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Abstract

Rice (Oryza sativa L.) is a valuable crop as an economic commodity in Thailand, as

well as being the staple food crop in many countries. In Thaitand, rice production was

more than 25 million metric tons of paddy rice in 2015 and the rice milling process

{GavesTice bran as a By-product which constittites abott 12-23 % of fice bran oit: In 2016, =

Crude rice bran oil production in Thailand was around 360,550 metric ton. Rice bran oit
(RBO) has become a popular oft globally. However, the RBO extraction process leaves
various residue products, which contain bioactive substances of varying potency which
could be significant sources of functional ingredients for both food production and
pharmaceutical manufacture. The objective of our study was to compare the bioactive
substances in various by-products derived from the two rice bran oil processing methods;
solvent extraction and cold pressing. The residues from solvent extraction processing
contained up to 97.37 mg/100 ¢ of Y-aminobutyric acid in defatted rice bran, and the rice
acid oil contained high levels of vitamin E {tocopherols, tocotrienols), up to 120.59
mg/100 g, as well as Y-oryzanol (3,829.65 mg/100 ¢), phytosterol (599.40 meg/100 ¢), and
policosanol compounds (332.79 mg/100 ¢). AWl of these values are higher than in the
residues derived from cold pressing. Impoitantly, high amounts of total nutraceuticals (8.3

kg/100 kg) were found in residues from both processing methods, indicating the



commercial potential of these residues as a source of functional ingredients for food

production, as dietary supplements, and in pharmaceutical manufacture.u
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4. wnasnaznuiveiineates
4.1 47 (Oryza sativa L.)
Y o e = . e . P a 2 o v oo
arniuiigluana (Genus) Oryza Beegluied (Family) Wendund Tnsfivanadnd

#liaugn (Cultivated species) 2 uiln uaz sl (Wild species) 21 siiauaz in3Ussauing

“Taniidvieguseanar 120,000 wevus et riesmailiieusTiade Onza sativa Cavias
dsiinsusdaseaniy 1) 91991efing Uaponica) wiednwéadu (Oryza sativa var.
Jjaponica) Lﬂuﬁwaﬁﬁamﬂgﬂ’luﬂismﬁuﬂmeﬁamzi’uaan ! zﬁ'ﬁu way tva  2) 11ouf
m (ndicayviie @amdne (Orvza sativa var. indica) ﬁEJSJ‘IJQﬂimLﬂUL@L%ﬂﬂﬁuaaﬂﬁm‘lﬁ
wazBulatlids uay 3) 9199191101 Uavanica) Wied199m (Oryza sativa var. javanica) fisu
Ugnludsawadulaiide (Rodkum, 2011) Uszansusswalnetszunu 64.24 Suauuslaa 41
Wuswsvan Tasiaigntulszmalne dilduiTnadssna 55 Weiidud uas diwentszana
45 wWeddud lnavsswmalnaiiuddoendnduduiu 9 saslanumiunanimn 1 neasse 3
adeselduszana 1,700 3 1,900 dwSeganssoniinmmetl (Vanichanont, 2004) Ussing
vdniminirinannuszmdlnede Sulnids Tulis Suiu ausgeudn uay Fwlvs (Asia
BioBusiness, 2006)

4.1.1 99aUszNoUvRsin

duszneulusevansdideiulnsdniioduangaie Waenfmudawionnau

(Hull v3e Husk) Bsiuaguiiiaudenusnseundndm danfediuudadidszneuse



f—
[y

2 ar = o 2 as =4 o
ayndn vi3efnag (Embryo vi3e Germ) 19 wazwdndn (Endosperm) faanslunini 1
iy wineils daudeuna (Pericarp) Warudn (Seed coat) fhuwada (Nucetlus) $utedalsy
(Ateurone) wagayndmuseAnnzUaaNantna (grem,embryo) (Orthoefer, 2005) $117

Usznauseg 11-15% Wikiu 34-62% a1slulawsn 7-119% wdule 7-119% 11 15-229% lipid $19m

AN E5as 9T S10r 8% Vot IlUAB A (Prasad. Sanjay, Khatokar,
Vismaya, & Swamy, 2011) aqﬁﬂiznawaa‘%’n*ﬁ"nﬁﬂagjﬁ’ﬁmeiaﬁmmaa%ha wiadlansddn was
Bravhliiniaaueis (stabilization) 1asd11 Siiaduundsvesansiueyyadassssmmi
(natural antioxidant) fidhdty Téud lailsea (tocopherol) nlalastuea (tocotrienol) uazles

F1uea (oryzanols) S1MmaunInansyiuasiadinesen ludenldlpammzlud e low

density lipoprotein (LDL) silanaiudssuadlsala (Prasad et al,, 2011)

Pericarp =~

Seed Coa:\
Nucelus

Alaurona Layer

Bran

Endosperm

Embryo

AW 1 99AUsznouveswdnd (Orthoefer, 2005)

413 (Oryza sativa Linn) Wusandamsmainuasiiddyreaaids Sl

' '
=i o

omshidnggavasnulueds mindusiudnainmsaimaswdndn (endosperm) Faii
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Useanas 70% uasnavassldanmsdihidsznoudie wnautn ice husk) 20% Faduden
vasdns $19 (rice bran) 8% wazayninrice germ) 29 $rivafuumdsndmiriusidronte
ihlumefuemsdnd (Hoed et al, 2006) asusznaumanaiidulngveniniuhdmnde lipid

Amulsinm 15-22% Tushin Tasludiusdnusznaudig 95.6% Sponifiable lipids suldun

slycotipic-ims-phosphotipids wasdniiaans 4:29 Unsponifiabte-tipid W Bioactive——== =
Phytochemicals 1@ Tocopherols/Tocotrienols {tocols: 1500-2000 ppm), Y-Oryzanol
(10,000-20,000 ppm) wag phytosterots (15,000-20,000 ppm} wag Carotenoids
(Balachandran et al., 2008) Sponifiable lipids @ulvey Av Triglycerides (TG) %ﬂgﬂlﬂiﬂﬂaﬁa
Iadremdansdndlaodl Lipase enzyme Wusssufisendndu Glycerol uagnsaluiudass
TnohfusdnilddmsunsuslanansaiiuSinansalosiubase1ldiiy 0.1% Tneimin
(Chen et al., 2008)
4.1.2 nszuannsataniniuiigg

nssunEERnsE e aTsEneufe 2 Sueuiidiiy fie maiaieTidh
wierhiiuiin flgaussasdiftengnuffdelalnslsiaves Trigycerides elliAniliunsa
Tushudass SimsitdlaeiluAonsoundauasnisldlodn (Amarasinghe & Gangodavilage,
2004) ndumpuniidansataieusnienigisidn Lpid) Welild vield g4 dinsnluiudasy
i mMawAsuwasmnaiadisn Simsideduredle srawiler walavesh Suiild 2 38ldunnisada

feafmyinazalsnasnstuliunsanisnaon
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1 nszurumsaininiiuhdnTaglddvinazaedundd (solvent extraction
process)
nsliivhazaredunidlunsatminsiusidmisuldensudiuiatn masade

i

Toliael yield g4 (98%) uazufjtifinsdne (Amarasinghe, Kumarasiri, & Gangodavilage, 2009)

&9 (1-2%) Fevlinmsatmitisdndeisiadudesiunssundy q Sude
nsvuauNEARAtTUSA (extraction) asumnidmazgnadmisiudedayi
avan (hexane) Wiaaraliiihluadednasasesninuauy hexane ﬁﬂﬁuﬁuﬁﬂuaejﬁuﬁ"a
yhazate Gondn miscella niiuvinssamsdninazaiveananiduiulngmstirnudeusy
miscella fhaiaiaaszive evaporator Wag striping column Lﬁa%‘lﬁﬁ’lﬁuﬁu AoYAD
nIBUIUMSLENEavile? (degumming) Tnaiiini¥eunaznsn citric wia nsa phosphoric W&7
THadaanios (centrifuge) Wiavhlinawmiiys (eum) Thnnnneu azldhitmukasatnousng

=

Witien {gum) ABIABNTTUIATIVUSENS (refining) InalSuannisinadunans

4

o ar

(neutralization) iWierdnnsaluiudase (free fatty acid, FFA) lneniialaanlyl (NaOH) Saiiusing
WavhudiSeniunsalasiudass FFA sheuiisen saponification 1] wasvhnisuenionay
(Soapstock) @8n (Bhosle & Subramanian, 2005) saufenssuruninend (bleaching) lneiiu
fiurland (activated carbon 38 bleaching earth) Lﬁataﬂnidﬂ’?ﬁq (pigments) iy Aaslsiad

(chlorophylls) wasualsiiuaan (carotenoids) (Orthoefer, 2005) nsgUILMIHBINAE N13FEA

ST R R S USRS L (3-5%) L (2-0%) WA S TviIg N PRoSpRotpids)
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X L. Y owoyadd P o ol
1y (Wax) laums Winterizing \uivisiul iamgiidiialiluiuifigaasumagusnson

A

vibiusfuiwdeiyavasumawidetesiunisqureshiumiensanadntuilusswinanis

Lﬁuluqmwgﬁﬁﬂ {Pestana, Zambiazi, Mendonca, Bruscatto, & Ramis-Ramos, 2009) uay

[}
— 1=y

Tupeugavinefie mimidanau (deodorization) lnsnsndufigaumaiigs (distillation) feviendy

Ty T TR T TR A T Y WAt e
wamasnauilasnIntlvuued e (Yang et al,, 2010) nstanstuniim 2a

. Hexane : .
Rice bran Defattedl rice bran Rice bran | Drefatted rice ran
{DFRB-5) (DFRB-C)
| !
[ Degmmning | Rice bran erude oil
Neutralization Rice acid oil : :
RAQ) Frist filtration
Bleachin,
Second filtration  f——— Filter cake
l (FC)
Dewaxing, Riee bran wax
1 (RBW) Rice bran oil }
~—— High-melting point wax
i)
) (b)

A# 2 uRuniiansnssuiunmsdniuiuidm (@) daiusitennszuiumsaindiediih

azany (b) 1hTusT1INATEUIRAISUULEY
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ayndm yi3eAnaz (Embryo w3e Germ) $14M wasuidadn (Endosperm) fauaastunindl 1 $1
U1y Ve d’;uﬁ'aﬁma (Peticarp) L?Iaﬁ:mué‘im (Seed coat) finwadd (Nucellus) Furednlsy
(Aleurone) uazayndrviaAnasvoundad i (grem,embryo) (Orthoefer, 2005) $141

Usgnaums 11-15% Tusiu 34-62% anslulewnsn 7-11% wule 7-119% 11 15-22% lipid 51410

At TR USEIrr 8% YenInT I aervER (Prasad, Sanjay, Khatokar
Vismaya, & Swarny, 2011) aaﬁﬂisﬂawaaé"ﬁ’fﬂ%}fuegﬁu;xwﬁqﬁuwm%’n wAliAnTSaTT) wag
ABmshiliiinenuiatios (stabilization) vesd1 Sriaulhundwesssiueyyadasysssuni
(natural antioxidant) fiddty I Wilafisen (tocopherol) nlalnsauea (tocotrienol) uasled

wuea (oryzanols) Sannnanizaunsiaginesealudentdlaammeludurns tow-

density lipoprotein (LDL) lfanaudssvedsaile (Prasad et al., 2011)

Pericarp ~

Seed Coat\\\\
Nucellus

Alaurana Layer

Bran

Endosperm

Embryo

A 1 asrusznauveaant (Orthoefer, 2005)

9 . . o - e o o et o 6w [t
UM (Oryza sativa Linn.) Wus@ae@enansinusnsitddguoasi@e it

¥
o

o P = o er & a o 2 o = o
smshddygruasnuluedes ndedunvdnanmsddniswdnd endosperm) Bl
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Usganal 70% wagsavastldannmsddinlsznoudie unaud (rice husk) 20% Fududen
vosimans 3741 (ice bran) 8% wasayninlrice germ) 2% Srirnduudedminiuiinvie
ihlturaduemsdad (Hoed et al, 2006) ssdussnaumaaiidniingreniniusinie lipid

Annduuias 15-229% tusin Tadludsfusdndszneude 95.6% Sponifiable lipids Suldu

~gtycolipid ag phosphotipids iaeaTnivaeia 4:29% Unsponifiable tisid tin Bicactive ==
Phytochemicats wi Tocopherols/Tocotrienots (tocols: 1500-2000 ppm), Y-Oryzanol
(10,000-20,000 ppm) wag phytosterots (15,000-20,000 ppr) way Carotenoids
(Balachandran et al,, 2008) Sponifiable lipids daulvel Aa Triglycerides (TG) %!ﬂgﬂ‘[ﬁim‘la%a
Iahendsnisdndlasil Lipase enzyme iudasalfiseuindu Glycerol uasnsalafudass
Taenhsius i nilidmiunsuilnnaansaiivsinanseluiudassldbiiu 0.1% Tnehmin
(Chen et al,, 2008)
4.1.2 nszuaumsaiminiidn
nssuumsatmhus e aulseneudne 2 duneuid Aty Ao MIRLEDES31917
wiethifusiing feaussasditengauiisenlalaslsdaes Triglycerides iWlslilvifmiunsa
Tufidesz Sinsildleevhluenseuniuazansléledh (Amarasinghe & Gangodavilage,
2004) ndunsumilensafailensnioniriiusndn (Lipid) WelHls yield ge fnsalatudass

5 < R . = o o oMY _ acm o o
A1 AstUasULUGIMLANAN Mﬂﬂimﬂﬂusﬂaiﬂfﬂ SRINGEN ) LLagl‘ﬁ‘]ﬁg'ﬂﬁl ‘3\37’]']191 z2 '}ﬁlﬂLLﬂﬂ'ﬁﬁﬂﬂ

fefvhasanswaznstudiuianisnnsnm
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1 nszurunsanaiadusitleslddnyinazanedunsd (solvent extraction
process)
s o = = ar ,6' e o L =Y k5 I o ar _r 4
msladvinasanedunidtunmsadmitiusdnaisuldensndufmeaden nsaiade

35ilael yield g4 (98%) uagUfjufn1sie (Amarasinghe, Kumarasiri, & Gangodavilage, 2009)

9 (1-2%) Fonlimsafniiusdndesisnduiesiunssuuiy 9 92618
nszUAUNISERMISISIA (extraction) ﬁlzL‘%ﬁmn%”ﬁhj%gnﬁﬁ'ﬂﬁﬂﬁuﬁ’aat:é‘z"aﬁ"n
¢a8 (hexane) ieadaldhiilusdednazaisesninuauiu hexane fwﬁuﬁuﬁﬂuaéﬁvﬁa
viasany Gund1 miscella Mntiimsszmeivharaseanamisuiulnsmsliruteuiu
miscella feiATassuve evaporator uay striping column Liteazldiiuny faunie
ASBAUMILENE WIS (degurmming) Tnenfsni¥euasnsn citric %90 nsm phosphoric W&
TaSoanios (centrifuge) tiavhltenamiin (eurm) Wnanzney avlédhihdumasnenausns
Wil (gum) ﬁamﬁamzmuﬂﬁﬁﬂﬁu‘%qw‘é (refining) Tneisuannsvilndunans
(neutralization) iterndansalatiudase (free fatty acid, FFA) TnenfinTonlsl (NaOH) Fahusing
wevhuiRzeunsaludiudase FRA feufsen saponification e wasyihmsuemenay
(Soapstock) ®an (Bhosle & Subramanian, 2005) daanAanszurunsvend (bleaching) Tnatfiu
Aunand (activated carbon 38 bleaching earth) iitauonsaning (pigments) Wy Aaelsiiad

