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Abstract

The aim of this study was to determine the contents of vitamin E, total polyphenols, total
anthocyanins, gamma oryzanol, the antioxidant activity and the activity against oxidative stress in
human intestinal cell line (Caco2-cell) of non-digested and in vitro digested Kao Mak. Kao Mak
was prepared by fermenting cooked black glutinous rice (Oryza sativa L. variety Leum Phua) with
Look Pang for 3 days. The results indicated that the in vitro digested Kao Mak contained higher
vitamin E and total polyphenols than those of both non-digested one and cooked black glutinous
rice, respectively. However, it was shown that non-digested Kao Mak had the highest amount of
total anthocyanins while cooked black glutinous rice had the highest amount of gamma oryzanol.
The antioxidant activities assayed using DPPH and FRAP methods showed that the in vitro
digested Kao Mak exhibited higher antioxidant capacities than those of the non-digested one and
the cooked black glutinous rice, respectively. The most interested of this study was shown that
the extracts from all samples with H,0, reduced the secretion of IL-8 by Caco2-cell when
compared with positive control group (treated with H,O, alone). In addition, it was found that in
vitro digested Kao Mak had better inhibition on IL-8 secretion than that of both non-digested one

and cooked black glutinous rice, respectively.

Keywords: black slutinous rice; Kao Mak; in vitro digestion; antioxidant activity; oxidative stress
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carcinoma)  adlethunmnzasdusimsides
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Aaenuwaalouvelslad (enterocyte) vasanld
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2.1 MIATENADEN
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Viowmann 3 as1dud wwanlndriuduiedns
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wdevadalni (wwnledn SROF 101) Tudns
dau 417 1 dru devh 2 daw ifledagniinanili
Wuilgumgivendunar 1 dalus fregredild
Bonin “trwmierdian” thinmiesmaniiin
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n1331aesan1znsdoslusrensuy vy
nsziwIgoIMshazalldlanauisves Ferruzzi
uazAne [32] uay Dawilai kazamy [33] lnaUsu
AL duNsA-Ag (pH) vesansazaemaenalila
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éaaiuéwﬁwmuqmqmmﬁuwLméwlﬁﬁqmmﬁ
37 sariwaldea 1 $alug vsuaufunsa-ensli
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0.2 lunseu vaunaIfiiIuNIINTE9LITENT
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Y194
nsmUSIadnduduazunuunlels-

Y1UDAYIIAINITUDY Moongngarm ay  Saetung



i 24 avvuii 5 (@vuiliay) 2559

5ar5memansiasinalulad

34] lawii@iee1s 1 NSU @fAnELlUNIULa
USums 10 3adans tharsataiilaluiingizvim
FofiuBuazunuuilelsyrueasisiaies HPLC
(Agilent 1100 series, Agilent Technologies,
Santa Clara, CA, USA) lagldmoduil Water
Resolve C,5 column 90 A (5 lulasiuns 3.9x150
fladwns) 1911 wvuea wazesdlalulasg
(acetonitrile)  Huiaadouiinuy gradient
elution fons1n1sluawindu 1 Jadansaeunyl 2a
fheg1elulsunu 20 lulasans f519in3n1dud
wWarayUNUSVBITN1TUB A8 fluorescence
detector in1B1IAAUNTEHY 298 UILULIAS
LATAIINEIIAAUNTTY 328 WITULLAST LAz
psiaunuulelsguease photodiode array
detector 1A 819AAY 325 urluluns Uad
InnfiuduazunuanlelseiueanionisiUseudiau
retention  time ¥@3639¢139AUA1TUINTFIU
sreaunadnnfusilululasndusetimtingedns
wiia 100 N3y wazwnuanlelsviueasieudu
TulasnSusothmtingaegaus 1 ndy
2.5 msmUSanalnaiusansviun

wUSnalnafiueanmunlagld Folin-
Ciocalteu reagent [35] 1Az iUsunalndfluea
ﬁgmmﬁaamﬁmmmi@mﬂﬁuuaﬁ 750 wlu
RS FeLa3es UV-visible spectrophotometer
(UV-1601, Shimadzu Corp, Kyoto, Japan)
fnamUsinalnaTiueamunlufiegna3eoy
Wieuiunsnansgiunsawnada seuNaLliey
Weuduiiadnfuvensaunadalusietsimn
Wite 1 nu

2.6 MsvnUsunaueulnlvendusiasun
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Trtianudunsa (95 % Len1usa way 1.0 uasila

817

HCL Tusnsaau 85:15 v/v) muiauad Abdel-Aal
wag Hucl [36] N153As1gimUsunauneulnleen-
Justsnualusiedeld3sfev-Avneisuiea
(pH-differential) #1135983 Lee uazAng [37]
TagU1g15dNARID819U1LID19A8ENTAEAY
Unine

luindin1sgandunasil 510 wag 700 wily

s ala

sAfadunsn-Ae 1.0 n58 4.5 way

PR PIGELE microplate reader (Sunrise,
Tecan Co., Austria) Sng9uNaLlUI8suLRguiviiad
NTUVDY cyanidin 3-glucoside Tusegnaimin
wite 1 n¥u lesen cyanidin 3-glucoside Hu
woulvle-enduinusnniigelutimies [38]
2.7 MIVARUANEAINNITAIUBYYE

dasy

N1INAADUANEAINNITAUBUYABATE
mlamenisvagaeu  1,1-diphenyl-2-picryhydra-
zyl (DPPH) uwag ferric reducing antioxidant
power (FRAP) il

