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ABSTRACT 

TITLE REMOVAL OF PARACETAMOL BY PEROXIDASE FROM 

CAULIFLOWER STEM 

AUTHOR 

DEGREE 
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ADVISOR 
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CAULIFLOWER STEM 

This research aimed to study the removal of paracetamol by peroxidase 

extracted from cauliflower stems. Variations of concentrations of paracetamol, 

enzyme, and hydrogen peroxide, pH, and temperatures were tested. The experiments 

were carried out in a batch system at a stirrer speed 200 rpm. Results showed that 

the maximum removal efficiency of paracetamol was 66.4 7% at the conditions of 

a paracetamol concentration of 1 mg/l, an enzyme concentration of 0.124 U/ml, 

a hydrogen peroxide concentration of 1 mM, a pH of 7, and a temperature of 25 °C. 

The study indicated the feasibility of peroxidase for the removal of paracetamol 

contamination from water and the potential for its application in industries and 

hospitals. 
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1.3.2 bel'W 1"11~~ -ifBCJ1 'IJ'jUle:J'W 1"1l~VltJ1'U "lt-:J61nl'l:U1f1tl1'Wf1~Vl~11Vle:Jf1~~e:Jll1:U1f11'lml'l11~'Wi 
'IJ 'IJ 

eJ1l.fle:J11~'W"ll1'j1'lJ :il-:Jvtll'le:JUm1"1l51i'i , 

1.3.3 J1l~CJ~ m 'Uf11'j~f1'['}1fl~-l.nb~~tJll:U1f1~-l'W1'j1b"ll~1lle:J~'U~61'Vl~ 'l11m~~mtJJ11 m~ , 
v 11 .::::.1 iJ' 

m 1ll b "Ull"ll'W'Vl~ B-:J f11'j 

1.3.4 f11'j1 bfl'j1~-Hf'l1n:u f)'j'jlJf11'jvl1-:!1'Ube:J'U 1"1lll1 i151~r11m'j~~n~'Wbbf!-l 11VltJvi'1ulJn~CJ1nu 

611'j~-:J~'U ~el n11e:Jbe:Jfle:J~ (guaiacol) 

1.4 '\.J'j:: 1~:.~"l1uilifl1~':h\l:: 1;!-!u 

1.4.1 v\'11 ~'Vl'j1'lJ (1-:J f11'jvl1-:J 1'W"Ue:J-:J be:J'W 1"11~ b 'I.Ja~e:Je:J n68 bl'l611 'W f11'jn 1~ l'l'W1 'j1 l"llmlle:J~ bdaiJ 

f11'jb 'I.J~CJ'Wbb'I.J~-:Jfl11llb -ii'll-if'W"lle:J-l'V'l1'j1 b"l!l'l1lle:J~ fl11llb -ifll-if'W"Ue:J-lbe:J'W 1"11~ fl11llb -ii'll-if'W"lle:J-l 1v-11Vl'jb:U'W 

bua1aan1"11~ f'l1fl11l!btl'Wml'l-11i1-:J bb~~aruvt.fliJ 
, 'IJ 

1.4.2 611li1'jfl'l11-ii'all~~1~:u1nmd1~CJ 1 'I.J'I.J'j~tJn~1 i-:J1'W 1 'WmJu1'lJI'lJ1 b~CJ~'I.J'Wb ~e:J'W'V'l1J1 
'IJ , 
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1.5 bb(:.J'I.Jn1~~1bihJ..:i1'lJ 

G1'1VJ-rum1~1b iJ'W-l1'Wi~vi1LL u-lb tl'W 3 ~'WI'leJ'lJVJ6i'n ~ ~'~.Q 
1.5.1 bl'l~tJ3JbeJ'W Lfij~b 'I.JeJ{eJeJn~b~liilil1nnTH'I ti~·Pil1ntl1'Wn::'VI~1 ~eJn 

1~v m1t11 n1'Wil~V!~1~"Em1 'IJ~1'Wbfl~eJ-l Lbtl nmn me1 n~1t1 ~1'U11'U1'1 -;u1n~'Wl11 hJ~'W 
b'V!~tJ-l~ 8,000 1eJ'U/'W1Vi Ltl'WL'"Jm 10 'W1Vi ?i1'W'UeJ'lbVJm16'fvl1~VJ6i''l-;u1nll11~'Wb'V!~tJ'l~eJ 

beJ'W h~VJmu -;u~ t1nt111 'IJLnu~~ LL"libb ~'IG1'1VJ-ru 1m 'Wil11'Vl~61eJ'l~eJ 1 'IJ Pi m~1 m1rh~~~111b"lll'l13..leJ61 
" " 

~') tJ bel'W 1 "/!~ b tJeJieJeJ 1l"Bb~6'1V!tl1'U 

1.5.2 ~'WI'leJ'Wdb tJ'Wm~~m~n 

1.5.2.1 m1 n1 ~ ~~ 111 b"/!1'113..1 eJ61 ~1 t1 b eJ'W 1 "I!~ b tJ eJ ieJ eJ n"B b~6'1 b~eJiJ m1 b tJ~ tJ'W bb 'tJ61-l 

"' "' fl') 13..1 b 'U3J'U'W'U el-l~111b"lJI'l13Jel61 

1.5 .2.2 f11j n1~ ~~1 11 b "lll'l13..leJ61 ~1 t1 b eJ'W 1 "I!~ b tJeJieJ eJ n"B b~6'1 b~eJiJ m 1 b 'IJ~ tJ'Wbb 'IJ61 '~ 

f1')13J b -iJ3J-iJ'W'Uel'l bel'W h~ 

1.5 .2.3 f11jn1~ ~~1j1b"ll1'113..1eJ61~1 meJ'W 1 "ll~b tJeJ ieJeJ n"BL~6'1 b~eJiJ f11j b tJ~ tJ'Wbb U61'lrl1 

f1113Jbtl'Wm~-~1-l 

1.5.2.4 f11jfl1~~~1j1b"lll'l13JeJ61~1t.J beJ'W 1"1!~ b tJeJieJeJ n"B b~6'1 b~eJJJfl1j b tJ~ tJ'Wbb U61'1 

1.5.2.5 f11j n1~ ~~1 j1 b "1!1'113..1 eJ61 ~1 tJ b eJ 'W 1"1l~ b tJ eJ ieJeJ n"B b~ 6'1 b~ eJJJ fl1j b tJ~ t.J'W bb tJ61 'I 

fl'"J 13..1 b -iJ3J-iJ'W 1~ 1~d b -;u'W b tJeJieJeJ nh~ 

1.5.3 m~~·hl"l~1::~ bb61::iii~'IJ(:.J61n11~mn • 



.. 

.d 
'U'VI'VI 2 

.. 
Q QaJQd !I' 

'VI fl'~!} bb61 ~.:11 'lJ11iltl'VI bfi tl'J "llB .:1 

2.1 l'l1~1b6lf!P11:Uelr;l (Paracetamol) 

2.1.1 flwa:uu~"lla..:Jl'l1~1b6lf\PI1:uar;l • 
'V'l111b61!1P11:Ue.Jr;l (Paracetamol) ~e.J111"il1fl para-acetylaminophenol iHim'11irqri1 

e.J~b61!1P11~hJb 'VJ'W (Acetaminophen) b U'We.J~~'W15"l!e.J'l'V'l111eJ~ b61l'Vir;leJ~il1 'WYl'WeJ(;l (para -acetyl 

amino- phenol) -;ijl1lmi1'Wfl~11"lle.J'l?f11th~ne.J'UYl'We.Jr;l i1?tmbflilbtl'W C8H9N02 ('V'l'lP151 VfeJ11'N~ 
'IJ ' 'U 

bbr;l~ r~ru~, 2555) iJJ;) m~ru~ b tl'W~~ n~"ll11vr~m-1~mt.J bb D'l (Pl~'V'l1 -;ij'W'Vl1~~. 2543) il"il\11 b~eJ\11~ 
'U ' 

169 e.J'lPl1b61lr;lb6/1tJ?t ?f.fl1'V'lr;l~(;l1tJ1'WJ1 14 mg/ml Vf~el 25 mg/ml (20°() nJ1VftJfll11br;l~(;l 

151.169 g/mol fl1111Vf'W1bbU'W~ 1.263 g/cm 3 ilfi1 pH t.J1~111ru 6 ~'ld'V'l111b61!1P1111e.Jm'J.:J-;ij'\1le.J~ 

1 'Wfl~11"lleJ'ltJ1'U11 b 'Vl1e.J1fl11t.J1111 (analgesics) bbr;l~"!h tJ(;l 111 HI ~'l b tl'WtJ1~'W~1'Wm in'W111flbbr;l~!:'T.:J 

Vf16ffeJ 1~~1(1 

HO 

.n1l'l~ 2.1 Lfl~..:Ja~1..:Jl'l1~1b6lf!PI111Br;l 

Vi111: 'Vl1'l'V'lr;l Pl~'W1r;l (2557) 

1111 t1 n r;l1n"ll e.J'l n11 e.1 e.1 n t)'Vl~ 1 'W 'l'Vl ~(;l 1111 oiJ t!'W bn 111 "il1 n m1 !:'T 'U ~-:~ ~'W ~ r~1 'U ~11 b~ t11 n'U 

~t:WVfJJ~~'U~b 1tw?f11e.J-:J?i1'W 1v 1 'V'lu1mir?t (Hypothalamus) ?i1'Wflr;l1n1 'Wfl11r;l\1le.J1fl11U1111J'W"il~ 

b~tJ1-ile.J-:~ n'U fl11!:'T'U~-:!fl11111"lleJ-:! m~ bb?tt.J1~?11'Vl~ b~t11 n'Um 111 b ~1Jt.J1 111 eJ~1'l11n1P1111 ilm1 b?f'WeJ 

flr;l1m~e.J-:J"lle.J-:Jfl11b~tJ1oife.J-:Jtl'Ufl11bU'W weak inhibitor 1 'Wfl1~'U1'Wfl1161''1bfl11~~ prostaglandin 

~-:~n~(;l\>le.Jm1?1~1-:~ bB'W 161l~~b~tJ1-ileJ-:~ 1 'Wm~'U1'Wfl11b~'Ut.J1\11Vf~elfl11eJflb?f'U e.1~1-:~ 11nm11n(;l1n 

fl11e.JeJfl')'Vl~"lle.J-:J'V'l111b61!\91111eJr;l!:'T-:~~eJ'lilm1Pi m~nl>leJ 1 t.J ('V11-:J'V'lr;l Pl~'W1r;l, 2557) 
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f11 ';ir;r~ Lfl ';i 1 :::•t.h'll 1 ';i1 L61!\91 1lHl 'fl iJ.ff'U(WeJ'U ~~ d L ~ll ':il1 ny:j'U e:J 'fl (phenol) ~ n 1 'U L\91 ';i\91 

(nitrate) 1\9l~1im\9l1'U!?l~n (nitric acid) ':il1m!uniu~1~'Ui:i1'UL~mL~n'V'11';i11e:J 161!Llle:J~ (para­

isomer) ':il1ne:Je:J~h 1e:J 161!Llle:J~ (ortho-isomer) ':il1m!u 4-1 'U 1!?l';iy:j'Ue:J'flt1n'1~hs6Ltl'Ue:J:::i11 uy:j'Ue:J'fl 
'\J 

(aminophenol) 1\9l~1m61!L~~ll1'Ub1®l\9l';i\il (sodiumborohydride) 1'U~1nm~~LtJ'UL'U6'1 vf1~~~(9) 

4-e:J:::iiluy:jue:J'fl (4-aminophenol) vl1'\.Ji)n~mn'Ue:J:::6B~mLe:J'U1eJ1\9l';i\il (acetic anhydride) 1Ji\tJu 

'\AJ1';i1L61!\911lle:J'fl ~~.fl1'V'I~ 2.2 '\.Ji)n~81bfllJn1';ir;r~Lfi';i1:::~'V'11';i1L61!\911lle:J'fl (5'U'J'U qJ11ru~~' 2551) 

OH 

0 
phenol 

OH 

¢· 

OH OH 

A ANo2 
y+U 
NO,~ \ 
~reduce 

OH 

0 
NH2 

para and ort.Jw 
ni.trophenol 

NHCOCH3 
pa:racetamol p-arrunophenol 

.n1'V'l~ 2.2 LJ~n~~1bflilm';i~~bfl';i1~~'V'l1'~·1b611\911llel'fl 

~ll1: u'Ul'U qJ11ru~ ~ (2551) 

2.1.3 t;.J~fl1~'VI'U"'.Je:J~W1';i1b61l!?l1lle:J'fl 

L ~el~':il1 n~1'V'11';i1 L61!\911llel'fl L tJ'Um~1 oU'U ';i';i L Vl1 e:J1n1 ';i'\.J1 \9l LL'fl::: L tl'U81~6'11lll';i1l"'il'TV!tl1~ 

1~\9l~hJI'i'e:J~ffi'Ui~LL'V'IVlEJ (Total organic carbon: TOC) LtJ'Um~"v'l15ffe:J1Ji'~1mb'fl:::LtJ'U~T~,'U~1'U~ 

iJn 1 oUlJ1n 1 'Ll1 ';i~'V'1~1'U1'fl~~b tJ'Ub"v'l\91 1m 'UJ1~~':il1n 1 ';i~'V'1~1'U1'fllJ~1'V'I1';i1 b61!\911llel'flb~e:J'l.J'Ue:J~ bL'fl:::"v'l1n 
' '\J 

hjiJ n1';iLJ1D \9ln e:J'U~~'fl~Lb:WJ 1 n':il::: bfl(9) mTU'Ub ~e:J'U'lle:J~ m'V'11';i1 b 61!\911lle:J'fl1 'Ubb "v'l6'i~J1 "v'l1 niJ n1';i'\.J'Ub ~e:J'U 

1 'U'\.J~mrumn ~ m':ili:i~t:-J'fl m:::VJ'U~e:J n1';i~ 1';i~~i !?l'lle:J~~~i1~1 !?l1 Wb "v'l6'i ~J 1 ~1'V'11';i1 b61l!?l1lle:J'fl 

b tJ'U6'11';i'Lh:::ne:J'UB'UVJ1~~611l!1';i 111:1m~ 1Ji'Ji'1 ~':i!i!h.JVJ1E1 m';i~ e:J~ i:1'fl1CJI'i'mmfi'~ bL 'Uf!Vl b'1~ 1 uJ1ffi i 
' 
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ll~~l ~~"ii'1'W1'Wmh~';j1(;H ~1-;ut1vht ,~\n(;1~1l 'l..hll~~i1n~'Wl'Vl~'W -;u~t!Vl~~~~e:Jv?lmvv1'V'l1';l1 • 
l'll\9l1~e:J~n-;u~l-ifTI,b~ 1sdm'Vl1';l~e:J1 'lJ ll~~ 1 'lJ6'1~6'1~ 1 'Wl de:J'lJmVl~m11911~1 l~e:J~'W~~'IJ~1.nfl'lJm~iim • 
'V'l1';!1l'll\9l1~e:J~'lJ'Wl~e:J'W -;u~v111 ~i11e:Jn16'1ln(;11 ';jfl'\ll~e:Je:J1-;u ln(;)n1';l'\J'Wl ~e:J'W1~ ll~~l~e:1'111~1~ 

D'Wl~e:l'W 1 'lJ1 m 'Wnl';llfl~mm-;uv111 ~t:·m t:-J~\9lln(;1 fl1';j l 'lJ~ V'Wll 'lJ~~V11~~'Wlind';l~ ll~1'111~1~~ 1e:Jm6'1~ • 
-;u~ln(;11 ';jfl.fi'v~1~ ~ 1~ l"lit!n'W ~1t1i~tJ 1 'We:J~I9l~i1n1';l\9l';l1-;u?le:J'IJ'V'l'IJ 1~111 'W~ 1 ';l'\Jll~~e:Jl~~n1 i1n1d 

'lJ'Wl~e:J'Wm'V'l1';l1l'll\9l1~e:Ji.11 t!';l~'\J'\JU111(;1~1l~mri'11 'lJ 6 - 1 o 1~ 1fl';ln-r~~e:J~m lli.l~ 1 t!';l~'\J'\JU111(;1 

~1l~tJ·tm~ 1 ';l~'V'lm'IJ1~i1m';l'\J'WI.~e:J'W 1.nt1 150 1~ 1fl';ln-r~~e:J~m 

2.1.4 n1';lf)1;ij'(;)W1';i11.6lf\9l1~e:l~ 

-;u 1 n nl';!Pl m~1'V'l'IJ111~i1~1'Wi ~ tJ~Pi n~11.~ tJ1 n'\J fl1';ltl1~ (;1'V'l1';!11.'1!\9l1~e:Ji.1~1 tJi5~1~ ~ 

1. "lit!'V'l~l"lu';l V!e:J~1~,; l.l.~:;flru:; (2555) 1~Pi n~1 fl1';ltl1~(;1611 ';l'\J';l:; l..flVlm1~'V'l1';l11.'11\911~e:Ji.ll.l.i.l:;t!e:J-! 

