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high performance liquid chromatography (HPLC) Waz ultra performance liquid chromatography (UPLC) @qun1sfingn
zm%‘@’f UBYYADAS ¢147% 2,2-azinobis (3-ethylbenzothiazoline 6-sulfonate) assay (ABTS assay), ferric reducing antioxidant
power assay (FRAP assay) Wag thiobarbituric acid reactive substances assay (TBARS assay) 91nn15@n®162875 HPLC
nudntwmileaiug ne 6 szuzuin 1 luesdu Indnandu Ineziu weavhinlafisea wazunuuieelsyiusa windu
14.33+0.02, 36.18+0.14, 11.47+0.02, 274.27+4.39 uay 259.59+4.41 fiadnsusie 100 n3uthuiinwis mwdriu 91nnsld
38 UPLC Anwusunaansdsenauiiuedn wundnwmileniug nv 6 szuzuhilansuseneuiiuednuaisviin lnensaduuln
Huasusgneufluednitnuanniian wihify 122.81+5.20 lulasniudensudmiinuis MnnsAnwIgusiueyyadaszues
Prunileaiug nv 6 svezlainai838 ABTS assay, FRAP assay Wav TBARS assay Wudndlanwiniu Sesay 92.18+0.08,
Youar 71.25¢1.20 war Sovay 51.07+121 anuddy uAdeddlnduindiumieiug nv 6 szezuivsznaudae

anseaNgUsNINTINIMAeYiln uazlgvsiueyyadase

AdAgy: T1mllediug nu 6 seesel @1508NNENNTINN QrEAILEULADETE

Abstract

Rice in the dough stage is rice that is not yet fully mature but rich in bioactive compounds. The objective
of this research was to study the content of bioactive compounds and antioxidant activity of glutinous rice RD 6 in
dough stage. To study the content of bioactive compounds, high performance liquid chromatography (HPLC) and
ultra performance liquid chromatography (UPLC) were used. To study antioxidant activity, 2,2™-azinobis (3-
ethylbenzothiazoline 6-sulfonate) assay (ABTS assay), ferric reducing antioxidant power assay (FRAP assay) and
thiobarbituric acid reactive substances assay (TBARS assay) were used. By using HPLC, it was found that glutinous
rice RD 6 in dough stage contained niacin, pyridoxine, thiamine, a-tocopherol and y-oryzanol with the amount of
14.33+0.02, 36.18+0.14, 11.47+0.02, 274.27+4.39 and 259.59+4.41 mg/100 ¢ dry weight, respectively. By using
UPLC to study the content of phenolic compounds, it was found that glutinous rice RD 6 in dough stage
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contained a variety of phenolic compounds. Sinapic acid was the most abundant phenolic compound with the

amount of 122.81+5.20 pg/e dry weight. Antioxidant activity of glutinous rice RD 6 in dough stage studied by ABTS
assay, FRAP assay and TBARS assay were 92.18+0.08%, 71.25+1.20% and 51.07+1.21%, respectively. This research

indicated that glutinous rice RD 6 in dough stage contained various bioactive compounds and exhibited

antioxidant activity.

Keywords: Glutinous rice RD 6, Dough stage, Bioactive compounds, Antioxidant activity
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wiladrmieaniug nv 6 srozuirinieuldd
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Figure 1 Proximate composition of

ground glutinous rice RD 6 in dough stage
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Inezfiu (Thiamine) luardu (Niacin) wazlnsnondu
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filter) vuAEURIAUENA 0.45 lulAsiuns Yansiileun
AesrgnuSualvnesiiu luesdu wazlninendu Aae3s
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pH 6.5 ¥nsAsudasanves ACN : KH,PO, naeanis
A5z Tnefinansudulisnsdiuaes ACN : KH,PO,
windu 90 : 10 tuian 10 wrd dasinasluamindu 1
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HPLC fdumeu &eil thdegrsirunieiug no 6 svos
141 10 ¥y WuANmIsatsNausEnInelelelnswiuea
(Isopropanol) waglapaslsilinu (Dichrolomethane) i
R91d@NIAU 2 1 1 USuns 60 Hadans waulmdinu
frapsesgeluTlues (Homogenizer) Wunian 10 wait
Mntningdeniesdansleda (Ultrasonic bath)
Juan 20 undl daegedildunsesdiensyawues
1 wazues 4 vianzdiulaluszmeliuisiiaado
TEMYAY YN VUMY (Rotary evaporator) ﬁqmu{]ﬁ
50 4ANYALTUE LA1EAIENAUAIYAITNANTE NI
Telalnsniuea waglamaslsiivu Afidasdruindu 2 1
USung 4 Hedans waznsewmsununsevasyiinluaou
(Nylon membrane filter) YuAlduH1AUEINA1G 0.45
Tulasiums thansfildundeseiviunaueanlnlafisea