A1sNAaeUR1835 DPPH LTun15¥n
ANEILNTavRRlag Ui BIaNATEUNS B
lslnsiauesmoniu DPPH"  Faduoyyadasei
\@dies lnginansanadiegunauivansazaie
DPPH waztirluifuludidiauig 30 undt auiSves
Fukumoto uay Mazza [39] 91ntanilddndnis
@mﬂﬁuLLmﬁ 517 wiluns fewA3es microplate
reader A1uIUMIANEAINIUNITATUOYYADATE
Y2498 19 UT UL UAUNIINUINTTIUVDIENT
aza1e Trolox Faduanssiueyyadaseannsgu
sneaunatJuliadluaves Trolox ludeeng

v

PY1pinuiAe 100 ASY

a [

ANYAINNITATUBYYABATEAIETT FRAP
Wunisinainuaiunsavessineg1alun1ssaag

asUseneu Fe -TPTZ Tiogluguves Fe”' TPTZ
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NSNAABUYINANIDURY Griffin Wag Bhagooli [40]
InnaLaENTaNARI08197U FRAP reagent Wazi
Uinrnsganduuasiianmennadu 600 wilu
AT FeLedes microplate reader ﬁ’wﬁﬂmi@ﬂ
NAULAIVDIETANAFIDYNIAIUIUNIAT FRAP
TnetU3euiisuiunsnuInsgIuTedansavany
FeSO,. 7H,0 snsunaiiufiadluaves Fe lu
Frogramidnuits 100 ndu
2.8 n15U84AUN191ANAIZLATEARN
sanTaduluwadanlduyud (Caco-2 cell)
AoaraduziSedild (Caco2) (ATCC,
Rockville, MD, USA) T 6-well plate Tagdiainy

v v s 4 § 1 _a aa an
bUNYUVDUAE Ax10 LYARFRDUAAANFNT HIUITVUDI

'
=

Han warAtuy [41] F99sidous1visiaeaesad

@ A

NN 9 2 U Welwanlasaiauil (Ussuna 4-5 Ju)

WANAINULUNTUYBY  heat inactivated fetal
bovine serum luewnsiasawadaindesas 10
Tvde¥ovas 7.5 (vv) uasdsuevnsiaoamad
N 9 2 $u wadihluliveaoufiony 11-14 Fu
winasyiuiidesnndutisfiwaddaudh
metinmlndlAssiuiwadanld Ae dlulasiala
waztoulwiinng 9 msﬁumi@m%mmimmﬁmuzﬁw
999 Garrett wazAmy [42] MntutwaduEe
Tuomadsnsadinaudimilsasgnviedn
wnndildnunisgesanududu 5, 10 wie 20
fadnsu/iaaans visenad micellarized fraction
arududu 5 fadnfu/dadans @uduaiiy
uduiiliibufiviviead) Tuguumisided 37
ssrwaldua neldernafidieaisueulasen
lyRSosaz 5 (vv) 11U 4 Falue wdaifu 2 ad
Twaand H,0, adly duwadluidesredn 30 unil

¥ 13 o é’ 2
uinsougadenn Yromsiasasadluniusuin

v
o 1A

dumasalfu 8 (interleukin-8; IL-8) Fardumiusd

818

mupiifiwadazndieanunioiinniziaien
MNeaNTATUAILTT ELISA  [43] s1eaunatiu
Wesiuddudinsmas IL-8
2.9 MFIATIZANGEDA

nannsinszsiuansluguaadouay
dfoauunnsgiu (meantSD) AAT1zvindn
LANANIIANRAERIE3T one-way ANOVA waz
Duncan’s new multiple range test fisgéiu

o o

Hed1Ayn1aadn P<0.05 Tngldlusunsudnsagy
Y

|
o

aNlANIAUALNIAINNTNAGDY 3 91
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3. NAN15IBUATIAT
31 YSwaienfiud Indilueaniun
wouTnlegnfunsvun wazunuuilelseusaly
$ramiloadngn dramuanitlisiiunassitunis
aen1stasluseneayud
Usunainniiud Tndflueanomun weu
Inlwordusonun wasunuuilelsyuealudii
wileadan drmunilidinunagiiunisdiaes
QUERRE! LLﬁNsLug‘LJﬁ 1
Han1sIUSuIIn1iud Indfluea
wanus wavweulnlesnduianus (gﬂﬁ 1n, 19
WAy 1a) WuIdINNINTAITAINE12g9nI1917
wiledign lnenuiinmnniiiunisdiasanis
goaiuSunadniiud (167.19 lulasnsusesietna
damdnude 100 n¥) warlndfueanivun
(641.77 NadnSuvesnsaunadalusegnaimiin
Wis 1 ) wanndndmnndilinaunisges

v
1 °

(85.98 lulasnSusiasagetinndnume 100 sy

ey 379.82

o a

fadnsuveansaknadalufing

o v =

dwdnuie 1 n¥u) uasdrunieddan (56.53
Lulasniusediegnandnuis 100 nu

176.55

e e
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Yrandiednngn 11muniliiIun1sEesRasNIuN1TEos 1AefagNys a-c LARIAIIULANGAIITDT

o w

] A any o i = = o v @ aa
mLaa‘a‘vﬂ,mmﬂmamﬂumiﬂﬂmmmnummuuammﬂmwam P<0.05

WIS 1 nNSY) Muaeu d@uusunaseulnloeniluy

PaNUALUFI8819 NUINTININNALUEIUNNSINE D

' =

Usunauwaulnlogfuianun (19.16

ANsgoudl
1adnsuvey cyanidin  3-glucoside AoF19E19
YIAUABTAS 1 NSU) WINNIIUIINUINTARIUNTT

11904n15808 (16.96 Haansuuee cyanidin 3-
slucoside siofeenaimdnusis 1 n%a) wavdn
wilgsingn (1434 Tadinduves cyanidin 3-
gLucoside@aﬁaaéwaﬁwwﬁﬂLLﬁa 1 n3u) aud1nu
(E‘Uﬁ 1p) wafildannisanuluadsiiaonadeiu
nsAnwneuntitiues Fernandez-Orozco uay

