opt.10:1 80 05-5 -
of root (opt.95%), methanol, acetone, (opt.2)
n-butanol , ethylacetate ,
tetrahydrofuran
4. Hao et al,. 2002 Artemisia annua L Artemisinin 650 W Ethanol, Trichloromethane, opt. >11.3 - 2,4,6,8, -
Cyclohexane, n-hexane, 10,12, 14,
Petroleum ether, No. 120 18
solvent oil and No. 6 extraction (opt.12,dia
solvent oil meter of
material
0.125 mm)
5. Pan et al., 2002  Salviam Tanshinones 2450 MHz, 700 W - - 80 0.5-5 min -

iltiorrhiza  bunge

(10-100%)
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) Frequency (MHz) Liquid/ Temperature ] )
No. Author Material Compound Solvent type Time (min) Pressure (kPa)
&Power (W) Solvent (ml/g) Q)
6. Shu et al., Ginseng root Ginsenosides 2450 MHz, 30,150 W Water-Ethanol (opt.70%, - room temp. 1,2, 5,10, 15
2003 (opt.) 30%) (opt.)
7. Li et al,. 2004 E.ulmodies Geniposidic 2450 MHz, 700 W Methanol-Water (80%) 20 - 0.10, 0.30, 50
(90, 70, 50%) (opt0.8)
(opt.50%)
Chlorogenic acid  opt.5% Methanol-Water (20%) - - opt.0.3
8. Fulzele et al,. Nothapodytes foetida  Camptothecin 100W Methanol, Ethanol - 80 3
2005 (CPT)
9-Me-CPT
0. Zhou et al., Tobacco leaves Solanesol 2450 MHz, 700W Hexane, Ethanol, - 60 5, 10, 20, 40,
2006 hexane:ethanol (3:1, 1:1, 1:3) 60
opt.hexane-ethanol 1:3 with
0.05 mol/l NaOH
10.  Martino etal,  Melilotus officinalis Coumarin, o- 100W Ethanol-water (opt.5%) - 50(opt.50), 5(opt.2heating
2006 coumaric and 110 cycles), 10
melilotic acids
11. Barbero et al,,  Peppers Capsaicinoids 500W Methanol, Ethanol opt.5:1 50-200 5-30 (opt.5)
2006 (opt.100%), Acetone, Ethyl (opt.125)
acetate and Water
12. Hemwimon et Morinda citrifolia of Anthraquinones 2450 MHz, 1200 W Acetone, Methanol, Ethanol, 100 60, 80,100, 5, 10, 15, 20
al,. 2006 roots (60%) Acetonitrile, ethanol:water 120

(20:80, 50:50, 80:20)
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. Frequency (MHz) Liquid/Solven  Temperature ) )
No. Author Material Compound Solvent type Time (min) Pressure (kPa)
&Power (W) t (mlg) O
13. Chen et al,, Ganoderma Total 2450 MHz, 800 W 95% ethanol, chloroform, 95% ethanol 60, 70, 78, 20 -
2007 atrum triterpenoid (100%) ethyl acetate, n-butanol, 25 100, 120
saponins acetone, and methylene
chloride/methanol

mixture (v/v,1:1)

14. Mauricio et al.,,  Soybeans Isoflavones 500W (5%) Ethanol or Methanol, 50 50, 75, 100, 10, 15, 20, 25 -
2007 (vary water 30-70%) 125, 150 and 30
(opt.50%ethanol) (opt.50) (opt.20)
15. Mao et al., Rhodiola L. Salidroside and 2450MHz, 200, methanol-water (10, 20, 5 - Soaked up -
2007 tyrosol 400, 700 W 30, 40, 50, 60, 80 and the solution:
(opt.400W) 90%) (opt.50%) 10, 30, 60,
120, 90, 120
and 150
(opt.60)
Heated by a
microwave:
1-8 min
(opt.5)
16.  Chen et Herba Epimedii Flavonoids DMAE 20-100 W ethanol and methanol - 80 10 -
al.,2008
17. Wang et al,, Panax ginseng Ginsenosides High pressure methanol, 70% ethanol- - - 2, 5,10 (opt.), 100, 200, 300,
2008 root microwave water (opt.) and water 15 and 30 400 (opt.) and
assisted extraction 500

(HPMAE)
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] Pressure Sample loading Solvent flow Extraction
No. Author Material Compound Solvent type Temperature (°C) :
(bar) (9 rate (ml/min) chamber (ml)
1. Roy et al,, 1996  Peppermint leaves  Essential oils - 40 100-300 23-24 0.028-0.66 ~177
and cuticular optimal
wax press. At 300
bar
2. Cathy et al,, Fermentation broth Rose aroma - 32-42 (opt. 35-40) 200 50 ml N/A 350
1999 of yeast and
L-phynylalanine
3. Palma and Grape seed Polyphenolic 10% methanol 35-55 (opt. 55) N/A 0.03 1 1
Taylor et al,, cmp. (opt.)
1999
4. Tonthubthimth ~ Neem seeds Nimbin 35-60 (opt. 55) 100-260 2 0.24-1.24 10
ong et al,, 2001 (opt. 230)
5. Huang-Chung et  Ginseng root hair Ginseng root Ethanol as co- 35-60 (opt. 60) 104-312 80 5 300
al,, 2001 hair oil and solvent (opt. 312)
ginsenosides
6. Mendes et al.,  Algae Carotenoids - 40-55 (opt. 55) 200-350 5 400 N/A
1995 Chlorella vulgaris ~ and other lipids (opt.)
7. Matsuyama et Yeast Phaffia Astaxanthin - ~40 197 0.3 N/A 50
al,, 1998 rhodozyma
8. Careri et al,, Spirulina Pacifica Carotenoids Ethanol as co- 40-80 (opt. 60, 76, 80 C 150-350 0.5 2 7
2001 algae solvent for 3 carotenoids) (opt. 350)
2-4 50
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No. Author

Raw Material

Extraction method

Analysis method Activity

Results

1 Sunan and
Sirithon, 2010

rice bran, rice husk,
brown rice milled
rice

(Khao Dawk Mali

Solvent extraction
by shaker

Shaking in incubator

Phenolics-acid DPPH and FRAP

composition: HPLC

Y-oryzanol: RP-

Products: Phenolic acid composition, Y-oryzanol, tocopherols

Hgh antioxidant from bran and husk

105) 150 rpm HPLC
80% methanol with High content of Y-oryzanol, tocopherols in bran
1:10, w/v
All fractions compose Phenolic acids; ferulic, vanillic and p-
coumaric acids
Rice bran and husk: value sources of antioixidant
2 M. Patel and S.  rice bran Solvent extract by HPLC Four times higher Products: Rice bran oil; oryzanol, lecithin, tocopherol, tocotrinols,
N. Naik, 2004 hexane, ethanol than Vit E 1-2% of mixture of ferulic acid esters of sterol and triterpene
isopropanol alcohols, fatty acids
supercritical carbon High extraction yield by SC-CO, extraction: 4.93 ¢ of rice bran oil
dioxide extraction with 100 g of CO, at 80°C and 10,000 psi
(SC-CO,)
SC-CO2 extraction is efficient and rapid method from all the by
products of rice but the high cost of equipment and operation.

3 Azrina, A, rice bran Solvent extraction Y-oryzanol: RP- Products: Y-oryzanol; 4 isomers of cycloartenyl ferulate, 24-
Maznah, I., and by HPLC methylene cycloartanyl ferulate, campestryl ferulate and mixtures
Azizah, A. H,, chloroform:methanol of Y-sitosteryl ferulate and cycloartanyl ferulate
2008 mixture (3:2)

Fat yield of 16.4%
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Y-oryzanol in range 23.7 - 43.0 mg/g depends on plant varieties,
processing methods employed, extracting solvent used and the
ratioof extracting solvent to bran as well as extracting solvent

temperature.

K. Chakuton, D.
Puangpronpitag
and M.
Nakornriab,
2012

12 colored and
non-colored native
Thai rice cultivars
in Surin province,
Thailand

Solvent extraction
by methanol,
distilled water,
hexane and ethyl
acetone

Shaking condition:
speed 170 rpm at
room temperature 1
h

Phenolic content:
Folin-Ciocalteu
method

Anthocyanin:
Absorbance at 520
and 700 nm

Phytic acid:
Absorbance at 519
nm

Y-oryzanol: RP-
HPLC at 330 nm

Products: total phenolic compound, total anthocyanin, phytic acid,

Y-oryzanol

Highest extraction yield by methanolic extraction (5.45%)

Amarasinghe
and
Gangdavilage,
2004

rice bran in Sri

Lanka

Solvent extraction

by hexane

Oil: HPLC column
Zorbax ODS

Product: free fatty acid (linoleic, oleic and palmitic acids

Soxhlet apparatus
and pilot-scal
leaching unit
Stabilization
technique was also
tested.

Steaming method is the most effective method of bran pre-

treatment

Bran from parboiled paddy had higher yield of bran oil than raw

rice bran

Batch extraction: extraction rate ecreases with time
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6  Chen,etal, rice bran oil pilot-scale extraction  Four Y-oryzanol, Product: Y-oryzanol > 98 wt%
2008 and lab-scale three free fatty
deacidification by acid: HPLC YMCRP-
SC-CO, 18 column UV
absorption 330 nm
SC-CO,: 300 bar 313K Total yiel of oil: 15.7% with free fatty acids 3.75% from 20.5 kg of
from 1.03 kg CO,in 8 h
powered rice bran
soxhlet extraction
7  Chen,etal, rice bran oil SC-CO,: 350 bar 313K D—oryzanot, free -

2008
Related to

number 6

fatty acid and
triglycerides: HPLC
YMCRP-18 column
UV absorption 330
nm

Product: oil 17.5%,Y-oryzanol 84.9% using 1200 g of carbon dioxide

over 4 h

8 Amonrat
Thanonkaew,
et al.,, 2012

Rice bran samples
(Sangyod
Phatthalung rice)
(O. sativa L)

Hot air heating

D—oryzanot:
spectrophotometer
UV absorption 315
nm

Phenolic content:
Folin-Ciocalteu
method using
absrobance at 750
nm

Flavonoid content:
UV-vis
spectrophotometer
at 510 nm

DPPH

Product: cold-pressed rice bran oil (RBO) hot air heating 5.53 g/100
g bran > microwave heating 4.81 ¢/100 g > roasting 4.77 ¢/100 ¢ >
steaming 3.41 ¢/100 ¢

Hot air and microwave heating are the most effective methods for
stabilization of rice bran: low content of acid value 6.30 - 6.38 mg
KOH/g oil free fatty acid 3.51-3.17% and peroxide value 11.72 -
12.13 mg Eqv/kg oil.

Hot air and microwave heating contained a higher content of total

phenolic compounds.
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Amarasinghe et
al., 2008

Full fat rice bran,
type BW 355 (raw
and parboiled)

Mixer-settler unit UV-vis

using aqueous spectrophotometry
extraction (water)

and hexane

extraction as

solvents

21

Steaming is the most effective stabilization technique.

Steaming, hot air
drying, chemical
stabilizatin,
refrigeration better
controls the lipase
activity compared to

solar drying.

The extraction capacity was highest at solution pH of 10-12 and
higher operating temperatures (60-80L_Jo).

Fast extraction occures at the initial of extraction (10-15 min)
Parboiling of paddy increases the oil yield.

Highest oil yield of 161 and 131 mg/g were observed for aqueous
extraction of parboiled bran and raw bran.

Aqueous extracted oil was low in free fatty acid and color
compared to hexane extract.

Major lipid species in rice bran oil were oleic, linoleic and palmitic.
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3.1 A1981931112

3.1
3.1
3.1
3.1
3.1
3.1
3.1
3.1

11 Similsaeiugaeniy Jandnguns Uszimellng
12 Simlsmeiugguuives Jandnguns Uszimellng
1.3 Similsaneiuguiam Janinyuns Uszinelne
14 Smilsaeiuganuifiou Jandnguns Uszimellng
15 $1tmlsaneiugaendy Fandnanaa Uszimellng
1.6 $dmlsaeiugiduiu Janinana Usemelng
1.7 s1imlsaneiugaenneeay Jadnasnugisnll  Usewelne
1.8 S1maneiuduinenugd 105 dmingnssays  Ussmelng

3.2 aswndiuazaunsal
3.1.1 d15iAdl

DOALNY

USenFoadLnsg

3.1.1.1 Hexane (AR grade) U3€% RCl Labscan Usginelng

3.1.1.2 Ethyl acetate (AR grade) US¥% RCl Labscan Useinelng
3.1.1.3 Acetone (AR grade) U3 RCI Labscan Useindlne
3.1.1.4 Isopropanol (AR grade) U8 RCl Labscan Usginelng

3.1.1.5 Ethanol (AR grade) U3#% RCl Labscan Usginelng

3.1.1.6 Ethyl acetate (HPLC grade) U3®v RCl Labscan Usgineilng
3.1.1.7 Isopropanol (HPLC grade) U3# RCl Labscan Ussinalng
3.1.1.8 Methanol (HPLC grade) U3®" RCI Labscan Uszinalngy

3.1.1.9 Gamma-oryzanol U3¥" Wako U‘izmﬂﬁﬂ‘l!u

3.1.1.10 BHT (Butylated hydrotoluene) U3®" Sigma Usgineiloasuil

3.1.1.11 DPPH (2,2-diphenyl-1-picrylhydrazyl) US&% Sigma Uszineleasuil

3.1.1.12 Ethanol 95 Wasidus uS®m ANTISEPTIC SOL. Useinelne
3.1.1.13 Acetonitrile (HPLC grade) U3#% RCI Labscan Uszinelng

3.1.1.14 Sodium Carbonate (Na,CO5) U3E" Ajax Finechem Pty Ltd Ussin

3.1.1.16 Folin-Ciocalteau reagent US#" Sigma-Aldrich UseinAlyasuil

3.1.2.7 Gallic acid US# Sigma-Aldrich Usgineileasuil
3.1.2.8 Quercetin U3E Sigma-Aldrich Uszinalyasuil

22

3.1.2.9 Aluminium chloride hydrated (AlCl;.6H,0) UF#% Ajax Finechem Pty Ltd
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3.1.2.10 Sodium acetate hydrated (CH;.COONa.3H,0) US¥% Ajax Finechem Pty
Ltd UszinAooainsy

3.1.2.11 Glacial acetic acid U3¥% QREC Ussinatiidinaun

3.1.2.12 TPTZ (2, 4, 6-tripyridy-l-s-triazine) UsE" Sigma-Aldrich UszinAlyasul

3.1.2.13 Hydrochloric (HCl) US#% QREC Uszinat@uaun

3.1.2.14 Ferrous sulfate US®W Ajax Finechem Pty Ltd Uszineiooainge

3.1.2.15 Ferric chloride solution US®% Ajax Finechem Pty Ltd Usgineedainse

3.1.2.16 Deionized water

3.1.2.17 Ascorbic acid US¥W Fisher Scientific Useinaansgasusn,

3.1.2.18 Trolox (6-hydroxy-2, 5, 7, 8-tetramethylchroman-2-carboxylic acid)
USEN Sigma-Aldrich Uszineileasuil

3.1.2.19 Butylated hydroxytoluene (BHT) US®% Sigma-Aldrich Usginalyasuil

3.1.2.20 ABTS (2, 20-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid)
USEN Sigma — Aldrich Usginalyosuil

3.1.2.21 Potassium persulfate (K,S,0g) USH% Ajax Finechem Pty Ltd Usgine
GRGIGEL

3.1.2.22 a-Amylase (Aspergillus sp.) U3 Sigma-Aldrich Uszinelgasuil

3.1.2.23 Sulphuric acid 98% UF# QREC Usewnaidiaun

3.1.2.24 DL-Alpha Tocopherol U3#% Chemico inter corporation Usginelng

3.1.2.25 DNS (3, 5-dinitrosalicylic acid reagent) U3 Ajax Finechem Pty Ltd
UTELnroaLnse

3.1.2.26 Sodium Hydroxide (NaOH) US®#w Carlo erba Usginelng

3.1.2.27 Glucose anhydrous U3 Carlo erba Uszinelne

3.1.2.28 Sodium Potassium Tartrate (NaKC,4 HyOg) US®W Ajax Finechem Pty
Ltd Useinriooainse

3.1.2.29 Phenol crystalline 99% (C¢ HsO) UT¥ Applichem panreac Useine

Lol

3.1.2.30 Hydrogenated Polydecene US# Chemico inter corporation Usginelng

3.1.2.31 Caprylic/Capric Triglyceride U3 Chemico inter corporation
Uszinalng

3.1.2.32 Dimethicone U3¥% Chemico inter corporation Uszinelve

3.1.2.33 Isononyl Isononanonate USE" Chemico inter corporation

Uszine Tng
3.1.2.34 Isopropyl palmitate U38% Chemico inter corporation Usginelng
3.1.2.35 Microcare PM3 U5%% Chemico inter corporation Uszwelng
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3.1.2.36 Rice Bran Oil US®% Chemico inter corporation Uszinelney

3.1.2.37 C12-15 Alkyl Benzoate U3E% Chemico inter corporation Usginelng

3.1.2.38 Butylated Hydroxytoluene U3 Namsiang group Ussinelng

3.1.2.39 Cetostearyl Alcohol (50:50) U3®% Namsiang group Uszlneilne

3.1.2.40 Shea Butter U3 Namsiang group Ussinelng

3.1.2.41 Na,EDTA US®% Namsiang group Useinelne

3.1.2.42 Phenostat U3 Namsiang group Usginelng

3.1.2.43 Cetyl Ethylhexanoate US®¥% Chemico inter corporation Uszinelng

3.1.2.44 Novemer EC-1 US¥% Namsiang group Useindlne

3.1.2.45 Xanthan Gum U3 Namsiang group Uszinelne

3.1.2.46 Methyl Glucose Sesquistearate USH% Namsiang group Uszinelne

3.1.2.47 PEG-20 Methyl Glucose Sesquistearate U3® Namsiang group
Uszinalneg

3.1.2.48 Neopentyl glycol diheptanoate (and) isododecane UF#" Chemico
intercorporation Usginelneg

3.1.2.49 Gamma Oryzanol U3¥" TSUNO rice fine Chemicals Uizmmjﬂu

3.1.2 gunsal

3.1.3.1 infesdansluiinnduiues(Ultrasonic cleaner, 40 kHz) Ju VGT-1990QTD
US®N Guangdong GT Ultrasonic Useinedu

3.1.3.2 in3adlwsulsiliamos(Probe sonicator, 10 kHz) §u VCX-500 U3 SONICS
USENAENIFRLUSN

