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CHAPTERI1
INTRODUCTION

Rice is the princh i’ andhc staple food for nearly half of
the world’s pop o ride expmw are Thailand (30.5%)
and Vietnam (17 e _ ies-afrige 11T thedf ae (true grass) family,
Oryza sativa and Q0 i 4 he ‘- ~ t K\‘ yund in native to tropical
and subtropical south | O st : &, Rice provides more than
one fifth of the.efforiey€onglinfod by jruipaasayieir logal tiets(1].

g 10, hn tall depending on the
variety and soit¥ertiligf. Tffc gass has lon, slblicrleaves (50M00 cm long and 2-2.5
cm broad). The sggfill vl ‘ ‘ |
pendulous inflores - " m Jong 1 -ad is ' with 5-12 mm long and 2-
3 mm thick. The stpftuf N v '

\n a branched arching to

Q\W’]Mﬂ‘im nmam

Figure 1.1 The structure of rice grain



Rice husk or rice hull is the hard cover of rice grain which protect the grain
from various threats. Although very important in nature, it is one of the major

. MteHowever, rice husks are an
agricultural  byproduse”Thae”soesds \ \Wig, SSiigus._problem for the global
, , _ W wderial Tor extraction of value
chemicals has, ek hm 3% » v hiSR@idicated that rice husks
contain antioxidag#’substagfe fiiat pre Be'\8e 3\ fromhoxidative stress [2]. Also,
food applicag o rid il antic 3 ) e¥fllored. In the cosmetic
industry, attemptgfire i to use 1 LR ioR ants in the formulation of
body lotions e ‘- CIe; skin against the adverse
effects of aging [3}F

Anthocyanir : =
A

Anthocyanins are th
harmless and has been yséd

Pents of the vascular plants, they are

ble colorants. These pigments are

in the flowers and

Tldant activity [4].

tﬂm of @e anthocyanins. The
anthocyanidins™ (or aglycons) consist of an aromatic Ting [A] bonded to an
clic ri

hete ) mntams oxygen, M is also bonded h a carbon—carbo
2} th an fo n e yco nded to a

sugar mmety] they are known as #hocyamns {Tab[

QW’]Mﬂ‘iﬂJﬁJW\’MHWﬂH
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Figure J aglyepns, @wucture of anthocyanins

lmm H \\\ R [ ®

Apigeninidin ' ‘7[ ‘t ,“ \1\\ H OH H
Arrabidin ‘I’l“.’fﬁ- ‘rl\ \‘ OH | OMe
A ’ ‘ . th n \ \ OH H
Capensinidin ~ OH | OMe
Carajurin OMe | OMe
Cyanidin OH | OH H
Delphinidin OH | OH | OH
Europinidin OH OH
Hirsutidin i3 OH | OMe
3"-Hydro '3; 7 = OH | OMe
6-Hydroxycyamtlin OH OH
6- Hydmxydelﬁmdm OH OH
6- Hydroxypem , oE:| B o H
el Tall -

Table 1.1 Structural identification of anthocyanidins (aglycons) [5].




There is a huge variety of anthocyanins spread in nature. The main differences
between them are the number of hydroxylated groups, the nature and the number of
bonded sugars to their structure,

alipha 'c or aromatic carboxylates bonded to the
fith . The glycoside derivatives of the
inidin and Pelargonidin) are

the most common insSun H_;_ ' ifL80% afpigmented leaves, 69% in fruits
= pap—— a e . # g . w

and 50% in flowers. The digibation & the w anthocyanidins in fruits

and vegetables is: _yar igirt 50%, Delpl .r"-'l ““'\\"ﬂ; argonidin 12%, Peonidin 12%,

Petunidin 7%an® Maiidid / wiouP“elasses of anthocyanidin
glycosides are | | diglycosides and 3,7-
-G

So, the most wille-spfeadf a aningis cyanidin'3.g YeBside. In relation to the

diglycosides.” d WA times of 3,5-diglycosides.

