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1. 1Jfli'f1U ~1J1'VI11 (Executive summary) . .. 
d 1 A'-' "l!EJ m\lnT~1';ltJ 

m-s.W~u1Ln~il~1L~"'1::~umJL"We:JfhuJn7uuu1t-uia1'VI1u1LA"'1:::~ua:::t.J,-:aihii'V11ti13J1mi'f17 

fA1"e:Ju3Jaiia,-::: 1 "~1mhrn'tii'f3J" 1 -w,-1 n t1 . ... . 
Development of new amperometric methorl for characterization and evaluation of antioxidant 

properties In Thai herbs. 

i.~i'umu:r~~~~,.,.\l1Jth:::mrn 1.h:::·~'i1iJ\lut.l,-:::mrn 2552 -;'i1-u.1-u.t~-u. 358,800 u1n • 
-s::tJ::L1ill1n17~'hL\i.U.\lTU. 1 iJ L~:IJ't'hm7i~£JL~fl (L~flwlJ) !Jii'I1~3J 2551 tl\l (L~flwlJ) flUtl1tiU 2552 • 

\l1'U.i~ tJift~~~'U.1 L 'Ylf1ti.f1'Y11\lLf1iji Lm1:::~LL1J1J 1 ~3-i L 'iilEJ1.tJ. 'U.n17U7:: dJ-u.~1U1:1J1nt~17~1'U.EI'U.:IJill a~'i:: ... 
(antioxidant) \l1U.i~ £JLLU\lfl amllu~fl\l i.'i'1u~1 w1u.fi a i.'i'1U.LL'infi EJ7:::uui tm1:::~LL1J1J eJ!ilL -u.mi~iim71il71';11~LL1J1J 

LLEI:IJL ~EJ-fl 7L:JJ'YI7~1 t~.ff1 i. ~Yh"li\t~ 1 mh\t~n iii1~6Jimfu flU.~!il~ LLU7~1 tJmfu fl'U.U.11 wrhll (Flow injection 

analysis with amperometric detection on GC/CNT electrode) 1~tJ1i.ff1i.~.Y:h~i.~~~-u.1i1-u.'l-u.m'i~~~1:1Jm:JJ1m 
"llEI\l~'ifl'U.:IJilla~'i:: 2,2-diphenyl-1-picrylhydrazyl (DPPH•) rlfl'U.LLiii::~~"'Yh'l.J1imtJ'lrl1J~1'i~1'U.fl'U.:IJilla~7:: mmm 

, \1 ~ • cu 
tJ A .J' a., .. ~ .ct. • i. Q.; .. I 6' A A ,;-.,J - .r 

~7~1'U.EIU.:IJill fl~'i:::"lJU.n1JIJ7:1J1 W.n17ill~ill""ll fl\l ~1'ifl'U.:IJ ill fl ~'i::: DPPH LLill:: ~ IJ'i::: tJ n~ L 'Ylfl'U.fl1 Lm1:::~'Yl~~'U.1"1J'U. , cu 'I 'U • 

m'litlJ-u.qj'1<m1';11~ 1 -u.m-aitm'l::~ttiii::Y:h~·';lutan~n~rn~~,.~~u.au.:will Ei~,-:::~1 tJ L 'Ylf'lti.f'l i.eJL ~e:rf~EJfmwu~f'li~ 1m 
" • 'IJ 

:w1lnm1Y11 -u. Yi"ll~:wu. i. ~,.i. 'Y1 tJ ~u·"h 1 ~~ illm7'Yl~~au tll-u.~,.b~ EJ h -u.EJm1nib::uu~~~-u.1i1-u.ET\l~1:JJ17m.b i.u • 
U7::~n<il1~nlJ\l1U.iLm1::~~u. ~ an~1tJ 

h"1-u.i~tJ-d'ij11iin'l.J-a:::~"~L'iila~~u.~L'Ylf1ti.f1itm1:::~ Ltill::m..Jmrnm"tf'lijitm1:::~ mmii.unu~~-u.1 
• • 'IJ 

L 'Ylf1ti.f11-u.m-a'l.J-a::Liiu~1m:JJ1rn~1'i~1u.au:wi11Ei~-a:: 1~n'l.J-a::~"~ r.i fltJ"llfl\lm-ai~tJ~'lm-amL'Ll" LlJ-u."JJ a 61 i.~<?l\ld 
q '\1 q J 

a., A .ct..dA 6' Q..<o 1 ~ .d I d 0 1 t!l A 6' .. I A 

2.1 ~~'U.1L 'Ylfl'U.fl LLill::11i1Lfl'i1::~ Lb1J1J fl'il 'U.:IJ'il'Yl"'l tJLbill::~::~nn b ~flUI:IJ'l "11 b'U.n1'i1 Lfl'n:::~ LLiii:: IJ'i::L:IJ'U.~1 

mmm~17~1'U.EIU.:1Jill a~-a:: L 'iilEJ~n~lfl m~:JJU1i'll a"Yi"lf~:IJ'U. L ~7"11\t~~~-\l ') 'liEI"L'Yl tJ 1 'U.LLT:l1Jfl1f1<il::1-u.aEJmQ£J\lL v.ii.a 
qcu • q 

1~ m 'Ytf1ti.f1~~~milm ::: LUU.L 'Ylf'lti.f'li tm1:::~LL1J1J 5<111 -u.:JJ~1 -u. -a::uu~ijm,.i. ~ ill~ijq]1<il'i1';11~LL1JULf1iji. ~.Yh (Flow 

injection technique with electrochemical detection) tft"':il:::fl1fltJn1'ilil":i1':il1~ Lb1J1J Lbfl:IJL ~ a-fl 7L:JJ'Y17~iim1:JJ-:ii1L ~1::: 
L';l1::';1\l~\l (high selectivity) 

2.2 ~mmLill::i Lm1::~~~1J1mm~1,.~1-u.EJu.:w ill Ei~,-::~tll-u.a"~tl,-::n aum\l Lflm uri"ll~:wu 1 ~,. L ~EJ 'liLil-u. . " . 
;j1'U."li EJ:JJill 'l -u.m7U\l~11 ~:wu. L ~,.1 'Y1 tJ 1~ mil. ~1:::"1fit~~ii1 u.ttnurnf1<il:::1u.a El nLQtJ\l L ~ ii.aii EJ\l~tl,-::n au~ tr n~ LUU.~1,. 
4 'IJ • 

~1'U.flU.:JJilla~,-:: ~ijf1m~:wu1im"tJ1 t"lfu~17U7:::Lfl'Yl polyphenols, phenolic acid , flavan LLill:: flavonols "l!ti.~1~ 
• 'IJ • 

Ltiii:::Yi"ll~n"litt~1~u'"~ijm,:wt~m:::~:w1u.m,-,;hi.u1i'u-a"a'~1,.~1m.t~i.uu11.nf1t'iile:Jtil-u.a1~1,.~'llrn~ • • 
2.3 'l.J-a:::tii-u.f'l rn~n~rn:::"ll a" t 'Ylf'lti.f'lri~~m~-u. 1~ tJm'l"t'l.J1tJuL Yi tJum-au1 i.u1-tl -u.m-a'l.J-a:::tii-u.~1m:w1m • 
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3. ifinT"a'Yl~HHl\1 

.Jluiirrd~~'\.n'J::uuiLml::lfLLuua'il 1 u~~~ilnT'J'il"J1"ill111LbuuLLa~L ywf[ "ab~'Yl'1~1 £..Joff1'1 'Y'l~l"ll'U1111 mJ"l!u111 
"" ,;- d ~ .I "' .- 1 ~ il 

n~l~'ll'fll"J1J€JU'Yl'ill1lbbu71111£..J~Tmawu.l U'Yl1 (Flow injection Analysis with amperometric detection on 

GC/CNT electrode) 

3.1 iiinJYlbb~::~~Wlb 'Yl~u~m"Jibml::~uuu5<n1 um\~ih::uum1"il1111 Lbuuua~b ywf[ "Jb~'Yl~uuu 1 'V\:JJ b ~a 

1ivnmmrn~l"J~luau~~€l~"J:: 
.'IJ 

3.2 e:Je:JnbL1JULLSl::~nJYl'VI1~lll1::"1Je:J.Ju5n~£..Jl~b'VI:lJl::~3J L'J:iU m1~b'J!~'J!U~l"J€lU3JSl€J~"J:: , pH "lle:J\1 
.'IJ 

~l"Jfl::fll£..1 L ~ m.bm 1 "ll'L U"J::uui Lm1::lf~"il::~~u1ifu 1111 £..J ali£..J'VI ~n nl"J~111~n~ff'ruru1 ru"lJ a\! ~l"J€JU3Jfl €l ~"J:: ri e:JU 
Ql IV 't<tJ 

bb~::'VI ~.J'tllU nmmnu~l"J~lU€JU~~€J~"J:: 
::.J .'IJ 

3.3 iiinJY1n\l'il1bLU"J~iJt:-J~!?iaoffu'ilaum"J~n'il b~€l'VIliwnau~L'VIm::~~1um"J~n!jl~l"J~luau~~€l~"J:: 
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'illn'ii1 E1 rh-Jlil'lf~3m 1 ~"J 1 'U.bbb1U111~<11:::-1uEJ<lmurm WU<l 
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u"J::£..Jn'il1i'lum"Ju"J::LiJu'VIlmmrn~1"J~1ue:Ju~~€l~"J::1u'ii11Jcil.Jlil"ll'~3Ju'l~"J 

't C!'ll q 

3.5 iLml::~Lb~::u"J::biJU'VIlmmrn~l"J~lue:Ju~~ €\~";):: 1 u<i11E1 cil-Jlil"ll'~~u 'l ~";) 1'il tJ H'b 'Yl~U~<n"J1"ill!jl~ dJ'\.1. 
.'IJ • 
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3.6 Llfi£..Jub ti £..Ju~rn~~u~m.Jm"Ji Lml::lf l'ilt:-J~ ~~lfi bml:::~"J:::'VI'Jl\I"J::uu'il"J1"ill111 bbuu 1 'VI:JJ~~t?llmifu 

' 
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Abstract 

This work presents a new approach for evaluation of Total Antioxidant Capacity (TAC) based on the 

amperometric detection of 2,2-diphenyl-1-picrylhydrazyl (DPPH) at a carbon nanotubes-modified glassy carbon 

(GC/CNT) electrode was carried out. Electrochemical oxidations of DPPH and antioxidants, for examples catechin, · 

quercetin, gallic acid, trolox and caffeic acid, were studied at the GC/CNT electrode using cyclic voltammetry and 

amperometric techniques. The cyclic voltammograms (CVs) of these compounds were firstly investigated in 40% 

ethanol-water solution containing 0.03 M KCI in 0.03 M phosphate buffer, pH 7.4. Comparison experiments were 

performed with glassy carbon (GC) electrode. Both of the GC and GC/CNT electrodes offer well-defined oxidation 

waves for all tested antioxidants. However, the GC/CNT provides a better sensitivity than GC electrode (8-30 

times). The results from amperometry indicated that GC/CNT enable very sensitive and stable amperometric 

measurements of DPPH free radical. Capacities of the tested antioxidants were evaluated by amperometric 

detection of the residual concentration of non-reacted free radical. The results were used to construct a simple 

amperometric detector for evaluation of TAC as applied to flow injection analysis (GC/CNT-FI). Wide linear 

calibration curves were observed for all tested antioxidants. The detection limits at a low JJM level were obtained. 

This method was successfully applied to evaluate antioxidant contents in 6 samples of Thai indigenous 

vegetable/herb extracts (Careya sphaerica Roxb., Adenanthera pavonina Linn., Limnophila aromatica Merr., 

Syzygium gratum(Wright) S.N., Polygonum odoratum Lour., Cratoxylum formosum Dyer. 

The standard methods, including DPPH, ABTS and Folin-Ciocalteau methods, were employed to evaluate 

T AC and phenolic contents in 11 indigenous vegetable/herb extracts. Results from ABTS method indicate that 

Careya sphaerica Roxb. has the highest TAC followed by Syzygium gratum(Wright) S.N., Cratoxylum formosum 

Dyer, Polygonum odoratum Lour., Tiliacora triandra Diels, Limnophila aromatica Merr., Cratoxylum formosum Dyer 

(flower), Momordica charantia L., Melientha suavis Pierre, Tiger Herbal Cente/la asiatica (Linn.) Urban, Piper 

sarmentosum Roxb, respectively. The order of TAC values from DPPH method was Careya sphaerica Roxb. > 

Syzygium gratum (Wright) S.N. > Cratoxylum formosum Dyer> Polygonum odoratum Lour.> Limnophila aromatica 

Merr. > Cratoxylum formosum Dyer (flower) > Tiliacora triandra Diels > Momordica charantia L. > Tiger Herbal 

Cente/la asiatica (Linn.) Urban - Melientha suavis Pierre - Piper sarmentosum Roxb, respectively. Total phenolic 

contents were also investigated in the samples by using Folin-Ciocalteau method. The results revealed that the 

order of total phenolic contents values form this method was Careya sphaerica Roxb. > Cratoxylum formosum Dyer 

> Syzygium gratum (Wright) S.N. > Polygonum odoratum Lour. > Limnophila aromatica Merr. > Cratoxylum 

formosum Dyer (flower) > Ti/iacora triandra Diels > Momordica charantia L. > Piper sarmentosum Roxb - Tiger 

Herbal Centel/a asiatica (Linn.) Urban, Melientha suavis Pierre, respectively. The TAC values corresponded with 

the total phenolic contents. 

Application of the proposed method for used as the detector in High Performance Liquid Chromatography 

(HPLC) was limited by the dilution with the mobile phase. Sensitivity of the developed method was lower than 

commercial photodiode array (PDA) detector. Therefore, the PDA detector was selected for evaluation and 

characterization of antioxidant contents in vegetable/herb extracts. The results from this study can be used as 
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nutrition data for selection to consume the vegetable and herbs extracts containing high levels of antioxidants in 

order to prevent or to improve the status of imbalance. 

Keywords: Antioxidant, Carbon nanotube, Amperometry, DPPH, HPLC 
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'111U1i r.1-d1~~~mL 'Ylfl'fi.f11 Lm1::~LLmJ Ltle:rfl ~L:U'Yl~LLUU 1 YJ:l.i L Yla1m um~tl~::LiJuwnmnm~n~1uau:uf'! 
'" 

~ind~r.J~1:U (Total Antioxidant Capacity; TAC) t~r.Ja1ir.Jm~1~tliin1m'l1a'll~1~Elll.:Uf'l~~1:: 2,2-diphenyl-1-
dJ ''IJ 

picrylhydrazyl (DPPH) ~.ff11v-JvhnG'11~snmfuau~~~mh~1r.Jmfuauu1 t wrhu (GC/CNT) 1~\.1mnLSJ5f1~n t 1 

mL'Yl:U1:JJLLm:JJ'lJe:J'Ila'1~~1ll.e:Jll.:UG'IEJa'~::~a-uhL'.rlu catechin, quercetin, gallic acid LLG'I:: caffeic acid ha-1~G'I::G'11tl 
'" 

v-Jaa-LV'J<ilDV'JLV'Jaf pH 7.4 ~iJ KCI fl11:UL'JJ:u'JJu 0.03 M LLG'I::Le:J'Yl1ll.€lf'l 40% t~mmtJuLYimJ~f'ln1~'Yl~G'I€l'll~::w.h.J 

m~hf.ff1LV'JYhLLU1Jnf'l1a'~fl1fuau (GC) 1i~~:UmLLG'I::~~~LLlh~1r.Jfl1f1Je:Jll.ll.1 1 wrhlf (GC/CNT) Ynr:hLSJ5f1~n 1J 
G'ILL'Yl:JJ1:JJLLm:U~l~'i11n~'ll.ff1LV'JYh GC LLG'I:: GC/CNT l~Vif1fle:Jn'fiL~'J5ll.'lJ€l.Ja'1~~1ll.€lll.:IJG'IEla'~::~a-uh:J~'J5~L'illl. LLo/1 

'" 
1 wff1 i. V'J,AI1 GC/CNT iJa-m'Wi.d~a-.Jni11u.ff1i. v-J,AI1 GC 1i~~:u~1 (u~:::mrn 8-30 L rh) 1um~1~tl1mrn~1~~1u 

'IJ 

€lll.:U G'l El 1.1'1:: LL1J1J LLe:J:U L 'W e:JTI ~L:U'Yl'h::~~m:JJtJ1m lli'lJ €l'lla'1~€lll.:UG'I Ela'~:: (DPPH) ~ L Yi ~ €l'il1nnTrrhtJ nmr.J1 rllJ ~1~ 
q ~ q cu &J 

~1ll.€lll.:JJG'IEJ~1:: m11~1Bmrn.'lJ€l.Ja-11~1ll.€lll.:JJG'Iaa-1::~'111~i.~'il1nm1f'l~f'l'll'lJ€l'lliruru1rn'il1n DPPH i.~t.1.11rrm1d 
'l<U C!CU ..,. .... 

i.utl1:: r.Jn<ill 'li'nu L 'Ylf1Uf1 1 vJ f'l Elll.L'ilf1'.li'U€l::ll.1 ~'fi~L .yj Ell 'li'd'JuL 'Ylf1Uf1l Lm1::Yilll.n11U1:: LaJll. Yi1U'1m rn.~11~1ll.€lll.:JJ f'l 
' '" 

€ia-1::~1:u (T AC) ~f'l n11'Yl~ f'l €l'll'W1Ji1 L 'Y1 f1Uf1~i.~W~u1!Jlu1 ~ m1V'J 3J11i11~1ll. ~tluL~ll.li11'11 1u'.rl1.J~n11.J 1u~11~1u 
au:JJG'Ia~1::~'1-1.1m'Yl~~€lu t~ viJ~~'ihnli11um11 Lm1:::YJ1m::~u~~1ii'lli.:u 1m 1:JJf'l1f hm1tl1:: vmfL 'Ylf1Uf1 

' 'IJ ' 

1Lm1:::~~~~u1!Jlw,n 1mum1tl1::Liium1:JJ~1m1n~1U€JU:JJG'1a~1:: 1u'}(l'l5~:uui.'W1~1ll.1ll. 6 '15-fi.~ (t1nm::1~u. trn 
''IJ ' 

" ~Yi~1. ~nLL'lJr.J'Il, trndJn, trmLvh LLG'I:::t1n~1} 'W1Ji1~f'ln11'Yl~f'l€l'll~€l~f1~€l'lln1JL'Ylf1Uf1:1J1<i11~1ll.lTI DPPH 

1um1m1'iiU1:: LiJum1:JJ ~1 :JJ11n ~11~1ll.e:Jll.:JJG'I Ei ~1:: t~ r.111:u LLG'I:::tl1:JJ1 rn 11:JJ'lJ eJ'Il ~11tl1::n eJuYJt u~ mf 
'" 

(Total phenolic content) 1u~11~rl<il'il1nt1mLG'I::'}(l'll'~:JJll.L'W1'ihmu 11 'l5U<iiluL'lJ<ili'llYJl<ile:J1Jf'l11'151iTU T<iir.J1'li'L'Ylf1Uf1 
' ' 

3J11i11~1ll.lrr DPPH, ABTS LLG'I:: Folin-Cioculteau ~f'ln11'Ylcnf'IEJ'Il~1r.JlTI ABTS 'W1Ji1fl11:JJ~1:JJ11bl~1ll.Elll.:JJG'IEJ~1:: 
~ '" 

1cnr.J11:JJ'lJEJ'Il'}(l'l5~:JJUL'W1L~r.J'Illi11:JJ~1~m1nmni.tlYJ1Ue:Jmtlu~"d trnmdcnu > trndJn > trni1 > trmL'Y¥1 > 1u 
• 

rl1m.J > trmL'lJr.J'Il > cnEJntrni1 > :u::1:::~un - 1utrnYJ11WLh > 1T1un > t1n'l5::'WG'I ~1ll.fl11:JJ~1:JJ11n~1ll.EJU:JJG'I 
'IJ '" 

Ei~1:::1cnr.J11:Ulut1mLf'I::~:JJUL'W1'il1n1rr DPPH L1r.J'Ilm:JJ~1<ilm1nmni.tlYJ1UEJr.JLtlu~"d trnmd<iiuun > trmiln , 
> trni1 > trmL'Y¥1 > trmL'lJr.J'Il > cnantrni1 > 1url1U1'11 > :u:::1::::ffun > D1Un-1ut1nYJ11WLh- t1n'l5::'Wl.'l 

'IJ 

mmrn11:JJ'lJEl'll~11'l.h::n auYJ1u~mf~'W1J lut1mLl.'l::'}(l'l5~:Ull. l 'W1~1 tJlTI Folin-Ciocalteau L1r.J.J<il1:JJ ~1~1J'il1 nmn i.tl 
' YJ1Uamtlu~'lld trnmdcnuun > trni1 > trmiln > trmL'Y¥1 > trmL'lW'Il > cnantrni1> 1url1U1'11 > :JJ::1::~un -

t1n'l5::'Wl.'l > u1un > 1ut1n'VI11WLh 1cnr.Jt1mLl.'l::~:JJUL'W1~'WUi1il~11lh::nauYJh~mf~"~niJm1:JJ~1m1n~1ll. 
" ' " 

Elll.:Ul.'l EJ~1::~'1li1:U~1 r.J 
'" " 

1um1U1L 'Ylf1Uflli111'ill<ilLL1J1JLLEl:UL'WEJTI 1L:U'Y11~.ff1 i.'V'J,AI1 GC/CNT :1J1 loJrLDU<ii'11i111'illcn 1um1lLm1::~LLl.'l:: 
'1'1~'iiULEJn~n~ru~11~1ll.EJU:JJl.'la~1::YJt'll'i11n LLr.Jn~1 m 'Ylf1Uf1 i.m"W€lf'V'J€lf:I..I1Wlf~f11cn 1mm1 'Ylm1YJ 'W1Ji1iJ 

" , " 
'JJmhncnL'lfa'll'il1nLncnm1L~EJ'ii1'11'11EJ'Il~11~1uEJu:l..ll.'lEJ~1::'il1nL'V'J~Lf1~EJu~ rh1~~m'WL1~L~'i11nm11Lm1::~il'lli.:IJ~ 

'" 
umrlmYir.Junu~1<il11'illcn'l5Ucn photodiode array (PDA) 1um~1Lm1:::~LLl.'l::V1~'iiULE!ntm~rn~1~~1ll.Elll.:JJl.'lEl~1:::~ 

'IJ '" 

Ltlua'llfftl~:::ne:~u 1u~11~ncn'il1n'}(l'l5~:JJu L'W~~.JL~ e:~n H'<il1m1'ill~'l5U~ PDA ~l.'lm~iivd~1m~n 1 i'Ltlu'JJ EJ:JJI.'l 
' " 

tl~:::n e:~uLd eJ.J~u m.J~1u1n'l5u1m~~1YJi'u~u11n f1lum~L~ e:~ni'utl~::mutrn~:~..~u i. 'W~~ iJ EJ r11u ri' eJ'Il~ll.'l5U~o/\1'11 "J 
'IJ ' 'IJ 

L Yle:~i'n~1~:1Jcnl.'l'lJ €l.J~11~1ll.Elll.:IJI.'l EJ~~::; LLI.'l:: L~i'Uflllifl1'Yl1'11 1n'l5ll.1n1~~.J~~ 
'I q 'U q 'U " 

0 ~ " ~ .. l ~ .... ~ .. .. .. .. 1 .... 1 .. <'= ~ l 
A1VlRn: iliTH?I1'1-l>fllUJRflill1:::, A111Jfl'l-l>'l-l>1LWYJ1u, Ufl:J.Jb'Y'lfl"'H"'.lb:J.J'YI"'.l, t91'Y'l'Y'lbfl25, £H'Y'lfl"'.lnfl"'.l:J.J1W15RA1{;HA"'.l ,.., 

mL'Yim1~ 
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1. 1J'Yl'll1 

e:JlUJS1~~1:: (Free radical) ~e:Je:J::'ile:J:JJ L:JJL&Jn&J 'V\~e:J~111h::nmJ ~ii~L~fl'il1e:JU13Jmmi 'Yh1vi'ilm1:JJle:J;JLl 
IICU II CU 

1 um1LnrntlTirrh.ne:Je:Jn'frLrniu m1iie:Ju:JJ&J~~1:: 1u11;Jm v~1m1n'r'i11 ~L'll'&JLf'VI&J1 tJ"lfU'llnmh&J1 v e:J1"ilN;J~&Jm::'Ylu 
~ ctcu cu 

1 ~1::uum1'1'11;J1U'lJEJ;J~1~1L:JJL&JnSliim1:JJ~cntln~1tl 'V\~e:J'VI1milum1'Yh&J1 v Ten mtl~ vu Tm;J~f1;J'lJ e:J;J~iLauLEJ '1'11 
' 

1 ~11;Jm viim1~f1;J flu~ ~'iltln~"ilUe:Jl"ilnSll tJ Li:JuL'll'Sl Lf :JJ::L ~;J 1~ u 'VI ~;J~l.Jl'lJ e:J;J e:JU:lJ&J ~ ~1::m 1~"il1mtMn tJ 1 u LLSl:: 
'" 

m vue:Jn-:il;Jm v L'll w11 v 1 uLnrn"illnm::mum1L:lJ'illiJ e:J~orr:JJ'lJ fl;J eJ e:Jn'frL"ilum v 1 UL'lf&J ~ (m::mum1~f1;J~ ~.J.JlU 

m1L"il~ruL~iJ L<il'lJEJ;JL'Jl'&J~ 1::1J1Jnilfi'm1u'lle:J.J-:i1.Jn1 tJ 1 um16J.i1L -iflL1f1'11 fl.JLiJrnL~fl'il'lJ11 LL&J::1::1JlJN;J «ruru1 rn1::'V1-:i1.J 
Q,l cu q Ql Ql 

L'll'&J~) N1umoueJnfl1"il1~~1J"il1n~.JLn'il~eJ:JJ1u'VI&J1tJ'Y11;JeJ1f1 m1«mr~nlJ~11Lf1ii f.J~ tJ11J1.J"lfii'il :JJ&J~~"il1n 

~.JLL'"ltn~El:JJ fllUlJ'V\~ 11:JJ1tJn.Jm:lJ1ffiLL~.JLL'iltn~LnU'lJUl'il tJn~LL~1-:il.Jn1E..I'lJeJ.J:JJU~V'il::iim1~n~l~:JJtn&l'lJEI.Jfl'U.:JJSl 
'I q 'I IICU 

~ ~1:: 1 ~ fl ~1 ummrn ~L 'V\:lJ1::~:lJCll1 tJn11~fl;J~11Cll1UeJU:lJSl ~~1:: (antioxidant) LL~tlTh;Jm VL~tJ~:lJtn&ll'll tJiJmmrn 
CU 'iCU II 

'1JeJ;JeJU:JJ&J~~1::mnn-:i1mmrn'lJeJ;J~11'lllueJu:JJ&J~~1::5uL ~fl;J:JJ1"il1n~1L'VI'il~l;J "I ~.J~n~11m1 mY1.J'li'u N.J~&J1 ~ 
'\ cu q '1.1 'I 

LlJU~:JJ1'1Jfl;Jhf1~1;J ") L'lfU n11LLrlrlfl'U.lE..I hf1~1h L1Jl'V\11U hfl:JJ::L~;J ':!Sl':l ~;J,fU:lJU~tJ~;JClleJ.J1Cll~lJ11'11Clll'U.fl'U.:lJSl 
' '" 

st1'1 :: Lyj:JJL~:JJ"iJlnmE..Juflm'lfu m1~1Jtl1::mueJl'V\11'ill~1n~n ~&J13J LL&J::t'!:J.Ju1~1 Ylii11'11Cll1UeJU:JJ!ilst1'1::Lvlfl'li1E..J 
' '" 

fn ~1 t'!:lJ en Sl1::'V\ l1;) f)'U,:Jj iil LLSl:: 11'11Clll'U.fl'U.:JJ iil ~ 11'1:: Cll1 tJ L 'V\ 'i!Ut1'11Cll1 'U,f)'U,:Jj Sl ~ ~1::~-J 1'li'~1Jml :JJ t'!'U. hill nun1 11 tJ 
q 'I'U 'ICU I! qc:u 

un1'Yl E..11f'!l 11'<ilfn11LL ~'Yl tf un L!l"lf'U.ln11 LL!il::~~~nt'!'lJJll~LiJUfl ~l;J:lJln 1 ulJ"iJ"iJU'U. [1] 
" ' ' 

n11U1::Liluml:JJ11'1:JJ11rl 1um1Cll1Ufl'U.:JJ!il at1'1:: 1 'U,~1fl~1.JU1::L!l'Yl<ii1.J ") 11'1:lJ11tl'Yh 1~'VIiill tllTIL 'lfu n11 
'" 

1 Lml::~ 'V\1U~:lJ1 ffit1'11"1fU<il1Wl5U'il'V\'ct;J 'V\~fl n ~ :lJ 1m n ~ :lJ'V\'ct;J ~~1Jl1iifl ffit'!:JJU~1 'U.n11Clll'U.fl'U.:JJ iil a 11'1:: L 'lfu 
q 'I q 't 'tl 

Flavonoids, Carotenoids, Vitamin A, C, D, E, Gallic acid 'V\~flt1'11U1::neJ1J~Lu~n [2] LL~hml:JJLiJU"iJ~.Jmmrn 

'1Jfl;Jt1'11'lllueJu:JJ!ils~1:: 1uvl"lf~n11':JJU 1~1wct;J "I irm::tl1::neJlJLtl'li'1tJ11'11'll1ueJu:JJ!il~11'1::'VIiil1 v "I "lfiirn~~:JJnueJ~ ~.J 
, 'U , 'i 'U 'U 

11:J.Jn.J 11'11~iibl'Ylt;1 um1'l11ueJu:JJSl ~11'1::u<ii tT.J1:!.lmllJ Tm;J11'f1;)'1JeJ;)11'111lu 1::u1~11~ eJ~11 1'11 ~.J,fum1~1l:: 
' " ' 

tl1:: Lilum1:JJ11'1:lJ11n 1 um1~1ueJU:lJ t1 ~11'1:: L'll mLr.m1 Lm1::~-:i1ii ~11"lfucn 1'11U1;J~.J Ltlum1v1n LL!il:: 1:JJ'ill d:Ju 
' " 

U1:: L~'U. Ylm1~'U. h<il11"iJl'llfl11"iJ::L iJum1tl1:: dJuml:JJ 11'1:lJ11rl 1 Un11Cll1'U.fl'U.:JJ iil €it1'1:: L'll t/11 :JJ (Total antioxidant 
'" 

capacity, TAC) ~.nnnilrl"iJ::'li'fl.JlLm1::~9JU1::1J~icni1LiJu~111'll m1l'cn TAC ULiJUL'Ylf1Uf1~1'll~1Jml:JJUtJ:lJ 
' 

L ~11:: ~1 m1n LL~cn.Jtl1::~'Yl ITm~m1'li'1UflU:JJ iil €i ~1::'11 eJ.J li11 fl r.h.Jrl1n ~L~ tJ.Jml :JJ d:Jull'1 ;J m nn'"i1 [3] 
'" 

m11 Lm1::~f11 TAC Ten v'Yi'1 1tl"il::iim1~fl;JeJU:JJ&Ja~1::Ylm11Jm1:JJL i:J.Jiu~LL '1-iuflu LLiil::1 Lml::~ 
'" m1:JJ~1m1n 1 um1tT1J tY.J 'V\~eJ'lJ'il'll eJu:JJtl a~1::'1JeJ;J~11~1 e1 ~1-Jrl~uhl'cn Ten v1'11tl~mrneJu:JJtla~1:::Yltl'lltl;J'V\~eJYl 