3.1.3.3 \esesanndediazaneiian1nzAsings Ju 4848 Reactor Controller U3¥y
Parr instrument Usglnaanigawsn,

3.1.3.4 \esesanadoaiueulaeenlediian1ngingndeedn su SFX 220 Un
Teledyne ISCO Usginranigaisn

3.1.3.5 \ASasgantian

3.1.3.6 Lﬂ%@ﬂ'ﬁ&%ﬂﬁﬂgﬂﬁﬂﬁﬁ (vacuum evaporation) Ju Hei-vap Precision U3
Heidolph Uszinaleasuil

3.1.3.7 wseslilasnansanes JU IEMS US¥W Labsystems Ussineansgeawsnn

3.1.3.8 ARANUAMIUIATIENAI0E19 JU ACE 5 C18 Yu1n 250x4.6 Hadluns U3em
ACE Usginagnaniaus

3.1.3.9 infedlanin NN TluUY IvAELTINULEY (High Performance Liquid
Chromatography : HPLC) U3%% Shimadzu Uﬁzmﬁﬁﬂﬂu

3.1.3.10 L3093 2 fumnds fu PB 3002 w3t Mettler Toledo Uszinelne

3.1.3.11 1A30ed 4 fumis Su U3 Denver Uszimadangu
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3.1.3.12 \A3peHaNans (Vortex) U Genie 2 U3¥W Scientific industries Usgine
ansgalsn

3.1.3.13 GuauTa Ju DLT-21V-85V12 US¥W Hier Uszimeilneg

3.1.3.14 lulasiwanviin 96 wiqu USEN Coming Incorporated Ussinmansgaisng

3.1.3.15 N32A1¥NTBY Whatman No.1 U3¥% Whatman Usgimesangy

3.1.3.16 wiunseawlin PTFE gnsuuuin 0.22 lulasiuns
3.3 N9A3ENIIT
thidmynaneiugimuainnisuenaunsitrlaensldnzunsasou (mesh) tnsazdonld
$rdniifivuin 850 Tuaseu iothuldlunuided wazilorhnisuenuunSeudosuds el
Tuguaudsiifigamaiivnnit -20 ssrnwaidoa
3.4 M33nAuulusIEn (FauUasan Khoei and Chekin, 2016; AOAC, 1995)

sumanufafingldmanutulugevaudouiiguvnd 105 sserneaidea WWunan 2-3 $1lus

theenluldlulagaaudu Wunan 30 wiit udhdaihmsdeindnli 4 aeius wagsrdnameen
ugd 105 wifn 5 n3u ldadlumanuiafiiiuniseu sndunszaresidaldiaianisus inisds
dwdnmanuiafifisiinnouey nturhniseuiinudaraeiuslugdevauioudigungi 105
psrneaidea Wunan 24 Falus LﬁamuL’Ja’1‘1‘7iﬁmumﬁwaaﬂlﬂiﬁiuiammm%ju Jutaan 30 undl
i3 uhnduihmins davdseu (Dry Weight, DW) Arunamnfesazvosauzulusidn o 3 4)
PRAUNTT

v

3 o o 2w o o o
» HIMUNAIBYNNDUDY (NTN) — LIV UNAIDY NN AU (DITN)

Sp8aYAINNTY = T — » x 100
UIHUNAIDYINNDUDU (NTN)

3.5 N159983519717 (fakUasaIn Thanonkaew et al., 2012)

$rialevia 4 aneug wavhiinaneenuzd 105 Feddidusmun Y inddieeiesiads
d1auvunegEu Hunter lab §u miniscan EZ $uusnyiin1s standardize iiaifiunisdanndaasgu
Suduildlunista Tneld Black class waz White tile 91ntuidayinmsinsdnaanun Tnggtun
panundurd Lightness (mmamq L) Redness (A1dung, a) hay Yellowness (f@wdes, b) ¥
m’nmmamqamquaa 3 sefetnesidnn wethlumaniade L a uay b
3.6 nsafaiustin

Sinifivsivanlihuihmsasadeliliitusinlagldidnsataovue 4 33 W
mMsafauuuTevinian MsatauuuaduAImigs nsadaseaiveulaeenledingneinds nisara
fehneldannsidingn nduhansafaildnuwhnssveuiaiielenasazareoonlyinun
mﬁaLwiﬁ’/ﬂﬁui’ﬁn‘[m’[,%lﬂ%ﬁzmaLLﬁqqqu;ﬂmﬂ (vacuum evaporator) 91ntusfiutusidraus
azshogslilurinden uduslilugus -20 ssrnwaidea Wolwszvisioly

3.6.1 nMsanaLuUYeNinian (Soxhlet Extraction) (fnLUadann Tomita wazmuy, 2014)
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msadalagldieesadnvesinan  lagayldannynsainiidfigaainmsmanyimanzause
msafalagldsidnlsiugaenviy fuggumes wagirtnvnenuyd 105 Tasaginsdeining
U 5 ndu Tdasdlulufimda andufuansazans Uuns 200 Seddns Uszneurdoswevinian
wioudaszuuvdaurianilianuiou mniuduhnmsads deasunaud Jawiliaudou
wousanslilFansatniuas antfunsesansadadeyansommiued Tngldnsenunsenonuuuves
1 Mntunsesansatasidnaimidagldinges PTFE auin 0.22 lilasums udrTshasadndilély
szmaéhﬁﬁazmaaaﬂé’wl,ﬂ%nimaqggcgwmm (vacuum evaporator) Tudumeusiely fiusegna
thifusnditldlurndsududflug -20 oswaidoa
nsafndeiniessenian alddvhazanevionun 5 wia Ae eniew tefinesBian axdlau Lo
Tolnsnnuea uazienuea lagazdssidn 5 ndu ldadlufinda waziiuusazivhazarsaduaarn
200 Taddns wdhnsUszneuades wasllawmliauiousuinaionvesiviaratetug afn
Huna1 4 6 8 waw 10 9alus ensunanasiissosdlilmau anduthdnlaitmualssmedsh
avaN8eaNMELASeIsYWY (Evaporator) LLé’aL.muﬁmmﬂéhaLﬁaluimwudauﬁ'ﬂﬂLﬁuiﬂué’mﬁuﬁaﬁ
ﬁqquﬁﬁmdw -20 ssmwaLdsaiuTIrnuAssUNIY WiethlUinseiesduszneusely
3.6.2 NM3ANALUUWY (Maceration Extraction)
théneghanatnfmeisnmsuvdegriinanusiseu 200 rom Taeldluvinguvssvuia 250
ml andusennineenuaziiduivinasasuararsaraeiilundusvhazaseen uasfivansd
wiaeliluvindunitgamgil -20°C et lUiinszsiseld
3.6.3 nsanndeAfuEBIAIAAge (Ultrasonic-assisted extraction)
nsafalngldnaudssauias asldsdn 5 nfilunszuiumsarn uandefuganszuiuns
afin AgnIesansaianIuNIEAIENITaNENWILLDS 1 TussuugnnyInie Tniuhlussmesazans
penfeBlATossEMY  (Evaporator) udaunuiieinmesmeufalulasiauneuthluifulilugududend
grunfising -20 ssmealafiunAmnuassunay Wethlunsgiesdusznausoly Tnedituseu
nsafadwsieludl
1. mamdhazaeiizaudensadaaisunuanlelseiuea lnedvinazareilily
nsAnw b weneu Lefinesdne asdlay lalglnsniuea wazieniuea afnlaglddnsndiuvess
drsiesviazanedu 1:6 Tnesna igamgil 30 ssrwadea Wuan 60 und Taeldundadiinadu
deawuudansledanauiues
2. Bendvharanefliusinamaunuunlelssueainniian iethunldlunismnasstusely
fio MImdanduiivngaudenmsataasunuinlelssea lnedandusindesviazaneilily
msfinw lon 1:2 1:4 uay 1:6 lasana uavazadaflgumgll 30 ssmiwai@oa WWunan 60 undi lae
THuvasiidinedudsauusanlsinnduiues
3. BendndndliuTinuasunuanlolsueauniian evanldlunmaaesdusioly do
Msmeamaifmnzausenisatnansunasnlelseiuea Tasgamgifildlunisdnu léud 30 45



27

wa 60 asrwadea wazvihnsatmdunan 60 wift Tagldunastiiandudsanuudansilednaiu
\Wes

4. \dengaumpiildlunisadanliuiinamsunusnlelsvuesamniign ternnldlunns
naaestusely Ao nmsmarlunisataflmnzausonisatnarsunualelseuea Tnaaildlu
msAnw Téun 20 40 uaz 60 undl wazaialaeldunasriuinadudowuudanslednaiunes

5. donnatlunsada Aliuiinaasunulelssueauiniign tethuldlunsmaassdu
selU fie Msmunastiinadudssfimunzausenisatnaisunuailelssuea lnsunasiiandu
Geaiildlunisfinun 16 wuugnaUltrasonic bath) wagiuuTnsu(Ultrasonic probe)

3.6.4 Maanalagldfniazateiianiiziaainga (Subcritical solvent extraction)

nsafalagldfriasaeiianneinaing nelfleniuea wmuea uazih iudviazany

Fuanagdeidn 10 n3u Tdaduyaufnsel wdudusvinazareadly 100 faddns wdainaud
Tussuumeuialulasiou Tngliflanusudu 1 wawaaia (10 w19 ntuinisuszneuwres
Tanysal Tnogaumgdinldlunszuiunsadmdu 80 100 wag 120 ssruwadoa Wuan 20 40 uaz
60 wit onsunailihnisUnsruuuazitssend3lfdy mnunsesesatmriiunsznensesien
wuwuas 1 lussuvagyyinie Pntuhlusymesiiararseen Tnglunsdiiiduenueauazian
WealzsTIEYavalupendeLAIessTe (Evaporator) waznsafiduinagsymesvhazaieeen
Tnonsviustsuuuudidenuds (Freeze dryer) udunuiienmesnoufalulnsioudeuhluiiulilugus
wdantignmgiiinnin -20 esmwaldeauaziin ewlUinszsiesduszneusely

3.6.5 msaﬁﬂiﬂaﬁ'ﬂﬁuaulﬂaan‘lﬁuﬁﬁam'azmﬁaqm3nqm(5upercritical carbon dioxide
extraction)

Fa5rdm 1 ndu Wadlunwuzade neuiilunduedesadn wdiiuenusaaduvaoniu
feg1s Mntiwhnssadianngingg Tasgumndfldlumsataldu 30 45 uay 60 esmueaLdoa
Wuna120 40 60 80 waz 100 Wit lnsaginmsmueudasnsivavesvedlvadisiaiu 2
Jaaansnoui qmmqﬁmaaﬂ%aﬂmﬂﬁu 70 paAwalTud AINTLT 34.47 lWANEAA (5,000 psi)
dlenszurunisatadugrasiiansatalunaeafufedislussmeeniueasansoiniesszive
(Evaporator) Wdunuiioimeseufalulasiauteuhlufuliludusudifgamaiisni -20 o
wadzaiivsaanuassuniy Wiethluinssiesiusznausely
3.7 MydavTunuasaiedslasuilansluuuvaavailssdnsnings (High Performance
Liquid Chromatoghaphy; HPLC)

w3sudegssus T dudy 100 lulasndudedadans Tnsazaresegndua
\ndeuil udnsesuiansesiiegsiafifitond (PTFE) fiflvumugngu 0.22 lulasuns 9rniulvivh
nsdndiegne 20 lulasans L“ﬁﬂﬂiuLﬂ%a\‘iiﬂﬁuﬂﬂﬂiﬁ\lﬁuaﬂLMﬁ?ﬁMiiﬂNz@ﬂ (isocratic  pump
system, Shimadzu) 7ififansaaduiingi(UV-detector) maduiifliiinszsiluniin C18 wu1m 250 x
0.6 Tadwns (ACE HPLC) wladaudl (Mobile phase) fildusznaudie wmnuea lelalnsniuea
waziofiaezdimn (HPLC grade) ludnsndau 47.5 : 40 ; 12.5 muddiu fifisasnisinalu 1 fiaddns
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sowf fhamatugndsanueneduliil 330 wiluaes Waalunshesegiuu 15 nidededis
instudinlasulawnsy (chromatogram) laeldwenauas LC Solution warsnesuanduiadniy
sonfuiin wdihdeyanldlusudisuiunsminasguunulelsuueanielianzifeadu
WemUsinanunlelseuealushogranitusiing

nsAudsuaLnusnlalsuea

Usunauwnuunlelsvuearesiiegnafildauisamuiaildnnauieuiiouuiunaanswnuy
Telswuoavosinesiuanns Y=24481x , R =0.9928 wasnswiinnsgruunusilelssusadisannis

Ginawnuulelswuea (me/ml) = Huildia

24481

a15ava18810819 (stock solution) MASEUTANUINTY 0.1 DaANSUADNAFANT AIUITOLEAR
Atunthensuveawnuunlelseusasnensutnrinalsatnuntusidn (TadnSuRanSUUININES

anm) Weuleanauniseasaluil

Usunanuunlelseruea (me/e crude oil) = Usunamnuunlolseuea (mg/ml)

0.1 mg crude oil

Usunanuunlelseuea (me/s py) = Usunadnuunlelseruea (me/s crude oil)

Wus1IMnadale (g crude oil/g py )

3.8 nMslATiliinaEsUssneuiuedananun (FauUasnn Butsat LLﬁ‘”SIrlamompun 2010)
nsnageUmUSnaasUseneuiiued ananuaainintusdalevie 5 anenug shuvieriug
Fvnenugd 105 fiadtald awnsavildlaewmisuansazaty Folin-Ciocalteau reagent 13991368
dindulusnsdn 1:9 Tneusuas 1 Sadans ldadlunasanmaass wisuisfusidninegldioniuea
Sowaz 70 WWudvhazate Tildanududu 2 Sadnsuseliadans Usuns 200 lulasans ldvaen
npaes mavasaraslidfuluna 1 wiit snduivansazarelafouniveiundesas 10 lag
wadeUing U3ins 1 feddes undislhidunan 1 4alue fenmgdves lnsunannuasien i
Fahluiadinisgandunasiiniiueniadu 725 uiluluns setadesaunlasinlaiines
(spectrophotometer) ﬁwmmﬂ%mmmsﬂizﬂau%uaﬁﬂﬁ’jwm‘[maﬁﬂmim%auLﬁauﬁ’umimmgm
nsaunaaA (Gallic acid) fiennandudu 20 40 60 80 waz 100 lulasndusiefiaddns Usuaiildas
gnuanselumhedadniuunadaronsutming91)

N1SAUIUNBUAUNTINNINTFIULNGERA
USuuansusenauiusdauedsiog19u1us191n ke a1unsaftulIlaannsiuseuLieu
a = a o ' 'Y 2
YN TUTNoUNUDAATDIRIBYNNUANNTT Y=0.0128x-0.0468, R'=0.9935 18n311L10T51ULNG
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AM @15a2a186298197MLATUTANUTUTUAILA 2-4 TaanSunealadans aursakansanluniae
faansuunaaaronius1g1 (mg GAE/g DW) asaunisaeludl

Usunaansusenauiluadn(mg GAE/g crude oil) =(Ansaanduuas+0.0468) +2 -4 mg crude oil
0.0128
USunuansuseneuilueda (mg GAE/g DW) = USunaansuszneuilueda (mg GAE/g crude oil)

dhusimiiatnle (g crude oil/g o)

3.9 myiaszivsunaasiailiusen (FanUasain Wanyo wagaug, 2014)

nsmpdeumUSInaasUsznounailauesfarnthiuidnlene 5 arewug uiaituindn
ymmenuyd 105 iafeld aunsavldlaenisusegainuidnlaeldienueaiesas 70 1Wush
vhavane Tldmnududu 2 fadndusefiadans Usuins 500 lulasans lalunasannass aantusi
msiuarsazanglofenlulngs (NaNO,) Sasay 5 lneulanaUsuins USu1ms 150 lulasans wauln
Lsﬁﬁﬁumﬂﬁ?wﬁma@ﬁl,ﬁamaalsﬁ (ALCL,.6H,0) Fogay 10 lnguiadaUsuns Usuns 1 1adans nay
Thdfunasiulnioulonsenles (NaOH) Zosas 5 lneuradausunns Usuas 1 fiadans a1ntu
wanlansarareianuadn iy wiilsnfigumgiveadunan 40 undt deuasilutadnisgandu
wasinnueandu 415 unlwues feadenaunlastnlnsdmes (spectrophotometer) A1uaay
USinaasalnessimualaeiinisuisuiisuiuaisunnsgiuaiediiu (Quercetin) finay
g 0.06 0.08 0.10 0.20 0.25 uaz 0.50 fadnsusefiaddns Usunafilduanslumhedadnsuvean
redfiusdenduming i Geaniuvenmediiudeniauiminumednedg)

N1IAUIUNBUAUNTINANINTFIUAIDTNY
USunaua1snalueenveIiiag19u1stus191n e au1samulnlaannnsiUssuisuus Ui

I3 o ' Y 2
4151a1l1U08AUDIAI8E19AUANNTT Y=0.0023x+0.0722, R'=0.9978 84
N3MLINTFIVADTNIU @15ArANLRIRg 1NN ENTAUTNTUAILG 2-4 TadnTuneladans a1unse

uansAlunileadnsumediusenius191a (meg QE/g DW) Asaun1saeludl

Uunaumailauesn (me QE/g crude oil) = (An1sganduuas-0.0722) + 2 - 4 mg crude oil/ml
0.0023

USunaunaliuees (mg QE/g DW) = USinamanlauess (mg QE/g crude oil)

Wsiusdnanals (g crude oil/g o)

3.10 NFAATIIANINAINTAIUNIIAIUDUNADATEAI8TE DPPH (DPPH radical scavenging
capacity assay) (#ALUasa1n Butsat kag Siriamornpun, 2010)