(chlorophylls) uazualsiiuead (carotenoids) (Orthoefer, 2005) aszUIUNSHBINAR N1SAISA
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o

. .. 2w oyed & - o e
lu (Wax) Tnems Winterizing ihufunniulfigamgfisisieliluiuiiigavasmangauenaan
2 ylo, ar EJ L= = O' 1 ar I ‘D’ s < =% ar 3
ilihifuimdeilyavaenmaidetesiumsgurenihiumiensanuantuiulusswitonis

Lﬁﬂu@ma@}ﬁﬁ"’l {(Pestana, Zambiazi, Mendonca, Bruscatto, & Ramis-Ramos, 2009) wag

FupeugaioRo n3mdaniu (deodorization) Tnan1snauiaamaiigs (distillation) fevendu

N Hexane R .
Pefatted rice hran Rice bran Defatted rice bran

(DERB-5) l (DFREB-C}

Rice bran crude oil
Rice acid ol . .
(RAO) Fuist filtration
leaclia
Second filration  |—— Filler cake
l (FC)

l RBW) Rice bran oil

—— High-melling poind wax
ELY
(™ )

MW 2 wnugiiuanensyuiunsedniniuiidn () tifuiimeinnssuiunsaindaeiai

avang (b) dhdusdnannssurunstuliiu



15
2 nszurunsatatsiusdniaenstudu (cold pressed extraction
process)
'Tﬁ"miﬁﬁ’ﬂgﬂﬁ’u%%’nLL“U‘U“TJ‘ULﬁuﬂs‘thEJ%’ﬂ't:nf-}zun'mwaqmiﬁwﬁ'ﬁﬁlu%’ﬁmtﬁsm}uﬂ

3/ LY 1 14 e o ed H o4 ’6’ ar ‘ﬂ'd cic!' <§ It E\E!GJ < @« -~ lﬂl ar e
InldedwasumuihFEalnhiuniiaunviings Jathiiammesdwmiumsednindusdn

P 3 I a d 1y A ar
nssuuasiuiuldnannuaslvinaudamisliiunisuluseduanaimnssuemns nssuaums
anmihsdnuuiudy Guanyhnissausitmdsazinsssouistdnilifesnisean

r’i’l - ‘:} ¥ o =i ar 4 ot ] é = v 1 o3 ot n‘

Pints T anlainandudaaiensasiutiaad Screw Press lasiiniasausesninnistusan
<l ’6’ ar o W ::J T =i +

Uszana 40-70 aer@aldoa 1ius19 RN s TULA 928 UnNS 2 U U NTBNANITNTBILUY

w53ty (Filter Press) Iaenisnsassngitianinsoniadldadiasiaia uiamasinlirininidnia

saniwiuiusiuhimbnhdubiusavsuagyibnisiudinduiiuldes dnfuiniusadnds

AaevhnisnsessnAlsunszaenian (Filter Paper) mig 2.5 luAseu uastunsugainsions
o % o o e I3 v X & =i | -
mumuwﬂ'nﬁlﬂu'mqmimwaaﬂmﬂﬂUﬂﬂﬁwaguquﬂﬁwﬂu UV sterilizer (Moreau & Kamal-
Eldin, 2009) sauanslunin 2b nisihveandeannszuiunmsadniniusidrludusiounisyinle
= L4 o w Iy v =] @ o = e 2ty V=t
Uignaiiiefdnansilivasnseenty Tusasdenfunldamsiidunanassldniinnddseanuise

thuliuTgwsuasifiuyadiladniahlldusdoniisld dauandumine 1

dl‘ = 24 L= r.'i o ’6’ ar n__ % L 74
gaynimfelfitundninieS e wasdlowinnedmidsdinmesapdnds = — =
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#1314 1 Steps of chemical refining process for edible refined oil production and by-product

Step Removable substance By-product

Degumming Phosphotipids Lecithin

Neutralization Free fatty acids Y-Oryzanol

Bleaching Pigments

Dewaxing Wax Rice bran wax and policosanot
Deocdorization Flavor Phytosterols and Y-oryzanot

#a Lilitchan & Aryusuk (2008)

4.1.3 aselamfvosnidiuddn

dhifudfassssmaluhiuiidavanssiia I y-Oryzanol 3milud nu
Tocotrienols, phytosterols tazildndheantaaanasea vindie (DL sumilasnawelse
V(Tr]glycerides) Tagane usnmntiu Y Oryzanolditasnsssiuvitarinlaaamesoariing (HOL)
Tusamedesdaalietostilsaila wadlsa$eiinunvaendesiiuiuieteeiulsed
innmsiusivvsivaemasals (Nagao et al, 2001) Wi lsavwilanadeon lane vaos
W@asiiiu (Mellen, Walsh, & Herrington, 2008) duvgnu suws 1Hudu uaﬂmﬂﬁlm'aﬁ'ma%a
f‘iassﬁﬁagiuﬁnﬁu%ﬂ*ﬁ’wuﬁeﬁqw%sﬂﬁasn’]aaﬁ'uuazé’ué?ammﬁm‘[iﬂusﬁa (Kannappan, Ravindran,
Prasad, Sung, & Yadav, 2010; Sun et al,, 2009) aﬂmiﬁﬁfy}aﬁimﬂmlﬁmaﬂ (Evans et al,,
2010) Sniadifigmaniidisinuaunavessyuuszam Yisemes idumah desiulsnaves

< @ L3 Qe < ' o LS 2/ 1 1 1 ]
don uaglindalued wavananiiiniuaiesdarviedigfmssalinuguiu Bavguud
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Bl amdeu3ises (Noboru & Yusho, 1970; Shugo, 1979) wasilduiielSuannaveassu
am‘%’i’awaauascﬁaaaﬂmmﬁaugmw (Hot flashes) (Murase & lishima, 1963)

4.2 unuaesdilutafitsn (Y-aminobutyrate) #5an1un (GABA)

unasnediluiinfitsn (Y -aminobutyrate) wianun (GABA) Wunsmesilluiingn

B PRIAR S (decarboxylation) vaensmaziitungnidin (glutar“nic acid) T,.ma
nmassvasoulsingmumaiuandied (gtutamate decarboxylase) Uas Tiipnautnnlugulyd
pangoaledlyls (pyridqxal phosphate; PLP) Wiulausiames fauansiunin 3 (Lehninger,
Netson, & Cox, 1993) muniigmsTutanafie Coty NO, thurinlaanamiriu 103.12 g/mol i1y
wasamanil 195°C @13 GABA viguidiidnuazilunsninueandsdun avansluniildauazasane
lalukeanesadlinanaiiin 9 viewila a1 methanol U ethanol dazliaransluasUssian

Organic solvent (Rodkum, 2011)
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-+

jr-
“00C—CH;—CH— CH—COO™
Glutamate

 glutamate |PLP
decarboxylase|{™» CO>

+

TO0L-—CHy—CHa— CHy
v-Aminobutyrate
(GABA)
AM 3 mydaaszdasmusinnsaesiilungauun (Lehninger et al,, 1993)
Unfissnouyuderldfuasniuimn 2 ma fie 1) e wnsiiuSnamsags

Tawntutuie waaasu uzidema Aud (kimchi) vaalauan (chocolate) 41ndasean flanes

v oo 4 a « A e 1 e v .
wasiiny wludn uazanmyiwmssiarsmuiiivimaes bilasuenmaiu leeldnses high

pressure liquid chromatography (HPLC) #wu1 Usunaansnun Tudrdaiensiezlilasdi
(low amytose) Dgse1I1a 31.0-37.2 fadniude 100 N3y Uradvilneylladga (high amylose)
flog 21.4-28.8 fladnusie 100 N3y druinuwileiiviinaarsniuneglutiasswin 29.6-72.8
Hadniuse 100 ndu (Tunetrakul, 2007) 2) nmsdaaszituesluiume Taonisdevdaany
thimanglamhunssuumslnalalada welildmendmduasingom nnduanslgrvasd)
gindnsnsdviiildansdnanciie woavh Alangmism (O-ketoglutarate) ianansmiityld

o hd at = Ei g:’ ar 23 &
AMWIUNTTAIAN 3ﬁﬂ3ﬂﬂQGl']iJﬂV]Lﬂ‘Nﬁ’]‘iﬁNé]lué’]WSUﬁ'ﬁf‘l'}‘U’] Tagenfun1svinnuyes L’e]u‘l‘ﬁﬁj
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GABA Ol-oxoglutarate transaminase (GABA-T) (Olsen & DeLorey, 1999) (faugnsluniw 4) lag
swuasmuIiisamesaansiuUTnagsuaes fafumnienelisunglnafiesdemals
dupdinaginasnudussliaueaiansieusarelduenmilaanmsldsuanamisdnmia

wiaguny

i lnalntads
Gptyeatysic patinay) a:iga T
nylng (glucose) B wsian (pyruvate) B (nootyt Con)

o

pangilno: S Fuee (citrate)

{oxaloacatate) co
z

- (Krebs Cycle)- GABAT
uwaay ﬁfﬁngmmﬂ ; n‘mngm‘ﬁﬂ
\ {U -ketoglutarate) {plutamia acld)

M (GABA}

A 4 msdaassiasnunnnibmanglaaiumainansnnigdnaasudlasmevhauees
toulasl GABA O-oxoglutarate transaminase (GABA-T) (Thongekkaew, 2015)

GABA Tunmumendnlumsimwihiituasdedssamaiinduds (inhibitory
neurotransmitter) lussvussamdauna Wuasaeussamussamansdusa (nhibitor) slindi
iuuinudeusessnhavaduszam Juhlinssualszaminldiiosas thoinwaugaluaues
fildFunsnssduiifamainnnsieuraiauasuounduauis (Petroff, 2002; Schousboe &
Waagepetersen, 2007) 5m7?~3E“fa‘tf’aﬂﬂizﬁuﬁiaﬂﬁauaaﬁauﬁﬁﬂ (anterior pituitary eland) ¥

wihiraagasliuugelunaesyduln (human growth hormone; HGH) ¥l#lAan a3
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ilodond e lindmileiiammunsefunasfnansdosiuluiuite lipotropic de@luns
Fagtasfumsavanlusiuluinanie (Powers, Yarrow, Mccoy, & Borst, 2008) uastsngandoai
59391 (Balumuesd) (ito & Ishikawa, 2004) qmﬁw*zi'm%’ﬂwﬂsﬂﬁf{mﬁ'ﬁsxwﬂismw WIDIAAN

(Schizophrenia) wanelsn ey Tseinniaaa, lsaueulindy (Abdou et al,, 2006; Yoto et

~al, 2012) 1humy
4.3 Fandiud (Vitamin E)

Aningd fle a19ems (micronutrient) vieasownsiiarusudhsedumed

feaiRdhuoyyadass avandldrtilauaiviu Snfiudussneudseuriususmearh-, wan,

wnai- waginan - Inlalsan (O, (B-, y-. uag O-tocopherol) wazayiusyas waavit-, lum-,

wnuan- wastean - nlalnsduea (O, (B, y- waz O -tocotrienol) fanwil 5 uas 6 AuEIcu

Falulassaiuvesaumu 6-chromanol vesngulviaiiseaszgnunuiidionyuiia (methyl

° 1

o e ; =i = A . ) '
group) MiuuLe 5, 7 uazlpefsunuad 2 111 Cy saturated side chain drunguinlalasduea
& ar 1o o 1 - = . o = =
Wuasihfusegndiumis 3°, 7 uag 117 994 side chain Galvlailsoauazinlalniduealuguuy
. 5 1 or A o o 1 t Ll
wzANe 9 Tuazuandetuidiuunasduniwesjuiiauuiawwu 6-chromanol Tne
= = 5 A 1 ] =y 1
woav-Inlaflseaunsuearh-nlalnsdueaimegnumiishemiuiia 3 wi wanInleiisea w
= ) =t = v 1A '
m-lnlalasBusa wnun-nleitsea uasunamn-Inlalnsdusasegnunuidemiuiia 2 wi uay

iwan-lnleilsen uasinant-nlalnsdueavssgnunufidhemiuifia 1 wy (Eitenmiller & Lee,

2004; Yoshida, Saito, Jones, & Shigeri, 2007)
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R'=R?=R*=H Tocol
RY= R? = R®= CH, a—Tocopherol
R'=R?=CH; R*=H B-Tocopheral

= RieHRE=RI=CHy——

—y—Toeopheral

R'=RZ=H; R®=CH, 8-Tocopherol

AW 5 usavh-, WwWa-, Wnuin- wazlaan-nlailsaa (Eitenmiller & Lee, 2004)

R'=R?=R*=H Tocotrienol

R'=R2=R%= CHj a-Tocotrienol
R'= R¥= CHj; R*=H > p-Tocotrienol
R'=H;R®=R®=CH, y-Tocotrienol
R'=R?=H; R*=CH; 3-Tocotrienol

AN 6 waash-, lm-, wnu- tasteani-Inlalnsdueoa (Eitenmiller & Lee, 2004)

Lt or 2 P

a LS T =t =5 94 g LX =
Infiuduigvsiidnunusduniln dwtes avaneladlutiniu daasluana Co Hep O,
. . = IS 25 = o 4
walana 430¢/mot (Eitenmiller & Lee, 2004) Fmiiudiliuasiveyyadaszosui Ml
o | = = b4

unumddglugnmmngsues o1 wasiasesdiens lasusarh-Intaisoa Wiansdueyya

- ey £ = ' o =5 =
deseNiigvsyegInannd wa-lafsea weavh-Inlalasduea unuan-Inlaflsea wan-ln

lalnsduen uavinan-lnlailsea madwiu (Cheong, Tan, Man, & Misran, 2008) Falullagtu
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UszrlvedsanivimfiuBidinnniadszmalusangann nlailseauavinlalastusaiiuans
v = o af et 0 & 2 e o =t =
Aueyysdaszsssurindunumddglunsiiuiamomnswasnislesiulse Fnlailseauas
Inlalnsdusaansaduginsiiaufjiseeendnduvesedandisasea (acylelycerol

peroxidation) Ingnisduiveyadas: annsaduiinmsdunnsinagnesoaluduiignafuans

e faunsiafussuugiiduivssiumsnasaanindesanmensed Inlatseauesinlnlasiuea——

gaimihiiduansiosunisiufudmeadeniissaniamlunmsiwianinionds uavannan
faafumsiinlsadalawesludgeey (Chu, Baharin, & Quek, 2002) uenaniifsaansoaanga
aamssmavduioanmnnssuiunisasovaendenlmivesiauusids (inflammatory
angiogenesis) Tu microvascular endothelial cells ?Jaﬂmg‘lﬂﬁ (Wells et al., 2010) uazdail
@mﬁmﬁ'ﬁlumsé’uégamstﬁmLﬂa‘faaﬂlfdﬁwmﬂfim‘lwﬁu‘lﬁéuﬁ"z (polyunsaturated fatty acid) lu

o ey

L?jaﬁmaaﬁ'wmm (biological membrane) (Choi & Lee, 2009)
4.4 unu-laigues (Y-oryzanol)
ursnn Tedeueadunuasausnlnhsiusdniud aa. 1956 Tneninermaniam
flj‘l!u‘% Tsuchiya,T. kaz Kaneko,R. (Azrina, Maznah, & Azizah, 2008) ﬁqmﬂmaqa fia
CaotssOq 328la08NG 602.9 LLmJmia‘%'smuaau‘%qw‘éqsﬁé’nwmzL?Jufqaﬁmaﬁaﬁ‘m’mumﬁaa
gou 9 Wssndeut lifindu avarsldflunaslivady sewauniedives avanlidntesluey
wiunagliazanglini fyavassmasgeszinm 1612 °C uslinusaudaunn (Park et al, 2013)

