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ABSTRACT 

A novel and simple method for measuring total antioxidant capacity or T AC in 

Thai herb extracts has been developed. The principle is based on generating free radical, the deep 

blue Imipramine radical is generated by oxidizing Imipramine by ammonium tetravanadate in acid 

medium that can be easily scavenged by antioxidant compounds in the sample. Decreasing in the 

absorption spectrum at 620 nm, related with antioxidant capacity, was detected by 

spectrophotometer method in the proposed of practicable and low-cost, However improvement of 

the throughput, Flow injection analysis (FIA) was applied. The variables affecting the signal such 

as pH, reagent concentrations, linear relationship was optimized. The novel assay is linear up to 

2,800 mg Trolox equivalent/L, its precision value is lower than 1% RSD and these are no 

interference from NaOH, NaCI and N~C03' The method was applied for determination of three 

extract fractions of G. sootepensis. The results show the different of antioxidant capacity in each 

fraction with S I has the most TAC following S2 and S3, respectively. Although a good correlation 

of the present method was observed between two methods, DPPH and Follin Ciocalteu reagent, 

Finally the developed method was easy, stable, inexpensive, environmental friendly and 

automated measures total antioxidant capacity. 

Keywords A novel method, Antioxidant, Total antioxidant capacity, Imipramine 
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• bJ2 """ I '" ".F- .. 1 .... .Ii ... '''I ' .IitYl1J1':ifl'VIl ly'll1'i'llf)'rY'i'l1t111H'lt'W m':i1!ml~'rY'rY1]J':ilJ1W tYl':i'lt'W~ 1l'lt'W ll'rY'W~'rY':iflf)~lJ t~f)~lJ'rY'W~ 

~'V'IU11~fJwtY"'mi1'Wm':i1'f1'Wfl~:Iq!'i'lfltY':i~ 1'lf'W 1~lij'WCH 'rY1fltYl':ii.l':i~fIflUYJ'Wfliif) [2] U91i'Wfl11lJ 

?I'" 2 .. i'" , .Ii "'.1 III. I " " ....t]J'W ~HtYl'j\l11'Wfl~:Iq!t'lfltY'jZ 'W~1fltll~'rY'W~'" lJf)~Z]J'jZf)flU tlJ~1t1tYl'J~1'Wa~ :Iq!'i'lfltY'jZ'rY 'i'lltl .., 

q Q,I f ~ A9 fJI ~ 4 J~' .q i.d , J..dd 
'It'W ~HtYlJf)'W fl~ C)$~ ':i1lJfI~tYl'j ~1'W fl~:Iq!'i'l fltY'j ~'VI'VI':i lU11 t]J'W tYl'j'lt'W~ ~'VII!'W 'W fl'W 1!'i'l~tYl 'j'VIlJ t'j'VI'fi 

~ 

1'Wm'jl'fl'Wfl~:Iq!'i'lfltY'jZU91J~ i1l'VI'jlU i fl'j ~tY~l~'IIfl~tYl':i~'W'j~1J itf11f1fltYl':i i~ 'Wflf) ~lf)ihJl~'ltU~ 
I .q.a Q,I" .1.1 " ¢\ 1fI" t 4 .. I .qQ,I QI

fll~tY~H'i'l!tY'j lJ'rY 'j fl'rYf)'i'll~ t'j'VI'fi 'Wm'j ~1'W fl~:Iq!'i'l fltY':i ::f)'W !~ ~~'W 'W m':i'VI ~::]J 'j:::llJ 'Wfl11",tYl1J1 'jfl 

" ... i .., .... ". '" ... 1" "'. F- ~I '1 "'Ii 'Wm'j~l'Wfl~:Iq!'i'lfltY'j:: ~tlm'j1~1!maWmlml:::'rY11",tYl'j'lt'W~ ~UNtm:::lJ]J'j1J1W!]J'W!'VIl ~ 'iI~ 

1~'Wm'j tJlf)1!'i'l::: i1l~ltil'W 

fl11lJtYl1J1':ifl 1'Wm'jl'fl'Wfl~:Iq!t'lfltY'j::: i~tI'j1'" (Total antioxidant capacity, T AC) 'iI~til'W 

f) l'J 1~ fl11lJtYllJl'j fI i ~tI':i 1lJ'IIfl~i1flVl~1'W m':i I'fl'W fl~:Iq! 'i'lfl tY':i:: i ~tI i1ltY'W i ~11~tYl'j I'fl'W fl~:Iq!t'l 

fltY'j :::'ltU~1~U'i'l:::mlJlwl'Vh1~HtYlJflg1 'Wi1flVN U91~:::1~lil'Wfl11",tYl1J1':ifl'llfl~i1flVl~1'Wm'j~ 

'iI~if)iutiufl~:Iq!t'lfltY'j~ ~~m'ji.l':i:::lij'Wth TAC dt1~I'W!'VIflUfl~ itffufl11lJUtllJl'V'I'j1~tYl1J1'jfl 
11tY~~i.l'j df'VI~fI1'V'1 m'jl'fl'W fl~ :Iq!'i'lfl tY'j ::'IIfl~i1mh~~1f)~lfltl~fl11"'til'W ~~ ~1J1f) f)11 [3] 

m':i 1!ml~11fh TAC 11ltl..r1ii.l~~~m'j tY~Nfl'WlJt'lfltY'j ::~'VI'jlUfl11"'1,r",,r'W~It'IJ'W fl'W... 
U'i'l:::1tfl 'j 1::11fl11lJtYllJl'j fI 1'W m 'j Juj~'rY1 fl'lli11 fl~ :Iq!'i'lfl tY'j ~'IIfl~ tYl'J i 1fldN~ tY'W i ~1~ 1~tl1~ 
m lJ1W fl~:Iq!'i'l fltY'j~ ~'i'l~ 'i'l~ 'rY7fl~m ~fl~ itf tYl':i~U tllJ 1 ,rlil'W i 1fhlU~ fl~:Iq!'i'l fltY'j ~ Uf)1J~1,r 

'i' °1"'" -+'1tYl'j]J'j::f)flUf)~lJ!fl.1 C)$ 1'lt'W 2, 2 -Azobis 2-Amidopropane (ABTS) I 'VIl 'rYm~fl~:Iq!'i'l ABTS !'W 

Q d' I AI ~ fJlq ~J'4!t Olfljll t!olflJlti ~QI Q 

m'j1Iml::'rY'iI:::1~fl1m'j~1lf)'i'l'WlltY~'Yl'i'l~'i'l~ 'IIfl~'IIfl~1'fi'Wflfl'VI1 L~l~lt1 m':i1tml:::'rY'VI1 !\PI'VI~ 'W'Wl 

http:ilJmflt'l~tnllm':i~t1Jtrrtlflt~f)~':ifl'Wii.ll
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u~~i';l'yh~~~ltJ~lJ'Vl~ti' U~ ABTS hit~lJffl'j~ltJ1i'j'nJ'lfl~~nVlM'ln~vttlq!~~ff'j:;1lJh~mtJ 
iI.. 0 .1"''''''''''' ..l I <01... _ + .Il 0 'I iI'" " ... 

u~~~v,mm'j'Vllu{]mtJ1n'lJffl'jVlJnVlJm'il:;!n~Vttlq!~ ABTS C}j'~'Vlll'11m'j1Iml:;'I1tJmltJ 

~~tJln2J1ng~~'W ffl'j6ni1~ijtJtJl~I'11lJnlJfiv 2,2-Diphenyl-l-picrylhydrazyl (DPPH) m'j 

11ml::::-Hn'il::::VI1llJ'VillJV~I~tJ1n'lJm'j1Iml::::-H ABTS-+U~Vttlq!~ DPPH i:Ji1~vu~mtJlmijVlJ 

vttlq!~~tn~llJil~mtJ'il;~ "1 'Vil1M'ln~u~mtJl'~~1 'ViliM'm'ju'.i::aijlJfl11tJffl2J1'jt)ilJm'j~llJ 

v ttlq!~ ~ff'j::::'~,rvtJn11mltJ t~ 'W 'il;{j [4 ] o~url'11t'Vlflijmf~ffV~'il:;'Vili~~lml~11ift1l'l11~ ~hfit1l6n 
.1 4... .., 1 "'!'\II :!"'r ... 1 _ .Il ~I .. 
u'j:;m'jflVff"'V~~1vtJl~m'il'il::::'j'lJn1lJm'.i11ml::::'I1 L~ !~mil'V'n:;fftJ1~"'V~ DPPH C}j'~lu'Wff"'V~ 

'V , d.c:l ct iI ~ iii 1 , ~ ~, ~I fJJ1 

~1vtJl~'VltJmltJffl2J1'jt) IlJm'.i~llJVttlq!~Vff'.i:;~~ ~l!n V~lJ!I~:;; 1'W'lflJ~~1~"llulJ~lJ 

<01 ~I d ... .., ,x 1 0 ... iI .1......... 'I 1.Il iii.1 .Il ... ..l 1
'il ~lulJ'Vl2J1'" V{j~llJ1'il tJlJ ~tJ'il:;'Vllm'.i fl~fllJ u{] m tJll'I1tJC}j'~ 'lfffl'j u'.i ::::nv 'lJC}j'~tJ'lfV11 

~Q 4 d I' 0 i ,,~~ d' G) r .c:l QQ

"VtJ'WC'lltJ'W" (Imipramine) C}j'~~ltJ~Vm'.i'Vll 'I1tulJVttlq!m'WtJ~Uf1~:;C'lltJ IlJlJl ff"'V~Vttlq!~VtJ'WC'll 

.. ~1 ... J!t .Il ~I .. dliJl i'" I <OI1iJ1 ... " ,x......... "'1iJ!~1
tJlJlulJffl"fl C}j'{jlulJff'VlltJ'W'lJ lJ~1VtJWiH Im'lJn1lJm'.i1Ifl'.il::::'I1 lJVn'illnlJVtJ'WmtJlJtJ~ ItJlulJ 

t1lJ~'jltJ~V{1~fJ ~~1I1~rl'VtJUC'l::::'.ilm ':JU'W~ lJvn'illnd,lJm'j1Iml:;;-Hffl'jffn~~'~'illn 

C Q,I rI Q .c:l.- ~ c Q,I.d., , 1 QQ,I d~ 
NC'I~flW C)1'Vll~ 1i'.i'.itJ'lfl~ 'il::::tJ u'j 2J1W 'illn~'VlII~m:;;ff1lJIWn (Fraction) ~mil'Wl::::ffl '.i ffn~ 'lJ'j~'Vl1i C}j'~ 

4 .. r= v Q,I t ;Qc:.::l4 0 Q rI d G) Q tfd d 
tJu'jtJ1WlJVfJ2J1n ~~'WlJ11i'VllJl2J11tml:;;'I1m'.i'il::::tJmltJffl2J1'.it) l'Wm'.i1Ifl·.n:;;'I1'Vl'.i1~1'.i1 ff:;~1n 

iimltJ'1ilJm'.i 11fl'.il:;;-HI~V~ V'lJff'WV~,rV~ln~~~nril1 ~~,~u1!'Vlf1ijfl1vfC'l~\Jt'ilflilJ (Flow 

Injection Analysis) 2J11~m'lJ~n'lJU~mtJl"'v~~ij'WC'lliilJ ilJm'j1Ifl'.il:;;-H'I11ftl TAC ~~nril1 

http:l'Wm'.i1Ifl�.n:;;'I1'Vl'.i1~1'.i1
http:WlJ11i'VllJl2J11tml:;;'I1m'.i'il::::tJmltJffl2J1'.it


1.2.1 1~{)fl~ri''Ul1i)mtrll'H~~H1'Um';ilPln'ilff{)'Ufl111Jff11Jl'Hl i'Um';i1P1'1'U{)'l.H!~6ff';i~ 

1~tJ';j11J~ti~t1ilfltlmfl';i'}'i11J1n{)'U ('il1flm';iffmi''U'il1fl!1'U.,rmqj~ Sciencedirect U~~ Scorpus) 

1.2.2 !~{)'VIflff{)'Ul1i)mtlli'H~'il1fl.,rf) 1 i'Um';iIPl';i 1 'ilfff)'U fl111J ff11J l' fI i'Um,lP1'l'U 

... d"" &'" y ... 
mH!~f)ff';i~'\If)~ff1'1J11Pl'!1'U'VI1Jq'VI1i i'Um';i1Pl1'Um.H!~f)ff'~ 

1.2.3 !~ml111i)m till 'H~'il1fl.,rf) 1 tl1'V1flff{)'Uff1';if)f)flq'VI~'YI1Il;bfll'W 'il1flff1' fft1fl'il1fl 

-W'l1 ffl,j 'U tvn t'VI tI fl1 'U ~ t1'U 1'YI frw fl hl~6 W 'il fl i 'U 

1.3.1 'VI~ff{)'Ul1i)m till'H~1~tli<N6i}w~lli'U!~'Ui';Hi1!Ufl{)~l,l~6ff'~I~{)IPl' 1'ilfff)'U 

fl111Jff11J1';ifl i'Um,1P1'1'U{)~l,l~6ff'~ 1~wn1J 

1.3.2 'VI~ ff{)'Ul1i)m till'H~1fltll<N6iJ'V'I~1liwrJ'Ui'JfhUfl{)~l,l~6ffnm.r; tI'U!11t1'Ut1'U 

.. I Q~ .d a 'Q,I Q "',. A fI 
lJDmtll'VI1Jf)~fl~I~1J!!~11'11'U DPPH ,Folin-Ciocalteu '!{)!'il'U1Pl 

1.3.3 'VIlPlff{)'Ufl111Jff11J1'fI i 'U m,lP1'l'U{)~l,l~ fjff1~ 'U{)llff1' fft1~~t~'ill m'11'U!Wfl 

(fraction) 'il1fl-W'l1ffl,j'U t 'V'I';i 1fltll<N11i)mtl1'\1~H6iJ'V'I~lli'Ufl1'U~t1'U!'VIflufl1.wl16'UI'ilfli'U 

... .....,
1.4 fl18'UUlnfl111JflYl'U8.:Jfl111'i)U 

{)~l,l~6ff';i~!~'U!m~~'\I{)~hfl!lt1UH~H '1 'Hl11t1'11Ufll'lf'U hfl1J~!~~ hm11i'il ~Il 

'I1'il ,<U'U ~IlI!dfl "'{)1J~1rJ'U1J~Vi'I!J fl1'UlJ'Hi fl111Jlfl~ tlfl"'1'U I!~I~'U ff1m~~n{)1rflnfl{)~l,ll1 

1.Cl q 'JI Q.J 'j).q Q.I' rJJ ~ Q tI '})
lH1J{) flfl Ilfl 111Jff11J11 fI ! 'U m, IPll'U {)~ l,ll1{)ff' ~'VIU 'VI 'il11l'\l{)~1Pl1f)tlHU~1 11imnlfl';i 1~'H 'il~IPlf)~ 

1'i1tlP1'f)~H' 1~1~1 ff~fl1fl !df)~'il1fl~1'U1'Ui1f)d1~~1J1fl ;~I~'U~1J1'U {)~fl1'1\1t1~'il~vrl'lJ'U11% 

i 'H1i~ U~1J{)flg~fl111Jffl1J 1';i fI i'U m';i 1P1'1'U {)~ l,l~ 6ff';i~'\I{)~i1f) fh~ t ~{)dHU~'U ej1 Ul1 ~ nfll~1 

fl'hnl! 1J1J1i'~1~1J 1'lf'U DPPH 1 IPltlfffl'I!J ml{)~ l,l~6ff' ~~lifflrl{),jl11i)m tl1t11Jff111P1'1'U {)~l,l~ 
... r::l • 'I Y. r= ... .!" -'I .. d 'jJ 1 -'I 1y ....
{)ff, ~fl 'il~ 'VI 1 ! 'HlJ ';i 1J1W '\I f)~{)~l,l~{)ff1~ ~fl~~ 'U'Ufi f)ff1'Hlfll1~~ntl flm~Hlfl 'I1!'VIfl'Ufl 
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fflufll 'I'llvJ l\P1111'1'l1~~lrI'l.H'I'lfliJfI~ ~llJ fJum W~1,rljVQ\PI111..rV~ U~1Jllfl1'j.J11u 'l.JVfl'iJ1f1dV~ 
ffl1J1Hl-n9'lll.J1lr1tJ Ifl1v~ijv!l1J1Jfl\PIl tJlIllUt'l~'I"lfl'Vn 1~ l~m~ 'I"lllrtfl i~f111J~ti'1J!'I'lfliJfllvJt'lfltJ 