Ay [44] INUIDUBOINRINAIY  Aspergillus

819

oryzae ws® Rhizopus oryzae HUIN18ANNHUD
WingedulileiIeuiiguiununiesiu Ysuiu

Inaueavun wazwoulnlegdunauainiy

v
=

asdulutnunlvnaduigfunanisanwlu

U

£% Py

YIIVUINNHANIINT AV Plaitho wazay [23]

warlad (koji) Mlearnn1sudndeiu Aspersillus

v

awamori 994 Lee  harAue [45] Wanand 9
WUIMS1917 1913818 91d08 9190809 913LNne
wagdal8niindindesn Rhizopus  spp. w3e
Aspergillus spp. [46-48] ¥ @uazinduediivin
[49] &

¥ a & . .
AIBERAG Saccharomyces  cerevisiae

YSunalniueaiivgauilensuiieuivems
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Flairunisvin Usunaianiud Tndfuoariovus
wazueulvleendunamuediiiuuludnimunnens
Lﬁmmmﬂiij’mﬂixmuﬂﬁwﬁﬂmﬁasﬂuqﬂLL‘ﬂq
41NN 1Y Rhizopus oryzae, Mucor spp.,
%30 Aspergillus spp. asnseulsdiudiinglading
[50-53] aanesuswiudn 1,4 lnaladdnluluana
vouwagladldnglaa [54] ilelwaglaadadudou
Usenauvemiagadinvgninaiedadamaliiniiu
3 nwdiuea uazwoulvlvendufiegaeluniasad
(55-56] %Q@@@ﬂﬂﬂiﬁﬂ?ﬂﬁu 59U0951619NE7
aunsaasraeuladlaa [57]) WUshed [58 uag
ovluaa [59] gesladu lUsiu wagaslulawnsm

o a !

TutngAvdmalminndiugd ndfluea vieneulvle-
gnfufiorafuegivasemamariugnuanddos
Hudasvanniu
Nan1sMIUSHaLnNLlalsTIuea WU
Frunieadianiiunuuilolsvrueauiniige
(1123.26 lulasn3usiosegaiminuis 1 ndu)
se98907 e T1vniilaliiunistes (629.21
lulasniusesagrsiminuge 1 nu) uazdin
mnnfiiunssiassistes (431.22 lulasnsu
AafnogsminuRs 1 nSu) mudeu (E‘Uﬁ 13)
wanaldiuinnisuiniinaviliansseananid
Usunuanasdslinandiofunisningid1isae
Lactococcus lactis, Pediococcus pentoseous
W30 Aspergillus oryzae [60-61] UTunautnaan
Tolswusaiianasoraiiiownainseuinenisudn
auvddaeulnifausaaaeiusyluluiana
yosunuulolsyuoalsduansdu wu nIAmaszan
amesea useansusznaulnsmesiiuleanssea
(triterpene  alcohol) Sirilun WazAMY WUIIT
Aspergillus  oryzae ldwiingdiauisaadi

ulydinesdnuadaieaivelsa (ferulic  acid
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esterase) anuNdagusLRameIluluAnaUD9
wnualalsmuealdnsamesdndasedanalvisidn
nindunuanlelseueaanas [61]
dlofinsawaiildainnissiassnisgesly
SEUUTNOAUMIS WU TIMNNTIUNNSI 804
msges fUsinainiusuayindfiuoarvuaia

1%

Fudevay 94.45 uaz 68.97 Aud U WisuTisy
Futmnndildiiunistos FardrefunsAnen
ludndesgnuazd1ivian [25] nalndAyens
Wunavneulesd anadunsa-arslussuunig
Wuemsiiddiutisaanewussisuiusening
dudvselndfiueatuaisusynaudulueims
wiu ludu arslulawnse WWshi waglaa visedniiu
dawaliinduduielndfiuosoglusudassanniu
Tuwaizifieniu wuidmndiniunissiasanig
goafiUsunaueulnlseniuiuauasunuuilels-
yuoaanas AntduSesay 11.48 uag 31.47 Ay
grefu dledsuiisurusnuuinitlinaunisdes
Usunauueulnlesndusvuniianamdaniunig
$rapanstesndefunsanunlutiuiiy wazi
wUaAeIUIUT [62-63] Fadunasinaniiznsa-
ansluszuumaivenmsiidwanenisuasuulas
Tassairevesueulvlogiu Weusulnleriueg
Tuanwndeuiifunsalunssimizems (pH 2)
azoglugy flavylium cation Feilduns iileaglu
anngasludldidn (pH 665  lassaiiwes
woulvleefuasuain flavylium cation WHu
chalcone @sLifid wisoailieunainueulvle
grfiugninunueladliduanslufid n3egn
sandladluiduansdu [62] d1unisanasves
wnuanlelseueaoradunannanneulediuuduy
nsalalasaansnlunsuinneounis wagieulusiumu-

Aseiuludlddn [64]
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3.2 dneanlsnisdtuayyadaszues  wileadan (5.96 Tadlua ves Trolox defietns
drawmieadign dramuanitlidunazity thwednusia 100 n3a) auddy Msvaaeuies
nszuruNIsInassnsgaslusnenieuyed FRAP Tvinalwinueafeniuds DPPH fia 11aviunn

nan1snadeudnan nlunisiueuya finunsdiassmsgesiidnennlunsiueuya
Sasesnes DPPH (U7 2n) wuindamunndisioy Base (3.72 fadluaves Fe”' slasotnstimiin
m3sraesnsdesivsvaninmlunsdiueuya Wik 100 n$3) gendndraminndilaisunisdes
dasrgean Mo dAwsinifu 11.22  fadlua wes (305 flad Tuaves Fe” fofeEnamiTnLs
Trolox siefegrsimidnuis 100 nfu sesan de 100 n¥w) uazdranileasngn (204 dadluaves
Framunndiliiiunisden (812 fiadlua wes  Fe' siafaegsmtdnuie 100 n) mudnsi