Yli.le:Jfl'I!16'Bt! 1 t!~11(;1tJm:;'IJ1'Wfl1';ll.l.1flfleJ~eJ~\9l';l1111mi.1\9l (itJi) ~~1.lltJm:;'IJ1'Wfl1';le:Je:Jn6'81.(;1i'W~'W 
'IJ 'IJ 

(1 5 ll.~:; 10 iJ~~n-r~;~m) ~l.e:J'lli.~~~'W (~l.e:J'll 1.vhn'U 5 7 9) m1~l-if'W-if'W'lle:J~1'1Jfl11''1Je:Jl'W\9l 

(100, 200, 500, 1000 iJ1.1~n-r~l.l.flm~tJ~fl1-!'Um'WI'l/~\9l';l) fl1';lV1(;11.1e:J~.n1tJ 1~61.fl11~eJi.1\9l';l1111e:JI.i.1\9l 

(tJi) 1~11111. Dt~m';l l"lit!nt!l. ~e:J 1 i1. 'lJ~tJ'IJ l YltJ'Ut:-J~ fl1';jVJ(;)~e:J~ n'Um:;'IJ1t!n1';lltJ1 t:-J~m';!Vl(;)~e:J~ 1.1.61(;1~ 
'IJ 'IJ 

1 ~I. ~'W11m~'\J1t!fl1';lltJl ( 1e:JtJ1.1:; 98.20-1 oo) i1'\J';l:;~VJ6.n1'V'l fl1';ltl1~(;1~~n11m~'IJ1'Wfl1';ltJl 
'IJ 'IJ 

i.l Q..l .c:::t v 1.1 ~ 

(';Je:JtJi.l:; 45.66-70.54) e:1m1 nl';ll. 'lJ~tJ'Wll 'lJ1.1~'1le:J~m1~ l 'V~'V'W'lle:J~'V'l1';l11.'1!\9l1~e:Ji.ll.li.l:;t!mvl~e:J n 

61116'Bt~l.ll'W 1 'lJ\9l1~'\Ji]n~tJ1eJ'W~'U?Ie:J~ 1(;1tJi1fi1fl~~'lle:J~'lJi]n~tJ1e:J~1 t~"li1~ o.061-1.83 7 ~m~e:J'W1Y1-

iJ1.1~ n-r~ 1 'Wfl1';!Vl(;11.1 e:J~~fl11~ 1. -if:w-il'W?Il';l'V'll';lll'II\911:We:Jmli.l:;t!e:J-!vli.1 e:J n'I!16'Bt!l~:W~'W.Jr~?ll:Wfil l~e:J 

fl1l:W 1. -if :w-ilt! l~:W~'W?I ~~t161~ t:-Ji.11 ~i1'\J';l:;i;1VJ6.n l'V'l n 1 ';! ~ e:J tJ?I~ 1 tJi.l(;)i.l ~ G11V1-r'U~ 1. e:J'lli.~:W~'W~t!61 ~t:-Ji.l 
'IJ 

m:;VJ'IJ l ~tJ~ l~ nue:JtJ ~e:J'\J';l :;~VJ6.nl'V'l fll';j n 1 ~ (;161l';l.Jf~6'1e:J~'ll11(;11(;1 tJ~~ le:J•tH~:W~t! 7 ii t:-Ji.lvh 1 ~ 

'\J';l~~Vl6 .fll'V'l fl1';ltll~(;1~~6'1 (;1 611t1 1 'Ufl1-!'Ue:Jl t!l'l61~ t:-J 1.1 m :;VJ'IJ~e:J fll';l n1~ (;1?11';l'V'll';l1l'll\9l1~e:Jml1.1:; • 

l.'lll'll:We:Ji.ll.li.l:;tJe:J-!Yli.le:Jfl'l!l6lit!l~:w~'W 1 1.1.1.1:; 1 o iJ~~n-r:w~e:J~m 1(;1vi1m';ll. 'lJ~tJ'WI.I.'lJ~~filnl~~'Ve:J~i 

tJi1.vhn'U 3o, 6o 1.1.1.1:; 120 i'1911'i ~~fll';!Vl(;)i.le:J~.Jr~?ll:w1~'\J';l~~Vl5.nl'V'lm';lnl~(;)~l.l\9ln~l~n'Wll.i.ld.i 
'IJ 

5'Wl'W qJl1ruV!tJ (2551) Pin~lfll';l\9lfl\9l:;ne:J'W'V'll';lli.'II\911:We:Ji.1 ~1tJI.Vlfl1'Jfl Supercritical Anti­

Sol vent (SAS) 1(;1 tJi1-;u (;1~~'\1!~1 tJ 1. ~m 'lJ~tJ'U 1. YltJ'\Jfl ru?l:w11&1'1le:J~e:J'W.fl lfl'V'l1';l11.'1!\911lJe:Ji.1~1~-;ul n 
'I 'I 'I 'I 

I.Vlfl11fl SAS l.li.l:;fll';j';l:;I.V!tJI.l~~ ll1.1:;Pin~lBV16'V'li.l'Ve:J~fl11:W~t! (1500-3500 'lJe:Jt!~~e:J\9l1';l1.Q'1) 

~!l!V!JJiJ (35-55 e:J~I"lll.'ll~l.~tJ?I) ll.i.l:;fl1l:WI.-iJ:w-if'WI.~~~'W'lle:J~6'1l';l~:;mv (10,000- 20,000 ppm) 
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~1tlfl~eJ..:!~~'Vl".l'H'1tJBb~fll?l'Hl'Wbbtltli.'1e:J..:Jm11il (Scaning Electron Microscope: SEM) bb~~ 

1bl"l".l1~V111"l".l..:Jt'f~,1--:Je.J~fl~1ml"l~B..:JbeJfl6llb".l6~~bbYbfli'W (X-ray Diffraction: XRD) "il1fle.J~fl1".1Pim~n 

~tirJ1 n1 ".11?1 fll?l~ flel'W~1 ".11 b6ll1?11~eJ~ 11il tJ 1 if b 'Vll"l'W 1"1 SAS "il~iJLJ ".l~i'1'VITI Jl1~ 1 'W fl1 ".11?1 fll?l ~ n eJ'W?f..:! n11 
'U 

1'i5m".l".l~ b VltJ 'WeJ fl"il1 n,1'WeJ'WJl11"1~1".11 b6ll~?J1~eJ~~ b~?J~tJ~ 1~"il1 m 'Vll"l'WI"l SAS "il~i11"111:1J b U'We.J~ n?t..:J 
' 'U 

i.J".l~i'1'VITii11~1'Wn1".l~?Jn~?J~neJ'W~1~..:! 

'WeJfl"il1ndEJ'..:Ji1m".lPim~1 fl1".ln1~1il~1".11b6ll~?J1~B~ rieJ'Wi.J~eJtJ~..:Ji.'1bb V1~--:JJ1 b "li'W m~ti1'Wfl1".1 
'U 

~b~fl1~?J".lb~'W~'Wbb~~1~1~?J~Jb~fl1~?J".lb~'W~'W (Mark Daniel G. et al., 2012) m~ti1'Wfl1".lfl".leJ..:JeJ~m1 

v.J~bl?l".l~'W (UF) 'W11'Wv.Jmm~'W (NF) fl1".l~lil~tl~1tJ~1'Wn~ii''W~ (activated carbon adsorption: 

AC) (A. Vonaetal et al., 2015) fl1".1 1 iteJ h'W "lt..:J1Tifl1".lbVI~1di1i.J".l~i'1'VITIJl1~ 1 'Wfl1".lrl1~1il?f..:Jbb~~eJ..:J 
'U 

2.2 bB'W1~al (Enzyme) 

beJ'W16llal ~eJ ~1b~..:J~v'hwu1~d..:Ji.J5n~tJ1~d'11il1'W~..:Ji1~1~?~ (biological catalyst) vh1~ 

eJI?l".l1b~1-ueJ..:JLJ5n~tJ1b~~~..:!~'W1~btl'W 1o8
- 1014 

bvh -ue:~..:JLJ5n~tJ1b~~~hii1beJ'W16lliibtJ'W~1d..:J 

?11".1~ b ·ihv'hLJ5 n'1t~1n'W (reactant) 1 'Wi.J5n~e~1~hJi1be:~'W 16lliib tl'W~1 b ~..:) i1~m~t~n--i1 ii't~?tbm'Vl 

(substrate) 11ilt~i.'11'W 1 VltlJbb~1 beJ'W 16llii'll'WiilVI~..:J 1 b U'W~1 b ~..:J~i11"111~~1 b ~1~~eJ?i'ti?tbl?l".l'Vl b UeJ..:J"il1 n 

beJ'W 16llii"il~?t1~1".lm ~..:JLJ5n~m~i1?i't~m~?J".l'Vl"ll'Wiil11il-u'WiilVI~..:J 11ilmu~1~ b vh,1'W 

bel'W 16lliii.'11'W 1 Vlru b tl'W 1 i.J".J~'W i1ii n~ru~ b tl'W ne1t~ n1".Jvl1..:!1'W-ueJ..:J b eJ'W 16llii"il ~;'W nt~11"1 ".1--:J".li.J-ueJ..:J 
v 'U 

1 LJ".l~'W bel'W 16lliit11..:!"1l'Wiil"il~v11..:!1'W 1~n~m~eJi111"lbb ~m~?Je:~i (?t1".Jv1hi1"1i1 i.J".l~'W) e:~~~1tJ b~e~n--i1 
'U 

1eJ1~ bel'W 16llii (holoenzyme) bb~~ b~CI ni.'11'Wbel'W 16llii~b D'W 1 i.J".J~'Wv1hi?t1~1d~ b ~ ..:Ji.J5 n~CJ111ii'11 

eJ~1~beJ'W16llii (aporenzyme) 11"lbb~flb~?JeJi'lleJ..:!beJ'W16lliieJ1"ilbD'W?f1".l~'W'Vl~6 b"li'W 1~?~1~'W Vl~eJ 

eJ~~ wi-u e1 ..:J 1~?~1~'W VI ~'Elm "il b tJ 'W 1 eJ 'El 'El 'W -u eJ ..:J 1~ VI~ b -d 'W Zn2
+ -u e:~ ..:J b 'El'W 16llii m it1 eJ nslh ~ i.J ~ blil ?t 
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(carboxypeptidase) lun·Hud"il~b~CJn11 1rmrw1"1l~ (coenzyme) ~.:Jbe:J'W1"1l~"il~'<ilunu1flbe:J'W1"1l~ 

U1-:J'lltJ!Pie:J~1-:IbbtJWJ1f1"il'W hJ?I1lJ1~tlbbCJf1e:Je:Jf1"il1nbe:J'W 1"1llJLIPICJ 1:Wvh 1 i.1'be:J'W 1"1l~?lru b~CJf111lJ?I1lJ1~t11 'W " ... 

n1"Jd~'I.J5n~~11'1.J1~ Lflb0'W1'1l~'I.J~~b.n'Vld~~~m~~n11 V1~~~0mo~n (prosthetic group) b'Yi'W 

V1:W1 u tv 1"1l~'W (biocytin) "il~b ~e:Jl.Je:J~num~P~vd'11 'W 1~;'WOZJe:J.:J be:J'W 1"11~~1CJ~'Wu~ Lf111b~'WI9lbn~P~ b tl'W 
" " 

1u1vViiJ~1~;'W (biotinyllysine) 'VI~v1u1v1"1l~'W (~'Vlu1mn ~'VluLfl bb~~1qJ"il1'W Pl~~u1~, 2547) 

2.2.1 "lftJWlle:l.:lbe:l'W1"1!~ 

m~ bb ti.:~'I.J~ ~ b.n'VlOZJv.:~ b v'W 1"1l~iJ CJlJ bb ti.:~ 1911l.l61' n'l':tru~ m~ b ~ .:~'I.J5 n~ CJ10ZJv.:~ bv'W 1"11~~.:~ 

flll!~m~mTif11~be:J'W1"1l~'W1'W1'll1M (International Enzyme Commission: IEC) 1~-.il'~P~bbU.:JbU'W 
' .. 

6 f)~lJ fle:J 
' 

2.2.1.1 e:Je:Jn61!1~P~~~ml91?1 (Oxidoreductase) b U'Wbe:J'W 1"1l~~vl1VIti'1~d.:~'I.Jljn~CJ1 

vvn68 bl'loU'W~~ noU'W 

(2.1) 

2.2.1.2 '\11~ 1'U ~ b 'V'le:J ~ b ~?I (Transferase) b U'Ub e:J'U 1"1l~~vl1VIti' 1~ d .:~'I.J ll n~ CJ 1 f)1 ~ 

bfl~e:J'WEJ1CJe:J~I9le:JlJ'VI~e:J n~l.le:J~I9le:JlJ"il1n?I1~'VI~.:~ 1 'I.Jir.:~Bn?I1~'VI~.:~OZJe:J.:J~11umlJ 1 -dJ1 b~CJn11 donor: 

acceptor grouptransferred-transferase ~1e:J~1-:J'lle:J.:J'I.Jljn~m~.:~b"li'W 

ATP + D-glucose ----~ADP + D-glucose-6-phosphate (2.2) 

2.2.1.3 1eJ1~P~~b~?l (Hydrolase) b U'Wbe:J'W 1"1l~m -il'J1 btl'WI11'11 tJ?ImCJ~'Wu~ Lfln b~'W\911 'W 

tm~~~'lle:J.:J~U?I b\91~'\11 b~CJ n~e:J substrate hydrolase J11:W'<il~P~11 b U'U~U?I b\91~'\ll'lle:J.:JtJljn~m 
~1e:J~1-:~0ZJmtJl]n~m b"li'W 

Triacylglycerrol + H20 Diacylglycerrol + Fatty acid (2.3) 

1m~tJ 

2.2.1.4 1~be:J?I (Lyases) bU'Wbv'W1"1l~"li1m~.:~tJljn~CJ1f11~~-:~be:J1?i1'WIYi1.:~1 ve:Jn"il 1 n 

Ll.lb~ ~~ (~U?Ib\91~'\11) (~1~J1 "lim~ 1eJ 1m 1~611?1) m~b~CJn~e:J"il~bMlJ~U?I bm'V1~\1~1'W'VIti1 0ZJeJ\11meJ?I 
111'1mh\lb-d'W 



9 

Malate ----~ Fumarate + H20 (2.4) 

beJ'W 1"1l~~ell..l1b~\911e;1~~-1meJ61 ~mil - (hyphen) b61l..leJ bb~:::~eJ.:~1lJ~'U61'Wtl'U 

beJ'W1"1ll..l"lel1~~b~61 ~'l"il:::v'h1 ~boU1h~~ 1~~1~ 

LeJ'W 1"1l~~eJrn1'UeJfl6ilb~61 ~eJ rn1'lmn6il-1meJ61 LL\911l..l 1 "liLeJ'W 1"1l~rn1'UeJfl6ilb~61 

~eJvi61l..I'U~ru~eJ LeJ'W 1"1l~l..l1b~\9lbel 1191~-b~ LeJ61 'VI~eJ vil..l1 b~\9lbel~~1L\9161 L~elflel'Wb~~n vim L ~61 
~ ~ ~ 

2.2.1.5 bel 1"1lbl..lel1L ~61 (lsomerases) b'U'Wbel'W b"ll~vi-d--.w d .:~'ll~n~mm~b 'll~~'W 1el 1"1l 

Ll..lel1"llm~'U61bm'Vl 1~ m~~fl~eJ~'U61b\9l~'Vlb1oU'1.:~VI.U1LL~119iel~-w bel 1"1l Ll..leJ1 L ~61 LL~ :::'Uel n~mJ'U~"lleJ'l 

1el 1"1lbl.Jel1viL 'll~~'Ubb 'll~'l~1tl b "li'W l.J1~bel\91 6861-'Vl~1'W~-bel 1"1lbl.Je:Jb ~61'VI~elf.l'i1~ b V'l~ b1'Vl?l1\91-B'Wel~ bel 1"1l 
~ 

Ll..lm ~61 LeJ'W 1"1l~vid.:~'ll~n~tJ1fl1~L 'll~tJ'WLL'll~.:~ ~:::w;l1.:~J1m~ LLeJ~ 1~61 LL~:::~1\9161 L~~wh fl\9leJ~­

bel 1"1lbl..le:Jb ~61 (ketol -isomerase) 

~1'VI1'U'll~n~tJ11el 1"1lbl.Jel11 ~L"Ili'Wvliim~EJ1tJ'VI~fl1tJ 1 'W1l..lb~ ~m~tJ1 n'W b "li'W 

2-V'leJ611V'l-~-fl~b"llel~el~ btl'W 3-vieJ611vi-~-fl~L"Ilel~el~ Lel'W1"1l~.yjd.:~'ll~n~tJ1 L~tlfll1 iJ1L\9161 

(mutase) IYi'1eJ~1'1 ~e:J ~-vie:J611vin~L"Ilme:J~ 2,3-vie:J611V'liJ1L\9161 6'11'ULe:J'Wb"ll~vib'u~CJ'W1e:J1"1lLl..le:J1 
v 

I .::::,( 0 I .::::.1 o:;!i 0 I 0 CV V Q.J QJ .::::,. 0 I 

"lle:J'l'VI~ asymmetric L 'V'W'l\911LL 'VI'W'l L~tJ1'VI~e:J'VImtJ\911bL 'VI'W'l\911l..lm~'U ~'l'W'Wl..l fl"il::: L\9ll..l L~"ll\911 LL 'VI'W'l 

~.:~-if1.:~'VI.W1"lle:J.:Jrh11B~bl..le:Jb ~61~1 tJ L~e:Jvi"il::: b~'Vl~1'Ul1~1 LL 'VIt1.:~1~vi~e:J.:~m~ L 'll~ tJ'WLL 'll~.:~1e:J 1"1lLl..le:J1 

1Yi'1e:J~1.:~"lle:J'~ u~n~m b"li'W 

alanineracemas 
L-Alanine D-Alanine (2.5) 

ATP + L-Aspartate + NH3 ---~AMP + Pyrophosphate + L -Asparasine (2.6) 

Le:J'W1"1l~.yjd.:~'ll~n~CJ1d~e:J Lbe:J~-LLe:J61Yn{L\91\91 : LLe:Jl..l1l..ILUtJ 1mn61 (AMP­

forming) 'VI~e:J Lbe:J61'1"n1-L\91\91Lbe:Jl..l 1l..ILUCJ 1mn61 

fl1~b~tl fl~e:Jbe:J'U 1"1l~iJ fl1~ b~tl fl'VIm CJLL 'U'U LL~::: L ,je:J'l"il1flLe:J'U 1"1l~iJI"'11l.J"iJ1 L '\"l1::: 19ie:J 

'\.J~n~m LL~:::~'U61b\9l~'Vl ~.:~t!'U;s'le:J1"il L~tlfl~e:Jbe:J'W b"ll~\911l..l"ll'i1~"lle:J'IU~ fl~tJ1.yj L e:J'U 1"1l~L ~'I b "li'W Le:J'W 1"1l~ 
viL~.:~'ll~n~tJ1 Dacarboxylation rMt!n Decarboxylase 'VI~e:Je:J1"ilL~tJfl~e:Jbe:J'W1"1l~ml..I~'U61bm'Vln 

b~L"li'W Le:J'W 1"1l~vid.:~'ll~n~tJ1fl1~LL\9lfl1l..IL~~~"lle:J'll..le:J~ 1\9161nL~tJfl Maltase 
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2.2.2.1 L ~e:J'I~1m e:J'U 1"ll~dJ'U6111'W1 n h.J1~'U ~'I bL61111-:J~ru61:WU~'U1'1e:J~1'1fl~1EJfl'U 

h.b~'Uvhh.J L"li'U ~~mtJ1m'UJ1 n~b"lle:J1e:J~ LLe:J~nmJe:~6i"~L~m:n-:~ Lb~~611:W11t~\9ln\9l~ne:~'U1~ 

L -ci'Ub~CJ1rl'Un11vl11 m th~'U\9ln\9l~nf.l'U 
2.2.2.2 Le:J'U 1"ll~~~t~nvhmtJ61.nTvro11:W"ll1~1~L~e:Ji1m1b t.l~CJ'Ubb t.l~-:~ pH Vl~e:Jm1L~:w 

" 
e:JUIVIJlaJ61-:J61 ~'l~~n11VhmtJ61Jl1'Wli11:W"ll1~"llm be:J'U 1"lJ~.Q'~~vh 1 ,XLe:J'U 1 "ll~VI:W111U1~~'VlTI.Il1'W 1 'Un11 

, '\.1 'U I 

b -:i-:~t.Jnn1tJ1 LLI'i~1m1vhmtJ61.n1'Wli11:W"ll1~"lle:J\I Le:J'U 1"ll:w1l11'ULL 1-:~ii'n be:J'U 1"ll~nm~m1'U?i61.n1-w L~:w 
dJ ' " 

