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ABSTRACT

In this study. the methanol extracts form leaves i cach growth stage of white rice, red
rice. and bleck rice are studied for their antioxidative activity and total phenotic content. The 1o1al
phenolic content of the extracts was analyzed by Folin-Ciocaltcau methed. and antioxidatise
activity was assessed by the 1,1-diphensl-2-picrsthydrasyl (DPPH) [ree radical-scavenping
activity. The results indicate that the total phenotic content ol red rice. black and white rice
extract were tound the highest in tiflering in the range of 0,700 G703, coasomn and 1.0¢:- 1132 myg
GAL/mg of extract, respectively. In the DPPH radical-scavenging assay. was found the highest
activity in tiliering. Black rice. Entry t8 showed the highest activity (ICw = 0 048 mg'mb) and
the white rice, hommale 103 showed the lowest (ICsy = 0.3560 mg/ml ). The component actis ity
vitamin E was not found in leaves at all stage of rice. In conclusion, ail of the rice bran cultivars
have strong antioxidant activity and total phenolic content in the following order: leave black rice,
leave red rice and leave white rice. respectively Henee. Thai rice cultivars are potential natural
sourees of antioxidant compounds
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0.100 ' 0.34Y 0345 ‘ 0,351 0.3593
0150 0.510 U503 | 012 : 0509,
, 0.20n) ' 0.691 0.690 ‘ 0642 ‘ 06917
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19 6 0.267 0).268 0.268  DI657 1 (1594
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|
| | Entry 30 0.528 0329 i EINEY A5 | 312 I
42 msnaxevantamulfnseieantiary Jasly i Ranauouyadass 2. 2-Diphenyl-1-

~at . ' . . P v
DA ITANTHANG § OONTAINEYNADFTEND 2, Z-Diphenyl-1-pervlhyvdrazyl (DPPH) sting o

0

Mahasarakham University

i > = .
& Taums Wzdenatadye s DPPH N 317 w1 lnas ludhinda 10 dedigeeed e


WIN-7
Rectangle


0 LY | A 4 5 1 N &
V1YY S ?gﬁlﬁ‘}ﬂﬂﬂﬂul’l(ﬁllﬂ FEULH 1 (ATHSUANND) 3353?% 202U NTIIDEN) TRUEN 3 (Irdias

EY o 4 4 Al [ 4 = = = o

E9) 7202 4 (T2USUAAUINN) TLh8i S Ty q’ﬂ!!ﬂ} !ﬂ?ﬂ‘i]!ﬂﬂﬂﬂ"lllf FUOUADANYLANHL NI

RHA Tanadaaaluaani 4.3, 44,45, 4.6, 4.7 4.8 unznilgalin 412,43, 4.4.4.5.4.6.4 7

A15190 4.3 Nf}mi5ﬁﬁ?ﬂ1jaﬂi1'ﬁ1lll,i13 Ua¥ %eradical scavenging VN ITUIATEIM BHA

BRF ﬂ‘J'T.UHHl}fLI%Ju LV Absorbance O radical
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Control - 1.836 3.833 0.834 0 &3
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0.1 0.317 0.214 . 0318 0316 62.08
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Pk ANV UV Absorbance % radical
(mg/ml.) 1 2 | 3 DA scavenging
Control - .86 0.833 0.834 U834
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0.1 . 0515 | G517 . 0515 0 0516 T 38194
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5.0 0.319 0.319 0.318 ‘ 0.319 ’ 61 806 ’
10.0 0.319 037 0316 G318 61 G353
80 ~ -
y = 59583Lnix) + 54.783
o o _
£ *-- - - *
>
c
o8]
o>
by
&)
/4]
‘@
8 30 e
k>
o 20 -
~g .
k-]
10 -
0 — — —
0 2 4 6 & 10 12
Concentration ({(mg/mL)
< - 1. s T o
3Ui 43 (o aelduaainiming 1C., e rh, 91208 SRNZWT Moz