stability, anucy i ' reactions that alter their
structures throuj ‘ I i e electronic deficiency of
their flavylium nucjéf ; ‘ } With the number of methoxyl
groups in the B ri ‘ decreases as hy i : ase. Thus, among the most
common anthocyanigfdi -‘J‘:‘:’: W sta s niMlvidin, followed by peonidin,
petunidin, cyanidin and de] anthocyanins are more stable in an
acidic pH. Glycosylati n acylation o 8@ help increasing the stability
and, the ,-; —the diglycosides are g _dmir corresponding
monoglycoSig S, : v
Anthﬂms ca]p ies and are used by

humans for ﬂ1erap¢ut1c purposes. The hluc red and pun}le varieties of some cereals

are Iy, sin e potential
S0 irfl } als §such as in
pu ion of the ex viable,

moreover, the fact that they are @fequently located j xtcrnal tissues of

A RIRNNILLL WIANENAE

activity; i.e., ability to scavenge reactive oxygen species (ROS) such as superoxide,
peroxide and hydroxyl radical [8]. They have been shown to suppress angiogenesis
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through several mechanisms, and exhibited anti-inflammatory effects in multiple cell
types in vitro [9, 10].

anthocyanin pigment; us et food” Qlefag s#h the elaboration of alcoholic

in-3-glucoside, followed in

W@become well known for

i Bxygen species, collectively

known as ROS afed Fontig . ushy a Yl ogical processes, more
;_;, l : fliates are partially reduced
forms of atmay ¢ oxt . Res ’ - - s ve been postulated to
contribute to the | lilfcrative diseases, especially
arteriosclerosis ‘ -‘ pf c8sential enzymes, cells, and

tissues [14].

The type of antioxi _':f‘j' ] o categories; synthetic and natural

angf (Figure 1.3) used are
phenolic ce iprove their solubility
in fats and ol
(BHT) and M&ry butylhydroquinone (TBHQ). Ho , recently popularily

towards natural 'll idant has been mc MNatural antioxidants are found in

AUY TRENINGINT =

tmgen containing compounds (alkaloids, chlumPh}rll derivatives, ammo acids

q Mﬁﬁﬁ?ﬂﬁWﬁﬁﬂﬂﬂﬂ d

j,r ated hydroxytoluene



6
HO | >L©)<
butylated hydro y ytoluem: (BHT)
'. "’ "I !".!' ﬁ': . ! } 5 } 7
The antio 1;? 1t gPnstituents ia’ Somplse\8f revealed various types of
!I * 4 !

phytochemicals suft ‘- i ' d id (Figure 1.4).

ﬂUEl’J‘VIEl El']ﬂﬁ

QW?MT]?MNW’]’JV]&H&B



From previous work, rice husk from five strains of Thai rice cultivar, Oryza
sativa L. cv. Chai-natl (CN), Oryza sativa L. cv. Look Dang Pattani (LD), Oryza

sativa L. cv. Leb Nok Pattani {A_L sativa L. ev. Go Kol (GK) and Onza

sativa L. cv. Jasmine (J gh hexane, dichloromethane, ethyl

agenging activity. CN rice husk
kies#¥* cxtraction vield in their

dichloromethane and eiat, ¥ A i thesethe dichloromethane and

acetate, methanol

ethyl acetate crude e 7 A0 N nerRusi®Biesicd Tor further isolation and
purification. v ; ! extracts of CN gave
similar TLC patu m ined before subjected to
further fractionatio i’ sfud, “Othé figol t : fcntification for anthocyanin

N investigated.

Literatuj

In 1994, fic Bith methanel, ethanol, and

r : i L l‘I » . " .
ethyl acetate. The nlii dant § Wwitys of tract§Were measured by thiobarbituric
vl w&n

ot ol A i-"" -
extracts showed a mgmfma ----- Xidant-activi 3]

ar ﬁf—:’ ﬁﬁW;
In {3 ’

prepared I::)l N

scavenging actlyl I _plcr}fihydraz}'l radical

(DPPH) melhm The methanol- and water-extracts :xlﬁlt the highest radical

scavenging aclwﬂ‘ hull of red rice shm he highest antioxidant activity [16].