'!;({] 't'U 

L 'VI~ eJ ~11Yl iiv :JJ1 ilih~1 rh L U'il eJU:lJ tl ~ ~1::: iT m::: 1 i~11tl1::: n eJlJ n ~ :lJ L eJ L'll' L 'lfu 2,2'-azinobis(3-
' " ' 

ethylbenzothiazoline-6-sulfonic acid) (ABTS) [4] 'r'i11~Ln'lleJU:JJtl ABTs·· L~e:J;J911nifl~'lJfl;JlTIU~eJ~1:lJ11rl'Yhm1 
'" 

1Lm1:::'V\l'll v1mhm1rnrnn~uLL~;J~Sltntl;J1'l) rf;J 1 uJluiil:::~Trlltl:::Sll E..JBU'Y11tf ~11€in~1~Ur.J:JJ 1iL 'lfunu~eJ 2,2-
" 

Diphenyl-1-picrylhydrazyl (DPPH) [5] n11lLfl11:::~~:lJ11rl'Yh1u'Y11Ufl;JL~tJ1rllJn11lLfl11:::~ ABTS"+ LL~L~fl;J~1E..I 
flU:JJ tl DPPH 13-11 1~ eJtlTin~tJ1 L 'VIiieJUeJU:JJiil~Lntn 1 u-:i1;Jn1 tJ"iJ~;J ") 'I'll 1 ~Ln'lltl5n~tJ11'li'i1 N\l~tl1 ~n11U1::Lilu 

C!'U ~ 'I'U 

m1:lJ~l:JJ11t11um11i11ueJu:JJtl~~1::1~ueJtJnilml:JJLiJm~;J [6] 
'" 

~11Ylfl~1un~:JJ~11U1:::neJ1J~Lu~n; LCllLLri flavonoids, flavones, gallic acid, ellagic acid, anthocyanins, 
" ' 

carotenoids LLtl:::flu~u!f'lJeJ\1 cinnamic acid [7] ~111un~:JJULUU~11Yl1~«uLLrivh ~n t-Jtl13Y L'liU~11 11'11 
' ' 

carotenoids ~1~i:JJ L'VI~fl;J 1uLLmeJ'Yl Wn'YleJ;J :JJ::SJ::neJ LL&l:: anthocyanins ~1'VI']LLtn\11U~b'leJ~u t'!l1L'V\ i.hd~u 
' 
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mm!EJ tl~1\11l'U.~UEJ rJ rlU"ll'itli!'lJ EJ.JVJ".ll' ff1"l<iJ1UEJU:lJS1 Elff"l::Ynnd '111L ivha:irJiJf1':lJ nu-;nn n1"l~lil L .:ffEJ ~1-J ") LLSl:: 
'\1 (j'\J ClJ q 

ff1:lJTHl'Yltt~m..J~ii1tl1 photooxidation 1um-rff11.JEJ1V!T~Liil [8] ff1"l1h::nEJuw1u~mfuEJmnm::iimu.ff:lJU'lLtlu 
' 'V A 'J..' (L; .d ~.d o 1 4 G..oo V """ Q..l "-" q..o 

ff1"l~1UEJ~~Sltlff"l::LLS1l ti.J:IJ~nl,ff:IJU~El'U.') L"ll'U "ll'ltl'l1ti1E.JV!S1El~LL'ltl~ L'l~n1"ltlnLff1J m::~m::UU.IJ:IJ~:!Jntt ~1U 

:IJ::L!.J lii'1tthflniim4' '111L'l1E.JL.:B'EJ hfi~L-il1&l11.Jn1E.J [9] 1~1unTnh::LiittVt1mmrn'il:lJ'lJEJ.Jff1"r1h::nEJuw1 u~mf~:: 
~ ~ 

1'lf Folin-Ciocalteau Reagent (FCR) [10] ~.JLiJtt1Lm~u~~ii~LVt~EJ.J bbL'l::iiff111h::nEJUL~.J'l!EJtt'l1EJ.J 
heteropolyphosphotunstate-molybdates LiJttEJ.JflD"l::nEJu b~ ElL i'l111..l~ii1E.J1rl1Jff1'i1h::n EJU 1 un~:!Jw1 u~n ~ FCR 

';ij:;rm1~l'lfLLL'l::1:lJ~u~um::nml..l~E.Jttl'JEJf:lJ';ij1nEJEJnorrL~'li'u +6 Ltiu +5 [ Mo(VI) + e· ~ Mo(V) J '1111iff1'iL'l::L'l1E.J 
~ ~ 

bD~tlm1n~LVt~EJ.JLiJu~J1b~tt 1..l1mrn'l1EJ.Jff1"lff1"lD"l::nEJuw1u~mfluff1"lilEJci1.J';ij::Lbl..l-r~um.Jnmhm-r~~n~u 
~ 

LLff.J'l1El.Jff1'iD'i::nEJU~J1L~U (Mo(V)) ~Lfl~~U Lttlii'1tt'lJEJ.Jfld1:1J-;}1LYn::L';ij1::';ij.J'lJEl.JD~mE.J1 FCR LUlTim"lU"l::Liitt 

Vt11..l1mrnff1"lU'i::n EJUW1 u~n~,fu,';ij:; L i Na2C03 m1:1JL'Jl:IJ'Jltt 7.5% L Un1"lUf1Jff1l1'Yfli:JLEJ"ll'L i El ci1 UffllTVHU ff 
~ 

(pH-1 O) L vlEJ'111l i ffml::L Vtm::ff:JJnum'iLL~nil'll EJ.J ff1'il..l-r::n EJu 1 Y~~w1 u~n~bii~LiJuw1 ttLL'l~ LEJ EJ EJttLLL'l::ff1m'in 

11..l%1l'lf FCR Llil i.J,f ummrnff11U"l::n El1Jb ~.J'J5EJu~J1b~U'l1El.J 1:1J~1J b~~~ Lii~~U~.J LbU"l~U~"l.Jrl1JU1mrnff111ii'1tt 
EJU:lJSlEJff"l:: ';ij1nm::mttm"l<il.Jn~1l '1111 Vtl~~"ll';ijU"l::biittiim1:lJ-;l1L Y~1::L';ij1::';ij.J (selectivity) ~ff.J~tt 

'~ ~ 

.J1u1~ t~d'l!il~@u 1 b 'Ylfl itflm.J Lfliii bm1::lKbbuu 1 Vi :JJ b vl Ell "ll'1 um-ru1:: Liiu Vt11..l1:1J1 rnff111ii'1uEJu:lJ L'l a ff"l:: 
'~ 

(antioxidant) .J1ttl~ E.J bLD.JEJ EJmiJttffEJ.JGllttlii'l E.Jrltt i.Jlt Gll'U.LL 'in~ EJ"l::uu1Lm1::~Lb1J1JB~ 1 umi~iim"l~"ll';ij-1~ bbUU 

LLEJ:!Jb Y~Elfl~b:IJ'Yl11ii'l v.ffltl'J~1".ll'it~ 1mJ ".ll'itl1!nL'l1ff6JimfuEJu~i~bbD"llii'ltJfl1fUEJU'U1 1 wrhiJ (Flow injection 

analysis with amperometric detection on GC/CNT electrode) 1~vH.ffl1l'J~1~Liii'~@'U1~tt1um'i~~~1:lJU1mrn 
'11 EJ.Jff1"lEJtt:lJS1EJff"l:: 2,2-diphenyl-1-picrylhydrazyl (DPPH•) ri EJttbbSl::Vt~.J'I111..l1imv1nuff1'i'il1ttEJtt:lJL'l EJff"l:: 1..l1m rn 

'\ (\1 dJ q 'U 

ff1'ittl1tteltt:IJ G'l a ~n::~unul..l~m rnm"lL'l~ L'l\1'11 el\1 ff1"lEltt:lJ L'lEJ ff"l:: DPPH• LbL'l::Glltt ~ffel.J~ EJL!ill..l'i:: t1 n~b mrU.f! 
q cu '\'\J q 

1 Lm1::iK~~'fllm~um1 iiiJuil~"ll';ij-1~ 1 um•1 bm1::iKLLL'l::'Wff';ijULEJn~m!l-rnff1"l'il1usu:lJL'l aff"l::~l m mrU.fl 'lm Y~EJf 
~ '~ 

l'Jsfmu'lf~fli~ 1m3.n1 'Ylm1w 1uvhm:!JttLY~"ll'YlE.J, ~L'lL:lJ1.'YlE.J Y~u-.h 1i~L'ln1'i'Yl~ffEJ1Jbtlu~1-i.TrHJ h ut1m1nd 
' 

•::uu~~@tt1~tttT.J ff1:1J11mb 1uu-r:: E.Jn~1!ilnu.J1tt1 Lm1::~~u "J ~nlii'1 v 
' 

2. n1-:i'YH?l~u\l 

2.1 Cyclic voltammetry 

n11'Yl~L'leJ.JL<Jl"fl~n1lL'lLL'Yl:lJLLff~.Ji.J'iD~ 1 1~v1iLfl~eJ\I potentiostat '118-J Autolab 1u PG12 (Metrohm, 
~ ' 

Netherlands) L<Jl"L'l~lL'lLL'Yl:lJL:lJ'Yl1 (1D1b) U"l::nEJU~ltJ.ffl1l'J~1 3 .ff1 11ii'LLri .ffl1l'J~1".ll'itli!nL'l1ff6JimfuEJtt (GC) 
~ 

1l1d:IJ~1 (3 mm diameter) Vt~EJ .ffl1l'J~1nL'l1ff6JimfuEJu~i~LLU'ilii'lvmfuEJutt11 uihlf (GC/CNT) Llltt.ffl 'll'J~1 H 

.J1U .ff11'1"Jvh Ag/AgCI LiJtt.fflL'I"J~1B1.JEJ.J LLSl::liL'll~ Pt biJtt.fflL'I"J~1'1hV 
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(a) (b) 

2.2 Amperometry 

m~il~1,r1~LLl.JULLEllJL 'I'Hrfl ~Ll.l'Y11~HnuL 'Ylf1iif11 vJfl~U.L'ilfliu.a:::m~~~ (~tJ~ 2) HLV1~D.Jil~1;r'l~m.J 
'II 

'lvJvhLflii'iu. L-ECD-6A (Shimadzu, Japan) ~ij thin layer flow cell (~tJ 2a) tJ~::ne:Jl.J~1EJ.ff1'lvJvh 3 .ff1 'l~mi 
• 'II 

.ff1'lvJYl1'lfit~mn~oiimfu e~u. (GC) li~~l.lm 'VI1D .ff1'1 vJYl1nfl1~oiimfu e~u.~i~LLU~~1EJmfuau.u.11 u.ihu 

(GC/CNT) Li]u..ff1 '1 WW1 H.JI'U. .ff1 '1 vJvh Ag/AgCI LUU..ff1 '1 WW1 eh.l a .. :mtl::: H stainless steel Ltlu..ff1 '1 WW1'lh [J 

(a) (b) 
_ • .~ ~ ~ f( .. l!!!J,.l 'il1il~1'il1~LLl.JULLEllJL~D~ ~L:um a) thin layer flow cell LLtl::: b) electrochemical detector (ECD) 

iu. L-ECD-6A u1,;-'Yl Shimadzu • 
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~n~UDlU~1'lf'lu-:nu!J-;)!J1U~1U'lleJ·n::UUlLml::lfLLUU5~i~tum\~3Jnl".i'lil".i'1'il1<nLLUULLm..JL'Y'if1fl".i'L~'Yl~Gl1!J 
.ff11 i'JYJT'lfU<n Lv1~ 'll'U<nmnffsnf1Tfu au~<;] <n LLU".i'Gl1 vmfu f:lU U'l h .Yhll (Flow injection analysis with 

amperometric detection on GC/CNT electrode) ii 6 'lfU<nLGlLLri ~nm::1<nu ~n3VJ~'l ~nLL'lJ!.l\1 ~ndJn ~nLLYl1 
~.:- tldq.,~ .dA 5' Q.;.cf .... 1 I Q..ox~ 

LL~:: ~nm (~ 'lff:l'Ylf:l\1{1'1-t LL~::'lff11'Yl!Jlf'l'lfflil".i''lJf1\l~n'Y'iUU'lULLff<fi\l Ull'lfl~U1n n., lil'l".i''l\1 n-1) ff1U~n'Y'iUU'lU 

~h'Lu~1U'llf1\IL'Ylf1UfllLml::lfmlil".i'i1U (DPPH, ABTS LL~:: FCR method) 3J 11 'lfU<nLGlLLri U1Un ~nmd<nu ~n 
LL'll!.l\1 ~n'lf::'Y'i~ ~miln ~::".i'::.:ffun ~nuYi'1 ~n~11u~nVJ11u 1ucl'lm\l LL~::<nf:ln~n~~ (".i'tl ~m1f1\l~u LL~::~f:l 

~ ~ 

= .- ~ X "' 1 tJ 1'Yl£..111'11ff~".i''lJ€J\J~n'Y'iUU'lULLff~\J Ufl'lfi~U1n n., ~ n-1) 

U'l ~nm~'l\l'ri'lm'l~ ff::f:l'l<nLL~l~\1~~1 ~LL ~\I LLE.Jn Lf:l'l LU 'Y'i'l::&hu1u (bb~::<n f:ln ~1Vi1'U<neJn ~n~1) eJU~ 
f1 ffiVJfliJ 40 °C U'lU 48 i1 t~\1Gl1 !JGlf:lU~~feJU 'ilU LGlJ'lwun~fl\1~ ih LUU<nVJ1mJu 1 ViLGli1 eJr.l'l\ILL ~\l~dJu.LifeJ 
q ~ ~ 

L~r.nnu m".i''il~\11um'lfu::~il<nii<n~<n LT1u1mn1l~f:lruVJniJtl".i'::mru -18 °C m".i'ffrl<nffl".i'i'luf:lu~~aff".i'::'il'lnff'l".i' 
(j , 'U 't'U 

i1f:lcl'l\I~~U'l'il'ln1TI'llf1\l S. Silva [11] 1<nv'li'.Ji1f1cl'l\ILLi\lwtXn 2.5 ± 0.0001 g mffrl<nL~m-'hi<nL:iJ<n~ (pigment) 

u~::L'll (wax) G11v L<JnL'll'ummlil".i' 25.00 mL (ffn<n 3 fl{\1) U'lmn~LVJ~f:lmffn<nGl1!.l 80% L~muf:l~ tl~mlil".i' 
25.00 ml LL~:: 2% Na2S20 5 m~'l~".i' 5.00 ml (ffrl<n 3 fl{\1) U'l.ffWJHl\JLVi~1~ffrl<nLGlm".i'1~rlU 'il'lmfumf:l\lt·hU 

m::<nTI~n".i'€1\J'lJU'l<n 0.45 l:JJ tmL:JJm LrlUi1eJ r.J'l\1 1 Ull'l'lfU::~'lf'l~aJ1-·hil<nffU'Yl~ f1 ru VJfliJtl".i':::JJ'l ru 7 °C 
q ~ 

2.4.1 15ABTS 

LrlUff'l".i'~::~'l!J ABTS b'Ji'~'Jlu 1,000 ppm 1flu~~<n 12-16 i1L~\J 1-i'l:JJ'lL~eJ'il'l\!Gl1!JLf:l'YllUeJ~1VJ'1G)fi'lnl".i' 

<n<nn~ULLff\laci1wri1\l 0.7 ~0.02) ~m'l~!.l'l1fi~U 734 nm (ff'l".i'~::sm.J A) 
~ ~ 

iJLU<nff'l".i'~::~'l!J A mmlil".i' 2.90 ml 1~1u cuvette b~~L~mua~mm~".i' 0.10 ml 1u cuvette Lnu1flu~ 

~<n 20 mYi U'lm1<nfi'lnl".i'<n<nn~ULLff\IYi 734 nm (Acontrol) 
~ 

fff'l.Jm'l'r'l~1~".i'~'lu1<n t.rJ<nfhn'l".i'<n<nn1'iubLff\J'lleJ\Jff1".i'Gl::l'nt.Jm~".i'~1U trolox ml:JJbi:wiu<?\1\J <J ( 50, 1 oo, 
~ ~ D 

150 bL~:: 200 ppm) L<nE..J1i'ff1".i'~::~'lE..J:JJ'l(fi".i'~'lU trolox LL'YlUb~'Yl'lUf:l~ (AMeasure ) fi1'U1ffiVi'lfl'l% ABTS Radical 

Cation Scavenging Activity L~>Wliff:JJn'l".i'~ 1 fff'l\ln".i''li'J:JJ'l~i~".i'i'lUL<fi!.J'Y'i~eJ(fi".i'::W"il\lm'lmi:w'li'u'lJf:l\1 trolox nu 

fi1 % ABTS Radical Cation Scavenging Activity 

[
A -A ] %ABTS Radical Cation Scavenging Activity = Control Measure x 100 

A control 

............. (1) 

fi1 % ABTS Radical Cation Scavenging Activity bL~::mmru".i'1~ff'l".i'i'lUf1U~~aff".i':: 1u".i'tl'lJa\l mg of trolox I g of 
·~ "' 

sample 
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2.4.2 :SS DPPH 

ULtl~~THl::i.'llE.J DPPH Li3Ji'\.4 6 X 10.
5 

M mm~1 2.90 ml 1~1u cuvette L~3JL3J'Yl1'\.4e.JL'Im3J1~1 0.10 

mL 1u cuvette Lnu1ilu~i'i~ 1 i'1L3J-\I U13J11enYhn11~enn~uLL~-\I~ 515 nm ( AcHpH) 

~f1-\ln11W3J1~1~Tu.LenE.J1en,hm1enenn~ULL~-\I'lle.J-\1~11L'I::L'I1E.J3J1~1~1'\.4 trolox m13JLi3Jiw~h-\l ., (50, 100, 
~ ~ ~ ) 

150 LLL'I:: 200 ppm) tenE.J1i~11L'I::L'11E.J3J1~1i1'\.4 trolox LL'Yl'\.4L3J'Yl1'\.4e.JL'I ( Astd) fl1'\.41nt'V\1rh% DPPH Scavenging 

Activity tenE.J1i~3Jn11~ 2 ~f1\lm1wm~1i1UtenE.J'\Al~am::wi1-\lm1mi:wiu'l!a\l trolox nufi1 % DPPH 

Scavenging Activity 

%DPPH Scavenging Activity= [1-(~)] x 100 
AcH,oH 

····· ·· ····· (2) 

1 en fi1 m-:~enen n ~ ULL~\I'llfJ-\1 ~11~1a El1\l ten E.J1 i~1-:~~nen -:u1n Vl'lfu L'l::: ~:w u1 '\Al-:J~1a El1\l LL 'YlUL:w 'Yl1 ua"' 
'U q 

fl1'U1lli'V\1fl1% DPPH Scavenging Activity LLL'!::tl~mrn-:~1:!J~1-:J<?l1U1J'u.:!JL'l~~-:~::1mtl'l!a\l mg of trolox I g of 
'" 'U 

sample 

2.4.3 :SS Folin-Cioculteau 

m-:~1Lm1::ifm3J1nt11:!J'li1J\1~1-:Jtl-:~::nmJY-lh~ntften£.J1rr Folin-Ciocalteu Reagent (FCR) rhm-:~'YlenL'!a.J 

Tenm<n~r.J:!J FCR tenE.Jm-:JU1 Na2W04.2H20 100 g , Na2W04.2H20 25 g, menh·1en1f1L'I€l~mi:wiumm<n1 100 

ml LLL'I:: men phosphoric acid Li3J,)u 85% m:W1<il-:f 50 ml 1~1uumnaf'l!U1en 2 L L~:!JJ1m:!Jl<n-:! 700 ml 1i 

m1:wfmt':il'iH~aenmu 10 i1T:W\I -:u1mfuL~:!J Li2S04.4H20 30 g -:u::1<11~1-:JL'I::L'I1£.J~L'V1~1J\Iriau .ff\1~\ILiliL~u 
tlf'!Jmmm1iLi'}u. 1 L d'lubm'!fu::fiuu~\1 LLL'I::Lnu1ilu~L~u 

U1~1-:JL'I::L'l1E.J FCR :!Jll~€l':il1\11im1:WL"JJ:wiuL'I<nL'I\I 10 L'Yh (~1-:JL'I::L'IlE.J B) 

~f1-\ln"i1W:!Jlm~1U1~E.J1i~1-:JL'I::L'I1E.J 8 mmc;n 1.25 ml ~1'lL'I::L'I1£.J:!Jl<n-:!~1U gallic acid ~m1:WL"Ji:w"Jiu 
D ~ 

~1-\1 ") mmm 0.25 ml 7.5% Na2C03 1.00 ml LLL'!::tlfutl~:!Jl<n'lb'l!1~1~tJ~m<n-:J'll'u.1~ 5 ml ~1E.JJ1tl11f'l':il1n 
1aaau ~\11ilu~i'i~mu 1 i'1L:!J-\I U1~11L'I::L'I1E.J~1~1~Yhm-:~~~n~uLL~-\I~m1:wE.J11fl~U 760 nm 

'U 

1~fi1m-:~~~n~uLL~\I'll e.J-\1~11<111 a E.l1\l ten E.J 1 i~11~n~-:u1nYl'lfLLL'l::~:wu 1 '\Al-:J~1a El1\ILL 'Yl'u.~1-:JL'I::L'I1 E.J:!Jl<n-:1~1'" 
'U q "' 

gallic acid l'llu1rn'V\1fl1mmrn-:~1:w'lJa\I\1~1-:Jtl-:~::nauv.lTu~nffimtl'lJa\l mg of gallic I g of sample 
'U 

3. 1 Cyclic voltammetry of DPPH 

~mnL<Jrfl~n 1 1L'ILL'Yl:!J L:WLLm:w'lJa\1~1-:~au:wL'!a~-:~::: 2. 2-diphenyl-1-picrylhydrazyl (DPPH) ~.ff11wvh'lfit~ 
'" 

nL'l1~6fimfuau (GC) ll11:W~l LLL'I::~~~LLtl1~1E.Jmfuaum1u-n ... nf (GCICNT) 1u~1-:~L'I::~n£.Jwa~LW~?JUWLwaf pH 

7.4 ~iJ KCI ml:WLi:WiU 0.03 M LLL'l::L1J'Yl1'\.4€lL'I 40% ~L'In11'Yl~L'11J\ILL~~\I~\I'lU~ 3 
'" 
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tl~mh::mrn 2552 

"::tl~ 3 L'15f1~n1laLL'Yl3Jhmml.l'llEh'l~1":1e:JU3Jas~":::: DPPH ~.ff11vh~hna1~~mfue:Ju (GC) ll"::":il.lmbba:: 
~ '" 

.ff11 'Wl'hna1~~mfu e:Ju~Cl1~bbU"::~lr.Jmf'!Je:JUU1 t wrhu (GC/CNT) {b~wnu) bbr;l::b~Uu"::::bb~~-:~ background 

current ('WEl~b'W<mJ'Wb'We.rf pH 7.4 ~ii KCI m13Jb'lil.l'Jiu 0.03 M bbr;l::bEl'Yl1'U.e:Jf;l 40%) 

3.2 Scan rate dependence study 

~r;ln1":i'Yl~~e:l-J'lle:l-J scan rate dependence study 'lltl-J~1d"e:l'U.3JSlS~":::: DPPH ~.ffl1'Wv:IT'lf'U~n~1~~ 
'" 

mfu tl'U. ~~~ bbU":i~l tJmfue:Ju U11 wrhlf (GC/CNT) bb~~-:!Cll-J"::U~ 4 
" 
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~_150 
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-= 50 u 
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(Scan rate)112 
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O.D4 V/s 
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tl,:,utb":::mrn 2552 

7tlfi 4 L'l!fl~nllG'lLb'Yl:JJhmm:JJ'lJEl.J~T'HlU:JJG'lB~1::: DPPH ~eJmlb1lhm1Lb~m-~,fil~l.J ") (0.02, 0.04, 
- .'IJ 

o.o6, o.oa. o.10 bbG'l::: 0.12 VS-
1

) ~offl1vJY:hnG'll~tlimfum-~,~rt<nbbtl1rtltJmfuaum1u.Yh1f (GC/CNT) (biwnu) 

uG'l::: background current ('fJa~bvJ~uvJbvJaf pH 7.4 ~ii KCI fnl:JJb"JJmYu 0.03 M LbG'l:::ba'YllUElG'l 40%) {biut11:::) 

-<ii1m.JG'ln11'Yl<na.J1udtl~ 4 -<ii:.:Lv;whda1i8~11L1l1um1LL~nu~~.J~U-<il:.:1~fhm:.:m~~~.J~u 
'IJ 'IJ 'IJ 

rhm:.: u~~'l~mY-lG'l a ~nurh fh~ufl-h'Yl'll a.Jei' ~d1 L 111 um1~LLnU ( rt.J1tl u mn) Y-~u··hrhm:.:u~utl1~U~1.Jnufh 
'IJ 'IJ 

~bbfi11'Yl'lJEl.JeJ~1lL1l1um1~LLnU (r
2 

= 0.994) Lb~<il.J':htl~n1tJl~Li1<n~udJULLlJlJ diffusion control process bLG'l:::hi 
'IJ 

bi'\<nm'l~<nonlJ'lJ El-\1~ ~l'lJEl.J,ffl L'fJ'Nl GC/CNT 
'IJ 

3.3 Cyclic vo/tammetry of antioxidants 

m'l~mnL'l!fl~n LlG'llb'Yl:JJ 1:wum:JJ'lJEl.J~l'l~lUElU:JJG'l~~1:.:~~uh~.J 5 'lfU<nL~bLriL'liu quercetin, trolox, 
'" 

catechin, gallic acid LLG'l::: cafeic acid 1oomn1u~l1G'l:.:G'lltJ'fJa~LvJ~uvJLvJaf pH 7.4 Ylii KCI m1m"JJ:w"JJu 0.03 M 

LLG'l:.:LEJ'YllUEIG'l 40% ~,fflL'fJYh'lfli.<nnG'll~tJimfuau(GC) li11:JJ<illLLG'l:.:~rt<nLLtl1~ltJfllfuaum LuYhD (GC/CNT) 

~i:'lm1'Yl<nl:'la--lu~<n--lrt.J1tl~ 5 
'IJ 
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I 40 ~A 

.. ........ .. ... .. · 

-.2 0.0 .2 .4 .6 .8 

Potential (V, vs Ag/AgCI) 

dtlfi 5 L'1ff1~n1·nmruJhJLbm:JJ'JJ€h'lffTi'ilTtHJU:!J~Elff1:: 5 'lfU\fi (cafeic acid, gallic acid, catechin, trolox - ''" 
LL~ :: quercetin) ii.ff1 1vlvhn~1ff:Jimfue:m (GC) tJ11:J.Jmu~::~~lfiLL1.h~1 r.JT1Tf1Jauu1 t ufhu (GC/CNT) (Liwn1J) 

bb~:: background current (vlaffbvl~i!UvlLvlaf pH 7.4 ~ij KCI m1:JJL'JJ:JJ'JJu 0.03 M bb~::Lamua~ 40%) (Liu1.h::) 

Ldmmr.~1JLTir.J1JI!-l~m•'Yllfi~a>~•:: 'VI 'h~m•hr.ff11vlw1LL1J1Jn~1ff:Jimf1Jau (GC) tJ11:J.Jm LL~::~~Ifi LLlh~-w 
m f 1Jauu1tufhu (GC/CNT) Y-l1J':hL'1ff1~n11mm:JJ1:JJLLm:JJ~L~"il1nrf.J.ff11vlw1 GC bb~ :: GC/CNT 1~f'lf1tJ€ln:fi" Liil 
iu'JJ€l.Jff11~1U€JU:!J~El&f1::~&fU1"1Jrf.J 5 'lfUiil~'lflil L"i!U bb~1u.ff1Lvlw1 GC/CNT 'il ::1~fi1 S/B ~ff>~n·:i11u.ff1LvlW1 GC 

''" 'IJ 

th:::~.nrn 8-30 Lrh LLfflfi.Ji1m1i Lm1::1K~1r.J.ff11vlw1 GC/CNT "'J::1~~.rnY-lL11um•~:hwn::1K~ff.Jn11 
'IJ 
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3.4 Effect of CNT modified amount on the detection of DPPH 

~SI'lltl.J'lla.Jm3J1nt CNT ~1'lfl um1~~LLtJ1.ff1 t 'l'lvhmm~·~mfuau ~iJ~am11Lm1::,{~1mmru'lJa.J 
DPPH bLff~.J~.J1U~ 6 

'IJ 

30 

0 

c 
D 
B 

A 

0.00 0.02 0.04 0.06 0.08 0.10 0.1~ 

Concentration of DPPH (mM) 

~ m1'1'lm<n1~1u~1!?l'i11nm11Lm1::,{1fJmru DPPH t~r.JH.ff11'1'lvhmn~;mfuau~~~LLU1!?11r.J 
ff11SI::S11r.Jmfuauu1Lltthu (2 mg/ml in DMF) mm<n1~1.J ")(A) 10, (B) 20, (C) 30 Lbt'l:::: (D) 40 JJL 

d 1"· y; 1 "' .I ~ '1 •• 1.':1 "' <' .¥ 'il1n~fln11'Yl~Sia.J L3Ja "Jfu1mrn CNT um1~~bLu1'lJl brrrnnS~1ff'lrfi111Je:mmn'llu 'il1n 10 - 40 JJL 

'V'lU'"h~hm::LLff'lJa.J DPPH ~1!?liJ~hL~3J~lt LLSI::~hm::LL~'lJa\l background current (i'.Ja~LW(9JUWLWaf pH 7.4 ~iJ 
KCI fi'113Jb'J!3J'J!U 0.03 M bbt'l::::La'Yl1UflSI 40%) niJfi1L~3J,]U!?llr.J t~mdm.bfi1 S/B :!..11'V'lS!a<nm1Wmm~1U1u-:nJ~ 

"' " 
4 'V'lu·:hmm(911'1Ja.J CNT 1um1<1l~LL1hfi1~ffm'V'lm13J1l (Sensitivity) ~.Jfiff~~tl 30 1-1L t1l.Jttumm<n1'lla.J CNT 

'IJ ' 

tim3J1::::~3J 1 um1m1<1l~Lb1.hoff11 i'.JVl1nS~1ff;mf1Jau~ a 30 1-JL 

3.5 Amperometric detection of antioxidant capacity 

1 unw)<nmm nt~11~1UaU3JSI a ~1:::: Lb'!J'!J LLa3J L 'V'l aft 1L3J'Y11";J::~~m3JU~m nt'll a.J~11a'U3J S1 8~1:: (DPPH•) 
q~ q~ 

t~ mi'1 b~3J~11~1'Ua'U3JSI B~1:::: (AH) ~11~1'Ufl'U3JSIB ff1::::'il::'YhU 1lmmn1Jff11a'U3JSI a ff1:::: <1l\lff3Jm1ii 3 "'U 'l 'U ~ 'I 'U 

DPPH. + AH -1- DPPH- H + A . (3) 
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3.5.1 Chronoamperometry 

nTi'r11ilG'I EJ.,'!lliltn:J..n ntff1"l~11-I.El1-t:JJG'I aff"l:: bbllll bbel :JJ b l'l e1fl "lb:JJ'r1~~1 m 'r1f1Ufl chronoamperometry ~,f11 ~Yi1 
'" 

'15u!iln~l ff~mfue1u (GC) 1in:JJ!il1 bmvu b fl vunu.ff11 vJi'll'15it~n~lff~mfueJu ~~!ilbbth~1 vmfu e11-1. m T ui11u 