Trolox #iof19819UMUNLAS 100 ATL) Lazd1? (5U# 29)

(n) DPPH (¥) FRAP
14 4.0 2
a
b
c
I 0.5
0.0

drawmiieadign dravanniiliiiunisges dramunndidiunistes dramiisaddgn dravannitlidiunistos dravuniiiiunsdey

U

3.5 b
3.0
2.5
2.0
15
1.0

49 100
100 n5;

ADEIUIMUNUAY
o

ADEINUIRUNUIAS

)

uavas Trolox/

luavas Fe?/

fiad
fiad
¥

o

o N A O

JUN 2 Aneanlunisiueyyadasedieds DPPH (n) wagds FRAP (1) vastnumieamagn d1ivanndll

NIUNISEREWALNIUNITERY LAUFIDNYT a-C  WEAIANULANA1ISUDIALRAENLAAINGAIBE19LY

LYY

nsAnwLREAUNsEAUTYEAg1sana P<0.05

o [% =

Fneanlunisiueyyadassdunauain Syynavadn (@13and 919 91918, 9133 1alne)

FInfud Indfuea woulnleefiu wazwnuulals- DTN (IAWALIINTLEL) Way Haria (A3DIAUN

gueannulufiiegs nalndrAglunsiueyya lpannsveind1ivesduLie) [18,45,69-70] S3ud

9asrvRIdIAINaNINIINANNANITAtUNSAN  wuhidmaniiun1sdaesnisdesluszuunig
Juouyadase (radical scavenging) laen1sli  whiuewnsigvisdueyyadasegendndrinunnilyl
dudnaseurselalasiauerneuiveyyadasy wu  diunisgesddinalufiamadeadunisdnuily

ROO, OH, 02, H,0, uway DPPH [64-66] 130 $199717 $19ndes wazdaand [25,71] wadildan
AyEnsaluNgUgAsensaseuyadasy msanwluadainandiidiuinnmsminuaznsi
(chain-breaking) Tnevhwihildusisudidnnseu TUsun1sdnassnisgeslussuumaiue s
Nneyyadase [67-68] dwalioyyadasziinnm  awnsadiudnenmlunsinueuyadaszld dadu

w@nesdu nsanw luaselilvnandredunnuly nau1neuleiannsuTnrsenisgey SIUDY
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o w

fa8ans SAY H,0, NTzautludAgyniead

‘1/151"& IL-8
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(rosemary) L&a (sage) wazlnil (thyme) fimanu
Fuwussunistudennsuds IL8 luwadanld
(Caco-2) waziwadisinidenu1afignnszdudie
tumor necrosis factor (TNF-o) %38 H,O, 311
nsAnwINUILgaa s bR LA Tuansatatavuan
S H,0, SlUSunanisnds IL-8 Hesniwad
é’ﬂé’ﬁlﬁ%’umsaﬁmﬁnmﬁmﬁwqﬂimﬁu H,0, Tu

NNANMUTNTUIMAaOU WeRITUIUTUIUNTS

|
@

7184 IL-8 vauwananbdntasua1sanasiagig 5

a a o

faansu/d9a8ns S7u

@

U H,0, Wuiwadanlan
lAsvansanat1IvuInfE1unIsepedusu1nis
71849 IL-8 (85.81 WiATASU/NAAaNS) UpuNILwad

v ‘:4'

A&l suasatndranuiniildiiunisdes
(154.90 WlAsnSu/adans) uazdrunilednngn
(170.55 Rlpsnsu/fiadans) audidu dededu
Wesidusnsdudanismds IL-8 Ao 53.10, 15.33
war 6.78 mudsu Usvavsamlunisdudanas
wids IL-8 Fanduludramnniunaunanninifiug
waslnaflueafifiudussninsnisminuasniseos
Tusguumadue s H,0, LfJumi&”’ﬂﬁuﬁuma%a
2n31au (oxygen radical) Tnfletiliiwadnas
IL-8 e1unszuaunIsasdye1aluld mitogen-
activated protein kinases (MAPK) laga1fey
extracellular signal-regulated kinases (ERKs),
Jun N-terminal kinase (NK) uwag p38 [73]
Matsuoka WagAy [74] S189MUMNANTANALINE-
fusaanyderaiunsadudenisienuses INK
war p38 Fedwmaliivadidoygsanton (A549
cel) Fl#%u H,0, nde IL-8 anas uanand da
warAMY [75] WUILTAaLlNTS

Silveira  Vargas

Yszanily (MDPC-23)