.:, 0 i jI q fin. d .J. J 
! 'ilfl'lftJ 'il~'I'l1 lffl1 'j 11m l~lfll f11111ff~~1f1Ut'l~'j 1~1'j1111f1M'U tJ 



• • 

~ 4 4 d d.c:t. d 11) I I 0 1,,'"
tl'UlHHH"'j~fltl tl~l'1mJ 1lJl"fH'l 11'jtlrt'1'J1.h~f)tl'lJ 'YllJtll"fll'1'jtl'U ~lJm'lJfI 'Yl"I 11lJfl11lJ 

q q,J q q,J 

1tl~111'U f)1'J InmJi]m tJltltlf);ll1'11'U Idtllnl1tl'41J"~rt''j~1'U~l~f11fl'il~'Yi11MI9l"~~1~"l ~f1'Yhmfl 

tl'U lJ" ~rt''j~ ~~ 1J1'il1mf~ fllfl 1 'U U" ~fllfl'U tlf)~ Nf11fl fllfl 1 'U Inl1 'il1f)m~ 'lJ 1'U f11'j IlJ 1'1-1 'lJ tlil9flJ'Utl~ 
• OJ 

rt'~1~rt'1'J~1'U tl'41J"~rt''j ~ u~tr1~1~f11m~flrt'lJ1J" 111fl~mlJ1W'Utl~tl'41J"~rt''j~1J1f)f)11m lJ 1W 'U tl~ 

rt'1'j ~1'U tl'41J" ~rt''j ~u~1 'il ~ 'Yl1 1 Mlnl1f111lJl ~fl'l11fl~ tll9l" ~V'Ul~ 'U ~lJ1'Utl~ h fI~ 1~"l 1'li'U f11mn 

''''1 "'1 1 d~I"f)tl'U1fl 'jfl111 'il u,,~ 'jfllJ~IH lu'UI'1'U [1] 

2.2.1 fiiU)vU~tlVlUVl~Uojj~ 111fl1.1f)~1 'U ~ l~f11fl'Utl~lJ'U•'lJV'il~m flmml'1 tl'j tl,,~i~ flf)11 

1fll"rt'11'1 m tl"~~ ll"~ 1 fll"rt'll'1mtl"~ 1~~ 1fll"rt'11'1 tl'jtl"~~ 'il~ rt'11J1'jt1,t'lJ 1 'UlJ'U 1~ ~~~ flf)11 

, " 
!tl'lf~Utl" (HDL- 1"1'Vj 11.1'j~'U m1lJ11'U1lltl'Urt'~) ff1'U 1f11"rt'll'1tl'jtl"Vil~~tT'U'il~rt'11J1'jt1,t'lJn'lJ

OJ 

Utl"~lltl" (LDL- 1"1 'Vj 11.1'j ~'Um1lJ 11'U 11ltl 'U~1) 1fll" rt'll'1tl 'jtl,,'lfU 116 rt'11J1'j t1ntl\pl1l~'U m1'lJ,t'lJ 

~tT~11" tll1l~ tll111l1~ ~~m l'lJlJf) 'il~ i~,t'lJ1'U 11"tll1l~ tll1~ll~ tl~'il1f)1'U 11" tll1l~ tll1~l~tltlf);1 'il 'U mi 
OJ 

4 4 .c::t Q.I <I!!i Q.I "" <I!!i ~1IJ d 4.d ~I <I!!i 
11" tll1 m tll1 U 11~ (11" tll1l" tll1l'1'lJl'1 'U 11'j tltl 11 1'1'U ) mf) tl'U I" tll1'U ~ 1.1 tll1 'Yl 11" tll1 m tll1 'Yllu 'U 11" tl 11 I" tll1 

~~'l11 i 1.1l~fl~«1 1 'il 'il~ff~~"1Ml~ tll1 111rt'llJ1'Jt1 1 1.111~tll~fl~«1 1 'ilff1'U 1.1mfl11 " tl111~ tll1~ tll1lP1'U i~• 
I 1"" 1 '" 1 .. ".l '" 1 ""... iii J '" d ....li iii. I0 0 I

rt'~~" mf)l1 'jfl111 'ilf111'j'lJ f)"llJl'Utl111 'il1'11fl mf)tl'Ul"tll1~' tll1l'1'U'Yl11"tl111"tll191~'U1 ~u11"tl•" ,
l~fl~rt'lJtl~ 'il~'Yll1Mlnl1hfl"lJ 11~tl hflJ'lJ'I11f1'j11 1'Uif'il~,y'U~l'l1~f11'jW1.1'j1f)U'l1111'il'U11 tl'41J" 

~rt''j~~I~lJ tltlf);l 'il'U1Mun Utl"~Utl" 1~'U1P11f11ni1flru1'U m~'lJ1'U f11'j~'Yl11Mlnl1m 1'lJ i 'UlJ'U u~ 
" 

.. I.c:t.~ ~I Q.I' d 1IJ Q.I .d.c:t. .j t ~I ~I 

uum tJln'lJtl'41J"tltlf);1 'il'U 'j~'lJ'lJutl~f)'U 'Utl~ 'j1~f11fl'il~l'l1'U 11m1'lJ ~ 'UlJ'U 'Yllf)l1'U'U 'U'Ulu'U rt' ~ 

111.1" f)1.1" tllJ~~tl~'U ,tl1tltlf) u~u 'Yl'U ~ 'il~ 1M~"1'U 'Yl1~~~ mr'lJf)mm~'U~m~m~tl~ 'il1f)111!tl"~lltl" 
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.. ~I '111 ",.J.k ~I ... ''I '" "I d' t
IMitu'lJn'Q1I t'U1I'W'U'W 91'imnmu'W\9l~m'W lfll~flg t'W~'W~'tH'l fl~l~fl~ll~'i ffl'Hfl1l'H~ltlfltJ1'i':i111m 

QI I 	 f~ ~ Ij/ ~ ~ 'l" Q:'I ~ QI

1191111 'W IIm~ ff1':i \9l1'W fl 'W 11~ fl ff':i ~,,~ "'Ufl flfl911" 'W ff 'i~~ 'H fl'U1I rl fl ff':i~lu\Jnrl H 91 'i ff11l1':if.1'lf1tlfffl~ 
q cu 	 q cu 

~'Uf11':i In~\9l~ fli''WUrl~oM1tJrl~m1111~tJ'i~''~ln~1':ifl 111'1"lm~1':iflU'Vlmcjf'fl'W 1 ~ 
'" d.",'1 ''1'''''1 ci"l "'.1'" dci )2.2.2 'IJ~'1~ ff1m~'Vlff1flty t'Wfll':iflfl t'Hm~ ':ifl1l~IHflflm111~~ufl\9l'Ufl'i~lfl'U!fl (DNA 

q A d'd QI QJ Q 4 G]" .ct d ~ Q .,.I.dQ.I 	 0 

fIltl 'l 'W'U 11fl~tJff'Ufl'iI91~rl'Vlff1lNfffl'Ufl111q!rlflff':i~91'itll"'Vll L'H ff1tl~m'Wlfl'U1~ 'H ':ifl m~f11':i lu~tJ'W 
.1.1 d' ..... '" "I '" .l... ~I .k d • 'l """ d

lu'U'U l':itJf111 f11m~ltJ'W'W~ f11':iflmff'U'H':iflfll':iflmff'IJI':iflH lu'Wff1m~'H'U'i'Vl'Vll mfl~1Ifl1':i 

1lrl~1l~ fltlfl'l11q! rlOff':i~ flflfl1l11 ~'U ~1'U1'U1l1fl i 1fl dH~ riulty'Ufl'i fl11 11 ~~1l fl91'U fl'i;)1 fl'W Ifl (DNA) 

"I .l 111 ... d. "... ... '" oj ..i"".l .l... ....k '" ..i d • "l " ..
flfl l'lffl n':i ff'Vl'Vl1 'l 'H\9l'Uflmff'U 1Imu'W hfl'Vl\9l~I'lffll ':i flH'Ufl'i\9l'U 91'il'W1Im111IfftJ~'Vl"~ 'Vll L'Hlf1~ 

ci ... .J ... '" d ..i ..i'l "''i cil .'l"1':ifl1l~IH\9l'U'U'U ff1':i"'Uflflfl91''''W 1IftfltJfIl'W'Vl "~~~fl11:1J1fftJ'i 'Wf11':ilf1~ L':i fl1l~IH ~tJf11':i'Vll 'H 

'" ~Ifl111q!~flff'j ~fl~ 1mu'Wfl~H 

Q.I 4"1 ~ 4 "d" Q,I 0 QQ ~ A .ct .­
2.2.3 fll1t)tlUJ'U 191~rl':i Hf11tJ91'i1l'H'W1'Vlrl fllJ"'Ull~~'Vl1mtJlt 'Ufl'Vll':itJ ':i 111ml'W flWfl'Vl 

'" ".k .. , • "d J'1II Y't "".. 111 1 .. 111" 
lfftl'H1tJU~1 91'iI91~mHf11tJff1111':if.1'Vll'H'W1'Vl'W t'i'll~tJfll'jNrl\9l':i:;I'U~ t~ ~':iI"'WI'Wfl':iflflfl t91~U~~ 

l't1fl5 flflfl 191~ u~"~~1m'H~~~ 'l~5'i 1~1~'W~'Vl':i1'U 1~ m~'U 1'U fll':ii'ifl~l1flciurlH1'Wln'W Irl tl1 tI 
111 '111" 0'1" ..i .. .J ,J'1II.I' .1"' .. '..... I' 'l""" ci.J,.l ..oi0

"'Ufl1'Uj5JlJ tll t~ 'Vll t'Hff1':i'Vl~rl\9l'U'Wmm'W tuflflu{]mtJ1\1fl 91 'Vll 'Htfl~fll':i'lJ1~I,,'U'U'Uum'UflWfl 

ff1':ifl111q!~Off':i~~ln~~'W "lfltlBmtllrlfl':i1'O'W'U111'U ,.11 1'UoUfl t1Bnmtll\1fll9fi'ifl~ 11~'itll"I~'U 
. 	 " 

i1f11':iri1t1tyVi'Vi1 'l ,rln~f11Hlmff'Ullrl:;fl11lJlfftJ'H1fJ'UtlltJi1 loM'U 1':ifl1 'UoUmlmff'U i'itT'U ff1':i i'U 

fl fl fl911 '0 'U ~~ftflmll'W ff1lJ 1 'j f.1oM1tltlfl'i n'W fl 1':i In~fll':iBfllff'U 1 ~ 
'" : v ""I..i1ll;K '" "I.l..oi "" ...".1,:.,

2.2.4 fll1'U1Y'Uil'UC)flC)ft)U mm fl~'Vl tt1mtJ'imfJ1~'H ':i til 'U fl Wfllfl~f11':i'U~ 'Ufl 'i'U'U 'lf1fl':i 11 

P ... 111.1 J' 'l '111" ,:., "I d.... 0 "l ".. ci ",.I
ml1fl~'U tulrl fJ'i 'H lJ t~ fll':iflrl 'i'U fl'im fl~'VllJflflfl911 'O'U 'O~'Vl1 t 'H lf1~fll ':i 'IJ1~ I'O'U1'W1I'U 'W I'W ':i 1:; fll1 

"" :;II' o"l" 'l ''1'' "" .l..oi~1
'Ul~flflfl911 'O'W lu 'W 'lf1'i~ 'O:;'Vll t'Hfl11lJff1:1J1':if.1 'Wf11':i'Vll t 'H fl111q!rlflff':i~'Ufl'iI'U flWtllu'UflrlHrl~rl'i 

..oi .. d. 1 .1' ':"... ...I d ci"l .. 
llJ flfl111q!~ flff':i ~'Vl u rl~u~ fltJflflfllJ 1'0 1flfl1':i fl~ 'i'Ufl~ flflfl911 'O'W lfl~'U 'U ~~'Vlfl1lJlJ1flfl fl fl11lJI fftJ'H 1tJ 

" 	 . 
9fll9111 IoM'W fl1':i1l~flriltlfl1fJ1~Url~f11':irhi~M11" ;n~'H1Hm~'U1'Ufll'j1lrlflri1tJ'H~fl~li~ f11':i 

~ 	 ~ 

ff'iliifl~1t1'H~tllitJ'ifl1tJ1~i\lfl~ 11\l11~'W~fl~'H~~1t1i1'Uru~ ff ~m~ 'l ,rln~ tIlfll':i'U l~I~'U~lcUfl'W 
.I 1" "'" ~I 	 ",''U'W 'W m ru 'U fl~ tIlfl 1 'j IIflfl fl'W 1fJlu'U~~:IJ1"1m ~ 'U'Ufl 1111f1 1'W 'Vll'U'U fl~':i H fl1 fJflfl'Wllfl~'i 'H ~ fl ~ 

liifl~~H~ U~'ii1tt~~ln~fllH,~i'W fl1fJ1~~H~ 'Wln'UlilJl~fllJ ff~~~l,rln~l91rlcl'lJ:;I~~ flW~'U 

'IJ'H1 nmJ'W f1f1l'Wi''iff~ln~'O 1fltl':i~~ lvJYJ1 Url~ff1':ilflii'lJ1~fld1'i l(1'WU~I~'Wi11~lJfl111q! rlOff':i~ 
I dOG) 'JI f Q oJ I q ".rt QI Q .d'.c:t QI 

Url~IHm	~'U1'Ufll':i'Vl'Vll t'H Ufl Ifl~':iflm'H tl1tJ'W'U'W t 'U'H 'W 1 91~ff1':i"'Uflflfl91I" 'W 'VllJfffltJfIl'W'CY11l1':if.1 