Mahasarakham University



1ty

,-; [ ! =~ R . _ - - -t
AN 443 HINTITIAFMTIRANDDUAY 1LEe redical scavenging 4N Ly A7 SRN2007 No 3 (72823

1 3zuzu@nns)

(Al K] AT U LA Absorbasee “uradical ]
T j—%_ A |
(mg/ml.) 1 2 3 IRTiald] Pooscavenging
Control - NR36 {535 532 1834 -
SRN2007 No.2 (0.0% 0.602 0.6004 0.005 (.604 27.647
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0.1 0.819 %10 0.818 TR 1.873
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ABSTRACT

In this study, the methanol extracts torm leaves in each growth stage. such as tillering.
panicle initiation. booting, milking. and matuwranon stage of white rice. red rice. and bleck rice ate
studied for their antioxidative activity and total phenelic content The wtal phenolic content ol the
extracts was analvzed by Folin-Crocalteauw method, and antioxidative activity was assessed by the
I 1-diphenyl-2-picry lhydrasyl (DPPH) free radical-scay enging activity. The results indicate that the
total phenolic content of red rice. black and white rice extract were found the highest ar nllering
stage In the runge of 0.709-0.743. 0.948-0.991, and 1.061 [.132 mg GAPF'me of extract
respeetively.  In the DPPU radical-scavenging assay, was found the highest activity at tillering
stage. Black rice, Entry 18 showed the highest activity (1Cs, = 0,048 mg'ml.) and the white nce.
hommale 105 showed the lowest (ICs; = 0.356 mg/'ml.}). The compoenent activity. viiamin b was not
found in feaves at all stage of rice. In conclusion, all of the rice bran culuvars have strong
antioxidant actis ity and total phenolic vontent in the following order: leave black rice. leave red rice
and leave white rice. respectively.

Keywords: while rice, red rice, black rice, antioxidant activity, fice radical-seas cnging
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INTRODUCTION

Rice is considered one of natural resourees that contain high amount of phy tonutrients and a
number of biologically active phytochemicals such as arvzanols, tocopherols. tocotrienols, yitamin
B complex, caroteneids and phenolic compounds {(7-4). Most of these chemicals are widely
recognized as being capable of maintaining human health and wellbeing. Additional to these are the
phytochemicals responsible for colors. These compounds usually accumulate in periearp and testa.
or bran part. ot the rice kermel resulting w pigment-containing ree with deep distinet volors such as
red, purple and black. known as pigmentced or colored rice.

A number of colored rice varictivs are grown throughout Asia, among thuem, the Thai
glutinous black rice varieties known as “black sticky rice™ or “kao niow dahm™ are commonly
available throughout the world rice market. Lately, there has been a release of somue non-glutinous
That black rice varieties. e.g. Khao Hom Nin (KIIN;. which have been earning higher popularity
and demand higher prices in Astan rice market nowadays, This is due 1o the evidences weparted by
many rescarchers that black rice containy anthocyanin and other polyphenolic compounds much
more abundantly than white rice (3-7). In addition. there was a signiticant positive correlation
between the black rice contents in the extract and their antioxidative potency (3-/7) Heing rich
phytochemicals that possess antioxudant properly, black rice has attracted incresing  attention
recenlly due to the subsequent medicinal merits, which include the prevention of vanous discascs
associated with oxidative swress, such as cancer (72), cardiovascular (/3). In order to value black
rice as a potennial diet for use in nutraccutical and functional fvod products, 1t is essential tha
comprehensive scientific studies on its function of dictetic therapy have been perfunmed. For
measurement ol antioxidant capacity of food and beverages. a number of different metheds have
been developed recently (/4-14) because different antioxidant compounds may act through diflerent
mechanisms. Thus, ne single methed can fully evaluate the total antioxydant capacity of foods (77