8- £
el e

af w o v 2, s & . R ° = Yy o o '
Iavus 10 ayus Faanulueyiugues ferulic acid Tuduauilll 3 eyitusndinanudidgylund
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maanﬁaanqw%{é’huawaﬁais g cycloartenyl ferulate, 24-methylene cycloartenyl ferulate,
campesteryl ferulate (Azrina et al., 2008} fanandlunm 7 LLﬂﬁJ&J’]-TEJ%‘*muaaLfJuﬂEjmaa
asdsznauleaneTeninnIamegan (ferulic acid) wasamasea (sterols) Wislasiasiy

2

<, a e £ =
weanegpa(triterpene alcohols) wilarns 4 lngwnun-lasnueaitiuansidgvisdneyyadase

598 (O-Tocopherol) i3 6 W1 (D Huang, Ou, Hampsch-woodill, Flanagan, & Deemer, 2002)

3 o 3 a = ) = v
amnsawulpludnuaziisdnuis newunnluduveabeiuudanasayndin

HO HO
Ohlo o

Cychoanicayl ferulae 24 methykepe Cyckaanany] ferufae

HO
OMe

Campesteryl Erulate
AW T Laslaseaing cycloartenyt ferulate, 24-methylenecycloartanyl ferulate Wag campesteryl
ferulate (Patel & Naik, 2004)
ﬂ”mm‘sﬁmaNmamuﬁ%’awwsﬁmimmm'swm'ﬂ nsuilaaloswueaddnninan

rAunalaamasaaluden (Gerhardt & Gallo, 1998) anmsdufvenninden (Seetharamaiah,

" "Wmfi"i‘“53;}‘d‘ﬁ"‘r?if‘ti"ﬁﬁﬁiﬁﬁ"f‘ﬁiﬁ%aﬁtﬂﬁﬂﬁf’i‘iﬁ‘iﬁ"iﬁﬁﬁaumﬁﬂ;53aﬂ'a'n;ﬁ"ig&ﬁﬁﬁ‘?ﬂ'ﬁﬁua’iuﬁﬁi‘!ﬁlﬁﬁ?{” T
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Krishnakantha, & Chandrasekhara, 1990) teuiuaunavesansionas (Murase & fishima,
1963) uagdhoiinuinundnile luthgiuleivmeadafinmuddgunndulunsladue

ansEs U mLasinIashe T wilnuaudiniddnyAe dssdniamlunsiusyyadass

Igiga Unaiunasyd vihlflmisuuuazfumssniau (Brigitte, 1995; Pizzomo, Pizzomo, &

=Murray; 2002y
4.5 lWllndinasea (Phytosterols)
& a o 4 o arean 1 5
phytosterol 1Uuasnssufanulawrngluiiy lnuaniliazanaluth azane

’5’ @ Qs 1 1= A & o 1A

Taluhduuazueanesed llassaiisndnariu cholesterol vasuudusfildniasuauiumian
' L o) o e sdetr e o 3 2

17 fnnnaaampsea dwdnueailumneseaduiniiliiiuszrediulasaiinwmu e
sealusssumeavuyisluguniiauiiiseeamesiiatununsaluiunieeglugunuudassd
mw 8 Fwandlassainasanesaaluiivieuiisunuasaawasea nalnnssengydupsensiv
aweseane aslasiudsduivaeiadwesealummaduandildiin dualnoasinason
inewnsludlddntiansadidsunmeld Soilivinansaanssealunssuadonaniesas

= L s

muawiu ngameseavsgngedunieudunsiaamesealasigadd ldidnFeiilusiiu Niemann-

. . = < 3 v & A e ' o
Pick C1 like 1 (NPCL1) Beameseatfinadiutieaviniuiazgnandy uidnlngjazgniueen
Pnaaaldidnlng Adenosine-binding cassette G5/8 (ABCG5/8) viouriunalaainesoa saiu

diasranelduamasaaniniusianieiaefuasiaaneI9assninang 1smesIn Uiy

(Somseemee, Morakot, & Sittiwet, 2014) phytosterot wusesntiiu 2 Uszian wande 1) plant
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sterols wu B-sitosterol, campesterol tag stigmasterol uag 2) plant stanols 15U B“

sitastanol Waz campostanot (Gupta, Savopoulos, Ahuja, & Hatzitolios, 2011) %am‘sﬁaamﬁ

TP
bl
lﬁg

MS e

SRS
Pave

] ar X } 2
ANMUBANANNUR AT Lae

HO

p—sitosterol Stigmasterol

HO HO
Campeslerol Cholesterol

aw 8 lassadranaeiived cholesterol tiag phytosterols 91n#ie (Clement et al., 2013)
Ilmapesoanulalusyis wu oy dduiie @hdusidn didudnlue difusés
sanmung Ty hduduvides iiuugnen Wiiua) 91 ayndio i liwes fu e f i
¥ a’i’d ] =i [ o = =
- wianilfio nuvesesimuiiilvilaameseainn lnsewgluhiniliinamesealuSinngs
§14 2,230-4,450 ppm (Qureshi, Sami, & Khan, 2002) uazilspunszuiumsilinsdnmua
nadadhnihtuhdniddinnudutuvedyinaneseassds 1,190 me/100 ¥ vda 11,900

ppm (Abidi, 2001) Ap Wiudmlng wasngueenibuiivsng 9 vlnsameseaiinasiednanie

¥ o I as < = @t 54 = ar
nangUsyms un Inadeluivwazaaipawesea Tilesiulsavasnidangaduitinonluiu
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avawhlivaenidenfiuduiuguassavesmsivaiowden (Shaghaghi, Abumweis, & Jones,
2013; Talati, Sobieraj, Makanji, Phung, & Coleman, 2010)

4.6 Policosanol (Iwalawnuea)

Indlaguea (policosanol) Aenduuaaleansasdansnsien (long chain aliphatic

“alcoholsy Mg RS UaU 20536 05M03T (Cao-Cag) (Irmak ot al, 2006) tnesiansiflpees
(docosanol, Comnsglaeiuaa (tetracosanol, Cuo) tanaslaguea {(hexacosanol, Cye) BBINAE
Taguaa (octacosanol, Cus) uaglnsezaauniuea (tiacontanol, Cay) 1HunadUsenoundnlnad

gaslassaianantinesdwdlaguea (Lilitchan & Aryusuk, 2008) siauandlunim 9

OH
H,C

a9 Tassasanaadivad policosanol (U.S Nation Library of Medicine, 2017)
Tnalaeweanuldluluandnivazfivunmiin W Tuainis (bees wax) lud14m
(rice bran wax) lugea (sugar cane wax) uaglaa$yun (camuba wax) Wudu TneuGnouas
pwilseneuredindlrenealuluusiassliawandreiudussiungivithunadin vy ludoeiing
Tageadifinusnasuey 24-34 svaey Tnsiieennslnvusa (octacosanol ; Cyg) mnﬁqm
66% (Stuchlik & Zak, 2002) TulvRamulnalasueaiiimnueraiuou 18-34 svsax Tauiilase

ABLYLEA (triacontanol ; Ca) 3NATian 30.2% Liudu (Bogdanov, 2009) dalvalnwueatiny
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Tulvsrtmifimuemmesasueu 22-36 snou (Cu-Cse) lnviilasaglamusamnniigadaiu 24.5

% (Puengtham, Aryusuk, Kittiratanapiboon, Jeyashoke, & Krisnangkura, 2008)

1
or  ar <

Yagtuinidedulvmnuaulatunisdnuntadselonivedvdlagiueaimuinisuilag

Inalarueagunsoanlaladmeseadiini e (low-density lipoprotein cholesterol; LDL-C)

“wmEshlraaressasinmmnuy (hishdensity ipoprotein-cholesterol HBIEC R Hargrove — -

ar

Greenspan, & Hartle, 2004) usnaniidaiiseanitvdlagneagunsatesusasinlsn
WBenfunasmdeniala (cardiovascutar disease) (Varady, Wang, & Peter J.H. Jones, 2003) 99
Fudsmsdunsieilaaamasea (cholesterol biosynthesis) waziiiinsgaseany LDL (LDL
decatabolism) (Menendez et al,, 1994) anan13Tufvaandniden (platelet aggregation) am
Sunsrevesieynasnaiion (endothelial damage) uavannsadiilvungad (foam cell
formation) (Arruzazabala, 1996; Carbajal, Arruzazabala, Valdés, & Mas, 1998) annInded
nsdiaweseeninduresluiu Jestfunsiiinessontnduvedlalulysiuiuduadaty
wazlUsiu (Menendez et al, 1994) wazamnsoannsiiny fidseendndultu LDL (LDL
oxidation) (Menéndez et al., 2000; Menéndez, Fraga, Amor, Gonzalez, & Mas, 1999) GR
awvmiluglen atherosclerosis 1usiu dmdumesiumnnasafoveddndlaguea nuilvd
TnsuealiideliAnarufinunfivestu (mutagen) warliiuasnouziss (carcinosen) uenani

o 1 = I ) g vl e w & o
fmuinalasesldifvreduiduwadiunmeotaswadfimdsoiaufiuln (Rendon et al,,

1992)
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5. 35a NI

5.1 0gaunldlun53de

14 '
= © or LI S ot

=5 Q’; C‘l’ j T - Y5 1 CJ
Tunisdnvnsaildmiagneann 2 lvauandsnuiusidngdeiiagig

1
¢ o 4 = @

uenssilunssurumssdaliun TanuanySihduiivludu SamTranys Samdeminiy

1

Srimuvvaimdusasihiuildbiiunssuaunsiliuians (efining process) uag

£ et

vidmisiuidgiunddiia dmieydsd Fadunmsdmidusiinlngldiyiesans

%

1 L2
ar

Tunsafauazindfunlatiwnszuaunsvinliusans (refining process) Savisaaslsaauil

N
o o o

e o o o ' P ol LT .
Tsuaalus 19 Nwenaeny 39 lviindnnanass laNnasannseuILAISHER
weneaiuLarUsuaIsadenssua1eiy lawa Gamma - Amino butyric acid,

Tocopherol, Tocetrienol, Oryzanol, Sitosterol, Campesterol, Stigmasterol

27
et o et

Telanudaegrauazdnwinszuiun1Inanuiiuse s saedlse iy o SaSe

e

anySuavdavingiunidinszuiumaninuansiaginin 10 dail
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;o | -

17 30 ke ﬁ [ nsasduil 1aminnsas = 500-600 ¢.
; | i . PO

| @7 o ' nsaviuit 2 | | 1 o
' H NNRNTaY = 2,000 . tE

| 4 o ¥ o
| himdgnafabiiuds

L =2T2BRg*t
o i Ynwiuirin = 2 L.

e R a PP S g
» TnsndinsigviadailidiBonvaaionin 2 gadaniuiio Fiignaiathdund uasninnsastui 2

A 10 assnumseaminiuihdmiudunnlsomanyiisuiioludy Sminaws

wethsnlssuhiiufiriubu a.anys Sy 4 Medhs As mangestuil 2 $ruam 2

lot wag $ans 91 2 Lot
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T o 4 % o
AMNRHTVIRY
¢ {Crude rice bran oil}

Gurm, Lecithin <‘-_] MITRAETHHIDY
’ (Degumming)

¢_,ﬁ msiIpnIRlwiudise
] {Atkali refining)

o %oy y he T e w e v v o
nuvavdadaui i smidninuidghumisne Simia
g

[P

Acid oil**, Scap

mrvlond
(Bleaching}

| Rice bran wax 15 °C *?
L (Devaxing)

nisfadandu
i {Deodorization)
| ST — -

coe e e »+ TaumdnrniataiifRontoamtioan 4 sadaoivie 915
Rice bran wax 5°C l <'j | miiuongd ﬁgnﬂﬁ’n\fﬁuuﬁv {Defatted Rice Bran}, daiuninluindas:
; (Gofewax) #* - | i (Winterization) {Adid it), luii1715 *C (Rice bran wax) ung it 5°C
N o gl = = S N, N .
diuihidin
- {Refine rice bran oil)

AW 11 AFTUINTHER LLaswﬁmwawaaa"lﬁa'mﬂ'ﬁsmun'ﬁmﬁmﬁﬂﬁﬁ'ﬁﬁm UItngiums
shifusniing

fhogeanuivmhiuihdgiunssida Smingasug stuau 3 fethe e Safe, Tud
11 (Rice bran wax) Wwaziiiiunsn (Acid oil) Favoavdennitaoudsiinssuunardndel
faundnnanaoslfannlsmadesssuuiiisunusiliaddlunsinwiidmo

VLA 7 HIRUNBVINTTETIBWaSIAUIIBE1 2 A9 TLATIERANTY Association of Official

Analytical Chemists (AQAC) (1995) fatiaiile
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s 1RaseegaRanranast i unlssnusius T ldlunsveass

RBO extraction system By-products Abbreviation

Solvent extraction

Defatted rice bran DFRB-S
Rice acid oil RAO
Wax RBW
e High-melting pointwax . HWMW
Cold.-pr.e.ssed extraction
Defatted rice bran DFRB-C
Filtered cake FC

RBO = rice bran oil

5. 2. Annshasndunssaluhiuhinils

5. 2.1, Annsinsaunuinesiluimiia (GABA)
AnTevinsaunusiesiilulamiina (GABA) feaded Gas Chromatography ~Mass Spectrometry
(GC-MS) sinuasn3iouas Shigematsu et al (2010)lnadaae19 3 ndu uag Ethanol 70%
Uaanee 15 mL thldegndunm 2 Hilw onduiiluiusied 3000 rom fgamgives
1@ 10 w1 uazyi derivatization wag Purification et £Z:faast amino sample test kit for
GC/MS profiling of protein h‘ydrolysates IMUTEN  Phenomenex (Torrance,CA) 1ne
drsazansfiegnUiunal 100 ul uag internal standard 50 pl HaudELASes Vortex tiunan
30 3undl afindnelld solid phase extraction GABA 15 snihusisiusaningld Reagent (3A+38)