(GC/CNT) ~~nl"l'r11il~El.,'lbbfflil'I1~'111U~ 7 
'IJ 

~1.]~ 7 bbfflil'l1 1 '!Xb ~1-tl1f'hm::bbff'llfl.,'! DPPH• ~::b ~:JJ~Ub~EJi:imd'b~:JJffld'Sl::G'I1£.Jmmjl1-t DPPH• (0.02 

mM) (~1Wlf1 £.J'lJEJ.,') chronoamperogram) bbfl::~hm:: bbff~::iifi1 G'l!il~'l1 b~EJiinl"lb~:JJ ffl"l~l1-I.El1-t:JJSl affd':::JJlCild~lU 
q'IJ ... 

gallic acid (0.01 mM) (~11-t'lJ11'llfl'l1 chronoamperogram) 

1 

0 --1 
::-- -1 
= ~ 

'"" '"" -2 = u 

-3 
GC/CNT 

-4 
0 10 20 30 

Time (min) 

40 

gallic acid 
(0.01mM) 

50 

b~:JJffld'~::~l£.J:JJlCild~l1-t DPPH• bi:JJ'Jlu 0.02 mM 'r1n 61 4 1-tlfi bb~:: ~lU.'ll11Liie:li1m1Yi~~el'I1L~:JJ~l1<lllu.au.:JJ~ 
"" 't J , ~ 

S~1:::JJ1Ci\d;;il1-t gallic acid fl116Jbi:JJiu. 0.01 mM YJn 61 4 1-l.lYl 
... ' J 

trlatmvutfivu~s:~md'YJ!ils:~a"1::'VIil\lm1Hi11~i'l1Lbuun~lff~mfuem (GC) 1i11:JJ~lLLs:~::~~~LLll1~1£.J 
mfue:mu1Tui1-:nJ (GC/CNT) l'I1Jll,f1L~i'll GC/CNT 1'\Xfilm::bbff~~"nil1ui1L~vh GC 1.l1::mrn 4 L'Yh LL~:: 

'IJ 

.ff11 ~i'11 GC/CNT ~:: 1 lXiq,~q,~lrn~iiml~JL~n £.J1:JJlnnil 

3.5.2 Flow Injection Analysis with amperometric detection on GC/CNT electrode 

~~nl1Yililfl el\l~lnnl1llilbbll1Jbbel:JJL l'lelf[ 1b:JJ'r1~~,f1L ~i'll GC/CNT bb~lil" 1 '!Xb ~1-1. ilL 'r1f1Ufllbf1dl::vf~h1 
.w~u1~u.1 '\Xiruru1 rn~iiml:JJLffn £.J1 Lbs:~::ii~ml'ILlff\1 1~1..1.11ITitltltld'::r.mlil1inub YJflUfl T ~s:~auL~fliueJ::ul~;~ 

Q.l cv '\.1 II 

(1tJ~ 8) L via HLiJuL YJflUfll tml::'VI1 u.m1tl1::d.Ju 'VIlmm rn~ld'~luEJu.:JJs:~affd'::11:JJ (TAG) 1 u.~1a cil\1~11~n~~l n 
'IJ ''" 
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20 L s pl /sta da d )l am e n r 

DPPH carri er ~ 
....................... 
: Thin layer 

flow cell Waste 

Pump . .......... . ...... ... ,,. 
WE: GC/CNT 

1.0 mL min-1 Ref.: Ag/ AgCl 
Aux: Stainless steel tube 

ECD 

·n..J~ 8 LL~umvm:wuut Y'l~~'l!th'l':l:::uu 1 Y'l~BUL'ilfliua:::u11'i~~~ih:::uu<il-:Jl'il1~bb1JUUEJm 'Y'jEJf( -:JL:W'Yl~~ -off1LY'lYhLLU1Jmn~~mfu€1U~~~LLU1~l!Jm{U€l'UU11wn-nJ (GC/CNT) ~~<U.Ju1:ffu (carri er, 0.25 mM DPPH 1u 

Y'l€1~LY'l~l'U1i'lLY'lsf pH= 7.4 ~3J KCI f111:!JL'Jl:!J'Jl'U 0.03 M LL~:::L€l'Yl1'U€1~ 40%) 

3.5.3 Optimum potential for amperometric detection (Hydrodynamic voltammetry) 

~~n11'Yl~~ €1>1 L yJ svmhf1n !Ji. y.lyh~L 'V\:!Jl:::~:!J 1 'Unl':J0hm1:::i ~11~1'U€l'U:l.J ~a ~':J:::'lJ €l ·:JJ:::1J1J 1 y.l~ am 'ilfliUe:J::: 
'"' 

'U 1 ~~~~3JJ":::1J<il1l'ill~ LL1J1J LLEl:!J L 'Y'j aft 1L:!J'Y11~offlL Y'lfhLL1J1Jn ~1 ~~mfu El'U ~~ ~ LLUJ"~l !Jmfu El'U 'U 11 'U'YllD 

(GC/CNT) LL~~>I~>Id"U~ 9 
'U 

1.4 

1.2 

1 1.0 

~ 0.8 
c 
~ 
... 0.6 ... 
= u 

0.2 

~Gallic acid 

-•- Caffeic acid 
-D-Trolox 

--f>r- Catechin 

~Quercetin 

0.4 1 .. 

0.0 4-----r---~-----r----~----r---~-----r----, 

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 

Potential (V) 

1tl~ 9 Le!hn1~u1:1Jn1-:~LL'Yl:!JL:!J'Yl~'il1nm1u~~11<?1'1u€Ju:l.J~a~-:J::: 5 'l)'U~~>~hJ":::uu:::uutY'l~am'ilfliua::: --- '"' 
m~~~~3'i':J::1J<il':Jl'ill<lHL1J1JLLEJ:l.JL 'Y'j€Jft 'H:l.J'Yl~~off-:~1 Y'lvh GC/CNT (antioxidant standard concentrations, 2.5 J.J M; 
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carrier, 0.25 mM DPPH 1u 'Wfl~L'W<ilU'WLYlf:rf pH = 7.4 ~~ KCI fl11lJL'Ji'lJ'Ji'U 0.03 M LL~::L€l'Yl1'U.fl~ 40%; 

injection volume, 20 IJL; flow rate, 1.0 mllmin) 

-;n n ~ ~ n1~'Yl~ ~ fl..:J'I'IU11 Ld €l ~n £.JL vJvh L yj lJ ~-\I,]Uf"h m::LL ~~L~-;n n'Yl~ l.'l €1..:11 'U.~1~~1'U.fl'U.lJ ~a~~:: di flU 'Yl n 
'IJ q 'U q 

"1fu~i'ifi1~~l.'l\J 1u..:~1uii'£.Jd~..:~L~fln~mfl.vJvhL rhnu o.o5 v Llluf"h~n£.Ji.vJ.Yh~h1 umwl~l"'ill~ LLuuLLfllJL vwfh 
LlJ'Yl~ L '1'1~1:: 1 '\K~m'l'li. 1~..:~1 unTni Lm1::'!{ ~11~1UflUlJ~a~~::Lii flu'Yln'll"u~ LL~::~~n Eft v-lvhdrhm::LL~"JJfl\1 

'\J q 'lJ q 

~1~~::~1£.J~1'J!LU'U. carrier (0.25 mM DPPH 1u fJ€l~LfJ'i!UfJL'W€lf pH= 7.4 ~ij KCI fl11lJL'JJwiJu 0.03 M LL~::L€1'1'11 
Ufl~ 40%) 1'1Krh~fiflu'lY1\Jfl\J~ 1un~1~i.:l.lmuun 

3.6 Analytical features of the developed method 

L~'YJ<il~ fl-\1 L Yl fl~1fl ru~nl.tru::'lJ €1\J~::uu 1 yj l.'l a'U.L"'ilfli'U.fl::m~&fr~~ii~::U'ildl"'ill~ LLUU Lbfl~ L '1'1 flTI 1L~'Yl~~ • 
.ff1i.v-IV:h GC/CNT ~l€lci1-Jiruru1ru~L~"'il1nm1'Yl~l.'lfl\JLL~~\J~\J1D~ 10 

1000 

< 800 
= ._.. 

,.,.... 

= Q) 600 --= u 
400 

200 

0 

"'"' "' 

Catechin Quercetin 

0.3 J.!M 
0.6f.!M 

1.2f.!M 
2.4 J.!M 

6.0f.!M 

- 1000 ,----- - - -----, 
< ,e, 800 ... Quercetin 

~ 600 
'--= 400 u 

200 

2 4 6 8 
Concentration (J.LM) 

500 1000 1500 

Time (s) 

1.2f.!M 

2000 

2.4 1-1M 

6.0f.!M 

2500 3000 

1U~ 10 ~ltl ci1\JiqJqJ1lli~l~"'il1nn11lbfld1::~~l £Jd::lJU 1 yj~ a'U.L"'ilfli'U.fl::U1~<fr~~ij1::lJUtll1d"'ill~ LLUU 

LLfl~L'I'IflfhL~'Yl~~.ff1i.'Wvh GC/CNT ~i.~~~u1,]u (m1~L'lY~'JJu'lJ€l\J~1~~1UflU~l.'la~1:: catechin LL!.'l:: quercetin 
'"' 

1um1'Wm'il~~1ul'11l 0.3, 0.6, 1.2, 2.4 u~:: 6.0 IJM) 
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th~~'Yl~fl1Wn1~l Lfl"il~~Cil1 tl~~UU L WG1 ~'U.L'ilfli'Ua~'\.tl~"fr~~i:h~UU tn~1'ill~ LLUU LLa:IJ L Waft ~L:IJ'Yl~~ 
.ff11wvh GC/CNT ~~tiL~~\l'ill~l\1~ 1 

' 

~1~1"~ 1 ti~~~'Yl~mwnT'il Lml::~<il1 tJ"i~uu t w G1 ~UL'ilf1iua::u l~sn'ff~~~::uu~~1'ill~ LLuuLLa:JJ Lw a1h 

L:IJ'Yl~~.ff1L wvh GC/CNT ~h1 Unl"iU"i~L~mm.Bmru~l"i<illuau:JJGla~"i~ 
qOJ 

Antioxidant Linear range Calibration plot parameter Precision Limit of detection 

compounds (~M) Intercept (nA) Slope (nA/~M) 2 (RSD)" (~M) r 

Quercetin 0.3-6 7.5 110.5 0.995 1.46 0.03 

Catechin 0.3-6 9.1 85.9 0.993 1.47 0.02 

Caffeic acid 0.6-12 19.8 760.3 0.996 2.04 0.08 

Gallic acid 0.6-12 15.9 58.6 0.996 1.27 0.04 

Trolox 0.3- 8 14.9 80.1 0.996 1.17 0.04 
a 
Calculated from the signal of 0.8 ~M of each antioxidant standard (n=3). 

b 
Calculated from 3CJ (n=1 0) of the signals from the lowest concentration of each working range. 

3.7 Application of the developed method to Thai indigenous vegetable extracts 

1 '\.tnl"iU"i~ L~Utl"i~~'Yl~fl1W'JJ a \I L 'Yl f1il.f1~~tru'\.t l,]Wil~ih l~ tlnl"it.b Lt11 '15L unTl"l Lml::~tl1m lli'ffl"i~l'U 
eJt.j,:JJ~~~"id~tJ"i1:JJ (TAG) 1u~1aVl\l~l"i~n~'illm:rmL~::Vl'J5~:JJULW"iL'YltJ 6 '15U~ (md~u. ~Vi~l. LL'JJtJ\1, Liln, LL~1 

'OJ ' 

u~::~1) "i1YCI:ttVY~CPlJII 1Af.IU"Jn n, ~1"i1J n-1 <A-:~~a'illnflUTll'lJa\1'15:1J'J5'\.t1UL'JJtni\I'VIl<ilaU~"ll'l51llU 1u'lf1\l 
' ' 

L~auwbJf'l~mtJu 2551 t.l.l~~~wi1Lml::i~1~mLmtJuLYit~unu1rr:JJl<il"l~lu 1~mi 1rrm"l1rn 1<ilr.~1i~l"Jau:JJ~1i~•::: 
D qOJ 

DPPH. ~iinTl"rnd1'ill~<il1m 'Ylf1Uf1~Ltlf1 1 mT w1rnL:JJ'Yl1 ~-:~Lllu1rr~ur.~:JJ Hhli'il'ilDU wu1l1<il~~m"l'Yl~~a\l~\l"itl~ 
' OJ 

11 

"JU~ 11 LL~<il\I~~~WTilLfl"il~~'JJa\lf"ll TAG 'illnJ::UUnl"ilLfl"il~~<il1tJd"::UU L W~~'\.tL'ilfl'JfUa::m~<fr~~iJ 
OJ 

"J::UUtn"i1'ill<ilLL1JULLa:IJL Waft "iL:JJ'Yl1~.ff1L 'Wvh GC/CNT (GC/CNT-FI) LL~::lTilTI:IJlrnd~lULLUU DPPH• ~iJnTl" 
tnd"1'ill<il<ii'1m'Ylf1Uf1~Ltlf1 t mtwTtnL:JJ'Yl1~1Lf1dl::'VI1<il 'illn~1aVl\l~l"'l~n<il'illm:rmL~::Vi'J5~:JJuLv-r'lL'YltJ 6 '15U<il 'illn 

m"i'Yl<ilG1a\lwu-.ilmmru TAG ~wu1u~l"i~nm'1t~-:~~l~mlnmn1ti'VIluatJ1<il~-:~d t-Tn~1- t-Tnmd<ilu > LL'JJtJ\1 > 

Liln > LL~1 > t-Tn~'VI~l tnl:IJ~l~U fil TAG ~wutl'1:JJllli~\11u~n~1~a<ilf1~a\lrl1J~~nl"i'Yl~G1a\1'1Ja\l P. 
OJ 

Maisuthisakul LL~::f1ru:: [17] ~-:~1<il"l"ltJ\Il'\.t~~m"itl"i::L~u'VIlmmru TAG 1u~l"i'ffrl<il'ffl"'l'ffrl<il'illn~n~1L<ilm'Ylf1il.f1 
DPPH L<ilr.~wummru TAG 1ut-Tn~1~'ff\l u~:;;~~'illnnl"'l'Yl<il'ffau<il1r.~'ffn~ t-test wu-.il ~~~wlf1Lml::~~1<il'illn 

OJ 

L 'YlTIUTI~~truul,]u (GC/CNT-FI) 13-i urnmh-:~ a cil.JiJur.~~lv1'l!nu~ ~~wlf1Lml::~~1<il'illm 'YlTIUTI:IJl<il"'l~lu (DPPH) 
dQ.;Q..; .d~ 0 - .d -
'Yl"'l~<il1Jfl1l:IJL'l5a:IJ'\.t 95 Yo ( (observed - 1.9054, L:IJa (critical - 2.1 098) 
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[] DPPH 
D GC/CNT-FI • 

t 
ill 
m 
n1 

Ill ® rffik w ::: 

:ii 
( 

i:i ~ ~ l Ill 
: l~ 

iii li• m :: 

:11 
:!l 

m Ill ·=: l;i 
:;: -:: Ill ; : • 
;:: .;: 

!,i ~ ~ ~ ~II m ;:; 

~tl~ 11 fi1 ~ 1ii~'V'l11.1Lm1:::~'1JEJ..Jfh TAC ~1Lm1:::'VI1<~l-<inmnn~n~'il1n~mLlii:::Yl·JHn.J ui.vntf..J 6 "JfU~ 
' 

(~-wrh..Jlil::: 3 replicate) 'il 1 nm':i"lLfrn:::~<li'1 t.J ':i":::1J1J 1 'I"J~i~aUL'ilfliuEJ:::u1~;~~ih:::1J1Jtn':i"T<ir1~ u1J1JLLEJ:J.H vwft ':i"L:J.J'Yl1 

~off1i.'\"Jv·h GC/CNT (GC/CNT-FI) LLlil:::lTilTI:J.J1<ll':i"i1ULL1J 1J DPPH·~nm':i"tn':i"1'ill<ll <li'1 t.JL'Ylflltfi~ LUfll m1 'V'JLtnL:I..I'Yl~ 

'tl1~1rl1..J~nLL lii ::: Yl'15~:1..1ui.vntf..J 11 '15u~1<li'LLri U11Jn ~nm:::l~u ~mL'llt.J..J ~n'15:::"1llil ~ndJn :~..~:::•::::ffun ' ~ 

~mLvr1 ~n~1 1u~mn1u 11J rl1m.J LLfl:::~€ln~n~1 'i1EJf:i g:tfimnce1\J!l1Af.lu&n n , 'iU n-1 ;..J6JlEJ'il1nf1Ufl1'1JEJ..J ., 

'15:1..1'15U1UL 'll tni..J'VIl~El1Jfl 'J1 '151iTU1WJi1..Jb~EJUnmfl:l..l 2552 :J.J1~rl~Ulil:::lLf1d1:::~mmrn':i"1:1J'JJEl..J~1'J~1UEJU:I.Jlila~':l::: 
q q 'l 'tl 

1~m.b~1EJU1 ..JLLtlllii:::'15U~ :J.J1 3 '*1m~EJ~n~ (3 repl icates) LLfl:::rhm'JlLmi:::~LL Clllil::: repl icate 3 -i1 tl1mrn'J1:J.J 

'1JEJ..J~1'J~1 UEJU:J.J lil a~'J:::~i. <li''il1n n1'JlLf1d1:::'V\L~t.JlTI ABTS LLlil::: DPPH LL~~,j~..Jtn1 'J1..JYl 2 
'~ 
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tl.Jlllh:::~.nrn 2552 

(.;}11"1\lfl2 fl1 ~G1Gi"'Y.nf1Lm1::i~J1nn11'1.h::L~UV\11.fi:IJ1 nt"i1:1J'lJEI\1~1-:iC?i'1UEIU:IJ~Ei~"i::Cil-nJl]- DPPH LLG1::1]-
• 'U 

ABTS 1u~nLLi.'l::~~Ub'V'l"i -.51U1U 11 "ll'U!i! 1ui.JVI11il~1.1i.'l"i1"ll'1i1U fl'l~LL~Iil\11Uiil'l"i1\ILUUfl1 mean 2: S.D. (n = 3) 

tl7 3J1 m 1"1 3J 1lfl\l a11~1uflu3J ~ Ba"i::: ... 
... 

A "' 1"VIau~:::1iu~rr. 1i (mg of trolox I g of sample) 

1fi DPPH 1fi ABTS 

B-01 '!T11.1n 33.63 ± 2.54 103.44 ± 0 .52 

G - 01 ~nm::L!i!U 463.54 ± 2.70 550.40 ± 0.55 
... 

K-01 ~nLL'lJE.hl 189.19 ± 3.13 163.54 ± 4.73 

M -01 
... « 
~m:IJn 397.25 ± 11.24 512.24 ± 17.09 

M - 02 
.r 

:IJ::"i::'lJun 61.82±1 .78 11 6.71 ± 0 .93 

P-01 ~mL~1 266.94 ± 18.06 192.37 ± 5.52 

S-01 ~n"ll'::'Wi.'l 30.35 ± 0.64 94.72 ± 1.59 
'U 

" 
T-01 ~n~1 276.52 ± 4.61 336.47 ± 1.43 

T-02 
... .:" 

!i!Eln~n~n 143.24 ± 8.36 124.48± 2.59 

W-01 11l~n'VI11U 31.06 ± 0.90 116.49 ± 3.14 

y - 01 11.1~n~1U1\I 114.49 ± 3.45 178.40 ± 9.37 

~~n11Yl~~ El\I'W1.1l1U1:1J'l nt"i1:1J'l.IEI\1~11C?i'1UEIU:IJ~~~"i::~'Wl.l1 U~nLLi.'l::'i·li"Jl'~:wu b'W1Cil1 ui]- ABTS L~r.J\1 
''" . 

~1:1J~'ll?lm'lnmn1tl'V11UEJmtlul?l.Jd ~nmd!i!u (550.40) > ~nd1n (512.24) > ~n~1 (336.47) > ~nm4"1 . 
(192.37) > 11.1~1U1\I (1 78.40) > ~mL'llr.J\1 (163.54) > ~an~n~1 (124.48) > :w::::1::~un (1 16.71) -11.1~nvn1u 
(116.49) > D1l.ln (103.44) > ~n"ll'::::'Wi.'l (94 .72) mg of trolox I g of sample 

'\) 

ff1Um:IJ'lnt"i1:1J'l.IEI\1~11C?i'1UEIU:IJ~ ~~"i::::~'Wl.l1 U~nLLGl::~:IJU b'W'l"'ii'1 u!J]- DPPH L~!'J\1~1:1J~'l~l.l'illm.nn Lt]V\1 
• 'U • 

UEI[)LUU~\Id ~nmd~u (463.54) > ~m:Un (397.25) > rrn~1 (276.52) > rrmL~1 (266.94) > rrmL'l.lr.J\1 

(189.19) > <nEJnrrn~1 (143.24) > hJ £h U1..1 (114.49) > :IJ::"i::~un (61.82) > u·mn (33.63) - 11Jrrn'VI11U 

(31 .06) - ~n"ll'::'Wi.'l (30.35) mg of trolox I g of sample L~r.JLLU1 ht:w'lJEJ\Itl1mrn"i1:1J~11C?i'1UEIU:IJi.'l~~,-::Ju 
'U ''" 

'W1.1l'lff1U1VIruLL~11TI- ABTS 3Jn1'\KtJ7mrn~..ln111]- DPPH J..lULUEJ\I'il'lnEJU:Wi.'la~"i:: ABTS•+ iim1:WiEJ\Ibl1um1 
Ql 'U 'I'U 

Li1l'i1tl11mm~\11u'llrn::~1]- DPPH hfau:wi.'lEi~1:: DPPH• ~\ILUUElu:!Jiil~iJLGfnr.J1111'W~Gf\ln11 [6] 'ii'1mwnULEl\l 
~ 'U ll'U 'I'U 'U q 

~11C?i'1UEl'U:Wi.'l Ei~1::~SJm1:WLL"i\IVI~Eli El..l b1~UEl un-:i1~\l 'bJ1C?i'l'iTu 1lfi1r..n DPPH.l'i11 i~ i.'ln11~"i1'ilU"i::::L~U'ii'1 u1TI-
''\) :lJ 

DPPH ~b~..liJmmrnm"i<il"i1'il'W1.1~~1ni1 L~Ei\b~Gln11Yl~GlEI..l'lJEl..lLYlflUfl ABTS LLi.'l:: DPPH mLmr.Jl.IL'n!'Jl.lrlU 

L 'Wl.ll1 ~i.'l~wrr1Lm1::i~J1nJ\IGfEl\IL YlflUfl 13.luliln~1\IEJ~'l\liium~·1flqj ~1::::'ii'um1m ~mTu 99% L~ElmlGfEl1.1~1 u t

test (tobserved = 2.515, t critical = 3.169) LLGl::~'ll?ll.l'l.IEl\lmmrn11:1J'lJEl\IGf11~1UElU:IJi.'la~"i::::~'W1.11urrmLiil::::Vl"ll' 
'"' 

~:wu b'W"i,.t\1 11 "Jl'u~~1C?i'~J1nJ\I~El\l L Ylflufliim1:1JGfEJ~fl~ EJ.Jnu 
• 

3. 9 J.J~an m "i?!JJ71f1\Jif1 "inf U~ n df~ H7fi Folin-Cioca/teau 

t:-J ~n11Yl<il i.'l El\I'W1.1i1 tl1:w1 rn 11 :IJ'll El\1 Gf1J'!.h:: n Ell.I~L u~ mf~vnJ 1 urr n LLiil::Yl"15Gf:IJU l 'W1~1 uiTI- Folin-
' 

Ciocalteau L~r.J\IIil1:1J~1~l.l'il1nmn1tlV11UElmtlul?l\IU rrnm::L~u (283.45) > rrn~1 (248.96) > rrm:Un (211.40) 

> rrmL~1(160.22) > rrmL'llr.J\1 (123.37) > ~Elnrrn~1 (119.69) > 1mhU1..l (78.61) > :IJ::"i::~un (71.74)- rrn 

"15::::'\'ii.'l (69.84) , '!T11.1n (60.83) 11.1rrnV111U (56.80) mg of gallic acid I g of sample 
'U 
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Lde:m.J1tiuLfit11Jfi1~SltrV·l1YlLf111::;,1J1mrn11a.J~11<iJTUaU.a.JS1a~'J::~1~';11nlt DPPH, ABTS LLSl::mmrn 
'" 

11a.J'JJa\1~11D"J::nauYJh~mf';l1n1t Folin-Ciocalteau 1u.i1ar.i1\l~nLLS1::W'lfa"a.JU.L'W'J 11 'lfUI?I (11J~ 12) ~n 
' 'll 

md~?~u. ~nd1n LLSl:: ~n~1~\1~1J1mrn11a.J'lla\la-1"Jiil1u.au.a.JS1a~"J::~\I (3 ~1iuLL"Jn) ~1J1mrn11a.J'lla\l 
'" 'll 

a-111h::nauYJt u.~mf a-\ILUu. 3 ~1iuu1m'liu.nu. ~a ~nmd~?~u. (283.45) ~n~1 (248.96) LLG'l:: ~nd1n (211 .40) 
'll 

~G'lm"J'Yl~G'la\l"il1n'iJ1mrn11:JJ'lla\la-1"JD"J::nauvH u.~mf~wumn 1 u.~n~1a-a~f1~a\lnu~G~m"l;:;mn [12, 13] ~\I 
11 t1\1Tt.d1a-111h::n auwT u.~ mf'VI ~n~Y-IU 1 u.~n t1~ a chlorogenic acid 