Lbf1::;vi'1VIU1~b ~-:~t.lijn1m1~~n 

2.2.2.3 be:J'U 1"ll~VIm 8"l!U11iijlfl1 \161{1\IU1::; ne:J'U~186111~ b tl'U 1 t.l1~'Ufl'U?i1'U~hJ1 "li 

1 t.l1~'U~-:~~::;vi'1VIU1~d-:~t.Jijn1f111~ L18n?i1'Um:w 1 "ll1 t.l1~'U-d--h 1flLL'VJflb\9le:J{ ceo-factor) ~-:~m~~::; 

b tl'U 1e:~e:Je:J'U"lle:J'11f1VI::;VI~e:J6111B'U'Vl1~ rl\~ ~1"ll111l?i1'U.Qbb~1 be:J'U 1"ll~~::; 1~611:W11tlvl1'11'U 1~ 

2.2.2.4 be:J'U1"ll~bbl'ifl~"l!U11!~::;vi'1'11'U1~~~61111~ pH bbf1::;~e:JruVI.niJ"li1'1VI~'I61 b'Vi1,j'U , , cu I 

pH ~be:J'U 1"ll~'Vll'11'U 1~~~~11lb1CJ n Optimum pH bbf1::;-ci'J-:~~ruVI.!Ji1~be:J'U 1"ll~bbl'if1::;"lJUI1lvl1'11'U 1~~ 
Vi~111b18n Optimum temperature 

2.2.2.5 be:J'U 1"ll~i1~ru61:wu~~61'1~t1J~bb\9lnl911-:~~1nl'11 b 1-:~~'U 'l fime:J'U 1"ll~i1fl11:W,)1b -w1::; 

~ e:J t.l lJ 11181 ~ ~::; d 'I (Reaction specificity) bb fl ~ i1 wn :w,) 1 b 'W 1::; 1'1 e:J ~'U 61 b 19\ 1'Vl (Substrate 

specificity) 

2.2.3 i11il;ij'V~b~V1"lle~\ln'Un'hv11-:~1'U"lleJ'IbB'U16lf~ 

b~e:J-:~~1n be:J'U h~v'hVIu1~b -:i'lt.lij n181'Vl1'1 bfli1 b ~m t.l~8'U~'U61b\911'Vl1 ,Xb tl'U~i-il9l.ti'rusn 
(product) 111181:w bfl ~fl"lle:J\1 b e:J'U 1"ll~~ ~11:wl'11 n'U~'U61 bl?l1'Vl b tl'U6111U1::; ne:J'U b ~'lie:J'Ufle:J'U bb~'J~\1 

b t.l~ 8'U~'U61 b\91 1'Vl1 ,XL tl'U~i-i 19l.ti' rusn (product) 1~ tJ~1mfl ~fl "lle:J\1 be:J'U 1"ll:w1~1v1 b t.J~ m.,m 'llfl\1 Vl~e:J 
61mtJI'111 t.l~1 CJ~'Ivi'11 ,X611:1.J11t~mi''U~J1vl1VIU1~ b -:i'lt.lijil1811~e:~~1\119lm ~e:J-:~Bn ~\lr:fl.lm 1 

E + S --?) ES ---~P+E 

B\9111fl11:wb 11"lle:J'It.lijil1tJ1~~n b 1'11~CJ beJ'U 1"ll~~'UeJ~ n'UVImtJihriltJ~\1-d 
2.2.3.1 fl11:Wb-i!:w-il'U"I.IeJ'Ii1'U61b\911'Vl 

(2.7) 

0 ., QJ 1 'UulJn1CJ:~~~'U61 b\911'Vlb .WCJ\I"llu~ b~ CJ'J b~e:Jfl11:w b -il:w-if'U"I.Ie:J\Iir'Ur:~b\911'Vlb ~:w~tJ 
~::;.'Vl11 :e:J\91:1b 11"1.1e:J'It.lijil1CJ1b 'W:w~'U~'Url\l~~~i1m1:wb 11~-:~~~ VI 1m ~:wm1m -if:witJ"I.IeJ\I~'Ur:!bm 
'Vll9le:J1t.le:Jn e:J\9111b~1"1.1eJ\It.lijn1tJ1~::;fl\I~\911:W M' h t· M . . " ., ., 

IC ae IS- en ten k1net1cs bbfl::;mf!'d1:Wb "I.I:W"U'Ll"l.le:J\1 

~'U61b\911'Vl~\lbntJ1 t.Jne:J1~~::;v'U~\1519111b 11"1.1e:J\Iuijil1m~bn~~'U 1-H'i1fl\l 1v1 
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2.2.3.2 fl11~boU~oU'U"UeFJV€l'U1SV~ 

1 'U.f111~~fld1~boU~oU'U"U€J~~U?lb111'JVl Yibe:J"ll €Jtu'Vl.f1ll bb~~\J~b ~e:J~vfl -iffl~~ 
' 'U 

bi1m ~~ fl1 1~ b -il~-ii'u"Ue:J~ be:Ju 1 sv~1 ~~1n;ffu'l~vh 1 ~-s'I11"J1 b ~1"Ue:J~ui) n1cn b ~~;ffubb~l'i'e:J~ hH1?l1"J ~u~~ 

fl1"Jvl1~1'U"U€l~ be:J'U 1 "l!~\Jumil11'1tJ 
'U 

2.2.3.3 e.J~"Ue:J~Ylbe:J"ll 

btle:J~'11flbe:J'U h~b tlu l 'tJ"J~'U fl1"Jb \J~CJ'Ubb \J~~Ylbe:J"ll"Ue:J~?l1"J~~mtJ l 'tJ"J~'U'l~il 

e.J~~e:J'tJ"J~'l~ bnl11;ffuuu t~ b~ n~"Ue:J~ l 'tJ"J~u lii~ile.J~ m ~Vlu~e:Jm "Jvl1~1'U"Ue:J~ be:Ju 1sv~I11'1CJ 1~w 
' ' 

bu'\"11~~ active site ~~ b'U'U~1bb 'Vlti~~~ummVl'l~l'i'e:J~ b .U1"J'd~~1 nu be:Ju 1svii ~~,!ube:Ju 1svilbb~~~ 

"l!u~\ii~ilrhfibe:J"ll~b 'Vl~1~?l~ (optimum pH) ~1'Vl-rud~\Ji)n1CJ11 ml11'fl11~ b ~1~~~~b?l~€J b "liu 

be:J'Uh~b'l"'u6Bu bUe:J~e:Je:JnSllb~?l Vl1'1"16B'U bb~~bbe:J~fl11m1 ~e:J?l~1Wt?l 'l~i1ri1Ylbe:J"ll~b'Vl~1~?l~ btl'U 

2, 6, 8 bb~~ 10 m~~1~u 'Vl1nrhYlbe:J"ll"Ue:J~?l1"J~~mtJ?l~'Vl~e:J~1bnu1\Jwhrhiibe:J"ll~b'Vl~1~?l~ 
'U 

lil~vl11 ~fl11~b ~1"U€J~\Ji) f11tJ1~bf1~;ft''UoU1~~ bb~iJ bel'U 1sv~U1~"l!iJ~iJrhfi bel"ll~b 'Vlm~?l~ 1 'U"lJ'd~ fll1~ 

b"liu be:Ju1sv~fl~l11~b~?l ~~?l1~1"Jm~~\Ji)n1m1~u"li1~Ylbe:J"ll 3-10 

2.2.3.4 e.J~"U€J~€Jtu'Vl.f1ll 
' 'U 

ui)n~m"Ue:J~be:Ju1sv~~'1Jb~CJ 1 u111'1t1 btle:J~'l1nLfi"J~?l~1~~1'11bb'Vl1l~ active site bu~tJu1 u be:J'U 1"11~ 

ci1u 1 mu:u~iJm1~fl~<i1T€lV1 u"li1~€Jtu'Vl.f1ll 20-35 €J~f'\1bSV~ b6'iim'l bb~~ be:J'U1sviJbb~~~"l!iJ~:ud1fi1 
v 'U '\ 'U 

~ru'VlJJll~b'Vl~1~?l~ (optimum temperature) ~1'Vl-rud~ui)n1CJ11 ml11'fl11~b ~d~~~~ be:J'U1"1lii'l~ 

~rub~t.J active mn~ubi1en~~e:Jru'Vl.nilmnn11rhmu'Vl.niJ~b'Vl~1~?l~ (~"111111 ~11111~~ bb~~?\nru1 
'U QJ " 'U 'l 'U , <t. 

2.3 bel'W11ijiib'Uel{mln~h~a (peroxidase enzyme) 

bU€J~ele:Jfl6llb~?l (EC 1.11.1. 7) i1~e:JI111~'J~UUA€J donor : hydrogen-peroxide oxidoreductase 

btl'Ube:J'U 1"11~~ b ~~ui) n~tl1€J€Jfl6ll b~.a-'U t~CJ 1 i'teJ L~'Jblil'UbU€J~€J€Jfl1"1l~ (HzOz) b tJu(ih-ruB b~ nme:J'U 

(etectron accepter) (~'U~~ru ~~~'U, 2548) bb~~e:Je:~n6\11~"1i~u?lbi11"JVlvi1~Bb~flme:J'U b"li'U ~'Ue:J~ 
(phenot) e:J~l1~1~flbe:Ji1'Ll (aromatic amine) mmbe:J?\fle:J1un (ascorbic acid) bb~~?\1"J'lh~ne:Ju 

a'Wtl'Vl~~ (Vernwal SK. et al., 2006) 

f1~bflfl1'abnl9l'llDn1tn f\a blJe:J1Be:Jfl6\lb~?l~€J~1'U"J~tl~~fl (E, ferric state) 1~ 2 ~b~fli11'J€J'UnU 
HzOz \Jfln1t.J11~'1.'11ii~b~cn bb~~blle:J1aan6\lbl9l'?l'l~e:J~1u~u compound I -;;JiflU'UmHI"B119l"ll 
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a'U&'IL~~'Vl (AH) LL~:::L'll~~'W&'lflTYHl~1'W~'ll compound II LL~:::1~r:.J~~Jlt'UsvlM1'VhmtJ'WJ'1LL~::: 
'IJ 'IJ • 

&'11~'ll~:::naufl1i1'W (quinine) ~LL(;)-:1 (A) 1(;1~~Le:J'W1"lf1l1'W~'ll compound II ~:::-ru 1 BL~nmmtvh 

1~-eJ~L'W~:::~::: E LL~:::&'l11l1~tln~'U1lTVh'll~fi~~11VJ1l1~ (Smith; & Veitch. 1998) ~-:!&'11lm~l'ia1'llil' 

Native enzyme 

Compound I 

Compound II 

E(Fe4+ =0 , R0 +) + H20 

compound I 

E(Fe4
+ = 0 , R) + A 

Compound II 

Native enzyme 

(2.8) 

(2.9) 

(2.10) 

(2.11) 

L'llaiaan61JL(;)&'le:Je:Jn6li1(;1sz1au&'IL~~'Vl L'li'W phenol , gallic acid, ascorbic acid, caffeic 

acid, guaiacal, LL~::: diaminobenzidine (DAB) au&'IL~~'Vl"l..el-:JLUe:Jiaan61JL(;)&'ILL&'l(;)-:J~-:Jfl1'1"lU~:::nau 

2.4 1'W&'lfl11:::~iJ H20 2 (Kongwithtaya S. et al., 2010; Quinn B. and Graybiel A., 1996) 

~ H~ 
HO OH 

0 0 

OH HO OH 

~ .~/Oi) 
")__L) 

I 
CHJ 

Gallic acid Ascorbic acid Caffeic acid 

800 OH 

6 I 
Guaiacal Phenol Di - aminobenzidine 
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2.3.1 'YIUfl'l.IB·ml'U 11llf~L tJa{aantijLfl~ 

Lf:l'U 1~iJLtJB1eJeJfl68Lfi?!LLD.:!L thJ"Ili1fi1~~.:J.fl 

2.3.1.1 Iron - containing peroxidase 

1) Ferriprotoporphyrin peroxidases 

LeJ'W 1~ii'U~?j'VIB~~mhJ1~1fl ii ferriprotoporphyrin Ill L'iJ'W prosthetic 

group 'l'll'Uvf11t11'W'W"li.ff'W~.:J L"li'W horseradish, turnip, fig sap LLfl~'l'll'U1'W~~1 L"li'W tryptophan 

pyrrolase 'j"J&.J~.:J'I'Il'U1'W~~'W'VI~6 b"li'W cytochrome C peroxidase ~.:! prosthetic group ~flbbt.lfl 

eJeJfl"il1fl?i1'Whh~'W1mfiEJ acidic acetone 

2) Veroperoxidases 

iJ~m~ru~~l'i1-:~hJ:v1flfl~&.J~ 1 fieJ Prosthetic group ~flLLEJfleleJfl~1fl 

?i'd'W"Uel-:1 1 'IJ'j~'W~1EJ acidic acetone 1&-J1~ LLfl~LeJ'W1~ii'U~?f'VIB:v~iJ~L~EJ1 ilf11fl1'j~~fl~'WLL?f.:J?f\1Ml 
'i 'tl 'U <j 

~ 570 - 690 LLfl~ 403 nrn L"li'W peroxidases ~'l'll'U1'W myelocytes , 'W&.J 

2.3.1.2 Flavoprotein peroxidases 

1~LLn peroxidases ~iJ prosthetic group dJ'W FAD b-d'W peroxidases ~ 
., ' 

?!n~:v1n Streptococci sp. LLfl~b'iim~eJ~~1~mEJ"Ili1~ 

~n~ru~tJ~n~EJ1"UeJ.:J Peroxidases ?11m'jm~\ltl~n~EJ11~ 4 ~rmru~ m:u 
., 

"ll'W~~'U?fbm'VI ~\Iii 

1) Peroxidatic 

2H20 + polymerized product (2.12) 

tJ~n~EJ1dbU'Wtl~n~EJ1~~fl"UeJ\I peroxidases 1'W in vitro ~ii~'U?lbm'VI 
U • I "" ' b 'W?f1'j u'j~fleJ'U'W'WeJfl b "li'W p-cresol, guaiacol, resorcinol, aniline 

2) Oxidatic 

HO-c -COOH 

2 II + o2 --7 2 

HOOC -C -OH 

0 =C- COOH 

I +2H20 

0 ==C -COOH 

(2.13) 

Dihydroxyfumaric acid 
Diketosuccinic acid 
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'lJ~n~tJ1 oxidatic lil~bn~~'Wbde:Jinm~fl~e:Je:Jn 61hlil'W (02) bb~~~'U61b~~'VI 

btJ'W611~'l.l~~ne:JU'V'l1n dihydroxyfumaric acid, ascorbic acid, hydroquinone btJ'W~'W 

3) Catalatic 

(2.14) 

'lJ~n~tJ1 catalatic bn~~'W1~l:wmru~"U1~ hydrogen donor (AH2) bb~~ 

peroxidases 611:lJ1~blvl1'VI,J1~bVliJe:J'W catalase 1~m'lJ~tJ'W H20 2 1'l.lbtJ'W H20 bb~~ 0 2 ~1:lJ 

'lJ~n~tJ11~u1-:J bb~oU1nrJ1bb'U'U peroxidatic, oxidatic e:J~1-:J,J'e:JtJ 1,000 b'Vh 

4) Hydroxylation 

OH 
HO-C-COOH 

II + o? 
HOOC-C-CH 0 

I 

) 
HO=C-COOH 

I + 
HO=C-COOH (2.15) 

CH3 

P-Cresol 4-Methylcatechol 

'lJ~n~tJ1 Hydroxylation (t]~~1 m~1-:J,.J bb~~6'lflru1 "<il'W1'VI, 2547) 1'Wmru 

'lJ ~ n ~ tJ 1 iJ hydrogen donor b tJ 'W dihydroxyfumaric acid bb ~ ~ molecular oxygen (02) 

peroxidase li1~611:lJ1~m~:lJVl~ OH 1 1Xnu611~ aromatic Vl~1WIJ'i1~ b'li'W p-cresol, tyrosine, 

phenylalanine, benzoic acid bb~~ salicylic acid 

'lJ~n~mV!~n"Ue:J'I peroxidase btJ'Wbb'U'U peroxidatic reaction \91-:J~'W1'Wm~ 
"' 

1~bbe:JflVi1~"Ue:J'I peroxidase 1i1dj~~1:lJ'l.l~n~tJ1Vl~n 1~tJ11X hydrogen donors (AH 2) btJ'W 

guaiacol, pyrogallol, mesidine, cytochrome C, uric acid 191'1 hydrogen donor ~1in'W:JJ1n 

~?j~1'Wm~1bfl~1~~~e:J guaiacol b~e:J'IIi11nhJiuie:J'Wb~~tJ:JJ1~~1tJ ~1~H~h bb~~1mJ~1~~tJ 

spectrophotometer 1~~tJ~~'Ibb~~~m~e:J'I 1~tJn1~bn~'lJ~n~tJ1"Ue:J'I guaiacol ~d-:J1~tJ 

peroxidase 
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ao-o OCH3 

aOH I I 
~ 

4 + 4H202 ) + 8H70 
(2.16) 

~ ~ ~I 
0-0 

OCH3 OCH3 

Guaiacol Tetraguaiacol 

2.3.2 tl'a~l.fl'VI"l..v.:Jbtler~mm~bfl~ 

b tla1avn68 bflr.'f'VlU 1~~.:~1 'Wri"ll bbGi~ 1 'U~IIl1 ~~'W'VI1~ 1flm tlv1aan68 bflr.'f~1n'Vi"ll bbGi~ 
' 

... 
(covalent bond) btleJ1aan6'8bflr.'f..J1bb'Unml.ln1'~b'1tJ-:~~1~UmeJeJ~iJ1'W1~btl'U 3 'l.b~b.fi'Vl ~.:~i1 

(O'Brien P., 2000) 

2.3.2.1 btla1aan6'8bflr.'f"!leJ.:J hhfl1~be:JIIl (prokaryotic peroxidase) b"li'W bbelr.'ffle:lbU£.'1 

b tJa1aa n68 bflr.'f(ascorbate peroxidase) 1'1lblllb'llll"lib tJa1aan6'8bflr.'f (cytochrome C peroxidase, 

CCP) ~1n8£.'1~ ih1ti-:!1'U'.h bb Uflvh~t~£.'11'1-:~b tJa1aan6'8bflr.'f~'Ull1 b ~el 1m 'Un1jUn'\JeJ.:! b'I1Gi~~1n.fl11~ 
fl11l.l b fl ~ t1 fl a an 68 b fl i 'U (oxidative stress) 1 '11 tJ 11 'U bb u fl Vi b ~ tJ ~ ~ 1111 e'lb fl j b tJ a 1 eJ an 68 b fl £.'1 

(hydroperoxidase) b ~arh~fl1e'lbfljb~'Ub tJa1aan 1'11~~-:Jb tl'W'vh~~m'llGiGil ~btl'Utl1 (Regelsberger G . 