= -3 al L4 = =4 L7
Y3 200 plabasasaneiveanliun vortex Wutian 10 Junii waudu Chloroform n 50 pl

5 c:\ =i = a' ar
0t vortex LU 30 S0 i Iso-octane 90% WAy Chloroform 10% USinm 100
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pt wagril vortex Wuwan 30 Sundl anduialiifunat 2 Wit uddaR so-octane 90% i
werss Chloroform 10% asludn 100 pl udads vortex Wuran 30 Jund ﬁ%ﬁﬂi’ﬂlul,mﬂ‘&guué’chm
avsavarwddlann 150 pL Tdlumass Insert wéUae

ymnswenuasiUsinauss GABA muasdiil Phenomenex (Zebron ZB-AAA

=025 mmex 10 T 0:257 ) FaEne (2.0 -ty “Agilent
technologies 7683 auto sampler was split injector e split ratio 1% 1:15 YUnAign
Wsunsul 7 110 °C emiugamgiissiiistugn 30 <CAnT auiia 300 °C wavazadiiunan 2
uWl gaungil Injector Uag detector EJE‘J:'ﬁ' 320 °C flow rate a&é‘ﬁl 1.1 L/ lnesidemiiufing
W waz Norvaline T internal standard ¥imsiesnest GABATna 1 retention time o4
#rannIgiuuay lterature data (AOCS, 1997)

5.2.2 ’Em'msﬁ‘uﬁﬂﬂ%mmﬁmﬁuéﬂ‘ssnauﬁqﬂagﬁuéﬂamaam—, LUAT-, RNUNT- UaS
wan-lnlaesea (O, B-, y-, uaz 8- tocopherol) way ayWusves uoaw -, wai-,
wnan- wazmant-nlalasduea (O, B-, y-, uaz O -tocotrienol) ¢ Reverse-phase
High-performance liquid chromatography (RP-HPLC)

MIRATIIRALUaINISYe9 Aziina et al (2008) uay Chen and Bergman (2005) Tne
Tdsatnesdnuau 1 ndu 1iu Chioroform + Methanol (3:2 v/Av) USunas 15 mb esisie Vortex
10 wit sefslFounnnznaudiune 30 whd B 1 Falus nseshu ftter Nylon %11a 0.45

micron Tdasly micro centrifuged tube T#iiUSanaNnnd 500 pt Wl mobile phase



33
(Acetonitrile : Methanol : Isopropanol, 25 : 70 : 5 +0.1 acetic acid) Ui 500 pt ua;ﬂﬁ
WY msmsuoniasiidiunm Ts, T3s A2 Agilent technologies 1100 Diode Array
Detector (DAD) fathau3ings 20 pladin3asig Agilent technologies 1100 Auto injector

‘ﬁqquﬁ 40 °C syaadutl Luna CN 100A (4.6 x 250 mm id., fi@hun 5 um) mobile phase

A u—:gf&%ﬁﬁﬁ@H;Té%D@i@ﬁiZediwat@Fﬂewifafe?ﬁiiﬂﬂﬁﬂ?ﬁfi’gﬁﬁﬁﬁﬂﬁ—ﬁﬁ?ﬁi}{iﬂgﬁ%g‘iﬁf’"ﬁ"”

Wiy mobile phase 101 Acetonitrite : Methanol : Isopropanol, 25 : 70 : 5 +0.1 acetic acid

naspsidunan 8 wil Tocopherol tag Tocotrienol (8, B, Y uaz O forms) # wavelengths

298, 328 nm

5.2.3 hATnziunuuneese1uea (Y-orizanal) Ine Liquid chromatography-mass
spectrometry (LC-MS)

AnaInnisve Sakunpak et al (2014) Tawldagie 1 A3u iy Chloroform +
Methanol (3:2 vA) USinas 15 mL naisienases Vortex 10 wiit samlfifiuian 30 uaiide 1
2las nvasry filter Nylon 9179 0.45 micron WilUSIamnnni 500 it waetiiy mobile
phase (Acetonitrile : Methanol : I.sopropanol, 25 : 70 : 5 +0.1 acetic acid) Usun 500 pl
sl e siySinaveaunaieseusadne Agilent technologies 1100
Diode Array Detector (DAD) Haudeuriu Agilent technologies 1100 auto injector Wag Agilent
technologies LC/MSD SL ) Tnessegg 20 pL Sadnluluaiosasimssifianmail 40 °C da

1 u

Aodunl Agilent Zorbax Eclipse XDB-C18 (4.6 x 150 mm i.d., Huduun 5 pm) Tagld mobile
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phase fia acetonitrile, methanol wag isopropancl (25:70:5 v/v) flow rate i1 mLANT 7
wavelengths 325 nm
5.2.4. JnszivianazUSinuldinawmesea (phytosterol)

TWianeiinuUannisves Beveridg et al (2002) Ingmsafinuazmsviayius

Freen 1 0¥y ey Internal standard 0.1% (cholestane) 1 ml mnudinlwnaiodlans
anlwn (60%) 2 mlL, Wwvuaa (95%) 2 ml, d@savateinds (19%) 2 miiaz d1sagars pyrogallol
Tutemuea (6%) 5 mi aslu Screw tube anihusinms Saponification neldfnelulnsey Tne
Ry Screw tube ﬁqm‘mﬂuﬁ 70°C Ty water bath ¥1ms Vertex v 9 5 Ui R 45 Uil
amaslidulusanhudwasivansazaonde (19%) 15mL afnsedsazanonas Hexane +
ethylacetate ( 9:1 v/A) Usinas 15 ml Tavaradiuau 2 adadheii dudnilaumimssymese
ﬁwﬂuimmuﬁqmmuﬁ 45°C uusatin dfaefiyiuiad iy derivatization Tasmsdia
dsasangneal N,O-Bis trifluoro acetamide (BSTFA) - Trimethyi chlorosilane (TMCS) 99:1
U3nnas 200 pL was Pyridine 100 pL ﬁﬂﬁﬁuﬁqmmﬁ 60 °C Whaan 30 Wit ;ntaniilush
wiwhefdlnlnsanihdetsiivuiandunazatedae Hexane Usuer 1 mL nsesdae Fitter
Nylon

nsusnuasiaTgRvIINManesTeanie Gas Chromatography ~Mass Spectrometry

(GC-MS) sinudasnnitess Thanh et al (2006) M5AlATEReME GC-MS Tneld Agitent



35
technologies 6890n ABENL DB-5 ms (0.25 mm x 30 m i.d., Fudwn 0.25 um) fegas (1 ul)
Qnﬁm‘ﬁ"lmémﬁ’m Agilent technologies 7683 auto sampler wae split injector (split ratio
1:50) gaumgiigniusunsuli 100 °C Wunen 1wt vindugamgfissdisdunn 10 Candt

- { = a . i of
Uil 300 °C uagasaiiduiig 14 wi VAN Injector uas detector 8gn 270 °C flow rate

BgIN TS Ml 74 SESIgRLTTTUATA Cholestane gRIATY Thtermal standard ¥nTs
WnTsiimesealasld retention time wosdsinasgiuay iterature data (AOCS American Oil
Chernists Society, 1997)
2.5 Swseiuiunaensiwalavusadieinias Gas Chromatography ~Mass Spectrometry

(GC-MS)

nsain PCs 9nfegadiiilusiunnsyhnsadalaomssnuaadizues shaka et al
(2014) Ingldiagne3una 1 ndu Tdlunasn polypropylene u&winms hydrolyzed e 10
mL 0.2 M NaOH (ﬁ"’l: methanol 3:1 v/v) manily sonicate feA3a3 Branson 8510
(Branson Ultrasonics Co., Connecticut, USA) 7 aa Hz, 250 W, qmﬂgﬁ 60°C 1haan 90 und
ynnhasilaluaiangs toluene LLasﬁﬂﬁ’Lﬁuﬁqquﬁ 2°C udad iy Thandes 7 4,000
ipm Wuaan 10 1l gadndlaudanseadae 0.45 pm filter msada PCs 91ndeteiiludiush
sxvhmsarialasmsiauUasisues Asikin et al. (2008) Frazvinisarindg Soxhlet extractor
Taadoeg 5 g Tu thimbles (Whatman 33 mmx100 mm) ¥nmsaiagie 250 mL usaiavi

AYANBRELIYDY hexane: methanollurian 12 §lus antiuhmssswadae rotary evaporator
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flgunnil 40°C Mseaiusiaudinsgnesse toluene Yama 5 mL wdnseadie 0.45 um filter
msvipyfiudduiunmyinsed PCs lnansdauuasdidves Asikin et al. (2008) faghalum
200 plL HauTmiy N,O-bis(trimethylsilyl)-triftucroacetamide (BSTFA) with 1%

trimethylchlorosilane (TMCS) U3sas 100 i s ntnislutsdigamadi 50 °C Wutan 30 uidt

e DASREANASIYSI0DL-PCs A0 aaNYas R us s Asikin cbal . (2008) anasiasas—

fe GC-MS Tngld Agitent technologies 6890n Aaduw DB-5ms (0.25 mm x 30 m i.d., Hud

24
=

W 0.25 pm) InaGC injector Way flame ionized detector %Qﬂﬁaﬁqmmu 350°C siega (1
pb Aaduriaaie Agitent technologies 7683 auto sampter Wa split injector (split ratio
1:10) gamgdfignivsunsulii 150 °C aniugamgiiosiadunn 4 *CAnit wuils 320 °C uazez
asidhuaan 15 19 nntuiagng 03 Pl azgniaiih MS detection (split ratio 1:10) @
electron impact (F) ion source Way transfer line %Qﬂmzﬁqm‘wgﬁﬁﬁ 200 uag 280°C

. . . o = o o o o 2 e =
ionization energy gnfisi 70 eV. Bdsugnltidufwiniuagiimsdudmainged PCs Tny

14 retention time w83a1309551ULas literature dala
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v

mMsanseidoya
msAnuaniiinmenmuaginiivenimadessaupunsagawuyfactorial in

CRD 3x 1 x 3 fiB 619y} 3 58U dmansw 1 s8v sagatunmseu 3 seiv msdnyiaignis

a w g w = . < wr
Lﬁumamﬂmﬂumiﬁgﬂm% 2 FUATHUEUNINNGRILUUPaired Sample T-Test MigauAIel

o -95-westiuilagliiusunsududagusPss version 17:0 -
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6. HANTIINAADY

fissaiddelonanstmnudiusvesasngnuaiilufiviumsdauaSugunmoeaduilan

Sovihliliamsviaumsesgasmngsuas lnaundy (nutraceutical) mansfasilaiuoms

(dietary supplement) Lazawnsfladi (functional food) wlinnavasaliianlssaignamnsssl
=t or [y I<f . N . =Y 2’ '6' @ 0

amnsiidnanwilunisWaunily functional ingredients tagndnnanasslfninlseauniius

or =t et w o bt o o e s et e s o

Imlngemnsluniviededuliuasiddymesasinvundy AT TadiTagusvasdiie

WSgutaua s nuunddlunaanavanslaminlsanhnsusdniszuu i vhasanslunisana

wazwuuTudy Megnwdsnanaselavanus 7 Segae wuau nuTEndu iU

o) o

St SavdanyFdug S 3 diedn fs Sarn, Tus1in1 Rice bran wax) uasiniunsa (Acd

Y ¢ Y oo a o & - s Y f = o o
oil) fegraanlssnuluiufiviiudy L.anys 90y 4 Megw Ao nnnsesduft 2 4w 2 lot
[ o -3 @ 5 = 2r é‘ﬁ c:l Py g 24
waz $180n 91U 2 lot suifundnnanasglaanlssnunaesssuungidururldasidly
MSANWIEI TIUN VLA 7 678874
6.1 U3110! GABA vassanuanasslfainnszuiunisuaniniuidin
M98 1 uanstSuna GABA Tundsnanasslnannssuiunisudniniuitmlaun s1ade
minnstudiy (OFRB-C) ninnsasammstudu (FO) adaannisldmyazais (DFRB-S) lush

rnmsléfinhasate (RBW) dnfunsaamnnslifinihasans (RAO) ua lasrinluanags

(HMW) mansvaaeaviuiiSinanugsiigenulu DRFB-S faft 97.36 me/100g aundatlu
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FC fioft 17.17 mg/100g) uaw DRFB-C 71 12.04 me/100g NNHANIVABBINUT MRS
Frsmessuunsldfhazaeibiiansagdeniunlusainnnaimslinnsldssuutuby
asmundunseesiluiiiidmazannsoavansluivhazansiiiith saunuidsdannsoaialaa

meanvasateliisusuildlussuunaminiusdmdldensulunsaindauniunsens

o
U o

HMW SaLilupan Sasiiiidas

Table 1 - Moisture contents and GABA centents of DFRB-C, FC, DFRB-S, RAQ, RBW and HMW

By-products Moisture content GABA (mg/100g)
(%) Wet weight Dried weight

DFRB-C 6.35+0.13% 11.2240.10¢ 12.0440.11°
FC 2.87+0.10° 16.60+0.22° 17.18+0.23%
DFRB-8 8.95+0.097 88.65+1.112 97.37+1.227
RAO 1.84+0.09¢ ND ND

RBW 0.50+1.09° ND ND

HMW 0.69+0.07¢ ND ND

Each value represents the mean +5.D.
ND indicated amount of detectection lower than LOD.

Values with different superscript letters in a column are significantly different (P < 0,05),
LOD = 1.08 ppm.