600 

:§ 500 
Oll 

8 
'-' 400 -= .s = 300 
0 
u 

200 

100 

0 

~~ 
~~ 

~~ ~~ 
~ 

~~~ 
-~ 

~ Folin-Ciocalteau Method 
!I! DPPH Method 
D ABTS Method 

;-.~' · ~ ~~ ~~ 
.) ~ 

.J ;.~ ~ ,4• '-;-..,'<'~ ~'\;C .J ~ ,. 
~ ~~ .J ~~~ ~~ ..:· ~ 4• ~'<:> <;:. <;:."'> "'''\!_ .J~~ <i>' "'"'~ ~I:: "0,..V~ ~/ 

~ ' / ~ / 

"'"' "':..:. "'' 't" "''/ "/ <:;, "" 0 / . / 

~ 

Sample Codes 

"e:o; r\\ ~~ .. ,~ 
.J~~ 

- ~ -..... ~ ~ ~ t:::.V~ :-. 
.-;"' "'' !>: ;;::,"'> 

"' ,/ ..... 

1ufi 12 LL~U.111Y-In11Lmr.JU L Yi r.JU~h~Gl ~Y-IJJl Lm-1::'1-fmm lli"l1:JJ &1'1"l~1U.EJU:JJG'l8 ff"l::~1<iJ';I1nlt DPPH , 
'" 

ABTS LLG~::mmrn"l1:JJ"lJEJ.Jff1"lU"l::nauwh~mf"il1nili Folin-Ciocalteau 1u.\il1mh.J~n~u.li1u 11 "l!U~ (1wil.Jvr)~ 

e:JUGl"l1"1!IiTU} 
' 

Ldavh1"lrn1~G'In1"l'Yl~G'le:J\I"il1nJ\I 3 iliY-~u --.i 1ff1m"lnmJ\I~nLLG~::w'lfff:JJu1Y-~"laanm:wu1mrn"l1:JJ"lJa.Jff1"l 
' 

@11Ue:JU:JJG'lBff"l!:~'WlJLUU 3 U"l!:L11'Ylf1111 ') \il.Jd 1) mmrn"l1:JJ"1Je:J\Iff1"l@11UEJU:JJG'lBff"l::ff.J 1@1mi ~nm:: t~uun ~n 
~~ ~~ ~ 

d'Jn LLG'l:: ~ntTLh 2) m:JJ1lli"l1:JJ'JJa.J1'1'11@11Ue:JU:JJG'lBff"l::U1UnG'l1\l 1~mi ~mLvr1 1ur.hU1\I ~mL"lJtl\1 LLG'l:: ~an~n 
'" 

t1 3) 1J1mrn11:JJ"lJa.J1'1'11@11uau.:wG~aff"l::~1 1@1LLri :w :: "l::~un u1un 1u~n'VI11u1h LLG'l:: ~n'lf::Y-IG'l ~G'l~'Wlf 
'" 'll 

1Lm1::'1-f';11n\il1ar.i1.J~n~wu1uJ\I 11 'lfUI?I ci'1UL'VIqjY-~ul1'Ll1mrn"l1:JJ'JJa.Jff1"lD"l::nauYJh~ntfJuffa~f1~a.Jnu 
mmrn"l1a.l"lJe:J\Ia'11@11UaU.:JJG'laff'J:: ~\lffa~f1~a\lnU~Gln1"l'Yl~ Gl a \I~ Lm.Jii n1J"l1 ti\11U:JJ1LL~1 [14-16] ff"lD1~l11'1'1"l 

' 'll ' 

@11Ue:JU:JJG'l8ff"l::ci'1'!.t 1 'VI ru1 u~n LLG'I::Vi"l!ff:JJU 1 y.j")L 'VI ~1-dii e:J\I~U"l:::n au~i~a E.n u.n~:JJ"JJ El\11'1'1"lU"l:::n auwT u~ntf 
"''U Ql , 'U "' 

"il1n~Gln1"l'Yl~G'ie:J\Iflau"l:::LiJu'V11m:JJ1 lli"l1:JJ"lJe:J \I in"l@11Ue:J'!.t:JJG'l81'1'"l:::1~tilli ABTS LLG'l:: DPPH LLG'l:::U~mrn 
'" 

11:JJ"lJa.J1'1'11D"l:::nauYJ1u.~nfft~uili Folin-Ciocalteau 1 u~mLG~::W'lfff:JJU.1Y-~"l 11 "l!U~~ibu:wu11nf11 w~--\I'VIl~ 
' 

e:JUG'l"l1'1fiiTU 'WUl1 ~n LLG'l::ff:JJU 1 Y-l"l~U1:JJ1;:;n ~1ii 1'1'1"i\il1uau:JJG'lBff"l:::LLG'l::: 1'1'11U"l::: n auYJt u~n ffLUUa\1 ~1J1:::n au LLSl:: 
"i q 'ICU 

1'1'1m"lmL'il\l~mLG~::W'lfff:JJu.1 Y-~"Jaan~1:wmmrn11a.J"JJ a\1~1"l<il1uau.a.JG~Eiff"l::~Y-~u Ltlu. 3 'iJ"l::L11'Yli\ld 1) 1J1m rn1'1'1"l 
• ''ll 

\il1UaU:JJG'laff"l:::ff\l 1~LLrl ~nm:::T~uun LLG'l ::: ~m iJ n 2) mmrn1'1'1"i\il1Ue:JU:JJG'lBff"l:::U1UnG'l1\11@1LLrl ~nt1 ~mLvr1 
"''U 'U "''U 

LUci1U1\I ~mL"lltl \1 ~an~n~i'J LLG'l ::: 3) mmrn1'1'1"i\il1UaU:JJ &:!B ff'J ::: ~1 1~LLrl :JJ ::: ";J ::~u.n mun 1u~n'VI11U.th LL G'l:: 
'" 
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rrn"ll'::y.ja ilimru·:mJ"lleJ-nnr~hu.au3JaEla-~::LLa::a-1~th::nallVlb~n~ ~y.j1Jlu.rrmta::a-3J'H.Ly.j~~\l 11 "ll'UCil~rh~ 
'\.1 'I tU , 

LLfilmh\lnwk\1 u~ib Yl EJ\1 L~mZa mmti\11h::m rudi all 1 o L rh:ffueJ !.lnlJ"ll'UCil"lleJ\1-rl"ll' LCil EJ~lm~mLtl\lrrn LLa::Yl"ll' 
'U 

~3J'H.Ly.j~€Janfill3Jilimnt~13J"1Jtl\l~l1c~·ll'H.€l'H.3Jlila~1::~y.j1JLU'H. 3 th::L11'1'1Tl':h1 b1 ~\li'f 1) ilimnt113J"lJ€l\l~l~c;llu 
q 'l'U J 

€l'H.3JlilEJ~1::~\I Lc;i'LLrl rrnm::1Cf1U1Jn rrmiJn LLlil:: rrni1 2) ilimnt~13J"1Je:J\Ia'1~c;l1U€l'H.3JG~EJ~~:;th'H.nlil1\l Lc;i'LLrl rrn 
'l'U 'U 't'U 

LL'14'1 11l~l'H.l\l rrmL"lJEJ\1 LLa:: ~e:Jnrrni1 3) tl1mrn~13J"lJEl\la'1~c;ll'H.fl'H.3JlilEJa'~::~l 1c;luri :JJ::~::itun U11Jn LlJ 
'"' .J' ~ ..J' I 

rrm·'I11'H.th LLa:: rrn"ll'::y.jlil'H.e:Jml1n'H. -;nn~am~iiEJfi1\I'H.a'fl~fl~e:J\InW-.tliln11iiEJ [14-16] Yiy.jlJ'ilrrmLa:: 
'U 

~:~..~u1 y.j~~ii~11tl~::n eJlJVlL u~mfa-\1 ~niiilim nt11:1J"IJ eJ\1 ~l"'lc;llueJu:IJa El~1::a-\1113Jc;l1 EJ ~a ~y.jlfi Lml::vl'illnm~ 
q cu 't'U 'U 

'l'l~a eJ\IL uirmLa::Yl"ll'~:IJuL y.j"'i"J\1 11 "ll'U~ ~l:IJl"'ln H'tilmT eJ:IJa~u~l'H.L Yl eJ H'l um"'lL~ eJni'1Jtl1::muirmLa::~:~..~u1 von 
, 'U .u q 

' .,r.1.... ~ .... L 'VIlill'U m 'V\m::~:~..~nm'ill:IJfilEl,'lnl"'l 

3.1 0.1 i.'ff11'J~~L Vi3Jl~i.'f<J/[ Un11(;]1Til'l (PI bLlJlJ bbe:J3J b 'Vle:Jff 1b3J'Yl~;'Jti#'J 1 v-lrh"ll'ii(;]mni.'l-i'$ 

A1-f1Je:JU~~(;] UtJ"'l;'JtiATflJ e:JUUl l urhiJL UL 'YlAiiA 1m 'Vlf1-fv-lf1-fmwlf~Al (PI lA1'3J1 l 'l'ln·nVJ 

1c;l'l-h~am1'1'1~a eJ\I';llnL 'l'lf!UfllLml::vl~Lc;l~~m:ffu nl1lCilLL1JlJLL€l:IJb y.j eJfl: 1L3J'I'11~.ff1 1 Yiv:l1 GC/CNT 

1tltl1:: EJnfil1 'liLiluc;l1fil1l'ill\91L ub 'l'lfiUfiLm y.jafv-i afmu'lf~fll\91Lmm1 'l'lm1Vl L Yla~~mm HLiluL 'l'lfiUfiL um1 
' 

1 Lml::vlLLa::Yl ~'i!ULeJn ~n ~rna-l"'lc;lluau:~..~lil B a-1:: 1 ui1 €J !.ll\l~l1a-n\91'illn'rl"ll' 1::1J1Jl Lml::ic;l• EJ L 'l'lfiUfiLm y.j Elf 
'U '"' 

YieJfmwn~fll\91Lm:IJlL 'l'lmlVl~iim1l~LblJ1Jbb€l:IJL y.jeJfl: 1L:IJ'I'11~.ffl1 Yiv:l1 GC/CNT ~l'VIi'lJlbml::vl~l"'lc;llueJU:IJiil 
'"' 

Sample 
I Reolro" I 

HPLC 
RP-Cl8 colurrm 

T- ECD 
waste 

pump mixing detector 

1 mL!min 

2 mM H
3
P0

4 
in ethanol25 % (v/v) 

HPLC 

pump 

l mL!min 

40 ppm DPPH in 50% ethanol 

~1Hi 13 LL~U!11y.j~::1J1Jl Lml::vlil m 'l'lf!Uf!Lm vwfv-i EJfmu'lf~fll\91Lmm1 'l'lmlYJ~:!1m1m1'ill\91 LLlJlJ 

LLEl:IJL y.jEJfl: 1L:IJ'I'11~.ffl L Yiv:l1 GC/CNT ~l'VIi'lJl Lml::vl a-l"lc;ll'U.eJU:IJ!ilEJa-"J:: ~~~'U.l:ffu 
'"' 
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lJ..:~utl•::~nm 2552 '· 

1um~!ii~1:Vllilbb1J1Jbb€l:IJbYHl~lmJ'Y1~~.ffllYH'~1 GC/CNT fll1:1Jb'JJ:IJ'JJU'1JEI.:I DPPH bbG1::beJ 

'Yl1UEJG1iir-l~~s'i1m::bba'L~:V1nm~<n·n-~1!ii ~.:~1~ijm~'Y1!ii~El.:I'VI1fll1:1JL'JJ:IJ'D\t'1JEI.:Ia'1~ DPPH LL~::LEJ'Y1TUtl~ 

~b'VI:IJ1::a':IJ1um~!ii~1:Vl!ii 1W~E.Jn1~l!iiiqJqJ1lli'1JEI.:I~1~~::&nEJ DPPH ~m1:1JL'li':IJ'li'U 10, 20, 30 bb~:: 40 ppm 

1 Ubtl'Yl1UEJG1 40% 1 u~::uu t l'I~~Ub:Vfli'us::u1~6fi~~ij~::uu<n~1:Vl!iibb1J1JbbeJ:IJL Y'ls{hL:JJ'Y11<n1mtl~ 8 bb&hlt1 
'll 

fi1m1:1J~.:J'1JEJ.:Jv:lmi1m::bb~~1~ (peak height) :IJ1Y'Ii.'l€l<ilrl1Jfn1:1Jb'JJ:IJ'1JEJ.:I~1~G1::1.'l1EJ DPPH ~i.'ln1~'Y1!ili.'l€l.:J 
'll 

LLa'W~.:J1u~tl~ 14 
'll 

350 

300 

250 

_. 200 ..c 
0) 
'(j) 150 ..c 
~ 
Cll 100 
(]) 

0.. 
50 

0 

i 
! 

I 
I 
~-·-·- ·----.. ; .. 

5 15 25 35 

Concentration of DPPH (ppm) 

45 

-+-gallic 

.......-caffeic 

- '.L-.,·catechi n 

~feruHc 

-:iU~ 14 nTifin1~1'VIlflll:IJ L'li':IJ'li'WLJtl,Ja'l1~::~nEJ DPPH ~b'V\3Jl::~:JJ1um1<il1l'ill<ilU1JlJLLEl:IJLY'I8{h 

b:W'Y11~.fflL'IAlYh GC/CNT 

:Vln~i.'ln1~'Y1!iii.'leJ,J1u~tl~ 14 Y'llJ ll L~m.J1mrn'lleJ\Ia'l~i.'l::i.'l1EJ DPPH L~:IJituiqJqJllli~<il~l'ill!iil~ 
9l::L~:IJ;jU~1EJ 1um~'Y1!iii.'l€l \lfld l:IJb'JJ:IJ'li'Ua-l ~i.'l::i.'l1EJ DPPH ~L'VI:IJl::a':IJ~eJ 40 ppm tll1'Ji'ml:WL'li':wiu'1JEJ.:I 

a-l~~::i.'llEJ DPPH mn ilqJ'V11~Y'IlJ~EJm~i.'l::i.'llEJ'lJEJ.J DPPH :v::~!ili.'l\1 i.:~~u1um1'Y1!ii~EJ.J~.Jiim•i'imnml:IJ 
Li:IJ'li'U'll€l\IL8'Yl1U81.'l~1'Ji'djuiTtll~::~lEJ DPPH Lyjtl'VI1fldl:IJL'JJ:wiu~L'V\:1Jl::a-:w1um~<n~1'ill!ii ~~m~ 
m~i'imnml:WL i:wiu'lJEJ.JLeJmueJmL~!ii.J ~.J 1tl~ 15 

'll 

24 



350 

300 

1:: 250 
0: 

"Q) 200 ..c. 

Tt5 150 
Q) 

a.. 100 

50 

35 

il'lul.l-:J::JJ1nt 2552 

-+-gallic 

-II-caffeic 

-:&-catechin 

45 55 65 75 
Concentration of EtOH 

1tl~ 15 m"Ji'imnvmr:n:wLi:wiu.'llB'IbBmu.m'l~b'VI:JJ1::~:w1u.m"Jm1-;Jl~bb1J1JbbB:JJbVmf11b:JJ'Y11~ 

.ff11YH~1 GC/CNT 

-;Jln~~m"J'Yl~~B..:~1m1l~ 15 'l'-IU11L~mnlmi1liu.'lleJ..:ILeJmu.e~~LYl11 innu1ru~ml-;Jl~ 
'IJ ~ ~ 

1\il-;J:;~~~..:I 1um1'Yllil~B..:iii'L~Bn 50% L€l'r11U.e!~LUU.iTri1~::~1£J~b'V\:JJ1::~1J LiiB..:I-;Jlntl1U1:JJ1llibEl'r11U.€l~ 
1Xamnu.1tl DPPH -;J::~::~1£JL!i1L:i.l~ LL<?inlmmrumn-;J:: hKiqJqJlru~"Jl-;)l!ilL:iJ~ 

1 u.m1~1~m1::~ L ~m::~:w1 u.m"JLL£Jn'lJB..:I ~111i11UBU.:JJ~ Ei~1:: 1 u 1::uub mliif11m 'l'-leJf 
'"' ~Bfmu.'lf~fll~ 1mm1 'Ylndlyj i:i1~nlh::~..:lflb~B1'1X~11~~:JJ~lbm1::~1'1Xfilm1bWn~~ (resolution ~'~) 1i 

q 'IJ 

Ll~11um11Lml::,{~u, LL~::'Ihmvl1JmlmhL'l'11::'lleJ..:In11lLm1::~11ilrm11LL£Jn~11~tm1~Btlmln~111Umu. 
~US) ~..:l~d'J-;J~eJu11i1-;Jlnlm:JJ1L~LLm:JJ 1um1'Yllil~B..:iii'li,-::uu reversed-phase chromatography l~£J1i 
b~~fl..:i~LUU. C18 LL~::L~~Lfl~tlU.~LUU~11~::~1£J~~:JJ1::~11'1ndlil H3P04 bb~::btl'YllU.Bt'l llil£J1u.m1 

m•i'im~1-;J::-rhm1'Yllili'1B'~ 11ilm1l~£Ju.a~•1~1u'lJB..:Ib ~~bfl~ EJU.~b YlB~1~m1::~b ~m::~:w 1(jJ t.~1i~1•~::~1 t.1 

nJ(jJ H3P04 m1:wb"ll:w 0.5, 1.0, 2.0 Lb~:: 3.0 ppm 1ub€l'Y11U.B~ 20% 1iilmT'ill~LUWJl'U~ photodiode 

array (PDA) ~ml:JJt.l11fl~Wril..:l uv ~ 280 nm ~'1-;J::i'imna~"Jl~lU.~~:JJ'lleJ..:Ib~~bfl~BU.~iJ<?iBnT:~bWn 
'llfl..:l~11 li11U.fJU:JJ~fl~1:: 5 'Jl'U~ 1\iluri Gallic acid, Catechin, Caffeic acid, p-coumaric acid LL~:: Ferulic 

'"' 
acid ~~m"J'Yl(jJ~eJ..:ii..:ILL~~..:i1U.~111 ..:1~ 3 
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tl-:~uthi~:l:l1m 2552 

lil11"1\lfi 3 n1J~nl!r1eJ\il11GiT\.U..Jff:IJ"lJ€J.JL'V'lffLfl~el'I.J.~ (mlil H3P04 LL~:: L€l'Yl1'1.J.€l~) fi:lhiamJLL£.Jn 

ff1J~==~~ v ff1J<il,uau:IJ ~a ffJ::~ ff:IJ 
''II 

Antioxidants "' "' Retention time (tR) ~113Jtti3Jtlll> Resolution 

H3P04 (mM) (min) (Rs) 

Gallic acid 0.5 2.485 0.59 

Catechin 2.720 5.86 

Caffeic acid 5.504 5.37 

p-coumaric acid 8.992 0.76 

Ferulic acid 9.525 -

Gallic acid 1.0 2.315 1.00 

Catechin 2.741 5.38 

Caffeic acid 5.429 6.17 

p-coumaric acid 8.821 1.2 

Ferulic acid 9.632 -
Gallic acid 2.0 2.240 1.17 

Catechin 2.677 5.43 

Caffeic acid 5.120 5.66 

p-coumaric acid 8.235 1.16 

Ferulic acid 8.992 -
Gallic acid 3.0 2.240 1.04 

Catechin 2.709 5.60 

Caffeic acid 5.227 5.91 

p-coumaric acid 8.480 1.16 

Ferulic acid 9.237 -

~innlilTli.J~ 3 r'IU'hL~eH~:IJf1116JLi:IJ"J!'I.J."lJ8.JnJiil H3P04 1utrlffLfl~€l'I.J.~'il:::'1'111imJLL£.JnLnlil,r'I.J.L<Il 
1cn£.Jm1mi:JJiu"IJa.:~mcn H3P04 ~~::1ifhmJLL£.Jn"l1a.Jff1J<il1uau:JJ~affJ::J.:~ 5 "15'U.Iil~1ut1~1~iu 

''IJ 
d ~ g,..o 'J,.I 

'Yl~lil l'l€lnJiil H3P04 f111:JJL"ll:JJ"ll'I.J. 2.0 mM 
A OV .J"d d g,..o 'J,.I , Q....O 

.J1'1.J.T'il£.J'I.J.~.JL~anm16JL"l1:JJ"ll'I.J."ll€J.Jmcn H3P04 Lmnu 2.0 mM 

d:Jmh~L Vi:JJ1:::ff:JJ 
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Antioxidants 
... ... 

fi113J tii3Jil'"ilehl t uYJ1'"u ~ Retention time (tR) Resolution 

(% v/v) (min) (Rs) 

Gallic acid 15 3.029 9.77 

Catechin 5.675 17.89 

Caffeic acid 11 .883 21.15 

p-coumaric acid 22.891 2.28 

Ferulic acid 24.427 -

Gallic acid 20 2.688 5.50 

Catechin 4.064 13.35 

Caffeic acid 8.597 16.06 

p-coumaric acid 16.224 0 

Ferulic acid 16.224 -

Gallic acid 25 2.315 1.14 

Catechin 2.741 5.97 

Caffeic acid 5.429 5.65 

p-coumaric acid 8.821 1.16 

Ferulic acid 9.632 -

:: Gallic acid 27 2.197 0.62 

Catechin 2.475 4.20 

Caffeic acid 4.576 4.73 

p-coumaric acid 7.061 1.04 

Ferul ic acid 7.787 -

9l1nm11-JYi 4 '1-'11Jl1 Lri am 1m i:JJ'n\~'ll emarm.ta~ ~~Hil.J9l::: 1 '1Krhm1LL£.Jn'll a.J~11\91Tua1.1.:1J ~ 8 ~J::: 
'" 

1!-J~:IJ~.J 5 'D'U<11~:ff1.1. LLCii9l :::Hn~111.1.mJ1Lm1 ::: ~1.1.11.1. 11.1.-J11.1.lirrd~"L~anHm1:JJLi:IJi1.1.'lle:J.J L am1.1.a~ d:J1.1. 

25% (v/v) ~.J9l::: 1 if11mJLLr.JnL'VIm:::~:IJ~~11.1.n~1~#1.1.~~<11 • 
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tl..:~uth-:::mrn 2552 

a) ECO 

1 
3 2 

b) PDA 
3 

5 

2 

4 

time (min) 

-:;tlri 16 TmmTrnmnJ'JJa-Ja'T'H'l!:l'llrJa'l":i<ii'luaul.liil~a'":i:::m<n·nm.u.nnJ~-J 5 'll'ii<il L<illlri Gallic 
q'IJ .. 

acid, Catechin, Caffeic acid, p-hydroxycinnamic lll'l::: Ferulic acid mll.lboJJ:!JoJJU 20 ppm a) 1um-:; 

<il":il-;Jl<ilUlJlJllal.ll'!Alaihll.I'Yl~~.fflLvJvh GC/CNT lliil!: b) PDA ~mll.lfjllfl~U 280 nm (v:if1~1: Gallic 

acid, 2: Catechin, 3:Caffeic acid, 4: p-hydroxycinnamic Uiil::: 5: Ferulic acid <ill:!J~lilJ) 

-;Jln Tmm t 'Ylllm:JJ 1 mtl~ 16 '\AllJllldmill£Julri£Jua'm'\Alll'lJa-Jm":i<nJ"l-;Jl<illill m 'Ylf1iif1ll1J1Jlla:JJ 
'II 

l'Y'laihl:JJ'Yl~~.fflLvJ~l GC/CNT Ul'l::: lL1J1Jnl":i<il<iln~ULla'-J<iJl£J<li'l<il":il';ll<il PDA ~ml:JJ£Jllf1~U 280 nm 
'II 

vm--i1L 'Ylf1iif1m":iml-;Jl<il PDA iia'm'\AlLl~a'-Jn--ilLLiil:::":itl·h:~'lJa-Jv:if11 uTmm t 'YlLLm:JJiia':JJm<n-:;mnn-:il 
'II 'II 

1 um-:;1Lm1:::~<ill EJm":i<n":il-;Jl<il'll'ii<il PDA a'lm":im ~uirunnrn'lJ a-Ja'1":ililluau:JJ iil ~ ~-:;:::m <nHlUWJ1l.l 
Q./ q/ 'I 'iJ ~ 

LoJJ:!JoJJU 20 ppm 'il1UdU 5 'll'ii<ilLiilLLri Gallic acid, Catechin, Caffeic acid, p-hydroxycinnamic LLI'l::: Ferulic 

acid LL<1i1Un11<i1Jl';Jl\9Jiillm'Ylf1iimL1J1JUa:JJL'\AlaihL:JJ'Yl~~.fflLvJ~1 GC/CNT L~Uffillill1nl.'JJa-Ja'1":i<iJlUElU:!Jiil 
Ql Q.l 'I '\.I 

~r.n::: 'il1UlU 4 'll'ii<ilLiilLLfi Gallic acid, Catechin LLI'l::: Caffeic acid ~-Ja'1L~<n~n1":i<n":il';ll<illillm'Ylf1iif1LL1J1J 
q 

LLal.IL '\Al Elft ":il:IJ'Yl~~.ff1 L vJY:h GC/CNT iia'lll'\AlL 1~~1nl1EJ1-;JL tia-J:!J1-;Jlna'1":ilil1UaU:IJI'l ~a'J":::~nn LL£Jm1nnu 
.... 'II 

~f1El~:!J'I!Ldamrhu1in1£J1n1J~l":i DPPH riEJunmi.lLU<n":il-;J1<ilfi.fflhl~1 GC/CNT ri11~ff1":ililluaU:JJi:l 
':AJ '\.1 'I'll 

€ia--:;::: r1 n L ~ e:J-;)1-J i:l-Jv-1~-J~ii"rh 1 ~Wruru1 rn ~1~ii a-m '\AlL 1~1n-:i1 
'II ~ ~ 

1 utilU'lJEJ-Jm-:;tJ-:;::: rJn~h ~tJ 'ihL 'Ylf1iif1<n":il';l1<il~1i?lvrCfJJu1,]udh -:;:::uu<n":il-;Jl<il 1 ULfl~a.J 1•mJ af 
q 

vJaf:JJ1u'lf~fll<il Tmm t 'Ylm1W UtlJ~l~d1<il,]U~tJiqJqJ1rn~11il-;J1nLf1~a.J<n":il-;J1<il lLlJlmam '\Al aft ":iL:IJ'Yl1 

\'iau'l1'1-J~1 ~-J 11il'Yhm1~l ~m1:::~ l ~m:::a-:JJ 1 mJ 11ilrhm-:;'Yl<ili:l a-JL ~ EJ LLnifqJ~1L~a-Ja-m'!AlL l'lJ EJ-Jm-:; 

\9l":il-;Jl<illill m 'Ylf1iif1LL1J1J ua:JJ L '\Al aihL:JJ'Yl~~.ffl1 vJ~1 GC/CNT ~ ~-J-;Jlnff1":irJ mwn tJ an :IJ1-;Jl nf1 a~ m! l<il £J 
'II 
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1~ufuam1m~h~"lla-3~THl::~1E.J DPPH m1~Li~iu 40 ppm 1u.Lamuu~ 50% LdamrhuDn~mnu 
~1~~1U€JU3JL'I~~~::r\emnmb1um1:u1~~.ff11i'Jl'h GC/CNT LLL'I::L~YJ~L'!a.JL~m~3J"ll~~~~ (mixing coil) 

'" 'IJ 

LLYJU~1~~mu~1Yi (T-mixing) 1u.LL~Uml'l~::uu1Lm1::lK~u~ 13 L~a1~~1~rhu1in~mnu~~ur\aut.bhl 
'IJ 'IJ ~ 

~~1:u1~~.ff11i'Jvh GC/CNT a£.i1-3L1nm:~H1n~L'!m1YJ~L'I€l.J~L~YllJl1~Tnl'lL1"1Jfl-3n1~1Lm1::lK!T-3hl 

spectrophotometer 1 U.Lfl~EJ.JL<Jbl'lafvJaf3J1U'lf~f11~ Tmm 1 YJm1VJLLYJU L ~ aYJ~L'I€l.J~~1:u1Lm1::~LL~:: 
~~:uuLan~m!l-rn"lJa.J~11c;l1uau3Jt'l~~1::~d:Jua.Jffu~::nauvl~n "]1u~11~n~:u1nw"l5~3JuLl'l1 

'U 't'U 'I 

3.10.2 L'ftn1::::ih"Han::::L'f3J1um")"~")"1:ij11Pl~1mlil~eJ\I~")"T;J11Pl7f~l'l PDA 1um!iliblil1mvHrf 

rld.aJ1u'1f~lil11PlLiil7anLrm71~ 

LL~U!l1l'l'lJEh'ld::uu1Lm1::lK~1 r.JL YJf1itf1Lm '!"lafv-Jafmu'lf~f11~ 1mm1 YJm1VJ~1 inTamT;J-l~c;J1 r.1 

Lfl~fl-3~~1:u1~"15it~ PDA ll~~\l~-31U~ 17 
'IJ 

Recorder 

Sample 

HPLC 
PDA 

RP-Cl8 column waste 
pump detector 

1 mL/min 

2 mM H/0
4 

in ethanol 25 % (v/v) 

~rn1::~mm:::~3J1 um1Lwn~1 m YJf1itf1L YJ!'lit!'l 'lm l'l sfv-Jafmu'lf~f11~ Tmm 1 YJn·nVJ LL~~.Ji.J 

~111-3-Yi 5 

Optimum conditions 

Column ODS: 4.6 x 150 mm , particle size 5 1-1m 

Flow-rate 1.0 mUmin 

Temperature (column) 26 oc 
Injection sample 20 1-JL 

Mobile phase 2 mM H3P04 in ethanol 25% 

Detector Photodiode Array (PDA): 
.d 

m13Jr.J11f1L'IU= 280 nm 
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m1'Y'I3J1m,-!1" (Calibration curves) 

~Li.fll1:::~L 'V\:!Jl:::Li:IJL Un11LL£.Jn~1 m 'YlflUflL 'YlflUfllfH 'l"'e:rfv-Jerf:W1Wll~fll<il lmm l 'Ylnd1~ 
L1ie:JU<ilti111il:::lil1E..I:IJ1<i11;j1Uti11~1UEJU:IJ!ilBLi1:::~Li:IJ 6 "ll'U<il (Gallic acid, Catechin, Chlorogenic, Caffeic 

"' '"' 
acid, p-hydroxycinnamic LL!il::: Ferulic acid) ml:wL'lY:w'lYu!ih-,1 ") LviEJLif1-,1nd1'V'J:IJ1<111~1UL<i1'1m:w1l'YlLLm:w 
~-,11u~ 18 

'IJ 

450000 1 

350000 ~ 
250000 j 
150000 

50000 

-50000 J 
0 

450000 i 

3soooo I 
i 

250000 

150000 -1 
' i 50000 ·j 

-50000 0 

450000 

350000 

250000 
' 

150000 J 
' 

50000 i 
-50000 j 

0 

a) 

2 4 6 8 10 12 14 16 

b) 

2 4 6 8 10 12 14 16 

c) 

2 4 6 8 10 12 14 16 

acid, Catechin, Chlorogenic, Caffeic acid, p-hydroxycinnamic LL!il::: Ferulic acid fiw:nm"JJ:w"JJu a) 15, 15, 

20, 20, 30 LL!il!:: 20 ppm , b) 30, 30, 40, 40, 60 LL!il!:: 40 ppm , c) 60, 60, 80, 60, 80 LL!il::: 60 ppm 

<1111~l<il~1£JLf11e:J-,1<1111~l<il DAD 

~1n lfld:IJI l 'Yl LLnd:IJLd e:Jlbfl11:1Jti.,j"lJEJ.,jiruru1ru ~L~LL!il:::fll1:1JL'JJ:W'JJU"lJEl-,1Li111il:::lil1 E..I:IJ1<111:;J1U~11i1U 
'U QJ (LI <l.3 

ElU:IJ~a~1:::~1imtif1>1m1'V'Jm<111;j1U~:::L~m1'V'JLL~<il>1~>11U~ 19 
't'U <LJ 'U 
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5000000 l 
I 

4000000 .J' 

3000000 
-.; ' 
§. I 
Vi 2000000 1 

I 
1000000 j 

I 

0 

0 

5000000 

4000000 

-.;3000000 
c 

"" Vi2000000 

1000000 

0 

4000000 

3000000 j 
' "§ i 

~ 2000000 ~ 

1000000 " 

Standard Gallic acid 

y = 46669x- 4 7771 
R2 = 0.9981 

20 40 60 
[Gallic acid] , ppm 

80 

Standard Chlonogenic 

20 40 60 . 80 100 
(chlonogenic], ppm 

Standard p-hydroxycinnamic 

y = 26966x - 56596 
R2 = 0.9939 

a) 

100 

c) 

120 

e) 
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th::;'Y1TI'm'r'lm~1 Lml::lK~-HH mritm mruf! l.m 'r'l e:rf'tl erhnui'~flilil 1mm 1 'Ylm1Y-l~ii~1m1·~rr!il 

uuu DAD 'lJ €l>J R1~G'l::G'l1rJlll!il~~1 U~>~ 6 'lfUo!il l.~mi Gallic acid, Catechin, Chlorogenic, Caffeic acid, p
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{PI,,.,_,~ 6 t.h::H'Yl~ml'lm,-1Lm1::'!{~1mmri1f1L 'YlflUflbm l'laf~afmu'lf~fli~ 1mm1 'Ylm1Yl~iJ 

~hwn"il1~LLUU DAD "lltl~~15~::~1tJ1llm~1'U.J~ 6 "15U~ i.~mi Gallic acid, Catechin, Chlorogenic, 

Caffeic acid, p-hydroxycinnamic LL~:: Ferulic acid 

Antioxidants Linear range Equations 
2 

r 

Gallic acid 25-90 y = 46669x- 47771 0.9981 

Catechin 15-90 y = 16035x- 25321 0.9993 

Chlonogenic 20-120 y = 31 041 X + 114041 0.9973 

Caffeic acid 20-120 y = 70115x- 62956 0.9999 