Hﬁiﬁﬂ ’ﬂ? A=) Jﬂ'ﬁ:fi?::::

Chromatography techniques {HP’C} methods. Ap inidin (Figure l‘i

RIRNTI AUUNIINIAS

azinobis (3-ethylbenzothiaziline-6-sulfonic acid) method. The sorghum grains and

acid reactive substangh d b peroxide values in lard. The

E k and red rice were

s, and their radical-

their brans possessed high antioxidant activity compared to wheat, barley and oats
[17].



=

B)

antioxidant activig¥ of ghe fnfoc yanis s ) ! ined. Black sorghum bran
had the highe#f anggcyghig conien A mPW). The brown and red
sorghum  brans fenthocyanifu €otents | 6f |2 mg/g. And Only 3-
deoxyanthocy. "diu l. s Sbrghtim. Additionally, crude
sorghum anthocys I
[18]. '

gBure 3-deoxyanthocyanidins

X,
NJ

111
F;gure 1.6 Structure of ldeoxymthacygldms

ﬂummummmmm .

anti dat.w: compositions of black rice {O;yza sativa L. Indica). The main

the four
active components of the antioxidative extract of black rice were four anthocyanin



compounds of malvidin (Figure 1.7A), pelargonidin-3, 5-digluceside (Figure 1.7B),
cyanidin-3-5-diglucoside (Figure 1.7C) and cyanidin-3-glucoside (Figure 1.7D) [19].

3,5-diglucoside and D

In 28077 Pratr st Clivetor revemest-frmerr s _‘_4‘ and analyzed the

obtained extf® '- £ v Was characterized as
- -

the dominant anthpcyanin in frESHGOMeeueks and the res Itiindicated that the fresh

coffee husks was a rod source of this plﬂ;mﬂﬂ“‘]

ﬂUEJ’J‘Vl;-

Figure 1.8 Structure of cyanidin-3-rutinoside



In 2008 Hosseinian and coworker isolated anthocyanin, cyanidin-3-glucoside,
from purple wheat (Poaceae Triticum L.) [21].

In 2009 Lee and coworker i
seed-coat soybean (Oryza sa:‘ ,
from the coat of black so¥ ’ : | ethanol, isolated by RP-C-18
column chromatograglg \ by 1D and 2D NMR
Wrized as delphinidin-3-

identify the anthocyanins in the black

ja 3] Anthocyanins were extracted

spectroscopy. The
glucoside (Fi
(Figure 1.9C) and e

i a
Figure 1.9 SnJun of A) delphmidm—?:—glucuside B) cyghidin-3-glucoside, C)
petunidin-3-glucos A:rclargumdm—?: glucolidé

AED n&mmrmm

uf a Thai rice varmty three different growth sites, and determined

q Wm@ afel7h)

DPPH aamys In addlmn. the bnm ﬁ-acuun thc
and tocopherols content. On the other hand, the husk fraction showed a greater
phenolic acids fractions. Ferulic acid (Figure 1.10C) was
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most evident in the bran, whereas vanillic (Figure 1.10D) and p-coumaric acids

(Figure 1.10E) were mostly found in the husk. This study demonstrates that rice bran

and husk as candidates of v. E-ﬂ of bioactive components with high
antioxidant properties [23]\\
_ 11} A

= Y
B
i l’
£y mmﬂm AnEn3: .
p-coumaric acids

QW’]&»&@WNW]’WIH’]&EJ

1. To separate and identify of anthocyanin from rice husk of Oryza sativa L.
cv. Chainatl.

2. To determine antioxidant activity of the obtained anthocyanin.



CHAPTER 11
EXPERIMENTAL

30 MHz for °C nuclei.
Mo obtain the J-resolved

company, CA,
Varian Inova 500

projection spectfum (FTR
2.1.2

ESI-MS sl
ESCi (Waters, MA,,
the mass spectromefer. |

ass Quattomicro API

30k and directly injected into

2.1.3 Preparatite y (Prep TLC)

TLC was perfg

th siliczgl (Merck Kieselgel
60 GF254) (Mekck K +)

=

X

| 4 |
1':'111.t\mg:raphyr was p-erfurmed on silica gell&mk Kieselgel 60 G)
(Merck KgaA, D b Germany).