et al., 2002) b"!i'Ub~tldnUVi"!l~~~lllbUeJ1eJan68bf16'fbbGi~bbfi'Vl1bGi6'f b~el 1 offrh~fl1~ bfiWil'UbtleJ1eJeJn 1'11~ 

aamnnfiGieJ h'Vlm6'f~bbGi~ 1'1lb'Vl'lleJGi (Shigeoka S. et al., 2002) 6'feJflfl~eJ.:JnUj1tJ.:J1'W1'Wri"!l'Vl'Ub~l.l~ 

iJnGi 1n 1 'Un1jU a.:~ n'U.fl11~fl11l.l bfl~tlfleJeJn68 bfl.ff'U:u1 nfl11l.l b~l.l bfl t~Yi"ll~ ~6'11'1.:~ beJ'U 1'11~~1'UeJ'Ul.IGi 
''IJ 

B6'fj ~ (antioxidative enzymes) ~'Wll 1 b ~ a"li1 t1 n1~ fl1e'l1fl j b :v'W b tlv 1 vv n 1'11~ b "li 'W bbfi'V11 bGi r.'f 

b tla 1aa n68 bf16'f ~1 n n1jfl mn bb Bf1Vi1 ~"lJ a.:~ beJ'U 1'11~ bbfi'Vl1 bGi6'f bbGi~ b tJ a1eJeJ n68 bfl£.'1~1 nr.'f1"vd1tJV!1-:J 

nj=:;je:Jn (Hydrilla verticillata) 6'f1V!~1ti'V!'U1l.l (Najas indica) bbGi~6'f1V!~1tlb~'U~1tl (Najas 

gramenia) YlU':h 1'Wfl11~~i1fl11l.lbfl~tlfl~1mn~eJ6'f.:J~'U bflt!LbeJfiVi1~"lJeJ.:JbbeJ6'ffleJbU6'fbtleJ1eJan68bfl6'f 
" 

~1n6'f1V!~1tJV!1-:Jm~jeJn b ~l.I~'U 1 'U"lJru~~ bbeJfiVi1 ~"lJeJ.:J bbeJr.'ffleJ b Ur.'fb tlv1aan68 bf16'f 1 'U6'f1V!~1ti'V!'U1l.l bbGi~ 
6'f1V!~1tJL~'U~1tJGifiGi.:J (Rout N. and Shaw B., 2001) 

2.3.2.2 btla1avn6'8bfl6'f"lJeJ.:J6'f1j~Vfi-:~~1m~m1 (secretory fungal peroxidase) b"li'W 

~ n \1 'U b tJ a 1 eJ eJ n 68 b fl6'f (Lignin peroxidase) bb Gi ~ bbdH n 1 i16'f btl eJ 1 eJ eJ n 68 b 1116'1 (manganese 
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peroxidase) ~ \1 ri a 1 'IX b n ~ L1 1"111 fl "1J 1 d 1 'U Vi "1! ~ \1 e-1 ~ 1'1 "il1 fl b ~a 11 b "li 'U Phanerchaete 

chrysosporium (Conesa A. et al., 2002) L'I.Jaiaan'lh~6'11'Wn~l.l secretory fungal peroxidase 

"il~b~al.l~an'W~1CJ~'Wl:i~L~sa'!;l1'V'J~ (disulphide bridges) 4 ~1bb'V!U\I ~b~al.l~1CJ Ca2
+ 2 ~1bb'V!U\I 

(~'WG'Il.lru dl.l~'W, 2548) 
' 

2.3.2.3 b'I.Jaiaan68L~6'1"1la\16'111~V!~\I"il1flYi"ll (secretory plant peroxidase) biJ'U 

La'WLillll1~ijfl11l.l"il1L'V"11~~m-dm~mb~!;l~"l!ti~ L"li'W fl111'laU6'1'Ua\111fl"il1fl'U1~bbe-J!;l 6'1~1\lbb!;l~ 

6!ial.!Lblll!l.le-~'t!\lblll!!;l~bb!;l~a1t~1~~1\l~ LL!;l~EJ\I"li1t~aan681~-66'111~Ltl'W~~~mlll!!;l~ 1~LLri Yl'Wa!;l ad 1 

l.l1~maij'U bb!;l~L~L~1b"il'Wb'I.Jaiaan1llll~ (Sisecioglu M. et al., 2010) m~'U1'Wfl116'1mCJ indole-

3-acetic acid fl116'1~1\l baVIG~'W b'I.Jaiaan'B b~6'11 'Ufl6il.ld1l.l 1 'Wbl.lai\n!;l1fl1 U1~'W (monomeric 
' 

glycoproteins) U1~fla'U~1CJ~'Wli~ 1~~!;lL 'V'l~bb!;l~ Ca2
+ b "li'Wb~CJ1tl'IJU1~bf1Vlb '\.Jaiaan'BL~fl"lla\16'111 

~V!~\I"il1m~m1 Lb~LLI'lfl~1\ltl'W~I'11LLV!'ll\1"1Ja\I~'Wli~ 1~~(;l1 Yl~ (~'Wfll.lru dl.lii'W, 2548) 
' 

2.3.3 bb'V!~\IeJ~I'lbUv1mJfl~b~6'1 

b'I.Ja{ae~n'BL~6'16'11l.l11tWJ~I'l1~~\11'W~I'll Yi"ll bb!;l:;bb'UfiVib~CJ ij11CJ\11'W'h Steptomyces 

viridosporus T7A 6'11l.l11blU6iaCJ~fl'W'WbUeJiaan68b~6'1 (extracellular lignin peroxidase) LYle~ 

ae~n681~'116'111U1~flautl'Ua!;l , Vanillic acid (4-hydroxyl-3 methoxybenzoic acid) bb!;l~ 

syringic acid (4-hydroxyl-3,5-dimethoxybenzoic acid) 1 ~ CJ 1 i 4-aminoantipyrine (4-AAP) 

~\lll1ijbbeJfli11~"1lel\lbUeJ{aan'8b~6'1"il~ 1~6'111U1~nm.m1u'Wffi 'IX~bb~\1 (Spiker J. et al., 1992) b"li'W 

b~CJ1tl'Ub 'I.Je~{ae~n'BL~G'I"lla\lb ~e1111 'Wtl1V!11l'W~ij6'1116'1 tl~"il1 fll.JeJ!;l~ (malt extract agar) 'V"IU'h 

Trichoderma harzianum SIWT 25 6'11l.l11 b1 t:-J~ 191 b uaia a n'BL~G'I~\Iij e-!!;l EJ'U 8\1 fl11 b "il~qJ"ll€1\1 

Scytalidium lacrymans, Coniphora puteana bb!;l~l'i'1ba\11~CJ1~bbafli11~"il1fl-«'W~"lla\11fl1!;l-Q 

"1Ja\lb~a11 bb!;l~tl\I'V"IU';h 5. lacrymans 6'11l.l11b16'1~1\lb~'W1CJ (mycelia fans) 1au1fiL!;lU"1Ja\l 

T. viride an~1t1 (Score A. et al., 1997) 

L6'111ru fl~mflru1'W'Wvl LL(;l~flru:: (2537) 11CJ\11'W11 Lua{aan'BL~6'1LU'Wba'W1Illll1~ij 
' 

fl11l.l~1~ty1'Wfl11"il1bb'Wfl~'W~l.l~"ll1l.l (Tamarindus indica L., Leguminisae) "il1flfl11Pifl'I~1'V"I'Ul1ijfl11 

6'1~6'1l.lb'I.Ja{aan68 b~G'Ia~ '1 'We-JU\Iblll!!;l~~h (epidermis) 'V"I'U 1 'W Llll! 1 Vllll!a!;l"ll€1\lblll!!;l~'V"I1~ bill!~ (palisade) blll!!;l~ 

Yla\1~1 (spongy) bb!;l~b lll!!;l~~vl1V!U1~" 1b~ CJ\Itl1V!11bb!;l~~1"1l€1\!blll!!;l~ b -d' m~ a"1 b~ CJ\Ia1V!11bb!;l~~ 1 boU'W 

b~Cldtl'Ub'I.Jaiaan'Bb~6'11'Wm~V!~1'\J~ (Brassica oleracea) (Yazdi et al., 2002) 

1~'W~ ~\1Lflf11'W'Wvl bb!;l~flru~ (2548) 11CJ\11'W'V"I'IJ Lbafl~1~"1la\lfl!;l~1h1a'WL'\Ja{aan'lh~6'1 
'U 

(glutathione peroxidase) 1 'Wb~~b~eJ~"lla\I~U"ll vl1V!U1~b~\IUflrl~tl1fl116'1mCJ H20 2 1'1XnmmU'U 

1lJL!;lfl!;l"lla\1~11'Wm1~m1l.lbfi~CJ~aan68L~i'W L"li'WL~mnu6'111911 b"il~ruP!~ bb!;l~111\lflru1 ~\l!;lfl (2551) 
" , QJ , 

1~Pi n~1fl11l.l~l.l~'WTI"lla\ln!;l~1 h 1a'WL uaiaan'B L~fl1 'W'\J1~"1!1"ll'Wm~-ru~~"il1n6'111V!'W ~\I'V"IU111 'Wn6il.l 
'U 'U ' 
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!Ji''Jaci1-:~~1~~uG'I1~vr'W~~nLLar1Vi1~"llmn~(;)1151a'WLtla{aan&llLI'!G'I~1~-:J 1r1~-:~G'I¥1-:~"llmLtla{aan&llLI'!G'I 
~ ~ 

~1fl~-:J (Aedes aegypti) iirrm~ru~LU'Wml.lhh~'W~L~BlJ~eJtl'W~'Jt~'W'WB~11'lsij~1vM 5 ~1LLVI'l1-:~ LL~~ij 

Ca2
+ L"li'WL~t~'Jnu1r1~-:JG'I¥1-:~"lla-:JLtla{aan&llLI'IG'I1'W~I'l1L~V-:J~fl~'JV'WlJLL~~'W'ULLJ~~'W"lleJ-:J AePox 1'Wt~-:!VIfl 

~ ' ' 
1v (Zhoa Z. et al., 2001) 

2.3.4 m~1iftJ-a::1v"lfu'!la·utlaiaan~LI'l~ 

Ltla{ aan&ll LI'IG'IL U'WLeJ'W 1'll~~ d-:~tll) n~ V1eJeJfl6li Ll'li'Wn'U~'U6'lLmVI L -d'W YJ'Wa~ LL~~ 

611~tl~~naua~ 1 ~m~maii'W 1 'W61.fl11~~i11~11'1~L~'WLtla{aan1'll~ iS-:~ii m~'!111 tJ1 it!~~ 1v"ll'liaci1-:~ 

.. 
0 v 0 q 

2.3.4.1 fl1~'U1'UI'l'W1L61V 

tl1L~V~1fleJI'l611VIfl1~lJ'Wm61~fl fl1~1'11~ tJ1mLFlii LL~~eJI'l611VIfl1~lJLrlij ~~ij 
' ' 

611~tl~~ fleJ'UYJ'WeJ~ LL~~611~tl~~fleJ'UeJ~ 1 ~lJ1~ fl Lan'W ~-:I LU'W~~~ a~ -:~mn 1'1 LL~~~ -:1 LL 'JI'!!K ell.! (Nicell 

et al., 1993) iS-:~(;)a-:~n1~1'1611~Lvr~1-dna'Wtl~avm~LLvr~-:~J15~~lJ"ll1~ Ltla{aan6liLI'l61~1m1 Coprinus 
~ 

cinereus 611lJ1~tlU1UI'ltl1Lav~nr111~L-ii'~-ii''W"lla-:~YJ'Wa~ 200 iJ~~n~~~a~m 1~¥av~~ 65 pH~ 

Lvrm~61~1'Wm~.Yhtll)n~m1'Wmru~nLa'W1'l1~~1ni'!Lvhnu 9 LL~~~ pH 1'W"li1-:~ 5-91'W61m'J~~nLa'W1'll~ 

L~V-:J'Wa~am~vhtll)n~m (Massuda et al., 2001) L"li'WL~8dtl'ULtla{aan6liL1'161~1fl~'JLvri'ia-:~ 611m~tl 

n1~1'1 2,4-dichlorophenol1~~a8~~ 90 LL~~vh-:J1'W1'W61.fl11~~LU'Wfl11'11~ L"li'WL~81tl'U~a{VJL~~"ll 

Ltla1aan6liLI'IG'I (Kenned et al., 2002) 
OGJClilt.l Cl.l ~ 

2.3.4.2 fl1~fl1~1'1618eJ~61-:!Lrl~1~VI 

Ltlaiaan6liLI'!61~1fl Pleurotus odtreatus 611l.l1~tln1~1'!a Remazol brilliant 

blue 1~ LL~~V-:J611~1~tln1~1'1 bromophenol blue 1~i:i-:~¥av~~ 981'W"llfil~~ heterocyclic dyes, 

methylene blue LL~~ toluidine blue 0 611m~m11~1'11~L~t~-:~¥m.J~~ 10 LvhJ'W L"li'WL~8'Jtl'U~aiVI 

L~~"llLtlaiaan6liL1'161 (HRP) vl1-:J1'W1~~'W61.fl11~~ pH ~TJ1 6 611m~tln1~1'1YJ'Wa~ 1~~~611'1~a-:~~-:~~1fia 
' 

ramazol blue LL~~ Cibacron red m~~h~'U v-:~ii~18-:11'Wfl1~n1~1'l~Va~~d8~6119i' Debaryomyces 

polymorph us LL ~ ~ Candida tropisalis LL ~ ~ 1 'W ~ 1 Umbelopsis isabel/ina LL ~ ~ Penicillium 

geastrivorus ~611~1~tln1~1'l~ila~ reactive black 51~ (Yang et al., 2003) 

2.3.4.3 m~~-:JLF1~1~-H'Wa~L~ai 

~a{VJL ~~"lJL tlaiaan&ll L\1161~-:!Lrl~1~-H6118'WeJ~ Ll.laia~ 1 ~~1~ fl 11'18vl1tll] n~81tl'U 

611~tJ~~fleJ'UYJ'WeJ~ LL~~eJ~ h~1~ flLeJij'W 1 'W!Ji''Jvl1~~~18~'WVI~~ L "li'W L tJa{aan6li LI'IG'I~1fltJ1ci'~J1iJ'W 

(African oil palm) 611:W1~tl~-:!Lr1~1~-H polyaniline LLG'I::: sulfonated polystyrene bl'lt~1-ii' aniline LU'W 

(;)'WLL'U'U1'Wuvh'V'Jai~ pH 3.5 611~1~tlm1~61B'U polyaniline sulfonated polystyrene ~'Jt~n!Ka-:~ 
~ .... "' 

~~VI~Wf'WeJL~fll'l~eJ'W (Sakharov et al., 2003) 
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2.3.4.4 f111lLf111~~ enzyme-Linked immunosorbant assay (ELISA) 

1 'l.ln11l Lf111~~~-m L VlfltJfl ELISA L iJ'W15~ij f111lJ~ 1 L 'W1~G1-:J 1 'W1~~'\J~UG1Lb{;l~ij 
'U 

m1lJ 11 1'Wm1VIIYIG1e:J'U~e:J(J(l~ 85-94 bL{;l~fl'J1lJ~1b'W1~ 1m 'Wfl1W11T~G1e:J'ULthVllJ1() 1 'W~'Je:J~1-:~ 1~Y~v 1-rr~.~.e:J'W 

~'Ue:J~ 2 "ll'iJIYI 1~Y~CJ"lltJIYILb )flijfl'J1lJ~ 11. 'W1~tl'UG111b thVllJ1CJ6it-:~'VlTVlU1~ btl'Wbbe:J'W~ bl\l'W "ll'WIYI~ 2 "~~'U 

Le:J'W 1"lll1 L ~ e:J'Ue:Jnl'l1 Lb VIti-:~~ Ln \YILJ~ n1 m1~V1-i1-:~ bbe:J'W~'Ue:J~ Lb{;l~ Lbe:J'W~ L 1\l'W '1111 LJ1 Lf1)1~~1"11m1~ ~Y~nil 'W 

Lbii1-:J Slt-:~L'VIlJ1~611VI-r'Um11Lf111~~~1e:J~1-:~fl~-:~{;l~mn~ (~1mru G1e:J'Wl\9ll'W1, 2544) ijm1'l111LJ1.ff 

'lJ1dCJ"ll'W1 'W~1'Wfl11ltJI\15CJ 1 ';}flbb{;l~ 1 'We:JIYIG11VIfl';l)lJe:J1VI11 !."li'W fl1)~i:\IYI 1lJ 1 'W1fl(l'We:J(ll.be:J'W~'Ue:J~~1b'W1~ 
' 

aldehyde Lb{;l~~'Utl'U primary amine "(Je:J-:1 1lJ1'W1fl(l'We:Jmbe:J'W~'Ue:J~I\11flfl111'1111\lli1e:J'U~lJCJ SDS-PAGE 

'W'Ubbti'U"ll'W11Yi 194 KDa l\11flfl11faifl'l~1'W'Ul1ii11lJ11ti~IYiummbe:J'W~'Ue:J~1fl{;l'W 1EA-1C2 ~'JCJ HRP 11il 

bL{;l~ EJ-:JG11lJ11tlvl1'lJ~ n1 CJ1tl'Ubbe:J'W~ bl\l'W~ 11. 'W1~ 1 'Wfl11m'JI\JVI1 bbe:J'W~ bl\l'W~'JCJb VlfltJ f1 direct bb{;l~ 

sandwich ELISA 1~ (tJI'lm ~'W681 l.b{;l~flru~, 2551) 

2.3.4.5 fl1)bfl'l.-J-I')';j 

f111lJi1lJoW'Wl5"lle:J-:J.ff11~e:Jbf11VIill\11flb:ffm1 Pyricularia grisea 'W'Ul1 -i111 

G11CJoW'W15'lJVIlJli1tJ 1, \Yie:Jflv.J~CJe:JlJ, VI1-:J~ 71 bb{;l~?lv.J11tl.J'U~ 90 ~1~.;{'\Jfl1)fl)~~'W~'JCJG1Ue:J1b:ffe:J)1 
'I , 'I 'I 'I 

Pyricularia grisea ij Lbe:J flVii&t"lle:J-:1 1. 'lJe:J ie:J e:J n68 b1Yili1 1. ~lJ;'W1.dm 'lJ~CJ'U 1. V1 CJ'U n'U~'WmlJ 11ii'.;i'U m1 m~~'W 
' 

~-:~Ln~Y~I\11flfl{;l1flm1ue:J-:~n'WI'l'Wbe:J-:!"lle:J-:~Yl"ll (~wuv el11CJ~.;i-:~ii1'll-1D bb{;l~6l.fl1Y-l1 ~'WVI1U1VIe:J-:J, 2553) 

bb{;l ~)1CJ-:!1'lJ"(Je:J-:Jli'Wl"llUli'Wfl~G1 i'!l'l (2546) Y-l'\Jl1 bfl~ e:J 1"11 b~ (JlJfl {;l e:J b ~ij~ {;l ~e:J'lJ1lJ 1tl.JLbe:JG1 fle:Jb 'U?l 

b'lJe:J1e:Je:Jfl68biYIG1 (APX) 1'Whm1'Wbb'Uf1Vlb~CJ Aphanothece halophytica ~f111lJboVlJ-il'W"lle:J-:Jbfl~eJ 