p-hydmxycinnamic 30-120 y = 26966x - 56596 0.9939 

Ferulic acid 20-120 y = 115948x + 1 E+06 0.9858 

1 um5i Lm1:::~LL~:::~ ~'ilULan ~m!l-rn'll a-J~15~1umuJ ~EI ~,.:::~ Ltlua,Jrh.h:::n au 'VI ~n 1 u~1,. 
~ ·~ 

~1ar.h~1u~1aci1~~15~n~'il1n-Yl"J5LL~::~~ui.l'l5 ~1aci1~~1.-bmrhm51Lm1::~ 10 "J5u~1~mi~n~h ~miJn, 
' 

~mL'14'1, ~n"J5:::l'l~. ~mL"lltJ-J, 1uciTU.1~. 1uu1un, ~mn1u1h, ~:::5:::~un LL~:: ~nm::: 1~uun lmmL'YlLLn 
~ 

5~~L~"il1nn15lLm1:::~LL~~-J<il-J51.l~ 20 
~ 
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1 um'ri Lm1::lfLL~::.Yh,--;Jt!LEJn~n'l!l-rn'lJe.h'l ~1':1~1-u.Elull~ a~':l:::~ LiJuEJ.:~fi'th::n EllJ'VI ~ n 1 u~1'J<i11 El rh.:~ 
~ ·~ 

1 u!il1 El ti1.:J~1':l~n(,91-;J1m'il"lfLL~::~llu 1 'l"ml1 £J L Ylfliil'l L Ylfliifl1m 'l"l Elf'Y'J Elfmwn~fli(,91 tmm t YJm1YJ~1 imwl'l1';Jl~ 
' 

~-WLfi~El.:J~':f1';Jl~"lfii.~ PDA t-J~n1':1Yl~~El.:J-;J1n<m'l1.:J~ 7 'l"llJ""h~nLL~::~lJU 1'1"l'r~'it11J1~'J1';J~ElU&hu1 'VI!U-;J::ii 
' "' 

lfimnt'lJEl.:J~'l~1'U.El'U.ll~S~':J::"lfii.~ Gallic acid, Catechin LL~:: Chlonogenic LL~~-:~1'\KLv;w;h ff1'l!il1UEl'U.ll~S~'l::~.:J 
,~ q~ 

~ .;r !'I ... I 1 ~ .r "' ..:. '1.1 t d !"I "' A ~ •• 1 t .-.J 
~1ll"lf'U.~'U.LlJ'U.El.:lfllJi::nEllJ Ut-Jn'l"lUlJ1'U.Yl1 blJ !,91£JLU'I"l1:: Catechin '15.:1LlJ'U.~1WI1'U.El'U.ll~€1~i::"lfU~n~1 1U€1r.J~Yl 

'~ 

'l"lumn 1 U"lf1 'VI~€1"lf1L .V v1 [18] 'l"llJ 1 u r'il"lf~llu 1 'l"li~'it1mYJ~a-EluLn EllJYln"lfii.(,91 r.~m 1u~nm::1(,91uun ~1u~1'l<il1u , , 
El'U.ll~Sff'l::1umill'lJ€1.:J Cinnamic acid L'liu Caffeic acid -;J:::'\"l1JLU'I"l1::1u~n'VI1TU'th p-hydrocinnamic 'l"llJLU'I"l1:::1u 
·~ ' 

"lf::'l"l~ u~:: Ferulic acid 'l"llJLum:: 1 Ull::'l:::t'un~1ll~1<ilu Ldmmvmn£.JlJ~1t-J~~'I"lniLm1::lfmmrni1lla"1'rlil'1u 
~ 

ElUll~aa-'l:::~'l"lu 1 u<il1 €1 ti1-:~~nu~::Yl'lfa-1Ju 1'1"l'r~" 1 o 'lfii.~ ~nm:: t~uu~::~n~1iimmmi1ll'lJEl.:JffT'llil1uEJull~ 
q 'U q q qJ 

aa-':l::a-.:~ (2 ~1<illJLLin) t~v~n~1 iimmm'lJEl.:J Catechin 113.7 ± 9.3 u~:: Chlonogenic Lrhnu 611.9 ± 7.4 ~1-u. 
~ 

~nm::hmuniimmm'lJEl.:J Gallic acid Lrhnu 719.0 ± 0.2 ~11J~11ilu t-J~miYl~~El.:J-;J1m..J1mrni1ll'lJEl.:Jff1'l<il1u 

EJUll~aa-'l::~'l"lmnn 1u~n~1a"EJ~flttEJ.:~nut-J~m'liiln'l!l-1 [12, 13] ~.:111 r.J.:J1W.h ff1iui::nEluYJt u~ni'VI~n~'l"lu1 u~n 
'~ 

~1~El chlorogenic acid t-J~;'I"lfi Lm1::lf'lfii.~ LL~::u1ll1 lli'lJ€1.:Ja'1ilil'1u€1Ull~Sa''l~'l"llJ 1 Ua'1'lffrl~-;J1nffll'U. 1 'l"l':l~-:1 , ~ ' 
1 o "lfii.~ ~1!il-;J1nm'll1~~ El.:J 1 u-:~1-u.i~ r.~d'l"lu-:h 1<;1 ff1min H'LiJwnmJ~~u~1u 1 umiL~ an1uu'l:::mu~n LL~::: 

~ "' 

4. 1J't1i>'l''n.l 
~ 

.:J1Uli v-d1<;l~<rum L Yll'liifll Lfl11::lfLLEllJL 'l"l Elfl 'JLlJYl~LLlJlJ 1 mh ~ El1 "lfl 'U.nlith::: dJUI'J111Jff11J1'Jr:1!il1UEl'U.ll ~ 
·~ 

aa-i::1~£.Ji1ll (Total Antioxidant Capacity; TAC) L!,91r.JEl1flr.Jnl'll~tlnn1m'lJEl.:Jff1'lEJUll~stn:: 2, 2-diphenyl-1-
:l..l '~ 

picrylhydrazyl (DPPH) ~.ff11'Y'J~1n~1ff~mfuElu~<il~LLU'l<;i'1r.JmfuElum1wrh'l.f (GC/CNT) 1um':l1~tl1mrn 
ff1'l~1UeJUll~ ati':f::-;J::1(,91<;]1 £.J L Ylfliifl LLElll L 'l"l afT ':lLllYl~-;J::@\(,91~1lltl'1m rn'lJEl.:J ti1iElUll ~ Sti'l:: (DPPH) ~ L 'VI~ e:J-;J1nm':l 

qqJ q~ 

rhtl nr)'1r.J1 nu ti1ilil'1UEl'U.ll ~a tii:: n1':fl(,91U1m m'lJ El.:J ti1':l~1Ue:J'U.ll~ a ti':l:::~.:Jl(,911~-;J1n n1'J~(,91 ~.J'lJ El.J ;ru ru1nt'il1 n 
~ CI'U CI'U Ql Ql 

DPPH t-J~n1il1(,91~ €1.:J-;J1n 1'll'fl~n t 1~LLYlll LllLLmll'lJ eJ.Jff1iElUll~Sti'J::: DPPH u~::ti1':l~1UeJUllli!Sti'l:::~ffuhL 'liu 
qcu <I'll 

catechin, quercetin, gallic acid LL~:: caffeic acid 'l"l1Ji1L'll'fl~nT1~LLYlllLlJLLmll~L<;i'-;J1n~.:~.ff11'Y'Jvh GC u~:: 
GC/CNT 1i~f!Eie:Jn5BL(,91iU'lJEl.Jti1':JEl'U.llii!Sff':J::: LL~:::ff1'llii'1UEl'U.llii!Sffi:::~tiUl'iJ~i(,91L-;JU LL'ii1u.ff11'Y'Jvh GC/CNT ii 

q 'IJ , '\J 

tim'l"l11~ti.:~n-:i11u.ff11w~1 GC 1J':JjlJ(,911 (u':J::ll1rn 8-30 Lrh) 1<;l'l.t11rrmid1utl':J::£.Jn~?~1inumf'lii.f'ltw~suL'ilfl 
~ ' 

iuEJ::m~"BffL ~ El1 id:JuL Ylfliifl1 Lm1::'VI1 um'ltl':J:::d:Ju 'VI1mmmti1'llil1uEJull ~ sti':J::':l1ll (T AC) ~~ m'JY1(,91li! e:J.J'I"l1Ji1 
·~ 

L Ylfliifi~Liil~<rumilu 1 i m1'Y'Jml?li~1u ~ LihLiUI?Ii.:J 1 u'li1-:~~n11.:~ 1 Uti1i!il1UElUlllil Sti':J::~'it1ml1(,91 ffe:JlJ 1(,91 £.Jii 
"' '~ 

.](,91o;51n(,911 um':l1 Lf'ld1::'VI1 m::!ilu~~1n.:~ Lll tm Lll~1f 1 um'lu':l::£.Jn<ii'L Ylf'liif11Lm1::lf~~<rumilum 1 "lfL um'lu':l::Lilu 
' 

m1llti1ll1':lr:11ii'1uEJUll~Stii::1uYl"lfa-1JuL'I"l'l~1U1U 6 'lfii.(,91 (~nm::T(,91u, ~n€i'VI~1. ~nLL'lJtJ.:J, ~miln, ~mL~1 LL~::: 
'~ ' " ~n@\1) 'l"l1Ji1~~nliY1(,91~El.:JtiEl(,91fltteJ.JrllJL Ylf!ii.f!m~':l~1UliT DPPH 

1 Unl':JY1(,91~El.:J~':l1'ilU'l::Li1um1llti1ll1':lr:1ti1'llil'1uElull iii Sffi::: L(,91 r.Ji1ll LLii!::tl1ll1 rni1ll'lJ a.:~ ff1'JU'J::n e:JuYJt u 
'~ 

~ni (Total phenolic content) 1ua-1iffrl(,91'il1n~mL~:::r'il"lfa-lJUL'I"l'Jo;51u1u 11 "lfii.(,911UL'lJI?Ii.:J'VIl(,91e:JlJ~':l1"lf1l1lH(,91£JH 
' ' 

LYlflii.f!ll11?1':l!1'U.liT DPPH, ABTS LL~:: Folin-Cioculteau t-J~n1'JY1(,91~EJ.:J!ii1£JlTI ABTS 'l"l1Ji11'!11llff1ll1ir:11ii'1U 

ElUll~Stii::1(,91£J':f1ll'lJ€1.:Jr'il"lfffllUL'I"liL~£.J.:J~1ll~11il'm1nmn1uvmtamiJulil.:~d ~nm:::1(,91u > ~miln > ~n~1 > ~n 
'~ , 

LL~1 > 1mhm.:~ > ~nLb'llrJ.J > (,91e:Jn~n~1 > ll::'l::.:ffun - 1u~n'VI11Wth > u1un > ~n'lf::'l"l~ ~1UI'I11llff1m':ln 
~ 

lii'1uEJUlllilsti'J:::1(,91rJ':f1ll 1u~mL~:::tillUL'I"l':l'il1n1rr DPPH \1£.J.:J~1:JJ~11il'u'il1nll1n 1u'VITUe:Jmuu!il-:~d ~nm:::T(jlulJn > 
'" ' 
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~m:nn > ~n~1 > ~mL'14'1 > ~nwm.hl > ~un~n~1 > 1uciTU.1\I > :JJ::1::.:ffun > U11Jn-1u~n'VI11Uth- ~n '"" 
'lf::VI~ m:JJ1tll.11:JJ'llfl\1~11th::n auYJ1 u~n ~~VIlJ 1 u~n LL~::vh~:JJ'l-1. i. V11c;l1 ViTI Folin-Ciocalteau L1£.J\IIin:JJ ~1~1J'il1n 

'IJ ' 

:JJ1nLth'l1Um.HlJU~\Id ~nm::l~uun > ~n~1 > ~m:nn > ~mL'14'1 > ~mL'll£.1\1 > ~an~n~1> 1uci1m\l > :JJ:::1:: 

.:ffun- ~n'lf:::V~~ > u1un > 1u~n'VI11Uth 1~v~mul:::~:JJ'l-I.LV~1~V~lJ':hi1~111h:::nauYJ1u~n~~\13Jni1ml:JJ~l:JJ11fl 
'IJ ' 'IJ 

<li'l'l-l.€l'U:JJS1~~1:::~"11:JJ<li'1 £.1 
''IJ 'IJ 

nl1ll1L 'YlfiUfl~dT~l'l~LLlJlJLLfl:JJL VI aft 1L:JJ'Yl~~.ff1L v-JY:h GC/CNT :JJl1-JrLlJUGl1~11';Jl~ 1 '\.tnl1l Lm1:::lKLLS1::: 

~~';)ULan ~m~rua-11<li'1uau:JJS1 ~a-1:::'VI ~\I';JlnLL£.Jml1 v L 'Ylfliifl i.m VI e:rfv-J afmu'lf~fll~ 1mm1 'Yln·nYJ ~u11 i1 
'IJ ''" 

'JT EJ~ln~ L -de:J\I';Jln Ln(j]m1L ~ e:J';Jl\l'll e:J,] ~111il1uEJu:JJ~ ~~1:::-;)ln L v-Ja-bfl ~ a'U ~ rh 1 ~a-m 'I"! L1~L<li'';JlnnTi1 Lfl"'n ::: lK iJ, i.:JJ~ 
''" um~m fi£.J'lJrllJGl1~11';Jl~'1fii~ photodiode array (PDA) 1 Unl1lLml:::lKLLS'l:::~a-';JULEln~n~rua-l1<ti'l'UEl'U:JJS1 ~ 111:::~ 

'IJ ''IJ 

tllue:J,fhh:::nau1 Ua'l1a'rl~';Jln~'1fa-:JJ'U i. V~1~\l L~ e:Jn 1i~1~1'Hl~'1fii~ PDA ~~m1iivda-1:JJ11n1 'li'Lllwne:J:JJ~ 
' 'IJ 

1h::: n e:JU dJ e:J\1 <ilu m\lc;llu 1n'1fulm1Lt1'VI1'1J ~u~1nfl1 um1L~ an11Jlh:::mu~n a-:JJ'U i. V~1~i1 e:J ci1 'U '1'1 e:J\Ifiu'lfii~'iil" 6J 
'IJ ' 'IJ 

b ~ e:J1n~la-:JJ~ ~'lle:J\Ia'l1<li'l'Ue:J'U:JJS1 ~a-1::: bbs:l::: i.<tl1uflrnfil'Yll\11mmlm1a-"a-(j] 
~ q cu ~ '1.1 q 
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1) 3J::~T:i~ru D3J~ li\lhtJ ''i~lLm1::,{~ mf1'tJm~b'VI~ 1 Un11lh::LiJUfn13J~13J1~rl<iJTUDU3J~€Ji,~~:; ··- ------ --- -· ------ ---- -- ---- -- --- ---- --- ----- --- ---·- · · ·· · -· · · · -···· · ·· --·· ··· · · ·· · ·· --- --- --- --------- -- ----- --- - ------ -- -.,.. v -------- · 

l~.~X~;I!J~J~1!.~.~j:r.JJ~~J!J~JD':l.1.;1:!J~:.J:l.~ .. 1 .?.:1:b.!J~~-~-~~! .1~:!?.!?: 
2) 3J:::~-n1ru El3J~li\lb'lHJ L~11Url L'V\~1~\1,{ bb~:::~3Jfl'l'l 3J1~1"n11l.h:::dju'VI1mmru113J'JJB\1~11<il1U ·· ----- - -- -- ----- -------- - - -- -- 2-- -- - ----- - - ------- -- --- ------ --- -- -------------- ---- · 

El'l-1.3.1~ 8 ~1::: u~:::~111.h:::n Bu VJ1 u~ nffi uli11 a U1\I>-J mL~:::~'lf~3Ju 'l '1'111 ui\I'VIl~ au ~"J1'1fli1U" L Bn ~11~u 
't'U <t , - ----

Li1El\l'il1nm11.h:::'lf3Jl'lf1n113J .ell.J. 1itJ flf\1~ 3 mt1 364 -372 
q - - - - ----- - ------- -- -------- - ----

3) M. Amatatongchai , S. Laosing, Y. Sakuldech, S. Angkaew, 0 . Chailapakul and D. Nacapricha 

"New Method for evaluation of total antioxidant capacity based on flow injection with 

amperometric detection of free radical reaction" Proceeding of Pure and Applied Chemistry 

International Conference (PACCON 2008), Bangkok, Thailand. 

1) 1~h:::uu~dJu1::l.J l.Jlbm1::,{bbl.Jl.J flow injection (FI) ~iim1~Hir1'~LLl.Jl.JbbB3JL '1'1 aft 1L3J'Yl~bbl.Jl.J 1 'VIdJ 

~1'VI~l.J 1 iL vJ ell Lm1:::iilim ru~11<?i'1UBU3J~ 8~1::: 1~ tJ113J ~\IL 'VIm:::~3J~'il::: H~1'VI~l.Jiil11'ii'VI1ll~m ru'JJ B\1~11<i1Tu. 
'" 

EIU3.1~8~1::: 1~ £.1113.11 ucrnu~:::~'lf~3JU L '1'11 1:::l.Jl.J~W<ruU1 'l<ilwcruu1~uiim1m1~L11 bb~::: 1 ~m13JbbdJuih~~wh1li 
'" ' 

b~3.1~1 inu 1 UU'il'iJDU b '1'111:::~13J11rlml.Jfi3Jm13JbbdJU£J1'1J El\1 b 1 ~11 Un11'Yht1 nn~tJ11:::Wi1\l ~11DU3J ~ 8~1:::bb~::~11 
'I q ~ 't 'U 

<il1uau3.1~ 8~1:: 'l<il '1111 ~iim13JbbdJutJ1'lJEJ\Im11~ bb~::iim1;w~::~1nnu>-JL imnn-:i11liL~3Jmn bb~:: 1 ~>-J~m1'Yl~~ EJ\1 
'" 'U 

~U1b~ana1~m~m.i.1mbfitJ1Jnl.JL'YlfiUof1~djub'YlfiUofi3J1Cii"J~1U~u ") l'liu spectrometry 'l'll.J':h 1 ~>-J~m"J1Lm1::,{~ 
'ldJ LLCiin<li1\l D ~1\liiut~ ~1~!lJm" ~n ~ 

2) 11?1lli ~1'VI~1Jh1 u1Lm1:::,{Lan~mrru'JJEJ\1~111l11uau;w~a~1:: ~\IL 'VIm :: ~;w~~J:: H~1'VI~um1Yl~~Ju 
·~ 'U 

bEln~m~ru'lJ El\1~1 1<il1UEIU3.1~ a~1:: 1 U~'lf 'VI~Ellil1l'ii~Ell.J~1"J'V\1 ~1"J~iib]'Ylt'VI~El~11'1'1fl ru 'Yl1\l tl1 L 'Jiu~11~1'1'11 n 
' 'U • 

bioactive compounds 

3) 'l<il'JJ a3J~ b ~ tJ1nutl~mru~11<il1uau3.1 ~ 8 ~1 :: ~ Lllua\ll'ltl1::: n aum\1 Lflii1 u ~'lfli!3.1U 'l 'I'I"J L vJa HL1Ju 
"U 'I 'U ~ 

~1U'JJ El3J~ 1 Un11D\I,r'h~3JU 'l '1'11'1fUo~ 1~ 1 Ubbrll.Jfl1f1Cil::1ua ElnbU£.1\1 b 'VIUEJ~iiilimru'JJEJ\1~1~<il1UEJU3.1~ a~"J:::~\1 bb~:::~'lf 
~ 'U 'I 't'U "U 

~3.lu 'l '1'11'1fUo~ 1~-J1\I~iim1 :w b 'VI:JJ1::~:w 1 um1'ib 'ltJ1 itl1\IEJI'V11"J'VI~m.b 'ltl u~1.nf1 L vJ m1Jua1'V11"J~'lJm'l'l 
' ' ' 

4) 1m\lm11ir.rd'l<ilLta1~iim1r-4~~3J'V11Uru.rilil m\lll11Ub'Ylf1Lu1~~~\1Ln ~ ~a;w~1mu 1 flU bb~::Lflii 
~1U1U 1 flU 

5) ii bfi~El'Jh E.Jfl113J113J iiD1::'VI'h\I'VIU 1 tJ\11U'lJ El\111'1fm1 3J'V11l'Yl m~ t1 (3.l'V11l'Yl tJ1~ tJ Ell.J ~11'1fli1Ubb~::: 
' 
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@1171\1 n-1 Common name and botanical name of Thai culinary plant extract samples used in Section 1. 

Sample code 

G 

H 

K 

M 

p 

T 

Common name 

Tummy wood, 

m:::l~u 

Red head tree, Red-bead 

tree, B'VI~l 

Rice Paddy Herb, Finger 

grass, ll'lH..l\1 

Metchun, l iln 

Smartweed, Laksa plant, 

Vietnamese mint, ll~1 

" Teaw, ~h 

Botanical name Picture 

Careya sphaerica Roxb. 

Adenanthera pavonina Linn. 

Limnophila aromatica Merr. 

Syzygium gratum(Wright)S.N. 

Polygonum odoratum Lour. 

Cratoxy/um formosum Dyer 
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B- 01: tJJlJfl (Tiger Herbal Cent ella G- 01: ~flfl1:::Tmnlfl K- 01: Nflli'Utl'l S- 01: ~fl'll:::W~ 

asiatica (Lim!.) Urban) ( Careya .sphaelica Roxb.) (Limnophi/a aromatica Merr.) (Piper sm7!1entosrlm Roxb) 

(Wight) S.N.) Uvfomordica chamntia L.) (Polvgomun odomtwll l our.) 

W- 01: 'lu~m·r:nuih (lv!elientha Y - 01: 1ucil'U1.:j (Tiliacora lriandra T- 02: VleHWlil 1 (Cmtoxylum 

sum·is PietTe) Diels) fonnosum Dyer (flower) 

1tl n-1 ~m1EJ..:J~~ Lbl'l:::~EJlYHJlf'll~(jjf"lJEJ\IcYn~~ulwhul~ 11 "lf'U(jj~~ldJl(jjd'l"i!Ud':::djuvmfdmru~ld' 

l?i'l~EJmJI'l~~-:r::: 
''" 
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r~HJ 'D3J m.h:r:n~u ~'l 

Flow Injection Based Method for High Throughput Screening of Total Antioxidant 

Capacity 

:JJ:ih~·nu. v:il~li" hB 
;jeJ~tliju1lmm-r<ilm1lJ-ill~vn·n'l1-\flL~u1'Ylu1ma~fLLfl::mfl1ulafi (FIRST Labs) 

tnfli'lll lflii flnl::l'Yl£Jlf!lflvrf lJ'I-ITl'YlViGliHl1JflJi'l!In'it thllu'll1-..'li11iU \I~~Wl<J<JUflTI'l!lllil 34190 . . 
ur~;~riv 

m;w~ru\.11L'Ylflil~riLrrn::vlm1lJfl1 lJlin<illmlt.llJflBmd~m1lJ {total antioxidant capacity; TAG) L~oHlu 
"' 

nTi~fl l~ unvh~Lihum iiJ'U il~fl11<il1tlilt.llJflDfl 1:: ~1o hli Utll fl~fl~1ielunTnl<;l iHlU~1fl11~1i{)'Yl iirm'ii11l1WLlil:: 
'~ 

fli'iW fl rumJ tJ1 't<ilium'llJauhLil'l-lu thJ lJ1n 1 m.fll"ilU~u m;'ilfl'l"l::.X•h TAC l~tJrl'llUil::flm1flf1JiltllJflBfl'l::1-11o 
~ ~ q '\! 

1 'liu!lnoU't<;loUJ1LEJL"iltl~fiml Ufl'll lJL1i'lJi'l-l~ lL 1.i UilU llil:::lLfl11:::~m l lJff1lJlH11tlnl1tJU rfJ1-17Dth\l~<;l tl'I.UHl aa'l:'JJEJJ 
"' 

in1cA1!l!.hJ in1!ltllJfl1ift1::fi~ulJ 1'li L'liu ABTS •• ~1u DPPH • B'l'\H!1'l!l!lnoUL<;loUJ7LDl'ilU.ffihf1i il Folin-Giocalteau 
n 

reagent {FGR) m7iLM1::'1{fil TAG L'ilUOI'i'Yl>ll'lilJLLUU~~L~ilJL<;lU"iiiLLU'Ylii:himhn>~iiu Hmmnu 1'lili1a.nrnaTi 

.;-, uci1Ji1Lm~ u~iJln Llfl::n-t'ifllUfllJn<n 1 um; ·tb..liifi1v1'U OJfll11,-flJfiLLn::Lrhnu'Yln 'l flf~rh 'l<ilu1n L 'Ylfliifl , ;.; ., 
i Lrm::v\~1llitJ n17~l'VI fl nnvi'<nm lift<lJl L yj tJ L iLU'I< ii!fh1 V1 L 11 L 'li1.17lJl ruS17Utltl S~<il 1 nLLfl::L 'VI%!1~ 5lJflUn'17'lL<~ 11 ~\f 

" 
li1a.n rn TAG lu<ii~'l il V1~'l!U<il.-i!~ ') Ull<l'll lJif "il~L 1.1~1./UL Yi tJUiiJ'll!l~LLfl::i1lL~tJ'IJ !l~ L 'YlTIUfrJL~'i1::v\~olitJm 'ih <1iir 

~1~ ') ~~@1.1.1~\.llJlLYlohLt1nt1lLfl'il~v\fil TAG O£hJi1<;l L1Wr1tJUrlUl~llUU <fi"~L<iilJ L'JlU iii"iLfl11:v\fi'l'Jl'fl111l'\UH1 
'" 

fia1:: ABTs• · (FIIABTs" ') ~10 DPPH• (FIIDPPH• LLI'I:: SIA/DPPH") 1'Jl'ti~fi1 tJ1LTifi~ihufl L'lltl~'llllJ luminoi-

Co{I I)/EDTA nu'lllL'111LIIt.!LliufounL'll<if (FIICL) LLfl::1iti~ fi'itJ1'U!l~ FCR {MSFIAIFGR) 

Abstract 

The development of methods for evaluation of total antioxidant capacity in plants as a source of 

natural antioxidants, bioactive compounds used in pharmaceutical industries, and drug discovery is an 

increasing area of research. Generally, total antioxidant capacity is evaluated by measuring the radical 

scavenging or reducing capacity of the samples against the selected radical or oxidizing reagents. The reagents 

are non-biological radicals such as ABTS • · or DPPH
0 

and oxidants such as Folin-Giocalteau reagent. 

Drawbacks of the application of batch methodologies for research task and/or routine analysis are that they are 

time-consuming , use large volumes of reagent/sample, and it is difficult to control the reaction time. 

Implementation of au tomatic analyt ical methodologies based on flow analysis methods presented several 

advantages, such as simplicity, versatility, reduced sample/reagent consumption, and low cost. Moreover, owing 

to their reproducible and precise timing , the flow based methods were able to provide high sample throughput 

and rel iable determination of total antioxidant capacity. In this review, a critica l comparison between the different 

automatic flow based systems developed for high throughput screening of total antioxidant capacity and the 

advantages of automatic methods towards the corresponding batch procedure were established. Several flow 
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injection methods based on scavenging of ABTs•• (FIIABTS •• ) or DPPH• (FI/DPPH• and SIA/DPPH\ using 

chemiluminescence reaction of luminoi-Co( II)/EDTA and Hp2 (FI/CL), and FCR (MSFIA/FCR), were reviewed. 

Keywords: Antioxidant, Flow injection, Throughput screening 

1. 1JYI\-b 

1.1 ll'Yitn'YIU<l::U'Il.i\lni!Jl'!lil\l<'ll"l"lih'i-0 

r:n::tJ<lB<!"l"::: 

V!11aJ~UJ1lJ 

mpJ<!Bi.'l'it (Oxidants) fl!l!lZ~!ll! LlJL~Q~ ~1!l 

tn1tl"'i~n<Jufi:15til~"7ill-l'bJmmi ·rhlmim11JieAJlu 
~ 

nTnfi'lltlfimmaanont'l1iu tdmn'l1ottlJ<~1ia'l":: 1-u-h~mu . ~ 
•::rhhiL'll<lofl'i-~~ 'J nm11<lltJ BUlJflii<n::lmnmf~fim.J 

~ , \1 'U 

JllU 1 ULLL'Itll'1EJ\.Iill1il~ nltl JlltJLULfionnnm::U1UI111 

LlJ .r11J <Jii 'iilJ'll il~ 1l 0 nonLilUll'1 tJ 1 tu'llllof~Jil::ii 1111fffiJ 

tn1!l\.}~llfi&nd1Yl1n reactive oxygen species (ROS) 

Liu Lll1m-L~uLtlsfoan1'1lil (H20 2) hmononllu.7~.la 

(HO.) tl.lefoan•ihm;.JiYl';;, (ROO.) tLC1::'1!Ltlofaanh.l 
~ 

LL'l"~-.i'il (02-) .ffu:Jie.hum::U1Un"l1VIlUh 1.11ln~lnd 
uul.n'liia;::uJLn'll.ffut.J-;nnnTrt.ifmn;Yll:l il'l'Hfliiilln . ~ 
R~LL1flil'1llJ £J'11Jl~'lJii'l1LLil::fJff 

ilf1"l"ii11'1-0Bl!3;J<lBl'l'i::: (Antioxidants) LUUa11fi 

a-1lJl'l"nvh ll iifi1mnum.uJN5tn:: tmJ<;t'l"J Lvlanlll~'il "' ·~ 
0\.llJiiiOR'l:: hiVIiH11tl 'l-111l'I'\U'l1U.iiii'im~n LorlhiLWiilLiil-1 

~ '\.! " dJ \) 

.Ia11l LDUftYl'l'lriLLUiillJI\llmhil antiradical tl~ll~D'u1.i 
' 

1] OU'l/ ru~1 ViliLU\.Iff11'lli>JVi11l n1i~ 1lUlHl (radical 
~ ... ~ 'll 

scavenger) L Jti a1 im ~ nu'l'\tlili m-nil~IU LLil::tilil Hfil 

i1 "al1LUJ'~<iaunonLLf!uorr" LL'Yl'l-1 uth~hnvnlJlu 
llllofll 't1UU~~~Hfililffl'i<i'1U1l1-llJiliiff'i::ar.i (tam 

'~ ~ 

l'JJ'i::~M. 2sso) 

1.2 wn:iia1~C!J'l.,..nl ·n.h::L3h~.u73J1milfl'i 

Bl-03JaBl'l'l"::tLa~1fim'l"vmBmml'll"l"iil11-0B1-03J<l~<~"l":: 
~ ~ • qJ 

aulJNiiin::dhtlJLilnil~Ll.iflJ~,~~i:imllJL1a-~1u 
~ '\.1 " \J 

mmh1'hll!iii1tnnuii'Tl-»11lJLOJ~OJ'iil~ 'l 'l!a~·it~mu 

hiilil::Llluh:J;.~ 1mlliHOJEJ11l!l m~i'll:T\.I'h.i~:Hh 

tu;~u LLil::ll'l"l"W~'l-l~m;l..l'liD~·h~mu ~Jl'il1itm~RnJ 

LL<~:U'tllJI'tl m7rh~•1-l'll1lJtn 19h 1lJLfl nii!Uiim1l.liJ>Jll n~ 
' 

lU LL!l:: il'llJI'l"m fimJfi fi'iU18 an•iiL>J'JIWiiEJL ifa~il1n ff11 

ih llJL!lnm.lrt~hluJff''ofilLlJLilnilfiullu Lii·>l!lWri'"mrt 'iil.i 
' ' ' 

."1 • I Q ~ 1 ., ~ .1 1 ~ Q .. ~ A ..:- ..; 

Lul-lu!)n-l"Ul~n 'll .'l1 rn mnflii'Jli1::YlL'lliiliilV\18LU!lL£JD 