wazwnuu1ealsviuea Ar835 HPLC Tneldnadudl

s v

ALAT12% 89D Shimazu ¥Ha Inertsil NH, 39U nv94
ADANULYINAY 220 fadluns x 4.6 Jadluns Particle size
wiadu 5 lulasuns 1wlawmdsuil (Mobile phase)
Usgnounie Wwniuea (Methanol) wazih iniswaeu
Snsduvaamusauaziinaenn1sins ey Tngiinan
Sudulvisnsndunes wvuea : 1 wiriu 90 : 10
1787 10 w1 8msinasinawindu 1 addnsneud

NNUIHERIIEIUVDY LUNIUBa : U1 iU 100 : 0

o o

dns1n1stuaindu 0.9 Tadansraunil aunsedadiiian

25 Uil Aaansiieg19usuans 20 lulasdns JaA1n1s



NIATInemansuasmalulad unnInenduguasvsntl TN 25 atud 2 weunguniau-damiau 2566

AANAUKAIILLATINTIVIAF Y IUUUUET NA1UE17
AdU 325 u1lutums (UV detector, HPLC, SPD-20A,
Shimazu, Japan) ¥N1590899 3 §1 HAN1TNAADILENS

Juaade + adundosuunnnsgiu

2.4. MsAaszUlsuuasUszneuiuednaie
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Aodutl nsratafiarnue1indy 280 wiluwes 19nas
NAARUBNAYR AT HUBANMEAITUINTFIU InenAdy
wuuldarsuinsgruniguen (External standard) wax
gudurilnvoansafiuednmenisivaisuinsgiuasluly

#9814 (Spike test) ¥NN15VAADY 3 91

65

2.5 MmeAaseiguidnuoyyadasede3s ABTS
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nTlesesigniduoyyadasedaeis ABTS
assay fidunou il vdegsirmideaiug nv 6 svox
181 10 nFu WFUAIBINIUBaANITNTUSaBaY 70
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Ansgiilagtiegsiamieiug nu 6 szosiui
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[(Ac-AJ/A] x 100 1l A fie ANITAANTULAIYDIYN
AIVAN WA As FiD AMNITAANAULAIURIAIBEN ¥1IN1S
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2.7. mareiqvsduoyyadaszde3s TBARS
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0.1 faddns Vudunan 30 wiit nduiunsaezdin
(Acetic acid) fiimnudududosay 20 (pH 3.5) Usuns

a aa

3 §adans waznsalnlouisy
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30 (Thiobarbituric acid)
fifanudududesar 0.8 Usuas 3 Gaddns weilidn
fu dlddluditen Wuna 1 dalus vlidu wduda
a15091uea (Butanol) Usunas 10 Gadans viludu
wiBefinaEiseu 3,000 xg Wuian 10 und duane
dnildluiarnnisgeandunasieies Spectrophotometer
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nT1andednug nv 6 szezrfianslunguianiiug
el Inozdlu (Sednniud 1) luezdy Miodmiiud 3)
wazlnsnondu (37a10ud 6) luuSuawindu
11.47+0.02, 14.33+0.02 a8z 36.18+0.14 Aaansusie
100 n¥uthudnusis mudsu (Table 1 and Figure 2A)
wenanidimuneanlnlaiisoa M3e3nnfius) uaz
wnuueelsyiuea TulSuumnAY 274.27+4.39 uay
259.59+4.41 fiadn3usie 100 n3utmtinuie auddy
(Table 2 and Figure 2B)

neAtediiun SsfnwUiinaanseangn’
medannludnivinenugd 105 syeziil nuIndne
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defisuiutrumilentug nu 6 szosuin drulnieendu
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3.2. Mswsieiansusenauiuedndae?s UPLC
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v