Alasuinfiudsiuiu
H,0, #Finsenaunninngunlasu H,0, et

Wied Belvinariuiesiunsfinuinulugaditoy
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C% A Y @ I a a a
Hiaaanion [76] uansliiuininnfiugaiunse
JosfuwadlnssUssamilunagivadigaynils

waondenliligniatedy H,0, I
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denariaUsunaansdrAylutrimdedmiugiuia
Tnenuininnduduasndfiusaiiusuianfiuiy
wdamsnnuaznssassnistes vaziiveulnle-
grfuiiUSinaiuiundiniswinuaiusinaanas
dlorunssassnistos @unnuunlelseiuead
UTuaanaandInITniniazn159naninisgos
saufenuindmunfidiunissnasinisyesd
éfﬂamwiumiﬁma%aémzLLazmmiasTus“?qmﬁ
W& IL-8 luwaddldldmnindmnniilainaunis
1883N15808LarI1UNTLIAIEAN MUFINU WA
ns@nwuanslififiuindanuniignianaiig
\n3unaneandinduiaduannanilesnisiia
Tsaidess 1w Tsnuwise lsalusuludengs oy
nsdaasun1suslaatrunus et anunty
Tlugnavnssuemniiiequnim Janrsdnwids
Uszanatmvasdninuinludunisananudes
AoNITLAALIARY ¢ LY nsansyiuinea uise
seaulasiuluidon lngead@nuiluwaansely

dnineansold

5. AnAnssuUsznA

YOUDUANM TRIANANTIATE AT.L113 aR1R
Sln fisnwaandulaswinig uminerduuiing
Juegsgedmsumuuniilvlinseisiegmsey
wilAUsnulunsinidonded sudsentuise
uazian  uvninedeaundn Alvvuaiuayu

1

U39



5ar5mermansiasinalulad

37 24 aviuil 5 (avuiAw) 2559

6. S1UN1591999

(1]

o o

9AYIA WHUNAY, 99271 24 81U LUy,
WA Tuzi Wagnadn guiasy, 2553, 11
il “Buih” fusnssudneyindiile
AMAINIALATUINTS, Y. 187-197, Tu n19
duundvinis nquaudidediinianile
AOUVULAZAIANANADUAN UTedT 2553,
9-10 flunAw 2553, 15auTUONTUNTANY,
fwadlan.

Subasree, S., 2014, Role of vitamin C and
vitamin E in health and disease, J. Pharm.
Sci. Res. 6: 52-55.

Rizvi, S., Raza, S.T., Ahmed, F., Ahmad, A.,
Abbas, S. and Mahdi, F., 2014, The role
of vitamin E in human health and some
diseases, Sultan Qaboos Univ. Med. J. 14:
157-165.
Rechner, AR. and Kroner, C., 2005,
Anthocyanins and colonic metabolites of
dietary polyphenols inhibit
function, Thromb. Res. 116: 327-334.

L.S. G.D., 2008,

platelet
Wang, and Stoner,
Anthocyanins and their role in cancer
prevention, Cancer Lett. 269: 281-290.

Cassidy, A., Mukamal, KJ, Liu, L., Franz,
M., Eliassen, A.H. and Rimm, E.B., 2013,
High anthocyanin intake is associated
with a reduced risk of myocardial
infarction

women, Circulation 127: 188-196.
Goufo, P. and Trindade, H., 2014, Rice

in young and middle-aged

antioxidants: phenolic acids, flavonoids,

anthocyanins, proanthocyanidins, toco-

824

[11]

[14]

pherols, tocotrienols, y-oryzanol, and
phytic acid, Food Sci. Nutr. 2: 75-104.
Cicero, AF.G. and Gaddi, A., 2001, Rice
bran oil and y-oryzanol in the treatment
of hyperlipoproteinemias and other
conditions, Phytother. Res. 15: 277-289.
Juliano, C., Cossu, M., Alamanni, M.C. and
Piu, L., 2005, Antioxidant activity of
gamma-oryzanol: Mechanism of action
and its effect on oxidative stability of
pharmaceutical oils, Int. J. Pharm. 299:
146-54.

Saenjum, C., Chaiyasut, C., Chansakaow,
S., Suttajit, M. and Sirithunyalug, B., 2001,
Antioxidant and anti-inflammatory
activities of gamma-oryzanol rich extracts
from Thai purple rice bran, J. Med. Plant
Res. 6: 1070-1077.
drlnauninsgrundndusignainnssy,
WINTFIURARA YUY TN, 2549,
WHAIN : httpy/tcps.tisi.go.th/pub/tcps
162_46.pdf, 22 dguegu 2557.

s = ¢ o €

ANTVY FIUNA LazITINT FIUNA,

q q

wAalu
Ia@mé’%%@qﬂLLﬂqﬁacﬁLLazmsmumwﬁﬂ
ﬁwmaamﬁm%’umamqswn, W@ i
http://mua.wu.ac.th/mua/pdf/file-181.pdf
, 2 NUANTUG 2557,

1939y LSy tY, 2548, UNUMURITAALAYI
ngnudelunisudinda,  Unusadl, um
edemaluladsvanasyus, 74 w.
Aidoo, KE., Nout, M.J.R. and Sarkar, P.K,
2006, Occurrenceand function of yeasts

in Asian indigenous fermented foods, FEMS


http://tcps.tisi.go.th/
http://mua.wu.ac.th/mua/pdf/file-181.pdf

i 24 avvuii 5 (@vuiliay) 2559

5ar5memansiasinalulad

[15]

Yeast Res. 6: 30-39.
Buglass, AJ., 2011, Alcoholic Fermenta-
tion, pp. 73-74. In Buglass, A.J. (Ed.),
Handbook Alcoholic

of Beverages:

Technical, Analytical and Nutritional
Aspects, John Wiley and Sons, inc., New
Jersey.

Manosroi, A., Ruksiriwanich, W., Kiettha-
nakorn, B., Manosroi, W. and Manosroi, J.,
2011, Relationship between biological
activities and bioactive compounds in
the fermented rice sap, Food Res. Int. 44:
2757-2765.

a

RUNIY

q

Toerdand lywan, 2556, nslulafin :
madeniiieguain,  lsefimidrdneu
NTLNNTAFUIMINF, NTINN, 136 U,

Zhai, F.H., Wang, Q. and Han, J.R,, 2015,
Nutritional components and antioxidant
properties of seven kinds of cereals
by
Agaricus blazei, J. Cereal Sci. 65: 202-208.
Kong, E.L., Lee, BK, Michelle, Ginjom, I.
and Nissom, P.M., 2015, DNA damage

fermented the  basidiomycete

inhibitory effect and phytochemicals of
fermented red brown rice extract, Asian

Pac. J. Trop. Dis. 5: 732-736.