qi1~"J Blll~mhlll£Jlfl1m:i~" thllDii1u1rhii".ffuLiJ'I.l 

nl11'hiillUV\l!JLU~U\.ILLUil~ tm~fff1~~homa LL<1::1'i1hi£i 

n11af1~ u 1-1 ~iJ'l1ll n~ili ll'th 1 inll1U dlut'll<l ofl..I::L lJJ 

u.amnndrr~~~e.~Nh-iLn'l1hflqil~ 'l mn:.nu L"li'l.l hfl 

Lfi£J10Ul'!l1l~L5u'lli"1Lv (cardiovascular) il'<!l'll~LlJEJf 
(Alzheimer's disease) vnf~'hu{u (Parkinson's disease) 

'l'\lmL:TLL~nTmriri1l'Ul£J (aging) (Halliwell and 

Gutteridge, 1998; 'lmfiYlfi' iu~~uYl{ 2538) 

1u~ull nih:~ m Ull::ih·::m.J fff1~a1-r'ill1Hl\.ll..l iii . ~ 
Bin:: Liu n~lJ'lJil.JLBUl'l!~'llii'ileyh~'] 'l'iltLri superoxide 

dismutase, glutathione peroxidase LLiil:: catalase LU\.1 

'il;.~ LLiil::n~l.l metal-binding protein 1.iLLri feritin, 

ceruloplamin, transferrin Uiil:: uric acid (Halliwell and 

Gutteridge, 1998) L1ilBfn],}l1:iu'llil~ffl111'1.liJilD<t1:LLC1: . ~ 
~17.1'1'1.48\.}\)iil om:: 1 i"s~LU ~::iu&Ul>lil LL<;i tll 1 U(1"Jl11::fi 

1::iu'll1l~al'l"1l'il.l..l 010 R'l::LL!l::ff'1'l"vl1U.1l~l..l<l Bfi'l:: 1l.iat.i1u , \.1 •v "' 

~::iuff1!<Ail fiaih.Hl.lltl.I'U il~ fil11lU11il5a7::mnn'"l! Rl'l . . ~ 
~l'il.1l\.llJ!lDfi7:: ff!ll1::L"li~dL~£Jn""i1Lfi<~ "i!lfl'l1::nn 

·~ ~ 

!lanoii1'l1'llL iiuftlJ'1l<l (oxidative stress)" oiiJn11iiD\.IlJ<I ' , ~ 
1i ff1::LLiil::ffl,..yj L ~U1'li 1) ~~~ LD ""~ <;te.liii'!IEJJ ff11il\.ll../i!B a,-::~ . ~ 
jj f11llJL1 LLiil:: tl1-l'll1"1U R~ l../1 nL fiu n11fin 'i::U"J'I<OI 'l 

~ -
lj 1l~TIU\J::~l\.1Yll\.IL'tt'il ~::rialiLii'l1 nTni1i!l!..lff11ih 

Ll..IL<~Q<l (L'!I!.l\.1 mf1utmmm 11l1GiULL!l::li11Vl\.l~m'l l..l ) 

LUUElUOJ'llU'iiDL'll<!oi'LL!l:::Ldmduvh~ ') (Mittler. 2002; 

tam l'l!1::fltl91, 2550) , 
U!l n\J 1 nifff1 -:r'il11-11l \.1 l.l il a ff'i:: rJ~ ff1lJ1 -:rnw lJ 1 <~1 \.1 , ~ 

~n ~;;,'l:J LL!l::il'lJULvn ~~lJff1'i'illU1lUlJ!lDff'l"::~!ll !J'llU'11 
' "' 

L'liu. al4U1::nau'iH..,.fin (phenolic compounds) LLOJ:: 

imiimn1<A~h~ 'l a~,-1;.~n ~lJa11U7:: nauVlhii n'l'iluri 

flavonoids, fiavones, gallic acid, ellagic acid, 

anthocyanins, carotenoids u;;,:m;~vl'un'lJD~ cinnamic 

acid (Zulueta et al., 2007) li111\.ln~lJ~LlhR11fi1iffmt 
LLriYh ~n LL!l::e.Jal:J L"li\.1 ff1-:r anthocyanins wu1ue.~a 

L 'llaf~vil hili aLL<;!~ l'i!l1l4ULLiil::<i11l OtlCl)'JIUli11iii~~1~ 

ff11 carotenoids wul\.ILLfl1ElYl inml~ Uiil::l.l::fl::navh1i 

iH'iil..l 'Yl1m'l'\5a~ R17L'Y\oh~wu1utl1l.J lml..l<mJI~u<w 
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1h.1-if'I-IB tinlJ'!IU~ LL'VI ~~~L'!·'n::Ufl n u.a::\1'1\Uh~ ') 'lJIJ.J 
'II " 

Vi'l! t<111tl1:: n €luwh~n dl Uffl"HiltH)\ilJa Oll"l::fi 
ffWMlffi'Yll~Ulfi€l a~mn)mau illfll UL,jBl7flfiL•Jlli,~ 

' ~ 

'l1~mu m::'iim::uumjfimi'u ~huhflniim-i LLL'l::lJ::L~~ 
" \I · 'I 'U 

(lom l'lf"'::fltl~. 2550; Shahidi and Wanasundara, , 
1992; Garcia-Aionso et al., 2004) <1'Tr:;iluD~~a1i<rr:: 

iin'llit~Ylv<ul,..crn f-l<~ LlY LL<l::fflJ'I-I1vn1>1uri 'imflwl!it~ 
' 

\>i1~ '] t"riu i~niiwii (ascorbic acid) l'illflULil (~

c;arotene) LLi'l::l'illDua (a-tocopherol) imDu<iiLi'll-1 

'i:;niiwfiiil::iilltni<M~ iiwnv~~mrn~u1fio 'Jhu1unTl 

i~Lf\"'l::~flili'liilll'il\.1. 'lhtJtUn110!iillU 1miilffL<il!l"'lliil <1<il 

n11Bmau LLiil::'iilulJ::L1~ (Genkingger et a!., 2004; 

Wannamethee et al. , 2006) 'll~muhiffllJ1"itl.,-f1~ 

'i:;n iiwnu~d"t,.r ~~'iiltilu!iltJ~ 'l'ii'il> n m1futl1::muL 'll'1 

LtJ illV\ 'm1£iimfiwrrR~ hlLLri e-rn.,-<11 c.ii'lt:JROJ liii'iR 
'IJ 

LU~U1 

" A 
i.'I11Cll'Wil"t~<liHI1:: 

nl"lUH LijwvntJ'hn mil'11:;i'T\Hl'il;J<~B 11'7:: 1 u 

'il~11lU1~W'llff~U'\Yi7 ern j:.jflLai iifl1llJ1hfltyLL<~::ii~J'lli 

mllJ<'~uhrhm"''iirud]u-;hwm:.nn 1V~u~h~<ilntl7::to~ 
' 

L Yia'iL ml::~V.IW'llfhiJuLL'VI ii~'llD~ff11:;i!'l-l1lUlHIOf!"i:: 
'" 

LLiil::th'll'a lJ iil ~'l<i'lJl HLil'IHilU'!l'm.J <~ 1 umnJ~.fi1 
'IJ ~ 'IJ 

fflJU h1LLfl::r-li!lai''J!illjll<i! li iifl1llJL V\lJl::lnJ hn11 
' 

1.h 1tJ1 iu"l.Ja '1VIr'i'l'l ~m.i •1tlu71n fl ~ Y1 m ut~.1ll'>~l 'iff'llmw ' , 

li111Jth~ti7:~11Ylllh.J') tnm7mh'lii1">~~'1 r.r) li L"liu n-n 

'iLfl'il::i">~ 1U~>J1 rnff17'l! it<il1<il'!lit<il'l'lrt~, 1oniil.J 1<ilniil.J . ' 
,.;1~ fi-wuiriiflrn;:nnT~hm7.ilt~.fl'l-ll.J<l5a7:: L"liu 

' '" 
'imnwii imiiuLfl 'l'l1mn1tJ7::nuuVlu1l~n (Zulueta, et 

al., 2007} uv\1 Ufl1ll.JL uu'il1.Ja11.l'lt~.1l ~lJflB 1n:: 1 u 

<i1111 t.hJVIdJ ') :Jn'J::tJ;:n !lU 1tJ.J'1U ff1"lollU1JUlJffDff1:: 
'" .... ... • ..4 ..e "' - .J 

V.fllU ~ 'l!UV!tHilJmW~ 'll~Y1lJt1~ffl"l~1'1Hl~3;Jfl1lff'i::l1 

m1u·i1 L ilttai"''l!U<il1<ilLL U'li!lU LL<I::ffl 'i~iiqr. iihn-11 

.i1t~.1l'flJ<lDff"l:: LLolrJ-31l.i'Yln1J 1m~ ai'1J'llil~ ffl'i'JU 1::~1.i 

i l ~ll ff1"l1<il <il~Jt~.m'i~1l~th::Lii'\.lfl11l.Jff ll.J1 "lt11t>m"l 
.i1u !lttl.l iil 0 tn:: 1<il Unl"il<il LLOI:: LLUn i Lfl'll::v.' 'lliiff11'l!U<il 

'" 
1>~u1~~'Lflum;uln LLfl::: hi~1 ttlu Lvm:: 1V~um1!JL1lu 

\l1~LL.t1L£11liiffl1r-l.,-lJ rl\.IV\ i:llt.J'l!itfl1'1-1D1'1'11"l Lfl~D~~l.J 
v.1a'imiiu ~~~m7Ruhm1'llOJfl17il::Lilum'itJmiiu 
f11ll.J.,.l.rnn.i1Ut1~1;!<1Bff"l:: 1<ilU11l.J (total antioxidant 

ce~pacity, TAC) lJ1nnilfi'il:::;i!lJ'itm1:::i'l'U.1::U~~i1 
IU'Ii ff1'lL<i~l'J1Jnw1olLilu TAG llt1hur.f1iimi1.1fufl1llJ 

iitm L'i'fn::ffllJ11nLLffljl.JU"l::ff'l'lnJlll'l nl'iol'JUBUlJ ~ 1J ff"l:: 
. '" 

'll!l-3<il~1flU1~~1n.tLfitJJm1lJLiJU'il1JlJlnni1 (Wang, Gao 

and Prior, 1996) 

n11lL1m::ifi1 TAG l<ilurf11tl'l:::iim1illf1J1lUlJ~ 
'" 

atn ::Yim ! Ufllll.J I '!l'lJ'!l'WYI LL lhHl U LLL'l ::'i Lfl"'l ::i 

fl11lJillllJ1"lt11 Unl"HJU rT.JV1'1!lrll .-~ fl 'lilJt'15 ff'i!'!J !l~ 0117 
'" i1mh~fi(m h1<il 1<ilU1~<ilU~IJl m1l":l;J<lB<n:::fi~>JMv.1'uYl 

L,.,~mn.r tn11l'lil.JiiloR;::fiiitJl.J1i Lliu tn"'tJ7::n1lunrilJ '" , 
L1JL'll ABTS •· (2,2' -azinobis-(3-ethylbenzothiazoline,6-

sulphonate)) (Miller et a!., 1993) .Jl.Jii1m~ff11~'i1.J&1..1ri 
" 

(2,2-diphenyl-1-

picrylhydrazyl} (Brand-williams, Cuvelier and Berset, 

1995) 1tJYi 1'!J tn'Hl'lil.Jfliia;::m~lifl~hiffl'i~ii1lti1u 
~ .. '\1 '\1 

l!11lJ'nl~LiJUil!l"i~i~Lfl11:i.ffmnL~UULLUUil\.I:Jiilihn:: , ~ 
'W1n Reactive Oxygen Species (ROS) v.7D Reactive 

Nitrogen species (RNS) 'Yi~uluil~mu 
u!ln'llndu~iimwf\>lluliil5u'l 1um'ilLfl"'l~<A' 

LL~::l.h:diuth TAG an1>~u1'll'1..1£jn~t.Jl"'::'VIi1~1l0n.Jit~ 

oii~'iLemmr;\'l!it<ilvh~ ') L"liU Folin-Ciocalteau reagent 

11110 FCR J~bn11'YlOifftl~LLUU ~~~~ ~lJ1mr1~lLU'Yl'Jf 
(batch method) LL~::iinT'iWOlJm1lidJm~'iJ1JlL¥1'n:.X1i 

1l1tliJn11LVIfl (flow injection method) L~1Jh\m1 

'itfln::iiiml:Ja::mn 'i)>JL71 1-IRnn-mi111ty'll8JLt1fliifl 

m1it.rn::i1iem1um1'tv.f1~1l iimmmnri<m1'l!uV\'la 

U<il "''~1D th~t..-l'!<~tllltJ lJl <il'ljl u ">17D1L m 'li'U.I' "~ 1 u 

m:LLff'llu~ff17fi::fl1UfiLVIfi 1 m1m1h ~ .l'liJD'll'llnTilVlfl 
...1 ..J ' ! .., - c..o ~ • 
Ylfl~'t1Llfl::!l U ~~ ffl.Jl L6lJ 1l LU'n lJm"l'il"l1'J1<ilfffgiJ!l lliD I.Jl~ 

qj 11 Lito~ '1'1 ~-l~'ilU~ ff11 fi1UU1: n DU'llfl~ Lnflil.fl n11 

'iLml:::ifio1ti'tJm'ih<~1lth~~~u ¥111 7::umJULf1~1l'li 
tn'iiil:iilltJ 1:uuii<ilffl"l.Jl.Jii111hi'luci1utl;:nilu fi1u~ 
tn1Lfli\'1JmJiu LL<1:'i:UU'llTI'ill'il 

U'Yif111lJd~ :u1 L ffll1lL tlfliifl LLUU .t~~1ilJ L<il u'lii 

LLuwntm::m1tJ'i:~n'il1iLr.flilflm1'iLfl"l1:i-ti;mlum1 
L\-\iil 2 lLUU 't:;itlri flow injection analysis (FIA) LLfi:: 

sequential injection analysis (SIA) lum'itl'l'::dill 

fllllJffllJ1''l'tliillU1l1i~ ~ii<'I"':: L<ilulitl B n1U1'llil-lffl"l 

D\.llJa1hn: L1iU DPPH• 111113 ABTS•·1·J!tJnn1Ul'lJ1l.J 
'" ;.J 

LH11jlWJULtJofvan 1'll<il LLa:: 1 iuijfi1ur'll1JJ1liln'Bt<iloii~1 
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+ 

·o,s'(X)=N-N=<:crso; 
\ I 
Et Et 

n 

!,11.;:\ 1 1m~rnJ'lJ11-l\"!11!ltllJ<lBff'l: (n) ABTs•• [2,2'-azinobis-(3-ethylbenzothiazoline-6-sulphonate)] LW: ('lJ) DPPH• - ·~ 
(2,2-diphenyl-1-picrylhydrazyl) (Magalhaes et al. 2009) 

2. L'l1i'IUA1LA~l :::~"l'l-l> m71l7:::t3j'l-l.m 1~ <11m·n-l~1'1-1. 

emm1il<t~:: 
'" 

2. 1 b'Yll'l~A1LA71::'1-i'~nlifvn1 711'1<~L'~-~>n17 
· ' ~ ... ~ .J ~ 
u 1:: b3J'I-I.i'l 113J <I13J1711 (Ill'-\ <l't~ i'lil <I'H'Ylill ~ £J 

'llljn~Vl'!JD~<Il ~ DPPH• ~7D ABTS • · 

A .. 

2. 1.1 ?11'Hl ~Jjii1Di'f1:: ABTS 

a11fil 'liLilui1n·H u>~ 1l1.UJ!l5a;::!lm:: 1 '1i 
"' 

a 1 1 tl;:: n DlJ n ci :J L !l 1 'II b 'li '\.! 2 ,2'-azinobis-(3-, 
ethylbonzothiazoline-6-s ulphonate th 1 \KLii>~D'i~" 
ABTs•·tunl1lL<l71::~il::i>Jfhn1101~n~1.\LLRJrl!llililJ 

" 
1J 1h1 ABTs · · L~n11KtiTllDfi1rnnuaT~i1ath ~ n11 

i L m1::i m !lJal:JTHl .i1\.1.1JUJJ" lia;:: l fl trn 1li'1 rlii 
'" 

ABTS bLUlJ<iJJbli'JlJ rh'l.J'1'iHJL'111tJlJR11fl:ont.l ABTS 

t'lllJ'llu1,ooo VlwL nlJ ;b'hhiluH'lu-riii'111 2-16 -i1h.1" 

tblJ1L~1lll1Jc;\1UL1l'Yll\.l.fl0!1v.LifilnT!~>Jn ~\.I.LLRJ (<11l l.J 

tJl1fl~1.1 = 734 u1 hmJm) or.il wli1J 0 .7 (+0.02) iJLtlfl 
~ -

fil1iil::il1U ABTS L~mmtl1l.Jl<in 2.9 £iilflfl fl1 1ft1ufh-

nW~ Lqj l.JLJJ't11\.1.1JI'ltl1l.llm 0.10 ii<lfi~~;1u~1n'iltnu'H 

l1.1flii01 20 1.11Yi Ull.lll>~thnT~>~>~n~\.I.LLorJt1 734 1.11tu 
" 

LlJ'il"i (Aeoclrol) anJn·nvilJ1G!"i!11.l'lJ1JJ hl11lfln'lf (trolox) 

l OI U1~'il fl1n1WI 'iln ~'liLt({ J1J tJJ fil'l"il:: fll UlJ1'i11il1\.l. yj fl1ll.J 
~ ~ 

Li:.~'llwk1.J 'l (50, 100 LLfl :: 200 Vi.Yh5:J) L.wH 

ff"11\'l!il1 tJl.J1 'il"i~l'\.ll Yl"i0!1l n'lftL 'Yl'\.lLJJYilUDfl (AMeasure) 

fli\.1.1nl,V.lfil %ABTS radical cation scavenging activity 

11ilr.J l'lia:.~m1fi 1 LLil:lhfil %ABTS radical cation 

sca venging activity l.J11'1ii!l'ilrl1Jfl11m'lil.l'llu1JDJ 1m
f!vn'lfLYlaan~nnvilJ11'11!lU 

% ABTS radical calion scavenging aclivio· (1) 

m;iLml:~<l11:JJRllJ1'Hlil\W~l;!flBin::1'11u;•:JJ 

1ua11fl1BthJrh1i11il tJnwtmi1nl7>~>~n~\.I.LLRJ'll 1l~ a17 
" 

ilDth.J 11iltJ1'Jia11anmlnW'l!il1lth.JLL'Yl'U Ll.lm-'\.l1Jil 

~hm rn.~nf\1 %ABTS radical cabon scavenging activity 

LL<l::Yil '\.!1 rn. Yllfll'HJ ffl lJ l 71li.'l\.1.1l1.UJ 010 fi1! 1'11 tJ 11l.J 1 '\.! 
'~ 

v.l.htJD<lfi n1l.l't11lJ 1 maun'J!qi unf~'lleJJfi11<i11athJ 

L m1it~itm1::it\en~u n11L v.<> 1um-rtl1::tDu 

mllJall.ll"illi.l 1.Hl'\.ll.JflBa7:: ~i1ua11il \.I.:Jiilfla7:: ABTs • • 
'1'-1 '1 \1 

L ~a.n~·?.llm.ffu l'11 tJ 1'1iLw ii 1 vJ 1l ~ LLlJlJ'Ji fl J L~ u1 (sing le 

channel manifold) (Pellegrini et al. . 2003) 'ii"JtLfiflJ1\.I.~ 

ii2 n 

1.!~ (P) 1J iJJ1 ::uu1 tml ::~ll::rhYIUltl 
'll1H fl ~ D'\.l~l1il ::i'11tJ ABTS • • (fl::t:ntJlwamtHJ ft) 1v."l'l'la 

~1\.l.rim~n 'l i1ml'i1Tnn o.s ii<~flA Ql ,,,.,Yi f-i1\.1.1l.J!TJ 

reaction coil (RC) 1Lil ::'llltl"Jr;l1'i1i1\J'l'ili'11J11Jlru.'l!ii'il 

UV-V IS spectrophotometer (D) til1v."li.'i11J11Jl ru.'liDJfh 

n"11"fl~nfh.tLL".Jl1fi116JUl1fl~U 734 U111-bL;J <ild Dth.J 
" 

Gimu1l.J Liiiliim;u-;Ja11ilur.i1Jv,1oi~i1t'1::1llr.Jmm.f1u 

fld'h.;.n;ilU8'\.l1J<J 0 a7!0!J 1 un 1:: LLfi'll !l J ff11iil!:Ol1 U 1l \.ll.Jfl 
'l'l,i '1'\1 

ii..--r: ABTs · · al1i1\.1.1l1f~iil1hn:"il::tilrht!Bii1tnnu 

fil11lU1l<Jihn: ABTs• · l'il1v:'tl1mrn.'!luJ Rl'lflUl.Jfllia7:: 
,~ '"" 

1u;::uU<HlftJ .-i ; m-r'il'11nliuLLRJii1~-;J[i.~Jfl'il<'lJ hw 
~ 

llhn rn.n11 ~ ~ il~'ll DJfi1m~~ -;1 n~\.I.LL RJ .ffu num1:.~ 
" 

t'll1J'llW!!1lJ<nli1UD'Ul.lflfl<n::flu~JL 'll11tl ~IDUlJ'!J1JJ , ~ 
; ru ru1 rn. ~'li. -;n n m~1 Lm-1::~ 1..11 l.l 1 rn.'llu~ ;n,-c;\1'1.111 1.\l.Jil 

~ ... ' "\1 

5~ndtnown'lltta'il~iJ-rtl~ 2 'll 
~ 
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s 
n 

w 

p 

fVlllnnn 
v v v AU 

2.00 4.00 6.00 8.00 

Minutes 

10.00 
I 

12.00 14.00 16.00 

~l.]~ 2 LLt:-1'\Un'!l'iLL~>l~ (n) LYlfli1~1L~"il!:\{fim~t:Jnl"il'llflhtnTiU1:dh-1YnllJiniJl1"!1~11.l81;1~i<Ol'l1::fiD1~Ul.Jljn1ul 

'JJD~in"i ABTS"' (FI/ABTS •• ) (Megalhaes et al., 2009) ('ll) ffqjf~1rnrl1'1l\110n11U~ffl1(1::fnmJ1m~l1.l 
1m~Dn'lf (50,100 \\<~:: 200 LlJ 1m1lJ(11fmlJ~l.i'lJ) (Pellegrini et al. , 2003) 

nl"ilh:: dj1.lfl11lJ ~1 l.Jl1t1 'lllU81.llJ t~1hn:: l~;~ !.J"i'llJ 'llfl~ J:inl'nilU fi n1!.Jl rllJ ~1151.ln El'\.10~~~ L fi~ Li'Juu 1-tlJlil 
• ~ ~ 'I '\1 

rh1~;~L>J!.lnl1\\1fhm1l.ln~'Ll1l-lY1mii'll~lnm"iuY1~1"i ABTs· · oil~lll'lllm-riL~n::iiimllJri-lrnn 
~ ' 

<il1a ri1~l.ll L 111vuL ri vununnvJlJ1m~1\.I'JJ a~~11~1u 
il1.ll.Jlil0~1::1mlilan'lf tl1l.l1rn TAC ~~"i1£J~1'\.ILUVJU1£J . ~ 
iit~filuinf'llu~Tmt~on'lf (trolox equivalent antioxidant 

capacity; TEAC) Li11lti11::uuYiL~Yl'ill'\.l1.ff'\.llJl h'1.1.lm; 

Yl>JiHllJL Yiatl'i::Lnuwnl.l Lt1l.J110~1uuul.lt~5~1:: 1u 
'~ 

ffl'Hl:lil1£Jl.Jl\'!1~11.l"llii>J~l-l ') L'li1.l gallic acid, vanillic 

add, caffeic add, ferulic acid, quercetin, naringernin, 

ascorbic acid LLt~:: a-tocopherol Yi1J'i1Lllt:.~liln11~1>J t~a~ 

nefl~~u~rlun111L~n::~!ihu1~LL1JU~iJL~11 ldDtl1:u1 

1l;::vnfl1inu<il11lth,'!Lfl~o~~lJ L'li,.. Luuf 'lfl n1uw . 
1-bJOifi !J LLt~::lilc.<lil ~:j Yil.J'llfilfl1llJffllJl7t1'1111.l!l1.ll.Jlil . ~ 
ii ~1:: 1., m1l.lfi1'11~1 m 'Yifl ilflfi1viw'illu1.ffu ~liLL<;I n 'ii1-l 

il ri1~ii'l!u~1.-i'{jj rllJ fhfi1..1~1 n'i~LLlJlJ~ L &il.J 

n111h::Lii'\.lm1lJ~l l.J11nvi'l1.l!l'\.llJ 111ir.nz L<;itJ11lJ 
'~ 

vhvi~dihr<J~~!l rh'l.l~ltJ m;iLflm\{rh1v111"~1mi'. 
m'l::vl1tht~~t~1u5u~16 LLoii!-dihTm~u~a ABTS 1l.iLilu 

;nwnl.lll11lJ'lf1~rlria 1iLn'ilfltJ.1l 11fiff~: 1ui1J n1v LLiil:: 
'~ 

A • 

2.1.2 iii1'HJ'U3Jflfli'f-:i:: DPPH .... 
ffl1'!in<il1~i1m.J 1 'lf"lunT~iLml::\{tJ'hn rnffl1 

v1 1 u !l tf ~ 11 ii R;:: flu 2.2-diphenyl-1-picrylhydrazyl 

(DPPH) .jj~L~1lLOI~t.JlJLiJ'\.lRi1iil::fi1!.J'il::£iffl.J' 1J lum1 

lLY\~l::\{f\;J::iOITi1nl7<;iOinfiutLf'l~'lJ8.JffU1..l;.jfi'ilOIJL~Dli 
~ 

Yilunfi~!.Jl nu ffl'ivl1\Hl":~flfirn:: 'i ~hlnl;'JLm1::,_;-

fll1lJR1lJl"iO.rl1.lllUlJt!Dn"id<;itJ11lJ~1!.Jltf DPPH LLlJlJ 
'~ 

t.JL~lJ rhL<fi"l<fimOI1tJl.J~l1fl::fi1!.J DPPH L'Jl:J'JJu 6.0 X 

10.
5

L!.llillf iJu.J'i1Ltl1'lil::t11£J DPPH vlJnkntl1m'i17 2.9 

iit~~fim 1a1ufi1L101 L~l.JLl.lmUilt~tl 'hnm 0.1 o iifl~~"'' 

1u~hmHnu'l1tu~~'il 1 i'1 hJ., Ull.JTl'ilvhnT•<fi.,n~u 
" 

un-.Jri 515 mL'\.lLl.lm ( AcH,OH ) ~fl.JOJ1Wl.llm~1u 

'JJEJJ 1 mt~un'lf LOI t.JiOJ~lnl'l'<il'ilnfitmff.J'LJD.JRl'l'lil::t~lu • 
l.Jl'l112lUflfl11l.JL'lill'Jl'\.l<\l.J ')(50, 100, 150 LL<l:: 200 ;'j 

r'iLBlJ) HR1 'H'I::t~ltJlJ1m;!l\<Lmflan'lfLL'Yi1.lLlJYn1.l1lfl 

( A std ) fl1U1t1-IVJ1~1 %DPPH scavenging activity l01u 

1im1l.Jal.Jwulf~.,R1Jm'l' 2 
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%DPPH scal'enging activity 
( \ 

(I -l...!k_Jxl oo 
ACH,CJH 

. ..... ... . ., ..... .. (2) 

ihvh %DPPH scavenging activity 3J1YiffvollllJ 
~~ 1 ~.; ~ J 

l'l11lJL'li3J'li'U'IJil~ Yl1iiH.ln'l!LYllln11~n11Y lJ1Vl1~1'L-I 

fi113J nllJ!'l" n 1111'1-lll u3J~ ii n'i:: 1<n u 11:w 1 u nl1i'1 <J ci1 ~ 
"' 

1Lfl11::"v1'1<n trl~fhn11<n1ln~1-ILLII'~'JJ El~ i1'11~1il ci1~ l 1-1 
" 

'Yil'L-Ill~L~tnrru ~hu,lrn"v\1R1 %DPPH scavenging 

activity LLf'l::m1lJil'lm'in;;l-n.1.llU3JilD1n::1<nu~1lJ1u'I-IU1U 
,'\! 

iht~n!lJ'JJD~ T mMn'lf<ii e n!mJ D~ll'l,..r1vci1~ 

Pump 

solution 
A --+--+-+t 

solution 
B 

mntv.J'I-t::i~i Lfm:l-{Yi il1rltl n11'l V! a 1 1.1n11 

1.h::: LijUfi113J il'!m;n;;l1'1-1.ilUlJf'l fi rn~fi !l1;1ul.J fi n~tll'll !l~ 
"' "' 

wn DPPH• L~lJi'u1uu fl.Vl. 2002 1>~u1i~::uu1Lfln::\{ 
LLlJlJ FIA Yl jj electron spin resonance (ESR) 

spectrophotometer Lfl~t<;\1m1'il'l>l (Ukeda, Adachi and 

Sawamura. 2002) liLLiJii1vJ!l.i'LLlJ1Jff<l~'liehl<n~~LLil'<n~l u 

-:il.Jib .., 

~tl~ 3 umunwuff>l~L11fliifi1Lfln::l-{fiil1rlUm-:i11'11l1um1l.J7::Li:i-um13JA1a.mni1'1.-1il~~"a~~'1::r{;nr1utl~n~m'll!l~ 
11'1-:i DPPH (FIIDPPH•) LLil:: electron spin resonance (ESR) spectrophotometer Lth-1~1>111'\ll~'il LOB 

solution A= il'l'ill::<nu 50% LiltnU1lfl, solution B = il'l'l"f'l::ll1t.J DPPH L'lil.l'liu 200 tJJ1m1!Jfl1f lu SO% 

Lf.ltn'l-1.811, FC = 1Yl~111Wllil<f (Ukeda, Adachi and Sawamura, 2002) 
" 

il'11fl::ll1U'1l1w1 (50% LOtnUil<~) 1l::nm.J~aciw1iemiu., 
" 

<il1u1l~n1'1 o.32 iiflfii'imtmti L·Ji%..l~ff:Jnun'11<1:<~1u 

DPPH fl11lJL'!l'lJ'zJU 200 'hJ 1mL:Jiinf 1u50% LiltnUilfl 

;nmfunna::f'l!tJ~il'l.l'il::n nw:L'Jil"Lli u~ 1 vJ 61mL'l!Ol if 
" " 

LLiil:nnm1'irf<11<il1u ESR Y7n"~<l:Ju.l.imfln 335.3 ii~lim 
" 

ffiill 'l<i'Aqj'lJ1rn'lla~il1;l~il1iA1:: DPPH ucil~~mrta~ Lrlil 

U<ilff1Whuil~~ilBff1::mm~lu (20 tlJ Tmi'im) L'll'1 

1::UlJU'ilff11~1il ci1~ ~11-1111<f il'l'l'vi1U8UlJOlfi rn::11:ti1 
' " 

l.J~n7u1n1Jff111l~~fl1iff'l':: DPPH li11il..l7lJlffi"llil~ 

DPPH 1u1::UUil>lil~ iqJcy1rn'I-\3EJYlmi1<11~Jii'liU101Lffn 
01., 1'il ul.J~mmm'l'<~'il "~"!Jil~ irJ 'lJ1miJJ'I'lulfnlJl.J~mm 

.... .... '"'"" ""' .J ~ .t ~ 
'JJB~ n11muu\.I!Jiilil a1::'YIU<n L'IJ11::uu 1:::uunYmm 1"!JU \.1 

'"' 
ffl~.mmhlJ1h"lu~18ci1~LY1~1l~~lJ.i1~'] L'Ji'U "lll LiiUl 

"lll~"v\fl~LLOl::n1LL'i'l 'iil'i LL~ii'!l'matJfiiltJ?l71L~11Un1'S 

1Lm1::~i1'11<1i1!l!.h~·lh fi!llLYln::lfl.JL'WU..l 13 .i'"1tJ!..h.,j/ 

-i11lJJ L iiu~;nniu~ LiLL'l'.,j.i'"UnJ1unTl'~iUi1'11a::fl1t.JLtl 
" 

titl'lif1mL•rn'l6 (am1LTiil'~n<il~h"hifia 0.32 iiflii~m/ 
'\: \1 'I 

Ulfi) 

il fl .l'! . 2004 m1m11ll<ilnL'l..in1m1v;1<11L~m11vinn 
" 

W.-JJU1lJ1hL'Un1Wl'l'11ll<ilU~!Jlffift118UlJf'lDil'1:: DPPH 
'" 

1u1::1JUlLI'l'l'1::\{~1l1rltJn1'l'1'11iilLL1JlJ SIA LYiu1'YI"tfi'1::1J1J 

1um;l.J,-:L:ju~n1lJ R1lJ11n.i'"1U!l1;1~~ 1hn::ur.h..l11<n L ~1 

(Polasek, Skala and Opletal, 2004) LL~l-tlll 'l'l"!JD..l1::uu 

lLfln::\{LLff'il~LUWli 4 . 
1::uu'iLm1::~uuu SIA v::HmmY11L<i1afmum.J 

n < 

t'l!7u{l:Jhi'<il'ilff111il:: 111 uti .i'uJ n<1c.l1u 111 ff' sc 
" 

(selector valve) l.J7lJl<111"ll 1J .,jff 1 1iil::Ol1tJ.il~ ') vl11~ 

i ilJn111'l1UfllJol1 u 5m1L 11lumm1 ~ aufiLLil::1~tJ::L 1011 

1un1101<1111'11il::a1tJ 1<ntJL'l!U"ll 1l ~il'11l'l::a1 u DPPH 