Wus nu 6 szozui1fie8 UPLC nudwdsimiounin
Pwmilleaiug nv 6 seziiliansseneuiluednuany
¥iia laun nsawnadn (Gallic acid), nsalnlndnydn
(proto-Catechuic acid), nsalansendatvuledn
(Hydroxy-benzoic acid), nsa111adn (Vanillic acid),
nsale3udn (Syringic acid), NsARNTN (p-Coumaric acid),
nsAnIIudw e an (trans-Ferulic acid), LA28 3T Y
(Quercetin) wagnsaduudn (Sinapic acid) 3afiuunay
unna9iu (Figure 3) lnansaduulniduaisuszneu
Tuednfimulsinniian wiriu 122.81+5.20 lulasnsuse
nSuthwednuie
nansnaaesiiaonndostunanuiseiineinns
518974 In1sAnwUTuIuvesaIsUszneuivednly
F1alneszouin Fanuindnluszesdiansuseneu

= a a

Fupdndase (Free form) wazansusznauuednfRnuwuy

a

Mndaadvesdn (Bound form) lnsvlinvesasusenau
WuaéﬂﬁaaaqgmmuﬁwﬂﬁLmﬂmqmnmsﬂixﬂau?\luaaﬂ
fnuludramioatug no 6 swerilunsinei Wi
USunuvesansuseneufiuednurazvinoraunnaienu

elluegiuiuguesdn [12), [13]
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Figure 2 HPLC chromatograms obtained from the analysis of glutinous rice RD 6 in dough stage

(A) 1 = niacin, 2 = pyridoxine, 3 = thiamine; (B) 1 = a-tocopherol, 2 = y-oryzanol

Table 1 Retention times, peak areas and concentrations of B group vitamins detected in glutinous rice RD 6 in

dough stage as analyzed by HPLC

Peak Substance Retention time Peak area Concentration
(mg/100 g dry weight)
1 niacin 10.589 4123+110 14.33+0.02
2 pyridoxine 16.258 14293+506 36.18+0.02
3 thiamine 25.698 3185+136 11.47+0.14
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Table 2 Retention times, peak areas and concentrations of a-tocopherol and y-oryzanol detected in glutinous rice

RD 6 in dough stage as analyzed by HPLC

Peak Substance Retention time Peak area Concentration
(mg/100 g dry weight)

1 a-tocopherol 4.063 25374+536 274.27+4.39
2 y-oryzanol 6.583 239704727 259.59+4.41
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Figure 3 UPLC chromatogram obtained from the analysis of glutinous rice RD 6 in dough stage

1 = gallic acid, 2 = proto-catechuic acid, 3 = hydroxy-benzoic acid, 4 = vanillic acid, 5 = syringic acid,

6 = p-coumaric acid, 7 = trans-ferulic acid, 8 = quercetin, 9 = sinapic acid

v

3.3. Menssiqusdnuayyadaszdes ABTS,
FRAP and TBARS assays

1NNTIATIENONBAUEULABATEAILTT ABTS,

a

FRAP and TBARS assays wuiuwiiliessuaindramien
Wug nv 6 szuzuiigniiuoyyadase winiu Jeuay
92.18+0.08, 71.25+1.20 hay 51.07+1.21 AUa9U
(Figure 4)
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891 FavhmsAnugriueyyedassluinlneszes
i1 Tngl435 DPPH assay Fanuindnlusvezilfignishu
oyyadasy lnsquiduoyyadasziifunaniain
asUsznevtuedndasedidnnningvsfuoyyedassi
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a A

417 Hedlenraidleannanaisuszneviiuedniiogluaes
sunuuiivdauazUuaiuandeiy [13] 9annnsane
arseengnIn1afaninluauifedsieds HPLC way
UPLC ululsrnansisinareqisuoyyadassvesin
wileaiug nv 6 szuzuiheranduaisusynouiluedn
woavlnlafisea uazunuaneslseuea Wosainais
wianSienuhaansodueyyadasld [141116]
uenanigsfisenuiransvaiasandeu
ABTS 9nguiidueyyadaselvlueglusudilifueyya
daszld lnenislalasiaussneuuazdidnasouiveuya
Sasy ABTS uavanunsalasy FRAP mﬂgﬂﬁlﬂua%a
dasellueglusuiilidueyyadast sl Tnsnnsdidnnseu

flueyyadasy FRAP [17]
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Figure 4 Antioxidant activity of glutinous rice RD 6
in dough stage as studied by ABTS, FRAP and
TBARS assays