.I..i.. .. 111" 
~~~~'UHu':i~f11'j'Vl!f)~ 'illflfl111q!rlflff':i ~ t~ 

~ 	 .d I 0 4~ Q,lQ;IjJ~" 61" Q J.
2.2.5 ~1fwn 'Vl1':ifl'Vlfl~fl~flfl'W fll'H'U~Il~~lJ'W I'll 'W flfl1'WflfJ91'iflfl~ t'lfflflfl91I,,'WI'Wfl 

, QQ Q.::1 QI A ~I QI ~ 0 'l " .. "" 
'lf1tJ'lf1\9l 'U 1~ ':i 1fJ'il flfl1tfl~fl11lJlfftJ'H 1tJfl'Wl'U fl~1l1 'il1fl ':i ~'U'U ufl{jfl'W C)f {j 'Vll 'H fl'W lJ 

~ 
rlfl ff':i ~ flfl fl911" 'W. 

~I 	 ... 111 '.. .. ~ .k 111 ", • ... " ".k '" lu'WflrlHtJ'i t1l1l fll':i!f)~'ilflfl1InfllJ 91{j'W'U t~'Ufltlff1'H':i'lJf;f~~tIl~ m~11ff1'W'H'W{jlfl~'il1fl 



0 i 'JI ... ~I .l.,j i 	 "'.... .d.cl
f111lJ ff1lJ11t1 i tlfll1'Yl1 "HI'\.H!"eJff1~IUtlflfl1.:J'lJeJ.:JltI eJWeJfl1t1 tI ~fl~l"flfl-!l ffl'HJ'UeJeJflCllI~tI 'YllJ 

ffflf.l fl1 'W ff 1lJ1 'j t1 'If 'ltItl eJ.:J n tI 17fl1l1 'IJ1-!1 'lfij fll~ 

2.2.6 hfl~'U' 1'j1m~tlfl~';mVH 17fll1leJfl11~~mpdflflff'j~ij'U'Yl'lJ1'Ylff1fltyl~eJV1-!1 
.Ii 'JI .... ... ~ .1"'_ '" l!J 'JI 'JI ........... d 

lJ1 fllJ1t1 ClI-!lt'll1'j1 ff1lJ11t1 flfll1 'j eJffflfl fltl u!)m (ll'IJeJ.:JeJ~ \l fleJff'j~ fl.:J !fI ~~mtltl1l1 'j eJ11l1lJtI fl1l1lJ 

1'j1~'Il1 ~~ff1lJ1'jt11mnl'jfll1l eJill1~~.:Jflri111~ U~111<Oll~tI~eJ-!lijfl"~'Yl~~~itl fll'j tleJ.:Jntlll"~ 

lmnl'jfll1leJfl11~~.:Jflri11~"ltI 

!II ... GI I 
2.3.1 	 lfl1"'1'Utl'l;f\latllf1~ !'U1HflUJ (Endogenous antioxidants) 

Iq ~ .Q.c:!~ o.;.c:::l ,Ji Y 0 Q.,I , 9J ~ d 9J 0 i 'JI rI .... 
i tI flfl ! fl'IJ eJ-!lff -!llJ'lf1~lJfl ~~m ~'U'U'Yl 'lfff1l1 'j 'U 11 ij ~1t1ij~\l"ClI-!l1t1t1lltlll1 ~'Yl1 'HIClIfl fltflfl 

at ~ 	 ,tlqgJ,Q 

fl11lJlfftll11t1 ff1'j1l1t1eJ~\lfleJff'j~Il1"lt1t1 !flUfl Glutathione peroxidase, catalase, !lfl~ superoxide 

. 	 ~I 'JI.Ii 'JI .....d I ,x d liJ rI.d.cl -ti 'JI
dlsmutases (SOD) lutllltl ClI-!lff1'j11 1t1 ij~\lflijff'j~'Ylflfl11lJ1t1It1t11eJtI !ClIlJ'YllJq'Yl1i tlfll'j ~1t1 ff1'j 

eJ'J lJfl flff'j ~ 'If1t11mnfflJ ~fl1~ l111-!1eJ'J lJ"fl ff'j~l~i,.m lJlfl ~tlln~fl11lJ Ifftll11 tI~ ij IClIflrl'i tI'l <u 	 q q!\l 

I 

'jHfllti 

Si Q 41 r 
2.3.2 	 lfl1"'1'Utl"4\1t1tllf1~ !'U1HflUJ (Exogenous antioxidants) 

ff1 'j ~1t1 ij~ \I"flff'j~ fl~ lJ~1yf~lflfll'l 'U11ilfl ij 1l11'j 1~ tlffl'j~I~tI~i'iffl ntl~ l ~uri 
vitamin C, vitamin E Ufl~ fJ-carotene ~-!l11l1iitl;l~tlff1'j~1t1ijtllJ"flff'j~~ij'U'Yl'Ul'Ylff1flru l~eJ 

• '" u 


~I ~ ~ III ~ r 0 <1J 3! QI i I .d
4 	 0 Q

Iuti ff1 'j1l1t1eJ~ \I fleJff'j:t; 'Yl ffllJ11 t1fl:t;mtl !fI !tltI1 'Yl'Ill1ff1lJ1'j t1 fll ~fI ij~ \I"eJff'l:t; tI ff1t1 'Yl"~ fllt1 

J1 i tI'Yll-!ll~tl1ntl1miitlfl~ij'U'Yl'lJ1'Ylff1fltyitlri1t1'IJij-!lffl'l~ ff1lJ1'lt1fl:t;fl1t11m tlJl~tI tI eJfl~1fl 

f, 	 QI':3)Q.,IQ $I Qat Jl I Q.J JJ 
ff1'j'Yl-!l 2 ~1t111"1(l-!llJff1'l~1t1 ij~\lm)ff'j:t;eJfllJlfllJ1t1Cl1-!1eJ~ i tlrlflllfl:t;HflllJ 

11l1iitl; (Vitamin C) 'W'UlJ1flitlHfllti''lffltritl11'Iftl ~lJ N~-!llJ:t;tl11 ffll'lm'UeJ1 n1l1leJ 

iwfn 'UgeJfllfl1 Hfll'IJlJ lJ::;l;jeJl'Ylf'l' ijf,)f.UfflJ'U1i Iff1lJff~H collagen Iff1lJfl1'ltJeJlJUClIlJ'U1f1I1Hfl 

Iff1lJff~Hilii~lJntl'" . 
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imii'Wfl (Vitamin E) 'VfHlJlfli'W Jl~'Wt1J~~ fffl1'IJt~{rJ i'IJ ityri"l1 'iJ\jfl,j'11fflii 1,jH~~ 

1'W{l rl'1 i"JfJWff1JtMrlfJ~fi'Whfl1111'iJ rH'W~lnfJ~l'Wff1JfJ~~'IJ tff;lJtJii¢t'l'W'I'll'W hfl tll1~1~'IJ'IJ 

U 'j ~ fflV1 Htl~ 'j ~'IJ'IJ ~'IJ'W'Wf 
1~lii'WW (Vitamin A) 'Vf'IJ1I1fl1'Wi'IJ um 1,ju~~ N~~flWct1'W1J Ul~fJ~1'W U'\1~~Vl'\11'j~ 

1" 4 ~ 0 eli. IV QJ ~ Q,I If Q, q31
'\1 beta-carotene lJf,)Wff1J'IJ\9l 'IJ11~ffl{l\9l1 N1'\1'W~ m~~fl Htl~V1{l1~'J;T'IJ'Vf'W~ lff1lJtJlJm'WVll'W 

tJv~n'WlJ~a~~ 

l'IJ¢t'l11f1 hVi'W (Beta-carotene) 'Vf'IJlJlfl 1'Wffflffff~"1 1'11'W umfJVI YfflVlV~ lJ~tl~flfJ~fl fffl 

1~{l11,j'lJ 1'11'W fffl1'\J1J 'IJ1e)fl1f1~ lJ~tl~flV rli1J utl~mJ'Vf;flVVI ih-h'W~i1t1ty~'I11{l1'Wfl1'H'iJ1tyl91'IJ 1~ 
• .I. A" ... " '" 1 .d c:IUtl~fl11'1'll~1'W'\JV~!'WVWfJ\9l1~"1 1"11'W m~~fl 'j~'IJ'lJtJlJfJ1Jfl'W 1f1 m'iJtl~ml1Jtff{l~'\JV~fl111tl'W 

hfl1J~!1~ 

1f11g'W1Gt1:wfi11~'W (Coenzyme Q1O) 'Vf'IJ1I1f11'W1,j Lfl1v~1'W Utll 'I11{ltJfJ~n'W hfl'\1tlv~ 
.y "'1''''''''' .," A '" .?II '" 1 ~ ltlV~Utl~111 'iJ ff~lff1lJiJlJ~1'WVll'W Vll '\1ff~"I1'Wm~'hl'IJm~nH uV~fl'W 1f1fflJV~lnfJ1JHtl~tl~ 

ml1J~'W 
Q,./ ",~I lit 1 ~ .c:!to I Q,./ ".. A Q,./ Q,I

Vtll"fl Itl 'VffJmWff~ (Alpha-lipoic acid) 11~fl1{lff~1f111~mtN '\1HI1l1'iJlfllWH1~~ ~'IJ Nfl 

1'lJlJ ~'W~f~ i"JflW ff1JtM UfltJV~!Gt1tlrl'U1~fflV1 tJtNn'W1J~l~~!ltl~hm'hi 'iJ. 

2.5 flUJelf)'t'iDl.:l 

4 -=- J 
'Vtll"U1A1D'f11 : Gardenia sootepensis Hutch, 

... J'Vel1.:lA: R b' laceaeu 



. 

"'1\ '" qij'YIVltlfl'Ul'U: '.IJ.fI.-n.fI. 

111: lUI~fJ1 r;.V~'flH,rl'.IJ 'jmlt'lv':i1J'lJVU'IJ'Ul'U n1'N 4-15 19f'U~UJ'fl'j lJ11 9-28 19f'U~I'.IJ'fl'j.. .. 
tlnlvlIlHllJl1~mJ'U lf1'U 1U'.IJ'U11~VffVU 'lJVU1ur;.vu 1;1 1uv~'j~lr;h~nl'U1u 

tlnvn~Ull1W 'jvufi~ mi'U1um1'jv1I1n~ffln 

Vltlfl: ff'IJ11'U1nltl~V'UI~'Uffm~V~ )jn~'Ul1VlJ vvm~'U~vm~V1'flllJ9fvn1u n~1Jtiv~I~'U 
l1nV~Jtlm1fJ lJ11 1.2-2 19f'U~llJ'fl'j tlmm~'U~~l'Ul1~~IWn~n ~1'U'UVn)j'IJ'Un~I~V~!l1'UV1 

lf1'UI~vlJ~~n'U!~'Uatlm1vtlnlmwm~'U 5 Imn n~1J\9lVnl1'Ul 'lJVUn~1J)r1'Ulln~ij~ ~vn1J1'U 

Q,I iii " ~ Q'
m'j1~Ung;'fl'j1'ilffV'Ufl11lJffl'.lJ1'j(J !'Um'j'fll'Um~\!nVff'j~lJV~l1nlfJIIU'UUn~l1nlnl1nlV 

fl11'.IJ11'.1J1V'~Uri "capacity" (l1~V efficiency, power, parameter, potential, potency ling; activity) 

"antioxidant activity" 'il~ ,,rffl11'lUm'j 1~fl11lJffl'.1J1'j(J' 'Um'j~l'U Vll\!nVff'jg;'lJV~ ffl'J'~tl'jlntlV~ 
d ~ '''' d '" $J 'II
I~V1 "l 9f~'ilg;U'fln'flNnU Total Antioxidant Capacity [9] 'Vl'ilg;1~mllJffllJl'j(J !'Um'j'fll'Uvll\!n 

vff'j~1~v'j1'.IJ'.IJlnn11 

IrtV~'illnfl11lJ9fucH'V 'U 'IJ V~ffl'jtl'jg;nv'U~)jvd1 'U V111l'J' ~I'j li''Utl'j G;'Vll'Ulmg;fl11lJ ffllJ l'j (J.. 
" • 'j/ 

1'U nn Iffl ml'Vl nn'U (synergistic) 'lJV~ffn ~l'U Vlll.dnvff'j~;;;)jvQ1 'U Vl111'j 111 ri llT'U tTni1lV 

ff1'U '.IJ1n~~ff'U' 'ilfl11lJffllJ l'J' (J1~fJ'j 1'.IJ'lJV~~1Vth~1'U m'j~l'UVll \! n V ff'jg;'.IJ1nn11~ 'ilg; , tllwmm g; 

o .Q rI .... t'2 9J"::', , .d dQ,I d 

mm'j 11m 1~1111lU'jlJ1W'lJV~ffl'J''fll'Uvll\!nVff'j~ 'U'fl1VVN 9f~'Uvn'illn'il~lffm1nl Un~'.IJfl11lJ 

, 'II QI ill 'ill'll' <1/ 'I 'II .. , 'II .. dill'll' ill.1 
~~fJlmln1fJ~ IlJ !~u~uvn(J~fl11lJffllJl'j(J l'Um'j'fll'Uvlll.dnVff'j~VVNU'Vl'ilH'flllJ'Vll~nnl1Iu 

'II '" 'II , ~:" 'II .. d"" 'I ill'll' QI" .;. 

un1vn~1V 1'lf'U quercetin IIn~ rutin 9f~IU'Uffl'j'fll'Uvll\!nVff'jg;'VllJV~lJln I'UNn IlJl'lf'U 'Vl'U'VllJ IlJV 
'j/ • 

ffln;~ 2 'lfij~mH1lJn'U'il~)jfl11lJffl'.IJ1'j(J1'Um'j~1'UV'UlJnVff'j~'.IJ1nn11tl'j lnnvdl~V1 .., Iffv~n 
~ q~ ~ ~ I 

[10] 

fl11lJffllJl'j(J1'Um'j~1'UVll\!nVff'jg; Total antioxidant capacity (TAC) ~~I~'Um'j1V1 
• 'j/ • 

~1'U1'U 1'.IJn'IJ'Cl~v~l.d nVff'j~;;;\ln 1lU~lVffl'jvll\!nVff'j~vi~l1'.IJ~;;;)jv~l'U ffl'J' ng;n lfJ~lvdl~ [11] 

http:r;.V~'flH,rl'.IJ
http:IJ.fI.-n.fI
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2.7.11i ABTS 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) 

iVlfliJfl'IJU~ ABTS '\Ig::'l'ilm'jl1fl'jl~l1fl111Jnl1Jl'jfl 'l'Wm'j~l'W UlH.l"flnn; 1\Ol(I'jltJ~1'W '1 'W 

~ d t 1l'ihJU~ Trolox-Equivalent Antioxidant Capacity Assay (TEAC) tllf~~mltJ~l'W!U'Wm~mfl 'fltJ 

, '" J 1 .QdJ QI QI 4:Q,I I

Miller et al. U"~I9lU1Jl~fli'1\9JJ'Wl'IJ'W 'fltJ Re et al. [12] 11l'W11~mfftJ'I1"flm'j1'f1fllm'j'()'flfl"'WUn'l 

'lJU'lu'W1J,,1)n'j~~ttl'W'lnmm~ 2,2'-azinobis (3-ethylbenzothiazoline 6-sulfonate) (ABTS e+) ~ .'" 
ml1JtJl1fl~'W 660, 734 u,,~ 820 run 1'fltJm'j'l'iluUflGHt'fl'lf'W~htJ potassium persulfate 

+ Antioxidant.. 

ABTS'· (Colorless) 

~ ~ 

organic solvents ~'lnl1Jl'jflltml~'I1"'~i~ hydrophilic u,,~ lipophilic antioxidant u~nu~ii 
:II '" <II !II '" '" '" '" 'ltl .ol !II '1 !II "" J. '1 :II '" 0' ,
'lJUtntJflUI9lU~lIm'ji'fl1Jnl'jiflll'U1~'M'WmH ~ ii'1 um~I9l'W '11 tfl'flU'W 1J"'IJ'WVll '11 m'j1iml~'I1 tJ'ltJlfl 

~ q <u q 

...!II Ju,,:: tllf'U tllfU'W 1Jlfl 'IJ 'W 

....... 

2.7.2 11 DPPH (2,2-diphenyH- picrylhydrazyl) 

Ut.I:y" DPPHo ttl 'W U~:Y"~ flU'W'U'Hi n~tJ'j mbj1'1U,,:: ili~U~iinl'j1Jl'l'ilm'j UUflGHi'fl'lf'W 

riU'W I'I1il U'W f1'U ABTS0+ mlll n11Jl'j fI '1 'W m'j~l'W U~:y ,,1)n'j::nllll'jfll9l'j 111 nu'U1 'fl1 'fltJm 'j1'flfll 