L"llb~(JlJfle:J(lb~ 0.5 M bl.{;l~ 2.0 M ijbbe:Jf1Vl1&t~1b'W1~"(JeJ-:J APX b'Vhfl'U 0.52 bb{;l~ 0.48 CJ'iJI'l~eJ 
'U 

i){;li:\fl.;ilJ 1 'lJ1&i'W bb{;l~~fl'J1lJboillJ-iJ'lJ"(JeJ-:Jb'VI~eJ L"llb~(JlJfl{;leJ h~b vhn'U 50-300 mM Y-l'Ul1 APX vl1-:!1'W 

1~~6/t-:~G11lJ11tiG1~'lJ1~11 APX l\11fl A. halophytica ii11lJ11tlvl1-:!1'W 1~ 'WG1.fl11~~ijf111lJb~lJ 



• 

3.1 ~tlmrubb6'1::a1';ibfllii 

3.1.1 ~tlmru 

d 
'U'VI'VI 3 

3.1.1.1 t.fil~B'll~rl1fil11&.JI:l.h.Jm~-~1..:J (pH meter) •1ffi..:J'U~~'VI lnolab Clavel 1) 

3.1.1.2 bfil~B..:J~'Wb'Vl~CI..:J (Centifuge) "UeJ'lU~~'VI Universal i'W 32R 

3.1.1.3 bfl~ml'~ri1~~ni'i'Wbb?l..:J (UV-VIS spectrophotometer) 

3.1.1.4 eh..:Jfl1Ufl&.J'e1ruVIJJi1 (water bath) "lleJ'lU~~'VI Rainbow 

3.1.1.5 bfl~B.:Jt.t.fh t.-d'W tlmnB~ V!6'leJ~'VI~6'leJ..:J tkt.l\9l "ll1~~U"'l&.J~ "ll1~tl~ut.l~&.J1\9l';i 

3.1.1.6 t.\"1~-eJ..:J.U..:~ 2, If l911t.t.V!tl..:~ 

3.1.1.7 bl"l~B..:J~'Wf11'W (Stirrer) 

3.1.1.8 bl"l~eJ..:Jbbt.Jfltl1fl 

3.1.2 a11t.fili:i 

3.1.2.1 'W1';i1b61.1(9)1&.JeJ6'l (paracetamol) 

3.1.2.2 161.lb~CJ&.JB::;~t.\9l'VI (CH3C00Na.3H20) 

3.1.2.3 1~t.u~n161.lt.~CJ&.J'i"JBm'V'l\9l (Na2HP04) 

3.1.2.4 l&.J 1 'WbU~fl161.lb~CJ&.J'i"JeJm'i"J\9l (NaH2P04) 

3.1.2.5 1 tlt.bl'l?lt.6ilt.J&.Jb'i"JB~b61.1CJ1b 'W~ (Ill), (K3Fe(CN)6 ) 

3.1.2.6 t.'V'lB1~flf\6'!Bb~ : Iron (Ill) chloride (FeCl3) 

3.1.2. 7 1eJ1~';il"l6'leJ~fl (HCl) 

3.1.2.8 1eJ1~Wil'Wl.UB{BBf1161.1~ (H202) 

3.1.2.9 n11BbBI"lB6'l (Guaiacal) 

3.2 beJ'W 1611l1 

1 'l.Jf11';ifl fl"e}11"1~ ..:~ffi .ff bB'W b61.lii b UB{BBfl~ b~?l~nmhun::;V!~ 1~Bfl ~ 'IU1&.11?ltl~bU 'WbB'\.J 161.lii'VltnU l~EJ 

fl1';iU1fl1'l.Jn::;V!~1~Bn1'llt:J1'Wbl"l~mt.bCJflrnn ma..:~Jhmh'1n1U1-:J 1111'\.J~i.Jb'V!~m~ 8,000 ';jeJtJ/'W1Vl t.U'W 

b1m 10 'W1Vllil::;1~611'W1a.ffi~V!~'IIil1flfl11~'Wt.V!~m fiB t.Bi.J161.lii'Vlm'U 1iJ::;t1nu11'lld'1u~~bt.-dbt.~..:J6'l1V!~'U1.ff 
'\} '\} 
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3.3 n'iel'Ubb'U'lflflflTl1~t1 

m~\9hb 'D-um~1~crdb~~"il1nr:~nfl bB'W 1'lll1 b 'lleJimJ n~bflr:l"il1flfl1'Wfl~vt~1\91eJfl beJ'W 1'lll1-ffi~-vv"l -u 
" 

'V'l1~1b'll~1~B~ f111~b oif~oif'W-neJ~beJ'U 1'lll1 f111~b oif~-if'W 1~ b\91~b"il'Wb 'I.J-v{-van1'llt9l m1~b u-um\91-\9h~ 

bb~~-vruvt.nil1\91t~meJ'lJbb'U1f1\91m~1~crdbbr:l\91~~~.fl1'V'l~ 3.1 , " 

I 
I 

.t 

I 

t 
btl'W b'llii'VItn'U 

J, 
tJ t.l """' SJ 

fnllJb 'lJlJ'U'Wb 'jlJI'l'W 

t 
~ 

I 

b~lVlWil'WbD€11 

tltlflb'll#i 

I 
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3.4 15m~'VIfi~B.:J 

3.4.1 n1~fh~fi'W1~1b6lffi111B~b~B b tl~tnJbb ti~.:Jfl1111b if11-iJ\.1't1e:J.:Jbe:J\J 1Blfll 

vhnTHIJl1~11LtJ\J1"llllLtJeJ~eJeJn'liLfiG'I ffi~'l1n 3.2l~m1ifi1111L-if11-if\J"lleJ-!!LeJ'U1"lll1vi 0.012, 

0.025, 0.062 LL~::: 0.124 ~iJI'JIJieJiJ~~~I'l1bl'lVLI'l1~11G'I11~:::mm'l111L"lll'l111eJ~ti'UL~eJ'U.yifi1111L-if11-if'U 
"IJ 

1 il~~n-r111'itl~l'l1 viri1fi1111LU'Uml'l-~1.:! 7 m1111'11 300 il"'~~l'l1 LL~:::L&i111~1mL'l'ULtleJieJeJn1"ll(9) 

m111L -if11-if'U 1 il ~~111mi vi ri 1r111m U'Um(;l-~ 1-:J 7 ~-!!1 tl m'Ll~'"WLfl~ tJ.:Jm'ULLll LVI~ nvir11111L ~1 

200 1tJul'ieJ'U1Vi LnuLl11'11mh~m1111'11 10 il~~~~'~1 Vln'l 30 'U1Vi 'l'Ufl1u 240 'U1Vi v'hm11Lfl11:::~ 
fl1111 L -if11-if'U"llel~'W111L "lll'l111el~ LL~:::ri 1n liln1111Ltl'U 1 "ll~ L tleJ~ eJeJn'li L(;)G'f U'UVi ne..~~ n11'Vl(;l~eJ~ 

3.4.2 n1~fh~fi'W1~1b6lll'l111B~ b~B b ti~V'ULL ti~.:Jfl1111b -iJ'11if'U'tle:J~'W1~1 b6lll'l111B"' 

'Vl(;)G'ftl'Ufi1111G'I11111t;11'Llm1fh~'(;l'W111L"lll'l111el"' vifi1111LU'Un1(;1 - ~1~ 71ifi1111L-if11-if'Ll 

"lleJ~LeJ'U1"lll1vi 0.124 ~iJI'!IJitJiJ~~I'l1l(;lmtJ~~'ULL'll~~fi1111L-if11-if'UG'I11"':::m~'W111L"lll'l111eJmU'U 1, 3, 5, 
"IJ 

7 LL~::: 10 iJ~~n-r111JieJ~m L&i11LeJ'U1"lll1Ltltl~tleJn'liL(;)G'f~~1tJ 0.124 ~UI'!IJieJiJ~~~I'l1 LL~:::1~L(;l1Llil'ULtleJ~ 
"IJ 

tleJn1"lll1fi1111L-if11-if'U 1 il~~l11~1~ viri1fi1111LU'Un1(;1-~1~ 7 ~~1tl n1'U~1mfl~eJ~n1'ULL1JL'VI~nvi 

fi1111L~1 200 1tJ'UIJitJ'U1Vi Ln'ULl11'i'1eJ~1~m1111'11 10 iJ"'~~I'l1 VJn'l 30 'U1Vi lil'Ufi1'\.J 240 'UTVi vh 

m11 Lfl11:::~fi1111L -if11-if 'Ll"lltJ~-w111 L "l!m11tJ~ LL~:::ri 1n 'l m111 LeJ'U 1"ll~ L tltJ~ eJeJn'li L(;)G'f u'LlVi ne..~~m1'Vl(;l~tJ~ 

3.4.3 m~rh~(;l"W111bBlfl'l111B~b~Bbtl~v\JLbtl~~fi1fl1111bU\Jn~(;l-~1~ 

'Vl(;)G'ftl'Ufi1111G'I11111t;11'Um1fh~'(;l'W111L"lll'l111tl~ l(;l~v'hnTHtl~~'Url1fi1111LU'Um(;l - ~1~ 

"llmG'I11~:::m~vitl'UL~eJ'U'W111L"lll'l111eJ~ 4- 8 (VileJ"ll 4- 5 : eJ:::'liLI'll'lUi"!Li"leJ~ flLtl"ll 6 - 7 : i"ltJI'lLi"ll'l 

Ui"JLi"JtJi LLm:fl Lel"ll 8 : 'Vl~G'I1~l(;l1fl~el \1\9)ui"JLi"JeJ~) 1 ifi1111L-if11-if'U"lleJ~LeJ'U 1"lll1vi 0.124 ~iJI'JIJitJ 
"IJ 

il~~~l'l11-ifm111L-if11-if'UG'I11~:::m~-w111L"ll1'1111eJ~ 1 il~~n-r11l'itJ~m viri1fi1111LU'Um(;l-~1~ 7 

m1111'11 300 il~~~l'l1 L&i11LeJ'U1"li~LtleJ~tleJn'liL(;)G'fm1tJ 0.124 ~UI'!IJieJiJ~~~I'l1 LL~:::1~L(;l1Llil'ULtleJ1 
"IJ 

eJeJn 1"lll1fi1111L-if11-if'U 1 iJ~~Wm~ n1'U~1VLfl~eJ~n1'ULL1JL'V!~ nvifi1111L~1 200 1eJ'UIJitJ'U1Vi bn'ULl1 

l'i'1eJ~1~tl~111m 10 il~~~~'~1 Vln'l 30 'U1Vi 'l'Ufi1'\.J 240 'Ll1Vi vhm11bfl11:::~fi1111L-if11-if'U"lleJ~ 

'W111L"lll'l111eJ~ LL~:::ri1n'lm111LeJ'U 1"lll1 LtleJ1eJeJn'liL(;)G'f u'L!Vi ne..~~m1'Vl(;l"'eJ~ 

3.4.4 n11fh~(;l'W111b6lff1111B~L~e:Jbti~V\Jbbtl~~BW'YifllJ . " 
'Vl(;)G'ftJ'Ufi1111G'I11111t;11'Llm1fh~'(;l'W111L"lll'l111eJ~ vifi1111LU'Um(;l - ~1~ 7 bl'l1~11fl1111 

b-ii'11-ii''Lli:111~:::m~-w111b"lll'l111tl~ 1 il~~n-r11l'ieJ~I'l1 tl~111m 300 il~~~l'l1 l(;l~Vhn11b'll~~'U 

eJru'VI.niJvi1m'Lln11~mnLU'U 25, 35, 45, 55 LL~::: 65 eJ~Pl1L"ll~LSll~G'I 1ifl1111b-if11-if'U"lleJ~LeJ'U1"l!l1vi 
• "IJ 
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240 'U1Vi vh rn~1 brt11~'tA'rt11lJ b -i!lJ-if'U'lleJ.:JYl111 b'llmlJe:~" bb"~r\ 1n\1 m1lJ beJ'U 16!1~ b '1Je:~{e:~e:~n6ll wtG'I 

D'UVi m.J"n11'Vl~"e:~..:~ 

3.4.5 m1rh;ij~~111 b'll\911lJeJ!;lb~eJ b 'IJ~f.l'Ubb 'IJ"~wnlJb i!lJiJ'U 1v 1~1b~'Ub 'I.Je:~{e:~e:~n 1'll~ 

'Vl~G'I€J'Urt11lJG'I1lJ11tt1'Um1rh~~Yl11Wll~1lJ€J~ ~rl11lJbU'Um~ - ~1..:~ 7 b~~tllJrt11lJ 

b-iJlJoU'UG'I11~~~1tiYl111b'll\911lJ€J~ 1 iJ"~n-rlJI1ie:~~~1'1J~m~1 300 i1~~~~11~v'Vl1m1b 'IJ~ti'Urt11lJ 

boUlJoU'U1v1~1b\l'Ub'IJe:~{e:~e:~n1'll~~1m'Um1Pin'IS1bU'U o.25, o.5, 1, 1.5 bb~~ 2 iJ~mlJm{ 1-lir~11lJ 

boUlJoU'U'!le:I..:JbeJ'U 16!1~~ 0.124 viJ~IIie:~iJ~~~~1 m'U~1mrt~e:~..:~m'UbblJbvt~n~rt11lJb ~1 200 1e:~ul1ie:~ 
'\J 

'U1Vi bnuJ1~1e:~~1..:~'1J~lJ1~1 10 i1"~~~1 VJn"l 30 'U1Vi \l'Urt1u 240 'U1Vi v11m11brt11~1A"rt11lJ 
b -illJoU'U'!Je:~..:~Yl111 b 'llt911lJe:~~ bb~~ r\1n\1 m1lJ be:~'U 16!1~ b ue:~{e:~e:~ n6ll b~G'I 'IJ'UVi ne-J" m1'V1~~ e:~..:~ 

.. ~ 0 

3.5 n1';i1brt';i1::vte.~!;lbb"::m';irt1'U1W 

3.5.1 m11brt11::'tA'm11~'1J~lJ1W~111b6llt'11lJeJ" 

m11brt11~'tA'u~lJ1WYl111b'llt'11lJ€1~~1m'VlrttJrtn1';ibVitlu~ (Colorimetric Method) ~ 

f'l11lJtl11rt~'U 715 'U1b'UblJt'l1 (Nagendra et al., 2011) bU~ti'UbVit~unum1'VllJ1t'l1lj1'U~f'l11lJ 
"" 

b oUlJ-iJ'UI1i1..:J") ( ';i1tl"~b~tt~m11 brt';i1~'tA'bbG'I~..:J 1 'Ui11rte-J'U1n n) 

3.5.2 m11brt';i1::'tA'r\1n~m1lJbv'U16ll~b'IJe:~{e:~e:~n6Bb~i;l 

bt'l~tilJG'I1';i~~~1v~1m'Um';i1br~';i1~1A"u~lJ1t'l';i 2.s iJ"~~m ~..:~'\J';i~ne:~u~1tt 0.1 M 

vlmuvlt't'l!vlbvle:~{ pH 7 'IJ~lJ1t'l1 2.3 iJ~~~m n11me:~r~e:~~ 18 iJ"~1lJ~ bb~~ 1v1~';ib\l'UbU€l{ 

e.Je.Jn1'll~rt11lJb-illJoU'U 0.05 b'\.Je:~{b~'U~ u~mt'l';i 100 iJ"~~t911 \11mT'Ub&ilJG'IT~G'In~vttt1ube.J'U1'll~~ 

b~e.J\11'1~..:1 20 bvh 'IJ~lJ1t'l';i 0.05 iJ"~~t'l';i ~..:~1'Uvt"e.J\91'Vl\91"e.J..:~~i16'11';i1bm1~'\A'~..:~n~11 e-J?1lJH\-il1 

n'U bb~111..:~ H~e.Jwvtni1~e.J..:J'U1'U 5 'U1Vi bb~1u16'111~~mtte-JG'!Hvi1~m u11911"l1m1~\91n~'UbbG'I..:~~r~11lJ 
, '\J '\J 

n1';irl1~~Yl1';i1b'llt'l1lJe.J~ 6'11lJ1';ittfl1'U1W1~\11ne.J"I1i1..:~'!lmr~11lJboUlJoU'U'!leJ.:JYl111b'llt't1lJe.J" 

b~lJ~'Ufl'Urt11lJ b oUlJ-iJ'U'!leJ.:JYl111 b'llt'l1lJe.J~ ru nm 1191 "1 b Vivu num1m oUlJoU'U'!le.J..:JYl'Ue.J" b~lJ~'Ubb"~ 
bb6'1191..:Je-J~ 1 'U1U'!le.J..:J~e:~v~~ ~..:JbbG'I\91..:! 1 'UG'IlJn1';i~ (3.1) 

'\J 

(3.1) 

tltl .C::.tl 
C0 = rt11lJb'!llJ'!l'UYl111b'llt't1lJlJe.J"b';ilJt'I'U (mg/l) 

Ct = rl11lJboUlJoU'UYl111b'llt'11lJ€J~ ru nm1~"1 (mg/l) 



d 
U'VI'VI 4 

~~fl1';i1~mbfft::B.fhh1tl~ffl 

n1"j~ mn f11"jfl 1~ ~'V'l1"j1l"ll\911lleJfl~1 CJ l 'l.JeJieJBn~ l~?f?f fl. ~l"il1 n tl1'Wn~vr~1~e:J n (cauliflower 

stem) 1 'Wfl~ ~.n 'Vll nl"jVl (?lfleJ~ 1 'W "j ~'U'U ~~'\Jn mru ll 'U'\.Jn ~ (batch reactor) m'W~ fl11lll ~1 "jeJ'U 

200 "jeJ'U~eJ'W1Vl 1~CJvh n1"j~ n~1l~Bil f11"j l '\J~ CJ'Wll '\Jr~~A11lll-if&J-if'W"llm'V'l1"j1l "l!mlleJfl fl11lll-ifll-if'W 

"UeJ'lleJ'W 1"1lJ1 m1lll-ifll-if'W"llB'l1eJ 1ml'<il'Wl 'l.JeJieJe:Jn 1"11~ fi 1fl11lllU'Wm\?l-~1'l (pH) llfi~Bruvr.n~ 
' 'lJ 

~'ll\91~ C.lll'V'l1"j1l "ll\911lleJfl'<il 1 n ~N'V'l1"j1l "ll\911lleJfi'U'1?1VlB'l11ll1fl~fi1CJJ11 m~A11lll-ifll-if'W~ ~eJ~f11"j l U'W 
' 

iJ iJ .::::1..::::::1 I 0 Q.l 

4.1 e.Jfi"UB..:lfl11lll "llll"l.I'W"UB..:l'W1"j1 b6l!\911l!Bfi'VIll\91 Bn1~n1:U~'W1~1 b6l!\911l!Bfl 

n1"j~ n~11 'WA~ ~dl U'Wf11"j ~ n~1~fl"lleJ~A11lll-ifll-if'W"lleJ~'V'l1"j1l"llmlleJfl ~il~Bf11"j'Vll~1'W"lleJ~ 

lB'W1"1!J1 1\?lCJA11m-ifll-if'W"lleJ~'V'l1"j1l"ll\911lleJfl~1-if1'Wm"j~n~1 fleJ 1, 3, 5, 7 llfl~ 10 mg/L 1'W 

?f1"jfl~mCJ'V'leJm'V'J\9lu\-Jl'V'le:Ji 0.1 M Y1lWlllvhil'U 71\?lCJ?f.fl11~~n~1A1'UAllA11lll-ifll-if'W"llB~leJ'W 1"1lJ1 

d 
.fl1'V'lVl 4.1 

100 

~ 0 ._., 

0 80 
E 
!IJ ..... 