WIBUETazaIy DPPH  (2,2-diphenyl-1-picrylhydrazyl) aaududu 0.2 dadluais uas
wanABINsgNNAs udwieuansaiadogisiinududu 0.2 - 30.0 fadnsusietaddns gasetn
asatafinutududiegun 100 lulasans Tdadumau udnAuansazats DPPH  U3uams 100
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lalasAnsadluusiasvay naulidniu dluddluiifiauiu 30w anduiluindinisganduuasd
ANETIARY 517 Wilunsiewa3as Microplate reader Tnessnunaidusanududuvesansada
fisuoyya DPPH 16 50 wedidust (Cx)  Faduanldlasldrfesasvesnisdueyyaodasy
(%inhibition) A9&N"3

nsnadeUANaINTalunIsiuenyadastlagldds DPPH radical scavenging vildlngy
W3sNasarats DPPH (2,2-diphenyl-l-picrylhydrazyl) Tilaanuidudu 0.2 Jadluais waidsinly
azaemzneulivuadendesdansilelanduiues iivmsazaisldvinguawi viese Wasws Lile
panidssnmslaunas vaderlilugifudeuiluldsoly andurhniadenadifusidnifenis
yaany Tldanudududaug 0.1-6 fadnfusdefiaddng ntunauaisiogsuazarsazans DPPH
§n91dau 1:1 TneU3unms visanasaanqu 96 well plate 9ntutalufifin o gaumgiesuiu 30
it udh3nhluinrnsgandunasinueniadu 517 uilulues fMelnies micoplate reader 1
erunadumarduduresasatniisudeyyadasy (DPPH) é¥asas 50 Tnsldannisdiuam
IngldrTosazanisinueyyadase (%inhibition) 3MN&UNS

% Inhibition = (Apppu — Agiank pppr) — (Asampte — Atank sampte)

(ADPPH - ABlank DPPH)

lag % Inhibition JovarveINIIIUeULADATY

| A £y 1 % d' a
Asample = AMNIRANFULAIYRIIBEANTANAANANSa¥a1y DPPH
Aok sample = AINTAANAULEIVDIFIDENS
Aoei = ANINANAULAIYBIETALA1Y DPPH
Agtank DpPH = ANIRANFULAIYRITITIAzaNY

8%

3.11 A15ALATIZHAMUEINTATUNISIA9A2875 FRAP (Aaluasain Kubola way  Siriamornpun,
2008)

W3sNA1TazaY FRAP reagent lnaUsgnaumeaisazatetiwineslaifeuas@inm 300 daaly
a135 New 3.6 @15avanunassnaanlsa 20 Aaaluas wara15azans 2,4,6-Tri(2-
pyridyl)-s-triazine  (TPTZ) 10 fiadluais dnsndiu 10:1:1 Ingusunns waruiansazats FRAP
reagent lUtilugsmunugamgdl figamgd 37 ssrmwwaioa un 30 unit ynafsdeutiluld viins
wSsnansavaretiusddeenueadosay 70 Wldaududu 0.25 S 5 fadndusieliadans
Us1ms 0.25 fiadans asluvaeannassauin 1.5 dadans aaniu ind1sazats FRAP reagent
U395 0.75 faddns adly shnsusdliiReufisoluiifiaduna 4 nit whdahluindinsgandy
wasfinuenand 595 uiluuns fewedes  waunlasinlndines (spectrophotometer) AiulniNa
ANIgANAuLasTesansazaneiegsLsaza iy Tnaiisufuamsuinsgiulnsdend sieeu

narduAfadnsulnsdondsansuiivinsi1n


https://www.sciencedirect.com/science/article/pii/S0308814608002793#!
https://www.sciencedirect.com/science/article/pii/S0308814608002793#!
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nsAuaiisuiunsnanasgulnsdend

AuEI5TUNTIAFE87S  FRAP  veefegnsinsiusdnaiildanunsaduialdainnig
Wisuilsuiuannis Y=0.0287x+0.1144, R?=0.9999 404n5Munsgiulnsaend A1sazanufiioe1ad
waguilaudududaud 0.25-1 fiadnfusefiadans wanslumheiadniulnsdendsoaisazans
Fog1atsus19 (me TEAC/e crude oil) uazanunsauansanlumiiensulnsdondsensutming
11 (me TEAC/g o) Tneniteuannaumissasioluil
U3uailvsqend (mg TEAC/g crude oil) = (An13gandunas-0.01144) + 0.25-1 (mg crude oil/ml)

0.0287
USunadnsdend (mg TEAC/S ow) = Ysunailnsdend (mg TEAC/g crude oil)
vrfusdnfianald (¢ crude oil/g o)

3.12 NIWAAKEASMIILIYEI1S
3.12.1 Bmswdsuuaziamumiulady uasiedy

‘v‘hmsﬁmumamﬁummwﬁmﬁmﬂa%ﬁwmu 3 gns 'mﬂﬁ?uﬁwmam’%amémﬁwﬁmmmﬁu
mmiwm 3132 uay 3.3 qumamwmLszﬁuwummiw 3.6 LwammiﬂivLmumamm%amwu
Bosiu Tnsuseiliunndnuasmenienin dnvusdeduila arumia mmmmwaamu 'mmam'ﬁ
Usmifiuamufienelaainotanadinsie 20 au Wiievhmsidensandusigasiiuin 1 gns Afdedudan
1 fanunadiad deldiundesusituiiiug Jailufaulegldasainiiuhduasasunum
oolswuea tieUFuUssHAnfuslimnzay o091 “Tadugnsusudge” fensneil 3.4 wag 3.5 uas
“WwingnsuiuUse” famsnedl 3.7 ilevnaeudnuuznianenn auatiniaedl Ussidiuaiuasd
yiAdoUNYRUBYYABasy DPPH nndsunuszaewfestoRanily avugutiu euduresiavilsron
uazndomuandae mutinsssdiuarufmelannenanaiasia 20 au
3.12.2 M5UslUAMAINYDIANTUNAAN U

3.11.2.1 Ussiiugnianiiinianisnin dunadnwasioduia weladu & aumiln mwendu
vosladu

3.11.2.2 UsziluauaudAmaail_vageuanudunsa a1ssaensgayinan pH azdeosdiaeg
Tuthsimangan 5.0-6.5 uddudinea
3.12.3 Uszillun2uAeen

ynstluiedadusienio centrifuge AM5758U 6,000 Sousaundl LHuan 20 udl
iodunadnuarnisuenduvenieladi sadmageudeds heating and cooling cycle Iny 1 58U
Aomsnaasuladutiulddifuiigumg 4 esmwadea 1Hunan 48 dalus 9nduiianldgeud
gaumgdl 45 uay 60 esrwaLdua 1uan 48 lus vhauasu 5 seu wdtufinualasfiansanain
Snwausiloladu (feaniden ofida 1dowan doniln) dunedvedatuiivendiu Gun Avdes
e d5u9) wazmaindnvaruenfutuaiuuazdusifadu (creaming)
3.12.4 UszlliunauiANIeYInw
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NAdaUUILENSNINTRIANTAULEY (preservative) miﬂumsula%ummmsuaqﬁlauwia
Lﬁ]immu‘lmmaﬂdmﬂmmswasml,mawaqmaia%u Wy AN nauwmiy LLaummmiLwﬂmwamgmﬂ
mumagmﬂumu mimw@aawimmmaaaumsﬂumamnm%mmﬁ total plate count tladuan
139919 (10-fold d|Lut|on) ey spread 1‘1/11/1’;5431/114’1@'11/1’13 NA 91UUANUTNTUAY 3 sm ‘Umwamu
A 24 Halu Uwqmmm 37 psrwalded Wensunavhnstusiuau lngvinisuseiiunuauds
Mt mmaensEazaan 3 dUn (Ussiuluduandt 1 2 uas 3) uasduialaladide@ifidinsonlag
T9auns

o aa dy CFU -a
Suunidinge (—) -n x 10

ml

ng  n Ao nuulaladl
_ v v & i -1 -2 -3
10° A ANUINTULATULRDAN 10 10 wag 10

a

3.12.5 MSNAHRUANSAUIYYADATEYRladuAI8I5 DPPH scavenging assay
MIvedeUgViUeYYadasyuetansdAynuineslsueanldiludiulszneuvesiisula
U 1AU871IAAY 517 U luuAs W3suaIsazals DPPH  (2,2-diphenyl-1-picrylhydrazyl) A7
Wty 0.2 Fadlia1s wasraniaeINISONLAILAR
= ) ) Y a aa Y v o v y a a &
wisslatu 1 nunauiv isopropanol 10 fadansliitniu warludumiesianiuiiseu
6,000 sousiaudl Wuan 20 wil dhdlantaluusazaududy 100 lulasdns wnldlunismaaeu

aaa

UfAsenfiuansagans DPPH U3 100 lulasing onndu 111 (V) LLazwaﬂﬁLéﬁﬁuﬁaﬁﬂﬂuﬁﬁm

A

foamgivieaduial 30 wnil munmammmimﬂauLLawmmmmau 517 wluins sewsesly
lasinaniaimes (Microplate reader) LU':?EJUmEJUL‘Uasmummsmua%aaaizqmwu gnsusuuse
LazgnInINvieInaIn laguiAIn1sgandunasi i esiduinsiiueyyadase (% Inhibition)
31m’lumaL"f]wi’lmmﬁwﬁwummﬁaﬁmﬁé’ué”yqa%a DPPH 1§ 50 wasidus 138 a1 ICs,
3.12.6 N1SNAFIUNISAB IALNNBINTTTZANYLABIADRINLY
AnwnsnelimineIN155eABLABIRORINTIRI87S Single closed patch test
PRMTIUSaTBILILYeIEETASIIWIY 20 AUTiIa 10 Wil (Beund) way 2 alus ndmn
wandusinsdndenotanainsillasnsfnidenainteyadililunuuasuauiideyaveseny ma
213N UseTRNSuRARTMgInIRY UseiRnsldnansaeiniig \Wudu
3.12.7 msmmaaumm*&juﬁuLLazmmﬁuﬂJaaﬁ%tﬁamm%mﬁmsﬁ
NAFOUUTLENDNNHNANN N IUDIE1ELATIIN 20 AU NOULALUAINTHAND U
ansusuUsadusseznan 4 dandt etanalunmsvilifiutusasdanduitulaslfirdomaaey
Rviids (§u Dermalab COMBO) iwsuifisurumsldladusmusiesnans
3.12.8 nMsnadauAunane laluanaddnsnananineiiavanans
thi$uladuiifianunsistadunianin maedl wagnnadanan neaeuay
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fenelaluoranasinssy 20 au lnenisvhuvvasuanuUszdiuanufianelalundedue Weldladu
ansusulsmeaouaufionelalud aumia dnvamidenty msBudhgiamds uageududu
3.13 nswSauLiguAINIeEnn

AMNAIAMNINADALUY One-way ANOVA @1135799 Duncan’s New Multiple Rang Test
mﬂﬁuﬁmﬁmwmﬂmﬁaﬁﬂﬁm (Significance; sig.) Tum1519 ANOVA mn@n sig. siAtaaninwasivingu
AtEdAYN1Enf (p<0.05) LS Hy wazgausu H, Ae dageiioy 2 Yasufiunnaneiu wagmn
A1 sig. AANINNIIATUEIAYNNADH (p>0.05) YUV Ho uazUfias Hy ) awawamamnﬁwalm
uansiaiu Tngvhnsvaaesivian 3 61 ilerugnieduas wlughanniuey mmmml,aawaua’m
Deauunmsgu malinsziteyanisadfannsaviildlagldlusunu SPSS esiu 24.0 lnetfu
musndeyanananaesivsznauiedeyarnaretison 3 61 thieyafilduinseinsadalae
WisuiflguanauaneinsesAafeseitanguiie e AR fuLUY One-way ANOVA Ansiisves
Duncan’s New Multiple Range test Wa15ad191nAUEdATY (Significance)
Tum1579 ANOVA
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INCI Name VRV U3ua 100%

(w/w)

Part A (oil) (70-80 °C)

Cetearyl Alcohol Bodying Agent 0.66

Hydrogenated Polydecene Emollient 0.66

Moringa butter Emulsifier 1.33

Shea butter Emulsifier 0.33

Caprylic/Capric Triglyceride Emollient 0.66

Dimethicone Emulsifier 1.86

Isononyl Isononanoate Emollient 0.80

Part B (water)
DI water Diluents/Solvent 90.66
Disodium dihydrogenethylenediaminetetra .
Acetate (NaZEDTA) Chelating agent 0.10
Sodium Acrylates/ Beheneth-25 Methacrylate
Crosspolymer (and) Hydrogenated Polydecene (and) Thickener 2.00
Lauryl Glucoside
Part C
Methyl paraben, Ethyl paraben, Propyl paraben, Butyl _
Preservative 0.94

paraben, Isobutyl paraben, 2-phenoxyethanol

TOTAL

100
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35

INCI Name Al YT 100%
(w/w)
Part A (oil) (70-80 °C)
Methyl Glucose Sesquistearate Emulsifier 1.30
PEG - 20 Methyl Glucose Sesquistearate Emulsifier 1.00
C12-15 Alkyl Benzoate Emollient 0.80
Isononyl Isononanoate Emollient 0.90
Dimethicone Emulsifier 3.10
Caprylic/Capric Triglyceride Emulsifier 1.00
Part B (water)
DI water Diluents/Solvent 88.20
Disodium dihydrogenethylenediaminetetraacetate
(NaZEDTA) Chelating agent 0.10
Sodium Acrylates/ Beheneth-25 Methacrylate

Crosspolymer (and) Hydrogenated Polydecene (and) Thickener 3.50

Lauryl Glucoside

Part C
Methyl paraben, Ethyl paraben, Propyl paraben, Butyl _
Preservative 0.10
paraben, Isobutyl paraben, 2-phenoxyethanol

TOTAL 100
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INCI Name ATRNT] Usunas 100%
(w/w)
Part A (oil) (70-80 °C)
Cetearyl Alcohol Bodying Agent 4.00
Hydrogenated Polydecene Emulsifier 7.00
Caprylic/Capric Triglyceride Emollient 8.00
Cetyl alcohol Emollient 4.00
Part B (water)
DI water Diluents/Solvent 74.20
Disodium dihydrogenethylenediaminetetraacetate
Chelating agent

(NaZEDTA) 5% 0.10
Carbopol-utrez 21 Thickener 2.00

Part C
Xanthan Gum Co-Emulsufier 0.10

Part D
Panthenol Humectant 0.10

Part E

Methyl paraben, Ethyl paraben, Propyl paraben, Butyl .
Preservative 0.50
paraben, Isobutyl paraben, 2-phenoxyethanol

TOTAL 100
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INCI Name ARV U3ua 100%
(w/w)
Part A (oil) (70-80 °C)

Cetearyl Alcohol Bodying Agent 0.66

Hydrogenated Polydecene Emollient 0.66

Moringa butter Emulsifier 1.33

Shea butter Emulsifier 0.33

Caprylic/Capric Triglyceride Emollient 0.66

Dimethicone Emulsifier 1.86

Isononyl Isononanoate Emollient 0.80

Part B (water)
DI water Diluents/Solvent 89.46
Disodium dihydrogenethylenediaminetetra Acetate .
(NazEDTA) Chelating agent 0.10
Sodium Acrylates/ Beheneth-25 Methacrylate
Crosspolymer (and) Hydrogenated Polydecene (and) Thickener 2.00
Lauryl Glucoside
Part C
Methyl paraben, Ethyl paraben, Propyl paraben, Butyl _
Preservative 0.94
paraben, Isobutyl paraben, 2-phenoxyethanol
Part D
Gamma Oryzanol Antioxidant 0.20
Rice bran oil (DK, KN) Antioxidant 1.00

TOTAL

100
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INCI Name w1 USuas 100%
(w/w)
Part A (oil) (70-80 °C)
Methyl Glucose Sesquistearate Emulsifier 1.30
PEG - 20 Methyl Glucose Sesquistearate Emulsifier 1.00
C12-15 Alkyl Benzoate Emollient 0.80
Isononyl Isononanoate Emollient 0.90
Dimethicone Emulsifier 3.10
Caprylic/Capric Triglyceride Emulsifier 1.00
Part B (water)
DI water Diluents/Solvent 87.00
Disodium dihydrogenethylenediaminetetraacetate
(NaZEDTA) Chelating agent 0.10
Sodium Acrylates/ Beheneth-25 Methacrylate
Crosspolymer (and) Hydrogenated Polydecene (and) Thickener 3.50
Lauryl Glucoside
Part C
Methyl paraben, Ethyl paraben, Propyl paraben, Butyl .
Preservative 0.10
paraben, Isobutyl paraben, 2-phenoxyethanol
Part D
Gamma Oryzanol Antioxidant 0.20
Rice bran oil (DK, KN) Antioxidant 1.00
TOTAL 100
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INCI Name w9 U3uae 100%
(w/w)
Part A (oil) (70-80 °C)
Neopentyl glycol diheptanoate (and) isododecane Emollient 2.50
Cetyl Ethylhexanoate Emollient 0.50
Isopropyl palmitate Emollient 0.90
Part B (water)
DI water Diluents/Solvent 90.30
Disodium dihydrogenethylenediaminetetraacetate
(NaZEDTA) Chelating agent 0.10
Sodium Acrylates/Beheneth-25 Methacrylate Thickener 390
Crosspolymer
Part C
Methyl paraben, Ethyl paraben, Propyl paraben, Butyl _
Preservative 2.50
paraben, Isobutyl paraben, 2-phenoxyethanol
TOTAL 100
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INCI Name ATRNT] Usunas 100%
(w/w)
Part A (oil) (70-80 °C)
Neopentyl glycol diheptanoate (and) isododecane Emollient 2.50
Cetyl Ethylhexanoate Emollient 0.50
Isopropyl palmitate Emollient 0.90
Part B (water)
DI water Diluents/Solvent 88.30
Disodium dihydrogenethylenediaminetetraacetate
(NaZEDTA) Chelating agent 0.10
Sodium Acrylates/Beheneth-25 Methacrylate Thickener 390
Crosspolymer
Part C
Methyl paraben, Ethyl paraben, Propyl paraben, Butyl _
paraben, Isobutyl paraben, 2-phenoxyethanol Preservative 220
Gamma Oryzanol Antioxidant 1.00
Rice bran oil Antioxidant 1.00

TOTAL

100
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Multiple Range Test
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4.2 AMSENAEITIINIITIIAELATDIBNMLAN (Soxhlet extraction)
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Pt o Ao ' = Y o v A o yw ¢ 5 oo
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Weadauan 6 92lus wuan nsuduansnvmnenuzd 105 lngldezdlau toniuea way
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4.3 nsafinansannidnlagldaduidesaaudgs (Ultrasonic-assisted extraction)
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\Wolilau . .y Ca o
1 e @ V1YY 6 Twentu / liden1swasundas >100 <30
nemUuUNaU
\olilau . .y Ca o
2 e @ w V1YY 6 Tanentu / ldinnsiwasuiuas >100 <30
neRUUNDU
49_/ = =
DL LEUNUA , g A o
3 e o v VNIYU 6 wenty/ liAnnsdsuua >100 <30
NBAAUUNDU

¢8
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A1517 4.7 anmnudianelaluetanadinsiendniualatugn s