m'j~'flfl~'WUft~~"'fl"~'lJU~ DPPHO ~~iiffli1~~mll1tJl1fl~'W 515 run 1'fltJ'l'ilm'jlmtJ'Utl1tJllf1'U 

.dod &1 9J I .. 4.d 1. ~I.r::::t. Q

nl'jlll\P1'j!l'WVllIt)Vl1J 'WmHl1'Wt)t.I:y"un'j~I'M'W Trolox 'I1'jt)119l111'Wtllf 'fltJfl1'W1UHu'W % 

DPPHo
REM 

Ij) at 31 d ~ ~':c:S ~..JI d 3J rI.cl 4 
'lJt)'fltm::'lJUlntJ'lJt)'l11l DPPH 11l'WtU'W11lmltJ 'j'J'flt'j1 u,,::ht)tlmUHi'1tJ~imU~ UV-vis• 

, 'l '" "" ... d ... !II ~ ?I
spectrophotometer t)tJ1~ l'jflI9l11Jn1J1~'lJt)~t)~iJ"t)ff'j~nlln11::~m'Un1'WmtJ Carotenoids G)f~lu'W 

nl'j~1'Wt)~:y,,1)n'j::;~iit)~m1fl "1 i'Wr.rmt"~H" 1lfmll1tfl::;fl::'lJt)~1m~m'j'l'il'l,rm'jln'fltl~mtJl 
, !II !II , !II ... '1'" '''' ~I 'ltl'l '" flfJ'W'lJl'l'Ml 'j::;'I111'lnlHl1'WfJ~iJ"Uff'j::; 'W19l1fJtJl'ln'U DPPHOtu'W! !'fltJln [9] 



DPPH (Colorless) 

ltl~ 3 tI~mm'Uf)'1 DPPH ~i.n'Wf1111!ml~r1mllJffl1J11tlt'Wf1111Pi'1'\.Jf)'IHrnVff1~111tl11lJ 

2.7.31i Folin Ciocalteu Reagent (FCR) 

in Folin-Ciocalteu reagent (FCR) i'W'UHflf'l'il~~tJn1lin Gallic Acid Equivalence 

method (GAE) !fil1'illflff1'J{I~{lltl1:::ldl'1 phosphomolybdate t!{I(t: phosphotungstate t~"h"i''U 

f111 11fl 1 l:::r1'11lm lJ1W 'II f)'1fflni'J::: flf)'UfJ'W f)~ fll~Uvi1f1111mU'U 111 U'U nmn1 1J1~1 fl'W Gallic 

Acid ffl1'l.h(t:m)'UYJ'Wf)~fl '~i''UmllJff'W t 'ili'Wf1111Im l:::r1t~ f)'1'i1lfl1Jm1lJff1lJ11tl i 'Wf111IiJ'Wffl1 

'j/ ... d<'l ... 4 'I 'j/?I 'j/ ... ... ?I.r.:! 'I liJ 'j/d .... 
~1'W f)'IH!{I f)ff1 ::i'IlJ m1lJlfftl U1 '111 f) !'1H1J'W ff11 m'W f)'\.l\l (I Vff'J::: lJfll'j'UI1J'W1J 'JlJ1W !'Wf.!{1 IlJi'llJ ff 

U~N !'If'W V~'W f11'J1Im1::r1ff1'J'l.h:::flV'UYJ'WV~fl1J'I1{11uin'~Uti inf11'J1~ffU'U'UffltJfll~'J iyJI~ 
" 11,1i'I1 in Ifl'JlJ11~fl'J1YJ'U'Wi'W'U1'1 in im1J1i~fl'J1YJU'U'U'UV'Im{l1fflJntl'W:::\i'l inifl'JlJl i~fl'J1YJ 

II'U'U nl91 i l1Um lJ1W ffl'J tl1::: fl V'UYJ'W V{I liJ'WVflUyJm~V!'11~ 'I ~ff1lJl'JtnJ'I'UVflil'lmllJ ffllJl1tli 'W 

'j/ ... liJ~?1 '" 
f11'J~1'W f)'\.l\l{l Vff'J::: 1'f1!1J'W Vtll'1 11 

!lJV{I:::{llU'Wl'i1(t:V~ l'Wl 1J'UV'IV'\.l\l{lf) ff'J::: 91'1ffllJl'Jtlm1'i1ffV'U 111 !l1tl !'lHi'lfl'Wfl'UV'I Electron spin 

QqQ,Q .c:l

2.7.4 l1itlllfUnll'J.,l (Imipramine) 

... '" "'?I " 1 " 1 
VlJ l'j{l1lJ 'W11J'W ffl11J'J:::flV'U1J'J:::lt'li'l tricyclic 

.Ii <'I'i 'j/ ... • 1 d 
91'1lJ!flH ff'Jl'1l1 ffl1'll1'll1Ji'I 4 

...... ...
VlJl'j{l1lJ'W 

4 ~ ''1.1 ....Ii liJ ~ 'I 'j/ "'" 

"'<'I?I'" 'j/ .Ii i """"' ... .x 'I 'j/... .Ii resonance (ESR) i l1U'il:::lJffl1J'WffVll 91'1 lJt{lf:) {I'll V'I VlJl'j {lllJ'W'W 'iI::: mffqJqJ1W'UV'I ESR 91'1'il::: 

<'I 1«1 ......Ii....x ... " 'j/ ~ 4 ... '1 ... 
tfftlU'Jf)~m 20 1'Wli'1 91'1ffqJqJ1W'W'iI(t:ffl1J1'JmfftlU'Jf)~ l1'Wl'W'U'W IlJm~'JUlJ !'Wffl'J{I:::{I1Ufl'J119l{l 

vj'ifl 
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2.8 m,11A'1~~1"tI'~1J1Jl-waihu\lA.v'U (Flow injection analysis, FIA) 

'I ~I II) '" 0 "''' '1''''!'Wu fl.ff. 1975 Ruzicka U(l~ Hansen !~'Wllff'W~':i~'lJ'lJfl1'J1lfl'Jl~'I1U'lJ'lJ 'I1lJfl6fl1':i 

"''''' Q,I d...1lfl'J 1~'I1"1IflVVlffV'I1(lrH11'J 'I1C!WHl4!1 Flow injection analysis, FIA 'I1C! flfl1':i A1lml~Wil~VlffVfl1'J~1fl,f IV 

",! ,_1'1 ,,;'" II) dI '" _I"'''''''' ... .. '" ".f 
ffl':i\911~Vl~(l~ u \'W'tIV~mc!1'V1lJfl1'J mC! C)f~'il~!fl~uumV1uc!~!fl~ffl'JHC!\91flWty)'tI'W U(l~\lfl 

~~itJv~i1m1'il1~vdl~~bldv~ l'l1'W \91':i1'il1~~1fl1':i~~fl~'WHff~ 'I11mJWffll'l.Wl'V1Hfl1Vm'V4l9il~ G"j 

fl1'J 1tf1'Jl~;11~vU1ffVmrflfl1'J i 'I1C!dij,rv~~~'I1c! lvtJn~ fl1'J i~url ItI'W fl1'J1!ml~;1~ijmll1 
!~V~\PlHff~ ffl111'JfI(l~nc!1'1'W fl1':i1!ml~;1 fl1HI1'lJflllffm1~l9il~ G"j '1 'W fl1'J'V1~c! ~~'Yi'1 '~~lVfl'h 

'U • 



1iI.1' ., 1 Q ....JJ?I "" .....Q" ..1
Minioti IU':': flW~ ~ 'l'l'YfWJU 1':i:':1J1Jfll'i1! m 1:':11 It1J1J l'Ift 'eJU!1lfl'lfU CJf~!lJU!'YIflU fI'YIlJfl11lJ 

fl9l1 umi fll'i 1!m1:.:11'ff1111'iO'I'i11~fld1~ff:':911flUft:':'i1m~1 i Ufll'i1!m1~11'fl11lJff1111'iO i Ufl1':i 

~lU'eJUlJftVff'i:': 191U'i1lJ·'.lfl~J1~UlJ:':flflfl 191ui-NtifimtJ1'Ufl~ horseradish peroxidase (HRP) L~U
• '" 'I<l 

Q.ol t ~ ~ <V

WllHfll'i!fl9l'eJflflCJf!91'lfU'Ufl-!J luminol 
QI

fl1J hydrogen peroxide 
~ ci:JI"" "" 
CJf-!J1l~'YIl 11!fl9lfll'i!'imUff~ ff1'i 

" " ffn91 80-20% (mlJl91'ii9lumlJl91'i'Ufl~ methanol Uft:':Ul) 'Ufl~U1~UlJ:':flflflm1ll9l'i 17 ilL 1l:':Qfl 

.e:l :JJ' ~ ~ .. F- j,I 'JI QI t' QI C GJ tf\q 3lQ,l 
~ 911'11 1\T'i:': 'U 'UtlJfl!'YflJlJ'ilJ1WfI11lJ!'UlJ'UU 'IJ fl~ ff1'ifffl9l1l 1fl'W llJ'W lJ:': fl'eJfl1l:': 'YIl !11 t11 fff1jf1j 1Wfll '1 

11 fl-!JUff ~~ft1lft-!J !~fl~mflm lllW'Ufl-!J hydrogen peroxide ~ft1lft-!J 1l1flfll'iQfl~1Jn1J ffl'i~~ 
Gt 31 ~ III QI ~ Q.I.d 0 

fI11lJff1lJ1'i 0 !'Ufll'i9l1 'W 'eJ~ \j ft flff '1:': !'W ffl'i fffl1l1l lflU llJ 'W lJ:': fl'eJ fl CJf~ fll'i'YI1l ft fl~1l:':'YIlfll'i'YI1lfffl1J 

.. ... d ~ iii :JI :JI 
l11ffm1:':'YImlJ1:':fflJ'lJfl~ fl9l'i1!'i1 !Ufll'i ~l1ft fI11lJtJ11'IJfl~ coil Itft:':fI11lJL'lJlJ'lJU'Ufl~ HRP 
.es 0 Q.ol ~ .c.\ fI I d ~7 .cI , d 31 .d
'lJ1I1l1flIil9l1~1I'lJfl~fll'i1tfl'i1:':l1fl~'YI 1.5 x 10 M gallic acid Uft:':lJ'lf1~fI11lJ!llUlff'W9IH'YI 1.0 x 

10'6 - 1 X 10'4 M fl11lJt~U~'Ufl~fll'i1LfI'i1:.:11'111U1I1l1flfh RSD 'eJd~ 2,8% !!ft:':ff1lJ1'i01tm1:.:11'1~ .. '" 

.... ~:JI... iii ~ 
L.P, Leong Itft:.: G, Shui 1tm1:':l1f111lJff1lJ1'iO !'Wfll'i9l1U'eJ~\jftflff'i:':'Ufl"JHft ~lJ ~U 

Cl ~ d'~ ~ iJ ~ QI •

tI'i~!'YIfl'ff~fl1 tI'i'YI-!J 27 'lfU1I 111Ui'lft'YIflUfI ABTS ilil U111fll'ift1lft~'Ufl~fll'i~1IflftUUff~'Ufl~ 
e+ .. ,. 1 0 ... .. :JI .......('1:J1 .. 


ABTS 'YI 414 Ul !U!lJ~'i 1IU'YI1fll'i11m1:':11111Uff1nJ1~'i!lU'YIlJq'Yl1j !Ufll'i9l1'Wfl~\jftflff'i:': 

l~!!ri Ascorbic acid, Trolox hydroquinone Uft:.: Pyrogallol Uft:.:vi1fll'i11m1:.:11'i'W1Pl1fldHHft lU' 
,

• '" F.!.c:l .oIl'!\ .+ .I 

!'Yffl!lJ'iU1JL'YIU1J'i:':1111~L'YIfI'WfI ABTS Uft:.: DPPH [15] 

'I :JI.. ..... i:JI
fl11lJ ff1lJ 1'1 0 ! 'W fll'i 911 'W fl~ \j ft flff'i:': 'U'eJ"J ff1'illl~'i~1U'YIlJfI11lJ ft'llJ1'i 0 Ufl1'i~l'Wfl~ \j ft 

~ ~ AlfI" I 4 d' 
flff'i:':'YI-!J 3 'If'W1I !1IUfl Quercetin, Ascorbic acid Itft:.: Trolox Qfl1LfI'i1:':l1i1lU Parejo Itft:':flW:': 111u 

i -Ntlgmu1 Co(II)/ethylenediarnine-tetraacetic acid (EDTA) !~'W1Pl1d"Jfll'iiltNUff~'Ufl~ luminol 

o _ r! .::::I q,I tI ~~ .d,
ltft:':'YIlfll'i LlJ'i U'U!'YIU1Jfl1J Ufl'lU1 2,2-diphenyl-l-picrylhydrazyl (DPPH) CJf~1l1flfll'i'YI1lftfl~'Yf1J11 

" " ff1'i1ll9l'i !lU'I'1"J 3 'lfiJ1I~fI11lJff1lJ1'i 0 i'Wfll'i~l'W 'eJ~\jftVff'i:': i flrl'lfiu~n'Wi1 u~ri1~mr~Uflfl 

Quercetin >Trolox>Ascorbic acid [16] 

Ukeda Uft:':flW:': '~vi1fll'iffmniifl1'i1'1Ifl11lJff1lJ1'iO i 'Wfll'i~lU flU'J.JftVff'i:':~~fl11lJ.'" 
!1l1:;1l~ 111Ufll'ii'fWJU1'i:':1J1J ivJftVUtllfliU 111ui-N Electron Spin Resonance (ESR) t~'W1Pl191'i11l1'1I 

Uft:.: i-Nt!gmU1'Ufl~ 1,I-diphenyl-2-picrylhydrazyl (DPPH) !~'Wi1fhliJ1Ifl~\jftVff'i:':1lilui-N 

ffU1lJU1Jm ~fl~ 335.3 mT ~~!rlfl~ff1'i~lU flUlJftVff'i:': 1l:.:vi1i ,r!n1lfll'i!tI~U'WU tlft-!JtlWW1W 
• '" u 

DPPH l<U'lJ<U'U 0.15 mM 1l:':Qfl~1I!<U'11t1iu cell mr-!J'il1fl~~fl1'iHfflJn1J1Pl1'eJd1~url'1 tlf1jf1j1WU1J1J 

QI Q,I j,I 31 C\ .h ~ J c;f A .c!<d;_ Q.I'j) 0 

ft 1J 1l:':UtI 'i H'W m -!Jfl1J fl11lJ!'U lJ'UU'U'eJ~ ff1'i ~ 1'W fl~ \jftfl ff'i ~ CJf~I'YIflUflU IIIU I'YIflU fI'YIlJ'U 1I1l1fl1l 

~1~Iil'Ufl~fll'i11f1'n:.:11'!'Vhn'U O,ol mM Uft~ffllJ1'io1tfl'i1:.:11'1Pl1fld1~'~ 131Pl1fld1~~fl,r11lJ~ [17] 



·
"" ..."" 0 ... unn 3 lfiVllIUUnl1nVltltH 

_I J ... 
3.1 ~lJfl1wm'\~tYl'Hflll 

4 " lfl1MUfll 

'II 1Y1r)IO'l'l1hml '.i 

c:S OJ f ASl 

'U1IO'llfl'U ff1'.i 1Pl1tHn.;J H'U'U'VI'UHff.;J 

'U11O'l~'\..IflmJ 

.!\ I d,., 
lfl'.itl.;J UV -VIS Spectrophotometer 1'\..1 UV -1700 tJ'H tl SHIMADZU 

lfl~tl.;JI'Ud1ff1'.ilflm'\..lm'n)IO'l'VIIO'lt'ltl.;J (Vortex) 1'\..1 VM-300 ~,rtl Gemmy Industrial 

J. ~ dl d!il 
lfl'.itl.;J"]f.;Jffl'HfltJ 1'\..1 GR-200 tJ'Htl Diethelm 


Micropipette ~,rtl Brand 


lfl~tl.;Jli1Jl'U'.i1"'il1f11tltltl'\..l 1'\..1 TKA ~,rtl TKA-GenPure 


, d" 
lIPl1tl'U1'\..1 100-800 tJ'Htl Hemmert 
~ . 


...Of f I .c:I !iI 
1JtJ~IO'l-'illtJffl'.it'l~t'lltJ 1'\..1 BTlOO-2J tJ'HU.;J longerpump 

Flow though cell 
I d;;!

Ultrasonicate 1'\..1 690D tJ'Htl CREST 