60 (J) 
u 
!IJ ..... 
!IJ 

0... 
40 4-

0 

!IJ 
> 20 0 
E 
(J) 
a: 

0 

0 30 60 90 120 150 180 

Time (min) 

. . . 

' 

-+-1 mg/l 

----3 mg/l 

-.-s mg/l 

-e-- 7 mg/l 

----*"- 10 mg/l 

210 240 

.fl1'W-vi 4.1 ~BC.lfl~n1~rl1~~'W1~1b6l!\911l1Bfll-viti'Ufl'Ub 'Jf\1 bi1Bb'l.J~ti'I.Jbl Dfl..:lfl11llb illlil'W"llB..:l 
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"il1 f1 t:.J"' f11~fll f1~1~'U11 f11~ L tJ~ CJ'\.JLL tJ"'\1 fld1dJ L -iJd-J-iJ'U"Ue:J\1~1~1 L"lll?nd-le:Jm>f\1 t:.J"'~e:J¥e:J CJ"'~ f11~ 

rl1~\91~1~1 L"lll?nd-Je:J"' 1 'U~~'U'U5\ItJ~mruLL 'U'Uf1~ 1\91CJ f11~ L ~d-Jfl11d-J L -iJd-J-iJ'U"lJe:J\1~1~1L"Ill?l1dJe:J"' 1 'U 

~~'U'UVh 1-H'ri1f11~rl1~\9llJLL'U11 Ud-J"'\91"'\1 ~\ILL~\91\11 'U.fl1~~ 4.1 ~\l"il~L,:;'U11f11~ 1-ff~1~1L"Ill?l1d-Je:J"'~ 

fl11llb-iJd-J-iJ'U 1 iJ"'~fl-rdJ~e:J~I?l~ 1-H'rl1f11~rl1~\91~~~~\91 1\91CJ1'U"li1\l 90 'U1VJLL~f1 rl1f11~rl1~\91 , 

3 Lb"'~ 5 iJ"'~n-rd-J~e:J~m iJVif"l'V11\If11~b tl~CJ'Ubb tl"''lri1m~n1~\9l~fl~1CJtl'Uf11~ 1 i~1~1 L"lll?l1d-Je:J"'~ 

fld1d-JL-ill-l-il'U 1 iJ"'~n-rlJ~e:J~I?l~ f1e:~ri1m~n1~\9l"il~b~l-I~'\.J~\I~\91~'\.J1VJ~ 90 1-H¥e:~CJ"'~m~n1~\91 
'\J , 

LVhn'U 27.26 Lb"'~ 12.59 1?11l-!a1~'U Vf~\l"il1f1~'\.Jrl1f11~rl1~\9l"il~lJLb'U11Ul-I"'\91"'\IL~e:JL1mb~lJ~'U 
e:J1"ilLfl\9l"il1f1f11~~~1~1L"Ill?nl-le:Jm'htl~n~CJ1tl'U Le:J'U 1"11~ vh 1-H'Ln\91L U'Ufl11'Ue:J'U 1\9le:Je:Jfl1"1ll'i J1 LL"'~ 

~1~t:.J~I?!Jltu~~'\.JLfl\91~'\.J ~\1~1~t:.J~I?!Jlru~~'U~ Lfl\91~'\.J~'\.J 1 tJ6>f\lt:.J"'~e:J1Bf11~1 Lfl~1~~~1~1 L"lll?l1l-le:J"' 

vh 1-H'm1l-l L -ill-l-il'U"lle:J\1~1~1L"Ill?l1l-le:J"' ru L 1m~'Ubfl\9lfl11l-lflm\9lbfl~e:J'U ;;i\lvi11-H'tl~~i1'V15.n1~f11~ 

n1~\91"'\91"''~ LL~t:1'1hliJt:.J"'m~'Vl'U"lle:J\1~1~t:.J~I?l.!lru~~'U~'\.J ~1~CJfl1\9111 tl~~i1'V16.n1~m~n1~\11"il~ 
'\J 

L~lJ~'\.JLL~1lJrl1fl\l~ LL"'~L~e:J1otl~1~1L"Ill?l1lJe:J"'fld1llb-iJlJ-iJ'U~ 7 LL"'~ 10 ~'U11 ¥e:~CJ"'~f11~rl1~\91 
~\I~\91Ln\91~'\.J~'U1V1~ 60 1\91CJ1-H'¥e:~CJ"'~m~n1~\91~ 7.91 bb"'~ 3.21 1?11d-Ja1~'U vr~\l"il1n~L1m 
'\J , 

~\lfl~11rl1fl1~rl1~\9llJ bL'U11 Ul-1"'\91"'\lb~e:Jb 1"'1 L ~l-1~'\.J b ~e:J\I"il1flfl11lJ b -i!d-J-i!'U"lJe:J\1~1~1L"Ill?l1lJe:J"'~ 

~\1~'\.J 6>f-:Jt:.J"'~e:Jf11~rl1~\91~1~1L"Ill?l1l-le:J"' 1\91CJI?l~\l bb"'~L~e:JL~lJfl11lJL-iJlJ-iJ'U"lJe:J\1~1~1b"lll?l1lJe:J"' 61-:Jt:.J"' 
'\J 

1-H'tJ~~i1'Vlfi.fl1~ f11~rl1~\91"'\91"'\l t:.J"'~\1 fl~11e:J1"il Lfl\9l"il1 f1 f11~~ be:J'U 1"11~ b -iJ1 b ~\ltJ~ n~CJ1 hJ b v:iCJ\I~e:J~e:J 

fl11l-l L -ill-1-il'U"lle:J\1~1~1 L"lll?l1l-le:J"'~~'~~'Uvr~e:~m"il Ln\91 L tJ'U~1 ~t:.J~ ~?~.ilru~ Ln\91~'\.J -il\9l"ll11\l n"il m~l-1 m~ 
'\J 

vl1\11'\.J"lle:J\I L e:J'U 1"1l~;;)'\lvl11 VfllJ~1lJ1~f.l~'Utl'U~1~~\I~'U( 'V'J1~1 b"lll?l1l-le:J"')1\9) ~\l~e:J\9lfl~e:J\I tl'U\11'U1~ CJ 

"lle:J\1 S. Singh et al. (2005) fllf1~1L~mn'Um~n1~\91~'\.Je:J\9)1CJfl1~ 1 otl~1fl"ll'U"lle:J\I~flfl1\9ltl~ (Brassica 

juncea) 1\91CJfllfl'lo}1fl11l-IL-ill-l-il'U"lle:J\I~'Ue:J"'~ 50, 100, 200, 500 LL"'~ 1,000 iJ"'~n-rl-l~eJ~I?l~ 

'V'J'U111'U~1f1"1J'U~f1f11\9ltJ~ ~1lJ1~f.lrl1~\91~'\.JeJ"'~ 50 Lb"'~ 100 iJ"'~n-rlJ~eJ~I?ld 1\9)VflJ\91~¥e:JCJ"'~ 100 

1'U~~CJ~b1m 3 l'\.J LL~L~e:Jfl11lJb-iJlJ-iJ'U'!Je:J\I~'Ue:Jm~lJ~'U~ 200 LL"'~ 500 iJ"'~n-rlJ~eJ~I?l~vl11-H'm~ 

rl1~\9llJtJ~~i1'Vlfi.fl1~"'\91"'\l flelrl1~\911~1e:JCJ"'~ 97 Lb"'~ 471?11l-!a1~'U bL"'~~fl11lJL-iJl-l-iJ'U 

1000 iJ"'~ n-rlJ~eJ~I?l~ rl1~\91 1\9) L v:iCJ-:J1eJCJ"'~ 27 ~\1~'\.Jt:.J"' fl1~Pl fl~1-nbb~\91\11-H'L ,:;'U11~1 fl"ll'U"lleJ\1 

~f1f11\9ltl~~1l-11~f.ln1~\911\9)e:~~1\llJtl~~~'V15.n1~ Lb"'~iJ-:J'V'J'U\11'\.Ji~CJ"lle:J\1 A. Deva et al. (2014) ~ 

Plf1~1fl1~ 1 otlbe:J'U 1"1l~Ltle:J1e:~e:~n"BL\9l~"il1f1f1~Vf~1\9le:Jf1 (Brassica oleracea) 1 'Ufl1~tJTU\91~'\.JeJ"' 1 'UJ1 

L~CJ ~'U11 fl11llb-iJd-J-iJ'U"lJeJ\I~'UeJm~lJ~'UVf~eJfld1lJ L-iJlJ-iJ'U~1 iJtJ~~i1'Vlfi.fl1~f11~rl1~\91 1\9)~ bL~ L~eJ 

L ~l-lfl11l-IL -iJl-!-iJ'U"lJeJ\1~'\.JeJ"' vl11-H'iJtl~~~'V15.fl1~f11~rl1~\91"'\91"'\l bL"'~Bfl'Vf~\1\11'\.Ji~CJ'!JeJ\1 A. B6dalo 

et al. (2006) Pi n~1 n1~n1~\11 4-fl"' eJ b~'Ue:J"'\9)1 m tle:J1e:Je:J n"Bb\9l~"il1f1ti'1 L Vf~e:J\1 bL"' ~ 1®" 1\91~ L "il'U 

L tle:J1e:Je:Jf11"11~1 'U5\ItJ~ mruLL 'U'U~eJL~eJ\1 ~'U-J1 fld1lJL -iJl-1-iJ'U"lJeJ\1 4-fl"'eJ b~'UeJ"'~LLI?lfl~1\ltl'U 1\91CJ 
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~fl~11"11111b-if11-if'U~ 0.5, 1, 1.5, 2, 2.5 bb~~ 3 iJ~~111m1 tb~~'Vl5.fl1~fl1'Hl1~~~~~-:JbdeJI"l1111 

b-il11-if'U 4-fl~a b~'Uam~11~'U fl1111b-if11-if'U~~T'il~iltl':i~~'Vl5.fl1~fl1':irl1~~ 1;)~mJ~~ 90 ~-:Jf.'11111':it1 

rl1~~ 1;)~fll1 

4.2 ~~"ll€1'1 1"11111 b "ll11"ll'U"ll€1~ be:J'U 16lfll~ii~Bfl1'lrl1~~Vl1'l1b6lf~111€1~ 

b tJ'U fl1':i~ n~1 rn 111 b -if11-iJ'U"1JeJ'I b eJ'U 1"1l~~iltl':i~~'Vl5 .n1~ 1 'U fl1':i n1~ ~~1':i1 b "1!m11a~ ~1Vl-r'U 

fn111b-if11-if'U"lJel'lbeJ'U1"1l~~1-if flel 0.012, 0.025, 0.062 bb~~ 0.124 U/ml1'Uf.'1.fl11~~fl~1flTUI"l11 
' 

1 irn 111 b -if11-if'U"lJeJ'I~1':i1b"llm11a~~ 1 mg/l ~~~ 1C~1 'U'V'laf.'i b 'V'l~'IJ'v.Jb 'V'la1 0.1 M .W beJ"lJ 7 1"11111 

b-il11-if'U"IJeJ-:J1v1~wil'Ubtla1aan1"1l~ 1 mM ~aru'Vl.niJ 25°C t:J~fl1':i~fl~1bbf.'1~-:~~-:~.n1~V1 4.2 
' 'U 

100 

;R 
!:.-
~ 80 
0 
E 
ro 
+-' 

60 Q) 
u 

-+---0.124 U/ml 

~ 
ro -0.062 U/ml 

0.. 
40 ...... 

0 __..._ 0.025 U/ml 
ro 
> 20 0 
E -...-0.012 U/ml 
Q) 
0:: 

0 --*-control 

0 30 60 90 120 150 180 210 240 

Time (min) 

.n1Vl~ 4.2 ~e:~tJ~~m-an1~~Vl1'l1b6lf~111e:~m ViC~'Un'Ub 1~1 b~Bb tl~tJ'Ubbtl~~l"l1111b "ll11"ll'U"ll€1~ 

be:J'U 16lfll 

"il1flt:J~ fl1':i~fl~1eJ5'1J1C~1;)';)1f11':ib tl~tJ'Ubb U~-:11"11 111 b -if11-if'U"1Jel'l bel'U 1"1l~~'lt:J~~el~BCI~~fl1':i 

n1~~~1':i1b"ll~111B~ 1~mdab ~11fl1111b -if11-iJ'U"1JeJ'IbeJ'U 1"11111 'U':i~'IJ'Uvl111Xfi1fl1':irl1~~ilbb'U1 1 u11~~ 

~'U ~-:Jbbf.'1~-:~1tJm~ 4.2 "il~b~'U1;)11m':i1-ilba'U1"1l~~fl1111b-if11-if'U 0.124 C~iJ~~an~~~m f.'11111':it1 
'U 

n1~~~1':i1b"lll11111eJ~ 1;)~aC~~~ 66.47 ~"li1-:~b1m 90 'U1Vlbb':ifl "il1m1'Utl':i~~'Vl5.fl1~fl1':irl1~~"il~b~11 

~~~'I bb~~~1f.'1~~fl1111bi11-if'U 0.012 C~i111l~eJiJ~~~I1ld 1'U"li1'1 90 'U1Vlbb':ifl ~f.'11111':it1rl1~~1;) 
' 'U 

~aC~~~ 35.94 ~-:~m"iln~TJ 1;)11 bdm ~11fl1111b -if11-if'U"IJB-:J beJ'U hll~-:~tl~mru~b Vl1l1~f.'111~eJfl1':irl1~~ 

'l.Jd~~'Vl5 .fl1~"1JB'I fl1':i rl1~ ~ "iJ ~ b~11fl'I~Vl~eleJT'il~ ~~'I b ~ Cl'l b~ fltlel Cl b tim"il 1 flfl1111 b -if11-if'U"IJB'l bel'U 1 "I!~ 



L~U~~l~~LYU~L~L~~~LY~LU~Lug~~~~~ 

~~~@~~~U~~[S OZ ~~11 S1 ~n,Eo~EomLt-~~~~11 ~GJ:b~l~~LYU~L~L~~~LY~LU~Lug~~~~~ ~~~ 

@~~kU~~Cf 01 ~~11 <; ~t'@~lf1.1t-~UL~~~1B!UG@}@~1rtRslrl.GmEo~EomLt-~EolG~1 ~~~@~~kU~~Cf OZ 

~~,, s-1 '01 '<; n~t-L~u~,,~rtRslnG1t-Gn.nE-~EomLt-~Eol~,, ~t-~nE-~EomLt-~~~Gn~~1G~~-17 

~,(bLfb~LU L~n.~ ~~1L!\UL~~@rb~~ 1 @~~-17 ~,(bLfbfl.k11'1.L~U@~1t'L~n.~~ m~~~ 1~LULRU~~ (600Z) 
" 

')E :j.<:l Z<:lW09 '\1\J t'@fl.rbLt'~l':lLRU~~m1 £8 ~~~@k~~~\~~LiJ~LU~~lL!Arb~t'L~U~11~rb~L~~n@11 

n. 
t'@fl.rbEorbEomLt-~Eol~LU~~~1~~~~~[SG~~t}~ 17·0 rtRslrb@1t'@fl.rbEo~EomLt-~~~~l~~Li-Jrb~L~~n@11 

~~LY~LU L~n.~ t'@~1@~fl.n.11~n.1-W~U1!UWg~~;@~~m~~@k~~l':l~t-~~~~~LUnt ~~~~UL~t'~~ 

~~1B!UGG}G~W~1~~1L!'WL~ n~L~~rb@11~~Li-J~LULRU~ (010Z) U!ESnH ·o pue W!JE>J ·z !:'@fl. 
" 

rl.Lt'~l':l~m1 fl.~L~~L~ o/o8L ~m1 o/o17L l&~~l&~~l~~LYU~L~L~ &:lH ~~11 d8S t',\(1-)WfoW 6£0'0 
' ' " 

rbEo~Eo 1 ~Lt-~~rtlls\ rb@1 t'@fl.rbEo~Eo mLt-~L ~fl.M~~~I':l ~t'~~@rb~t'@fl.rbEo~Eo 1 ~Lt-~Eol ~~1 ~@rb~~~Li-J 

~ L U n t (dCJH ~S<:lSEp!XOJ<:ld LjS!PEJ<:lSJOLj pue d8S ~<:lSEP!XOJ<:ld Ue<:lqAOS) ~ ~ 1 g; U@@}@ ~ 1 

n. 
ll.~L~~~@.cg~~11t'@~lf1.1t-~UL~~~1B!UG@}@~1t'@fl.t'~~rtRslrb@1t'@fl.~LUg~~~~~n.~~m~~1EolL~LP,UU 

(1w;8w 6m·o ~m1 6zo·o 'zzo·o '1710'0) rtRslnG1t-Gn.nE-~EomLt-~t-~ r-_v1mf:l1mn.~~,B!UGG}G~, 

t'~~nun.~t-~~1LRU~ (900Z) ')E':j.<:l'Z<:lW09 ·Tr t'@fl.~~~nLt-~t',@t',\(1-U~ fl.~L~~L~ 9'H 
' " 

~~11 1'18 ~~~Gk~l~~LYU~LibL~t'~~~~~LY~LU~LUg~~~~~~lL!A ~~1~~[S 01 ~~11 <; ~n~~~1 
' " ' 

~Gn~t-Gn.nE-nE-mLt-~G~,~~,, £6 ~~~Gk~l ~~1~~cs 1 G~nJtl~~mE-~EomLt-~~~Gn~~~LiJ~Lunt 

MLUg~~~~~[j ~~~~~[S@~~t}~ <; ~rtRstnmnEo~EomLt-~t'@fl.~l':lL~n.L~~ ~~l~~[S 01 ~~11 <; ' 1 ~ 

~Gn~t-Gfl.nEo~EomLt-~~~11 ~~~~~[SG~~t}~ <; ~m1 SL'£ ' sz·1 ' 9'0 @~fl.@~~~~Lun~wrtRslrbG1 

t'@fl.t'@fl.~Eo mLt-~ L~fl.M ~~1Lfbrb t ~@rb~~,(bLfb~LUrb t (Oa:JOJa)O O:Jf550J8) U@~L~If1.~UUL~~~1B! 