Yaduanuianela wamnm%qmﬁu ATLLLLRAY (5) Sovag (%)
1 3.60 12
Auanelalagsau 2 4.25 85
3 2.40 48
1 3.30 66
N5TULIUAGH 2 3.60 72
3 2.95 59
1 3.70 74
anuazBunlatu 2 3.80 76
3 2.45 49
1 2.60 52
nau 2 2.80 56
3 2.10 42
1 2.10 42
AUNTA 2 2.90 58
3 3.05 61
1 3.30 66
AT 2 3.45 69
3 3.45 69

HansduelatugnsUTuuseindiuasunladluannuinduignsiiuiesndvesasannuibu

Y

s lUluddseneu tngasadndidusidninenviuidunsdueglutduunndeiulaty

VX aAA Y = Y 1

ansuiulsmenuy 1 uay 2 Nedadidduicduenuy diuladugasusuusadutiu 1 waz 2 fdmhes

1%

<

nansaininiuitn wandualeiouaziden nedulufeu waslinduanaisainuidusidng &

Aaudunsaniseglugaeiiey 5.5 G 6 wandlun1sei 4.31 nan1smegeunruasialae3snisiu

WRBINUTIA09gRs LiARNNSuENTY waznan1snaaeuauasialiaiuluniousumnl 45 e
a v dy

walded dadudu 4 eamwaldua (heating and cooling cycle) Lileladunladduiunnans e

NANA N LAANISHENTUALARNILUANS197 4.8 AaRauLl 4
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F1571971 4.8 GNYENNNIEAIN uazanwUznIuAliveaniualatugnsusuuss

AYIUAIAD
) & ) o a y a < Ay
gns anwaziilalatu ALY a (MstUunies / nulunsau
asuLdu)
gnsuTuls y Tsluntu / fdduay
6 YUYWOUAL Ko su. ¥
AanNvIY 1 walatulawendu
Wailey
1 Y] < v
NNLUUNDU
gnsuTuly - lalentu / Sdduau
PR 5.5 AR D P
Wty 1 Wnuay wilalatuliwentu
X .
Wawleu
1 Y] < %
NNLUUNDU
gnsusuUse » . Talwanau / NN
6 A DIDUEY e L.
ANV 2 aladulabenty
X .
Wawlleu
1 Y] < %
ARILUUNDU
gnsUsuUse - lalwanau / NEUNy
PR 6 AR D P
Ry 2 wanties talatulukendu
X .
Wawlleu
1 LY < v
NNLUUNDU

FATUIANYUENWNEN NGNS TUNUTLATEUIYY WenaaauauAsiacIun1TdY
whes nuBliiianisentuvendndueiuansininuawan wasiiiledudadouduasdialan duyy
Linila dnvaenisaiivesdndueiesuiunailafidinnudunsaaeiifiiey 5.5 duanddunisad

4.9
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ARSI SHan U U RTINS sugasitu tneivaisannuitusitn 1
Wesigudludinlszneurhlididdsuudatluandu gy ndaduiesuansysulsmenviuiidduen

UANa dundniueiwiugnsuiuusadutuiidvienndes Famdndueiesuaeignsininuaiig

'
a

TaliAnn1swendu datanuidunsanaiiies 6 Weldsuaziduanadniuiou waznaniugiinauain
ansanmunTus1910
159 4.9 FNYUENINIENIN kaTaN v IBATTRINERT M ILLaYanTUTUUT

AYIUAIA
Y kg ) o a y at' < Ay
ans AnwaLLoLSY ANNLBY a (nstuies / wnulunsou
aduiiu)
a % 6 1 gj 1 a
NAR U , Taiwent / liinnng
o & 5.5 VNIYU 4
LYTUNY Wasuuas
Wawlay
1 CY) [~4 v
naRLduUNdU
gnsUsuUse . lalwenau / NEUNu
6 duauvimia X oLw. Y
MDAV Wowsuliwendu
Wanlay
| 'Y} =1 %
NaRILUUNDU
gnsusuUse b Tsiuengu / Ddduay
L 6 YNIVWNED | . . & o,
RIS Wdnuay Watwsulukendu
¥ o
DRIEY!
1 Y] [~4 v
N LUUNDU
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4.7.2 VagauAIuAIivaINandueide3EnsiuTufiSouaduiiu (heating and cooling cycle)
NAAaUAILAIITRNAR Suailaty uaznAndusiedufidansadainiusidig 1
Wesidud lne3snaiAvludifou 45 esmiwaidea aduifu 4 esrmwaldea d1uu 5 50U WU
mammsﬂa%uua mamfw‘mLszﬁulummmsl,wﬂéuuLUuLuam&rmu fianuaiig dndnsimansusuls
nonuudiEthmaituiu diundnfasigrsusuusaduiuiiduiubndos mmmwmﬂuﬂmmqmm
Iumiwmaaﬂmmmsmumammmimmwmqmmmm 45 earialdeagaiuie 60 o
wallua aduiuiieamail ¢ osmuwaldoa Woasu 5 50U wafllsndniarignsusuleiildasadn
ihifusrimnenuuindnuusiendutueiy wardudiadu dannudunadaifiesasd W
Juarnifn drugnsuivlgildasataiifundndutuliinnsuendu mandunsadiansi
wansiwdn fusidingfuirdriduiududiuuseneviinnnuasiafiigs dafulunisfuine
wanfusiliimsAuluiitgumgiiae 60 ssmieaidea
4.7.3 Usziilupnuandalunisinuayyadase
Auanansalunisdtueyyadase DPPH  weswdndmusiladunaziodugnsusuugeidl
drutsznoureshifuidneenruuenduty 1 Wedidud AusanailusUuuuanududunes
a1varatenaniug (mg/ml) ﬁawmaaéfma%a@aiﬂﬁﬁa 50 1Wesidud wse A1 I, wuinlu
mﬁmﬁmﬁa%qmﬁu LLazLézj%"mqmﬁuhjwum ICsy tiipsannlslfidrunanvesansafningusidnal
dutsznau udidlevhmsiaungasiulnensivansatmingusidnadly woiwdesusidansdiu
ouuadasy nsladugnsuiutssneniuiagns 1 uax 2 Sgvdanindladisusuladugasusuusada
Fu nandasiluguiuuiesy nuiteugnsufuumenuauasiesugasusuusadutulian 1,
TndiAessauanslunnsisil 4.10
uonnilafinisthudndasladugrsusuus way Kdnsusiesugnsufudseiinunmaaey
AnuAsiIieIEmaivlufifouaduBunmaaeugvdiuoyyadase Tnsladugnsuiuusinenyia
LLﬁxIﬁ%gj@iU%’UUﬁLéﬁuﬁuﬁﬂ'w ICsp #10 71.26 + 2.33 uaz 104.61 + 4.74 mg/ml mawu wadils
WUIHAT 1Csg Lﬁm%uQWﬂLﬁmﬁﬂﬁamﬁmﬁwﬁ’umﬁmﬁm%ﬁa%ﬂ%gmﬂ%’uﬂgqﬂaﬂﬁum WAZHARNA U
Taduisgasuiulsaduduieufuluiifouaduifu wuRortufundnsusiofuiiiunsfoluiteu
aduidu wudwansaeieiugasuiuumenumilan ICs, Ao 26.69 + 3.85 mg/ml WARSAITTIENT
USuusaiintuden 1Cy, \isdufe 49.25 + 7.02 me/ml Fauanslunissit 4.10
WIsuiileuguidnueyyadassrmanurignsuiuusmesemiddeiitundnfasiadums
3 nudmanfaringnsUiuUssdovidueyyadasy ldFnimanfumlatunensdiduaniug
Tumsail 4.10 awdnsusiladumnansd 2 Tadumansén 3 uaz wiuvnansdn 1 ldananso
A5293087 1Cs 161 w3 Henauiduduunnndt 10° me/ml Suteandndasilatunianisi 1 finuen
ICso A® 226.35 + 2.80 mg/ml %qﬁqméﬁwuﬁaamhLﬁaLﬂsmh"‘uwﬁmﬁm%ﬁuanuiﬁaﬁﬁﬁﬂﬁuﬁ’ﬁnLﬂu
diulsznau
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M1519% 4.10 N1siueyyadasevaslatulaiuiuniels DPPH

gns ALRAY 1Cso (Mg/m)
B . ANV 24.48 + 1.32
latugnsusuuss 1 —
¥ bULLIU 6257 + 3.11
. . ABNUY 57.08 + 2.29
latugnsusuuse 2 —

N bUHLIU 84.40 + 5.64
latugesiun PONTA 71.26 + 2.33
NIUNITNAFOUAIINAIGN
(heat and cool cycle) Lsﬁllﬁu 104.61 + 4.74
lndugmtfiniy 2 PONTA 26.69 + 3.85
NIUNITNAFOUAIINAIGN
(heat and cool cycle) DRy 48.97 + 2.71

1 226.35 + 2.80

BRI aTUNIINTSAN 2 >10° me/ml

3 >10° me/ml

o o ANV 31.81 + 1.90
WIUARIUSUUTA —

Y ! LAY 34.47 + 3.51
Wty AONY 26.69 + 3.85
NIUNITNAFDUAINAIGN

<@ a
(heat and COOL Cycte) LUNNU 4925 + 702
KA SeiSuman1sEn 1 >10” me/ml

4.7.4 Uszliuanaudanisdianam

yhmsUssiliunmuandimeaiinmmasnszoznan 3 daw lnsussiduludua il 1 2 uas 3
domualalafidefiitinson viennaeuUssansamueansiude(preservative) fie Microcare
PM 3 Aldludiudseneundndusiladuazioiy §e33 total plate count twdnfusinngnsunide
8w spread plate ThAMT101913 W‘Uﬁfﬂwﬁmﬁmsﬁnﬂgmﬁﬁﬂmm%@lﬂﬁq 30 lalatinguananaly
P1571971 .11 Larguaanuan v TudsUssuguantBnisdinmdeideslaonisifuinyinan sy
wnnd 2 Weu nudmnadadasidiadisunudolifs 30 telad
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A1519% 4.11 vuleladinulunan s

. | ﬁWLa?{gﬁﬂuauLsﬁa (CFU/mD
¢ dUain 1 | dein 2 | denvin 3 > 2 Lo
Tatu
Tatugns | monvw <30 <30 <30 <30 (2 laladl)
USuuse 1l | udu <30 <30 <30 <30 (1 laladl)
Tatugns | menuny <30 <30 <30 <30
USuuse 2 | udu <30 <30 <30 <30 (4 laladl)
3
3 PONYY <30 <30 <30 <30 (1 Telatl)
gnsusuuse | uidu <30 <30 <30 <30 (5 laladl)

4.7.5 NSNAFBUNIITZANYLADY

mﬂmiwmaa‘umiizmaLﬁawaqm'E%mﬁmsﬁqmﬂ%’w‘;aﬁiaawﬁwﬁamﬁauwu%qmmaﬁm
17U 20 AU I NAnS s il dunan 10 wi (Beundu) waz 2 991u9 LeFunneInIsAuLaY
= \ ) A a & ¢ & eav 1 a | a o &
Hukas nudtlueranadng 19 aw viefadu 95 Wesiduailiuantonissenefossianinseivn
g3 Aiileseanadnsdiuiu 1 AuiiinseewasusuiImHaniueignsuTulTneny
4.7.6 NMSNAFDUANNYUTUVDIHITDNNANA A

NaaeUUsEANSAIMKEN S lun15vin IR gurulaeldinToanaaauiinila (3u Dermalab
COMBO) Tuenanaiinssan 20 au neukasnasldndndmanansusuusnluszeziigt 2 dUanii naaeu
TUN 0 7 uar 14 ULaneAImuguaulunisned 4.12  uag3uil 4.35 NUuIUTRAEIYRUUUYY

o N & v % W o w § ¢ 1 a [y 1Y)
D1ANFNATNVNATDUAIUYNYUIINATANAUINUINUT 1 Wosiuanilludiulsenounaniuelatuuay

'
v a

Wi ansaiuaRgRBulviuaunnIneuldndn el (Jun 0) WelileunsidsunlasAiny

YUBUANLLNTULWTUN 7 way 14 Fallpnuusnaneiueg1eiiiedfay (P<0.05)

3
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15NN 4.12 A1AUYLTUYDEIUTIUIVAdRURAR A ladu waziwsugnsuTuUse

AR uTignIUTUUTe Fuil AaABANITY (US)
201.13 + 22.02”

Tadunenuiy 7 266.80 + 8.15”
14 276.73 + 18.54°

200.33 + 27.63"

Taduduiiu 7 256.17 + 13.43”
14 293.00 + 14.33°
135.60 + 41.41"
SunanYIY 7 23553 + 14.16”
14 263.47 + 7.14°
0 176.42 + 37.71 "

Sy 7 236.75 + 4.98
14 267.08 + 8.09

VB : X, y, z fdnesfisdniukanstisnsiuieuiisumenuguiuansuiuusnenyiu wazduldu Tuil 0 7 uax

14 AdAnadsuanasiueglitud1Agneana (P<0.05) 1ned5 Duncan’s New Multiple Rang Test

- = DK
300 —— KN
(n:; —-— —@— SDK
; 200 @ SKN
)
=
E
2
c 100
«
c
"€
0
0 7 14

szazinanagau (uh)

JUT 4.35 ANUNAUYRIRIUTIUNNAAR UNGAS U9



4.7.7 N1SNAFIUANUNIND IRl UB1IENAIATADNANN UNIVEID4

nageuAuiinelalundndudiveteraadasin 20 au lngnsiuuudeunuUseiiiualg
fanelawlelindnduslatuansusulsaiasnindueiviugnsusuuse nudwdnduenilasainuady
srtmenuuldnziuuRdy wazievaranuiianelanntaduuinniindndueinilansaiauidusiin

WuRuluaiulsenaumnandlumisie 4.13

15197 4.13 Arpuienelaluoaainssendndueilaty wavesugnsuiuls

Jagganuianala NARNAUN AzuLLLRAY (5) Sauay (%)
Tatunonuu 3.70 74
TatuduRu 3.05 61
ANuianelalaesu B
WSUABDNVUIY 4.35 87
WSUTUEY 4.00 80
Tatunonuu 3.65 73
) TatuduRu 3.45 69
NSPUYIVAIGHD B
WSUABDNVUIY 4.05 81
WwSuLuRy 3.95 79
Tatunonuu 3.10 62
; Taduduity 3.00 60
naY :
WSUADAVIY 3.35 67
WSUTUEY 3.25 65
Tatunonu 2.95 59
. laduidudu 3.00 60
AU :
WSUADAVIY 3.45 69
WSUTUEY 3.05 61
Tatunonuul 3.80 76
} Tatuduky 3.50 70
AranugaTy wSUAaNUY 4.30 86
wSuLTuEY 4.30 86




92

unil 5
A3UNan15AY

5.1 @5UNan1sivy

mAfeiussadulumuiagusrasilunisfnvinszuaunisadaas unuaneslseueaaing
919l3 7 aneiug Lawn Aenv1u QUuInes Ui @ukieu Aent WKL LasnannEee kags1Un
aeusAudy Ao S19919menugd 105 Tasenddeildmadalunisadaansliud msldenuiou
nsl#38n1siwen msléadundedesiudelunisadn nsléasuoulaoenledingneinds nsld
asavarenielfansidingn uasihduhdniateldiuimedeunuszansameeansdu
pLadaTed1u38 DPPH ABTS way FRAP Gsussqimquavasdtod 2 ndsmntudnigiusinglsid
gvislunsiueyyadassiiffiguudiudsznavlumstusiueiesdions Tiur wu waslaty
nsUstifiuaufisnelaveseranasing 20 au dendndueiaosdionsiiddiudsenouduthiiusiin
13 Madladumuiienelalnesin 1éun msfumuasgia ndu arumila uazarumutu Gwndadelu
nanfsiesuuaglatugnsuuugldsuasuuuniuionslalurig 59 A 87 Wedldus

5.2 YoLauamus
msvaaasiinitluszuvunalngfiodesonludamndyd
AMaARUNSAoudsrenansaemanan (Shelf life)
AITABIANUIIA UYL T1A1VETUN SHAR LS IR ALY
msnnasesAUsTneunitddsinaun fluihdusinals
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unil 6
A3UNANARIUIRY

NASU 31U 319a2L98AVDINAANS (specification)
pIRAUS I nsuisnsadaiildifiusavs nnlunsadmingusdng
wazasiuoyyadaiiauninainirtialilneinindin
Fnonmlunsuanansinueyyadasiiussansamiiioidy
asrUsgnaulundndusnuiaialaluouen
nsEUIUNISInY nsunssuiunsataildiiuusyavsnmlunisadaiiniy

S1UMarasiueLNadaslinun 1NN LS

AULUU NTUTEYTVDIAURUY
ail
- WaAnfua (Product)

lognsninduaiungariniesdusenavresdusit1lsng

AN
NTNELNTHAIIUNIIYINTG
(Publications)
- MTANSTTAVUIUNYG a4 1. Duangkamol Ruen-ngam¥*, Chitti Thawai, Sujitra

(International

Journal)

Sukonthamut. Pretreatment processes of rice

bran for increasing yield of Y-oryzanol in rice
bran oil and its antioxidant activity, ScienceAia-
Journal of The Science Society of Thailand 42
(2016) 75-82. (IF = 0.37)

2. Duangkamol Ruen-Ngam¥*, Chitti Thawai, Raumijit
Nokkoul, and Sujitra Sukonthamut, Gamma-
Oryzanol Extraction from Upland Rice Bran,
Published in 1JBB, International Journal of
Bioscience, Biochemistry and Bioinformatics,
ISSN 2010-3638, 4 (4), July 2014, 52-255.

3. Duangkamol Ruen-ngam*, Chitti Tawai, Sujitra
Sukonthamut, Raumijit Nokkoul, Evaluation of
Oil and Chemical Content Yield, Antioxidant,
Neuritogenic and Neuroprotective Activities of
Bioactive Compounds extracted from

Unconventional Rice Bran Varieties, Journal of

Cereal Science On Processing,  ScienceAia-
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MIUTEYL/FULU
FEAUUIUIYIA
(International
Conference)

(Proceeding)

Journal of The Science Society of Thailand 44
(2018) 257-267. (IF = 0.37)
Duangkamol Ruen-ngam¥*, Chitti Thawai, Sujitra

Sukonthamut, Kittisak Khuwaranyu, Extraction of

upland rice bran for 7Y-Oryzanol and Y-
Tocopherol under Sub-critical solvent condition
(resubmitted in The Journal of supercritical
fluids on 7 Jan. 2019)

Duangkamol Ruen-ngam¥*, Chitti Tawai, Supakit
Chaiteerapatarapong, HPLC  condition  for
analysis of gamma oryzanol in upland rice bran
crude oil, 1st Joint ACS AGFD - ACS ICSCT
Symposium on Agricultural and Food Chemistry,
Bangkok, Thailand, 4-5 March 2014.