Kupski, L., Cipolatti, E., Rocha, M,
Oliveira, M.S., Souza-Soares, L.A. and
Badiale-Furlong, E., 2012, Solid-state

fermentation for the enrichment and
extraction of proteins and antioxidant
compounds in rice bran by Rhizopus

oryzae, Braz. Arch. Biol. Technol. 55: 937-

825

[25]

[26]

942.
Schmidt, C.G., Gonclaves, L.M., Prietto, L.,
Hackbart, H.S. and Furlong, E.B., 2014,

Antioxidant  activity and  enzyme
inhibition  of phenolic acids from
fermented rice  bran with  fungus

Rizhopus oryzae, Food Chem. 146: 371-
377.

Razak, D.L.A., Rashid, N.Y.A., Jamaluddin,
A., Sharifudin, S.A. and Long, K, 2015,
Enhancement of phenolic acid content
and antioxidant activity of rice bran
fermented with Rhizopus oligosporus
and Monascus purpureus, Biocatal. Agric.
Biotechnol. 4: 33-38.

Plaitho, Y., Kangsadalampai, K. and
Sukprasansap, M., 2013, The protective
effect of Thai fermented pigmented rice
on urethane induced somatic mutation
and recombination in Drosophila mela-
nogaster, J. Med. Plant Res. 7: 91-98.
Bhatt, A. and Patel, V., 2013, Antioxidant
activity of garlic using conventional
extraction and in vitro gastrointestinal
digestion, Free Radic. Res. 3: 30-34.

Ti, H., Zhang, R, Li, Q., Wei, Z. and
Zhang, M., 2015, Effects of cooking and
in vitro digestion of rice on phenolic
profiles and antioxidant activity, Food
Res. Int. 76: 813-820.

Chung, H., 2009, Characterization of

antioxidant activities of soybeans and

assessment of their bioaccessibility after



5ar5mermansiasinalulad

37 24 aviuil 5 (avuiAw) 2559

in vitro digestion, Available Source: http://
scholar.lib.vt.edu/theses/available/etd-11
172009-120942/unrestricted/chung_ hyu
n_d_2009.pdf, February 1, 2016.

Chen, G.L.,, Chen, S.G., Chen, F., Xie, Y.Q.,
Han, M.D., Luo, C.X,, Zhao, Y.Y. and Gao,
Y.Q., 2016, Nutraceutical potential and
antioxidant benefits of selected fruit
seeds subjected to an in vitro digestion,
J. Funct. Foods 20: 317-331.
Correa-Betanzo, J., E.,
McDonald, J., Schroeter, K., Corredig, M.
and Paliyath, G, 2014, Stability and

Allen-Vercoe,

biological activity of wild blueberry
(Vaccinium angustifolium) polyphenols
during simulated in vitro gastrointestinal
digestion, Food Chem. 15: 522-531.

Granese, T., Cardinale, F., Cozzolino, A,
S., Ombra, MN., Nazzaro, F.,

F., 2004,

Pepe,
Coppola, F. and Fratianni,
Variation of polyphenols, anthocyanins
and antioxidant power in the strawberry
(Vitis

labrusca) after simulated

grape
gastro-intestinal transit and evaluation of
in vitro antimicrobial activity, Food Nutr.
Sci. 5: 60-65.

Sambuy, Y., de Angelis, I., Ranaldi, G.,
Scarino, M.L., Stammati, A. and Zucco, F.,
2005, The Caco-2 cell line as a model of
the intestinal barrier: influence of cell
and culture-related factors on Caco-2

cell functional characteristics, Cell Biol.

Toxicol. 21: 1-26.

826

[31]

[35]

Muangnoi, C., Chingsuwanrote, P., Praen-
gamthanachoti, P., Svasti, S., and Tunti-
popipat, S., 2012, Moringa oleifera pod
inhibits inflammatory mediator produc-
tion by lipopolysaccharide-stimulated
raw 264.7 murine macrophage cell lines,
Inflammation 35: 445-455.

Ferruzzi, M.G., Lumpkin, J.L., Schwartz,
S.J. and Failla, M., 2006, Digestive Stabi-
lity, micellarization, and uptake of beta-
carotene isomers by Caco-2 human
intestinal cells, J. Agr. Food Chem. 54:
2780-2785.

Dawilai, S., Muangnoi, C., Praengamthana-
choti, P. and Tuntipopipat S., 2013, Anti-
inflammatory activity of bioaccessible
fraction from eryngium foetidum leaves,
Biomed. Res. Int. 2013: 1-8.

Moongngarm, A. and Saetung, N., 2010,
Comparison of chemical compositions
and bioactive compounds of germinated
rough rice and brown rice, Food Chem.
122: 782-788.

Amarowicz, R., Pegg, R.B., Rahimi-Moghad-
dam, P., Barl, B. and Weil, J.A., 2004,
Free-radical scavenging capacity and
antioxidant activity of selected plant
species from the Canadian prairies, Food
Chem. 84: 551-562.

Abdel-Aal, E.S.M. and Hucl, P., 1999, A
rapid method for quantifying total antho-

cyanins in blue aleurone and purple

pericarp wheats, Cereal Chem. 76: 350-354.



i 24 avvuii 5 (@vuiliay) 2559

5ar5memansiasinalulad

[37]

Lee, J., Durst, RW. and Wrolstad, R.E,
2005, Determination of total monomeric
anthocyanin pigment content of fruit
juices, beverages, natural colorants, and
wines by the pH differential method:
Collaborative study, J. AOAC Int. 88:
1269-1278.
Sompong, R, Siebenhandl-Ehn, S,
Linsberger-Martin, G. and Berghofer, E.,
2011, Physicochemical and antioxidative
properties of red and black rice varieties
from Thailand, China and Sri Lanka Food
Chem. 124: 132-140.