" 

L'll':w'll'u 0.1 ii<liiL:JonfluLsrnuu a:tll (1 :1) l.J7mm 20 

llJ Tm~m ll::t,J m.h::nmf~a!l~'li• ~<il1u L'llu'll !J.,jil'l 'l' 

'1l1oth~ (11'11<;\1ilthl.Jnnm'll'•~<l:: 25L!J1mli'111) LYiD 

'li1u 1l-'in;;m11~n3JMiiti~:u m'l'Ml iilJ'llB~Yi1nTl''il>l n ~u 
" 

LLff..l'lltl~il'11 DPPH m1-.l'>lfim1 :Jtlil?l~'l--l 525 1-nLu 

L~m l.J7iJ1llinl'Hl'illl~'ll1l~>hn1;'il<11n~uLLff~•::ff'm•l'uf 
~ 

nul.J1:Jl lli'llil~ il'11vl1UilUlJi1 1Jm::Ylu<nL'Ji11:1J1J 'i::Uufi 
'~ 
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vf(ijJ'!.IliiOVl'l1L111 um;1Lmlt~i1'·mi1mh~finV1 L n fia 
1~m~~~"l~ri~ 45 'il1aci1~1'1f'11lJ~ lh.n1h::un'll1'll'11.t 

' 
lii·I1lrll~rr1 ·mnlilv1n.W'innJu1v~·m<'~::L.;iV~ 

' 
nl'i1h::Lijum1lJ 11'1l.l1'in~·mam.J 11 ~1n: hi !J71lJ 

'" <ti'1u1~l'Ji\~171ltll.Jiil~il''i::: DPPH dih!n~fla tht<ti'J1!J 
''II 

71"1L11 ~L\liilidiiiuLlttJfia DPPH dhut!l.JI1Dff'l::fi . ~ 
fi Otllll" L<l n !J7 'll.i11 vi all ii ii~tJ1 L ~ ii a tltiUlJ <~YI L fi<J1 u 

~ ''~~ 

·h~n1Ul!1~ 'J '1'11hi'tfiVltlDfi1ult'll'li1 'ti1h~fi1 

fi11l.lff1lJl'in~1'MJtllJ£~lhn::fi1'11Mitaun1lm1lJ dlu 
''~~ 

'il1~ (Lom 1·zmmJ<if. 2550) 1.wmnnd!l~ii·nu~·m • 
L~U1rl1Jll!l~10Wlltl~n11'1l::iilltl'll1l~ DPPH 1t~i1Yh 
11:111tJfiLih<J'VL1l'Yll1·Hlfl (Stasko et al., 2007) -i1ti1ii 

J'1mnni1 60% 'ii::Lfi'1lnWo1nGJ::nilWll1l~ DPPH c;i~~U 
'i::Uu1Lm1~~yj1'Jitltll.ll.'lii!m DPPH ~~~3JLVilJ1::flTtd'u 

"' 
n17i L rm::lftl~l.ll tl.I.Rl'iviTU 1J tllJ i.'ID;;n::fir~: ii11!JJl1'1i~ 

'" 
(hydrophilic compounds) 

--1 PC 

cs 

CS(2) 
DPPH(3) 

~tJ~ 4 bL[;.JtllnVHLiHI~LtlfiUfl'hml::i SIA fflit15mUl'lJ1l~ DPPH (S INDPPH•) LLl'l::RLtinhn1vJl~ Ll.l'YI1 (SPM) LDtl 
~ .. - A \ .. < .3' ' " .r 

m\il71'il1'11 LiJtl SP = l'll-rwiltllJ, SC = selector valve, FC = h'ii.'!L'l!l'liil, HC = holding coil, CS(2) = 

ffl 'H'I:iillU'ii1YnLfl'Yiltliliil:lh (1 :1) . S(1 ) = ffl~~11l!.h~. DPPH(3) = ffl'TIIZI1lU DPPH LilJ'Ji'U 0.1 ih1~

h,JmflmDYI1U1l~:J'l (1:1), W(6) =waste (Polasek, Skala and Opletal, 2004) 

2.2 L'I1Ail.A~LA7l::..fYiul~Vnl1'1l-l<ll'U.Ol'~ 
" ' A " A d ~ u7:n<>JUI'I"J13J i.'I13J'1 '!Cll)ll'U.illt~ <I il i.'l'!::: 'YI illl't!J 

UlJO~!J'l~thl 1vfmL~'U.LUD-fDDn 1'liGl 

Parejo llil::flrn:: (Parejo et al., 2000) LiN1l 

ifim-r'h>m::i TAC hw1'Jltiijii1mn17L1a~LLR~'vl1il 

Lfl :)~£iL1-I({L'lrnm7::~i'l~~ iJtlf.lil (luminal) rlUt~~iileR-r:: 

'ntl~"lrrfl'l'tnorriil (OH.) nl'l'L1il~ LLR~'llil~ ~ntlil£! 'ii::Lfi>ll'ii~ 

1t~Rill1::m1'YI<J£!1l~fitilmml' tl5fi1vlyjLfim.ffu<iiJfflJnl1 

fi 3 Llil:: 4 

2• 
Co + H20 2 Co

3
• + OH + HO-

luminal + OH. ~ light (425 t11L'ItLlJ~1) 

. .. .. ... . .. (3) 

.. .. . .... (4) 

oialJl Giokas LLE!::flrn:: (Giokas, Vlessidis and 

Evmiridis, 2007) 'l<ilvl'(ijjul'i~nT~1Lml::~1'i!tJEI11'ltJ 

l.Jij fi1u'l~~O~lll '1.1 'l'::U1JlLfl7i:r\fltnflum'l' hiii1 Unl 'l' 

1.J ·mih<fl111.1all.l17niltlti'~<lJI1Stn:: ~~Li1u-r:uwaJl.J 
'~ 

fi~DflL tllJ~rh 1 ~1'li~lu'l'll~1u.ffuLLlYr1urTf.'hi'llT\.IlrulJ1n . ~ 

hwliLLlJiiL'I'if'l<if <iiJLL1Hl~1m-u~ 5 
n '\J 

U~lJ (P) 'lJ1lJ'i::UlliLfl'll::~ll:l~l'rl \hfl'lluLfl~1l'\.l 

ffl'ifl::i'li!J luminoi-Co(II)/EDTA 1v"lYt<~c.hurimiiln ']l.ll 

unilUrll.Jffl'm::il"'ULrr1<J7L'iltiLtiofaon'l'll<if Lii'ilnl'!~RlJ 
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n"~+~1Jij)~H1.1thwiinnij)llDi'i7rn (M) L~::1llr!~i<'il11 'iri:'il 
LLR~'l!Uiil14lmJ'f!r.iVHl 1 !HeJDfthU (PMT) rhl'-11'ii 
.... • • .d. .til 00111 ~ • 

llH!!t)!'lnl.'lJ .!l~LlB~il U1~9l!lL l:HH LU!l'l'ili'1'111il1!l U1M 

o!11<1::W1UlJ1<111~1'1-tliLi1\<R1'i~1U!l'!.tlJ<Iiii'l'l":: Ol~1um:: LL<I' .. . ~ 
'lJ!l,li'l11il!:il1U l'llL~m.JlHlL 1<11UWLYltlf LLf.'l::1il'l1'l"<I::<I1U 

lJiU'i'i\JUrlUi'l'i'Hl::<nUf.lfflJ'lJ!l~ luminoi-Co(II)/EDTA 

Lbfl:: ' nlmLilULUufaan,'ll<if ff11'ii1lUJ'UlJfliim:il::L'!hrh . ~ 
tlfi n1r.nnua11DU1l£l1i R7:: 1llmElnonr~ ?,Lllucrm>f~qju 1 u "' . ~ 

p 

L M 

H s 
c 

p 

tJ~mh::mrn 2552 

nl"i LJi'ilLL~~ 1'l11itJ'hrmL'lJ1l~~11illt~t'IOH"i::ln'i11DO-llfl 

1u7::UUf.'l 'ilfl~ f111lJ L'JilJ'lJ !l~ LLR,) ~Lfi>Jil 1 nl.J ljfi1!JI~" 
fl'ilfl,) l <11UU1l,ITni.Ol'Hl'ilil..l'lJ1l..lLLff,l,ff'\>tlUm1l.IL'JilJ'Jlu 

'llil ,)ff1'l"vi1"~>il '1-tlJ <~5 a'l"::li U.m,Jl1u 0111h::Liimn .. 
ft11iJRllJT'Hl ~l'\>1l'l>lJ<IBR'l"::1>JUTilJ 'Yh'\?J1>JU 01'itilvh 

'" 
m1lJ R,)'lJtJ ,)l~fl ~'.rill n m'iU?l11111~11l U1,JlJl ttl1uu L fi uu • 
nunnvJmmHI-I'!Jfl~ h r:i<liln'Jl flT:.H'fllJl'l"n~l'I-WUlJfl 

~ 4U 

ihnd<11mliJ~"nu"'"hmthu ilr~iiLl.lfllfnu" 1m£lsn'li' 

F 

RD 

w 

·nJrl 5 LltJUn1'W1::UU iLfl1"1::\{ ~ill iUn"l'l"L 'VIOl 1 Un111.h:: Liim11llJ 111llJ'11nGI~l UD'!.tlJ<lfl1111::Yiih::uum1\Jl>ILL1JlJ Lfl ii<~-
;u ~ 'U " 

ilL~.t111L'll~.t'll (FiiCL) fi'l'lftJ~n1Uii~\-\ll~ lumino~Co(II)/EDTA (L) L L <I~ L~L<111L';l\.ILtlufmmL'll~ (H) Ltiu C 

flili'l'l1fl:::<l1t.Ji'1WI (ff1',fll:::f.'llUl'J!L~UlJU1JL1qJUWLl~1lffl1llJL,j':.J'!J\.I 0.05 M, pH 9), M flil 'lJ~ti111lJihV.lU 

Lfi<11tJ!jfi1m. F LmulvJihL'lffl~. s $im::uuu<11nl ~~~,1lci!~ (100 L:JT>l~iim). PMT fiilh~1~l.!a~Vlil1UL1l!lf 

ihu, P jiimwil111101'1ar.in~. RD fim'ifl1lfL011lf LLfl::: W ~il waste (Giokas. Vlessidis and Evmiridis, 2007) 

mnh::: diuv.lfl1ll.l 111'1 lJl11l ~1uiltHHl ii i'l'1::: . ~ 
L<11U11l.lhJU1ill~ii1ulLflil~ ih u<rL'li"U.'ll1::VIil~ ~i:iuufl 

nuff111l~l;!<~1im:::1n~mmonfl ii,Jef.ifimuvn1;ii15uri 

n <i11lJlLLfl1~a Lii<Hilln i'll''ltJujjflfi<n: 'lllmiJnon<l L tlu 
'" 

u ul.J <lan:::~ !lw;m u LL<l:wu 1 u 11 ~ m U'lJ iJJlJU MULLfd1 
'" . 

mll.rioJ 'hGism1Lfi~ufiii1ul rh1ic.~<~;w{'llaJtl 1:.nl'll 

1111'lqj1\-11Jj.j,lJfl D!l'1::f1Lf1'l'1::1flfiiimllJ'IhL ~1) nil LL&::: 

1nflL~UJn~~1il1J LL'i\ii1d.ftJ-l!Jl~U~l'h011'Ylfl£liJJfi 
'U 

'Jl l j.j,l PJ LW7l::n1::U1'11 Ol1l~~ il~Yo"lfillillfl" ~ LLil::: 

L'YhllU 11n ~ wfJ .j/,)yj1'\olUlOLLOl:::i11lln-1111Lfi~ 
'li'otifl'l'l&l~flJ 

'U 

2.3 Ll'I~"~1Lm1::l1"riv1iltJn171vm1\0m7 

•t.h::l3J\Om13J~lilll "in 'l \OnT'l1~1'li'Tf?l !J"i1 iiJ 

'iii1 u n11tl1::: Li:i 'II V.1tl1m t'll<r11tl1: n 1l u V:1 u~ n 

L<11U'l1lJ (total phenolic content) \l::hhJBii1m7?JiJn'll 

1:::'1'\llJ rr1'Hl1\.l!lti.l.Jfl1imdlii otiL-..tn'l <il~1 a thJnutJ on.Ji 
• " 'U 

L'il<li~ 1Lm'il'll'll'llii'ilvtlJ') L'liu ff1'lil::<nu1'r'lutli'I'L<iim.ntl!lf-

LUJJ01LWilhm<11, ferric reducing antioxidant power 

(FRAP) radicals assay (Benzie and Strain , 1996), 

tungstate-molybdate (Folin-Ciocalteau reagent; FCR) 

LLfl~i ~mJt'Vh~lLVl flt "u nl"ll<11 LLU1JU1ll.JL Vl ofr mrn1f 

~nu"tvh~ltll'l'lib (Mannino et al, 1998) 'i ii'l'iit~rftfi1u 
flll lJiim;fivii FCR (Huang. Ou and Prior, 2005) ~~ 
L Ut-~11il L <JWil.yj ii~L VI ~ i:h1lb<l :;jj 1111 "lU;:: fi1JU L i -1 'Ji m.I'JJ1.l ~ 

heteropoly-phospho-tunstate-molybdates LU\.IiJJ~-

111:: n ou dM irhu fin"im nu;n':lti'l:::nou 1-..n~l.!Ylt 1-1€1 n 

FCR \l::nn1~'h'lfLL£l::L<l'lJSiln.nLwi"U'11il~ 1:Jiiur.iu~::nn 
~ •J 

Lti~U'IIilln +6 Lll\.1 +5 [Mo '
6 

+ e- -+ Mo.
5
] rhh\ 

. . 
11''11<1::fllULU ~U'U.Il"l nRL v. ~ 1l' Lihihh l~U tl1lJl t'II'JHJ ~ 

1!11\.h~na uY'H u~n 1 l.!Wmh tJ Ul~<l:: LLU "j e.lu~• ~ nu¥11011 

~<11n~-..LLI1'''ll<lJffl1U"l::fiBUiiJ'1Lh (Mo(V)) fid)'iJ;)\.1 1u 

'iilu'!Jil,mllJ'iilLWl::L'ill::llJ'lJBJtlnmrn FCR luiiim1 

U"l::LD'>~v.ltl1l.Jl t'llffl"lU1::n iJu Vl1 u~ mfull:: H 7.5% 

1'lfL~!JlJm{uufLuV~1um;tl1uRmwww'l!L~ml1uamw 
~ 
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mlf (pH-10) >Yiarh1~ffm1:m~1=ff~n~um·mW~n<h 
'JJ1Hffl'itl1::nouVHl~vH"~t~rufi~dh~whn<~'il1!lmnHL<~:: 

~1m'iti'ttl1~h'lf FGR 1~ ~,J~\u.l1:nrutmtb::nilu 
L ii"'liilua~1L1U'tJ !J "Ll.J~U L'il'ilfiL Tl'il~\.I.~,J LLU7eJ'ttm,J rll.J 
tl1mmt\'11~1\.l.il\.l.~<~a<n: 111nm:mum1'1i'Jnci11 rh . , .\t 

l ~1~011111 tl1:: LDuih:: 'ilu f111 ~ ~~ L w 1:: L 111:::11" 

(selectivity) flt>~.,.fu 
~ 

nT1·W@\.1.11i11Lm1:1fLLUUll91 1 lUJ1i~1tJff1"iilU~OI 
'~ 

5<n::11fluli" FOR L~:J'ifu'luil fl.fl . 2006 (Magalhaes et 

al., 2006) hwH;::uu1wn::lfuuu multi-syringe flow 

injection analysis (MSFIA) LL<I:: l'Ji7:UlJ'ilj11J1~'il 

R1 

LLUlJffLUfllm l~ltn3.1t11 LLt-i\.1.111'WJJiJ,J"itUU'iLml::..i' 

Ut'!'il"~·J""itl¢.6 3!<~91L'llmitl~3.1 (muni-syringe; MS) 'llil" 
~ 

"i::UU'iLtm::'ti"IJ~l'11'VI'Il'1fiim'il~il\.1.~1111:l'l1lJ l'llL~tJl!Lll 
'il"'HlnL'll~ (C1) ff1'ii'l::111tJ FCR .(R1) LLl'l::ff1111~111!J 

~1!JV1,J (S) l'VI"h'!flt.hwrim~n ') 3.11UHIIUrltlLfiO!m'i 

~•nJnuri'll'il~l'l':Jih'VI-iuLfi'iltl~n1u1 (MC) •••mfl~ouri 
thtt1'i1l'll'il (reaction coil ; RC) tiu11 100 L'!Jtt91Li.Jm 

..,i " ""..... .... ... .... ~ ..¥ ~ .... ,. _.;: c.. LVHJ1'VItl!Jn1tl1Ln'ilL'il'iltJ"'ll'~< 111nuu1'1l-1\.I.IIUlJ'il::'iltt 

Yiou1'l1ul1'17<~::<~1urhii'ilujjii~m ttJ5"'il'm1111'il (D) 

I 
' .. . w 

·-- . -·-·-·-·-·- .:Ell 
MS 

,1 • ,.; ~ 'l "'1~-,-·-211 '11 6 LLWUI11W'i::UU1ifln:'VI'Y11l1fltJn11 '1\i!LLUU multi-syringe Row injection analysis '11 'Jl'u~n""Wl'llil" FCR 

(MSFIA/FCR). Lrla MS fi1lli"i!~L'U1U<)u~, Si fi£Jt'll1ml, Vi LLtlU commutation valves, MC fi1l'll~t-Ji:UI~1Wru 
Lii'iltl5fi1ul, RC fi!l riv'll'il (100 em). D ~v'l11~11111''il, C1 flil~l""lil:l'll!.il'lfL~u~ll'J'il!flnl'll~ b'llm!u 0.25 

1~u:n{ C2 fio1.h C3 ~ilf!l"i<~~<num~tlllmfl<ltJ~m'lil.i'liu 0.10 hJ<~l{ R1 ~!l FCR. s ~!lffl"iil:fnu 
~1'il"l.f1W.-11<J«11~1!H.h~. PC ~llf1il3.1W1L11Df LL<I: W fitJ waste (Magalhaes et al.. 2006) 

1um•t.i'iuffmw1ilLn'll''llil""''": 111u 1 ~au1 uarm~ 
~ 

LUff 1:uu'iLm1::1-i'd v: 1itn1fl::111U L'll L ~m./t"ilm!ln 1'11~ 
L'li"~'liu 0 .25 tlJonf (C1) Li'I1Uf!1 ""i 11:£nu1'l!L~tJIJmfud 

d .! 1 ... .... " ..C A t.i" ... ....... A lj ... d ~ 
LU<J '11~"il::111 'V!Ln'1l'!lil'ilfltl ~O""HJlLO~ l '11L11'lll-l. LL11:n17 

1'li1::1JULLlJilLvJ1!<;)yj£if11liJW1L~Hlf (PC) 1um1mU>W 
~ .. 

1:lJUDTlll-IMI11Jfi rl'U Ji"11 ~l'llh"\f1.J~~rll1 ~nl"lfllU fill 
~ ' 

LfftJ1 nm:u::L1fl11um7thtl Bn1tJ1'llil"f!l""i (reaction 

time) d'luhJ1~ati1~LL~U~l th1~1.l~'J!Wrrhn'illllnn17 
"' ""' · C!o' .r .. < .. 

ffl'll !.IV11'll1l "a"11Wil <111 nl.'Jili!'ilSl~ 1:::U U1 Lfi"ll:'ii '11 

vt'<u~m.fuiWD''ilnL 111 iinlTILfln:..i'ffli~1 ucil~fl;-,'ilL ~1 

tl1::~n<111·1l"lu'il~1!lcil"YI111!.1'llU<~ L'liu 'bl LiitJf IL<t:th 
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Evaluation of Total Antioxidant Capacity and Phenolic Contents in Vegetables 

and Herbs in Ubonratchathani Province 
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Abstract 

This research was carried out to evaluate total antioxidant capacity (T AC) and phenolic contents 

in 11 indigenous vegetable and herb extracts in Ubonratchathani. Results from ABTS meU1od indica te 

that Careya sphaerica Roxb. has tile lligllest TAC (550.40) followed by Syzygium gratum (Wrigh t) S.N. 

(512.24). Cratoxylum tonnosum Dyer (336.47), Polygonum Olioratum Lour. (192.37), Tiliacora lriandra 

Diels (178.40), Limnopllila aromatica Merr. (163.54), Cratoxylum formosum Dyer (flower) (124.48), 

Momordica c/Jaran/ia L. (11 6.71 ), Melien/ha sua vis Pierre (116.49). Tiger Herbal Centella asiatica (Linn.) 

Urban (103.44), Piper sarmentosum Roxb (94.72) mg of Trolox I g of sample. respectively. The order of 

TAC values from DPPH method was Careya spllaelica Roxb. (463.54) > Syzygium gratum (Wright) S.N. 
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(397.25) > Cratoxylum formosum Oyer (276.52) > Polygonum odoratum Lour. (266.94) > Umnop!Jila 

aromatica Merr. (189.19) > Cratoxylum formosum Oyer (flower) (143.24) > Tiliacora triandra Diels 

(1 14.49) > Momordica charantia L. (61.82) > Tiger Herbal Centella asiatica (Linn.) Urban (33.63)

Melientha suavis Pierre (31,06) - Piper sarmentosum Roxb (30.35) mg of Trolox I g of sample, 

respectively. According to the 1-test, results obtained from ABTS method are not significant ly different 

from DPPH method at 99% confidence (tobserved = 2.515, tcriticaJ = 3.169). Total phenolic contents were 

also investigated in the samples by using Folin-Ciocalteau method. The results revealed that the order of 

total phenolic contents values form this method was Careya sphaerica Roxb. (283.45) > Cratoxylum 

formosum Dyer (123.37) > Syzygium gratum (Wright) S.N. (211.40) > Polygonum odoratum Lour. 

(160.22) > Limnophila aromatica Merr. (123.37) > Cratoxylum formosum Dyer (flower) (119.69) > 

Tiliacora triandra Diels (78.61) > Momorr:lica ciJaranlia L. (71.74) > Pipersarmentosum Roxb (69.84)

Tiger Herbal Centelfa asiatica (Linn.) Urban (60.83), Melient/Ja suavis Pierre (56.80) rng of ga llic acid I g 

of sample. The TAC values corresponded with the total phenolic contents. The TAC values and total 

phenolic contents from this study can be used as nutrition data for selection to consume the vegetable 

and herbs extracts containing high levels of antioxidants in order to prevent or to improve the status of 

imba lance. 

Keywords: Antioxidant. phenolic content, Herbs 
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.. <i q 11.1 

Flavonoids, Carotenoids, Vitamin A, C, D. E. Gallic acid VJ11ltn11h::nouYlht~n 2 u'ii1-umllHtl-uv1~mmrn 

•lJ!JJIJT'.i~11.l.B'\.l.i.JflBft1:: 1u y;1l~'mrllu'lmv,it~ ') ~J'm::tl1::nB1JlU~lLJ ffli~1'U€11.l.lJfl~R"i::Y,lilLJ '] 'l!UVlf·Hll.JllU.Sci 
1'U 1 Q<\.1 'tl 

~~1ll.Jn~ 6l"i~ i'hpllft -urm!iilU.£11.l.JJ fl~ ff1::lL~ u~ Ll-iYl "illJ 1m-Ja-fl.J1J£1-J 6l1vm::u M-il~ 8 6l'.i 1GJ .r.,J 'Uflli~'\1:: 
·~ ' 
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ll~ulJ'l~lJ1ru 2552 

th::'lf;i5'1f1111r JJ.OlJ. ]v-v trfJf!3 
' 

28 - 20 mn£Jif1JJ 2552 1i»1?nmlftJ~ilfl11'1flliU 

tJ-;~d.JurrnaJ i"flm<JrJL urn ~~1 ut~u:J ti 1hm: l11w uu n'lt~>l1'1!:l~·illi ffl1'1lii~ t~u1 ~~~ d"Ju nTm' tn uf!:; 'l~i~·-J t uu 
'"' 

U1:::lqjuriwr~a-uh~TI'ill~m1'il::ti'lum11l1::Liiuml>.~ff1~mt11 Unl1~1U€lUlJ<l €ia-1:: 1~ U1la.J (Total antioxidant 
'" 

capacity, TAC) mnn11Yi'il::~el.JlLWI'l::~'iiU~::u.:ffi'~11Li'ltLft111~ fl11llil TAC ti'Li'Jut mruflri'l~1UWlllJUtJlJ 
1 

LV·m::a-1m1flbLftlil~tl~-::ff'Yl1imwm1~lumuJa~a-'l::'lleJ~~-Jvci1~~1niL~tJ~m1~JLUlni1.Jmnni13 
"' 

m11Lm1:::~th TAC hwJl'ltl-;:d:im1ffn-Jm.p~a8<r'i:::YiYn1um1:uL'll>.~·nuYimimm LLa::iLm-1::"'· 

fl')1>Jffl~JTH1 L tmmJU tf~ ~1a'll~lil1J'\.t>l<lflff1::'lla~ft11<ill a !.h~fi R'U.l ';ll\>1 11il Ul,\>1U1:u1 mmw <lS ff1::Yi i'llil&.J~1avl 
q ~ q cu 

L~ ~a <111-YlitullHdJu.~lril L ttlil au.:ua aln::~m::l·.Orn 1tl1::: nvu mhna h Liiu. 2,2'-azinobis(3-
·lcu 1 

ethylbenzthiazoline-6-sulfonic acid) (ABTS)
4 

rh1iLnlilm.uw ABTs• + LilEJ,nnni'i.J~JG~hm1lLm1::~11ilu1'<il 
'"' fllfiT'llillilfi~'U.Lla'~~~lilG.J 'JleJh1l.Jlliif~1lffllJ11mi·1lmlL~IH; 1~'l~i~~L'U.lh lL~ ::~1 li1G::l.11tJOU'Yl1rJ lmon~·l 

"' dA 1'"" 1 V d _ . 5 A C: i 1 "' a Q._.. 'Yl'Ur!ll 'lll'll''\!!l'l-<f!€! 2.2-D!pheny!-1-plcry!hydrazy! (DPPH) n11llml~'!'\,.llll "Hltl 'U'Y!1'Ufh:HiiltJin1Jn11 

llWll::~ ABTS• + n~itifeJ.JiilltJtltUHl DPPH 'l1i1l~£JtJnn)tJ1 L~ iient€lt!.l-H~~~filillu-hHlltJ1l'1~ ') '1111~ 
q~ - ~ q. 

Ll'i\ilUnrJ1tJ1 'tfll'li'-1 ff~t.lflll~ n11U1::LiJ'Ufll1l.lffllJnrl1 'U.fl 'l"'l~ll'Ulll-I~W~fn:: Mull unilflll:U d'Ju.1J)-,J 
6 

:lJ "' 

ff11Yiau1un~mn'lU1:;:nllu~hl~mf h-i'LLri flavonoids. tlavones, gallic acid , ellagic acid, 
" ' 

antllocyanins, carotenoids ua::tlu.~mf'lla-.J cinnamic acid
7 u1'll'U.flcilJ,{li'Jua11vl1v.1l~mLrivhr irn t.l~LJJl'rl'U . ' 

a'l'l ul'l carotenoids ~tmhhJ m~€l-.Jl'ULL¥111m YfnYHN l.I :;:G::nv blfl~ anthocyanins vl'hrrfulil.J'tuf..lflfl~'U ff' t1 
G 

b ~cll,{ wu lJ1 mXa tJ~h.J nu:ffu.tl r.i rl1J'lfU\il'D 8-JVh ff11.1'1u.a 'U~JNB a''l:: Wl n ~hi-,l'!Kvhii [ I fhlJJfl'U';ll nm'l'~ \ilL .:ffeJ 
"' <t'U 'if q 

qi1..1 ')U~::ff1m1tl'r'l'Uqi!lti{in1m photooxidation 1 Ull11ff1'1-.J tlllH)'Lv~ ifl'lU1::neJuYJ1 ~~~nff'u.tl!l";Jlnil ::il 
mlltwu'1hi'luu11.1'1U.v'UlJfl~ff'i::u.t·l rJ.JiimlLa'lJ1J~1iwJ t'liu. 'li'W"lJUlrJ~f!8\ilL~a~l flvlmn1m~n.J m:::~u.1 ::uu 

q <I'll 1 1 

nSJ~wl'u. ~l'U:J~ t1.J li11u. 1·mnihl ~ rhalut.:fffl hrl¢1 l'lhi'ii-, .Jm u9 1~htn11tl!::d:h!.VIltl1mm 'l'llrntl.J 
'U q 'll '11 

d 1 Q - 1 10 d ;.tJ .d.::s .d d .d tl ffl'l'U7::nam~ u1.1nthl:: i Folin-Ciocalteau Reagent (FCR) 'lhilu'U reagent 'Ylmn'!'\aa.JLLfl::mrn 1;:n€Ju 

l:n..l'llilu'll fl-j lleteropolyphosphotunstate-molybdates LU'U tl~Atl "i:: n €l1J Lli tll~ til iJli m Ul n'i.J 1.111tl 1::nau 1u 

n~6JW1u~nk FCR ";J :;n n"1~il'li'lLI.'l::hJ~u~itlJ";J:;:omtl~vu.'I'J erhJillnae niil L<ili'u. +6 d'J~b +5 [Mo(VI) + e- ~ 
' "' " • ~ ~ tJd a .. :'1 a :' c ·' ~ tJ P.t'f o <:'! ~ ' Mo(V)] m m ff11R::t'l1 m fltJ'U';ll na-L ~ 1.18-.ll uUff'UlL.JU u1ll1 m'lltl-.lffl.HI11 "ltfiBUYi l u.ana-L 'Uff1WiltltJ1.J'il::: 

LlcJ 1~U~"i.J nu ~-lfl11<il~fliJ'ULLff.J"ll fl~ ffWl.h~n 81J ihi1 L~'U (Mo(V)) .yj Lnt;~:ffu 1 'U.\ill'U.1J IJ.J fllllJIJ ·1 L Wl::L ';l'l ::";J.J1J B~ 
" 

uljn1m FCR 1u11lm1t.h:: Lll'U'!'\1mmmffl 1tl1 ::n£JuW1u.~mhtm;:1i 7.5% Na2C03 1u.rmt.11uffrnwvhmr 

11KeHi1 Ul.1ll1'WLUil (pH-1 0) L Yimi1 hi a-!lTl :: ~ ~m:: ffWlU Tll~Wil n~lilthl ff'ntb:: nuu 1 w~w1 UGmf b fi ,,HiJ'U wT u 
" 

Lf.ieyJ Lr:Hl €li-ILL1.1::Wil.Jl1f1Lti1~h'JJ FCR 1<11 <iTJ,fmf1m m~mtl1:; n EIUl!)i ~·nm.!.f.iJ-, l~'U'll 8-J h ~u v.~ ~~Lnt;~:fftt~~LLU"i 
tru•mn'i.Jmmrnff11.i'1u.aull fl Bff1:: 'ill n n1::mum1~~nti1l l111~111ml'iiU1~dJul:h::~i.Jm1lJ~1L w1::L 'ill:::'il~ 

G<IJ 

. - _d d' 
(Selecllv1ty) Yl~.J'll'U 

.J1'Ul~uif~.JlJllilrJU"i:: a--.Jfi'l~8'ilYr~1LfiYJ ::~~1mWJm11WlJB.Jff1Wl1Ufl'UlJH~ff1:: (total antioxidant 