HPL.C s~ 1ons ol oeepherols and tocotrienols have been reported to perform on both nermal-
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and reversed-phase columns Although reversed-phase columns are generally known te have the
advantages of better stabihity und longer durabitity than the normal-phase ones. miost reversed-phase
columns are not able to separate the -and y-isomers of (ocopherols and tocotriencls. Most recently.,
a long chain alkyl-bonded silica phase. triacontyisilica (C30-silica) has been successfully applied 1o
separation of same isomers and homologues of tocopherols and tocotricnol in plam oil (18, 19y

This rescarch was aimed to investigale the antioxidant activities of some leaves at tilleting.
panicle imtiation. booting. milking. and maturation stage of winte rice. red rice. and bleck rice
¢xtracts using « number of methods with ditferent mechanisms. Firstly, total phenolic content
{TPC}) of leaves in five growth stage rice was measured following the Folin—Ciocualieu method.
using gallic acid as a standard (20-22). Finallv, the radical and reactiv e oxy pen scavengig capacits.

a DPPII was examined ¢ 23-26).

MATERIALS AND METHODS

Plant Materials,

Two cultivars ot Thut white rice were Hom mali 105, and KHo Supun. Saohi Hom chaiva
{our of red rice were SRN2007 No.2 L SRN2007 No.3. SRN2007 No.4, und SRN2007 No.?> and
four of black rice were 5 Entry 1, Entry 130 [intry 18, and Dntry 30 All the rice was from the 2007
crop n the experimental ficld in Mahasarakham University. Mahasarakham provinee. Lhatland.

Reagents and Chemicals.

Gallic acid, Folin-Ciocalteu reagent. [ 1-diphenvl-Z-prervihydrazs | (DPPH) Linoleic acid
distilled water. sodium carbonate and standard vitamin E were purchased trom Fluka (Switzeland),
All other reagents and solvents used were of analviical and HPLC grade

Extraction of crude amtionidants. | cusves at tillering. panicle iniiatiorn, booting, nulking.
and maturation stage of decolor- rice and color-rice cultivars (25.0g) were extracted with methanol

(3780 n A - 30 min in an inteanitient shaking at room temperature. The extracts wore combined
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and filtered through a 045 pum ot Nylon membrane filter ‘Lhe exiracte were then slawly
concentrated under reduced pressure on 4 rotary evaporator. below 3G °C. to vield the crude
antioxidants. The crude samples were used for the determination of antioxidant activily.

Total phenolic compounds. The total phenolic contents of crude feaves in five growth
stage rice extracls were deterniined by spectrophotomcetric method using, Folin—Ciocalieu’s phenol
reagent (27). The crude extract in methanal (0.5 mL), in a test tube, wus diluted to 5.4 mL with
glass distilled water. Folin Ciocalteu’s phenol reagent (5.0 mL) wus added and the contents of the
test tube mixed thoroughly, After 3 ohmin. & mL of 10%, sodium carbonate sohution was added and
the mixture was allowed to stand for 1 b sith intermittent shaking.  The absorbance ot the blue
color was measured in 4 Thermo Spectrone 4001/4 iUSA)Y at 750 nm The concennation ol total
phenolic compounds was determined using pallic acid equation (my 'y extract) that was obtained
trom standard galhic acid calibration curve This experiment was carried out in tnpheate and
averaged [or the differem fractions of leaves in five growth stage rice varictics.