Supakit  Chaiteerapatarapong, Chitti  Tawai,
Duangkamol Ruen-ngam¥*, Alternative Extraction
Methods for Oil with High Antioxidant Activity
from Upland Rice Bran, ISBB 2014, The 12th
International Symposium on Biocontrol and
Biotechnology, Chumphon Province, Thailand,
11-13 December 2014.

Vanapron Sae-ang, Chitti Tawai, Duangkamol
Ruen-ngam*, ~ Microwave Pretreatment for
Lipase Retardation in Rice Bran, ISBB 2014, The
12th International Symposium on Biocontrol
and  Biotechnology, Chumphon  Province,
Thailand, 11-13 December 2014.

Vanapron Sae-ang, Chitti Tawai, Raumijit
Nokkoul, Duangkamol Ruen-ngam*, Antioxidant
Determination of Nang Dam Upland Rice Bran
Oil by DPPH Assay, ISAT2015, The 2nd
International ~ Symposium  on  Agricultural
Technology, Pattaya, Thailand, 1-3 July 2015.
Vanapron Sae-ang, Chitti Tawai,Sujitra

Sukonthamut,  RaumjitNokkoul,  Duangkamol
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- TANSTEAUVR

(National Journal)

Ruen-ngam* Evaluation of antioxidant activityof
Khem-ngen rice bran oil By ABTSe+ Assay
Measurement, The 27th Annual Meeting of the
Thai Society for Biotechnology and International
Conference, Mandarin Hotel Bangkok managed
by Centre Point, Bangkok, Thailand, 17-20
November 2015.

Tharin ~ Wadeng, Chitti ~ Thawai,  Sujitra
Sukonthamut, Raumijit Nokkoul and

Duangkamol Ruen-ngam*, Comparison of Rice

Bran Oil Recovery, Y-Oryzanol and antioxidant
Activities of Upland Rice Bran, TSB 2016, The
8th Annual Meeting of the Thai Society for
Biotechnology and International Conference,
National Resources&Bio-based Innovative
Products, Bangkok, Thailand, 28-30 November
2016.

AINLA FRUNNY, F9A Ml3, 3991 gausdn, Su
INT UNLY, miﬂﬂﬁmuﬁaﬂLLazmiﬁﬂﬁU%qmémaﬂ
unoeITIUDAINTT T1auazgnSnIHILeYLa
dasy Alternative Extraction and Purification
Methods of Y-Oryzanol from Rice Bran and Its
Antioxidant Scavenging Activity, Msasnalulag
115071915 uninedeasnn 99 13 adud 1
UNIIAY — Hgureu 2561 (TCI1)

nantnAnwluseAuUIyin

weAnINgs FoFsednsnad vingrlnusdnusaly
g “nsUseilivasunuailalseeiuealusieny
YTnenUEd 105 wazt1ilsnennsyeu”
YEINS ues iaveninusdSalutite
“Msannens LLazm'iUizLﬁquééfma%aémmm
thifusinls deusvandldlundnfos
WSesdens”

UEFITUNS 109 e dnusdsaluside
“Uinauwazqudduoyyedastluttusndlian
JMIAYUNT”
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1. Salisova M., Toma S., and Mason T. J., 1997. Comparison of Conventional and
Ultrasonically Assisted Extractions of Pharmaceutically Active Compounds from Salvia
officinalis. Ultrasonics Sonochemistry 4: 131-134.

2. Rostagno M. A., Palma M., and Barroso C. G., 2003.Ultrasound-assisted Extraction of Soy
Isoflavones. Journal of Chromatography A1012: 119-128.
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10. Hao J. U., Han W., Huang S. D., Xue B. Y., and Deng X., 2002. Microwave-assisted
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Gamma-Oryzanol Extraction from Upland Rice Bran

Duangkamol Ruen-Ngam, Chitti Thawai, Raumjit Nokkoul, and Sujitra Sukonthamut

Abstract—Gamma-Oryzanol is one type of antioxidant and
has good effect for health. Gamma-Oryzanol can find in rice
bran which is the waste from rice milling process. Upland rice is’
one type of rice which can be grown in the upland area
especially in the southern part of Thailand. The upland rice
with species ofDawk Pa-yawmhas been used in this research.
There are many ways to extract gamma-oryzanol from rice
bran. Maceration is conventional and useable extraction
method in gamma-oryzanol extraction. Solvent is one crucial
parameter in extraction. Many types of organic solvent such as
hexane ethyl acetate acetone isopropanol and ethanol are
investigated here. The extraction condition such as effect of
soaking time, rice and solvent ratio also have examined. The
highest amount ‘of rice bran oil obtains from acetone as solvent
with the ration of rice bran and solvent is 1:4. Moreover the
extracted product is also quality checked by HPLC method. The
chromatogram shows clearly the peak of gamma-oryzanol.

Index Terms—Dawk Pa-yawn upland rice, Gamma-oryzanol,
maceration, rice bran.

. INTRODUCTION

People recently concern and take care of health. Other than
meal which they have to take in each day, they will take
supplement which composes of useful compounds such as
antioxidant. Antjoxidant is found in many types of plants. It’s
hard to eat large ambunt of plants in the same time to achieve
the suitable dose and therefore the extraction will be the
crucial rule in pulling the important substances through the
cell from such plants. The extraction of antioxidant is very
important to exclude such important substance from debris.
The conventional extraction method is extraction-by mean of
maceration method using different types of organic solvent.
Generally this method is used as elementary method in
extraction of many valuable compounds [I], [2]. The
importantparameters which might be affected on amount of
obtained substance are time, the material and the solvent ratio
and type of solvent.

There are'many types .of rice species in Thailand,Dawk
Pa-yawm is one types of Thai rice that is grown in the
southern part in Thailand. After milling there is bran which is
valuable material left. Rice bran composes of many types of
antioxidant compounds such as tocopherol, tocotrienol,
oryzanol, polyphenol, anthocyanin, phytate, etc [3]. Oryzanol
is ester compound of dica ciluref and lorets or enepretirt
lohocla. Oryzanol around 2% can be found in rice bran and
nowadays some group of research has investigated how to
extract this compound from different types of rice [4], [5].
Oryzanol is famous in form of cosmetic ingredient, it can
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increase moisture for skin [6]. Moreover oryzanol is known
in medical treatment, oryzanol can reduce cholesterol in
blood, reduce gathering of platelet, increase bile in stools and
moderate the activity of disturbed brain [7], [8].

II. CHEMICALS AND MATERIALS

Solvent in extraction are hexane, ethyl acetate, acetone,
isopropanol and ethanol. Mobile phase with HPLC grade in
analysis system are methanol, isopropanol and ethylacetate.
All solvents with HPLC grade are bought from Carlo Erba®.
Dawk Pa-yawn upland rice is obtained from the southem part
of Thailand. Gamma-oryzanol standard is bought from Canta
Cruzbiotechnol.

111. EXPERIMENT PROCEDURE

The extraction is conducted by maceration method with
rice bran and solvent ratios (g/g) are 1:2, 1:4 and 1.6. The
soaking will operate in 250 m] flask with circulation of 200
rpm (called maceration method). The extracting solvents are
hexane, ethyl acetate, acetone, isopropanol and ethanol. All
experiment will be operated under 30°C with 60 minutes
soaking time. After extraction the solvent will be removed by
evaporator then the weight of extracted oil will be weighed
by weight machine. All experiment will repeat three times
and then calculate average oil percentage compared to the
weight of rice branof each condition.

IV. ANALYSIS METHOD

Quantity. data: weight of oil is measured by using weight
machine with 4 digits and calculation the rice bran oil
percentage as in follow:

Amount of oil or yield oil (%) =
[Weight of oil (g) / Weight of rice bran (g)]x100

Quality data: peak of gamma-oryzanolis analyzed by
HPLC. The combination of solvent in mobile phase is
methanol:isopropanol:ethylacetate with composition of
47.5:40:12.5 with flow rate 0.5 ml/min. The stationary
column is C18 (ACE®). The sample is analyzed at
wavelength 330 nm. The report of chromatogram is
demonstrated by Shimadzu LCSolution. The peak of
gamma-oryzanol is demonstrated at the same retention time
of the standard gamma-oryzanol.

V. RESULTS AND DISCUSSIONS

A. Effect of Rice Bran and Solvent Ratio
Fig. 1 a) — Fig. €) demonstrate that increasing of the rice
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bran and solvent ratio, increasing of oil content in the product
except in Fig. 1 b). Fig. 1 b) (isopropanol) the amount of oil
percentage drops down to around 45%; however, all rice bran
and solvent ratios are not significant difference on amount of
oil. Almost all extraction solvents increasing the ratio up to
1:4, the oil content reaches to maximum around 55% and then
is stable within the same range of the oil content obtained
from the ratio of 1:6 except in Fig. 1 b) and Fig. 1 ) that the
discussion will further discuss in following section. There is
huge error on the result obtained from the rice bran and oil
ratio of 1:2 (data from hexane and ethanol) as in Fig. 1 a) and
Fig. 1 d) causes to be not significant difference to other ratios.
It might occur of trouble in mixing. The ratio with 1:2 cannot
penetrate through the rice bran material and the upper liquid
level is the same as the solid level and it’s hard to remove all
or circulate the mixture {9]). Moreover the properties of
solvent as boiling temperature might be effect to extraction.
As the boiling value demonstrates in Table I [10] that the
boiling pointing of hexane and acetone are lower compared to
other .solvent types, it might evaporate with higher rate and
affects to mixing process. Moreover solvent type is also
effect to the extraction yield and will be discuss in the
following section. Above information, because of the
minimum of solvent usage the ratio of 1:4 is better extraction
condition compared to 1:6.
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Fig. 1. Effect of rice bran and solvent ratio in the range of 1:2 to 1:6 on
amount of oil in percentage:a) hexane b) isopropanol c) ethyl acetate d)
acetone ¢) ethanol

B. Effect of Solvent Type

Effect of solvent type on amount of obtained oil shows in
Fig. 2 the amount of oil percentage appears in series of
acetone, hexane, ethyl acetate, isopropanol and ethanol. The
lowest amount of oil percentage appears in ethanol because
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of its high polarity. The rice bran oil can be extracted from
material by using both polar solvent (acetone) and non-polar
solvent (hexane and ethyl acetate) as results in Fig. 2;
however, there is limitation of solvent whose dielectric
constant more than 18 (isopropanol), cannot provide the high
value of oil percentage as the properties of other solvents
shows in Table 1. Other than dielectric constant will affect to
amount of oil, viscosity might be effect to amount of oil too,
as shows the highest viscosity of isopropanol in Table I. This
effect will take place in extraction peocess.

TABLE |; PROPERTIES OF SOLVENTS USED FOR EXTRACTION

Type of Blfé'i‘;]“tg Dielectric f;:?;: Viscosity  Density
solvent (°Cy co?es} ;mt (mN/cm) (cP) (g/em’)
a) hexane 69 1.88 18.4¢ 0.924 0.6548
}’S)opmpanol 82 8 23° 196 0786
©) ethy] 77 6.02 239 0426 0897
d) acetone 36 20.7 23.7 0.32 0.791
¢) ethanol 79 246 23.7 1.2 0.789"
REMARKS:
Table | is modified from [10]
Superscript  a 25°C
b 20°C
c http://www.surface-tension.de/ [11]
d http://www.engineering.uiowa.edu [12]
e http://en.wikipedia.org/ [13)

During process of extraction the important compound in
the rice bran (gamma-oryzanol) dissolves and comes out
together with the oil to the both solvent types. Because of
gamma-oryzanol structure as it demonstrates the chemical
structure in Fig. 3, are both sides of polar and non-polar
(ferulic acid and sterol) [14]-[15]. Fig. 2 also shows the
ability of both hexane and acetone is not significant
difference (within the same range of error bar); however,
non-polar solvent as hexane was generally used to be
extracting solvent [7].

C. Product Quality

70

50

Amount of oil (%)

20

Ethanol

Acetone

Hexane

1sopropanol  Ethy! acetate

Fig. 2. Effect of solvent type on amount of oil in percentage with the rice
-bran and solvent ratio of 1:4.

Product composition is measured by HPLC. The suitable

solvent and column is primary investigation prior to check
composition of gamma-oryzanol. Both normal-phase and
reversed-phase chromatography can use for gamma-oryzanol
analysis [16]-[18]. The HPLC columns that can be used for
gamma-oryzanol detection are C18 and CNS5; however, C18
is used in this case. The chromatogram on Fig. 4 a) will show
the product contents with ethanol as extraction solvent and
the rice bran and solvent ratio of 1:4. Group of peak product
in the extracted is compared to the peak of gamma-oryzanol
standard in Fig. 4 b), the peak of product is settled at the
retention time-of 11.504 and 12.363 minute. Other than two
peaks at the same position as standard, there are two peaks at
11.866 and 13.102 minutes that might be checked in further
research.

Fig. 3. Chemical structure of gamma-orzanoi'.,
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Fig. 4. Chromatogram of a) oil product from rice bran and b)
gamma-oryzanol standard.

VI. CONCLUSION

Dawk Pa-yawm is one type of upland rice. The rice bran is
considered as the waste from the milling process can give
antioxidant substance. Gamma-oryzanol is well known
antioxidant. Maceration method is useable and primary check
for gamma-oryzanol extraction. The best ratio of rice and
solvent is 1:4 and three types of solvent; acetone, hexane and
ethyl acetate give the same range of the highest amount of oil
percentage. The oil product is tested for the peak of
gamma-oryzanol and the peak is sharp and appears at the
same retention of standard; however, there s some impurity in
the product and it should be further purified.
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ABSTRACT: Six pretreatment processes to extract oil from Khao Dok Mali 105 rice bran were tested to assess the effect
of the processes on the y-oryzanol content and DPPH scavenging activity of the extract. The pretreatment processes
consisted of the following: microwave heating (60-110 °C), hot air heating (70~180 °C), roasting (60-80 °C), parboiling
(70°G);-autoclaving (121 °C), and enzyme (amylase) treatment (50 °C). The highest amount of oil was obtained by hot
air heating (70°C) of 0.27 g/g of dried rice bran, whereas the highest y-oryzanol yield was obtained by parboiling
9.8 mg/g of dried rice bran. The highest y-oryzanol concentration obtained with a roasting pretreatment (60 °C) was
46.9 mg/ml of rice bran oil.

KEYWORDS: Khao Dok Mali 105, extraction, ABTS, DPPH

INTRODUCTION

Rice is a key industrial crop in Thailand and the
main foodstuff in Asian countries, where many types
of rice are grown. A famous type of rice grown in the
central part of Thailand is Khao Dok Mali 105, which
has a characteristic of long shape and white colour,
as well as a jasmine-like aroma. Khao Dok Mali 105
is nutritionally rich in protein, vitamins, and ferrous
and antioxidant compounds’.

The milling process divides rice into five parts:
white rice, brown rice, broken-milled rice, rice husks
and rice bran. The rice bran by-product accounts for
about 10-12% of the rice grain and contains large
amount of fibre, vitamins, minerals, and nutrients
such as phenolic compounds and vitamin E and
its components (tocols, tocopherol, tocotrienol, and
y-oryzanol)»3. A group of ferulic acid esters of
phytosterols, collectively called y-oryzanol, is the
main phytochemical in rice bran oil. The y-oryzanol
is used to treat a number of diseases, including
high cholesterol, cancer and heart disease, and has
antioxidant properties 7.

Rice bran has previously been used as animal
feed but the current recognition of the useful com-
pounds contained in rice bran oil has prompted
the extraction of antioxidant compounds®1!. The

oil extraction process has been extensively devel-
oped, starting with conventional extraction with -
organic solvents>!? and extending to ohmic heat-
ing®3, hydrothermal treatment (subcritical wa-
ter) 13, and green technology using pressurised co,
(SC-C0,)**1¢. Some extraction methods are still
limited due to the high toxin content and cost;
therefore, adaptation of the extraction methods is
highly. Much research now indicates that the choice
of heating pretreatment can enhance the yield of ex-
tracted oil and the fractions containing antioxidants,
while also stabilizing the rice bran 0il*”-?°. The
grain also contains a large amount of carbohydrate,
so0 an enzyme hydrolysis pretreatment has been used
to obtain a high yield of oil containing antioxidant
compounds?!-%, Surprisingly, little research has fo-
cused on y-oryzanol extraction or on increasing the
extracted yield, although the pretreatment methods
could conceivably enhance the yield of y-oryzanol
from rice bran.

The aim of the research presented here was to
determine the effect of pretreatment methods on the
yield of rice bran oil and y-oryzanol and the result-
ing antioxidant activity. The results provide new
information for improving the oil and y-oryzanol
extraction processes for rice bran. '

www.scienceasia.org
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MATERIALS AND METHODS
Rice bran

Khao Dok Mali 105 rice was cultivated in Suphan
Buri Province, Thailand. The rice was milled using
a typical milling process and the resulting rice bran
was kept in a plastic bag and stored in a refrigerator
at4°C.

Chemicals

An authentic y-oryzanol standard was obtained
from Wako Pure Chemical Industries, Ltd, Japan.
A CN5 HPLC column was bought from ACE. The
solvents for HPLC, including methanol, isopropanol,
ethyl acetate and hexane, were purchased from
Carlo Erba. For extractions and solution prepa-
ration, hexane was purchased from Marcon Fine
Chemical, USA; acetone and ethanol from Fisher
Science, UK; and methanol from Avantor Perfor-
mance Materials Inc., USA. The a-amylase enzyme
was purchased from Sigma-Aldrich Co., USA and
1,1-diphenyl-2-picrylhydrazyl (DPPH) from Sigma-
Aldrich, Germany.

Material preparation

The rice bran raw material was prepared by sieving
through a 150-300 pm standard sieve (Endecotts
Ltd, England). The desired pretreatment was then
applied, followed by continuous extraction of the
rice bran oil by a standard extraction method. The
moisture content of the rice bran was measured as
approximately 7.99+0.16%.