ﬂumm&mwmm

-Vls spectrometer, mlvmer plate made model sunrise

q RIFINTIMIINGINY



2.1.6 UV-Visible Spectrophotometer

UV-Visible absorption spectra were obtained with the aid of UV 2500 UV-Vis
spectrophotometer (Shimadzu Co io
cm path length.

2.1 TInﬁMS&

The ATR-F i-h

to, Japan), using a quartz cell with 1

equipped with a mergusy=Cag meell \ e ctﬁr (Thermo Electron
Corporation, US# ' | g .

2.2 Chemi®als

Solvent ugell in ghecifosgopict - o \ _ tac activity assay were
reagent or analyticalgffads < B aRgkok, Thailand). Solvent
used in extraction#fid ¢ L ¢l e | fom commercial grade
l ‘ Mihydrazyl (DPPH) was
&land). 2,6-D-tert-butyl-p-
e3is (Bacelona, Spain)

solvents prior use |
purchased from _
hydroxytoluene (BHT) p

2.3 Sample material "ﬁ- A ‘

Research Institaé
e
24 E:tnMon, Separation and Purification

mix ‘ Itered thmsgh a F/A ﬁlwr paper and llqu:d hexane

] %ﬁﬁiﬁiﬁ iﬁ‘ﬁnmﬂ&

to obtain EtOAc and MeOH extracts, respectively. Each extract was filtered and
evaporated under reduced pressure to obtain dried crude extract. These extracts were
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run on TLC using 7% MeOH in CH;Cl; as a mobile phase. The extracts with similar
TLC pattern were combined and named as CNI extract.

pyer silica gel column, gave 8

fraction, CNI-7 _ ®auby silica gel column
using gradient ejasn ¢ ageta & ethand/ [ 00:Q (5%8:50) and followed by
' phy ' QL MELOAc. The isolated pink

compound was theh subjecighl t¢f spettroseapic analvsis (Sehemel. 1).

preparative thin layeg

2.5 Antioxi#ant Vi L

The 2,2-diph yvI-Wpiéryihydraz F Pl : 88 scavenging assay was
selected for determini e antioxidant ac of OB sativa L. cv. Chainat] rice

husk extract.

b (30 pl) were added
to methanoli ‘ -"z 6-well microplate.
After 30 minutd§ incubation 4t ToSMemperatarc in th¢ . , the absorbance was
measured at 517 n? All tests were run in triplicate. The scavenging activity was

ARISRERART

1cal activity = [A-Az / Pﬂ

QW@WWW’MH’]&H

A, was absorbance at 517 nm of reaction mixture without test compounds.

Az was Lhe absorbance without DPPH.



\5\"////
7R

llsl\\_‘j-- A

CNI-1

CNI-2 .‘ ,, , WSRO [ e

CNI-7/1

CNI-772 NLEE | LN N CNI-7/6

ﬂuﬂlﬂﬂ'mf;

ammnmummmw




CHAPTER III
RESULTS AND DISCUSSION

e husk was extracted by
combined CH,Cl; and
anatography and 8 fractions

dichloromethan
EtOAc extract (

(CNI-1 to CNI-8). T i e Pantioxidant activity. Results

showed CNI-Zafhve #e gfosl iteresting fdaactiWillh and highest % yield
(5.79 g, 35% w/ : A far ~ d pink compound was
obtained.

The isol Wolumn chromatography

yielded 8 fractio 8 g, 14% wrw) was further

7

purified by preparati ¥ 4 in 128 er chrom phy ( 5" PS5 g, 0.43% ww). Compound

f e 2 A
collected at Ry valué of 08245 A B, NNR, IR, UV-isible and MS
analyses and the result ing ‘., th ’ ’

: Ef®Ac crude extracts of
Oryza sativa [H v. Chai-nat] strain posscss Mfree radical scavenging
actmty and gave‘l gust interesting antmx@t acuwty Fractionation and further

mde (camp-nund l)isa rﬁajor pigment that gave pmk mlor in ﬂ'us compound

Qﬁ’ﬁ:@ﬁ ¥ ﬂWﬂViﬁ’i ﬁd?]
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of compound 2 are

shown in Table 3,1§ 167 Spe rosc *’1 i Bl ‘.‘i"‘.i presence of one unit of
glucose linked tg#the ¢ fraph Y x d 3C-1 of the glucose. IR
spectrum showed abgrbt d el G T strotching ‘ %5 cm™ , C-H stretching at