Fukumoto, L.R. and Mazza, G., 2000,
Assessing antioxidant and pro-oxidant
activity of phenolic compounds, J Agr.
Food Chem. 48: 3597-3604.
Griffin, S.P and Bhagooli, R., 2004,
Measuring antioxidant potential in corals
using the FRAP assay, J. Exp. Mar. Biol.
Eco. 302: 201-211.

Han, O., Failla, M.L., Hill, A.D., Morris, E.R.
and Smith, J.C. Jr, 1994, Inositol
phosphates inhibit uptake and transport
of iron and zinc by a human intestinal
cell line, J. Nutr. 124: 580-587.

Garrett, D.A,, Failla, M.L., Sarama, R.J. and
Craft, N., 1999, Development of an in
vitro digestion method to assess
carotenoid bioavailability from meals, J.
Agr. Food Chem. 47: 4301-4309.
Katayama, S. and Mine, Y., 2007, Anti-

oxidant activity of amino acids on tissue

827

[44]

oxidative stress in  human intestinal
epithelial cell model, J. Agr. Food Chem.
55: 8458-8464.

Fernandez-Orozco, R, Frias, J., Munoz, R,
Zielinski, H., Piskula, M.K., Kozlowska. H.
and Vidal-Valverde C., 2007, Fermenta-
tion as a bio-process to obtain functional
soybean flours, J. Agr. Food Chem. 55:
8972-8979.

Lee, I.H., Hung, Y.H. and Chou, C.C., 2007,
Total phenolic and anthocyanin con-
tents, as well as antioxidant activity, of
black bean koji fermented by Aspergillus
awamori under different culture condi-
tions, Food Chem. 104: 936-942.

Oliveira, M.S., Cipolatti, E.P., Furlong, E.B.
and Soares, L.S., 2012, Phenolic com-
pounds and antioxidant activity in
fermented rice (Oryza sativa) bran, Ciénc
Tecnol. Aliment. 32: 531-537.

Bhanja Dey, T. and Kuhad, R.C., 2014,
Upgrading the antioxidant potential of
cereals by their fungal fermentation
under solid-state cultivation conditions,
Lett. Appl. Microbiol. 59: 493-499.

Zhang, L., Gao, W., Chen, X. and Wang,
H., 2014, The effect of bioprocessing on
the phenolic acid composition and
antioxidant activity of wheat bran, Cereal
Chem. 91: 255-261.

dos Reis, B.A., Kosiriska-Cagnazzo, A,
W., 2014,

Schmitt, R. and Andlauer,

Fermentation of plant material-effect on


http://www.ncbi.nlm.nih.gov/pubmed/?term=Bhanja%20Dey%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24964826

5ar5mermansiasinalulad

37 24 aviuil 5 (avuiAw) 2559

[50]

[53]

sugar content and stability of bioactive
compounds, Pol. J. Food Nutr. Sci. 64:
235-241.

Takii, Y., lkeda, K., Sato, C., Yano, M,
Sato, T. and Konno, H., 2005, Production
and characterization of [-glucosidase
from Rhizopus oryzae MIBA348, J Biol.
Macromol. 5: 11-16.

Tako, M., Farkas, E., Lung, S.Z., Krisch, J.,
Vagvolgyi, C.S. and Papp, T., 2010, Identi-
fication of acid- and thermotolerant
extracellular [3-glucosidase activities in
Zygomycetes fungi, Acta Biol. Hung. 61:
101-110.

Raza, F., Raza, N.A., Hameed, U., Haq, I.U.
and Mariam, I., 2011, Solid state fermen-
tation for the production of {3-glucosi-
dase by co-culture of Aspergillus niger
and A. oryzae, Pak. J. Bot. 43: 75-83.
Lima, M.A., Oliveira-Neto, M., Kadowaki,
M.A., Rosseto, F.R., Prates, E.-T., Squina,
F.M., Leme, AF., Skaf, M.S., Polikarpov,
l.Lima, M.A., Oliveira-Neto, M., Kadowaki,
M.A., Rosseto, F.R., Prates, E.T., Squina,
FM., Leme, AF, Skaf, MS. and
Polikarpov, I., 2013, Aspergillus niger 3-
glucosi-dase has a cellulase-like tadpole
molecular shape: insights into glycoside
hydrolase family 3 (GH3) R-glucosidase
structure and function, J. Biol. Chem.
288: 32991-33005.

Singhania, R.R., Patel, AK., Sukumaran,

R.K, Larroche, C. and Pandey, A., 2013,

828

(58]

[60]

Role and significance of beta-glucosi-
dases in the hydrolysis of cellulose for
bioethanolproduction,Bioresour. Technol.
127: 500-507.

D,

DellaPenna, 2005, A decade of

progress in understanding vitamin E
synthesis in plants, J Plant Physiol. 162:
729-37.

Padayachee, A., Netzel, G., Netzel, M,
Day, L., Mikkelsen, D. and Gidley, M.J,
2013, Lack of release of bound antho-
cyanins and phenolic acids from carrot
plant cell walls and model composites
during simulated gastric and small intes-
tinal digestion, Food Funct. 4: 906-916.
Gopinath, S.C.B., Anbu, P. and Hilda, A,
2005, Extracellular enzymatic activity
profiles in fungi isolated from oil-rich
environments, Mycoscience 46: 119-126.
de Souza, P.M., 2005, A biotechnology
perspective of fungal proteases. Braz. J.
Microbiol. 46: 337-346.