4. unagy

nsAnwEnuidmieiug nu 6 svoziid
aseengnavsdanwmannuaevievisarsioglungs
a15Usenouiluedn wasdnndiusing o Imawaanqmémq
Fanmitddniinuldludramieiug nv 6 szozuin
loun nsunadn nsnlnlaAnegdn ninlensendaiuuledn
nsnfiadn nsnle3udn nsnAuI3n nsanTudmlesan
wW10539u nsaTuuln Ineeliu M3ednfiud 1) luesdu
m3e3afiud 3) In3aendu v3einndud 6) wean
nlatisea (M303mn3ud) uazunuu1ealsgUea AL
flarswmaniiauamisolunisdsueyyadasylv
naneiduansitlieglusuveseyyadasy (e199zlnennsli
dudnnsou waz/mielilalnsiaueznenuneyyadase) 3
vilidnmisniug nv 6 sezuifignisueyyadass
foyafildnnamideiuneivslonidonsoseniiouiu

yaAngandivdvestrimieniug nv 6 stezuiwely

5. References

[1] Bangkokbiznews, 2022. Thai Rice Exports in
2021, Losing to India and Vietnam.
https://www.bangkokbiznews.com/business/9858
17. Accessed 15 July 2022.

[2] Jansamood, C. and et al. 2017. Soil properties
for glutinous rice RD 6 between Khao-wong and
Namon district Kalasin province. Chalermkanchana

Academic Journal. 4(2): 15-20. (in Thai)

69

(3]

[10]

[11]

Punnongwa, W. and et al. 2022. Bioactive
compounds and antioxidant activities of Khao
Khaow Dawk Mali 105. Agriculture and
Technology Journal. 3(1): 89-102. (in Thai)

Liu, R. and et al. 2021. Antioxidant interaction
of a-tocopherol, y-oryzanol and phytosterol in
rice bran oil. Food Chemistry. 343: 128431.
Kim, S.K. and et al. 2019. Use of rice bran for
preparation of GABA (y-aminobutyric acid)-rich
sourdough. Food Science and Technology
Research. 25(3): 399-404.

Morarach, A. and Hemathulin, S. 2022.
Development of healthy fermented mushroom
products with colored rice. Journal of Science
and Technology, Ubon Ratchathani University.
24(10): 40-53. (in Thai)

Saji, N. and et al. 2019. Rice bran derived biocactive
compounds modulate risk factors of cardiovascular
disease and type 2 diabetes mellitus: An
updated review. Nutrients. 11(11): 2736.

Yu, Y. and et al. 2019. The anti-cancer activity
and potential clinical application of rice bran
RSC

extracts and fermentation

Advances. 9, 18060-18069.

products.

Tan, XW. and et al. 2020. Antioxidative
attributes of rice bran extracts in ameliorative
effects of atherosclerosis-associated risk factors.
Heliyon. 6(12): e05743.

Teravecharoenchai, J., Chalermchaiwat, P. and
Thuwapanichayanan, R. 2021. Principal component
analysis application on nutritional, bioactive
compound and antioxidant activities of
pigmented dough grain. Chiang Mai University
Journal of Natural Sciences. 20(2): €2021036.
Association Official Analytical Chemists (AOAC).
2000. Official Method of Analysis of AOAC
International. 17% edition. Gaithersburg, MD:

AOAC International.


https://www.bangkokbiznews.com/business/985817.%20Accessed%2015%20July%202022
https://www.bangkokbiznews.com/business/985817.%20Accessed%2015%20July%202022

(12]

NIATInemansuasmalulad unnInenduguasvsntl TN 25 atud 2 weunguniau-damiau 2566

Butsat, S., Weerapreeyakul, N. and Siriamornpun,

S. 2009. Changes in phenolic acids and
antioxidant activity in Thai Rice husk at five
growth stages during grain development.
Journal of Agricultural and Food Chemistry.
57(11): 4566-4571.
Shao, Y. and et al. 2014. Phenolic acids,
anthocyanins, and antioxidant capacity in rice
(Oryza sativa L.) grains at four stages of
development after flowering. Food Chemistry.
145: 90-96.

Galli, F. and et al. 2022. Vitamin E (alpha-tocopherol)
metabolism and nutrition in chronic kidney

disease. Antioxidants. 11(5): 989.

70

[15]

[16]

[17]

Minatel, 1.O. and et al. 2016. Antioxidant
activity of y-oryzanol: A complex network of
interactions. International Journal of Molecular
Sciences. 17(8): 1107.

Pang, Y. and et al. 2018. Bound phenolic
compounds and antioxidant properties of
whole grain and bran of white, red and black
rice. Food Chemistry. 240: 212-221.
Punnongwa, W. and et al. 2022. Application of
mild-subcritical  alkaline  water  extraction:
optimum condition for phenolic antioxidant
extracted from coldpressed defatted KDML
105 rice bran and its phenolic profile. Food

Research. 6(1): 120-131.