6.2 Uninaunusitteseusa Imiuduazlvindinosesvendnnanassldain
nsTuANNSHERAdTuS Y

Uninanuileseueaiilininnsinneniog LC-MS waastusnsa 2 siagswunuile
Sgueafinranuie cyckoartenvyt ferutate (m/z 601.3), 2d-methylene cycloartenyl ferulate
(m/z 615.3), campesteryl ferulate (m/z 575.3) uay B-sitosteryl ferulate (m/z 589.3) fauana

Tun 12 Fedsandesnuran1inaaduas Pestana wazams (2009) Tnsvaluenuiiledsues



fity}
Usgneumeleavaivamnudnsamlesdniulleanesealdun cycloartenol, B-sitosterol, 24-

methylenecycloartenol uag campesterol
= ! = - « <
Usinamnilesvueainuinfsly RAO 9 3,901.6 mg/100¢ MUAIENINNTBIIINMTS

Tufu (FO) 91 1,058.3 ,¢/100g uae RBW 7 862.8 mg/100g (M3 2) wisveaunmiledenoa

“wurlumanlu RAO fe cycloartenyl ferutate Was 24-methylene cycloartenyl ferulate anwa

manaaadlutunay neutralization tunsedaiiusiimvessvuuitlddihazaralunsarmiu
& o v oo = v = 5w - 2 =t
Fumauivilvi tiamsgaids unuilessuea nnhiululus@ananeaesld RAO Fwansnaans
#ENAREINUANTTNAGBIYDY Pestana Wasany AivuuTnaunihlaieuea Iouimeasgn
anmznevludunounsiiliniiunats (neutralization step) #asie Yoon uag Kin $7891um3
e ) a RECE . ) S &
gapdorFunauniiloiviueaiilold caustic soda wie Avhasate solvents waslothluduneu
o % o oo ow 9 e o o ot a e o i e o 0 8o o e
msvhsiusiinlivigyslunmsindansaluiudass Mmeduinlneiliifiansgadetsooas
12-59
Uimnainiiudrialuguves tocotrienol (T3s) waw tocopherol (Ts) wamalumiang 2
o = = = ° o ar LY
Vinagegavasimiiudwulu RAO A 120.6 mg/100g uazwusmamlusarailddvharany
‘:J . =y =y E’J o) ~
(DFRB-S¥ 6.5 mg/100g waw tocotrienol (T3s) ilugunuvyednifiuafimuiundnlundnna
waegldannudniduihidnidienSeuiisuiuzuves tocopherol (Ts) Wadmiiuslusy

tocotrienol (T3s) gaganulu RAO fafl 106 me/100g GovaaNRD FC 7l 97.4 me/100g Iniiug

Tugy tocopherol (Ts)fnun3inasgeanlu RAO 71 60 me/100g Fnanasiniiug Tugudsndn
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Wumasnnndimulnidusdn (53 me/100g) leluvesu tocotrienol (13s) fiviuannan fe
LA T3s Fevuudana 86.01 me/100 ¢ Tu RAO apsaandslugy O-13s Sawuiuviina
18.45 me/100 ¢ Tu RBW

afanmslimsiuduiiviinamnmilades (229.76 me/100 ) wazUSuaianiiu

" vianin (28.25 me/100 g) sinnniidieilIeuiisurusadannnsidivinasansluntsanming
Inglwuiniusiinadssneudig unir-oryzanol #1 1,599-1,666 me/100 ¢ was Imfiuivisly

5\ tocopherol uag tocotrienol 71 53 mg/100 ¢ U 82.5 me/100 ¢ mudndy duiunisadia

L3
=

uusrindeiyhazaetsiissaniamlunsatmbfusiuguneunsyhliusans (efining

Py ) [ or o ar o o g ea =1 ) ¥ o o w 1
process) sivaedunemiiaivddymhlifonsgydoantasundsanmhduidnlug

@

= u 2 ' ¢ w ¥ acna & B e o - W el
NﬁﬁlNa"ﬂa@EﬁLﬂ'ﬂ'\ﬂﬂ‘i‘U?Uﬂ'ﬁ Ly RAO i'lﬁﬂﬂﬂ'lﬂ'llﬁ'UULﬂuu']l]u‘i'ﬂﬂ']L‘UumaﬁmﬂwaﬂﬂLﬂ“ﬂ

aulalusunsiiiuunasasasunanlaseusatazUSnafnniiug
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_Table 2 - y-oryzanol, tocotrienol, tocopherol, and phytosterol confents of DFRB-C, FC, DFRB-S, RAO, RBW and HMW

Chemical Types of by-products

constituents DERB-C FC DFRB-S RAO RBW HMW
¥ -oryzanol 229.76+1.52d  1,058.28424.86b  39.39+0.16¢ 3,901.59+4.08a  862.80+5.52¢  35.38+0.03¢
(mg/100g)
Tocotrienol
a-T3s 2.77+0.10° 8.51:40.33¢ 0.724+0.01F 14.730.46Y 18.4540.302 5.38+0,249
B-T3s ND ND ND ND ND ND
y—T3s 19,45+0,03% 86.7410.992 2.85+0.024 86.00+0,79° 17.38+0.09¢ 17.07+0.04¢
8-T3s 0.91+0.07¢ 2.1240.01° 0.62+0.05¢ 6.19+0.012 1.48+0.07¢ 0.92+0.014
Total T3s 23.14£0.01¢ 97.38+1.330 4,20+0.08° 106.93+1.25° 37.33+0.46° 23,3810 _1_8“_ .
Tocopherol ‘
«-Ts 3.02+0.18° 8.27+0.04%P 3.60£2.81¢ 9.334+0.34? 5.47+0,17% ND
p-Ts ND ND ND ND 1.35+0.10° 0.96£0.05
y-Ts 1.57+0.07¢ 6.324£0.272 0.76:0.041 3.2840.119 3.89+0.13% 3.64+0.08°
6-Ts ND ND ND 1.034+0.02° 0.95+0.01% 0.67+0.01°
Total Ts 4.60::0.19¢ 14.594+0.20° 4.3712.77° 13.65+0.4720 11.67+0.13% 5.2940.13¢
Total (T3s+Ts) 28.25+0.208 1124241350 6.4740.27¢ 120.59£1.72° 49.00+0.33°  28.67+0.31¢
Phytosterol
(mg/100g)
Campesterol 047 £0.14¢ 52.38 £2.69* 0.34 £0.01° 151.23 43.27¢ (.73 20.04¢ 0.50+0.12¢
Stigmasterol 2.6120.03¢ 60.41 £2.80° 0.74 £0.014 97.53+2.41° 21.7740.86°  19.17 +0.89°
{3 -Sitosterol 1.64:£0.54¢ 118.02 +6,38" 0.38 £0.01¢ 317.95 14.76° 66.83 £1.43° 63.88 £1.49°
Sitostanol 0.69+ 0,20¢ 13.15+1.36" 0.27 £0.01¢ 32.68 x1.17° 3.80 £0.77¢ 4.21+0,17°
Tatal 5.43 +0.86¢ 243.98+13.24b 1.750.014 59940 +£11.62°  93.20+£1.38° 92.77 +2.08¢

Each value represents the mean £5.D.

Values in the table are expressed on a dry basis,

ND = amount detected lower than LOD.

LOD = 0.47 ppm. (8-13s), 0.89 ppm. («-Ts),0.40 ppm. (B-Ts), 0.49 ppm. (8 — Ts). LOD = 0.08 ppm
(campesterol), 0.03 ppm (stigmasterol), 0.20 ppm (3 —sitosterol), 0.03 ppm sitostanol.

Values with different superscript letters in a row are significantly different (P < 0.05),

U3uau phytosterol aswmanuavwaaslnninmsedaidusinuanstumse 3 uavliasun
Iawngawed phytosterol uaasluniAruan 9. #an1sieszinusia 5 #in loun cholestane
(internal standard) (peak 1 tR 20.38 min), campesterol (peak 2,tR 23.43 min), stigmasterol

(peak 3,tR 23.68 min), Bﬂsitosterol (peak 4,tR 24.35min) uag sitostanol (peak 5,tR
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24.51min) fumlsvasiinfde cycloartenyl ferulate (1), 24-methylene cycloartenyl ferulate
(2), campesteryl ferulate (3), B-sitostenyl ferutate (4).

USined phytosterol ﬁawmwuqaqm’[u RAO 1 599.40 mg/ 100 ¢ ansaanldun FC #

243.98 mg/100g uarlolaveduiivudundnite B-sitosterol mude stigmasterol wag

~ campesterol Fwamsnaaswajuliin RAO Mnmsatmiviusedvharmouas FC a1nnnsiiy

wuiluwvasiddgues phytosterol

Table 3 - Policosanol contents in residues form two different RBO process, obtained using

GC-M$

PCs Types of sample

(mg/100g) DFRB-C FC DFRB-S RAO RBW HMW
Docosanol 5.08£0.02°  3.75+0.11%  3.35+0.019  7.20:042°  7.99+0.21° 7.5010.03%
(C22)
Tetracosanol ~ 21.5610.55° 24.24%2.02° 13.94+0.94¢ 352.3642.38° 53.80+0.10°  45.06+1.50°
{C24)
Hexacosanol  1.83+0.03¢  11.56+0.16° 1.7240.507 10.63£0.11¢ 42.75£1.94*  13.8240.77"
(C26)
Octacosanol  10.15£0.45°  12.1340.27°  11.124031° 10.16+0.01° 71.8342.65°  26.10+0.08"
(C28)
Triacontanol  6.91x0.17°  2430+0.70° 6.66+0.13°  18.96+0.32% 156.4142.99* 76.92+3.08°
(C30) '
Total 45.55:0.14°  76.00+£3.299  45.55£0.14" 99.33+43.24° 332,79£7.27*  169.4410.91"

Each value represents the mean £8.D,
Values in the table are expressed on a dry basis.

Values with different superscript letters in a row are significantly different (P < 0.05).
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6.3 Ysinalwalavueavesudnuanaseldannssuiunissdningiusidan

o o ¢ 1 e PR 2 o = [V R

imiuuwdenivedlegausznaumesivalaviusavanuiinléud mainly
docosanol (C22), tetracosanol (C24), hexacosanol (C26), octacosanol (C28) uay

. or & Y o & o o P {{' er o 4 =
triacontanol {C30) A3y mumuswnLtazmamwawaaUlmmﬂn'ismumimamumm’m’n@%ﬂu

AUt T tarseeteldT e R nalarnieanensannas

isemasealuden 9nuanivaaedlumsed 3 wudednuanastldainnisudningsdng
Uninalwdlamusananvaneais way nsuilnunsuvenisiaseiansdnaniag GC-MS
wARdluA AN @ ;3'\3 g‘lJLLU‘U‘IJEN fragment ﬁ%msqsﬁﬁa m/z 383 (qualifier ions, m/z 103,
384, 385), m/z 411 (qualifier ions, m/z 103, 412, 413), m/z 439 (qualifier ions, m/z 103,
440, 441), m/z 467 (qualifier ions, m/z 103, 468, 469), uaz m/z 495 (qualifier ions, m/z
103, 496, 497) §m3u docosanol (C22-OH), tetracosanol (C24-OH), hexacosanol (C26-OH),
octacosanol (C28-OH), triacontanol {C30-0OH)

wioHavaesli RBW Mnnsatiashainihazareruuiinalwdlnsusarioungegn Ao
332.79 mg/100 ¢ avsawnAe HMW UG 169.44 me/100 ¢ uaz RAO wuiUSinm 99.33
mg/100 g %mammmaaaaamﬂé’mﬁ’wﬁ’a;&aﬂm Cravotto Wasaais (2004) Aseamendddy
wasifvesinalaguen venunilfdenndasiiuan Kim tazanis (2012) Ishaka washos

(2014) Hisz1yi1 Walasueaiundnlusrdnite Tugu octacosanot (C28-OH) and triacontanol
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= - a 1 = P N
(C30-OH) Uimnmlwalasuealundananassla RBW, HMW, RAO uag FC wuilludSuaiigen
=] lo’ R o B @ &
Anvluihdusmannsadadu (74.9 mg/100 g)
$1afin (OFRB) Wundemanastldwdnvesgpamnssusius i ldfiavare

afawazwuutudy TumAdeinudSunalnalasusananusitiulSinanioatusiadmiie

W3guiguiunanRaNass o sE NSNS NI sAs UM N msanAa R alATIeaTI

] o o = =t [ %’ LY 2 7 aa] . . . N [ -2
TFANANLMADIINATMTUULEULNNUIIYT AN saponification ke purlﬁcatlon v

ar

= -4 Pl 4} or n’j ar ] 2 ey .:?: Q’j o
USunay Tndlaaueaiigs Aaf 6,005.28 me/100 ¢ datunsainuazviliusavsiliuduneudiy

L]

TunsiudSuaansivdlaguea wanuavaasdld RBW tag HMW nmsadeinniusiinisie

27 ar o o IDJ 7] 1 Ad =%
mslEivnezatsanmstuLasinussansing lnviuea

Table 4 - The total comparative amount of bioactive compounds of the by-products from the solent

extraction and cold pressed extraction systems.

Nutraceuticals Seolvent extraction system Cold pressed extraction system
(mg/100g) {mg/100g)

GABA 97.37 29.22

v- Oryzanol 4,839.16 1,288.04

Phytosterol 787.12 249.41

Vitamin E 204.73 140.67

Policosanol 647.11 121.55

Total amount 6.6 1.7

{kg/100 kg)

Values in the table are expressed on a dry basis.
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6.4 Uhanassnslavunduainnssurunisudniniuirdnninsafmbunarmsldsavh
avanglunsataiishs

Uhinuaslasundeiimdelusdenanasdldonmsudmiviuidnmauuaiadies

wuuldvinazane wWisuifleududauandlunisa 4 nsadadedvhasansszusenausienisyi

1‘75mﬁa‘luﬂ%mmumnﬁhaﬁmmzLtamaﬁqﬁ’nﬁmwaaﬂﬁ‘lf&lﬁutmdafﬂaam'ﬂnfaumé"fﬂuqmamnssu
awnsiledy minfousieienns tasgpamngsusuanaiesdians aslamandudananldun
GABA, Y -oryzanol, phytosterol, vitamin E, Uag policosanols Lﬂuﬂ%mmﬁgﬁu 6.6 kg/100 ke
wannaraatls USina y -oryzanol iihlnwundwvidniivulundananaesldnssuuaiage
fvhasane 4,839.16 me/100 ¢ wazluszuvatauiiuSunasi 1,288.04 mg/100 g wananil
anstagunds 1o ¥ -oryzanol, phytosterol, PCs uag vitamin £ 7inulus@anawastldinans
Tunsa 2 uae3 uamsunmumduanaudssmsiannlsaile ludssmslnesradaiihy
Fundnnavaetliflmdosngramnssuituiiannitgnis 640,000 fusiell (Report of
International Conference on Rice Bran Oil 2017). naa1nanidssimudn U3snmsmeesans
Tavundudaléun GABA, Y-oryzanol, phytosterol, vitamin E, waz policosanols 21ns1ana fs
321.03 mg /100g dmiunstiuifunay 181.45 me/100 ¢ inmsliivhazansadmiviu (319

1-3) dauanslanunddluhadannaammnssuhdusdinandu 3,200 fured (based on

640,000 Auvassanalugaaunisi Aeiundnravasslianaaamnsaniiuidndsdidnenm

o Ey o ; = =) e ar ot o082 o "' * :
s uivhwmsdimeudioiisuivmsananuuiudu fanliRnnmamamisneTesa s InTade
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N1531A512RUSHNN Phytosterol Tagmailn GC-MS

81484 Thanh, T. T., Vergnes, M. F., Kaloustian, J., El-Moselhy, T.
F., Amiot-Carlin, M. J., & Portugal, H. (2006). Effect of
storage and heating on phytosterol concentrations in
vegetable oils determined by GC/MS. Journal of the
Science of Food and Agricutture, 86(2), 220-225.
https7/doi.ore/10:1002/jsfa2322

A g Agilent DB-5ms fused silica capillary column (30 mx0.25
mm i.d.x fitm thickness 0.25 ym)

Detector MS / SIM Mode

USanauinadng 1 ub / split ratio 1:50

gauwNil MS quad /MS 150/ 230 °C

source

aaungil inject 270 °C

geungil Transfer line 280 °C

geunYil Detector

100 °C w1 1 1% tasiinds 300 °C fedasn 10 °C/min A

U 14 U

Carrier gas Helium

dnsnslvia 1.5 ml/min
Compound Molecular target lon, m/z Qualifier ions, m/z
Cholestane (Std.) 374 147, 217, 357
Campesterol 382 129, 343, 367
Stigmasterol 484 129, 255, 394
B-sitosterol 186 129, 357, 396
Sitostanol 4188 215, 383, 398
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N159tATIEUSINA) Aminobuytyric acid (GABA) Tnemaiia GC-MS

21994 Shigematsu TS, Murakami MM, Nakajima KN, Uno YU,
Sakano AS, Narahara YN, et al. Bioconversion of
Glutamic acid to Y -Aminobutyric acid { GABA ) in
Brown Rice Grains Induced by High Pressure Treatment.
Japan J Food Eng 2010;11:189-99,

AAul Zebron ZB-AAA column {10 m x 0.25 mm i.d x film

Detector MS / SIM Mode

USanauhinogig 2 L / split ratio 1:15

gaunnll MS quad /MS 150/ 230 °C

source

gaungil inject 250 °C

gaunnil Transfer line 310 °C

gunqll Detector

110 °C Winds 150 °C #789m 51 20 °C/min wasLfiuga 300 °C
fednT 30 °C Aeiiu 2 Wi

Carrier gas Helium
ansnsiva 1.1 ml/min
Compound Qualifier ions, m/z

Norvaline (5td.)