2914 cm™ and C=C st ingvibn mati g at 1582 cm'I(Figurc A-1,

Appendix A, Page 26

Table 3.1 'H and *C NMB _f'af: F ,b BC correlation for compound 2

(400 MHz, CDYOE

H-4C

1156 | H-5C HA4C
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H-6 7.26 1 (9.1) 128.9 H-6C H-9C,H-10C
H-7 7.64 m (9.1) 129.1 H-7C H-1'C,H-6’C
H-8 8.11dd ‘V / H-6'C
{2 3,
H-1’ H-2'C,H-6’C
H-2 .;. 95., H-1'C,H-3'C,
H-4'C
H-3’ H-2'C
H-4’ H-2'C,H-6'C, H-
6"C
H-4'C,H-6’C
H-5'
H-1'C,H4°C,
H-6’
H-5C
Glucose
H-1"
H-2" T34 H-2"C ~
H_3" l\ L - _3 ;l
11K1.7,7.4 = |
‘ ) 'm H-2"C,H-4"C
H-4" 56. 9 H-4"C
AUININTNYINS
High Lot 453 H-ﬁ”C
_— H-3"C,H-5%/

RTAMTUUNIINGTRY




Figure 3.2 Structug¥of ¢

The 'H-'H COSY sp Fjfure BB1oBRE. Appéndik B\Page 29-31 ) revealed
the presence of the'folle, : nkig

0 wmwwmﬂ

32-34 ) were observed between the proton signals at &y 7.30 (H-3) to carbon signal at
&c 168.4 ppm (C-2), 8¢ 113.5 ppm (C-4) and 162.1 ppm (C-10), between the proton
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signals at &y 6.79 (H-5) to carbon signal at &c 113.5 ppm (C-4), between the proton
signa]s at &y 7.26 (H-6) to carbon signal at 8¢ 162.1 ppm (C-10), between the proton

H-6") carbon signal at &c

-4") which led to the

Tati mf the proton signals of

)9 At e, OQdand C-47, H-6” (8 3.65

ppm) to C-2" and€-3" gt lucose,|i " : ‘ oL >ouli 2 though the ether

bond at C-1. The d . i . ., pd carbon atoms were
deduced from aM8QCHbecffun (§izure B : Rdit, Page 36-39).

q W’lﬁm MINAPIINHIAY

clearly indicated H-1" proton signal at 8y 4.89, H-2" proton at &y 3.62, H-3" proton
at &y 3.64, H-4” proton signal at &y 3.60, H-5" proton signal at 8y 3.68 and H-6"



proton signal at 8y 3.64 and 3.66. Comparing between the J-projection and the 'H-

NMR spectrum, splitting pattrun at H-2" was doublet of doublet with the J of 1.7 and

7.4. This clearly indicated the § ign at the C-1" of glucose. This agree well

with the resonance proton G "ertd ¢ A 489 and 94.7, respectively.

AuEInENingng
RIAINTUUMINGINY
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Analysis of the absorption spectra revealed that compound 2 having a Anmay at
542 nm with the molar absorptivity of 7000 M™' cm™ in methanol. (Figure 3.6)

S -\‘ e of compound 2
aging activity)

PLC autograph method.
fegression analysis. [t

il "Tlao font arin o o lseso d Boo s 31 o

was found tHat cOF Ble-gtivity. A more specific
spectroscopic tethnique was then carried out and the result ;' icate the ICsq values of

145 + 30 and I‘E + 2.6 pg/ml for com d 2 (r=>0.942) and BHT (r>0.981),

mazimm NYID T«

und 2 and BHT were not fixed to oxygen atom, but close to benzene ring,
droxyl bond was wukened result, hydro cnﬁvlt}' of hydroxyl gru

ite on@mﬂﬂ mg l oicty is a we

mechanism of action is shown in Figure 3.7
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Figure 3.7 Resonance effects of (A) compound 2 and (B) Butylated hydroxytoluene
(BHT)