Ifl~U.;JiJ'\..I!'H~tJ.;JlPlfl91~f1U'\..I (Centrifuge) j'\..l PLC-012E ~,rU K university Centrifuge 
, e::ij)

Rotary evaporator 1'\..1 2101R-215 tJ'Htl Buchi 

... 
tYl1lflll 

Trolox 


Ascorbic acid 


Gallic acid 


DPPH 




Caffeic acid 

Folin-ciocalteu reagent 
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...... 
3.2 lfifl11'f1~atN 

I "_I"'''''' ... V<II •3.2.1 'fI~tfB1J't'Il1Jtlfl1fJ1'f1''t'I1J1:::tf'lnmFJVI'U (Preliminary test) 

3.2.1.1 fI11ftfl'tntlaMfJ1f111'~ Imipramine (lMI) 'U'U probe l~tJ'~ NH4VOl 'U'U 

·2
Stock solution 'tIB~ NH4V03 IxlO M (Mw=1l6.98) 

... i _I"" - r: ::'1 'JI ~ 'jf-:jffl'nn 0.0292 g ll~lllfJ 'W H2S04 10 M 6 mllJ'J'UlJnJ1~'HlJ'W 10 ml ~lfJ'W1 

3
Stock solution 'tIB-:J IMI 4x10' M (Mw=316.87) 

• ~ ::'1 

.Jr~ff1'J1I1 0.0127 g 1l:t:ll1fJ'\.hlJ'W 10 ml 

Stock solution 'tIB~ H2S04 10 M (Mw 98.08 d= 1.84 g/mI) 

~1~ H2S04 98% w/w 111 136 ml t9illJ1t~'W 250 ml 

Stock solution 'tIB~ Ascorbic acid 2xlO'
3 

M (Mw=176.13) 

i~ 0.0088 g 1l~1l1fJJ1Ull:t:t1i''Um1J1~l'J&w 1 0 ml 

"'...'11. lfifl11'f1~aB~ 

I. t~1fJlIm.P.!1l IMI hWfl1'Jt9ill I ml 'tIB~ Stock solution 'tIB~ NH4VOJ 6 ml 'tIB~ Stock 

solution 'tIB~ H2S04 !lll:t: 1 ml Stock solution 'tIB~ IMI u'WVin spectrum t1f111111IffiifJ'J 

2. Vl~llB~t1amfJ1'J:t:l·d1-:J IMI n'U Ascorbic acid 1~fJt9illff1'Ji-:J~1'J1-:J t'tlt.ht~'W11111 51'W1Vi 

I 
<II 

't'IaB~'fI IMI radical (mI) 10 M H1So4 Ascorbic acid (ml)d 
1. 1.0 4.0 0.0 

2. 1.0 0.13.9 

3. 1.0 0.23.8 

4. 0.31.0 3.7 

1.05. 0.43.6 

http:Mw=176.13
http:Mw=316.87
http:Mw=1l6.98


.:II ... 
fl. flfl1:JlfllUJUffJfJ1Il1f.1.:1 IMI probe 

1. l;ilJ 1 ml 'II~N IMI radical (1 ml Stock solution 'IIV~ NH4V03 6 ml 'IIfH Stock solution IlIV~ 

H
2
S0

4 
Uri:: 1 ml Stock solution 'IIV'! IMI) ,ji''UmlJ11'1'j~1t1J1t~'U 10 ml 
Q,' I ~ cV QI I ~.d. ~ 

2. 1\9lmm'j~\9lf)rI'UUff~'il'Um::'Vl~mHlri IMI ffrl1tJl'I"JUrI::mm'j~\9lf)rI'U!lff~'Vlm1:utJ1Tflrl'U 

620 run . 

.:II ' '''' I3.2.1.2 fll1f1fl1:Jl Parameter flH, Y1tNf.lt'lflf.I IMI probe . . 

.:II ......... I ... 


fl. fll1f1fl1:Jl pH Y1YlYlqYlflf.lfll1lJUffJfJ1Il1f.1~ IMI 
... ... 

fll11f11fJlJtT11lfllJ 

1. 11'I1tJlJu'YhyJvf~ pH ~1~ '1 fl'U i~un 1.0, 1.5, 2.0, 2.5, 3.0 

.:, t.1 .1'" j1.I'"
2. '11~ Na S0 LI03 g Uri:: NaHs0 0.264 g rI::rl1tJ'U1u'j:::IJ1W 60 ml u'j'U pH UrI"Ju'.i'U

2 4 4 

m:lJ1l'1'.il~'U 100 ml 

I , , , 

.cI .cI 1 '" "I 1Y ' Q lid.2. 'Vl\9lrlV~'H'1 pH 'Vl!11lJ1::fflJ'VHJ'\9l VltINfflJff1'.i\9l~1'I1'jH lrlVfl pH 11,.,1 Abs 'Vl 620 run 'VllJ1fl 

~-q\9ll!rI::!ffiltJ'.i~-q\9l 1\9ltJNfflJff1'j9iH '1 !'U~1 15 s 1\9l~ 30 s 

. 

'"11t'1tlYl'fl pH IMI radical (uI) Buffer (m!) NH4VOJ (mt) Abs 

1. 1.0 50 3.75 1.2 0.154 

2. 1.5 50 3.75 1.2 0.168 

3. 2.0 50 3.75 1.2 0.164 

4. 2.5 50 3.75 1.2 0.166 

I 
5. 3.0 50 3.75 1.2 0.185 
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...AI 
l1i tn1 'fI ~ tH)~ 

1. 'Y1~fltl~'H11.,rlJ.,r'W'\Jtl~ NH4V03 ~l'HlJ1~~lJ~'Q'~ 1~tJ~~lJ~1'J~~\Oll'Jl~ L~tln pH 3 hf~ln1'J 

~\Olnfi'Wll~~~ 620 run ~lJ1n~~~!lfl~lffiitJ'J~~~ l~tJ~~lJ~l'J~l~ '11'\Jrh 15 s 1'~~ 30 s 
~ • q 

I 
AI 

[NH4V03] (M) 
• 

l'i iUl~ 'fI Stock IMI (ul) Buffer (ml) 

4xlO'53.751. 50 

20xIO's2. 50 3.75 

40xlO'53. 3.7550 

60xlO'54. 50 3.75 

80xlO'55. 50 3.75i 
2. lltJt'lrlfln1'J'Y1~t'ltl~ 

4 '" Y.fl. flfltlll'ilfll1Ul'lJU'I.I'U'lJtH HzSO 4 

. . 
" !iI Q Q Q,I :JJ 4 I1

1. 'Y1~fltl~'H11'\JlJ'll'W'll~N H 2S04 'Y1l'HlJ1~~lJ'Y1'Q'~ ~tJ~~lI~n~~\Oll'Jl~ Ufl"J'Y'Hl1'Jtulf11n1'J 

~~nfi'Wu~~~ 620 run ~lJ1n~'Q'~ 1~tJ~~1I~1'J~1~ '11'lldl 15 s 1'~~ 30 s 
I 

AI 
l'i~0~'fI Stock IMI (ul) [H2SO4] HzO (ml) 

1. 50 4 2.95 

2. 50 5 2.45 

3. 50 6 1.95 

4. 50 7 1.45 

5. 50 8 0.95 



, 
~ 	 'Q , , 

3.2.1.3 	 fll1flOlll Parameter VlH , 'fItT\lfU1V18 IMI probe 

, 


.oj! AI':!! .. , , "" J 
O. flOllllJnnt.ll'UM NaCI 'fIi.Y\I""DVl8fll111ft11~'H 

""..l1ifll1'f1Y1DM 

l. J:-Iffllffl'ji'lV11'jl'l VIr" Abs ~ 620 run lillrJ1Jl'VirJ1Jti1J~i~~ffl'j'jl.m1'W 1~rJJ:-Iffllffl'j~1~ "l . '" 
I ... d 

l'lWl 15 s 1~'i'l 30 s .., 
'HD8Y1'f1 [NaCI] IMI radical (ul) 10 M H2S04 (ml) Hp(mI) 

L 0.00 50 3.5 1.45 

2. 0.01 50 3.5 0.95 

3. 0.05 50 3.5 0.95 

4. 0.10 50 3.5 0.95 

5. 0.10 50 3.5 0.95 

6. 1.00 50 3.5 0.95 

""..l1ifll1'f1Y1D8\1 

1. J:-Iffllffl'ji~V11'jl'l VI~lm'jVl~n~'WUff'l~ 620 run lillrJ1JliirJ1Jti1J~i~~ffln1Jm'W 1mJJ:-Iffll .'" '" 
I , OJ d 

ffl'jV11'l "l L'lWl 15 s 1~'i'l 30 s ... 

'HD8Y1'f1 [NaCO)] IMI radical (ul) 10 M H2S04 (ml) H20 (ml) 

1. 0.00 50 3.5 1.45 

2. am 50 3.5 0.95 

3. 0.05 50 3.5 0.95 

4. 0.10 50 3.5 0.95 

5. 0.10 50 3.5 0.95 

I 
6. 1.00 50 3.5 0.95 
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"''''' 11ifll1'Y1V1i:1t)~ 

1. Fffl'1Jffl'ji~\nl'jH fJfi1t11'jfJ~f)~'UHff~~ 620 run !mfJiJlfifJ'lJn'IJ~'~~ffl'j'j'IJf)l'U l~fJ~ff1J 
, 

f I Q,I ... 

fflH1H "1 !'\JfJ1 15 s 1~'YI 30 s 
, 

""1UU1Vl'YI [NaOH] IMI radical (ul) 10 M H2S04 (ml) H 20 (ml) 

1. 0.00 50 3.5 1.45 

2. 0.01 50 3.5 0.95 

3. 0.05 50 3.5 0.95 

4. 0.10 50 3.5 0.95 

5. 0.10 50 3.5 0.95 

6. 1.00 50 3.5 0.95 

, f 

"" _I"'..... ""<!l III !.I
3.2.2 'YIVltTt)1J111tT.fIn~'YI'11tJl~tT1Hl1n1J{Jm£ll'Y1'ft6n n 

n. 'YIVli:l6~11l % Radical Scavenging 'lI6~ Ascorbic acid lV1£1'~ IMI ,tl14 probe 

"''''' 11ifll1'Y1V1i:16~ 

I. ~ff1Jffl'ji~\nl'jH fJfht11'jfJ~f)~'UHff~~ 620 run !mfJ'U!fifJ'lJn'IJ~'~~ffl'j'j'IJf)1'U l~fJ~ff1J . 
t , GI 4 

ffl'jIPlH "1 !'\JfJ1 15 s 1~'YI 30 s 

J 
11i:16V1'Y1 [Asc] IMI radical (ul) 10 M H1S04 (ml) H20 (ml) Asc (ml) 

1. 0.00 50 3.5 0.95 0.5 

2. 1.25 50 3.5 0.95 0.5 

3. 2.50 50 3.5 0.95 0.5 

4. 3.50 50 3.5 0.95 0.5 

5. 6.00 50 3.5 0.95 
! 

0.5 

2. rll'U1W % Radical Scavenging 'illf)\T\n'j 

% Radical Scavenging = [(Acontrol-AsamPle)/Acontro,]x100 

I .dII a 111 I,. 
Acontro' =fl1t11'jfJ~f)a'Ut!ff~!1JU ~1J1J antioxidant . , 

f ... ... Q. Q ~ ~ f 

A,ample=fl1t11'jfJ~f)a'UUff~!1JU1J antioxidant 'YIfl111J!'\J1J'\J'UIPlH "1 



...... 
lfin11'f1V1tUl.:.t 

1. ~ffll 1 ml 'tIfI~ Stock solution 'tIfI~ NH4V03 U'C1~ 6 ml 'tIfI~ 10 M H2S04 ~lll,r,.;W 1 ml 'tIfI~ . 

Q,fT .4.ct Qldd QI 

Stock solution 'tIfI~ 1M! 1~fiI1fl1'j~~fl'C1'Utlff~1'1 620 nm 1'1'U1'111'1rJ1Jfl1H1'C11 

3.2.4 1;lJl91191Uih~Un11911lili.T01JfllllJi.TllJl1f:1'Un11411U0~"tl0i.T1::: (Method 

validation) 

3.2.4.1 1;lJl91191Uih~Un1191'nili.Ttl1JfllllJi.TllJl1f:1'Un11411U0~"tl0i.T1:::1~UJ 2,2­

Diphenyl-1-picryhydrazyl (DPPH) 

1. i.T11tl:::tlU.I 1 mM DPPH (Mw=394.32) 

i~ DPPH 0.0400 g tJi'1Jili1l1\pm~'U 100 ml ,r";lrJ 80% v/v (lll1'11'UfI'C1 80 ml tJi'1Jili1l1~'j,r..;w 

~ :'1 '" '" "" • ... ~i "'- I'U11lJ'U 100 ml) 11ll'1l'UfI'C1 fl'Uff1'jCl~"nmll'UnCl1 40 'UTVl1~fiI1fl1'j~~fl'C1'UUff~ 'H l~lJ'j:::1l1ru 

1.000 ~ 517 nm l~rJfl1'jilltJ~ 1 mM DPPH 25 ml tJi'1Jili1l1~'jl~'U 250 ml ,r1rJ 80% v/v 111 

1'11'U flCl 

2. i.T11tl:::tlUJ Ascorbic acid 100 mg vitamin elL (Mw 176.13) 

i~ Ascorbic acid 0.0250 g Cl:::CllrJJ1UCl:::tJi'1Jili1l1~'jl~'U 250 mll~1J'11'U'tI1~Vi1J1tff~ 
t(P17rJllff1'jCl:::CllrJ Ascorbic acid fn11lt.,r1l.,r'U 0, 10, 20, 40, 60, 100 ppm i~m'jl~ l~rJfl1'jilttJ(P1 

Ascorbic acid 100 ppm 0,2.5,5.0, 7.5, 10.0 1m::: 12.5 ml tJi'1Jili1l1(P1'j,r1rJJ11~'U 10 ml 

...... 
'\I. lfin11'f191tl0.:.t 

1. 1~ffttJfl(P1i'1l'tlfl~ff1'i'C1:::"nrJ DPPH l~fI'Hlfl111lm1fl~'U~i,rri1fl1'j~~fln'U~~1\1~ (Amax) 

http:Mw=394.32
http:1;lJl91191Uih~Un11911lili.T01JfllllJi.TllJl1f:1'Un11411U0~"tl0i.T1
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'JI "" ~1m't1f1'Uf1 DPPH 

• 

I 

,..., I ... 
\JllBtlH't1 

1 

2 

~fl1J Ascorbic acid! 
..., I 

\JllBtlH 

1.15 

3.15 

... ,J 
Ul't1't1 

11fdAflUtTl"U':::lIlti 

1.30 

3.30 

I ....., 
1Afllm1ijAflllUUtT~ 

31.15 

33.15 

3 5.15 5.30 35.15 

4 7.15 7.30 37.15 

5 9.15 9.30 39.15 

6 11.15 11.30 4l.l5 

7 13.15 13.30 43.15 

8 15.15 15.30 45.15 

9 17.15 17.30 47.15 

10 19.15 19.30 49.15 

11 21.15 21.30 51.15 

12 23.15 23.30 53.15 

13 25.15 25.30 55.15 

14 27.15 27.30 57.15 

15 29.15 29.30 59.15 



Ciocalteu Reagent (FCR) 

.... 

fl. fl1'H(lI'tJ'lJQ'l'nl~t'lUJ 


1. ffl'Hl~mV Folin ciocalteu reagent 10 % v/v 

tJttJ~ FoHn ciocalteu reagent 20 m! tJi'uili:lJ1~'Htl'iJ 200 m! 

2. ffl'Hl~{llV Sodium carbonate 