U@@}@~1rtRslrbG1Eol~LULRU~ @~ rb~t'~~~L~~~mRU~~~ (1710Z) ')E :j.<:l Et\<:lQ V t'@fl.~~~nLt-~1':1 

LRU~U~L~L~t-,@~~11 ~~1B!UG@}@~ 1ll.~L~~~@.(8t'@fl.rbEo~EomLt-~~~ 1~LU~G!J1n~~~ 1 ~@rb~ 
I I J'l I 

~~LiJ~LUrb tMLUg~~~~~ L~n.~ ~~1B!UGG}G~1ll.~L~~~@.cg~~1 ~Wrbi; 1~~LU~UL~~@rb~~~Li-J 

~LULRU~~ (S10Z) UEUUEA)Ed pue ueseJe!E)E>J ~~~nLWL~~lLRU~t'~ 1'17 GEolX\rbtt-G~~~~LU 

~l':l~Ln.gG~LUfl.~W~1~mRU~n ~l ~Ln.gGU~L~L~@~If1. ~LU~~@~1rtRsl rb@1UL~t'@~ 1 t'~~~~J:b 1 tn11 

~~~LY~LUMLUg~~~~~n~~~ 1 L~t 1 ~ ~~W!J1~~11 ~@~L~lls1 L~L~fl.~L~&,\;!g~L!A~~~@~rb\;!1 UL~~ f5 I I I 

9Z 

.. 

.. 
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4.3 ~~"lle:J.:Jfl112.lb ii'2.1ii''LI"lle:J.:J lt~ 1~·H~'Ub tlvivvn llll1t91~ij\9ivm~ti1lij~~Tnblil1~12.le:J~ 

fln'l~1f\112JL i2J~\.1"1Jel-\11t~ L~1 L ~'WL tlv{el'€lfl161!~.yiL 'V12J1~612J1 'Wfl11vl1tlnn~V1 tlUL€1'1..1 161!lJ fl11l.l 

Lilli'W"Ue:J.:J1t~L\111L~'WLtle:J{e:Je:Jfl161!~.yi1-ff ~€1 0.25, 0.5, 1, 1.5 LL~~ 2 mM 1'W61fl11~flfl'\~1fl1Ufll.l • 
fl11llLilli'W"1leJ-!1~111L61!1'11l.leJ~ 1 mg/l ~~~1V1'W~e:J61L~I'1U'V'JL~e:J{ 0.1 M ~Le:J"Il 7 fl11llLilli'W 

"1!€1-!IL€1'1..1 161!lJ 0.124 U/ml vimU'VIfllJ 25oC e-J~fl11fln'l~1LL61\11-!I~-!Ifl1~Vi 4.3 
' 'IJ 

100 

l 
~ 80 
0 
'-" --+-0.25 mM ~ 

0 
E 60 
ro -0.5mM ~ 
<11 
u 40 ro .... ---..-1 mM ro 

CL 
...... 

20 0 
~ -.-1.5 mM ro 
> 
0 
E 0 -.-2 mM 
<11 

0:: 0 30 60 90 120 150 180 210 240 

Time (min) 

[11~~ 4.3 ~mJ~~fl1'~rl1lij\11~111blll11'11l.le:l~LVitJUnUL 1~1 L~e:lbtl~ti'WLL ti~.:Jfl112JL iJl.liJ'IJ 

1t~ 1~1b~'IJLtlvivvn111l1t91 

~ 1fle-J61 n11fim~n~u-:l1n11 btl~ V'W LL 'l.J61-:J fl11l.l b illi'W"1le:J.:J1t~ L\111 L ~'WL 'l.Je:J{e:Je:J n161!~ije-J6119ie:J n11 

n1~\11~111L61!1'11l.le:J611 '1..11~uu L\11vvi1t~1mL~'Wb'l.Je:J{e:Je:Jn161!~ 1 iJ61~L2.lm{ ?i.:Je-J611 ~iJtJ1~~V16f11~ 

fl11n1~\11~111L61!1'11l.le:J611~61-:J61\11vi~em61~ 66.47 vi"ll1-:JL1611 90 '1..11Vibb1fl m~mh11~111t~L\111L~'W 
'IJ ' 

btJe:J{e:Je:Jn161!~vi'1tJnn~mn'l.ILmvi'11~Ln\11 oH· ~'1..1 611-:~ oH· viLn\11~'1..1~~1tJvi'1tJnn~mnu~111b61!ml.leJ61 

L\11 v iJ b e:J'W 161!l1 b tl'W ~1 b ~ .:J'l.J n n~ v 1vi' 11 ~f\1 1ll b i2.1i'W"Ue:J.:J~111 b 61!1'11lle:J6161 \1161-:J 611-:J b e:J'W 161!l1d~ ~ b ~-!! 

tJnn~me:JeJ n"Bb\11-ti''W L\11fl 1 mt~ L\111 b~'Wb 'l.Je:J{e:Je:Jfl161!~ b tl'W~1-ru~ b~fl1'11eJ'Wbb61~€le:Jfl6811?lG1iu61 bi'11VIvi1 ~ 

~b~flm€1'1..1 LLI9it;)1fl11l.l b illi'W"1le:J-:~1t~ L\111b ~'Wb tJe:J{eJeJn161!~l.l1mn'l.l 1 tJ~~v111 Vi1t~1\111b ~'Wb tJeJ{e:Je:Jn161!~ 

vl1'l.Jfln~mnu OH" Lfl\11Ltl'WJ1bb61~6111e-J~I?1.ti'ru-vl~'W (H02") 611-:Jvi'11~fl11llbilli'W"1le:J-!I OH" 61\1161-!1 bb~1 

L tJvi'1tJn n~ m tlU~111 b61!1'11l.leJ611~'tJeJV61-!I ~-!lvl11 ~'l.J1~~V16 [11~ 1 'Wfl11rl 1~ \11~111b 61!1'11l.l€16161\1161-!1~1 tl 

L~e:J1oHfl11llLilli'W"1leJ.:J1t~11?11L~'Wb'l.Je:J{e:Je:Jfl161!!'1~1fll1 1 iJ61~Ll.lm{ ~eJ 0.25 LL61~ 0.5 iJ61~Ll.lm{ 

~Ul1 bb '1..11 LoW2J 1 'Wfl11 rl1~ \11~ 111 b61!1'11l.leJ61iJ'l.J1 ~~VI6fl1~oWeJ tl fll1 f\1 1l.l b i2Ji'W"1le:J.:J1t~ L\111 b ~'1..1 

b'l.Je:J{e:Je:Jfl161!~ 1 lJ61~Ll.lm{ 611-!!1 'W"li1-!! 90 'W1Vi Lb 1fl 611l.l11tl rl1~1?11~ b ~tl-!l~e:Jt161~ 8.41' 22.32 
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m11r;h~'U L tieJ-:J"il1 f11"11111L -b'11-ii'U"!JtJ-:J1~ 11'11 L"il'UL UtJitJtJ n 1'1.l~~m 'U1~'U'U hh ~ tJ-:!Yltl~tl n11Vh 

'I.J fi fi~ tJ1tl'UYl111 L'l.l9'1111tl!;l vh 1 ~'bJr;111111t1 LLI'l f1~11~ L tl'Utl'U11!;l ar;11~ 1~111f1Yltl~"il ~~'Utl'U'Vl111 
d.J ''U 

L'l.l9'1111tl!;l LL!;l~ L~tJ1 if11111L -b'11-b''U"!JtJ-:J1~11'11L"il'UL UtJitJtJf1 1'1.l~~r;'I-:!Wh 1 lJ!;l~111mi fieJ 1.5 LL!;l~ 
'U 

2 lJ(;l~111mi n'Vl'U11U1~~'Vl5.fl1Yln11fh~l'lYl111L'I.lm11tJ!;loUtltJf1111"11111Li11i'U"lltl-:J1~11'11L"il'ULUtJi 

tltlf116!!~ 1 lJ(;l~111miL"li'UL~W.lfl'U ~-:J1'Uori1-:J 60 'U1ViLL1f1 r;'l11111t'ltl1~1'11~~tltJ(;l~ 56.63 LL!;l~ 

56.73 m11(;\'1~'U L tl'U 1 'I.J1~"J11"11111 L i11i'U"!JtJ-:J1~ 11'11L"il'UL UtJitJtJ f1 16!!~r;'l11111t'l LLI'lf1~1 L tl'Utl'U11!;l 
' 'U 

~-:~vh1~m1tl1~1'l~Lnl'l~'U1'U1~'U'U!;ll'l!;l-:JL~v-:~L~n.UeJv ~-:JI'l1-:Jtl'U-:J1'Ui~CJ"!ltJ-:J A. Deva et al. (2014) 

~Pimnm11 iLtJ'U 16!!l1L 'I.JeJieJeJn68LI'lr;'l"il1nn~vr~11'ltlf1 (Brassica oleracea) 1 'Un11tJTUI'lYl'UeJ(;l1 'U 

J1L~tl Yl'U"J11~ 11'11L"il'ULUtJitJtJf1 16!1~~ 1 lJ(;l~111!;l1i i11"11111L 'Vf111~r;'l11 ~vh 1 ~~tJCJ(;l~r;'I-:Jr;'l\111 'Un11 
'U ' 

tl1-.rl'lYJ'UtJ!;l Ltl'U 66.5 LLr;=t~ n11fh~l'lYl'UeJr;=t(;ll'l!;l-:!L~tlf11111 L i11-b''U"!Jtl-:! 1~ 11'11L"il'UL UtJitJtJ f1 1'1.l~ 

L~11~'U LLr;=t~f1~1Vtl'Ut:-~r;=t-:J1'U"!ltl-:J A. B6dalo et.al. (2006) Pim~nm1n1~1'1 4-fl(;ltJb~'UeJr;=t~1tJ 

L'I.JeJ{eJeJn68LI'lr;'l"iJ1n51 Lvr~eJ-:JLLr;=t~ 1~ 11'11L"il'UL 'I.JeJ{eJeJn 16!!111wr-:~uijmruLL 'U'U~m tie1-:~ Yl'U"l1i1m1Pimn 

n111if11111Li11i'U"llel-:J1~11'11L"il'ULUeJieJeJf11'1.ll1 6 fl1 fieJ 0.5, 1, 1.5, 2, 2.5 Lbr;=t~ 3 lJr;=t~111mi 

~-:!f11111L-iJ11-iJ'U 1 lJr;=t~111m{ i1L'I.JeJ{L~'U~n11tl1-.rl'l~~n"J1 mh1111~11'11L"il'ULUeJ{eJeJn16!!~~~1f1rJ1 

1 vr~eJr;'l-:!11 1 lJr;=t~111mi "il~1'1.Jt!'U~-:Jvh1~LtJ'U1'1.ll1L~eJ11 LLr;=t~~n-:J1'Ui~v"!lm F. Jamal et al. (2012) 
'U 

Pi mn n11 L ~11'1.J1~~'Vl5 .n 1Yl n11 n1~ 111~ EY tJ11 LLr;=t ~ n11 L 'I.J~ V'U L Vi CJ 'U'I.J 1~~'V16 .n 1Yl1 'U L 'I.JeJ {eJ eJ n"B Ll'lr;'l 

'U~r;'I'V1B"il1f1'U1'UDtJ11 Yl'U111 'Un11Pimnm111Li11i'U"lleJ-:J1~11'11L"il'UL 'I.JeJ{eJeJn 16!l~"il~Pim~1~ m111 
' 

Li11i'U~-:!LL~ 0.2, 0.4, 0.6, 0.8, 1, 1.2, 1.4, 1.6 LLr;=t~ 1.8 lJr;=t~111mi Yl'ULUeJ{Ls/i'U~n11r;'ll'l~~;ft''U 

L~elf11111 L i11-b''U"tltl-:l 1~ 11111 L "il'UL UeJitJeJf1 16!1~ L ~11~'U ~-:! L 'I.JeJiL~'Un11!;ll'l~~~~r;'ll'l~f11111 L i'Ui'U 0.8 
' 

LL!;l~ 1 lJr;=t~111m{ r;i1'V!~'Uf111r;'fr;'t1CJLLr;=t~Uijn~tJ1"!lel-:!~EJtl11tJ-:!fl-:Jr;'f11111t'li1t:-~r;=tf:i-:~ 1.2 lJr;=t~111r;=t{ ~tJ-:1 

r;'l11111t'l!;ll'l~EJtl11 1~~ L~elf11111 L i11i'U"tltl-:! 1~ 11111 L "il'UL 'I.JeJ{eJtJ n 16!1~ L ~11r;'I-:J~'UL UtJi L~'U~n11r;=tl'l~ fl 
'U 

r;:tl'lr;:t-:1 LL~-lJI'lLLEJ-:!tl'Ut:-Jr;=t-:J1'U"tltl-:!'51111~f1~ P!~r;'ln1r;'l (2547) Pln'1~1L~tl1tl'Un11tl1~1'lr;'I11U1~f1el'U 
' 

Yl'UeJr;=t1 'UJ1~-:1 11-:J-:!1'UJ1iJ'UU1~11 11'ltJn111iLeJ'U hl1L'I.JeJitJeJf168LI'lr;'l"il1f1 1 'Utl1-:!Yl111 Yl'U11 n11L~11 

1~ 11111 L"il'UL 'I.JeJieJtJf1 16!1~~111 tl'U Lel'U 16!!l1 L UtJieJeJn68LI'lr;'l,f'U 111 1~-ri1V 1 'Uf111 rl1~1'lr;'I11U1~ f1el'U~'Utlr;=t 

111nun 11'lv 1~11'11L"il'UL 'I.JeJieJeJn h~f11111Li11i'U 3% 1 ~U1~~'Vl5.n1Ylf111n1~1'lr;'f-:Jf111m11~L~11 
'U 

1~ 11111 L"il'UL 'I.JeJ{tJtJf1 16!1~ L~CJ-:1 5% LL~L~m ~111"11111L i11i'U"tlel-:J 1~ 11111 L"il'UL 'I.JeJieJeJf1 16!!~f1~'U'Vh 1 ~ 

'I.J1~~'V16.n1Vl1 'Um1n1~1'lr;=tl'lr;=t-:J LtieJ-:~~U1nf11111 L -b'11i'U"llm 1~ 11111 L ~U'UL 'I.JeJ{eJeJn 16!!~~mn Ln'U 1 uvh 1 ~ 

'I.J1~~'Vl5.n1Yln11U1DI'lr;=tl'l(;l-:J 
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4.4 e..J!;'I"Uv.:~m~btl~tJ'IJbbtl!;l.:~fi1fl11~btl'IJn~fHh.:~oue~.:~~1~!;1::mtJ~ii~e~m~rhc5'fl'V'l1~1b&U~1~v!;l 

Pim~nm·Hh~'fl'V'I1':i1L"ll~1~v(;'l~rhm1~Ltl'IJmfl-~1~ 4, 5, 6, 7 LL(;'l~ 8 ~iie.m~tJm':i'I-11~1'W 

"1le:J~LtJ'W1"ll~ 1'W6'f.n11~Pim~1fl1Ufl~ fl11~Lil~il'W"lle:J~'V'11':i1L"ll\Jl1~tl(;1 1 mg/l (;1~m~1'W'v·ltJ6'fb'VJ\Jl 
' 

u'VJL'VJtJ{ , tJ~SBL\Jl\9\U'VJL'VJtJ{ LL(;'l~ 'V1~6'11eJLfl':ifl(;1e:J\':i~u'VJL'VJtJ{ 0.1 M fl11~Lif~iJ'WLtJ'W1"ll31 0.124 

U/ml fl11~Lil~il'W"lle:J~1eJLfl':iL':il'WLtltJ{tJtJn 1"ll~ 1 mM VimuVI.niJ 25°C e-J(;1n1':iPin~1LL6'ffl~~~.n1'V'I 
' " 

d 
'V1 4.4 

100 

........ 
:::R 80 0 ._., 

0 
E 
ru ..... 60 Q) 

-+-PH 4 

u 
ru ..... 
ru ---pH 5 
a.. 
'+- 40 
0 

_.J 

-.-pH 6 
ru 
> 
0 
E 20 
Q) 
a:: 

-?IE-PH 8 
0 

0 30 60 90 120 150 180 210 240 

Time (min) 

':il1 ne-J(;l n1':iPi n~1'V'IUl1 Lntlii n1':i L tJ~ ~'W LL U(;'l~rl1fl11~L tJ'W n':ifl-~1~"1Jtl~6'11 ':i(;1~(;11 tJ'V'I1':i1 

L"llm~tJ(;'l 'l-111~ri1m1~LU'Wmfl-~1~~ 7 iitl':i~i1'VlTI.f11'V'In1':in1:5'fl~~~6'ffl~tJtJ(;1~ 66.47 ~~-:u~ 
' 

n1:5'fl1~~ 'W"li1~ 90 'W1Vibb ':in V!a~-:u1nt!'Wtl':i~i1'V1TI.f11'V'In1':in1:5'fliin1':i(;'lfl(;'l~Lnm 1mL ~~~'W a1V1-ru 

rl1fl11~L U'Wmfl-~1~~ 4 bb(;'l~ 5 iiLb'W1L u~m':in1:5'flfl~1tltl'W ~~':il~6'11~1':itlrl1:5'fl1~~~6'ffl~'e)tJ(;1~ 
' 

21.32 LL(;'l~ 43.19 \Jl1~~11ii'u ~nm 90 'W1ViLL':in Vla~-:v1nt!'WiiLL'W1Lu~m':in1-;ijfl(;'jfl(;'l~Lnm1m 

L~~~'Wb"li'Wn'W LL(;'l~~rl1fl11~LU'Wmfl-~1~~ 6 bb(;'l~ 8 iiV\fl'V11~n1':irl1-;ijfl~~~6'ffl~L1m 90 'W1VibL':in 
' 

n1-;ijfl1~~'e)tJ(;1~ 61.06 LL(;'l~ 43.71 \9\1~~1~u Vla~-:u1n~'Wbnm1(;11L~~~'Wtl':i~i1'VlTim'V'Im':in1-;ijfl 

':il~(;'lfl(;'l~ ~~m':i L tl~ tJ'W Lb '\.J(;'l~rJ1fl11~ L U'W mfl-~1~ iie..~(;1\>ltJ'Y'11':i1 L"ll\9\1~tJmL(;1~'\.J':i~i1'V15.n1'V'11 'W m':i 

n1-;ijfl'V'11':i1b"llm~tJ(;1 Lna1iri1~Ltl"ll~iim1~Ltl'Wmfl~'e) ~Ltl"ll~ 4-5 tl':i~i1'V1TI.n1'V'Im':in1-;ijfl-:v~~1 

m-:u L tl'W L 'V'I':i1 ~ri 1 f\11~ L U'W n ':ifl L .U11 tl'l-11(;11tJ6'f.n 1'V'I"lltl~ L tl'W 1"ll31 b -dtJ~ -:u 1 n L tJ'W1"ll~ b U'W 1 tl':i~'W 
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1~vrh~La'U 161l~nu6111~'1~'U~'U~L 1t:Wb ~'I hl611l.l11t:l..iju n'U 1~v!'1a..iju n'U 1~tnn L 11a'l'l1m'lh1'1'lla'l 
" 

ba'U 161l~ b LJ~ ~'U1'lJ'VI~aLa'U 161l~ bn~m1b~ ~61Jl1~ 'Ua n'11niicr '~~'~ ~"'{9)a'lJ1~'l"lJa'I6111~'~~'U~ b -u'Tvh 
" ' 

LJ~n~m~1~ LL{9)L~a1irh~La"ll~i1m1l.lbU'Unm'l~avha'll 6-8 '1~611m1t~rh..ij~1~&ln11 ~'l?la~l"l~a'l 

O'U'I1'Ui..ij ~"ll a 'I A. Deva.et.al. (2014) Pi n~1 fl111 i b a'U 161l ~ b 'lJ a {a a n~h~?l '11 n n ~'VI~ 1 ~an 

(Brassica oleracea) 1'Wfl11'lhu~YJ'Ua(l1'UJ'1L~~ 1~vhfl11Vl~(la'l1~~1irh~La"ll~'lbb{9) 3.6 - 7.0 

bb(l~~'U'h 1 'U"lh'l"lla'lrl1~ ba'll 6.5 - 7.0 bb61~'11 ~\ ~'Ufl11vl1'11'U"lla'l ba'U 161l~~i1'lJ1~~Vl5Jl1~~&1 

;;11VI'!uba'U 161lii~i1ri1~ La"ll~1'VI~aa~ '1 'UoU1'1~ L U'Um~ v\'11 ~\a'W161lii61 ru L?l ~?1m~ ~ 'lfl~ 111~11ri1~ La'll 
" " v 

~LU'Unm'IL'VIl-l1~61l.lnuL'lJa{aan•llb~61'11flfl~'V1~1~an ~a ~ La'll 7 .o ~'lcJ'Iill"l11l-ll"l~1~1"l~'ln'U'I1'Ui..ij~ 

"lJa'l Alemzadeh and Nejati (2009) Pin~1fl11n1..ij'~YJ'Ua(l~1~vaVl?l11~'llb'lJa1aan•lh~61~~'1 ~u11 

~La'll~ L 'VIl.l1~61l.l;;11'VI'!u fl11vl1'11'U"lla'l La'U 1 "l:l~~a~ La'll 7 LLI9i;;11'VI'!u L a'U 1"1:1ii~~ 'l~ari1~ La'll'lJ1~mru 

8 m1l.l Lb~ n{9)1'1"lla'l~ba"llda1'1 b U'U~~l-l1'11 flf11~ 1 'U'lla'l La'U 1"1:1ii =5 nwd'I'I1'Ui..ij ~"lla'l z. Gong 

et al. (2015) Pin~1b~~10'Ufl11vl11 Vi'u~61VlBLL(l~l"lru61lJU~"lla'!ba'U 161lii1 ~~YJ'Ua~aan6B b~?l Lb~ ~ 
' ' 

L 'lJa{aa n6B L~61'11 ml.l~~ Lm~ ~ ~u11 ri1~ L a"ll~ b 'VIl.l1~61l.l;;11'VI'!u 1 ~~YJ'Ua~aa n6B b~?l bb~~ b 'lJ a{aa n 

6B L~61'U~61VlB'l1fl Ll-l ~~ Lfl1~~i1ri1~ La"ll L vhnu 7. o LL~~ri1m 1l-l L U'U m~61'1'VI~a~1'1 ~~ '~~~{9)am1 
' " 

vl1'11'U"lla'lba'U1"1Jii ~'IBfl~'lcJ'I~'U'I1'Ul..ij~~Pin~1"lJa'l Bayramoglu and Anca (2008) Pin~1 

La'U1"1lii;;11'VI'!un1..ij'~YJ'UamL~~~-I"l~a hYJ'Wa~ 1 'ULI"l~a'l'lJ~mru ~u11 ri1 ~La'lla~~'lJ1~l-l1ru 7 .o 

il'lJ1~~Vl5Jl1~fl11rh..ij'~61'161~'lJ1~mru 86 L'lJa{L~'UI'i' bb~~ 59 L'lJa{L~'UI'i' ;;1'1V1'!uYJ'Ua~ Lb~~~-
" ' 

l"l~~hYJ'U~~~1l.l~1~'U ~'liJ~~'I1'U"ll~'l Dahili et al. (2015) ~Pin~1m1f11..ij~ 2,4 -1~1"1~~ hYJ'Ua~ 

~1 ~ b ~'U 1"1:1ii vaVl6111~'ll L 'lJa{aa n"ll L~?lu~ 61VlB bb~ ~ v~Vl6111~"ll L 'lJ~ {a~ n6B b~?l~ ~~ '11~ ~ a'Uf111"l b a V1~ 
' ' 

L61l~~1~61LLVJ'I ~u11 ~~"lla'I~L~"lli11"l11m61~~1f11~{9)am1'Yl1'11'U1'W"li1'1~L~'ll 4.0 -10.0 ~La"ll~ 
" 

L'VIl-l1~61l.l'I"1'U~~L~'ll 6 L~m 'lJ~~uL Vi~uL~'U 161l~u~61VlBnu L~'U 161lii~~'~'U'UL~V1m "1:1~~ 1"'61nu'lJ111"1'11n 
' " 

Pin~1 fl11 n1..ij'~~111 b "l:lml.l~~~ij fl11 b 'lJ~~'Ubb 'lJ~'I ~ru'VIJllJ ~~'I ~~191 ~ fl11vl1'11'U"lJ~'I b~'U 1 "llii ~ 
' " 

~ru'VIniJ 25, 35, 45, 55 Lb~~ 65 oc 1'W61Jl11~Pim~11"l1'UI"ll.l 1~~1i~111L61lml-l~~~m1l.lboUl.loU'U 
' " ' 
1 mg/l (l~~1tJ1'U'I"l~61b'l"l~uvh'l"l~1 0.1 M ~L~"ll 7 leJ'U1"1JiJ~I"l11l.JboUl.loU'U 0.124 U/ml 

1v1~1b'l'Ub'lJ~1~an1"1l~~l"l11l.lboUl.loU'U 1 mM ~~m1Pin~1bb61~'1~'1f11~Vi 4.5 
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100 -
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40 ..... 
0 
~ 

ro 
> 20 0 
E 
ro 
0:: 

0 

0 30 60 90 120 150 180 210 240 

Time (min) 

1r~1~?l{1~"lleFJ~'trw 1"1l~.hLJ~tJ'UhJ~'U?l11~~:wl'i'tni111J11:Wn\ru~nrud~ (Active site) hi1~ v111~m1d~ 

LJ~n~tJ1"lle:J~~e:J'U1"1liivt:w~1LJ ~~~unu~1'Ul~tJ"lle:J~ A Oeva.etal. (2014) ~n~1m11-0\e:J'U1"1Jii 

~LJe:J{e:Je:Jn'B ~~?l~1f1 n:::vt~1~e:Jn (Brassico oleroceo) 1 'Uf111U1'iJ~~'Ue:JGi 1 'U,J1~a tJ ~mhTh 

~ LJe:J{e:Je:Jn'B ~~?l n1vt'U~~mwvtfl:D ~1~ 1 ~de:J ~e:J'U 1"1Jiib1 m ~:w ~ i 1:w11 'U1~'\J'U~?l:W~Gie:J ruvtfl:D1~ 1~tJ 
, '\.1 "' , lit \J 

20-30 mi"11~"1Jm6iltJ?l ~~Gi:::mwh~1'U"lle:J~~e:J'U1"1liiGi~Gi~~dm~:we:Jruvtfl:D?l~~'U m~nu~1'Ul~tJ"lle:J~ Vetal 
, " " 

and Rathod (2015) ~ n~1 ~ 'Vlri'Drl f111vl1 ~ LJe:J{ e:Je:Jn'B ~~?l 'OJ1 mLJ~ eJ n61':w1 ~'U~?l'Vlt ~u11 e-JGi"lle:J~ , 

e:Jruvtfl:D~iie-~Gi~mLJe:J{e:Je:Jn'B ~~?l fle:Je:Jruvtfl:D~ 30 e:J~I"11~"1Jm6iltJ?l ~1vt~'Ue:Jtuvtfl:D~?l~~'Uvl1L ~iJ~~ tJ 
, 'U , '\J , 'U 'U 

1 'Uf111vl1~1'U"lltl~ ~tl'U 1"1lii61~61~ m~ ~n~~1f1 ~tl'U 1"1lii ~~ tl:W ~ ~tl~~1f11"111:W{e:J'U ~~i\1 ir~?le:J~rlii' tl~tl'U 

~1'Ul~tJ"lle:J~ Bayramoglu and An ca. (2008) ~f1~1~e:J'U1"1lii~1vt-run1~~~'Ue:JGib~Gi~~-1"161e:J h~'Ue:JGi L'U 

~r~~e:J~LJ~mru ~1vt-ru~ruvt.!J:D1:::vt11~ 25-35 e:J~1"11~"1161~6iltJ?l ~u11 iim1~n~LJ~n~m1~~vt~e:JiiLJ1::: 

~'V1Bm~m1n1~~~~ ~~~~1vt-rue:Jruvtfl:D~ 45-55 tl~I"11~"/JGi~6iltJ?l iial'l11m1~mmmtJ~'Ue:J611~i1 , " 



32 



n. 
Q.81~ f,W~~~~8~Wt}~ t72TO ~~119tf1811:'8R.I1~!1~1rtLU.I f,W~8~flkU~~~ I ~~8!1LWII91Lf,LM!:-8R. 

11~!1~1rtLU.I~l }L~fll~~~ Z ~m1 ~d 'I '~·o '~z·o ~~119lU88}811111~1f,WV~tt-8R.I1~fl!J-111LU.I~l~l!ll 

~8!1LWII91 Lf,LM,l!l~L.\Jf,LU8~~f':li:'~~~ll9l U 88}811 m~ 1f,l!ll ~t 1:'8R.I1~fl}Jo 111LlbiLRU~f,LU m'~ 

• ~@flLWJMLJ;.LMl!l~LiJf,LUfl. J...l!llbt UBB}811 111&1!;.l!ll ~t 1:-@R.fl.!J-n:Jr 1n:Lt.bllii~~J;.LU~I':111J;.~ £"l"S 

IL"9t7 rl,ULI.t1,1B~I.11l!l~LUf,LU 1'1) I p;:. 1'1) 0 

MLU'g_IA,~~f,11l&LI1 0t7Z L~U~~~11 Uf, 11l&LI1 06 t-t.p.11 1 L tl"99 rl,lJL!A 1l!l~LiJf,LU~~~B}!J!:-~ f,W~~~~ 
n. • n. 

8~Wt}~ tlZI ·o ~l!l~N~,lft ~8flLWII91Lf,LMl!l~LiJtLUMLU'g_!A,~~f,l18~~f':li:'~~~ll9l 11811:'8R.I1!Jofl!Jo 1!1Llbl 
n. 

~l!ll 11~1:'~~8!1LWII91 Lf,LM,l!l~L.\Jf,LU~~~8}~ t ~f':ll:-~~1191 1181 1:'8R.I1,1Jofl}Jo 1!1Llblfl~ 1f,LU!J8~1 L~n,M, 
" . . n. • 