DPPH frec radical-scavenging activity. lhe radical scavenging acinity of crude leaves
rice m five growth stape oxlructs was measured using the method of Yamaguchi and co-waorkers
{2&). The crude oxtract und BILY (3-40 myiml) were added to 1.5 mi. ol 0.1 mM DPPH (2.2-
diphenyl-1-picry Ihvdrasyv i in ethanol. The mixture swas shaken vigorously und lett (o stand for 2o
min 4t room temperature i the dark. The absorbance was measured v a Lhenmoe Speciromie 40014
(USAY at 317 nm. For the control reaction was containing all reagents except the crude samples.
The radical scavenging ¢lfect was caleulated by the following equation:

Scavengimg effect ("o — [tAL — AV AL ~ 100,

where A, is the absorhance of the control at 517 nm and

A, is the absorbance of the extract/stendard at 317nm,

‘Lhis cxperiment was canied out in triplicate and averaged for the ditlerent fractions of crude

leaves r Tve growth stage extracts
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Quantification of tocopherols and {ocotrienols by reverse phase HPLC

After which, the extracts wore slowly concentrated under reduced pressure, using a rotary
evaporator 4l the temperature lower than 40 °C to vield a crude extiact. which was then subjected o
anahvsis by HPLC. Develosil C20-UG-3 separating column (4.6 x 230 mm. 3 pm) and a mebile
phast solunon {97%% viv MeOH in water) with a flow rate of 1.0 mlmir were used for separation
of the vitamin E components. ‘L he analytes were detected at wavelengths 293 nm. This expertment
was carricd out three times, and the results were averaged for difterent leaves samples of the rice
cultivars. The quantity of tocoplicrols and tocotricnels isomers in rice samples were determined by

comparing with the standard calibration curves.

RENULTS AND DISSCUSSION

Total phenolic compounds. The total phenolic content was measured by Folin-Ciocalteu
reagent method using gallic acid as the stundard. A linear calibration curve of gallic acid was results
with a cortelation cocfficient. K 0.9990 over the concentration rang 20-120 pg/mL. This linear
equation was used {or deternmiination ol total phenolic compounds in rice extracts. The average
cuantity of total phenolic compounds tound in rice extracts were shown in Table 1. The amount of
total phenolics content were tound in dllering. panicle initiation. hooting. mulking. and maturation
dage. Leaves at tillering stage ol all white, red. and black rice extract comprised the number of
phenolie compounds in the ranged from 0.8931-0.9884, 1.0103-1.0494 and 1.0810-1.2239 mg
(AT 7ang ol extract, respectively. The black rice was remarkably ighest in polyphenolic content
cotmpared 1o the red and white rice.

DPPI scavenging activity. The radical-scavenging activity at leaves in five growth stage a1
tllering, panicle initiation. booting, milking. and maturation stage of all rice exiract was measured
by using DPPH radical. The DPPII radical is onc ol the known mechanisms by which antioxidants

inhibit | aidation. When the DPPIT radical was scavenged by an antioxidant through donation
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o IT to form the reduced DPPIL-H. the molar ahsorptivity at 317 nm. and the color changed from
purple to yellow. Leaves at tillering stage of all while, red. and black rice extract comprised the
highest number of rudical scavenging activity. In this study. the scavenging activity was incroased
with increased concentration of all the rice antioxidants 1n the range of 0.05 - 10 mg'mL and the
linear curve was obtained up o .5 mg/ml. High pigmented black rice and red rice showed
relatively higher radical scavenging activity than non-pigmented rice. The order of scavenying
eftect was black rice » red rice > white rices at the concentration of 0.5 mgrml.. Lhe ECs value,
meaning the radicals were scavenged by 20 %% ol the antioxidants and BHA (Table 23 The lower
the ECsq. the higher is the antioxidant activity. In this assav, the possible mechanisms suggest thas
the radical-seavenging effects of black rice might be due to the hydroxy] groups n antioxidants of
the extracts.

Contents of tocopherols and tocotricnols

Figure 1 shows a chromatogram of a standard mixture containing o-. i-, v-. é- tocopherols and
tr-, P-. v-. 8- tocotrienol in compartson with that of the rice sample. Hom mal 103, SRN20G7-2. and
entry 18, For method s alidation, it was found that each standard exhibited a lincar rosponse o
0.999) over the concentration range of 10.00 - 50.00 mg/] for all vitamin L isomers. These linear
equations were used far determination of vitamin E isomers in the leave at tullering stage of all
white. red. and black rice extracts. To caleulate the contents of these vitamin FFisomers in the all

Hee samples was determined Results are shown in Table 3.