72,116, 158

GABA

86, 112, 130, 231
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A1s53AIIErUsIna Policosanol Inenalin GC-MS

91989 Asikin Y, Chinen T, Kensaku T, Wada K.
Determination of tong-chain alcohol and aldehyde
contents in the non-centrifuged cane sugar Kokuto. Food
Sci Technol Res 2008;14:583--8.

AoaNl Agilent DB-5ms fused silica capillary column (0.25
mm x 30 m x film thickness 0.25 pm)

- SetaeeT T e

USunudiiedg 1 pL / split ratio 1:10

gauunnil MS quad 150/ 230 °C

/MS source

aunnil inject 270 °C

gl Transfer 280 °C
line

gaungil Detector 150 °C tfinfia 320 °C pdnan ¢ °C/min uagAITiu
15 U

Carrier gas Helium

a3 slva 1.0 mL/min

Molecular target lon,
Compound Qualifier ions, m/z
m/z
Docosanol (Cz2) 383 103, 383, 384, 385
Tetracosanol (Caq) 411 103, 411, 412, 413
Hexacosanol (Cy) 439 103, 439, 4440, 441
Octacosanol (Ca) 467 103, 467, 468, 469
Triacontanol (Csp) 495 103, 495, 496, 497
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n153AsedtiuIa Gamma-Oryzanol lnamaiia LC-MS

81984 Sakunpak A, Suksaeree J, Pathompak P, Sermkaew N,
Antioxidant individual y-Oryzanol screening in cold pressed
rice bran oil of different Thai rice varieties by HPLC-DPPH
Method. Int J Pharm Pharm Sci 2014;6:2-7.

Aodwul Agilent Zorbax Eclipse XDB-C18 column (4.6 x 150 mm, 5
)

" Detector Diode array detector (DAD)

YSumdaetg 20 pl

Mobile phase

acetonitrite, methanol and isopropanol (25:70:5 v/v)

a51n15 LA 1.0 mL/min for 18 min
g0l inject 40 °C

lonization Mode API-ES

Capiltary volfage 4,000V

Nebuliser pressure 50 psi

Gas temperature 350 °C

Drying gas 13.01 /min

UV detection 298 and 325 nm

Scan Parameter 200-800 m/z

Molecular target lon,
Compound
m/z
Cycloartenyl ferulate 601.3
24-methylene cycloartenyl ferulate 615.3
Campesteryl ferulate 575.3
B—sitosteryl ferulate 589.3
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n3tAs1eiUsua Tocopherol Waz Tocotrienol Tnamaiia RP-HPLC

81489 Chen MH, Bergman CJ. A rapid procedure for analysing rice
bran tocopherot, tocotrienol and y -oryzanol contents. J
Food Cornpos Anal 2005;18:139-51.
doi:10.1016/}.jfca.2003.09.004.

AT T T s CN 100K S T, R e
Detector Diode array detector (DAD)
UBUIUA28E79 20 pb
Mobile phase - 949% MeOH and 6% deionized water
- 25% acetonitiile, 709% MeOH, 5% IsOH, and 0.1% of aq
acetic acid
snsnsivia 1.0 mk/min

N7 0-12 - 94% MeOH and 6% deionized water
AT 13-20 - 25% acetonitrite, 70% MeOH, 5% IsOH, and
0.1% of aq acetic acid

aounfdl inject 40 °C

UV/UV Vis detection 298 and 325 nm
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Highlights

1.

Total nutraceuticals contents (6.6 kg/100 kg) found in by-products from solvent extraction
and refining processes of rice bran oil production was higher than from cold pressed
extraction process (1.7 kg/100 kg).

In Thailand, the total amount of bioactive substances including GABA, y-oryzanol,
phytosterol, vitamin E, and policosanols remained in defatted rice bran, the most abundant
by-products discarded from rice bran oil manufacture, ts estimated around 3,200 tons per
year.

. _Gamma-oryzanol was found fo be predominant bioactive component in the by-products from _

both rice bran oil processes, By products including filter cake, acid oil, and wax contain are
inferesting source of nutraceuticals including oryzanol, phytosterol, policosano! compound.
The by-products from rice bran oil manufacture both with solvent and cold pressed
production system have the potential to furn from low-value agro waste into high-value
functional ingredients for food, cosmetics, and pharmaceutical manufacture,
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22 ABSTRACT

23 Rice bran oil (RBO) has become a popular oil globally. However, the RBO extraction

24 process lcave.s various residue products, which contain bioactive substances of varying potency
25  which could be significant sources of functional ingredients for both food production and

26 pharmaceutical manufacture. The objective of our study was to compare the bioactive substances
27 in \;arioﬁs by.—p.rdc.ll.l.(.:tgdér.ive(.i. ﬁ'o.m.thé tWO uceblan 6ﬂ plocessmg II‘Il.e.thOHdé.; é.olv.é.nt éitré.c.:tion.
28  and cold pressing. The residues from solvent extraction processing contained up to 97.37 mg/100
29 gofy-aminobutyric acid in defatted rice bran, and the rice acid oil contained high levels of

30 vitamin E (tocopherols, tocotrienols), up to 120.59 mg/100 g, as well as y-oryzanol (3,829.65

31  mg/100 g), phytosterol (599.40 mg/100 g}, and policosanol compounds (332.79 mg/100 g). All
32 ofthese values are higher than in the residues derived from cold pressing. [mportantly, high

33 amounts of total nufraceuticals (8.3 kg/100 kg) were found in residues from both processing

34 methods, indicating the commercial potential of these residues as a source of functional

35  ingredients for food production, as dietary supplements, and in pharmacentical manufacture.

36

37  Keywords: rice bran oil, by-products, nutraceutical, refining process, cold pressing process.

38



39 1. Introduction
40 Rice (Oryza sativa L.) is a valuable crop as an economic commodity in many regions, as
41 well as being the staple food crop in many countries. In Thailand, rice production was more than
42 25 million metric tons of paddy rice in 2015 [1] and the rice milling process leaves rice bran as a
43 by-product which constitutes about 12-23 % of rice bran oil [2]. Rice bran contains large

| 4.4- - amountSOfvalymg n”u.tra.(.:é.t.it.i(.:al.s. [3], 1llééﬁing th.éit tl;e i‘ice bréh 6il”ext1‘éc.ted énd. réﬁnéd ﬁom
45 rice bran is a nutritious oil, which has led to becoming a popular foodstuff consumed globally.
46 Thailand has nine rice bran oil companies with fourteen of the extraction and refining factories
47  and produce the crude rice bran oil about 140,000 ton or 4,200 million baht each year. More than
48 640,000 ton of defatted rice bran are remained as low-value agro waste mainly used in the feed
49 industries,
50 In Thailand, RBO produced from solvent (normally hexane) extraction is preferred as a
51  cooking oil, after further refinement, while the oil produced by cold pressed extraction is
52 considered to be a superior functional oil as a dietary supplement and medicinal purposes. After
53 solvent extraction, further refining of the rice bran oil involves degumming, neutralization,
54 bleaching, dewaxing and deodorizing to produce quality cooking oil, resulting in large amount of
55 waste products left from the processes [4]. Degumming involves the removal of phospholipids
56  and lipoproteins through hydration by water with citric or phosphorie acid [5]. Free fatty acids
57  (FFAs) are removed by caustic soda (NaOH) in the neutralization process [6]. Rice acid oil
58 (RAO) is the major waste product from these two steps. Then, the bleaching step is applied to
59  remove the pigments (including chlorophylls and carotenoids) of the RBO by adsorption on
60  activated carbon or bleaching earth [7]. A dewaxing and winterization steps follow by
61  maintaining the oil at a low and very low temperature respectively to cause the solidified waxes
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and other high melting point substances as well as high melting point wax are separated as waste
products [4,7]. The cold pressed RBO is produced by compressing the rice bran through a
mechanical screw press under mild heating (<50°C), and the resulting oil is then filtered through
filter paper, to produce the refined functional oil [8]. Defatted rice bran and filter cake are the

main by-products from this process.

68

69

70

71

72

73

74

75

76

77

78

79

30

81

82

&3

* During both processes, a considerable amount of by'-'pi'odtlict is p'roduééd, some of which
contains more or less quantities of potential ingredients for functional food, nutraceuticals and

pharmaceutical manufacture [9]. These ingredients include mainly of y-oryzanol, tocotrienol,

tocopherol, phytosterol lecithin, carotenoids and long-chain alcohols [10]. Rice bran wax (RBW)
is also a rich source of aliphatic primary alcohols knows as policosanols and many studies have
shown that rice policosanols moderately decrease plasma cholesterol levels in
hypercholesterolemic patients [11, 12], reduce platelet aggregation [13}].

Understanding the bioactive compounds from rice bran fost into the waste product in the
RBO processes, and the importance of these by-products as the source of functional ingredients,
is important to and of benefit not only to the rice bran oil industry, but also to the associated
industries of functional food, nutraceutical and pharmaceutical manufacture. The objective of the
present study was therefore, first, to analyze the bioactive substances, including v —
aminobuytyric acid (GABA), tocopherol, tocotrienol, y-oryzanol, phytosterols, and the
policosanol content, in the various by-products from the RBO processes, then to quantify and
compare the amounts of these bioactive compounds extractable from the by-products from both

the solvent extraction and cold pressed extraction processes.
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2. Materials and Methods
2.1. Materials

Samples of the residue from processing RBO (cooking oil) using the solvent extraction
were provided by Surin Bran Oil Co., Ltd (Burt Ram, Thailand), and other samples of by-

products produced from the cold pressed extraction system were provided by at Lopburi
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'V'egeté'blé Oit Industries (I;dpblil‘i,. Thail'anc‘l).'Thé s'arr'lples' from both 01gamsat10ns were

collected directly from the processing line, immediately after each refining operation. The
collected samples were kept in plastic containers at -20°C until used.

The samples collected from the solvent extraction process were followed the scheme
shown in Fig. 1a. Defatted rice bran (DFRB-S) was obtained by hexane extraction at 50°C; rice
acid oil (RAQ) was obtained by the neutralization process; the dewaxing process at 15°C
produced wax (RBW) and high-melting point wax (IITMW) was obtained in the winterization
step at 5°C. The samples from the cold pressed extraction process were collected as the chart
shown in Fig. 1b, composed of defatted rice bran from a screw press (DRIB-C), and filtered
cake (IFC); filtered through a 0.25 pum filter paper. The various final by-products used in this
study are summarized in Table 1. In all cases, two different lots of samples were analyzed in

triplicate.
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102 2.2. Reagents and standards
| 103 v —aminobutyric acid (GABA) (PubChem CID: 119), 5a-cholestane (PubChem CID:
104 272895) and policosanols standards including docosano! (C22) (PubChem CID: 12620),
105  tetracosanol (C24) (PubChem CID: 10472), hexacosanol (C26) (PubChem CID: 68171),
106 octacosanol (C28) (PubChem CID: 68406) and triacontanol (C30) (PubChem CID: 68972} were

107 purchased from Sigma-Aldrich (St. Louis, MO, USA). Tocopherol and tocotrienol mixed
108  solution standard were purchased from Chromabex (Irvine, CA, USA). Total y-oryzanol (98.5%)
109  (PubChem CID: 5282164) standard was purchased from Tsuno Rice Fine Chemical Co., Ltd
110 (Wakayama, Japan).

111 Derivatizing reagents and norvaline (PubChem CID: 65098) was from the Phenomenex
112 (Torwrance, CA, USA) EZ: faast amino sample test kit for GC/MS profiling of protein

‘ 113 hydrolysates. The silylation reagent, N,O-bis(trimethylsilyl)-trifluoroacetamide (BSTFA)

114 (PubChem CID: 5366669), with 1% trimethylchlorosilane (TMCS) (PubChem CID: 6397), and
115 pyrogallol (PubChem CID: 1057) was purchased from Sigma-—Aldrich (St. Louis, MO, USA).
116 Ethanol (PubChem CID: 702), sodium chloride (PubChem CID: 5234), hexane (PubChem
117 CID: 8058}, ethyl acetate (PubChem CID: 8857), chloroform (PubChem CID: 6212), toluene
118  (PubChem CID: 1140), methanol (PubChem CID: 887) and acetonitrile (PubChem CID: 6342)
119  were purchased from RCI Labscan (Bangkok, Thailand). 2-Propanol (PubChem CID: 3776),
120 potassium hydroxide (KOH) pellets (PubChem CID: 14797) and pyridine (PubChem CID: 1049}
121 were purchased from Merck Millipore (Darmstadt, Germany).
122

-~ 123



125 2.3. y—aminobutyric acid (GABA) analysis
126  2.3.1. Extraction of GABA
127 Briefly, 3 g sample was placed in polypropylene tubes containing 15 mL of 70% (v/v)
128 ethanol solution. The mixture was shaken for 1 h and then centrifuged at 3,000 rpm at 25 °C for 10
129  min.

........... 130 2.3.2 Pm'iﬁcafion of e'.\‘t."dct;v“;:nrl derivatization of GABA
131 Purification and derivatization were done with an EZ:faast amino acid test kit (Phenomenex)
132 for GC/MS profiling of protein hydrolysates by following the instructions offered by the company
133 with slightly modification. A 100 uL volume of extract or standard solution and 50 pL of internal
134 standard (0.20 mM norvaline in 20 mM HCI) were pipetted into a glass vial and passed through a
135 solid phase extraction tip (SPE) came with the “EZ:faast” kit. The amino compounds were eluted

136 from the solid phase with alkaline eluting medium (200 pL) composing of sodium hydroxide

© 137 solution n-propanol and 3-picoline.
138 The obtained cluate was thoroughly mixed with an organic solution (50 pL) consisting of
139 chloroform as the derivatizing reagent by vortexing for 30 s. The derivates were then extracted
140 by mixture of chloroform and isooctane (100 pL) followed by vortexing for 30 s and he chemical
141 reaction was then allowed to progress for 2 min. The derivates were then redissolved in a
142 mixture of chloroform and isooc.:tane (10/90, v/v). When the mixture was separated, the
143 supernatant (150 pL) was put into a GC vial for analysis. The derivatization was freshly
144 performed.
145 2.3.3. GABA GC-MS conditions

. 146 GABA analysis was modified from method of Shigematsu et al [14] with modifications.