Pretreatment processes

The pretreatment methods were adapted from
Thanonkaew et al'? and Alrahmany et al?2. The
same amount of rice bran, weighting approximately
5 g, was used for all treatments. The six pre-
treatment methods are shown in Tablel. The
first pretreatment method consisted of heating in a
microwave at different temperatures (60, 90, and
110°C) at a frequency of 2450 MHz (Samsung,
GE870Q-S, Thailand) for 3 min. Pretreatment tem-
peratures higher than 110°C for durations longer
than 3 min could burn the rice bran, which then
turns dark brown; therefore, the limiting pretreat-
ment condition was 110°C for 3 min. The second
pretreatment was heating with hot air at different
temperatures (70, 100, and 180°C) in an oven
(Memmert, UN110, Germany) with an incubation
time of 10 min. The third method was roasting
in a 15 cm diameter domestic pan on a hot plate
(Gerhardt, Germany) at 60 or 80°C for 3 min. The

www.scienceasia.org
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Table 1 Pretreatment processing conditions.

Conditions

60, 90, and 110°C for 3 min
70, 100, and 180°C for 10 min

Pretreatments

Microwave heating
Hot air heating

Roasting 60 and 80°C for 3 min in a domes-
tic cooking pan, 15 cm diameter
Parboiling 75°C for 60 min in a domestic

cooking steamer, 30 cm diameter
121°C for 15 min
50°C for 120 min

Autoclave heating
Enzyme

fourth method consisted of parboiling in a 30 ¢cm
diameter domestic cooking steamer at 75°C for
60 min. The fifth method consisted of heating in
an autoclave at 121°C and 103 kPa for 15 min—a
condition typically used for sterilization and enzyme
inhibition. The sixth method consisted of hydrolysis
with a-amylase (1375 unit/ml) under the optimum
conditions for enzyme activity at a circulating rate
of 180 rpm, and an incubation time of 120 min at
50°C.

Extraction method

The same extraction procedure was conducted af-
ter all pretreatment methods listed in the previous
section. The maceration method described by Ruen-
ngam et al?* was followed, as this procedure ex-
tracted the highest amount of oil. The ratio of rice
bran to solvent was 1:4 (g/ml), with hexane as the
solvent, and the circulation rate was controlled at
200 rpm with a shaking time of 60 min at 30°C.
All extractions were conducted in 250 ml flasks
covered with aluminium foil for light protection.
Residues in the extracts were removed by filtration
through Whatman No. 1 filter paper and the solvent
was removed from the rice bran oil under vacuum
in a rotary evaporator (Heidolph, Germany). The
residues from the rice bran oil were weighed on a
4-digit balance.

HPLC analysis

The amount of y-oryzanol in the extracted oil was
measured by HPLC. The stationary phase was a
250x%4.6 mm CN5 HPLC column. The mobile phase
was an isocratic mixture of hexane: ethyl acetate:
acetic acid (97.3:1.8:0.9; v/v) run at a flow rate of
0.5 ml/min. A 20 pl sample of each extraction was
analysed at 330 nm. The data were reported using
LC-solution software and the amount of y-oryzanol
was calculated by comparing the area under the
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Fig. 1 Rice bran oil récovery from rice bran after different pretreatment processes.

peak appearing at around 27 min to that of a known
concentration of the authentic y-oryzanol standard,
which eluted at that retention time.

DPPH radical scavenging activity

The free radical scavenging was evaluated using
the assay described by Alrahmany et al??, with
some modifications. Briefly, 100 ul of each extract
or a BHT standard was added to a 96-well plate
containing 100 pl 0.5 mg/ml DPPH prepared in
ethanol. The mixtures were incubated at 30°C in
the dark for 30 min and then the absorbance was
measured at 517 nm and compared to a control (as
100%) using a microplate reader (iEMS Reader ME,
Finland). The radical scavenging or DPPH inhibition

was calculated as 1— Ab,/Ab,, where Ab, is the

absorbance of the control sample and Ab, is the
absorbance of the test sample.

The scavenging activity was measured using a
BHT standard prepared in the range of 6.25-100 g/1
and then measuring the scavenging activity with the
same method. The BHT concentration that gave the
equivalent scavenging activity of the extracted oil
was calculated.

ABTS assay

The ABTS assay was used to determine the antiox-
idant activity of the rice bran oil. The ABTS* was
generated through a chemical oxidation reaction

with potassium persulphate®. The concentration of
the blue-green solution of ABTS* radical solution
was adjusted with ethanol to get the desired ab-
sorbance range (0.1-0.8). A 100 pl volume of the
extracted oil was then pipetted into a 96-well plate,
mixed with 100 pl ABTS* solution, incubated in
the dark at 30°C for 5 min, and then measured at
734 nm using ethanol as a blank. The ABTS activity
was calculated using the same formula as above or
expressed as ug/ml Trolox equivalents. The Trolox
standard was prepared in ethanol and was linear in
the range of 100-800 p.g/ml.

Statistic analysis

All experiments were done in triplicate and the data
for the amounts of rice bran oil and y-oryzanol
and the antioxidant activities of ABTS and DPPH
are presented as means and standard deviations.
Statistical analysis was performed using SPSS 22.0.
Duncan’s multiple range test was used to determine
significant differences with ANOVA 0.05 (p < 0.05).

RESULTS AND DISCUSSION

Effect of pretreatment processes on amount of
rice bran oil

The amount of rice bran oil obtained from each
pretreatment process is shown in Fig. 1, where the
x-axis is the pretreatment process and the y-axis
shows the oil (in grams) extracted per gram of dried

www.scienceasia.org
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Fig. 2 Amount and concentration of y-oryzanol in rice
bran oil extracted after microwave pretreatment of rice
bran at different temperatures.

rice bran. The amount of rice bran oil obtained with
the microwave heating pretreatment was highest
(0.24 g oil/g bran) for the 110°C pretreatment,
when compared to the 60 and 90°C, as shown in
Fig. 1 and Fig. 2. The statistical analysis shown in
Table 2 indicates that the heating temperature had
‘no significant effect on the amount of rice bran oil
extracted (indicated by the same lowercase charac-
ter for all heating temperatures). The microwave
heating distorted and destroyed the original oil body
membrane, resulting in the presence of pools of oil
and small granular materials in the cells!®; there-
fore, the oil was easily released into the-bulk solvent.
However, heat did not affect the amount of oil
recovery even though the oil viscosity was reduced.
The rice bran, when heated to 110 °C, turned from a
pale yellow to a dark brown, with a rancid smell and
bad oil quality (oxidative rancidity) because heat
burned the bran. Residual lipase activity in the rice
bran after heating at 110 °C released large quantities
of free fatty acids and y-oryzanol and added to the
rancid smell%,

Hot air heating, which heated the material to
the desired temperature by convection, decreased
the amount of extracted rice bran oil, as shown in
Fig. 1 and Fig. 3. This had the opposite effect to
that seen with microwave heating, and was possibly
due to the effect of too high a temperature (around
180 °C), which would accelerate the loss of moisture
at the outside surface, resulting in collapse of the
material. However, temperature increases between
70 and 180 °C had no significant effect on amount of

www.scienceasia.org
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Table 2 Amounts of extracted oil, Y-oryzano! content, and
antioxidant activity for each pretreatment condition.

Treatments RBO' y-oryz.! ABTS Trolox DPPH

BHT

(g/g) (mg/g) (%) (wg/ml) (%) (mg/ml)
Microwave
60°C 0.20° 8943 71+7° 754 513  3.60
90°C 0.20™ 9.08°8C72+5 7.58 513 361
110°C  0.24*° 8.82°A 6314 6.74 50%2 3.58
Hot air
70°C 0.27°A 926" 58+6 6.24 S0£3* 3.54
100°C  0.23® 893? 582 6.19 S0+1 3.54
180°C 021> 882 61%5 653 S0%£2 3.52
Roasting
60°C 0.14° 8.81% 69£S® 7.31 55%4 3.87
80°C 0.17* 9.10*°¢ 66%1 7.00 540" 3.80
Parboiling
70°C 0.18* 9.76° 62%2% 662 S4x1P 3.83
Autoclave .
121°C 0.20 8.86° 68+4> 7.20 55%2°° 3.78
Enzyme
50°C 0.18* 831 71x1P 753 53%4° 3.73

* RBO: rice bran oil (extracted amount).

' y-oryz.: y-oryzanol content.
Values are means = SD of triplicate.
The same superscript lower-case letter in a column in-
dicates no significant difference in each pretreatment
process at p < 0.05.
The same superscript capital letter in a.column indi-
cates that there is no significant difference between
different pretreatments at p < 0.05.

R}
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Fig. 3 "Amounts and concentrations of y-oryzanol in rice
bran oil extracted after hot air pretreatment of rice bran
at different temperatures.

extracted oil, as shown by the statistical analysis in
Table 2. This might indicate that the collapse of the
material prevented the penetration of the solvent
inside the material.

The effects of pretreatment of the rice bran
by roasting at different temperatures are shown in
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Fig. 4 Amounts and concentrations of y-oryzanol in
rice bran oil extracted after pretreatment of rice bran by
roasting at different temperatures.

Fig. 1 and Fig. 4. Increasing the roasting temper-
ature from 60-80°C increased the amount of rice
bran oil recovered; however, this result was not sig-
nificantly different for either temperature (Table 2).
The highest amount of rice bran oil (0.27 g oil/g
bran) was obtained ‘after hot air heating at 70°C,
while the lowest amount (0.14 g/g) was obtained
by roasting at 60°C. This difference might reflect
the possibility that heat from the roasting process
directly affects the surface of the material, so that
moisture moves quickly from the surface, causing
collapse of the material. In contrast, heat from
air passes though the material and disrupts the
original oil body membrane, causing an oil pool to
build up!®. The hot air might also cause swelling
of the material, which would allow the solvent to
penetrate more easily into the material and aid in oil
removal. The microwave heating process produced
a lower amount of extracted oil than hot air heating
at the same range of pretreatment temperatures (90
and 100°C) because microwave heating strongly
lowered the moisture content, which then made the
material more brittle and caused it to collapse®.
Heating processes involving steaming, such as
parboiling and autoclave heating, extracted a lower
amount of oil compared to dry heating processes,
such as microwave heating and hot air heating.
On the other hand, the roasting process released
even less oil than parboiling and autoclave heat-
ing processes, in contrast to previous research’®
conducted at a higher temperature of 150°C. The
effect of pretreatment temperature on the removal
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of moisture might be the critical factor determin
the final amount of extracted oil. Even through
steam could penetrate through the material, it did
not increase the extracted oil yield. Steam under
high pressure could have caused the material to’
collapse, thereby blocking oil release. Steam and
pressure would also break the bulk oil into small
droplets, which could then be trapped in water
inside the material, creating difficulty in extraction
with a non-polar solvent. The amount of oil released
following the enzyme hydrolysis pretreatment was
in the samne range as that obtained with the roasting
and -parboiling processes because amylase hydroly-
ses carbohydrates, thereby facilitating oil extraction.

The mean values of the greatest amounts of oil
extracted by each pretreatment process were anal-
ysed for significant differences. As shown in Table 2,
the highest amounts of rice bran oil extracted from
each pretreatment did not differ sighificantly at the
p <0.05 level. '

Effect of pretreatment processes on amount of
r-oryzanol

The effects of the pretreatment processes on the
amounts of y-oryzanol are presented in Fig. S,
where the x-axis shows the pretreatment processes
and the primary y-axis shows the amount of y-
oryzanol (mg/g dried rice bran) (bars) and the sec-
ondary y-axis shows the y-oryzanol concentration
(mg/g rice bran oil) (dots). The highest amount
of y-oryzanol was obtained from the parboiling pro-
cess at 75°C (9.76 mg/g dried rice bran), whereas
the highest y-oryzanol concentration was achieved
with the roasting process at 60°C (64.93 mg/ml).
The roasting process accelerates removal of mois-
ture from the material surface, causing collapse of
the surface and trapping the oil inside the material;
therefore, the highest concentration of y-oryzanol
was obtained.

The means of the highest amounts of oil ob-
tained from each pretreatment process were also
evaluated for significant differences, as demon-
strated in Table 2. The amount of y-oryzanol ob-
tained from microwave heating (90°C), hot air
heating (70°C), and roasting (80°C) showed no
significant differences at p < 0.05.

The effect of microwave heating temperature
on the amount of y-oryzanol is presented in Fig. 5,
where the x-axis shows the pretreatment temper-
ature from 60-110°C produced by the microwave
heating process. The primary y-axis shows the
amounts of y-oryzanol (mg/g dried rice bran) and
secondary y-axis shows the y-oryzanol concentra-
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Fig. 5 Amount of y-oryzanol in rice bran oil extracted from rice bran after different pretreatment processes.

tion (mg/ml rice bran oil). Increasing the heating
temperature from 60 °C to 110 °C resulted in a slight
increase in the y-oryzanol concentration in the oil;
this concentration then dropped for increases in the
range of 90-110°C. Howevey, the highest value of
35.2 mg/ml was achieved at 90°C. The highest
amount of oil was extracted at 110°C, which re-
sulted in the lowest value for the y-oryzanol concen-
tration for material pretreated at that temperature.
The amount of y-oryzanol remained quite stable as
the heating temperature was increased from 60°C
to 110°C, as confirmed elsewhere®»2>%?7, How-
ever, heating at a temperature more than 120°C
enhanced degradation of y-oryzanol, as reported
elsewhere?% %7,

The statistical analysis. shown in Table 2 con-
firmed that all experiments showed significant dif-
ferences. Heating promotes fatty acid degradation
by cleavage of oils to free fatty acids and low molec-
ular weight compounds such as y-oryzanol?-25,
Even though microwaves are considered the most
energy-efficient type of heating and a rapid method
for bran stabilization, microwave pretreatment still
has limitations that require preliminary tests of fea-
sibility for any application 26

The effects of a hot air heating pretreatment on
the amounts of y-oryzanol are presented in Fig. 5.
The amount of y-oryzanol decreased when the pre-

www.scienceasia.org

treatment temperature increased from 70-180°C
and reached the highest value (9.3 mg/g dried
rice bran) at 70°C. Lipase is one type of enzyme
present in rice bran and it promotes rancidity by
cleaving fats to low molecular weight compounds,
such as free fatty acids. The optimum temperature
for lipase activity is around 60-70°C, so that the
increased amount of low molecular weight com-
pounds might be y-oryzanol?%%°, However, at the
higher temperature of 100 °C, the loss of moisture
inside the material resulted in no activity of enzyme,
so the y-oryzanol level was low?»?7. Moreover, a
pretreatment temperature higher than 110°C pro-
motes degradation of y-oryzanol, which resulted in
the lowest value, as shown for the 180°C pretreat-
ment in Fig. 3%. The y-oryzanol concentration was
high following the 180 °C pretreatment because the
amount of extracted oil was the lowest obtained.
The statistical analysis shown in Table 2 indicates
that the pretreatment temperature of 70°C gave a
significantly higher amount of y-oryzanol than that
obtained with any other pretreatment temperatures.

The amount of y-oryzanol obtained is shown in
Fig. 5, where the x-axis is the temperature ranging
between 60 and 80 °C for the roasting pretreatment.
The amount of y-oryzanol was the highest at 80°C
(9.1 mg/g dried rice bran) because of the enzyme
activity. The statistical analysis shown in Table 2
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indicates no significant differences for the two pre-
treatment temperatures.

Effect of pretreatment processes on antioxidant
activity

The results for both antioxidant activities are dis-
played on the y-axis in Fig. 6; the x-axis lists the
pretreatment processes. The activity of DPPI{ scav-
enging (grey bars) shows a higher percentage seav-
enging for the oil extracted after roasting (60 °C)
and parboiling processes, when compared to the
other pretreatment processes. The overall trend for
the antioxidant activity parallels that seen [or the y-
oryzanol concentration in Fig. 2. ’

The amount of BHT equivalents for DPPH scav-
enging is indicated in Table 2. The percentages for
the ABTS assay are also shown in Fig. 3 as white
bars. The trend of ABTS inhibition differed from the
trend of y-oryzanol concentration, which might in-
dicate effects on the polyphenol and vitamin E con-
tent of the rice bran 0il!%25. The highest amounts
of oil from each pretreatment process were tested
for significant differences between means (Table 2).

CONCLUSIONS

This study was conducted assuming that pretreat-
ment proceeds prior to extraction can alfect the raw

material resulting in increased amount of extracted
compound (rice bran oil and y-oryzanol). Heat
and lipase activity had physical effects on the ma-
terial and y-oryzanol stability The amount of oil
achieved the highest value from pretréatment by hot
air heating at 70°C and the amount of y-oryzanol
obtained was the highest by parboiling pretreatment
process whereas y-oryzanol concentration reached
the highest value by roasting pretreatment process
at 60 °C. This study also demonstrated that rice bran
oil acts as free radical scavengers to inhibit DPPH
activity and bleach ABTS.
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ABSTRACT: Upland rice bran is an abundant and valuable antioxidant by-product of rice milling. This study compares
the content of y-oryzanol, y-tocopherol, and phytochemicals in rice bran oil from 4 varieties of upland rice; Dok-kham
(DK), Dok-kha (D), Khem-ngen (KN), and Nang-dam (ND); with that of a conventional variety, Khao Dowk Mali 105
(MA). The extraction was done by shaking rice bran in ethanol in 250 ml flask with a rice bran to a solvent ratio of
1:5 (w/v) at 200 rpm (0.447g) and 30°C in the dark for 30 min. The antioxidant capacity of the extracted oil was
evaluated by several methods; DPPH, ferric reducing ability power, and ABTS™ assays. The colour of upland rice bran
oil was dark from its phenolic and flavonoid contents. The highest contents of'y-oryzanol and y-tocopherol were found
in the bran oil from KN. The highest phytochemical content was found in the bran oil from DK. DK provided the ffighest
antioxidant activity among the varieties mentioned. The neuroprotective and neuritogenic effects of rice bran extracts
.were also evaluated. D and KN extracts were the best two neuroprotective and neuritogenic extracts because they had
the highest contents of y-oryzanol and colour pigments. Thus Thai rice bran oil has the potential to be an excellent
food supplement product due to its high antioxidant contents.

KEYWORDS: antioxidant activity, phytochemicals

INTRODUCTION

Rice (Oryza sativd) is a staple food for over half
of the world’s population. It is well-recognized
as an agricultural product exported from Thailand,
where the production of rice is up to 20.5 million
tons per year!. Rice and its bran, a by-product of
the milling process, has plenty of nutrients. The
bran, in particular, has numerous nutrients. For
each rice seed, the weight consisting of its bran
is approximately 10-12% of large amounts of fi-
bre, vitamins, minerals, and other nutritious items
that include phenolic compounds, vitamin E and its
associated components, namely, tocols, tocopherol,
tocotrienol, and y-oryzanol?®. A group of ferulic
acid esters of phytosterols called y-oryzanol is the
main phytochemical component in rice bran oil. y-
oryzanol can help in the treatment of diseases, such

as high cholesterol, cancer, and heart disease®®.