Saleem, A. and Ebrahim, MKH., 2014,
Production of amylase by fungi isolated
from legume seeds collected in Alma-
dinah Almunawwarah, Saudi Arabia, J.
Taibah Univ. Sci. 8: 90-97.

Rashid, N.Y.A., Razak, D.L.A., Jamaluddin,
A., Sharifuddin, S.A. and Long, K., 2015,
Bioactive compounds and antioxidant
activity of rice bran fermented with lactic

acid bacteria, Malays J. Microbiol. 11:
156-162.



i 24 avvuii 5 (@vuiliay) 2559

5ar5memansiasinalulad

[61]

[64]

Sirilun, S., Chaiyasut, C., Pengkumsri, N.,
Pelyuntha, W., Peerajan, S. and Sunda-
ram Sivamaruthi, B., 2015, Production of
ferulic acid from oryzanol degradation
during the fermentation of black rice
bran by ferulic acid esterase producing
Aspergillus HP,
Microbiol. 9: 513-520.

oryzae J. Pure Appl.
Pérez-Vicente, A., Gil-lzquierdo, A. and
Garcia-Viguera, C., 2002, In vitro gastro-
intestinal digestion study of pomegranate
juice phenolic compounds, anthocya-
nins, and vitamin C, J. Agr. Food Chem.
50: 2308-2312.

Uzunovi¢, A. and Vrani¢, E., 2008, Stability
of anthocyanins from comercial black
currant juice under simulated gastro-
intestinal digestion, Bosn. J. Basic Med.
Sci. 8: 254-258.

Huang, C.C.J., 2003, Potential functionality
and digestibility of oryzanol as determined
using in vitro cell culture models, Ph.D.
Thesis, Agricultural and Mechanical
College, Louisiana State University, The
United States of America, 159 p.
Farbstein, D., Kozak-Blickstein, A. and
Levy, A, 2010, Antioxidant vitamins and
their use in preventing cardiovascular
disease, Molecules 15: 8098-8110.
Suganya Devi, P., Saravana Kumar, M. and
Mohan Das, S., 2012, DNA damage
radical

protecting activity and free

scavenging activity of anthocyanins

829

[67]

fromred sorghum (Sorghum bicolor) bran,
Biotechnol. Res. Int. 2012: 1-9.
Burton, G.W. and Traber, M.G., 1990,
Vitamin E antioxidant activity biokineties
and bioavailability, Annu. Rev. Nutr. 10:
357-382.

Rojano, B., Saez, J., Schinella, G., Quijano,
J., Vélez, E., Gil, A. and Notario, R., 2008,
Experimental and theoretical determina-
tion of the antioxidant properties of
isoespintanol (2-isopropyl-3,6-dimethoxy-
5-methylphenol), J. Mol. Struct. 877: 1-6.
Lee, B.H., Lai, Y.S. and Wu, S.C,, 2015,
Antioxidation, angiotensin  converting
enzyme inhibition activity, nattokinase,
and antihypertension of Bacillus subtilis
(natto) fermented pigeon pea, J. Food
Drug Anal. 23: 750-757.

Ghosh, K, Ray, M., Adak, A., Dey, P,
Halder,
(Mondal), S., Mohapatra, P.K.D., Pati, B.R.

and Mondal, KC., 2015, Microbial,

SK, Das, A, Jana, A, Parua

saccharifying and antioxidant properties

of an Indian rice based fermented
beverage, Food Chem. 168: 196-202.
Liyanapathirana, C. and Shahidi, F., 2004,
Antioxidant activity of wheat extracts as
affected by in vitro digestion, BioFactors
21: 325-328.

Chohan, M., Naughton, D.P., Jones, L. and
Opara. E.l, 2012, An investigation of the
relationship between the anti-inflamma-

tory activity, polyphenolic content, and



5ar5mermansiasinalulad

37 24 aviuil 5 (avuiAw) 2559

[73]

antioxidant activities of cooked and in
vitro digested culinary herbs, Oxid. Med.
Cell Longev. 2012: 1-9.

Lee, Y.S., Bak, EJ., Kim, M., Park, W., Seo,
J.Y. and Yoo, Y.J., 2008, Induction of IL-8
in periodontal ligament cells by H,0,, J.
Microbiol. 4: 579-584.

Matsuoka, K., Isowa, N., Yoshimura, T., Liu,
M. and Wada, H., 2002, Green tea poly-
phenol blocks H,0,-induced interleukin-8
production from human alveolar epithet-

lial cells, Cytokine 18: 266- 273.

830

[75] da Silveira Vargas, F., Soares, D.G., Ribei-

ro, A.P., Hebling, J. and de Souza Costa,
C.A, 2014, Protective effect of alpha-
tocopherol isomer from vitamin E against
the H,0, induced toxicity on dental pulp
cells, Biomed. Res. Int. 2014: 1-5.

[76] Tong, F.Y. and Meydani, M., 2001, Green

tea catechins and vitamin E inhibit

angiogenesis of human microvascular
endothelial cells through suppression of

IL-8 production, Nutr. Cancer 41: 119-25.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Matsuoka%20K%5BAuthor%5D&cauthor=true&cauthor_uid=12161102
http://www.ncbi.nlm.nih.gov/pubmed/?term=Isowa%20N%5BAuthor%5D&cauthor=true&cauthor_uid=12161102
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yoshimura%20T%5BAuthor%5D&cauthor=true&cauthor_uid=12161102
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12161102
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12161102
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wada%20H%5BAuthor%5D&cauthor=true&cauthor_uid=12161102
http://www.ncbi.nlm.nih.gov/pubmed/12161102