147 GC-MS analysis was performed using a Zebron ZB-AAA column (10m x 0.25 mm i.d x film



148  thickness 0.25 pm, provided with the EZ:faast amino acid test kit). The 2 pL. of derivatized
149 sample were injected into the GC-MS analysis (Agilent Technologies 5973, 6890N) using an
150  ionization energy of 70 eV with a split ratio of 1:15. GABA were separated using programmed
151  oven temperatures initially set at 110°C then raised to 150°C at a rate of 20°C/min; in the next
152 phase the temperature was raised by 30°C/min up to 300°C and held for 2 min. The injector and
T 153 detector temperatures were set at 320°C. Helium as the carrier gas was set at 1.1 mL/min. GABA
154 were identified and quantified by a SIM (single ion monitoring) mode according to their
155  retention times and MS spectra. Norvaline was used for the internal standard. Norvaline (158,
156 72) and GABA (130, 144, 17) were identified and quantified according to their molecular target
157  ion, m/z, retention time and EZ.:faast mass spectral library (Phenomenex).
158 2.4, y-oryzanol, tocoplierol (Ts) and tocotrienol (T3s) analysis
159 2.4.1. Extraction of y-oryzanol, Ts and 13s
" 160 v -oryzanol, Ts and T3s ware determined using a modified method of Azrina et al [15].
161 One gram of samples were extracted with 15 mL of chloroform and methanol mixture (3:2, v/v),
162 then vortexed for 10 min, and the mixture allowed to react for 30 min following centrifugation
163 (10 min, 2,500 rpm). The 500 pl. of supernatant was filtered using a 0.45 nm syringe filter and
164  the solution was added to 500 puL of acetonitrile, methanol and isopropanol mixture (25:70:5
165  v/v). An aliquot was injected onto the HPLC for Ts and T3s and LC-MS for y -oryzanol.
166 2.4.2. y-oryzanol LC-MS conditions
167 The identification and quantification of y -oryzanol was performed with a LC-MS using a
168  modification of the method of Sakunpak et al [16]. HPLC analysis was performed using an
" 169 Agilent Technologies 1100 with diode array detector (DAD) connected to an Agilent
170 Technologies 1100 auto injector . The sample was separated at 40 °C on an Agilent Zorbax
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Eclipse XDB-C18 column (4.6 x 150 mm, 5 pm) using mobile phase consisting of acetonitrile,
methanol and isopropanol (25:70:5 v/v) with a flow rate of 1 mL/min (18 min). Injection volume
was 20 pL and The v -oryzanol was determined by UV detection at wavelengths of 298 and 325
nm. The mass spectrometer was an Agilent Technologies LC/MSD SL equipped with an

electrospray ion source (ESI). The ESI-MS spectra were acquired in positive ionization mode
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drying gas, 13.01/min and recorded on a mass range of m/z 200-800. The y -oryzanol was
identified by Agilent Mass Hunter software and based on retention time indicated in the
standards.
2.4.3. Ts and T3s RP-HPLC condifions
The Ts and T3s components of rice bran lipid were separated by reverse-phase HPLC

determined using method modified from Chen and Bergman [17]. The HPLC system consisted
of an Agilent Technologies 1100 with diode array detector (DAD). The injection volume was 20
nL and the samples were separated at 40 °C bn a Luna CN 100A colunmm (4.6 x 250 mm, 5 pm).
The itial mobile phase conditions of extraction were 94% MeOIT and 6% deionized water, at a
flow rate of 1 mL/min, for 12 min, The mobile phase was then changed linearly to 25%
acetonitrile, 70% MeOH, 5% IsOH, and 0.1% of aq acetic acid and held there for 8 min. The Ts
and T3s (8, B, y and o« forms) were determined by UV/UV-Vis detection at wavelengths of 298
and 328 nm. The Ts and T3 were identified based on retention time indicaied in the standards.
2.5. Pliytosterol analysis
2.5.1. Extraction of phytosterol

| The extraction was conducted based on methods of Beveridg et al [18] and Thanh et al

[19] with some modification. A 1g sample was accurately weighed into a screw tube and spiked .
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with 1 mL internal standard into the matrix, followed by 2 mL of KOH (60%), 2 mL of ethanol
95%, 2 mL of NaCl (10%) and 0.3 g of pyrogallol (antioxidant). The mixture was saponification
under nitrogen (N2) and then incubated at 70°C for 45 min (vortexed cvery 15 min) to ensure
complete saponification. After cooling the solution in an ice bath, the saponified portion was

extracted with 15 mL of hexane: ethyl acetate (9:1, v/v) twice. The upper layer (unsaponifiables)
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was collected into a glass fube and the solvent evaporated “{Saryness under a stream of N, at 45
°C.
2.5.2. Phytosterol derivatization

The sterols derivatization were prepared following a method modified from Beveridge et
al [18]. The residue was mixed with 200 pL of N,O-bis(trimethylsilyl)-trifluoroacetamide
(BSTFA) with 1% trimethylchlorosilane (TMCS) and 100 pL of pyridine, and heated at 60 °C
for 30 min, then evaporated to dryness under a stream of N, at 45 °C. The residues were
dissolved with 1 mL hexane and the solution was filtered using a 0.45 pm syringe filter and then
transferred into a vial for GC-MS analysis.
2.5.3. Phytosterol GC-MS conditions

The quantification and identification of sterols was performed by a Gas chromatography—
mass spectrometry (GC-MS) using a modified method of Thanh et ai [19]. The fused silica
capillary GC column was a DB-5ms (30 mx0.25 mm i.d.x film thickness 0.25 pm). Samples (1
pL) were injected using an Agilent Technologies 7683 Auto Sampler and a split injector with a
split ratio of 1:50. The sterols were separated using programmed oven temperatures originally set
at 100 °C (1 min)}, then raised to 300 °C (14 min) at a rate of 10 °C/min. Helium was used as the
carrier gas, at a flow rate of 1.5 mL/miﬁ. The ionization energy was set to 70 eV. The injector,

MS qhad temperatures, MS source and transfer line were 270, 150, 230, and 280 °C,
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217  respectively. TMS-phytosterols were identified and quantified by a SIM (single ion monitoring)
| 218  mode according to their retention times and MS spectra. Cholestane was used for the internal
219 standard. The m/z ratios of the tons used for the quantitative analysis of the TMS; Cholestane
220  (374), TMS; Campesterol (382), TMS; Stigmasterol (484), TMS; B-sitosterol (486) and TMS;
221 Sitostanol (488)
T PR PO T
223 2.6.1. Extraction of PCs
224 PCs were extracted from full-fatted saﬁples (FC, RBW, RAO and HMW) following the
225  method of Ishaka et al [20] with some modification. A 1g sample was placed into a
226  polypropylene tube and hydrolyzed with 0.2 M NaOH (10 mL) prepared in methanol aqueous
227  solution (1:3, v/v) following sonication (8510 Branson Ultrasonics Co., Danbury, CT, USA) 44
T 228 Hz (250 W) at 60 °C (90 min). The hydrolyzed sample was then extracted with toluene, cooled
© 229 downto 2 °C. After centrifugation at 4,000 rpm, the upper layer was collected into a glass tube
230  and filtered using a 0.45 pum filter.
231 PCs were extracted from the defatted samples (DFRB-C and DFRB-S) according to the
232 method of Asikin et al [21].. The defatted sample (5 g) was extracted by Soxhlet method in
233 cellulose thimbles (Whatiman 33 mmx= 100 mm) with the solvent mixture of hexane and methano!
234 (20:1 v/v) for 18 h. The solvent mixture were then removed using a rotary vacuum evaporator at
235  40°C The obtained exiracts were then diluted with toluene and filtered by syringe filter (0.45
236 um) for further derivatization.
237  2.6.2. PCs derivatization
. 238 Samples of each of the PCs dén’vatives were prepared using a method modified from
239 Asikinet al [22]. A 200 pL extract sample was mixed with 100 pL of N,O-bis(trimethylsilyl)-
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240  trifluoroacetamide (BSTFA) with 1% trimethylchlorositane (TMCS). The mixtures were heated at
| 241 50 °C for 30 min. An aliquot of cach was injected onto a GC-MS column.
242 2.6.3. GC-MS conditions
243 Separation, identification and quantification of the PCs were determined using the
244 method modified from Asikin et al [22]. The PCs were identified by their trimethylsilyl
245 derivates. Analysis was performed with an Agilent Technologies 6890 fitted with an Agilent
246 DB-5ms fused silica capillary column (0.25 mm x 30 m x film thickness 0,25 um). The GC
247  injector was set at 350 °C The sample volume of I pl. was injected using an Agilent
248  Technologies 7683 Auto Sampler with a split ratio of 1:10. The PCs were separated using
249 programmed oven temperatures initially started at 150 °C and increased to 320 °C(15 min) at the
250  rate of 4 °C/min. For MS detection, the electron impact (EI) ion source temperature was set to
" 251 200 °Cand the transfer line temperature set to 280°C. Mass spectra were taken at 70 eV; a SIM
< 252 mode (single 1on monitoring) was set for identified and quantified TMS-PCs. TMS; docosanol
253 (Ca), TMS; tetracosanol (Cag), TMS; hexacosanol (Cye), TMS; octacosanol (Cpg) and TMS;
254 triacontanol (Czo) were identified and quantified according to their retention times and molecular
255  targetion, m/z at 383, 411, 439, 467 and 495 respectively.
256  2.7. Statistical analysis
257 All data obtained in this study were analyzed statistically. The results are e‘xpressed as
258  means + standard deviation (SD) based on dry weight for the triplicate analyses on the same
259  sample. Differences among average values were estimated by analysis of variance (ANOVA)
260  with the application of Duncan’s tests using SPSS 19 (SPSS Inc., Chicago, IL, USA). Average
261 values were considered significantly different when P < 0.05.
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3. Results and discussion

The significant body of evidence associating dietary phytochemicals with health benefits
has spurred the tremendous development of nutraceuticals, dietary supplements and functional

food manufacture [23]. Given the evidence of the acceptability and availability of the by-

products from the food processing industries, these are now considered as the significant sources
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of fﬁnctional ingredients 1n secondary food proéessing indﬁstrics [24], and ﬂle by—pfoduéts frmﬁ
rice bran oil manufacture are one of the most promising sources since the growing number of
RBO manufacturers especially in the South East Asian area, producing large amounts of agro-
industrial by-products. However, the quantities of those bioactive compounds lost in unused
waste product from these various rice bran oil extraction processes has not been studied in detail.,
This prompted us to compare the remaining amounts of the various bioactive compounds in the
by-products from boih the solvent extraction and cold pressed extraction processes.
3.1. GABA contents of the by-products from rice bran oil processing

Table 2 presents GABA contents of waste products from rice bran oil process including
DFRB-C, FC, DFRB-S, RBW, RACQ and HMW. The highest level of GABA was found in
DFRB-S (97.36 mg/100 g) followed by FC (17.17 mg/100 g) and DFRB-C (12.04 mg/100 g).
Our results showed that solvent extraction by hexane caused a greater loss of GABA into DFRB
than the cold pressed process. GABA is a polar non-protein amino acid compound [25] and is
able to dissolve in strongly polar than in the moderate and weak polar solvents. According to the
principle of “like dissolves like” [26], GABA cannot be extracted efficiently with high non polar
solvents (hexanc) and remains in the DFRB-S as a by-product of the process. The result and
explanation here was also in accordance with the sample including RAO, RBW, and HMW

which are the fat based byproducts from the solvent exiraction process. FC and DFRB-C,
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286  however, was produced by the cold pressing process which uses a mechanical machine to extract

| 287  RBO, by crushing or pressing, resulting in these by-products containing some amount of GABA
288  compared with the RBO by-products from the solvent extraction process.
289 3.2, Gamma-oryzanol, focotrienol (13s), tocopherol (Ts), and pliytosterol contents of the by-
290  products from rice bran oil processing

7291 The amount of y-oryzanol obtained by LC-MSis shown in Table 3. The y-oryzanol peaks™
292  identified included cycloartenyl ferulate (m/z 601.3), 24-methylene cycloartenyl ferulate (im/z
293 615.3), campesteryl ferulate (m/z 575.3) and f-sitosteryl ferulate (m/z 589.3) as indicated in Fig.
294 2, which agreed with the results found by Pestana et al [4]. In general, y-oryzanol is mainly
295  composed of esters of trans-ferulic acid (hydroxycinnamic acid) with phytosterols predominantly
296  including cycloartenol, B-sitosterol, 24-methylenecycloartenol and campesterol [10].

" 297 A significant amount of y-oryzanol was found in RAO (3,901.59 mg/100 g) followed by

" 298 FC(1,058.28 mg/100 g) and RBW (862.80 mg/100 g) (Table 3) and the major oryzanols found
299  in RAO were cycloartenyl ferulate and 24-methylene cycloartenyl ferulate (Fig. 2b). The data
300  shows that the neutralization step in the extract refining process of the RBO from the solvent
301  extraction system caused significant loss of y-oryzanol into the RAO. The result found is in
302  agreement with the results reported by Pestana et al [4], thus strongly confirming that nearly all
303 the y-oryzanol was precipitated during the neutralization step. The strength of the alkali
304  condition used during the refining process for the neutralization of the crude oil promoted
305  carrying over of y-oryzanol to the RAQ. The loss of y-oryzanol when using caustic soda or
306  solvents and steam in the refining step of the high free fatty acid crude RBO was also reported by
307  Yoon and Kim [27]. They found that 12-59% of the y-oryzanol was lost during the refining

. 308  process, using caustic substances [27]. This study strongly confirms that the gamma oryzano!