, ~ 

'l1.:J N~C03 37.5095 ± 0.01 g i'iJ'lJ1~ili:lJ1~'.i 500 m! t~1J'\.l1~'iJtJ':i~:IJ1W 250 m! {l~mv 

N~C03 'il'iJrf1J~ vr.:Ji11'tg'iJ~~WrffJil11'f).:J mr.:J'illmf'iJtJi'uili:lJ1~':iltlU 500 ml o~ui1ifl~ 1 

3. ffn{l~mV Stock 'lJf).:J gallic acid 

,r.:J gallic acid (Mw=" 188.14) ~1'iJ1'iJ O.llO±O.OO 1 i'iJ'lJ1~1~ili:lJ1~':i 100 ml tJi'uili:lJ1~':i 
9,/ 	 1i"!:'1 9,/9,/1 "".1 
~1V'iJll~':iV1Jlu'iJml1Jt'IJ1J'IJ'iJ~1~ ~ ~~'iJ 

.,j 
'U'l"'fI tA'lJl(l11 (ml) fl'll'IJlil'IJilU as gallic equivalent 

A 1 11 

B 2 22 

C 3 33 

D 4 44 

E 5 55 
• 

.. .... 
'Uu(lIDUfl11 'fI" t'ltH 

1. 	 t~lIffl':itflij A-E Ufl~Jlf1rl''iJt~t:lvilltl'iJ blank l'iJH~fl~rfflt:l~'Vl~flt:l~t:l~l.:J{l~ 1 ml 

2. 	 t~1Jffl':i{l~fllV Folin ciocalteu reagent 5 ml t'IJdl 

"" ..3. 	 'ilU!1{ll 5 'iJl'Vl 

'" t .£ lIJ P • I"" .ct"'!:'1 .ct ~I .oi .ct Ii ..
4. t~1J N~C03 4 ml ~.:J'Vl~ n 1 '!f.1I. ffl':ifl~fllV'il~tuflV'iJ'i11f1ffmflt:l~LU'iJffnlmff'iJll~'iJ~11J 

m1I1W 'lJt:l~iiI'iJt:li1 f1 Hli'11~fhf11'.i~~f1~'iJUff~~ 765 nm riliU!1flli'iJ f11':i t~1Jffl'.iltl'iJi~~l':i 1~ 

http:O.llO�O.OO
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Ill1~H~ 2 ntnm':il~lJffl'Hfliidl'Hi''Um':illf1'n:afml''H'I'1lJl'H'l i'i.lm':i~1'i.1V~~1:'Iflff':i:::1f1fJ':i1lJ 

~1mYlflijfl Folin Ciocalteu Reagent (FCR) 

<=I";
'i.llf1f1 

, ....., , <=I 
I9iJJ Folin 

... ..., , 
i 

VIl8t1HfI I9)JJ Na1C03 l?lfllfl1".iij?l naUIlft'-3 

1 0 2 7 67 J 
2 4 6 11 71 

3 8 10 15 75 

4 12 14 19 79 

5 
I 

16 18 23 83 

6 20 22 I 27 87 

7 24 26 31 91 I 

8 28 30 35 95 

9 32 34 39 99 

10 36 38 43 103 

11 40 42 i 47 i 107 

12 44 46 I 51 111 

l3 48 50 55 115 J 
14 52 54 59 119 

15 56 58 63 123 

16 60 62 67 127 

17 64 66 71 I 131 I 

18 68 70 75 I l35 

19 72 74 79 l39 I 
. 

20 76 78 83 I 143 

21 80 82 87 i 147 

22 84 86 91 I 151 

23 88 90 95 155 

24 92 94 I 99 159 

25 
I 

96 98 
I 

103 163 



- Stock solution 'tItl~ IMI 
• 'JJ "d 

'If.:) imipramine 1J1 0.0127 g tli'1JmlJl~'j1l1mh:U'U 10 ml 

<!I I fI p 0 1lJ.li ~ '" <I'JJ 
!'j)tl'ill~ Stock solution 'tItl~ IMI 10 L'Y1l1l1tJ'U1Ul:11'U1IlJ "If l'Ufll'j1!ml~'H 

- Stock solution 'IJtl~ 10 M H2S04 

m~ 98% H2S041J1 136 ml tli'1JmlJl~H~'1mhtl'U 250 ml 

- Stock solution 'IJtl~ Gallic acid 10,000 ppm 

.;.:) Gallic acid 1J1 0.2500 g tli'1JmlJl~Hi'1tJJ1!t1'U 25 ml 

- Stock solution 'IJtl~ Ascorbic acid 10,000 ppm 

.;~ Ascorbic acid 1J1 0.2500 g tli'1JmlJlm~1tJJ1!~'U 25 ml 

- Stock solution 'IJtl~ Caffeic acid 1,000 ppm 

,::, "'.1'" • I'::: 'JJ ~ ~I
"If~ Ascorbic acid 1J1 0.2500 g !~lJ MeOH 50 mllJ'j1JlJnJl~'j1l1tJ'U1LlJ'U 100 ml 

- Stock solution 'tItl~ Catechin 1,000 ppm 

.;~ Catechin lJl 0.2500 g !9llJ MeOH 50 ml tli'1JmlJl~'j~1tJJ1!~'U 100 ml 

- Stock solution 'IJtl~ Trolox 1,000 ppm 

.;~ Trolox 1J1 0.2500 g !9llJ MeOH 50 ml tli'1JmlJl~'j~1tJJ1L~'U 100 ml 

'" d'U. mnlfl11t'H 

'j ~1J1JlyJn~'U! 'ilfl'lf'U ~ifl 'Ufll'j1!ml~l1'uffll~~ntl~ 7 ~.:)tl'j~fltl1J itl~1tJ~lJllll ~ltJ 
~ ~ 

ffl 'jn~nltJ un~!fl~tl~~1ffLtlf,l~'jiJ!~tl{!vltl '1fl'Ufll'j 111 fll'j~llflii'UL!ff~~ 620 'Ul1'U !lJ~'j 11lVldtl 

.=! Q 4"_~ lot: A 4 4 

mJfll'j 1!ml:'HlJlJ~~'illtJffl'jn~n ltJ'il~'Yllfll'j~llffl'jn:nltJ'Yl~ 3 "If'Ullfltlffl'jn~nltJ A fltl 
~ ~ 

.Ii ... '1 '" •.1'::: <!I "'''' ...ffl'jn:nltJ NH4VOl CJf~!~'j fJlJ 'U mllCJfnlJ'jflffl'jn:nlfJ B fltlffl'jn~n lfJtllJ'WnllJ'U un~ ffl'jn~nltJ 

" . . 
C ~tl\hm;'U'H~tlffl'j~1mh~ 11lVllitlffl'jn:nltl A ml~ffl'jn:nltJ B Lnllfll'j~fflJn'U'il:!n~tl'UlJn.'" 
~ff'j:'IJtl~~iJ'Wn lii'U~~iiff~mn~ldtl't'htlnmmn1Jffl'ji1mh~ '1'U ffl'j n~nlfJ C tl'U lJn~ff'j~'tItl~

'!<J • '" 

~iJ'Wnlii'U 'il:\jfli1J'l'h'1,.rff~h'ill':)'Hlt1 'tll~tJfll'j~'j 1'iJ1~fll'j~llflii'Ul!ff~~ 620 nm ~'il:ffl1J1'jil 

11f1'n:11' fl11lJffl1J1'jil 'l'U fll'j~l'U tl'U.lJn~ff'j:'~'" 
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tTl'U1:::-aUJ A 

Mixing coil B 1...--____---' 

, 
HtT~jj 620 om 

It.l~ 7 'j~'U'U lrlflv'\.JI~f1i'\.J ~H''\.Jfln1Iml~Mfl11lJffl1J1'j\l i '\.Jf11'jvrl'lHl"t\lfl Vff'j~ 1~wnlJ 

3.2.5.2 m11Unl::~AlnJtTnJ11tl''Um1111'U0'U1Ja6tT1~1~tl11WUtlUn11J1\f11&'i'mq.. .II 

.. d",.!'1 51 ... i 51 ,
1~'jfllJffl'jfl~fI1fl1J1~'j!l'\.J'lJfl~ffl'j'VllJf;l"l1i !'\.Jf11'j~1'\.J fl"t \lflflff'j~ ~I!fl Gallic acid, 

JI.ci y. ,!:/Qlt/ I • 

Trolox, Ascorbic acid, Caffeic acid 1If11~~I'lJTa''j:::-'U'U V'lflfl~A11:IJ{;llJV'I'\.J1i'j~'I111~ % Radical 

51 51 • I'! .. 'I 51
Scavenging Ufl~A11lJI'IJ lJ'IJ '\.J'lJfl~ffl'j lJ 1~'j! l'\.JllfI:a lJ'j fl'U l'Vlfl'Ufl11lJff11J1'j \l ! '\.J f11'j ~l'\.Jfl"t \I fI 

Vff'j~ 1~fl'j1lJt1'U Ascorbic acid 

... 'I v .. ..., I 

3.2.5.3 fll11IA11::'t'IA111JtYl1Jl1tl ~'Ufll1\f1mfl'l-l\ltl0tY1:::-1I0~tYl1\f110t1H 

QI • .d o.et. ria OJ 9J 0 .d I QJ 

ff1 'j m0fl1~'Vl '\.JllJ 111fl '.i1~'I1fl flffl'j fffl~ ~lfl~'\.Jfl1lJflfl'l1 fl1~l1ff1'\.J fffl~ (Fraction) 3 

ri1'\.JI~fl,r1fl i '\.Jf11'.iIP1~ff'\.J i ~ i '\.Jf11'j l~flflri1'\.Jfft1~ i '\.Jf11'j;11 'llf'U1"111~~~lfJ'\.J,f'\.J~fl'\.J~~~mflUfl~ 
" 'II

i,*nfl1'\.J1'\.Jf11'j1~1fllJIP11fldUvi~ 3 1P11fld1~lfJ'\.J'fi~ij 
..., ..., I 

fl. m1tYfl~tYl1\f11fltlH 

...... '" 1 0 ",51 ::II 
1Tif11'.ifffl~Uff~~mlJ J Nat. Prod. 1009, 72, 1161-1164 ~W'\.J1lJlfffl~~1mlJm'\.JflflllJ'\.J 

I jI 'N I 

11f11 2 1'\.Jfifltu'l1tlnlffl~ ~lflU'\.J'I111J1'j~I'l·WrmllJ111'\.J flflflflfl 'rilf11'.iI~lJ'I11U~1'111ri1'\.Jfft1~fi ivr. ... 

ithWfl1~fli,*I'VlflU~1mlJ11'Vlfl'J1VJ 

.. " ... I
11. m11IA11~'t'ItYl1V110t1H 

a 
f1f1'\.J 620 nm 

3.3 tYil6imii1'Um111A11::~iJ0\1tl 
, .., ­

3.3.1 mmmJ (X) 

, d 
3.3.2 ml'Ufl~I'U'\.J1J1~'j!l'\.J (SD) 



3.4 1::::£I::::nalnl1r1V1afl\! 

1 ~fmUJ 2553- 30 OtHlltllJ 2554 . 
.. 0

3.5 at11'UrI'f11nl1r1V1afl~ 

flru::::1'VltJ1f1'lfflPlfu"::;~'Vlfl i lJ i"tj lJ'I'111'Vltlllim'Vlfl i lJ iatj':llGJflJ~fl"'Vl'.i::::lJfl '.i 



I .._1"'_ .,. V4 •
4.1 'YI~iIO'U'HllJ{)fl1Ul'YII'H1J1~iI1JI'UO.:JVI'U (Prelimmary test) 

.. _1"'- 1v 1'1 T 1v 1'1 ..,4.1.1 flllflfl1:l1lJ{)fllUlflll " Imipramine (IMI) IlJ'U probe ~~tI " NH4VOl IlJ'UVll00fl 

.. .,.
fl. flfl1:l1f1111JliIiltl1"lJO.:J IMI probe 

Q~ f ~ Gl _IdQ,I <61

foH'lfll'J'YI~H'If)~tI{lfl'Wl1~1111~f)~\l(l IMI fl1J ascorbic acid l1h'!"~Uff"~~llJ !'W21J'YI 8 

1.000,----------,---------..,.----------, 

o/lM Ascorbic acid 

20 /lM Ascorbic acid 

o.oooL---------L---------L---=::::~~;== 

0.800 

0.000 

0.200 

40 /lM Ascorbic acid 

60 /lM Ascorbic acid 

80 IlM Ascorbic acid 

500.00 &)0.00 700.00 800.0 

A 
fl11lJtJ11fl(l'W (nm) 

'ItI~ 8 fl11lJtYlJrrtnfn:rr:h~f11fll'J""fl~'WUff~~lflUfimVl'Uf)~f)'WlJ(l IMI 
~ ~ ~ q~ 

Q.f * • .d "".fl1J AscorbIc aCId 'YImllJl'UlJ'U'W~H "l 

'l'ilfll'JffmnmllJffllJl'J(1i'Wfll'J,fl'W f)~\l(ltiff'J~ I"V.w~l'JWl~lfl % Radical Scavenging 

~~111',f~lflfflJfll'J~f)1ud 
% Radical Scavenging = [(Acontrot"Asample)/Acontrol]xIOO 

• 4 A 111'''' •.
Acontrol =mfll'J~"fl(l'WUff~!lJf) LlJlJ antIoxIdant 



. 
'UVlii 4 Nnnl~VI~iH:Hl 

I 

I 
Ascorbic acid (uM) Abs % Radical Scavenging 

0.00 0.81 0.00 

20.00 0.75 6.90 

40.00 0.68 15.80 

60.00 0.60 26.10 

80.00 0.44 45.70 

40.0 

35.0 

30.0 • 

25.0 

20.0 	 . Y' 0.4363,· 0.S663 
R' 0.9927 

150 

10.0 

[Ascorbic acid] (J.1,M) 

JtI~ 9 f11'.i'l1lV1t1'IJt)·HllHd-n 1M! radical !rlm~lJ ascorbic acid ~ 0-80 /lM 

. 

4: 	 '.,'4.1.2 fll1ftfl'Ul Parameter m'i , t1tT'iNi:lf18 IMI probe . . 

"" ......... I ...

fl. fl11ftfl'Ul pH t1f1t1Q'flVl8flll1JltTatl1'IJIH8'l;f'.,li3 IMI . 

etC .... Q,I.I t f dI 

Vll1Htl4 mllJfflJrt'W1in')111~ pH H-n~fI1f11'.i~~fl-n'WutN 

pH Abs 

1.0 0.154 i 

l.5 0.168 

2.0 0.164 

2.5 0.166 

3.0 0.185 



30 

I 
.,j 

'Hrt'Clr1'Vl Stock 1M1 (ul) i Buffer (rnl) [NH4V01] (M) I Abs 

L 50 3.75 4xlO"s I 0.079 

2. 

3. 

50 

50 

3.75 

3.75 

20x 10"s 

40xlO"s 

I 

i 
i 

0.064 

0.065 

: 

I 

! 
I 

4. 

5. 

I 

! 
I 

50 

50 

3.75 

3.75 
I 

60xlO"s 

80xlO"s 

0.061 

0.067 

I 

i 

1.4:'UUU ,-----,------,,-----,----,-----, 

8M1.0000t-----------------------d 
7M 

6M 

5M 

4M 

0,6000 '--___-..I....____'--___-..I....____l...-___.....l 

O.GOOO 5O.QOoo 100,000Q 160,00QQ 200.0000 250,0000 

..\ 
fI111HJ11f1C1lJ (nrn) 