CHAPTER VI

Isolation and identifieation of Lxliael of rice husk (Oryza sativa L. cv.
Chainat1) gave a pipkeé ' €% escribed previously. Malvidin-3-
rutinoside (com nt-ther=pivessink color in this compound
(Figure 4.1). '

was indicated thai#™s g

L HVB@%orrelation of compound 2

45 + 30 and 11.6 = 2.6
d th@gnaximum absorption at 542

Compe ‘ :
pg/ml, respectively®In gdifiaf »

ﬂmmthﬂl:ﬂ ylar abforg

usineningns
RN IUURIINEIAE



(1]

(3]

(4]

[5]

(6]

(7]

fli

REFERENCES

| iculture : Bruce D. Smith. Scientific
American Libraiyi §isir | iy W. H. Freeman & Co. Ltd, New

and ‘OB 89 ) . 19.95, US$ 32.95 (hardback).
DG LEPBGSS 4. Aori i , 51 (4) (1996) : 496-497.
1 . iki, shi, S. Chemical studies on

isovitexin,

Wkg! and Food Chemistry,

Thornton, P. The emergenc:

1, V1. Phenolic
) Hegl Ith Antioxidants and

i.T., eds). American

.' -

\ 0N
; on, DT S p2) : 122-134.
Alexandra Pgem ™ ,», .L\’: 1 l“_' Wrolstad, R. E.; Gloria, M.
B.X A . is triaRiglarts as potential food olorants.

Food Ghemfity s (2 (20002, -
Konczak, 1.; Zhang »a,.-.f..-.._;‘.. R )ore than nature's colours. Journal of
= | 2004) : 239-240.
fo ._)l‘d R. Analysis and
,~MJ‘*’J’= 64 (5) (2003) :
o

| I
L

-Bailon, M. T.; Santos-Buelga, C.; RIV&S- o, J. C.
ins in cereals. Joullafo Chramm‘a aphy 4, 1054 (1-2)

NN

radicals, hydrogen groxide, hydrux:,rl icals, and singlet XYYy

A1
-

llzil
Escribaro

bsbn'sup®roxide

QRIANITH TN TAY

Bagchi, D.; Sen, C. K.; Bagchi, M.; Atalay, M. Anti-angiogenic, antioxidant,
and anti-carcinogenic properties of a novel anthocyanin-rich berry
extract formula. Biochemistry-Moscow, 69 (1) (2004) : 75-79.



27

Reddy, M. K.; Alexander-Lindo, R. L.; Nair, M. G. Relative inhibition of lipid

peroxidation, cyclooxygenase enzymes, and human tumeor cell
lors. Journal of Agricultural and Food

[10]

proliferation by n

Chemistry, 534 5y
[11] Chung, H. s |

73.
gﬂ'& antioxidant activity from
fanwu-c}' ed rice. Journal of Natural
e

15 = BL

[12] Fossen, T.; Sli Wegssen, O. M. Anthocyanins of
g , 0 (9) (2002) : 855-
(13 Reddy, V. Sypasif/ S/ B A AN e SpunRBathwey in Rice (Oryza

‘ o - 2= g2k, SHoviNgominant Inhibition of
. ‘Rroanthocyanidins in
atls, 9,(2) (1995) : 301-312.
[14] Klaunig, J./§ Oative Stress in
Carcinog is.dnidnne | *Mgrmacology and Toxicology,
(15]  Wu,K; -

.; Salih, A. M.; Lehrfeld, J.
icultural and Food

.; Suda, L.; Sato, T.

[16]  OkiSLA Masy !
lymeric proe BAIeSC: vengin." mponents in red-
"hulled rice. Journal nf Agnmfmmf and Food Chemistry, 50 (26)

9 mm, m:mﬂmﬂ

(2004) : 293-301.
Chemistry, 52 (14) (2004) : 4388-4394.