Jasmine rice is a famous, conventional rice vari-
ety that grows in lowland areas where flooding is
regular. Because of the drought that occurred in
2015 in the middle part of Thailand, it was impos-
sible to grow jasmine rice’. Rice varieties that were
able to withstand drought were grown in its place,
such as Nang Dam, Dok-kham, Dok-kha, and Nang-
dam. These varieties have different nutritional con-
tents. They are commonly called upland rice, and
have originally been cultivated in highland farms,
especially in the Southern part of Thailand. Upland
rice varieties include Nang Dam and Dok-kham,
which are grown in Chumphon province; Khem-
ngoen and Dok-kha, which are grown in Pang-Nga
province; and Ku-mueang-luang, which is grown in
Surat Thani province®.

Cereal bran not only has high nutritional con-
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tent, but specifically it also has abundant antiox-
idant substances*®. Antioxidants retard ageing
and prevent Alzeimer’s disease as well as cancer!°.
Furthermore, they have the capacity to protect live
cells from .oxidative damages that occur as a re-
sult of the formation of free radicals and reac-
tive oxygen species during most metabolic activi-
ties. Beneficial medicinal effects of plant materials
are typically due to combinations of phytochemical
compounds in the plants that are unique to each
plant species. Not long ago, rice husks, bran, and
polished rice have been found to have antioxidant
capacities*. Antioxidant capacity can be measured
by several kinds of chemical assays, such as 2,2-
diphenyl-1-picrylhydrazyl (DPPH), 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid (ABTS), fer-
ric reducing antioxidant power (FRAP), and oxygen
radical absorbance capacity (ORAC)*%3. In ad-
dition to chemical assays, some antioxidant studies
have been reported on live animal cells**!7; how-
ever, more animal research needs to be performed.
Bioactive compounds and their antioxidant ca-
pacities, especially the neuroprotective and neurito-
genic activities of extracts of upland rice, have yet
to be fully explored; hence we decided to conduct
this study to evaluate their capacities.
MATERIALS AND METHODS
Materials

Four varieties of Thai upland rice, O. sativa (in-
dica) tested in this study were Dok-kham (DK) and
Nang-dam (ND) from Chumphon province, Dok-
kha (D) from Phang-nga province, and Khem-ngen
(KN) from Satun province, Thailand. All upland
rice varieties were cultivated on the upland in the
Southern part of Thailand. Dok-mali (MA) from
Suphan Buri province which was used as the control,
was cultivated in the middle part of Thailand. All
rice samples were collected in October 2014.

Chemical reagents and antioxidant
determination

Standard grade y-oryzanol was purchased from
Wako Pure Chemical Industries, Ltd, Japan. ABTS'?,
DPPH, 6-hydroxy-2,5,7,8-tetramethylchroman-2-

carboxylic acid (Trolox), butylated hydroxytoluene

(BHT), gallic acid, quercetin, Folin-Ciocalteu
reagent, 2,4,6-Tris  (2-pyridyl)-1,3,5-triazine
(TPTZ) were purchased from Sigma-Aldrich,
Germany. Ascorbic acid (vitamin C) was from
Fisher Scientific, USA. FeSO,, FeCl, solution and
potassium persulphate were purchased from Ajax
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Finechem Pty Ltd, Australia. Murine embryonadl
carcinoma cells, P19 ATCC CRL1857, were from the
American Type Culture Collection, USA.

Chemical reagents for cell culture and neuronal
assays

Alpha minimal essential medium (a-MEM),
newborn calf serum, , foetal bovine serum
(FBS), and antibiotic-antimycotic  solution
were purchased from Gibco, USA.  Sodium
hydrogen carbonate (NaHCO,) was from Carlo
Erba Reagenti, Italy. All trans-retinoic acid (RA),
cytosine-1-D-arabinoside (Ara-C), XTT (sodium
2,3,-bis(2-methoxy-4-nitro-5-sulfophenyl)-5-

{ (phenylamino)-carbonyl]-2H-tetrazolium  inner
salt), and phenazinemethosulphate were purchased
from Sigma-Aldrich, USA. Bacteriological grade
culture dishes were from Hycon Plastic Inc., USA.

Physical properties and chemical composition

The colour of rice bran sample was determined with
CR-300 colour detector (Minolta, Japan) and was
expressed as tristimulus parameters, L*, a*, and b*
indicating degree of brightness, redness-greenness,
and yellowness-blueness, respectively. Chroma (C)
indicates colour intensity or saturation (C = ((a*)*+
(b*)%)*/2) and Hue angle''¢ (H® = tan™(b*/a*))
were calculated. The chemical composition of the
rice bran; protein content, total fat content, mois-
ture, ash and crude fibre are shown in Table 11819,
The oil composition was analysed by GC-MS (GC
and MS, model G1530 and G2573A, from Agilent).
The column used was DB-WAX from J&W Scientific,
USA. Helium gas and ethano! were used as gas car-
rier and solvent, respectively. The oil composition
was listed in Table 2.

Oil preparation

A rice bran sample was sieved through an 850 pm
mesh screen (Endecotts Ltd, England) and kept in
the dark and cold place until used. A suitable
extraction condition was determined previouslyZ°.
The crude rice -bran was extracted with ethanol by
a maceration method in 250 ml flask at 30°C in
the dark for 30 min, with rice bran to solvent ratio
of 1:5 (w/v) and a circulation rate of 200 rpm
(0.447g). The debris was removed from the solid-
liquid mixture by suction through a 0.45 pm filter
paper. The ethanol was removed from the crude rice
bran oil under 5-10 mbar of vacuum at 40°C with
a rotary evaporator (Hei-Vap Precision, Heidolph,
Germany). Every crude oil sample was kept in a
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Table 1 Colour and chemical contents of five varieties of rice bran.
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Parameters DK D KN ND MA
L 57.52+0.22¢ 61.41+£0.17° 68.81£0.65¢  71.47+£0.60°  70.81+0.44
a* 15.28+0.19° 14.47+0.11"  14.47+0.11° 7.76+0.22¢ 8.82+0.08¢
b* 10.594£0.14°  12.26%0.24°  14.53£0.25° 9.954+0.13¢  13.19£0.01°
c 18.59+0.11°  18.96£0.07*°  18.03+£0.28°  12.62+0.23°  15.86+0.04¢
H° 1.20£0.04° 0.88£0.04° 0.22+0.02¢ 0.30£0.02¢ 0.08+0.01°
Soxhlet extraction

Oil yield (g/g DW) 0.27+£0.02°*  0.17£0.00°  0.17+0.01%  0.19£0.01*  0.16+0.01%

Y-Oryzanol (mg/g DW) 8.78£0.47¥%  4.71+0.89*  7.91+1.50% 5.95+1.37"  4.86£0.20™
Maceration extraction

0il yield (g/g DW) 0.13£0.00%  0.124£0.01¥  0,14£0.01®  0.10£0.01%  0.17£0.01*

Y-Oryzanol (mg/g DW) 6.05+0.11™  5.36+0.58*  7.41+0.83*  2.80£0.32Y  4.84+0.94™
Protein' (g/100 g DW) 13.67£0.10° 12.96+0.02® 13.76+£0.06° 12.42%0.13®>  12.56+0.16"
Total fat" (g/100 g DW) 13.63+£0.53%  10.424+0.10° 10.77£0.27°  10.99+0.12°  20.76+1.47°
Moisturet (g/100 g DW) 11.694+0.02°>  13.12%0.13*  12.89%0.05°  10.92:%0.23° 8.63+0.02¢
Ash? (g/100 g DW) 5.76+0.07¢ 8.56+0.07° 9.93+0.02° 4.9940.26° 9.76+£0.02°
Crude fibre' (g/100 g DW) 7.224£0.46¢  20.92+0.077  21.18+0.11° 7.88+0.39°  16.3240.05°

Different superscript letters of a, b, and c in the same row indicate significantly different colour values and chemical

contents of different varieties at p < 0.05 by Duncan's New Multiple Range Test.

Different superscript letters of x and y in the same row indicate significantly different amounts of y-oryzanol

extracted by different methods at p < 0.05 by Duncan’s New Multiple Range Test.
* T058 in-house method based on AOAC?, 991.20, 922.06, 978.10, 962.09.

¥ ASEANFOODS .

Table 2 Oil composition (%) of five varieties of rice bran..

Composition DK D KN ND MA

. Pentadecane - - 0.15 - -
Phenol 8.31 2.04 1.69 4.99 1.36
Nonadecane 0.77 - 0.18 - 0.33
Palmitic acid® 12.43 8.50 7.31 1508 19.12
Hexadecanoic’ 1.06 - 027 233 0.1
Linoleicacid 18.50 22.67 24.56 19.46 31.15
Oleic acid 52.38 63.62 60.24 47.96 43.60
Linoleic’ 3.83 - 3.42 592 0.46
E-11-H 2.72 - - - -
Ethyl oleate - - 218 426 240
Stearic acid - 3:17 - - 1.48

“ Palmitic acid (hexadecanoic acid); hexadecanoic acid,
ethyl ester; linoleic ethyl ester; E-11-hexadecenoic
acid, ethyl ester.

freezer at —20 °C until it was used in an assay to de-
termine its antioxidant activity?!. For comparison of
extraction methods, extraction was also performed
by using a soxhlet apparatus at 79 °C for 6 h.

1-Oryzanol and ¢-tocopherol determination

The contents of y-oryzanol and vy-tocopherol were
simultaneously determined with a high perfor-
mance liquid chromatography (HPLC) system (Al-

liance 2690, Waters, USA) equipped with a
photodiode-array detector?°. At the start, 30 ug/ml
crude oil was prepared in the mobile phase com-
posed of methanol, isopropanol and ethyl acetate
in a ratio of 47.5:40:12.5 (v/v). A mixture of
20 pl of crude oil and the mobile phase was then
injected into a C18 column (ACE, Fortune Scientific
Co, Ltd, Thailand) with the mobile phase flow rate
of 0.5 ml/min and analysed at wavelength 330 nm.
The chromatogram result was processed and re-
ported with a Shimadzu’s LC Solution software pro-
gram. The y-oryzanol concentration was calculated
from its area under the peak and compared to
the area under the peak of y-oryzanol standard of
known concentrations ranging from 0.05-50 pg/ml.

Phytochemical content

Total phenolic content (TPC) was determined in
triplicate*!4. The sample was mixed with a diluted
Folin-Ciocalteu reagent at a ratio of 1:1 (v/v) and
then incubated for 1 min. The mixture was then
added with 10% Na,CO, and incubated for 1 hin
the dark. The absorbance at 734 nm was recorded
with a spectrophotometer (Biomate 3, Thermo Elec-
tron Corporation, USA). Serial dilution of gallic acid
standard was performed to obtain diluted standard
solutions in the range of 5-200 pg/ml. TPC was
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expressed as mg of gallic acid equivalent per 1 g of
dried rice bran (mg GAE/g DW).

Total flavanoid content (TFC) was determined
by a colorimetric method!!. One millilitre of
1000 pg/ml rice bran oil was prepared by diluting
the oil with methanol. Next, 150 ul of 5% NaNO,
was added and mixed well, followed by subsequent
addition and mixing of 150 ul of 10% AICl; and
500 pl of 5% NaCl, followed by incubation at room
temperature for 40 min. The diluted oil sample was
then added to several reagents in sequential order;
150 pl of 5% NaNO,, 150 pl of 10% AICl; and
500 pl of 5% NaCl. The mixture was then incubated
at room temperature for 40 min. The absorbance
at 415 nm was measured. The content of total
flavonoids was calculated from the calibration curve
of quercetin standard equivalent (mg QE/100 g
DW).

DPPH scavenging activity

DPPH ethanolic solution (0.2 mM) was added to
the extracted oil at a ratio of 1:1 (v/v). The well-
mixed mixture was kept in the dark for 30 min.
The absorbance at 517 nm of the mixture was mea-
sured using a Microplate Reader (EMS Reader ME
Labsystems, Thailand). The concentration of the
extract that could inhibit DPPH radicals by 50% was
expressed as IC,. A lower value of IC, indicates a
higher antioxidant activity. The IC,, was compared
to antioxidant standards such as ascorbic acid (vi-
tamin C), Trolox, and BHT. Percentage antioxidant
inhibition Al% was calculated using the following
equation:

1 —Asample

Al% = x 100,

control

where Agne is the absorbance value of each sam-
ple solution, Ao is the absorbance value of the
reagent solution, and plotted as a function of con-
centration to report the antioxidant activity, graphs
were reported in Ref. 36.

ABTS* scavenging activity

To perform the antioxidant activity assay!l, the
ABTS reagent was prepared by stirring 7 mM ABTS
in distilled water at 25 °C and mixed with 2.45 mM
potassium persulphate at a ratio of 1:1 (v/v). The
mixed reagent was kept at 4°C in the dark for 16 h
before use. The oil sample was mixed with such
reagent at a ratio of 1:50 (v/v), and the absorbance
at 734 nm was recorded. The results of antioxidant
activity of crude oil are reported in the form of Al%,
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including IC,, and TEAC values. TEAC value was
the Trolox concentration that was equivalent in AI%
to that of the crude oil; it was calculated based on
a Trolox standard curve (R? = 0.997) (mg TEAC/g
DW).

FRAP assay

Ferric reducing ability assay?? was used to analyse
the ability of antioxidant compound to transfer
electrons and change ferric tripyridyltriazine
(Fe**[(TPT2),I’") to ferrous tripyridyltriazine
(Fe?*[(TPTZ),]*"). An FRAP reagent was prepared
by mixing 300 mM acetate buffer (pH 3.6) with
20 mM FeCl, and 10 mM TPTZ solution at a ratio
of 10:1:1 (v/v) and incubating the mixture at 37°C
for 30 min. The oil sample in ethanol was added
to FRAP reagent at a ratio 1:3 (v/v) and incubated
for 5 min before measuring of its absorbance at
595 nm. FRAP value was the concentration of
Trolox or FeSO, that was equivalent in the Al% to
that of the crude oil. Hence it was expressed as
Trolox or FeSO, equivalent antioxidant capacity
(mg TEAC/g DW and mM FeSO, /g DW).

Neuronal differentiation

P19 cells at the exponential growth stage were
dissociated into single cells!? and seeded on a 100-
mm bacteriological culture dish in P19IM under a
5% CO, humidified atmosphere at 37 °C for 4 days
to allow the cells to form large aggregates. After
4 days of RA treatment, aggregates were dissoci-
ated into single cells, re-plated on poly-L-lysine-
pre-coated multi-well plates at 7 x 10* cells/ml in
P19SM and incubated for 24 h. Cytosine-1-f-D-
arabinoside (10 wM) was added on the following
day after plating and the medium was changed
every 2-3 days. The differentiated neuronal cells,
P19 derived-neurons, and cholinergic neurons were
used in a neuronal viability assay after day 14 of the
differentiation process.

Neuronal viability assay

The assay!’ was performed in triplicate. DMSO
solutions of the samples were diluted with P19SM in
the presence of 10 uM Ara-C to obtain solutions at
the concentrations in the range of 1-10000 ng/ml
and added to the culture plates. P19SM plus 10 pM
Ara-C were added to the control wells. The cells
were then incubated for 18 h at 37°C. Then 150 ul
of the medium was removed, and 50 pl of XTT solu-
tion (1 mg/ml XTT in a-MEM and 25 1M phenazine
methosulfate) was added. After the mixture was
incubated at 37°C for 4 h, 100 pl of PBS was'added.
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The absorbance at 450 nm of the mixture was
determined with a microplate reader. The results
were expressed as mean = SD (n = 3), with medium
only as a control representing 100% cell viability.
The sample at the concentration that enhanced the
survival of cultured neurons compared to that in the
control was further investigated for its neuritogenic-
ity and neuroprotective effect.

Neuroprotective assay by serum deprivation
method

The assays were carried out on P19 derived-neurons
cultured in a 96-well plate and performed in tripi-
cates. Serum deprivation method?® was used. The
DMSO solution of the samples, diluted with P19SM
plus 10 pM Ara-C, and a-MEM supplemented with
10 pM Ara-C, and 1% antibiotics-antimycotic solu-
tion without FBS were added to give a final con-
centration of the sample that enhanced survival
of cultured neurons more than that of the con-
trol. DMSO was added to the cultures at 0.5%.
P19SM plus 10 pM Ara-C was added to the control
wells. a-MEM supplemented with 10 uM Ara-C, and
1% antibiotics-antimycotic solution without FBS
was used to create the oxidative stress condition.
Quercetin at 1 nM was used as a positive control.
The cells were incubated for 18 h at 37°C. Cell
viability was assayed by the XTT reduction method.
The data are expressed as mean= SD (n = 3), with
the medium as a control representing 100% cell
viability.

Neuritogenicity assay

The assay was carried out together with P19-
derived-neurons cultured in-a 6-well plate!’. Af-
ter 14 days of differentiation process, P19SM plus
10 pM Ara-C were removed and DMSO solution of
the extracts diluted with P19SM plus 10 4M Ara-
C were added to give the final concentration of the
sample at concentration that enhanced survival of
cultured neurons more than that of the control, a
DMSO (0.5%) was added to the cultures. P19SM
plus 10 pM Ara-C was added into control wells.
Quercetin at 1 nM was used as a positive control.
The cells were incubated for 18 h at 37°C. The
morphology under a phase-contrast microscope was
observed. The appearance of P19-derived neurons
was compared to that of the controls and measured
for the length and number of neurites. Average
length and number of neurites of 30 neurons from
the assay were measured.
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Statistical analysis

Means and standard deviations of oil yield and-
antioxidant activity of triplicates were reported. The
statistical analysis for comparison of the means at
95% confidence limit (p < 0.05) was performed by
one-way ANOVA and Duncan’s multiple range test
with SPSS 22.0. Neuroprotective and neuritogenic
activity assays were statistical analysed by student’s
t-test at 95% confidence limit (p < 0.05).