G G>IJ 

capacity) LLa::mwnl41llJ"llfl.Jff11U"i :: nBuwh~mf (total phenolic content) 1u.~mLt~ ::vheum1w; vlitmJ 
' 

ui11lfiL'U~~VIlvl€lU1.1"il'l!li1U. l Vl11l 'li't\'Jmml'Yll-.J 1um1l~un)ut.l'l::mu.~·n lL ~::ff~m'lw; u1.1aiJwnBl.J~~u~m 
Q q 'il &:1 

1 u.m1~n H1'Yl1.J<1ilu. 11l'll''U11111 

. ,. I ~ d ~.d 
~ un1m t'IT"il~!.J LLGI::1nn11 

1 vVn"irUUGI!:iif1if!V~ti 
' 

m.Jmru~H'lu.mm~atl.Jii~'.Jd n1Wil1Ul.IGJlmh1·6LVI~€l.JL•nthorTi' (Vertex mixer, Labnet 
G 

International, Inc.) LL<1::H Centri fuge (ALC Centrifuge 4218, Milano, Italy) 1urniffTl(ilffl1~1Ufl'Ull<l~ff"i::";Jlfl 
'" 

tfrJ~il fl r.i "hl lu.m"i ~l"ll'ill(il~·hnTl~l \ilfi~ 'Umn1'li'Lr1~€J .J spectrophotometer 1u. Spectronic 23 (Single beam) 
" ' 
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18t?1r11fflltU€JJOI1nn1nh!"'J11 (Proceeding) 367 

1r1'111'ilnnmlfm'iLil!'l!?t1fuft~fi 

at"lL~ilrilmi~~;f Sodium tungstate (Na2W04.2Hz0). Sodium molybdate (Na2W04.2H20), Lithium sulfate 

(LizS04.4H20). 3,4.5-trihydroxybenzoic acid (Gallic acid), 6-hydroxy-2 ,5,7-tetramethylchroman-2-carboxylic 

acid (Trolox). 2,2-Diphenyl-1-picrylhydrazyl (DPPH). 2,2'-azinobis(3-ethylbenzthiazoline-6-sulfonic acid) 

(ABTS), Sodium carbonate (Na2C03). Sodium metabisulfite (Na2Sz05), Potassium persulfate (K2S20 8). 

Hexane. Methyl alcohol (CH30 H). Ethyl alcohol (CH3CHzOH). Hydrochloric acid (HCI) . 85% phosphoric 

acid 

2 l11".i!015UaJf111!YJiJ 

al'l'CI::fl1tJ DPPH Li'm)tt 6 x 10.
5 

M L~1tJlJl\fl!.Ji'~ DPPH m 0.0024 g il~t~1tJ1tt CH30 H LU.'I~tH'u 

tnlJ1<in11Kd:JtJ. 100 ml 1um~1lflml.J1>n 

ff'J'l'G::il1tJ ABTS L'JJIJ"lltl. 1,000 ppm l<il'1tllJ Tr;lui'.J ABTS 0.0999 g ltil:: K2Sz08 0.0201 g (200 ppm) 

G::t~1!Jff'J'il-f.JI'I'EJ~.l-·nni'1nktt tm:u)umm•nh\HJtt 100 ml l'I\'IJ'l ~l'l\'ltnln•n 
ff'11CI::l'n!JlJI\'l"lz'lU Trolox tL il::: gallic acid t'l!JJ'li'u 1,000 ppm L~~ tJlJl<iltJ-k.J Trolox v.1e gallic acid 

0.0500 g e~ :: G1!Jltt CH30H tJ)umm•;n1V.ti'lu 50 mL 1um~1 .. <ilmm~n 

m1yjlJ1<i11~1U'JJ!l.Jal1i'!:;:G1tJl11<il1~1tt Gallic acid v.1!J Trolox (m1m"Jl<J'li'u 150 ,100 .50 LLii:;; 200 

ppm ) L<ll1tJlJ hi!:.Jll11U liJ<ila-Tm:::G1mn<ll1~1Wn1hl Gallic acid v.1a T rolox m1lJLim)u 1.000 ppm tn<ll<i11 

0.25, 0.50, 0.75, 1.00 ml <ili 1lih~iJ Oi.Jht'll1<ili~li_nlJ1m•n~n.i 5 ml L liil ::u~'uiJ1:m<ii ·Hmn.J~<il<il1tJJ1n~\t 

Folin-Ciocalteau reagent (FCR) L<ii)!JlJl<iltJfiTnh Na2W04.2HP 100 g . Na2W04.2H20 25 g, 

m<illtrl<i11~01a1ndJJimfh.nvn 100 ml ~Lil:: m<il phosphoric acid 85% tnlJ1<il1 50 ml lti1uiimnof·JJulV! 

2 L ~~hnfltn1J1ol1 700 ml 11Km1lJ1£Jwil'UL~rJ<iiU1tt 10 ·t11m llln.Jut~~J Li2S04.4H20 30 g ~J:;;'llil 
(1'11a:;;i.mJ!h 'rl~€l~ri rru. .r~rf,J'llli~iiu iJ~mnm~'iHd'Ju 1 L Lnulttm'llu::fiumi',J lLfl~Lii ull"ltt~liiu 

3 t?THVI"'1f.laJUl'JfJf.h.J 

~·nvfuu1urlH'lu"1u1~mf" 11 ·nuV!'l<ilLLri u1un ~-nn1:::T.mun ~mL"ll!JJ ~n·n ;;wil ~miln ~J~1::1fun 
~ 

tYrmw-J ~n~-a:h tutYn'rl11u1h tmhmJ LU'I :!:<iiEJ ntYn~h ()il ~il tl!lJ~u LL<l:::1i!l1Ylu -11'11<r<JJ f·na~ r.J'rrrltnT1u 
~ 
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.I - - ~ <; .J 
u1::VlJ?'lfln11 !J.DlJ. ?'iJtJ m,m 3 

28- 2V nm£j111lJ 2552 lJ111'i11U1tlU~1Jfl11"!11nu 

:ftlvi 1 ~mi'u~~u. LLO!::'l1€1~h-,r.r1~1a-~1'll€JJ~n~m.hmhinu. 11 'lfihlrhbmGJ'l'l'iltb::tihtwlmmma-1-; 

ol1'1MllUJ<IDon:: 
"' 

'tb~mf~ 11 'OU\iilnkl~thrllllJ<I::€11Gl lllh~JiilJ1Vt'uVt'~ LL!JnlEl1LUYn::ciltt11J (LLfl::ol<lmh~~iJ ~HHl 

~n~1) tl1J~1H'l!V.nli 40°C 1-11u. 48 i1 LaJ~'l-htJ'li'tl1Ji'l:JJ1tltt 'ill-tl~lhvll:t'n~tl-J~ l-h1tlu ~m1aiiu.1v~l~~-wrh-J ' ~ ~ 

LLVt'-J~lU1A.l d'!lt&irn rl1-1.m"l'il <1~ htrn'lfu::~tl~>~l'ilil:n<?l ti'iu1m,n H~vru Vl.ni'lth~mru 18°C nmHI~>~<rl'l'~lib 
~ 'l v 

1Jl.UJO!Bf11;;:'il1n<nwil1Jrh-JVl~Jl-m1n1hu-J S. Silva 
11 11ilvi'-J~l1lU1-JlL~-JVIl!n 2.5 ± 0.0001 g man<?~Lvi€1 

'" ri1~~1LllGJff (pigment) ued"ll (wax) ~ilu L<Ifll'UU.mlrl'il'l' 25.00 mL (ffri~>~ 3 tl~~) 'l-t1mn~Ll~af:llJ1<rn'il<tl'J[J 

80% LlJtnU.Ba mlJ'l!il1 25.00 ml LLa:: 2% Na2S20s mHl'il'i 5.00 ml (<t'fJGl 3 >lf-J) UlfWlltl-Jmalftan'iil 

1•1mnlJrln -~-~mi\.trr:m-J.i ·mn"i::mml1€J~·n-ul'il 0.45 'hJ1f11LlJm Lnu'111£lrh-J1un·l·l!1A.::!h·Jti1ir-hti1'11-!UYI~ 

8 mVIn ilth::m m 7° c 
' ~ 

J: ~ Cl'~ ' 

4 'lJU())eJ'I-W11?!wn.~»vnmn-.J 

Jff ABTS 

tnmmt~::<nu ABTS L'lhn]u 1.000 ppm Hlu~fi•1 16-1 2i1bJ 1-lllrll~!.l'il 'I -JiihtJ CH3CH20 H 1vl 
1.!fhm)~lfl11~1-tll ff~vci1u;h~ 0.7 (!_0.02) rlm1l!Ul1f1~1-t 734 nm (tn1\1 ~cntJ A) 

~ "' 
ULU'Il<f1"ia::fl1U A m~mn 2.90 ml 1fi1u cuvette L~ ll CH30H tl~mm 0.10 ml 1-u cuvette uiuH 

lu~ii~ 20 u1-Yi 1.bJJ11~wi1rn'l<1l~n~uLlchl~ 734 nm (Acontroll 
"' 

R1'1~n-nYhn'ii"i1i11-tllfl£.rf~~thm;lflvlflal-tLLI-!-J"llfl~t1'11G:::flltJlJ111l"i1ill-l Trolox tJ'l1lJ Lim]w,i1~ <J ( ,50 
~ "' ~ 

150 ,100LLi1:: 200ppm ) 1GJuHal1tl~a1UlJl<il"l.i).ltl. Trolox LLYll-t CHPH ( AMeasuro•) filmniWl~h 

%ABTS Radical Cation Scavenging Activity hwHcrlHY'rir\1 R)l~n11l-'lli1Gl1~'1U1Cili'J~Uu<7m:w;h~f111>J 

L'nlJil-t"llfl-J Trolox nmh %ABTS Radical Cation Scavenging Activity 
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wnm1ifmftuJ\J1nn-rnh:;7fU (Proceeding) 1369 
ln!i1'immmrlflfiw::t>mfuTfli1 

%ABTS Radical Cation Scavenging Activity= Acollh'Di - Au~"''"] x 100 
Acon:roi 

(1) 

-)~•hm~'ilt;J n ~\.Wif~'JJ'-l.J Wl~ <>l'1 B!.h ~ h1r.~l iff11ffn~'il1 n.Yhm~::fflJU 1vn 71-w rh-Jl~ 'YIU CH30 H 
" q • 

till-l.1rnmth %ABTS Radical Cation Scavenging Activity LLfl:;mmrn71lJffl111i'l'I-Hll-t:!.lfl~il7::1mthm,J mg of 
"' " 

Trolox I g of sample 

'1£ DPPH 

tJLtl~iH~fl:i.'rltJ DPPH b"lllJ'JJ\.t 6 x 10.
5 

M mHlt;J"l 2.90 ml hflu cuvette l~<J CH30H mlJ'i'lli 

0.10 mllu cuvette Lnu'lfl.u~!i~ 1 •t11lJ,J 'l-i1m1~•hm1~'illl~UllilJ~ 515 nm (ACH ,oH ) 

fffi,Jm1vl:!.11<1l'lz1uT'ilv1~lfi1rn1~~ln~um1'-J'lJ€hlln1fl:::fllUJJ1'1!1~1u Trolox 1'111JJL'Jhnlu<li1-J 'J ( ,50 

150 .100LLfl:: 200ppm) 11flr.Jliillii'l:::<n U ll1l1l"i~1\.t Trolox llllU CH30H ( Asrd) fi1U1m'VI1•h %DPPH 

Scavenging Activity l 'iluhii1'lJ1lTl"ri 2 

%DPPH Scavenging Activity 

~-'oDPPH Scavenging Activiry = [1 -( ~ )] x 100 
ACH,OH 

.. (2) 

ll1l•h m~<il "l n ~Ulllf.J'JJ'-1-J ff1111i''18Ul.J h1r.~1 iff11ffnl1l'il1n ,1;'!1u~::tnJU 'l Yl1 711fl th-J LL 'YIU CH30H 
" ' 

•hmrnvmh %DPPH Scavenging Activity LLi'l ::: mmnrnaJff11!111utl~~flflff1:::1uJtl'nt~-J mg of Trolox I g of 

sample 

'1£ Folin-Cioculteau 

m11Lml:::lKmmrn"illJ'JJO~l.'mtl "i ::: nfluVJ1u~n~lvwi~ Folin-Ciocalteu Reagent (FCR) ti-,'tvi1~u 

1-btn;e~ :-:l'l lr.J FCR m~~mn-.l'hKwnmim1ufl~fhJ 10 lYh (il11iil::iil1V B) 

11'1'l-.l rYn'l'lm~n~ -mL<il£JhJii·niil::i:nU B mlJ1~1 1.25 ml fll1iil::iill UlJ -1~1,21l-t gallic acid Yll>l ')'I~J 

L'li'l.J•Jh.J,•~h-.l ~ mm~"i 0.25 ml 7.5% Na2C03 1.00 ml Uiil~tl1umm~11U'lll~ll~mmm·nu1'il 5 ml ~'huli1 
th1~Hnnl €!08U ~-.l'lrturint;JUIU 1 ·a11lJ-.l U1i1''1Ji'l::l'l1U~'l\il-r<ilfl'in11~~n~mll'!-.l~fl11JJU'·n~~\.l, 760 nm 

" 
l'il ~1fn1'il ~ fi~UUff.J'JJil~ WIJ7J'1 €1 th-J lv!U L i ff1"H1'nl1l'illnW'l1Uiil::iilJU

1l W 1~ll 8 th-J Ll'YI't.tl'll !l'l::f'l1 tJ 
" ' 

"' ~ 
f!Glll1~TIWI6'10 \l tt6'1::1'il1~W> 

1 'JJ~aJ 'HU.573JViJJ~ni1'11.EJI.UJ ii1Di:'t'i::f~lllJfi ABTS tL6'1 :::15 DPPH Radical Scavenging 
'" 

A ct iv ity 

u1W)mh-J~rll\i'l:::,1;'l1l'I3.J1-l1ll'l1n-J 11 ·ait'ilml'ln'ilLm:::1tm-,~vitl1aJ1rn"i"1lJ'lJ€J.Jl.'l11~1-mt~ulJI'l~r.n:: hw 
' '" ' v 

tb 71'1o rh.Jt~<lif'l::'llit~m 3 ohut,1;mn1<il (3 replicates) ufl::}ilm;itm1::lKu'iifl:: replicate 3 'lil trhnrn11:!.1 

'lJ€i.Jffl"ii111UOU~m8111:::YiM'il1nm11lm1 :::'i-'J~u1 1i ABTS Lt~:: DPPH Lllf<il,J~.Jm11,JYl 1 
'" . 
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3?0 Jh:vm111m11J.Du. "i-.iu rJ.f.fi3 
28 - 20 mn{11tW 2552 IJ!'i1J!'Il11<1~ll~llrl1111lf1U 

~Tn-1~ 1 •hwaaV~i1LW11::~~-·wm;t.h::d'h.t'rl1tnmm··n11'll!l.Jif11oi"1l-tsii.111l~a-;::\'l·-w1~ DPPH LLG::11i 
'" 

ABTS 1ur-YmL.,::ff11ii.'lV~1 1hwm 11 'lrU~ L1-1i.J·wi'~BUfl11'lrll1li fll~Lta-1l.J1ii.<ill'll~lUii.vh 
' ' 

mean_:: S.D. (n = 3) 

1J13J1 rn. 'l13J'll0\l?IT'i~l'l·l>0'1!.3J &l86'1'l::: 
"'' 

'1~-t'IU<l ::: 'liitl'lfhl (mg of Trolox I g of sample) 

1u DPPH 1u ABTS 

B 01 u1un 33.63 ± 2.54 103.44 ± 0.52 

G 01 ~-nm::h1uun 463.54 ± 2.70 550.40 ± 0.55 

K 01 r.YmL'lltJ~ 189.19 ± 3.13 163.54 ± 4.73 

M 01 
~ ~ 

~nLJJn 397.25 ± 11.24 512.24 ± 17.09 

M 02 lJ:::1::1liln 61.82± 1.78 116.71 ± 0.93 

p 01 r-Yrmw1 266.94 ± 18.06 192.37 ± 5.52 

s 01 r.Yn'LJ::-vm 30.35 ± 0.64 94.72 ± 1.59 
~ 

T 01 
v A 

~ll<ill 276.52 ± 4.61 336.47 ± 1.43 

T 02 <il!lnr-Yn~l 143.24 ± 8.36 124.48± 2.59 

w 01 1ur.Ymn1utl1 31.06 ± 0.90 116.49 ± 3.14 

y 01 1ur-Ymht.m 114.49 ± 3.45 178.40 ± 9.37 

murnm1<1 <JJ~ u--i1u~m rn '11 WJJ<J~ ffl1~TI-Iilil.11fl EiR;:::~V~u1u.eTmLG::vh ff11l-l 1 Y-l 1~-J o11f ABTS 
'~ ' 

L1tJ.J<il1 lJth·'ltJ111rllJ1n'bJvnuenJLi'Ju~Jd' r-Ynn•~L<iluun (550.40) > r-Ymlln (512.24) > ~-n~1 (336.47) > 

r-Ymrvh (192.37) > lurh1-11~ (178.40) > r-YmL'lltJ~ (163.54) > <il!ln~n~l (124.48) > JJ:::;:::1\un (116.71)-

1ur-Yrrvnmtl1 (116.49) > U:mn (103.44) > tYn·a::\~~ (94.72) mg of Trolox I g of sample 

<i1uill;;nrnYJl.J'llil~rn;'il1uau3JilB<m:ti~u1ur-YmLil::alJUL~;<illo11i DPPH L1v.Jm3Jkr~mnnm n 
~ " 'i 

LU1'11um_n\'lu.r,\i wnn-d~uun (463.54) > r-Ymi1n (397 .25) > tYn~h (276.52) > r-Ymll4'l (266.94) > r-Yn 

LL'nu~ (189. 19) > ~1lmYn~1 (143.24) > 1ucil'im (114.49) > 1!::1:1\un {61.82) > 1hun (33.63) - 1u 

tYnvmuih (31.06) - tYm~v-w (30 .35) mg of Trolox I g of sample L\i1tJUU -JlUl.J'JJ<Hthl.l -rnt"'i1lJtll!~i1 U 
~ 

auJJ<~iia;:,fu vm--i1ci1 ulvmiu<h'i~ ABTS lfn1~mmma.Jn--i11~ DPPH ~~drii1l-J11lnilu:u<~£i<n::.: ABTs· · 
q <y .., '\I 111 

U'tl .l1>J--is~1-J1unrmhrhunn)ol <1-J lwnm~r\')~ DPPH Huul.JO!'ii0!1:: DPPH• .J!~Lilue:mlJ<ttir!Laoo;mwYia~ 
~ 'b ,'b q·(J 1\1 

ni16 <il1 U\V,'il{[Lil ~fn'i ~llUilUaJ<~S<r-l::Yilim1l.J L\"i-.l1'1'1!ll !l-JLlfiu1lon-i1~-JLl.ih1rhul)n~ u-r DPPH• rh1~~<1 . '" 
fl11~1111lU1 ~L iJuv1·lu1~ DPPH ~lful-JlJtnmmmwmll~U~~~rdl L~m.ht-~flfll"il'l<ilflil-J'lJB-JLYl'tlilrr ABTS 

lli'l~ DPPH lJ1lmUU tnuunUL~Ul1 t-lil~V~lf'Jbf111::;\ll1nYf.Jail-JltHlitf!Ll.iLl<il Mil-JBth~iJ-\rmilfl'l! l~'i::<ilu 
fllllH~il~i.L 99% lflilYl•lff;)lJ~lU 1-test Uobserv"" = 2.515, I critical= 3.169) Ll1l::<il.ru'lJfJ,]U1mm··nwnil.J\'111 

.i'1UiltUJ<lOR"'i::Yi~u 1 ue:l·mm::Vi'!rlllJ\-IL 11-l"i"~~ 11 '!ril<ilri'l~111mf~ao>Jb rrf!itvll:lml3Jil1l;ol.-rau-Jr1u 
·~ ' 

2 t.f1a.nm77i!JTJ€J,J?IT:irll"uiilnif1~u?ti Folln-Cioca/teau 

~mm m'il<~ fl,Jl'lu--i1 u1m rn 11lJ'll il.J rn ;u 1::nauw11-1~mi'~l'lu 1 ur.Y n u<~::vhnum 'l'~'~' ';ilv 1 i Falin-, 
Ciocalteau L1D-J~lllJ~H'IU11ltllJ1fiLUVo lUiltJlU ii.GJ~d wnm::1~uun (283.45) > ~:rn;11 (248.96) > wmljn 
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(211.40) > ~mLvl'1(160.22) > ~mL"lHJ~ (123.37) > vwn~n~l (119.69) > 1uciotm (78.61) > lJt1~\.l.n 
(71.74)- ~n'lftl'l~ (69.84), Ull.Jll (60.83) lu~mm'U.th (56.80) mg of gallic acid I g of sample 

LflmmtJllLYl!JlJ~Ir-lflli'"Wlf'h~n::1-M1mnt'l'lHffl'lrn1'!4.€l'U.J..lfl~~1ti'i1i~1n1! DPPH, ABTS iLflt 
"' 

tl1mnt7llJ'JJB,Jf111th::nouVJ1 l.l.flflff~J1n1! Folin-Ciocalteau L'U.rn'Jfl£h ,Jthm~~Yl'lll'llJl.l.'l"W1 11 'ltU<il (•tl~ 2) 
' " ~ 1 ~ ~ ~ .,:- ,, '1 d "'""" ~ A _.. ~ d" JA 1-tnm:: <.'I'IUJn 1-lnLJJfl LLflt 1-lfl01 1u1 'll·HJu1lJ1nti1:1J'llfl-J~TWl1\.l.8l!lq!fl€1fi'lt~.J {3 ~~t1<.'11JLL'ln) JJu"Jl.JlntTilJ<lHi.J 

tn'lU'l::nauVJ1uftn!f ~,JL\'Ju 3 ~~~1uLL1"m'liw1"U. ~€1 ~nrrd<.'luu n (283.45) ~n~h (248.96) LUl:: .Ymiin 

(211 .40) Rtln1'l'Yl'i!fl a-Jill nu'hnt~1llJ11 a~C!11u1:::nenJVJT u~ n !f~wumn 1 urrn~-1a-vlil~tr o-Jnu Rflm'J~m:n 12
. 

13 d • "I =!!1 ~ ,. <· .,; 1 ~ .,:" ., 
'lf.:n··,!JJ1'U111'!11u1::nauY~ \.l.clni'!'VIRnYll'llJ 't.l.Nnvnml chlorogenic acid 

~ 
~t 
E 

;;: 
~ 
;;: 
0 

'-' 

61)0 

suo 

400 

JllO 

20\l 

100 

0 

.J-~~~ -~' ~ 
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~ 
~ ....... '\.~ 

~<) 

·~· ·. Folln: Ciocn_l.icu :VIetbod 
· · IWl'H Method 

ABTSMeUrod 

~"'" ~"" '!:;:,~ :~~ 
-~ »~ -~'" ~J 
~~ ' " ~~ .... ~s-..... i:J .;~ ~ >$'~ - ~~ .... ~~~ 

..._, 
>:! <:.'!' 

~/ <> .., ... ., .... ,, -~ " w t' "'~ .., ... ... ~, .. ~ / ~" 
(, .. " . / 

"' 
Sample Codes 

~~ ·~ ~ .... ~ 
-~~ ;:.' 

..._'$: ~'" ' "&..::~' ~ 
.<!" ...,-...:.~"' ,, 

"' .... -

,-tJ.yi 2 LLj:JUfnl~n11lmE.J lJLnllmh ~t1aWnlml::Voml.nnt'l1lJRT'I@\1'U.€l'UlJ\'l~tn~~Mil1fl~~ DPPH . ABTS 
" ''" 

LL<l::mulnt1'JJYna~;;n•u•: nvuwl't.l.~n!f~Jln~li Folin-Ciocalteau 1m11vci ·J~rrn~-\.l.U1 \.l. 11 'llUoJ (lu 

~.JVOJ'<I~llti'l'i'i!b!U) 

d1aYi~Jllnt1"-lfln1'Jt10ltHl·l'il1mf~ 3 1i"Wu -.h;;nm1mLti.J~mL<l:.:V'i"lnnm1w·wtJn~utml.111~1llJ'lltJ~ 
< 

al 1~1\.l.tJUJJtl~tn ::flwmDu 3 tli:::Lnmd11 ~ .1~-d' 1) tJ1mmi1JJ11tl.Jil'l"Jo/l1tt8\.l.lJ<lDI1'1~a~ 1\>lmi ~nmd<il'U 
~ '\1 q '\J 11 

un ~miin LLfl :: ~n~hih 2) 111mrn11~J1Jehlff1':i•;i1umum~a,-:;u1't.l.ll\'ll~ 1o/ltui ~mL'i'll 1uciol-t"l-J .Ynwnv~ 
'" 

lL":: i'ltln~n~-. 3) u1mnti1Wn€l.Jff1'i'~-ma\.l.:l.lflarn:;~1 Mtlrl )J::;;::1fun U11Jn 1u~Ynvn1uth Lbfl:: ~-n'lf::"WH .... ... 
l'lfltl"WTI1Lmo::V."' n~1 a ci 1-1>Ynvfuu·mrf~ 11 'llU'il fflu1~q)wu·htl1mrn 'l1lJ'll€l-.itrnu;::nauwTunn ff'J't.l. 

C!B~liH~ew1uu1m rn -n lJ'll O.J i.'flio/11\.l.f.l\.l.lJfl~Wi:: .JiJ ll'€l<i1~ G'a.J11u r.Jfln1'l'Yl'i!flfiJ~ Lf! viim'l'illJ .J'lJJllLth H
16 

'" 
fiiuhi'--ilt'f1"i~1lHl\.l.lJ flfllf'l'::thu1 'Vi rul \.l.~rHLfltYi'lftnm l Wi lY\ tio-d'i'i a~,lu'ltn ou~~-Olacilt•n i:'ilJ'JJfl~ 

'i If q, v 'l "' 'l 

ff11'il'l::nauwhftmf 

'il1T11'1fln11'YH'lfltl.JYiau1:::dJWV11U'1mru'.i1l.J•Jiv"U17ill.l.tll-ilJ<lBC!1tL'il!Jlll ABTS m~::; DPPH Ufl :: 
'" 

il)mmYm11eJ-JI'!T"iU'.i::neJuwht~nfi11ilv111 Folin-Ciocalteu 1u~nua:::Vi'lralJtil"W1 11 ·nu.~rHl.m.Ju1Lflfl1'1.1. 
' 

.J.J~ l<il <J U W.il"lllilU W Ul l ~ mwtff :IJ'U.l w1fl1-bm~ mnu C!117i'l'UOUlJ !1flff1::Uiil::ff11Ui:.:n tllJWL \.l.~nff'd'Ju 
' 't q ..... 
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372 th::yv'hnmr li.illJ. ?~u Rf.rl3 

28 - 29 mn{]lflli 2!1!12 mn?mniu~lJii)1'11lnii 

a~l'l1.h:::nau LLa::a-1m1o uti~ r.1·n LLfl~W'llfflm 'tvn!l!lMnmJhn ru. "l1Wll!l.Jffliohl.l.muJa ~a-;:~ ~udJl.l. 3 
' '~ 

_ , v d' -~ v a ~ ~ , v , u " .e ~ Q 

u1::tml~.Jl.l. 1) uil.l1ntffl19lll.l.1l\}~fl!lfi1~~.J L91LLn r.Jnm::L\illl.un Ufl:::r.Jnum 2 ) u1lJlntffl1~lll.mHJ""a1:: 

tl1l.l.mmLolLLrl ~-11~1 r.l'mll~'l 1ui.Jnn.J ~llLL"lHJ.J 9l!lfl~l1~l ll<l~ 3) mmru.al1oll\Ltl'U.lJfl~ff1::~·1 lilLLti 
·~ 

u::1:::1fnn u1un 1u«nvnlnth ue1:: r.Yn'll::~t'l tl1mmnm1l.Jffl1ol1l.l.il'I.IJ.H1fl~.t1::Ui:'l::l.'ll11h::nB1JWlu~n& 
~ ·~ 

~~u1ur.l·mLfl::fflJl.I.LVmf~ 11 'llU~l~~~~LL'>lfl'iii.JnU~~LL<iiLWV.JL~m.t'!lUil'U.n.Jtl'l::mru.ditlU 10 LYh'!uB!.lni.J ' ~ 

'lluwn B~l~'ll l91V a<m~mLti.Jrrn ua:::;~'llfflm 1vrHHll1'111lltl~m nt111J'll!l.J ffl1~1UilU1Ja ~a-;::fiwmiht 3 
' '" 

tl1::LmlWh1 ') ~i.Jii' 1) mmmYWiJB~l.'ll'i~-,ll.il'U.U<l~ft"l;;:<r~ LI'ILLfi «nm::L~iUUfl rtmiln Lm:: r.l'n~'l 2) 
"' ~ 

mmm'illJiJ€l.Jl1111'11U1ll,\~i:l~(ij~: tl1Ufli'll.J Muri ~fiLLl'h lurhl.m ~fi(L'j)[J.,] LLH:: 911ln~n~h 3) mmm'iJlJ 

'llfl.J<n'l\'i-,u!l'l.lm<~l.'l'l-:::•~ ·1 LolLLri aJ::;::·ll1.1n u1un 11J~n'I'I11U'Lh LLfl::: ~n'll:::w<msmnnif ·~·,nr-~rHYIWvu 
'" " ~f~ii'as9l~.la.J nur.Jfl m-:~%'v 1416 Ylvm·.h~nua::aam 1w1~~<111tl1::neJuYJI u~mhr.Jun~ma.rnu;:n;u'lls.J<n1<ihu 

' " 
EJU;ua;) <i1::a.J·Jl;uvl1 tJ r.J<H~mf1Lf11l:::l.\-~1nn111Wlflfl~1 U~TILli:l~Vhil.'llJU'l W1tY~ 11 '6U~ftl1Jl1(l hfLiimJEJlJOI 

't'\1 'U q 'U 

~Wtil Ul vj Ell 'll'l 'l.lfi'I1 LRflfi'WU~:::mu~ n LL·il::l.'ll.Jl-1 LW ·n W1Hf1 i.t '\', lJ1::1.'1~J rllJ't11'1lJ<ii tl~fiT'i - ' 

n\?!Si m'l!Jtl1::m~1 

'lJ!liltlUfil"ltl'l'U.tl~l'IUUn'l1l~·tl'il1flftlttn~U1htlJ1ru.tLr.iU~U tl 'i::~1U~UU1::;lnnt lHf. 2552 bLG::vJUU 
q <; 'I " '\1 
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l~"a\l m-a: nT':i~~ Ul L Ylf!Ufli Lm1::'!-fLLmJL 'l'l1lTI 1Ll.JYl1LL1JlJ 1 'VIl.ii.tm1ui Lfl11::'1-fm'l::lh::dju'VI1mmrn~11 

~1U1lUlJ fl ihn:: 1 ui11lV1,JVl'lf~lJU l 'l'l"ll Yl EJ 
'" ' 

~ 0..0 .d 
1 LlJ~1EJU 2552 rJ\l 1 "Yl 30 numuu 2552 

Yltl111"l 

1. \lllll~&nn"l 
' 

2.1.1 ~11ilfllJLLYl" (fl11l1'VI11'1'hn11U1lnL1fl1) 

{el<ll'l1 200 lJ1Yl/lU X 100 llt) 

2.1.2 ~1Li'£'1u u 

-fi1,)1-J L 'VIlJlW lJl4j,] <lll'111U LiillJ11 tJ,'11'\.t 
'II 

-fh,)1~ L 'VI mi <ll\'11;)1'\.t 'Jle:JlJ'fl LLI'l::U"l::'lf1i'lJ~ UTir.Jfl,J1U 
~ 'II 

-e:JtlmrnLLI'l::Lfl~a,') Hthirn,'11U 
' 

-fl1 th 1JL€ln ~11 
I '-' .:::. fi' '-' A t,; A 

-mll1nLm1::'VI~11<l11UflltlJfl1l~"l::mmYlfiUfl GC-MS 
'" 

-fi1hJiLm1::'1-fi1aV1.J hw 1iL YlfiUmJ1<l11_21U 

-fl1L~U Yl1,'IL ~ e:JL~Ue:J l:-lfl,'J1U1l1tl 1 'UU'l::L Ylf'l 

-•i1~1Jfl'U'JJ e:J lJmr.J L UUG'I::~l.JI.J'l::L '1'11'1 
" 

2.1.3 ~1-l<'llil • 
.. ,j ~ 

-~11L fllJLLI'l::Lfl"ie:J,'JLLn1 

- mJmrnLLI'l::l~<lliYJmf'I1~GJf 
' ' 

2.2 ~1£'115"n~tlln~ 

-fi1~1ll1'lrnt!Tnfl (flrn:: 5% ,lJ'VI1iYJm;u 5%) 
" 

\lull 2551 

358,800 

91,200 91,400 

20,000 5,000 

5,000 5,000 

5,000 2,500 

5,000 4,948 

3,000 5,035 

3,000 0 

3,000 0 

5,000 0 

5,000 0 

3,000 3,468 

85,000 152,672.56 

85,000 49,804.18 

5,000 6,365 

3,000 128 

32,600 32,600 

358,800 358,920.74 

.. 
~\IL'VI£Hl 

-200 

15,000 

0 

-2,500 

52 

-2,035 

3,000 

3,000 

5,000 

5,000 

-468 

-67,672.56 

35,195.82 

-1 ,365 

2,872 

0 

-120.74 
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