[19] Zhang, M.-w.; Guo, B.-j.; Zhang, R.-f.; Chi, J.-w.; Wei, Z.-c.; Xu, Z.-h.;
Zhang, Y.; Tang, X.-j. Separation, Purification and Identification of
Antioxidant Compo *| i

ngin Black Rice. Agricultural Sciences in

[20] Prata, E. R. B. Aq S8

[21] Lof anthocyanins and other
' 109 (4) (2008):
[22] Lee,T. (i, S.-G.; Suh, D.-Y ; Baek,
jo: Rafianthocyanins in the
v BB AD-ESI/MS analysis.
b od ( E _ I ; A
[23] Butsat, S,;‘ 1am A '-\ ifie and phenolic compounds

hl
of the hyifk, braniand €ni W8l rice. Food Chemistry, 119
(2010¥" 606643544
[24] Tonsiripakdee. T qusk. Master’s Thesis, Program in

4 Bigtét ' ) m University,
QS 7

[25] i#“ witioxidant activity of
|
hemistry, 114 (2009)

rutinosides in dusky violet flowers of Petunia mregnfafm subsp

Inflate. Phytochemflftry, 52 (1999) : 35483§5.

q Wﬁ] SRTRIHRAT R Y

in Black, Blue, Pink, Purple, and Red Cereal Grains. Journal of
Agricultural and Food Chemistry, 54 (2006) : 4696—4704.



ﬂuﬂqmﬂwﬁwawni
ARIAINTUUMINGINY



% Transmittance
2 8 8

B 2 % 8 8 R & B

ﬂumwnﬁwmm
AN TUAMINYAE



= fmmﬂmwmm
AN TUAMINYAE



AN89NTBIAM NS



- @ummmm.nm
ARIANIAUNNIINAE



ﬂummmwmm
AN TUAMINYAE

€€



E,
P (12)

ﬂu-mmmwmm
QW’]Nﬂ‘iﬂJMWYMEﬂﬁH



ﬂwwvﬂmwmm
AN TUAMINYAE



qmmnmummmm



ﬂuﬂmzmmmm
AN TUAMINYAE

10
20
30
A0
B0
=]
7o
80

LE



Wy,

/ ML‘L—J
e "llﬁ %\\\\.

llllllllllllllllllllllllll

ﬁwas%m WEANT
AN TUAMINYAE



ﬂwa mw&wmm
AN TUAMINYAE

6€



ﬂummmwm ny
MIANTUAMINYAE

a =8 2 2
3 3 § 8 3 ¢ & & 8



__.*£I
&

L
T L T ; T — i
= <
Figure B-l‘ fr:.um pound 2

AUEIMEHING I
AN TUAMINYAE



l?m"B- 3 The J-projecti piuum(MuUH} fmmpound

qmmmmummmaﬂ



APPENDIX C

_._/-?y 0.003x + 1.044

R?=0.942

40 50

.........

ﬂum neniweng
mammnmwwﬂ“ﬁﬂ



VITA

Miss Kanchamas was born an November 3, 1984 in Lop Buri. She got a
Bechelor of Science Degree jjin Brlitbgh i FScimne from Silpakorn University in
2006. After that, Miss aas has . student working for Master

degree in Biotechng) _, BT h o ﬁmn}' During her Master of
Science Stud}", ha _' _‘,,' — = a @m thﬁ Gl'ﬂ.duatt SCh‘DUl
Chulalongkorn-eer s | oS

echubsorn, A.Muang,

ﬂuﬂ?ﬂﬂﬂﬁwmﬂi
RIINTUUMIINYIAY



	Cover (Thai)
	Cover (English)
	Accepted
	Abstract (Thai)
	Abstract (English)
	Acknowledgements
	Contents
	CHAPTER I INTRODUCTION
	Rice (Oryza sative)
	Anthocyanins
	Antioxidant activity
	Literature reviews

	CHAPER II EXPERIMENTAL
	2.1 Instruments and equipments
	2.2 Chemicals
	2.3 Sample materials
	2.4 Extraction, Separation and Purification
	2.5 Antioxidant activity

	CHAPTER III RESULTS AND DISCUSSION
	3.1 Extraction, Separation and Purification
	3.2 Characterization of isolated compound
	3.3 Antioxidant activity (DPPH scavenging activity)

	CHAPTER VI CONCLUSION
	References
	Appendix
	Vita

	Button1: 
	Button2: 
	Button3: 
	Button4: 
	Button5: 
	Button6: 
	Button7: 
	Button8: 
	Button9: 