COXCLUSION

The results presented in this study showed that leaves at lillering stage of ' hal nee cultivars
possessed relatively strong antioxidant activity. There was also a correlation between the capacities
of total and specific antioxidation and towl phenolic contents of the black rice sumples studies

idicatir antioxidant activities in the black rice bran are larpely owing to the phenahe group of
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compounds. Bran of some Thai red nice cultivars is, theretore. a potential source of antionidauve

phytochemicals and is a useful ingredient for nutruceutical or tunctional food products,
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Figure Captions

Figure I A chromatogram of a standard mixture containing u-, f-. y-. &- tocopherols and w-, f-. v-.
8- tocotricnol and leave at tillering stage ol all rice.

Table 1 (A} 1 olal phenolic content at leave in tillering stapce of rice extracts measured by the Folin-
Ciocaltcu method.

Table 1 (B} Total phenolic content at leave in panicle initiation stage of rice extracts measured by
the Folin-Ciocalteu method.

Table 1 (C) Total phenolic content at leave in booting stage of rice extracts measured by the I'olin-
Ciocalteu method.

Table 1 (D) 1otal phenolic content at leave in milking stage ot extracts measured by the Folin-
Ciocalteu method

Table 1 (E} Total phenolic content at leave in maturation stage of rice extracts measurcd by the
Folin-Ciocalteu method.

Table 2 Radical-scay enging activity at leave at fnve prowth stage from all rice exuracis and BILA
expressed by I'Csy (mp'mL).

Table 3 The contents of vitamin I isomers in leaves at ullering stage of the all nce samples
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Table 1 (A)

| Pigment

Rice cullivars

L\ Absorbance

TTH[HI phenohic

‘ of nee i 2 , 3 ‘ Average  content fmg GAE,
m ol exiract)
— L S
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—Gnh—Knh ) 1.238 1.237 ] -2-3:'*' 1.217 ﬂ(] 743 “—1
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'rSRNEUU?“I‘:Od Laas 1 o _ ] 663 H6H< 085 }
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Lntry 18 ) 1.925- | 9-‘6 1.924 1.926 | l L_:l
- Fauy 30 1203 1802 L 502 L& | 1 741
Table 1 (B)
;1gmcm .} Rice cultivary UV Abswibance lotal phcr;u- o
of rice i _I— L 0 Avcage cenren Img i AT
I‘ ‘ M ofenrae!
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Mahasarakham University




Table 1

(O

| Pigmem—\ Rice enliivars UV Absurbance o lotal phenolic |
ol e | l \ 2 3 | Averaye | content (mg (vAF |
I ' my 07 eNIrRet) )
White Mzl 108 ) _0.191 0490 | 0451 0491 I 0.393— {
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Table 1 (D))
- __ R
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Table 1 (E

)

Piament Ricz cultivars LV Absorbance | Total phenolic ,
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‘Table 3

| Pigment of Rice cultivars Vitagun E content o
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tillering panicle booting. | milkins matutation -
stage initiation ” - stage |
o stape sfage __ _wmgr _ ;
White *Mah L3 - - - | - i .
Goh-Kaoh 6 - - - - - i
Rud SRN20G7 Na 2 - . - - . - - ‘
SRN20G7.No.d - - - - -
SRN2007.No.d | - - , - - __, .
SRN2007.No § . A
Black Euntry 1 - - - -
Fntry 12 - - - - ' : i}
Lntry 1% - ' - - - B
Lntry 30 - | - , - i -

Mahasarakham University



WIN-7
Rectangle


	titlepage
	acknowledgement
	abstract
	content
	chapter1
	chapter2
	chapter3
	chapter4
	chapter5
	references
	appendix
	biodata