.... I~ Q,I Q,I tI " 4.d 91 IjI , Q,IQ,I 

31J'fl 10 f111lJfflJ'nlJ 11 ';i~ 'H 11~mm';i~r1nrtlJUff ~'Vl fI11lJl'11lJ'IIlJ 'II'Cl~m flctrrtl.:f1 nu~n\pn~nlJ 



. 

'IJ'Vl\14 NM1':!'Vl~llfN 

.... , ... , ,
4.1.3 fI11f1fl'1!l1 Parameter flH 9 'JItr-3fH.'1fltJtJ'I'J" IMI probe 

cit _t'! .J t , .at. J 
fl. flfl'1!llu1jJ1W'lltJ'I NaCI 'fltr'lN"fltJfll11'fl)11~'t'i 

1.OQO 

0.000'---------'--------''---------' 
roo.OO e{)o,OO 700,QO 

a 
fl1111f111fH'I'U (nm) 

ltJ~ 11 fflllfl"511~1f1fl1·H~lIffl11'Uf11'U NaCI ~fl11111,r1l,r'Uu"f19iHn'U 

l.2frO,---------,---------.-------, 

1.200 ...----------,.----------,.---------, 

800,00 

eoO.~O 700,00 SOQ,QO 

a 
f11111f111fll'!'U (nm) 

ltJ~ 12 fflllfl"511~1f1fl111~1I1n11'Uf11'U N~C03 ~fl11111,r1l,r'\..l!I"f19iHn'U 



• • • •• 
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~ ., , _ d 

tl. flfl'HltM'lJ1W'lJ8-3 NaOH T1tHffiU18fl111&tl11::::11 
1.2QO,--------.,...------,...--------, 

I!<lD.OD eoo.OO TOO.OO aoo.oo 
.!\ 

I ,fI1l1JtJl1fHI'W (nm) 
atli113 ff!Utl\1li'1J'illflfl1·H~1Jffl'j'j'Un1'W NaOH flfl1l1J!.,j'mj''WU\1ln~l,Ur'W 

<4 "" 4.2 fll1f1fl'Hltl11'Ulaatl1'IJ8-381;f\ftJ IMI 

3,50 .. _..... 
3,00 

2.50 


2,00 


1.50~ 
1,00 

0,50 . 

0,00 .' 

0 1000 2000 3000 4000 

• nt'll (s) 

Jtli114 fh Absorbance 'litH IMI radical lfltlfl1·.H~1J 1 ml Stock solution 'litH NH4V03 6 ml 

'IItl~ Stock solution 'IItl~ H2S04 !!{l:i: 1 ml Stock solution 'litH IMI 

http:I!<lD.OD


· 
'IJ'I'1fi 4 YHlm"'I'1~llfN 

4.3.1 li1Jlfl1!ltlffHfltlftl'U111tlatl1Jfll11JalJJl1tl1t1ftl141l'Utl'flfOOtn::::iflfJ 2,2­

Dipbcnyl-l-picrybydrazyl (DPPH) 
1._,--------....,----------,----------, 

0.000 '---------'-----------'------------" 
-<GO.oo IiOO.OO _.00 71)0.00 

.it 
fI111JfJl1fH'l'W (nm) 

ltl~ 15 ffi'Llfl~flJ'lw.:J DPPH -Ul'llf) Stock 1J1 25 ml tlfiJ1B1J1~'H~'W 250 ml ~1fJ 80 % 

MeOH/Hp 
"060_------.,.--------...,.-----------, 

_______0.000'------__-'---______......... 


400,00 eoo.OO &10.00 700.00 

.it 
fI111JtI11fH'I'W (nm) 

~ ... 1 I" 4 ~Q,Il tl ,.,16 ff!ufl~'j1Jm'H'IflfI.:J.,W~fI1m'j~flf)fI'WHff.:J"~~ DPPH 11J~i~1J Ascorbic acid 0-100 ppm 
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1.050 

1.000 
"'7 

~ 0.950 
;l 

~(C 0.900c:: 
(§: 

(§:il' 
 0.850 
tro 
(""" 

c:: 
(""" 

0.800 
-(Jj: 

0.750 

0.700 

0.650 

0.600 

0 20 40 60 80 100 120 

fI111l1'lf1l,j'U'lJ6,:j Ascorbic acid 

1.000 

0.990 

0.980 


"'7 0.970 


~ 0.960 

;l 

~(C 0.950c:: 
(§: 

(§:II' 

tro 0.940 
(""" 

c:: 
(""" 0.930 

"(Jj: 

0.920 

0.910 

0 	 30 40 50 
11111l1,j'1l,j'U'lJ6,:j Ascorbic acid (ppm) 

l,j~ 18 mlyJ1l1~I':iJ1U'lJ6,:j Ascorbic acid 

y = -0.0019x +0.9941 
R2 =0.9926 

10 20 




f t I iJ 

3tHi 20 fl1'HtJ~~'UutJ,dtl'\Jfl~fl'tllq!'fl DPPH ~ijfll~1Jffl':i~1mh~i~ 3 'I1i!~ 

vn1H~ 6 fl111Jffl1J1':ifJ 'h..!fl1':i~1'Ufl'tllq!'fltlff':i~'\Jfl~ffl':i~1f.)~1~ l~lJn1J1~':i!l'U DPPH 

,
"" g)ltlfJH as mg Asc/L 

SI 321.32±25.92 

S2 I I43.04±2.90 

S3 39.35±4.78 I 

4.3.2 li1Jlg)1tl'Uihifl'Um1g)n;)in)'lJtllUJgl1J11tli'Um1~mtl'14l!oihn~lVlfJ Folin 

Ciocalteu Reagent (FCR) 

.., , .... 
g)ltlfJHfI 1SD %RSDAbs Average 

II 

i Isl 0.844 I 0.862 0.861 0.86 O.oI 1.18 
I 
, 

I 
I 0.00 1.16s2 0.422 I 0.423 0.431 0.43 
I : i 
I I 

3.73s3 0.380 0.354 0.360 0.36 0.01I 
: 

I 

I : 

(S 1 dil 5 fold) 0.01 1.780.497 I 0.506 I 0.515 0.51 

l 

http:39.35�4.78
http:43.04�2.90
http:321.32�25.92
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. .. 
flllHfl 8 % Polyphenoll'W9i1ildl,nl~ 3 9i1ilth~ 

I 

% polyphenol as ug gallic acidlL ! .., . 
r ... 

flltltlHf!I 1 2 3 Average i SD %RSD: 
i 

I 
68737.32 1.8381 70018.14 71298.96 70018.14 1280.82 

1.2082 11612,76 140.4011641.23 11868.93 11707.64 

3.88I 83 10417.33 9848.08 387.489677.30 9980.91 

.... 1~ ,d.<t ~ d 91 91 I QJQ

lUf! 21 fll'H'thw'WtI1J1:'I~1:I''lJil~ Folin Ciocalteu IlJil!l'llJ Ascorbic acid 'VIfl1llJ!'lJlJ'lJ'WUl'lflI'lHfl'W 

4.4 f111'W\lllUlfll111fl11Z't'i·'hnz'U'Ulrhlih,uilfl<UU (Flow injection analysis) 
I 1, aN 

'!i~1J1J1'W 1:'I~'W !~fl'lf'WVil.rt'Wfll'!i1!ml~M!!1:I'fl~i~ltJVi 20 Cjf~tJ'!i:~ flil1J itJ~1tJ'UlJtlfl~lfJ 
Ji "'.1 1 ~ .. Ji 'l1if'l "" <II.. 1 1 Ji1:I'1'!i1:'l~1:'IlfJ !!1:'I~!f1'!iil~~11:1'!ufl l'l'!ilJ!l'lil'!iIYHl t'11 t'Wfll'!i111fll'!itlflfl1:'l'WU1:I'~'VI 620 'Wl 'WIlJl'l'!i l1fJ1lJV ... .. 

I~ lJ fll'!i 1Ifl'!il~M'l1lJtlfl ~1t.J1:I'1'!i 1:'1 ~ 1:'IlfJ'Il~l'llfll'!itlfl1:l'1'!i1:'l ~ 1:'Ilml~ 3 '11ijfl~V1:I'1'!i 1:'I~1:'IlfJ A~V 
.. 

1:I'1'!i1:'l~1:'IlfJ NH4V03 1'WmflCJim:rfl1:l'1'!i1:'l:mfJ B ~il1:l'1'!i1:'l~1:'IlfJ~iil'41:'1lij'W U1:'I::::1:I'1'!i1:'l:1:'IlfJ C tiVtAl 

fld''W'H1il1:l'1'!i9i1Vdl~ l11mrlV1:I'1'!i1:'l~1:'IlfJ A !!1:'I::::1:I'1'!i1:'l~1:'I1fJ B Inflfll'!iN1:I'lJn'W'\l::::!nflmH!1:'I~1:I''!i~ 
'lJil~ ~iil'41:'11ij 'W ;~ijff~1111:'1: !rlVl'l1tJ~m fJ1n1J 1:I'1'!i 9i1 Vd1~1tl1:l'1'!i1:'l~1:'I1fJ C il~lq! 1:'1 ~1:I''!i ~'lJil~~lJVil'4 

'" .., 0 1 Y"'~I lIJ.ll .., <II.. d
1:'I1lJ'W'Il:\lfl~1J'VI1 'H1:I'l'l1'\l1~'H1fJ!u flfJfll'!iI'l'l'1~1flfll'l'tlflfl1:'ltl!!1:I'~'VI 620 nm fl'll::::1:I'1lJ1'l'tl 

~.. 'I Y '" lIJ Y
1Im1:::'Hfl11lJ1:I'1lJ1'l'tl ttlm'l'1'l1'Wil~lq!1:'IV1:I''!i~ 111 

http:fl'lf'WVil.rt
http:10417.33
http:11707.64
http:11868.93
http:11641.23
http:70018.14
http:71298.96
http:70018.14
http:68737.32


Ul'n'~'t110 B 

Ul'H'~tnO C 

d 
HU,U1620 Dm 

d
4.4.1 m'l't1~Ut)1J'H1Uftn~'t1I'H1Jl~U1J 

'illf1fll'l'YIflrl t)~ i"lir;hfffl11~~m:lJ1~ 'f'UJ '1U fll'l'YIflrl tN L~Ui~ \PIl'l H~ 9 

d d <J'" 0' i!li '" 'i 'ifll'lH't19 ffml~'YIm:lJ1~ff3,J tUfll'llLml~'}1fl113,Jffl3,Jl'Hl Ufll':i\PI1Uf)'\.H!MH"'':i~ tfltJ':il3,J tfltJ 

t'YIfli'Jfl iTlrlVUL'ilfl-MU 

... •Vfl '1 l1JIVl t)'l 
. 

"" Uftn~'ru'H1Jl~U1J 

" " fl113,Jl'tJ3,J'tJU'lJtl~ffl'lrl~('IltJ A (NH4V03) 2,000mglL 

"" (. ')• fl113,Jl'tJ3,J'lJU'lJf)~ff1':i('l~mtJ B Imipramme 100 mgIL 

" " ml3,JL'lJ3,J'lJU'tJf)~ffl':i('l~('IltJ C (mglL) 

Ascorbic acid 0·2000 

Gallic acid 0-1700 

Caffeic acid 0-150 

Trolox 0-2800 

flVl':ill~l iUfll':ii '}1('1'tJf)~ffl':i('l~mtJ (mllmin) 

-ffl':i('l~('IltJ A 1.5 

-ff1':i('l~mtJ B 1.5 

-ffl':i('l~rlltJ C 2,0 

fl113,JtJ11'lJtl~ mixing coil A (cm
3 

) 30 

mixing coil B (cm
3 

) 30 
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.,." G) v .,. ~ 
4.4.2 ftll1'tl11~11tl1UJft'11l1'U.1 &Uftl19l1U8'111J't'I8ft'1:: IYlU1111'U8.;Jft'111119l1§lU 

""" d '" .x '1'11) 'jJ '1 "'" 1• 'jJ11i'YI'V4~'W1'\J'WlJl 'HlJ IYlQf1'W llJl'YIYlfffl'Ufl11lJffllJl'Hl 'W fl111P11'WV'l-H!flVff'H; IP1fJnlJ'\Jv~ 

ff11lJ11P11!1'WJ~ 4 'b'UYl'~l!ri Ascorbic acid, Gallic acid, Caffeic acid UfI:;:: Trolox Nflfl11'Y1Y1f1V~ 
1~'W~~llffYl~ 

9l11H~ 10 % Radical Scavenging '\JV~ Ascorbic acid 

tl111l!-lJ1I-lJU (mglL) 
, ... 
tllftl1~Y1n't'lUmH 

J 
!\l't'lU SD %RSD % Radical Scavenging 

I 
0.00 0.509 0.613 0.613 0.578 0.060 10.38 0.00 

I 

! 1500 0.499 0.501 0.503 0.501 0.002 0.40 13.37 

1700 0.498 0.497 0.498 0.498 0.001 0.12 13.95 

1900 0.484 0.486 0.486 0.485 0.001 0.24 16.08 

2000 0.476 0.481 0.481 0.479 0.003 0.60 17.12 

20.0 

tIJ) 15.0 
1:1 

'Sil 
1:1 
Q,I

C 10.0 
1fJ 

e .... 5.0 

~ 
~ 0.0 

y =0.0085x + 0.0633 

r2= 0.9966 

0.00 500.00 1000.00 1500.00 2000.00 2500.00 
v v

tl111l1'U1I'UU (mg/L) 

JtI~ 23 % Radical Scavenging '\JV~ Ascorbic acid 



Vll"H~ 11 % Radical Scavenging 'InN Ascorbic acid 

51 51
tllltJl'UtJ'U'U , ..i4 % radical scavenging SD I%RSDmatitllfl11~Vlna'Um;,.~ 

(mg/L) II 
I 

0.000.000.0000.613 0.613 i 0.61300.00 I 0.613 

I 29.600.000 0.480.4317800 : 0.434 I 0.430 I 0.431i 
40.207.84 I0.0300.36631000 0.345l 0.355 I0.399 

I 
59.201.400.2503 0.0000.2541500 0.247 I 0.250 ~.. 

59.901700 0.246! 0.245 iI 0.247 I
I 

0.2460 0.001 I 0.41 

80.0 


r 60.0 

'Q 

!
" C.I 40.0 

rLJ 

'5:a 20.0 
~ 0.9877 

0.0 

y = 0.0368x + 0.9314 

r2 

0.00 500.00 1000.00 1500.00 2000.00 
fllltJ'~1J'Il'U (mg/L) 

JU~ 24 % Radical Scavenging 'U'f}-:J Gallic acid 

..i 
Vll1H1112 % Radical Scavenging 'U'f}-:J Caffeic acid 

fllltJA~tJ.fJ'U (mglL) 
, 4C 

tllfl1"~Vlna'UutH 

. 
'" mao SD %RSD % radical scavenging 

I 0.00 0.707 0.701 0.697 0.7017 0.005 0.72 0.00 

100 0.561 0.562 0.562 0.5617 0.001 0.10 19.95 