RESULTS AND DISCUSSION
Physical properties and chemical contents

The upland rice brans were remarkably darker than
the conventional rice bran (MA), with the exception
of the bran from ND rice, as shown in the second
row (a* value) of Table 1. ND has the highest value
of lightness compared to the other varieties. In addi-
tion, the Southern rice variety appeared to be redder
than the rice variety from the central region of Thai-
land (MA) (lower a* value). The chroma (C) value
of upland rice bran was significantly higher than
that of MA. The rice bran contains phytochemicals
such as phenolics, which are especially abundant in
the upland rice bran and which cause the dark red
appearance. A previous research study has shown
that physical traits of a bran such as colour are
correlated to its phytochemical content 1625, Specif-
ically, the genotypes of the purple bran were corre-
lated with significantly higher TFC, TPC and oxygen
radical absorbance capacity than those of the red
rice bran. The colour parameters were related to
the colour of various chemical contents. C and
H° represented phenolic content, L* and a* were
mainly attributed to flavonoid contents!®25, The
values of the parameters reported in our study were
found to have the same correlation as mentioned
above. Furthermore, the amount of y-oryzanol was
correlated with the yellow parameter, b*, which was
at the highest levels for KN and MA compared to
those of the other rice varieties (Table 1).

Comparison of the extraction methods

This section presents the rationale for. choosing the
use of maceration method instead of conventional
soxhlet extraction method to extract rice bran oil.
Initially, rice bran oil was preliminary extracted by
both methods; conventional soxhlet and macera-
tion methods. The soxhlet method gave signifi-
cantly higher oil yield than the maceration method
(Table 1), and the results follow the same trends for
all varieties except for MA. The effect of different
extraction methods on the amount of y-oryzanol,
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a type of antioxidant compound, was found to be
significantly different for DK and ND rice varieties,
whereas the effect was not significantly different for
D, KN, and MA (Table 1). The elgvated extraction
temperature at ethanolic boiling point of the soxhlet
method did not affect y-oryzanol yield of D, KN and
MA, whereas it increased the y-oryzanol yield of DK
and ND. This was because of the significantly higher
content of crude fibre in D, KN and MA compared
with those in DK and ND, as shown in the crude
fibre content in Table 1. The extra heat might soften
the crude fibre2%27 but there was still some trapped
y-oryzanol-rich oil inside the crude fibre structure
that could not penetrate through it. The results also
agreed with that of antioxidant activity by DPRH
and ABTS assays that showed a higher activity when
maceration was used as the extraction method than
when soxhlet was used 3. However, this result was
in contrast with the result from the FRAP assay that
showed higher Al% achieved by soxhlet extraction
than that achieved by maceration. Apart from v-
oryzanol, other types of antioxidant compounds
such as phenolics and flavonoids, which are known
to be heat resistant compounds, were found to have
higher yields from soxhlet extraction for all vari-
eties 8, However, many types of antioxidants that
are heat intolerant have not been explored before;
hence, a gentler extraction method, maceration by
ethanol, was the extraction method of choice in
this study. Indeed, ethanolic extraction by macer-
ation has been regarded as an environment-friendly
method of extraction 3292930,

Total oil, v-oryzanol, tocopherol and
phytochemical contents

The oil yield from the bran of conventional rice
variety (MA) was the highest when the oil was
extracted with the maceration method, compared to
the yields from the bran of the upland rice varieties
(Table 3). The MA oil appeared to be clear and
yellowish, whereas the upland rice bran oil was
yellowish to dark brownish. The darkest oil was the
oil from DK. At the completion of the maceration
method, two phases of products were obtained: the
oil phase and a solid phase caused by precipitation
into red to brown crystals. The exception was ND
in which maceration did not yield any precipita-
tion. Red crystals were similarly found in other
studies®??. The red crystals contained components
of tocopherol (vitamin E) and y-oryzanol. Some
research studies have claimed that the red colour is
due to a group of phenolics and flavonoids?®.
Tocopherol was found simultaneously with y-
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oryzanol by the HPLC method~ The peak of -
oryzanol appeared at the retention times of 5.6 and
6 min, the peak of y-tocopherol showed up at the
retention times of 3.35, 3.51, 3.85, and 4.27 min,
whereas no peak was found for a-tocopherol. KN
provided the greatest amount of y-oryzanol of
7.41+0.83 mg/g DW at a significance level of 95%
(p < 0.05) compared to those provided by other
types of rice bran, followed by DK, D, MA and ND
(Table 3). This might be effects of the cultivation
area and the cultivation method. The y-oryzanol
content was similar to that previously reported*
in rice cultivated in a low water level zone in the
Northeast part of the country.

y-tocopherol was present at the highest percent-
age in MA and KN at a significance level of 95%,
followed by D and ND (Table 3). Surprisingly, y-
tocopherol was not found in DK, which contradicts
results from Chotimarkorn?® and Ushio3®. This
might be because the rice was.grown in different
cultivation areas. For total phenolic content, DK had
the greatest amount at a significant level of 95% at
around 6.44+0.20 mg GAE/g DW, followed by D
and MA, and then KN and ND (Table 3). The DK oil
had the highest TFC, around 13.32£0.52 mg QE/g
DW, compared to MA, KN, ND and D (Table 3). This
study reports a higher TFC content in the oil from
upland rice compared to that reported in Ref. 29;
nevertheless, the difference might be due to the
presence of catechin in their report.

In performing the antioxidant assay, both the oil
and red crystal extraction products were used in the
assay. Hence the high activity found might come
from both the oil and the crystals. The red crystals,
products from the extraction process that came out
with the oil, were suspected to be from the brown-
ish or reddish skin of the varieties of upland rice
and contained y-oryzanol and tocopherol; however,
even though the skin of MA was white, it also con-
tained high levels of such compounds. Nevertheless,
the oil from MA had lower antioxidant activity than
the extraction products from the varieties of upland
rice. In addition, the colour of the rice bran, the
yellow parameter (b*), may reveal the y-oryzanol
content in the rice bran oil.

Antioxidant capacity

All the varieties had Al% values greater than 50%,
as indicated by the DPPH assay, whereas in the case
of the ABTS assay, only DK had the highest Al%,
by more than 50%, therefore IC,, for all varieties
by DPPH assay can be calculated. Among all the
varieties, DK demonstrated the highest A1% when
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Table 3 Quantitative and qualitative analyses of the extracts from five varieties using maceration method.

Parameters DK KN ND MA

y¥-Oryzanol (mg/g DW) 6.05+0.11° 5.36:0.58" 7.41£0.83 2.80£0.32° 4.84+0.94°
y-Tocopherol (mg/g DW) - 0.03+0.00° 0.06+£0.03%® 0.03£0.06° 0.12%0.04°
TPC (mg GAE/g DW) 6.44£0.20° 3.21£0.08° 2.4940.10°  2.09+0.10° 3.19£0.19°
TFC (mg QE/g DW) 13.34+0.52° 3.79£0.49¢ 5.84+£0.22° 4.70%0.14%  9.71+0.08°
DPPH (IC,,, mg/ml) 0.11+0.01° 0.28:+0.03° 1.17+£0.01°  4.16+0.01°  3.42£0.04¢
ABTS (mg TEAC/g DW)) 34.94%1.26° 8.36£1.04° 7.23+£027° 3.73%£0.19°  7.73+0.28°
FRAP (mg TEAC/g DW) 5.16£0.35° 4.9340.38° 2.73+0.15° 0.91£0.03¢ 1.77+0.12°
FRAP (mM FeSO,/g DW) 53.134+3.51° 50.69+3.85° 28.61+153° 9.87+0.31% 19.04+1.20°
FRAP (IC,,, mM FeSO,/g DW) 0.25 0.13 0.50 1.20 1.20

Different superscript letters of a, b, and ¢ in the same row indicate significantly different amount of quantitative
and qualitative values of different varieties at p < 0.05 by Duncan’s New Multiple Range Test.

compared to other varieties, with IC;; DPPH of
0.11£0.01 mg/ml at a significant level of 95%
(Table 3). Furthermore, the rice bran oil from
DK had an Al% of around 31.1 fold higher than
MA, which had the same level as upland rice ND.
DK and D were in the same range as vitamin
C, an antioxidant standard, with IC,, DPPH of
0.01£0.00 mg/ml. On the other hand, Trolox
(0.02£0.00 mg/ml) and BHT (0.13+0.01 mg/ml)
had higher antioxidant capacities than the other rice
varieties at a significant level of 95%. These results
concur with the previously reported results which
showed that rice bran has the highest antioxidant
activity*, higher than BHT; however, it had lower
antioxidant activity than ascorbic acid and Trolox.
The Al% revealed by the ABTS assays for all
the rice varieties was less than 50%, except for DK.
According to the TEAC results shown in Table 3,
among the oils studied, DK had the highest amount
of TEAC at a significant level of 95%, and it was
detected at about 34.9+ 1.3 mg TEAC/g DW. Fur-
thermore, the content extracted via the soxhlet
method was higher in oil by 66%. Because of
its type and cultivation area, the DK variety' had
greater antioxidant capacity. Additionally, DK has
antioxidant capacity in the same range with TEAC
as those of Sudu Heeneti, Masuran, Goda Heeneti,
and Dik Wee, Sri Lankan traditional red rice?.
FRAP was also used to analyse antioxidant ac-
tivity. Results were consistent with those from the
ABTS assay that no variety of rice can reach an an-
tioxidant inhibition level of 50%; hence results were
reported in the form of mg TEAC/g DW and mM
FeSO,/g DW. DK and D fell within the same range
of FRAP values, and received highest FRAP values
when compared to the others (Table 3). Antioxidant
capacity via FRAP has been found* to be in the range

of 27.5-32.2 pmol FeSO, /g, whereas in this study a
wider range of 9.87~53.13 pmol FeSO, /g crude oil
was obtained. These differences might be due to the
differences in varieties and cultivation areas.

Comparison of rice bran varieties

The most recent research data and the results from
this study are shown in Table 3 and Table 4. The rice
bran having the highest antioxidant content is cul-
tivated in Asia, mostly in Thailand. All the research
focused on TPC which showed that the maximum
content level was related to the degree of pigment
in the rice®3. The second highest level of TPC was
obtained from the Korean rice bran®! and DK rice
bran, and the third one was obtained from the D
and MA varieties, as well as Khao Pathumthani 60%°
and the bran from Iran?. This study reports a
higher level of TPC as compared to the others*%,
while it was in the same range as that in the Iranian
rice?*, Total flavonoid content had the highest value
compared to other reports (Table 4). The highest
amount of y-oryzanol content was found in KN,
whereas the DK and MA were found to have lesser
amount of y-oryzanol *. The same variety of MA was
found in Refs. 4,29; however, the yield from Ref. 29
was lower in y-oryzanol content, whereas the same
range of y-oryzanol was reported in Ref. 4. This
might be the effect of the place and the method of
cultivation. Most of the research studies determined
antioxidant activity via the DPPH assay. D had the
same level of IC., as Khoa Pathum Thani 60%;
however, it was cultivated using less water than
MA. The DK variety exhibited the highest level of
antioxidant activity.

The above information reveals that the three
varieties with the highest content of y-oryzanol and
antioxidant activity were KN, DK, and D. These three
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Table 4 Antioxidant compositions of rice bran extracts with various rice sources and extraction conditions.

Bran varieties y-Oryzanol y-Tocopherol ~TPC  TFC IC,, DPPH -ABTS FRAP  Remark
Japonica type, Seoul, Korea 6.5+0.4 16 .M 0.022  Ref 31
Phitsanulok 2, Chiang Rai rice 0.7 Ref. 14
Suphan Buri 1, Chiang Rai rice 1.0+£0.0

Pa tong 1, Chiang Rai rice 0.9£0.1 0.05 0.02

Sangyod Phatthalung rice 0.67 0.4+0.3 0.30* 35% Ref. 34
Fajr, Babolsar, Iran 3.3 93% - Ref. 24
Tarem, Babolsar, Iran 2.0 90%

MA 105, Roi-Et province 5.38 4.74 2.7+0.3 86% 0.032 Ref 4
(TK9), Japonica 1.78 0.10 1.2-2.5 Ref. 35
MA 105, Thailand 0.99 0.10 29 0.08 052 0.14 (IC,) Ref. 29
Khoa Pathum Thani 60, 1.08 0.13 3.2 0.06 0.38 0.11 (IC,,)

Khao Suphan buri 90 0.56 0.12 2.8 0.03 0.58 0.31 (IC,,)

Khao Chinat 1 0.79 0.06 22 010 0.74 0.55 (IC;,)

Khao Gokho 13 0.61 0.08 2.7 0.09 0.64 0.45 (IC,,)
‘Venezuelan 1.1-1.2 Ref. 9
Pakistan rice bran 2.5-3.6 Ref. 22
Pigment rice bran extract 8-45 Ref. 33

* Units: y-Oryzanol, y-Tocopherol (mg/g DW); TPC (mg GAE/g DW); TFC (mg QE/g DW); IC,, DPPH (mg/ml);

ABTS (mg TEAC/g DW); FRAP (mM FeSO, /g DW).
* mg CE/g DW.

varieties need to be further evaluated for their neu-
ronal viability, neuroprotective, and neuritogenic
abilities. .

Neuronal viability assay

Neither the extracts (KN, DK and D) nor the y-
oryzanol standard caused neurotoxicity in the P19
neuronal cells (IC;, more than 10 ug/ml). The
cell viabilities percentages of the cultured neurons
treated with DK and y-oryzanol at 100 ng/ml con-
centration were 156.0%5.7 and 131+ 13%, and the
cell viabilities for KN at 10 ng/ml and D at 1 ng/ml
were 124+ 13 and 118.9 & 5%, respectively. These
results suggest that all the extracts and y-oryzanol
had high cell viabilities (over 100%); they enhanced
survival of the cultured neurons. Hence their effec-
tive concentrations (very low concentrations) were
selected for studying their neuroprotective abilities
via the serum deprivation method and neuritogenic-

ity.

Neuroprotective and neuritogenic assays

Neuroprotective assay is used to evaluate the abil-
ity of an antioxidant against oxidative stress and
inducing cell death triggered by serum deprivation.
The neuroprotective abilities of these extracts were
evaluated and treated with different conditions
(Table 5). The average cell ability percentage of
all the extracts ranged from 40.6-60.0%, compared
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Table 5 Neuroprotective abilities; the average percentage
of cell viability by serum deprivation from various treat-
ments.

Compound Cell viability (%)
¥-Oryzanol (100 ng/ml) 60.2£9.1°
DK (100 ng/ml) 40.6+9.5

D (1 ng/ml) 54.9+11.5"
KN (10 ng/ml) 43.1+10.9
Quercetin (1 nM) 58.0£9.2°
a-MEM + 10 uM Ara-C + 0.5% DMSO  16.3%4.5
a-MEM + 10 pM Ara-C "16.6+£4.7
P19SM + 10 uM Ara-C + 0.5% DMSO  100.3::0.3
P19SM + 10 pM Ara-C 100.0£0.0

p. < 0.05 compared with toxic condition (a-MEM +
10 uM Ara-C) and solvent control of toxic condition |
(a-MEM + 10 uM Ara-C + 0.5% DMSO). P19SM com-
posed of a-MEM+10% FBS. All media were added
1% v/v antibiotic-antimycotic solution.

to that of the control. D was the only variety
that demonstrated resistance to a toxic condition
and to the solvent control of a toxic condition
at 95% significant level. The highest percentage
of cellular viability was found in the y-oryzanol
standard; however, it was not significantly differ-
ent. Furthermore, the extracts were not signifi-
cantly different in their average cellular viabilities
when compared to the positive control, quercetin,
which is a well-known antioxidant and antioxidative
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Table 6 The neuritogenicity of the extracts.

Compound Neurites Length (um) °
y-Oryzanol (100 ng/ml)  2.57+0.23%" 49.9+6.0"
DK (100 ng/ml) 2.53+0.23"" 50.4+54"
D (1 ng/ml) 2.70+0.23°  29.8+1.9"
KN (10 ng/ml) 3.30+0.24"  45.1+3.4"
Quercetin (1 nM) 3.67+0.28° 715481
P19SM + 10 pM Ara-C

+ 0.5% DMSO 1.23+0.08 39.2+4.7
P19SM + 10 pM Ara-C ~ 1.40+0.11 32.9+3.9

* p < 0.05 compared with solvent control, P19SM +
10 uM Ara-C + 0.5% DMSO; ** p < 0.05 compared
with positive control, quercetin. P19SM composed of
a-MEM+ 10% FBS. All media were added 1% v/v
antibiotic-antimycotic solution.

stress compound °, These studies suggested that D
possesses significant neuroprotective ability among
these extracts, and this ability might arise from other
components found in the D extract, rather than y-
oryzanol, which can be used as a natural source of
nutrient-rich content. According to the antioxidant
and neuroprotective abilities of rice bran extracts,
it is possible that the neuroprotective activity of
these extracts might not be derived simply from the
antioxidative process. *

Neuritogenic assays were used to measure the
length of neurite outgrowth per cell. The method is
commonly used to assess the ability of a compound
that affects the growth of neurites. All the oil
extracts were found to exhibit neuritogenic ability
by increasing the number of neurites (Table 6). KN,
D, DK had greater numbers of neurites than the
solvent control at 95% significant level and were
not significantly different compared to that of the
y-oryzanol standard. However, .the extract did not
have the ability to increase the length of the neurites
when compared to quercetin, the positive control.
The. results of phase-contrast micrographs of cul-
tured P19-derived neurons were shown in Fig. 1.
KN had the greatest impact in increasing the number
of neurites according to the result that used a lower
concentration to increase the number of neurites, as
compared to DK. These observations may be due
to the presence of other compounds in the extracts
that can also increase the number of neurites, even
though y-oryzanol was found to be low in KN.

CONCLUSIONS

This study examined a new variety of rice that
uses less wdter for cultivation as compared to the
conventional variety (Khao Dowk Mali 105). The
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new variety, commonly called upland rice bran, has
been evaluated for its oil and chemical content,
as well as antioxidant activity The upland rice
bran colour changes from red to brown possibly
reflecting the bioactive compounds it contains; the
yellow from y-oryzanol. The neuroprotective and
neuritogenic effects of such extracts were also ex-
amined in the Dok-kham, Dok-kha and varieties,
which have high bioactive compound contents and
antioxidant capabilities. Among these extracts, Dok-
kha was found to possess significant neuroprotective
ability. This ability might arise from other com-
ponents found in the Dok-kha extract other than
y-oryzanol, and could be used as a new natural
source of nutrient-rich content. Khem-ngen and
Dok-kha have other compounds, in addition to y-
oryzanol, such as colour pigments that can also
promote growth and the number of neurites. All
the extracts and y-oryzanol exhibited neuritogenic
abilities by promoting increases in the number of
neurites, thus having the potential for dietary use
in the form of upland rice bran oil.
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Catalyzed by Supercritical Carbon Dioxide, Super Green 2011, The T7th
International Conference on Supercritical Fluids, Beijing, China, Aug. 26-29, 2011
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