309  content in acid oil from refining process of RBO is high at 3.9% and it is worth turning acid oil

| 310  to high value of gamma oryzanol source for medicinal and pharmaceutical manufacture,
311 The tocotrienol (13s) and tocopherol (Ts) contents are shown in Table 3. The
312 chromatograms found (Fig. 1S) (supplementary data) were in accordance with the data of Pestana-
313 Baueret al [5}. The maximum amount of total vitamin E (T3s+7Ts) in the by-product from RBO

314" “process was 120739 mg/ 100 (RAOYWhéreas the minimum was 6.47 mg/100 g (DFRB=S) 7
315  Compared with tocopherol {Ts), the tocotrienol (T3s) form of vitamin E is the major form of
316  vitamin E found in all by-products. The greater amount of T3s was found in RAO (106 mg/100
317  g), followed by FC (97.38 mg/100 g) and the highest amount of Ts was also found in the RAO
318 (60 mg/100 g). This was higher than the total concentration of Ts in crude RBO (53 mg/100 g)
319 [7]. For this reason, it is of interest to recover both T3s and Ts from the RAO. The B form of both

" 320  T3sand Ts were present in minor concentrations in the residues from RBO process. This data

S 321 agreed with Pestana et al [28] and other authors confirming that f-tocopherol was present in minor
322 concentrations in RBO. The most abundant of the T3s was y-T3s that found in RAO (86.01
323 mg/100 g), followed by «-13s found in RBW (18.45 mg/100 g) and 5-T3s found in RAO (6.19
324  mg/100 g) as indicated in Table 3.
325 Compared with {ioin solvent extraction, the cold pressed extraction process left high
326  amounts of the remaining y- oryzanol (229.76 mg/100 g) and total vitamin E (28.25 mg/100 g} in
327  the defatted rice bran (Table 3). Generally, crude RBO contains y-oryzanol 1,599-1,666 mg/100
328  g[29] and vitamin E in terms of tocopherol and tocotrienol 53 mg/100 g and 82.5 mg/100 g,
329  respectively [7]. Therefore, solvent extraction appears to offer higher extraction efficiency, but

+ 330 the refining process of the solvent extraction system may cause a great loss of these bioactive

. 331 compounds into the other waste, such as RAO from the neutralization step and wax from the
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winterization step. Finally, the defatted rice bran as a by-product from cold pressed extraction
method should receive much greater attenition in terms of being a source of y-oryzanol and
vitamin E.

The phytosterol contents of the by-products from the RBO process are also listed in Table

3 and the chromatograms of the phytosterol components of the standard and by-product RAO,
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with the comparison with the mass spectra fragmentation pattern, are shown in Fig. 3 (a) & (b).
The five characteristic peaks were identified as cholestane (internal standard) (peak 1 (R 20.38
min), campesterol (peak 2,/R 23.43 min), stigmasterol (peak 3,/R 23.68 min), B-sitosterol (peak
4,tR 24.35min} and sitostanol (peak 5,78 24.51min) and mass fragmentation pattern of individual
phytosterols are indicated in Table 1S (supplementary data).

The highest amount of total phytosterol was found in RAO (599.40 mg/ 100 g) following
by FC (243.98 mg/100g) and the most abundant phytosterol found was [-sitosterol, followed by
stigmasterol and campesterol. The results are in agreement with other reports [29-31]. The
phytosterol contents of RAO were in the same range as those reportedly found in RAQ (457-564
mg/100g) from the RBO refining process [29]. These results ndicate that RAO produced from
the solvent extraction system and FC produced from the cold pressed extraction system are both
promising source of phytosterol as functional ingredients.

3.3. Policosanol contents of the by-praducts from rice bran oil processing

RB is a good source of waxes consisting of aliphatic primary alcohols, mainly docosanol
(Ca2), tetracosanol (Cay4), hexacosanol (Cyg), octacosanol (Cag) and triacontanol (Csg), known as
policosanols (PCs) [32-34]. Consequently, both RBO and the by-products from the RBO process
retain significant amount of PCs. Many studies have 1'eported—the serum lipid-lowering properties

of PCs which can be used as cholesterol lowering nutraceuticals [35-37]. In this study, the data
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shown in Table 4 indicates the varying but significant amounts of PCs from various by-products
of the RBO process. The PCs concentrations were calculated based on the peak area of each
standard curve. Each PC component was identified by the mass fragment pattern of its derivative
as the target jon in m/z. including m/z 383 (qualifier ions, m/z 103, 384, 385), m/z 411 (qualifier

ions, m/z 103, 412, 413), m/z 439 (qualifier ions, m/z 103, 440, 441), m/z 467 (qualifier ions, m/z
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103,°468, 469), and ni/z 495 (qualifier ions, m/z 103,496, 497) for docosanol (C,,-OH),
tetracosanol {Cpy-Ol11), hexacosanol (C15-OH), octacosanol (Crg-OH), triacontanol (Cso-Ol11),
respectively [21] as indicated by the GC-MS chromatograms (Fig. 4).

In comparison with other residues, RBW from the solvent extraction system presented
the highest amount of PCs (332.79 mg/100 g) followed by HMW (169.44 mg/100 g) and RAO
(99.33 mg/100 g). These data was confirmed by the report of Cravotto et al [32] and Ishaka et al
[20], showing that rice bran is a good source of PCs. The data given in Table 4 also agrees with
the study by Kim ct al [38] and Ishaka et al [20] who indicated that the predominant PCs
components in rice were octacosanol (Cpg-OH) and triacontanol (Cso-OH). The PCs content of
the by-products RBW, HMW, RAO and FC, is even higher than the PCs contents of RBO from
the cold pressed extraction system (74.9 mg/100 g) (data not shown).

Defatted iice bian (DFRB) is the predominant by-product of rice bran oil (RBO) both by
solvent and cold pressed extraction system [23]. In the cuirent study, we identified only a low
amount of PCs in the DFRB contained as compared with other by-products that we tested.
However, our previous data showed that extraction of the defatted rice bran from the cold-
pressed rice bran oil process by saponification and purification gave higher amounts of PCs at
the level of 6,005.28 mg/100 g [39]. In this current follow-up study we showed that the further —

processing of the extracts by separation and purification increased the level of PCs and other
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378  nutraceuticals in the by-products. The result demonstrated that RBW and HMW from RBO

1 379  process from solvent extraction system are a significant source of PCs,
380G 3.5. Comparative aqmmount of nutraceuticals of the by-products from the solvent extraction and
381  cold pressed extraction systems.

382 The total of bioactive compounds remaining in the by-products from the whole RBO

""" 383 process, both the solvent extraction and cold pressed extraction systems, are shown in Table 5.
384  Compared with the cold pressed extraction system, the solvent extraction system with its various
385  refining steps generated a variety of by-produets with a huge amount of the bioactive compounds
386  remaining. These included GABA, y-oryzanol, phytosterol, vitamin E, and policosanols in 6.6
387  kg/100 kg waste products remained. y-oryzanol is the major nutraceutical found in the by-

388  products from both the solvent extraction (4,839.16 mg/100 g) and the cold pressed extraction

389 (1,288.04 mg/100 g) system. The results also demonstrate that most of the nutraceuticals,

390  including y-oryzanol, phytosterol, PCs, and vitamin L, found in the by-products (Table 3 and 4),
391 exhibit health benefits especially in terms of reducing the risk of cardiovascular disease [40,41].
392 InThailand, defatted rice bran, the most abundant by-products, was discarded from manufacture
393 about 640,000 tons each year (Report of International Conference on Rice Bran Oil 2017). This
394  finding here showed that total amount of bicactive compound found in defatted rice bran from
395  cold pressing method was 521.03 mg /100g and from solvent extraction process was 181.45
396  mg/100 g (Table 2-Table 5). Consequently, total amount of nutraceuticals remained in defatted
397  rice bran, one type of many types of by products from rice bran oil manufactures, is estimated
398  around 3,200 tons per year (based on 640,000 tons of defatted rice bran). Making use of these

399 disposed materials is not only smart economics, but also good for environment. With some extra

processes including extraction and purification, these by-products can move from low-value agro



401  waste to high-value bioactive ingredients that could benefit the food, cosmetics and drug
| 402  industries.
403 4. Conclusions
404 Defatted rice bran from the solvent extraction process showed the highest amount of y-
405  aminobutyric acid (GABA) (97.37 mg/100 g). The highest amounts of y-oryzanol (3,829.65
406 m.g/ 100 2), tocopheroi“:a 66..94 mg/ 100 g),.tocotri.c;;(.)l (60.72 mg/ 100 g), and total p.hyt(.)s.terolr |
407 (599.40 mg/100 g) were found in RAO from solvent extraction process. The RBW derived from
408  the dewaxing step of the solvent extraction system contained the highest amount of PCs (332.79
409  -mg/100 g). The predominant PCs of rice bran oil waste product were triacontanol (C30) followed
410 by octacosanol (C28). Total nuiraceuticals of the by-products from the solvent extraction system
411 (6.6 kg/100g) was higher than that from the cold pressed extraction system (1.7 kg/100 g).
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Table 1 - The samples collected from rice bran oil process from solvent and cold-pressed extraction from 2

different companies

RBO extraction system By-products Abbreviation
Solvent extraction

Defatted rice bran DFRB-S
Rice acid oil RAO
Wax RBW
High-melting point wax HMW

Cold-pressed extraction

Defatted rice bran T DFRB-C

" Filtered cake FC

535 RBO = rice bran oil
536



537
538
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-Table 2 - Moisture contents and GABA confents of DFRB-C, FC, DFRB-S, RAO, RBW and HMW- -~ -

By-products Moisture content GABA (mg/100g)
(%) Wet weight Dried weight

DFRB-C 6.35+0.13° 11.2240.10° 12.04£0.11°
FC 2.87+0.10° 16.60£0.22° 17.18£0.23
DFRB-S 8.9540.09° 88.65+1.11° 97.37+1.22°
RAO 1.8440.09¢ ND ND

RBW 0.50+1.09° ND ND

HMW 0.69+0.07° ND ND

Each value represents the mean £5.D.
ND indicated amount of detectection lower than LOD.

239 Valueswith different superscript-letters.in.a.column-are significantly- different.(P-<.0.05)

540
541

542

LOD = 1.08 ppm.
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- Table 3 - y-oryzanol, tocotrienol, tocopherol; and phytosterol contents of DFRB-C, FC, DFRB-8;, RAQ, RBW and HMW'

549

Chemical Types of by-products
constituents DFRB-C FC DFRB-S RAO RBW HMW
¥ -oryzanol 229.76+1.52d  1,058.28+24.86b  39.3940.16e  3,901.59+4.08a  862.80+5.52¢  35.38+0.03¢
(mg/100g)
Tacotrienol
a—T3s 2.77+0.10° 8.5140.33° 0.72+40.01° 14.7310.46° 18.45+0.30° 5.38+0.24¢
B-T3s ND ND ND ND ND ND
y—T13s 19.45+0.03°  86.74+0.99° 2.85+0.02° 86.00+0.79° 17.38+0.09° 17.07+0.04°
5-T3s 0.91£0.07"  2.1240.01° 0.6240.05° 6.19:0.01°  148+007°  0.92¢0.01%
CTotal 35T T T 23.1420.01Y 973841330 42040.08° 106.93+1.25°  3733:046°  23.3810.189
Tecopherol
a-Ts 3.02+0.18° 8.27+0.04>° 3.60+2.81° 9.33+0.34" 547£0.17%°  ND
B-Ts ND ND ND ND 1.35£0.10° 0.96+0.05
y-Ts 1.57£0.07° 6.324£0.27 0.76+0.04 3.2840.11° 3.89+0,13% 3.64+0.08°
§-Ts ND ND ND 1.03+0.02° 0.95+0.01" 0.6740.01°
Total Ts 4,60+0,19° 14.59:£0.20° 43782.77° 13.650.47% 11.6740.13°  5.2940.13°
Total (T3s+Ts) 28254020 112.4241.35° 6.47£0.27° 120.59+1.72% 49.00£0.33°  28.67+0.31¢
Phytosterol
(mg/100g)
Campesterol 0.47 £0.14° 52.38 +2.69° 0.34 £0.01° 151.23£3.27* (.73 40.04° 0.50 +0,12°
Stigmasterol 2.61+0.03¢ 60.41 +2.80° 0.74 £0.01° 975312417 21.77 £06.86° 19.17 £0.89°
B -Sitosterol 1.6440.54° 118.02 +6.38" 0.38 £0.01¢ 317.95 +4.76°  66.83£1.43°  68.88 +1.49°
Sitostanol 0.69+020°  13.15 136" 027£0,01"  32.68£1.17* 3.86+0.77°  4.20140.17°
. Total 543 +0.86"  243.98+]3.24° 1.75+0.01° 59940 £11.62°  93.204:1.38° 92.77 +2.08°
543 Each value represents the mean +S.D.
544 Values in the table are expressed on a dry basis.
545  ND =amount detected lower than LOD.
546 LOD =047 ppm. (3-T3s), 0.89 ppm. (¢-Ts),0.40 ppm. (B-Ts), 0.49 ppm. (8 - Ts). LOD = 0.08 ppm (campesterol),
547  0.03 ppm (stigmasterol), 0.20 ppm (B sitesterol), 0.03 ppm sitostanol.
548 Values with different superscript letters in a row are significantly different (P < 0.05).
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“ Table 4 = Policosanol contents in residues form two different RBO proeess, obtaiiied using = -

PCs Types of sample
{mg/100g) DFRB-C FC DFRB-§ RAO RBW HMW
Docosanol 5.08+0.02° 3.75+0.11° 3.35+40.01%  7.20+0.42° 7.9940.21° 7.50+0,03™
(C22)

Tetracosanol  21,56+0.55°  24.24+2.02°  13.9440.94°  52.36+2.38°  53.80:+0.10° 45.06+1.50°
(C24)
Hexacosanol 1.83+0.03¢ 11.56+0.16°  1.7240.50% 10.63£0.11°  42.75£1.94° 13.82+0.77°
(C26)
OCtaCOSﬂllOE l O’]Sio 4sc — ]2_13:[;0’2’]‘:7”777171 bt 12:!:0‘3! ?"'T”’”! 0'1 6:1:0'0] E'""".’.".'.]’l ‘83i2‘653*7’2671 O'EGOSL’ff” i

550
551

552
553

- (C28)

Triacontanol  6.9140.17°  24.3040.70°  6.66+0.13°  18.96+0.32°  156.4142.99°  76.9243.08"
(C30)

Total 45.55+0.14°  76.00£3.29Y  45.55+0.147  99.3343.24°  332.79+7.27°  169.44%20.91°

Each value represents the mean £5.D.
Values in the table are expressed on a dry basis.

Values with different superscript letters in a row are significantly different (P < 0.05).
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Table § - The total comparative amount of bioactive compounds of the by-products from the solent
extraction and cold pressed extraction systems. .

29

Values in the table are expressed on a dry basis,

Nutraceuticals Solvent extraction system Cold pressed extraction system
{mg/100g) {mg/100g)
GABA 97.37 29.22
¥- Oryzanol 4,839.16 1,288.04
Phytosterol 787.12 249 41
Vitamin E 204.73 140.67
Policosanol 647.11 121.55
see=lotalamount 0.6 S
(kg/100 kg)
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Supplementary data

Table 15. Mass fragmentation pattern of trimethylsily] phytosterof derivatives, obtained using GC-MS

Compound Molecular target lon, m/z Qualifier ions, n/z
Cholestane 374 147,217, 357
Campesterol 382 o 129, 343, 367
Stigmasterol 484 129, 255, 394
B-sitosterol 486 129, 357, 396
Sitostanol 438 215,383,398
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Figure 18, Typical chromatograms for T3s and Ts standard compounds (a) DFRB-C T3s and Ts extract (b).
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