125 0.540 0.539 0.538 0.5390 0.001 0.19 23.18 

I 150 0.533 0.529 0.532 0.5313 0.002 0.39 24.28 



40 

50.0 

40.0 
OJ) 

'i:o = 
:: 30.0 
> 
~ 20.0-; 
:;
c; 

~ 10.0 

~ 
0.0 

y = 0.1708x + 0.8431 

r2 0.9728 

0.00 50.00 100.00 150.00 200.00 
SI SI

fll11Jl'll1J'Il'W (mg/L) 

lU~ 25 % Radical Scavenging 'UV-:') Caffeic acid 

VI11H~ 13 % Radical Scavenging 'UU-:') Trolox 

i SI SI 
fll11Jl'1l1J'Il'W 

(mglL) 

, 4 
fllfl11~Y1flD'WUtY~ lilatl I SD %RSD % radical scavenging 

0.00 
Ii' ' 
i 0.707 i 0.701 i 0.697 I 0.702 0.005 0.72 0.00 

I 500.00 
iii 
i 0.610 0.611 i 0.609 0.610 0.001 0.16 13.06 

i 700.00 
i 
i 0.586 

i i
0.585 I 0.586 • 0.586 0.001 0.12 16.56 

2800.00 lO.198 0.201 i 0.199 I 0.200 0.001 0.71 71.50 

80.0 


: 60.0 
'i:o
::j 40.0 

-;
,Sit 

20.0-= 
~ 
~ 

0.0 

y = 0.0256x - 0.3093 

0.00 500.00 1000.00 1500.00 2000.00 2500.00 3000.00 
SI SI 

fll11Jl'll1J'Il'W (mglL) 

lU~ 26 % Radical Scavenging 'UV-:') Tro1ox 



~ ~I ~ 
Ascorbic acid, Gallic acid, Caffeic acid, Trolox fl'lJtl~\!t'I IMI Nt'lfll'j'YI~t'ltl.:jlu'W~.:jUt'l'~.:j 

Vll'JH~ 14 t'l'1Jfll'jl~'WVlH'\ltl.:jt'l'l'j1J1V1'jJl'WJ.:j 4 "I1il~ 

i tytlm'JI~UVl'J 'I ! 2 
t1'1'JtllVl'J11U r 

I Ascorbic acid y = 0.0085x + 0.0633 0.9966 

I 0.9877 
I 

Gallic acid I y = 0.0368x + 0.9314 

II Caffeic acid I y = 0.1708x + 0.8431 0.9728 

I Trolox y=0.0256x-0.093 0.9995 I 

Q.t I d 0 4 01. Q,I Y 0 .d , OJ 

nl'j VI 1 tlVN'YI'W l1J11tfl'j 1:':'t1 fHJt'I'l'j t'l'fl~"lflVl'W tn1Jtlfl't1t'11.:j 'YIt'I'1'W t'l'fl~ (Fraction) 3 

1:h'Wt~ tl'lht/l'W fllni'~ ff'W '1" 'l 'W fll'j t~t1mh'W t'l'n~ '1 'Wnl'j'f111..r'lJ~ ~'YI i;.:jlrJ'WJ'W VI tl 'W ~~.:jV1flUt'l:.: 
H'nt'll'Wl'W Nt'lfll'j'YI~t'ltl~lrJ'W~.:jUt'l'~.:j 

fllltl!aIIt1a11U 
I ..lI 

'" %RSDfllm'J~Ylm'uuty'l SDl"UUl 
(mgIL) i 

Sl 0.50 1 0.50 0.50 0.50 0.00 0.12 

I 
! 

S2 0.51 0.51 0.51 0.51 0.00 0.23 

S3 0.53 
I 

0.52 0.53 0.52 0.00 0.80L i 

. " 
Vll'JHn 16 ml1Jt'I'l1J1'jfl1'Wnl'j~1'Wtl~\lt'lVt'l''j~'\ltl~t'I'l'j1'l1mh.:j'ti.:j 3 "I1il~ 

Q,I I 

TAC (As mg TroloxlL) iVl16t1H 

S1 13264.50 
, 

S2 4630.10 

S3 1491.08 I 



5.1.1 'YIVlO'01J"'1t1aMtI1~n1t11~O'tudtN~U (Preliminary test) 


'I .r !II II) !II 0 _I"'''''''' dll)!IIo ... !II 'I '4 _I......... • 

! 'U I'U tFJ~'U ~~V11f11'J'Yl ~fftJ'U u{]n'HlTYl ~~'Yllf11'jfI~fI 'U lJ1 !'l1lJfltJu{] m tJ1 'J ~ 'l111~ tJ'4lJ €l 

.c..ct " .c. d I ~~ 4.c:S 19J .d.ct1 
tJlJVI€lllJ'UII€l~ffl'j~l'U tJ'4 \l€ltJff'J~ Gb'~~lnH€lf11'J'Yl~ft tJ~VI'U11tJ'4lJfttJlJVlft1lJ'UlJlI'U1 'U lJ'Yl~ &'U 

, It' 

o 0:'1 4 iIJ 9J ~ • asld !lid Q,t .ct .r:::I 

f11'J'UllJ1'Ylllu'U Probe IVltJ'Yl~fftJ'Ufl11lJffllJ1HI! 'Uf11'J ~1'U tJ'U lJ€ltJff'J~ l'UtJ~ ~lnlJff'Yl'lf~1~'U ff'Yl.., 
... J :'1 d.1I1 • _I............ !II ... II) 11' c:l 

tn~'\J 'U lu'Uffnl Uft~'Yllu {] nHnn'Uffl'j ~1 'U tJ'4lJ€ltJff'J ~ !9>wtJ1~'n~t 'J 1 

, 
4 l.ojl I 

5.1.2 fl11flfllll Parameter VlH , 'YIO'~NaVl0 IMI probe 
, , 

4 .oj.oj4' .oj 

fl. fl11flfllll pH 'YIVl'YI'1VlVl0f111t1'O't1fJ1'U0~01;f\ll.'l IMI 

o Q,I f 4 ~<¢.l. 

~lflm'j'Yl~€ltJ~ Vary pH '\JtJ~ ffl'Jft~ftlt.JU€l~V11m'J1~fI1f11'J~~n€l'UUff ~'\JtJ~tJ'4 \lfttJlJVI 

q I ~ I , , 4o.d Q J lJi 14 

€lllJ'UVI'U11ffl'j€l~€llt.J~~II~ pH 1.0, 1.5,2.0, 2.5 IIft~ 3.0 VI'U11f11f11'J~~n€l'UUff~'YlLn~'\J'U !lJlJ 

fl11lJU~n9l1~n'U 
4 SI SI 

'U. flfllllf111t1''UtI'UW\J0~ NH4V03 

"'JJ 0 QlI 

~lnm'J'Yl~€ltJ~ Vary fl11lJl'\JlJ'\J'U'\JtJ~ NH4V03'\JtJ~ffl'jft~€llt.JlI€l~V11f11'J1~fI1f11'J 

"I ...... d. • !II !II : I ·5 ·5 
~~n€l'UUff~'\JtJ'Ifl'4\lftfllJVI€lllJ'UVI'U11f111lJl'\JlJ'\J'U'\JtJ~ NH4V03 ffl'J€l~ftlt.J~~U~ 4x 10 , 20x 10 , 

s
40xlO\ 60xl0'

s Uft~ 80xl0' M VI'U11jlhf11'J~~nnUUff'l~lfi~~'Uhl~mllJlI~n~1~n'U 

.
4 ,.oj , , 

5.1.3 fl11flfllll Parameter VlH , 'YIO'-ilNaVl001;f\ll.'l IMI probe 
,

4 _p- .oj , , ... • 

fl. flfllll1J1t11W'UM NaCI 'YIO'-ilNaVltJfl111'fl11~'" 
d

'illnf11'J'VI~ fffl'UfI1 llJ ffllJ1'J n 1'U f11'J'VI'U9ltJf11'j'j 'U n 1'U1~t.Jf11'j l~lJffl'j€l~€llt1 NaCl 'VI 

iJ 'JJ • Q,I liI iI I , 4. lIJ lid 

fl11lJt'\JlJ'\JUII~n~1'1n'U !~un 0.0, 0.01, 0.05, 0.1, l.0 M VI'U11f11'J~~n€l'Ullff~ ~lJlJf11'j., 

ttl~tI'Ulltl€l~'il'Um:;-i'lt~lJfI11lJt,rlJ,r'U'\Jfl~ NaCI ~'l 1.0 M ~'1tlf'Uf11'Jltl~t.J'UUtlft'l . 
4 _p- .oj" ... • 

'U. flfllll1J1t11W'U0-i1 Na2C03 'YIO'~Nl.'IVl0fl1n'fl11~'" 

~lnf11'j'Yl~fffl'UmllJffllJ1'j n 'lUf11'j'Yl'U~tJf11'j'j'Un1U1~tlf11'j l~lJffl'J€l~€llt.J Na2C03 ~ 
!II !II , ... 11)2 • • "I II) 'd. 

fl11lJl'\JlJ'\J'UU~n~1~n'U !9>lltn 0.0, 0.01, 0.05, 0.1, 1.0 M VI'U11f11'J~~n€lUUff~ !lJlJf11'J 

Itl~t.JUlltl€l~ 



, 

'il1flm'j'VI~Hn)'Ufl11lJffllJl'Hl it.! m'j'VI'IJ~ tlm'j'j'Uf)'J'IJ1fltlm'jt~lJ ff1'l~::::~m.l NaOH Vi 

5.1.4 f111t1fl'Ulfl1U.utt'fJtl1'U6~61;flll;1 IMI 

jJ" I <v'll)" I 

fl11lJl'UlJ'U'lJU\>lflm"Jfl'IJ t~Ufl 0.0, 0.01, 0.05, 0.1, 1.0 M 
1 4 IIJ l.q 

Yl'U11m'j~flfl~'lJUff"J ~lJlJm'j 

ttJ~tI'lJmJ~"J 
.. q 

'il1flm'j'VIfl~ tl"Jfffl'l,:llf111lJ!ff~ tI'j 'U fNtl 'I.A :I.d~~UYl~ 1~'IJ~ '~'illflfl1'l 'VIfl ~ tl"JYl'U -hV'I.A:I.d~ 

Bff'j::::BiJYlm~'lJffllJl'jtl!ff~tI'jV~'mi"J 3000 s 

5.1.5 lBlI1Vl111Um';;h..!fll1V111;'Jtt'61Jfl11lltt'ltl11fJ1Ufll1\fJl'll61;flll;16tt'1:::: (Method 

validation) 

fl. lBlI1Vl111umi1Ufll1V111;'Jtt'61Jfl11tltt'ltll1fJ lUfll1\fJlU61;f\Jl;16 tt'1::::i;)tI 2,2­

Diphenyl-1-picryhydrazyl (DPPH) 

350.00 

~ 300.00 
'0 

250.00C'II 
<.I:c 200.00 
10. 
=>
<.I 150.00
'" -< 
I).Il 100.00 
e 
'" 50.00 
C'II 

0.00 

SI S2 S3 

ltJ~ 27 fl11lJffllJl'jf) i 'lJm'j~l'IJtl'I.A:I.d~Bff'j:::: Lfltl 2,2-Diphenyl-l-picryhydrazyl (DPPH) 

'U.1BlI1Vl111umi1Ufll1V111;'Jtt'61JAlllltt'UJl1fJ1Ufll1\fJ1U61;f\ll;16tt'1:::: iYltl Folin 

Ciocalteu Reagent (FCR) 

~ 70,000.00'0 
C'II 

60,000.00 
~ -; 50,000.00I).Il 


I).Il 

40,000.00= 

C'II '" 30,000.00 
"S 
~ 

20,000.00= .c: 
E 10,000.00 

=> 
=- 0.00 

'#. 
81 82 83 

ltJ~ 28 fl11lJffl:1Jl'jtli'IJm'j~1'IJV'I.A:I.d~Bff'j:::: lfltl Ciocalteu Reagent (FCR) 

http:10,000.00
http:20,000.00
http:30,000.00
http:40,000.00
http:50,000.00
http:60,000.00
http:70,000.00
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... J .."...,.!'I" ....5.1.6 fl1'lAfI'1:::'Hfll1'llft'1'll1nH'Ufl1'V11'Uf)~\liU)f"'::: lAb !'lff)~\lt:lf)ft"::: 

n. ft'1''lI1Vl1!1'U 

~lm~'U'U1vJ~~l!t~fI'If'U ~~IllJ'U 1~'UY11:tJl'Ylv>HH)'U fl111J ffl:tJl'!i tl i'U fll'!i ~1'U f)'ll2.d~ff'!i~ 
'\If)-:jffl'!i:tJlI'l'!i!l'U~iiq'Yl~i'Ufll'!i~l'U V~2.d~~ff'!i~i-:j 4 'lfi'l ~ ,,run Ascorbic acid, Gallic acid 

., 
Caffeic acid U~~ Trolox ~~fll'!i'YI~~V-:jff1,j,,r11ffl'!i:tJlI'l'!i!1'U'tl-:j 4 'lfi'lV'liifl111Jffl:tJl'!itll'Ufll'!i 

., 
~1'Uf)'U1J~~ff'!i~i1emhv>lm1-:jil~f) Caffeic acid> Gallic acid>Trolox>Ascorbic acid 

q <u 

.., I 

'U. ft'11V11f)bH 

i1Vdl-:j~',r~lnfll'!iffnV'lTil1Jf)n'H ~1-:ji-:j 3 LY1'U ffnV'l\j nYll:tJl'YIV'lfff)'Ufl111J ffl :tJl'!itl i 'U 

fll'!i~l'Uf)~ 2.d~~ff'!i~ ~lnfll'!i 'YIV'l~f),nm11ffl'!i ffnV'li~ 3 'lfi'lV'l iifl111J ffl:tJl'!itll 'U fll'!i~l'U V'll2.d~ 
., 

4 old 0 QI QI 4. 
f)ff'!i:::mJ-:j~lV'l'U~~'Uflf) S1>S2>S3 

20,000.00 

~ .s e 
f-< 
~10,OOO.OO 

~ 

~ 
0.00 

SI S2 S3 

ltJ~ 29 ml1Jffl1Jl'!itl i'Ufll'!i~l'Uf)~2.d~~ff'!i~ lV'lfJf)'ll2.d~~iit1mii'U 
S.2 f)iitJ'1bNt:I 

-i ... i"'" 1 ...<I~ In fll'!i 'YI~~f)~'H111i 'U fll'!i 11f1'!il:t:'Hfl111J ffll1l'!itl 'U fll'!i 1'l1'U f)'ll2.d~ Vff'!i~ V'lfJt11llJ 'U 1f)'ll2.d~ 

.... 'I ,~. ........ ! d .. " ~ 'I ,.I".I ....... i :II
'If'UV'l b'H 1J'U'U:tJlflf)V'll2.d~f)1Jt1~l1J'U t1'U11f)'ll2.d~'YlflV'lfl'U'\I'U:tJl b'H 1J'U1Ju'!i~ff'Yl1imt1 'U fll'!ilu'U 

probe '~lV'lfJii.,rv~~!'Hi'1f)n"j, probe !~1J G"] ~i~n'Uf)~i'Ui1~ru\'!~f) 
1. iifl111J1f)~'1i'Ufll'!i!n~,jamfJl 

2. ff'\lf)~f)'42.d~~f)ffVh ~-:jYlli,rhhnV'lfll'!i'!i'Um'U~lnff'\ltNi1Vdl-:jt~f)~~lni1f)dl-:j 
LY1'U1Jln hliiffvh 

3. fll'!i ,nV'l,j nmfJl'!i~'H 11,:jf)'U 1J~~iit1~lii'Un'Uffl'!i~l'U f)'U1J~~ff'!i~iifl111J!~'UI'l'!i ~Y11 i,r'::(J q IU q 'U 

ffl:tJl'!itl,jnlii'U ml1Jffl1Jl'!itll'U fll'!i ~1'U V'U1J~~ff'!i:t:',r 
q '" 

4. t1'll\l~~iit1~lii'U!~'Uf)~\I~~ '~!~'Ufj'I:J '~iitJ'UI'l'!ilfJl>it1~'YI~~f)~U~~~-:j!!1~~t11J 

http:10,OOO.OO
http:20,000.00


• • 
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