~~~mli91Lklt-8 ~z ~U'I.1rt'l8~~m1 L R.81~ }L~fll~~~ I ~~119tU88}811111~1f,l!ll~tt-8R.11JJ-n:JJ-mLw 

f,W~8~n:ku ~~~ I ~~8flLWII91Lf,LMt-8R.I1~fl~ mLt-blfl(,\n,r,~,~f,LUL_tA~ w1 ~8!1LWII91 Lf,LMl!l~LiJf,LUI1 t 

tJf,LflL~flLt-bln.~l& m~~11m~ 1 f,W~~~~8~wa.~ vzro 'z9o·o 'vzo·o 'zw·o 11~11~ mLr.bl~~ll9t 1181 

~ t ~l!ll ~8!1LWII91 Lf,LM,l!l~L.\Jf,LUMLU'g_!A,~~f,l18~~119t 11811:'8R.I1!Jofl~ 1 flLlbiLRU~f,LU m~ 

• ~Bn:LWJb1LJ;.LMl!l~LiJ!;.LU1'1. J...n:lbt f1.@1t'BR.1'1.fr11fr 1n:Lt.l!!llii~~J;.LU~I':111!;.~ Z"l"S 

I L ·917 ~~~8}n,n,~f,l1 t 8~1.1 1l!l~L.\Jf,LUMLU'g_!A,~~f,l1 
• n. 

l&LI1 0t7Z L~l1~~~11l&LI1 06 L~t-1~ Ltl"99 ~~~8kl!l~i:'~,lft~8flLWII91Lf,LM,l!l~LiJlJf,LflL~ f,W~8~ 

flkU~~~ I ~~8!1LW1191Lf,LMt-8R.I1~fl~ mLt-bl~~~11 ~:-~w~w~LiJf,LUMLU'g!A,~~f,l1~ t ~f':lt-~ ~8!1LWII91 
n. • 

Lf,LM,i:'8R.I1~fl!J-111Lt.l!!lfl~18~1 L~n,M, ~~~mli91Lkli:'8 ~z ~U'I.1rt'l8~~~11 L Q.81~ }L~fll~~~ I 

n. 
~~1191 U88}811 111~1f,l!l1f&tt-8R.fl.!Joll!J-111Llbl f,W~~~~B~Wt}~ t7Z1"0 ~~119l11811:'8R.I1~fl}Jo 1!1Llbl 

!1{,\n,r,~,~ tW~8~flkU~~~ OI ~m1 L '~'£'I ~~8flLWII91Lf,LMt-8R.I1!Jofl~mLr.kiL!b~l!ll ~811LWII91 

L f,LM,l!l ~Li.J f,L U ML U' g!A,~~ f,l18 ~ 11~11~ 1 ~ 8!1LWII9 1 Lf,L Ml:-8 R.I1!Jofl~ 1 IlL lbl LR U ~f,L U ~f':l 

~@n:LWJb1Lf,LM~~LiJ!;.LU1'1.l ~@n:LWJMLJ;.LMI:'@R.l'l.fr!lfr 1n:Lt.l!!llii~~J;.LU~I':111~~ l"l"S 

• • ::un,n, 11 !:'@ ~l!liA,J;.LUl!lJ1.Iilt.,lf~~1~U@@}BI1 1~JGt 1'1.@1 Iii t.,lf~Bn:LWJb1 L!;.LM~~LiJiii~~J;.LU ~l':lfl.J;.~ l"S 

• n. • 
!}1:-~,lft ~f':l[bf,~lJf,LflL~i:'~ l:U'I.1rt'l8~m1 i:'L~-l!lW11f; 111Lll!!IL~ ~1191 U88}8111 
" . 

11~ 1 f,l!Jl ~tt-8R.11,1Jofl}Jo 1 IlL ll!!l ~1191 1181 1:'8R.I1,1Jofl}Jo 1!1Lll!!l ~8!1LWII91 Lf,LMI1~fl~ 1 flLll!!li:' ~11 1111~ ~111 f,LU 

LRU~f,LUL_tA~l!ll U8l!lL~I.1~UI1L~UL~~l!l1£!U88}811 1~1191 1181~ 1 ~l!ll ~81bLWJb1Lf,LM,l!l~LiJf,LU 

• ~m1 ~n.~mlh~~1mM .. ~1':1f1.!;.~ 
"' "'""' 
~ IA.IA.Il, 

F' 
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LUeJ~e~e~n1'lliJ'.il~bLJvhu~n~~1n'U OH" v'h1~ OH"1'W'j~'IJ'IJ(;'I~(;'I~ G'i~t:J(;11~'lh~~'Vl5.fl1'Wn1'jfh;ij'~ 

"~"~ ~~rn1~L .U~i'W"lleJ~1~1mL"il'WL ue~~e~e~n 1'llilvi1 iJ"~1~m{ iJt:J(;'In1'jfh;ij'~vi~vi6'1~6'11~1'jt;) 
' 

n1~~1~-re~~"~ 66.47 vi 90 'U1VJLL'jmL"~vinm 240 'W1VJ rhm'jn1~~LVI~mvhn'U 46.71 

5.1.4 a'jtlt:J!;Im~11ijv m~b tl~ a'UbL tl!;l.:~rhfll11~ L tlun~~-~1.:1 i. um~n11ij~'W1'j1 b6l!W11~e:J!;I • 
t:J(;'I n1'jPl n'\~1 n1'j L u~ ~ 'U LL U(;'l ~ rl11"111~ L U'U n 'j~ -111 1~ "lJ eJ~G't 1 'j(;'l ~" 1 ~ 'W1 'j1 L "11m~ e) (;'I 

~eJn1'jvl1~1'U"llmLeJ'W1"lll11~~v11m'jPlm~nviri1~LeJ"ll 4-8 1"11'Uf1~rn1~Li~i'W"llm'W1'j1L"llm~e~"vi 
' 

LU'Wm~-1111~ G'i~t:J(;'I~eJtJ'j~~'Vl5.fl1'Wn1'jfl1~~'W1'j1L'l!W11~eJ" ~~f11m1~LU'Wm~-l111~vi 4 LL(;'I~ 5 

U'j~~'Vl5.fl1'Wn1'jfl1~~i!eJ~ fl1~~1~L~~~-reJ~(;'I~ 21.32 LL(;'I~ 44.32 1?11~~1~'\J L~eJ1ir11rrJ1~LU'U 

m~-l111~vi 6 LL(;'I~ 8 6'11~1'jt;)fl1~~1~-reJ~(;'I~ 61.06 LL(;'I~ 43.71 1?11~~1~'\J hwf11~LeJ"ll 7 iJ 

tJ'j~~'Vl5.fl1'Wn1'jfl1~~6'1~6't~~eJ~"~ 66.471'W·lh~ 90 'W1Vl LL(;'I~vinm 240 'U1Vi U'j:::~'Vl5.fl1'Wn1'j 
'U ' 

n1~~LV1~mvhn'U 46.11 

5.1.5 a~tl~!;lm~11ijvm~b tl~mJbb ti!;I.:Je:J ru'VI.ni11 um~n11ij~'W1'j1 b6l!W11~e:J" 
• • 'U 

0 0 

Vi 25, 35, 45, 55 LL(;'I~ 65 eJ~I"11L"lJ(;'IL&g~6't 1"11'Uf1~1"111~LiJ'UiJ'U"lJeJ~'W1'j1L"ll\Pl1~eJ(;'Ii/i 1 iJ(;'I~n1~~eJ 
' 

5.2.1 L ~eJ~"il1n m'j1 i L e~'W1'lll1n1~~-w1'j1 L'lll?l1~eJ" m"ili16't1'j t:J ~ l?l.ll ru·~hn~~'W 1 'U'j~'IJ'U 

~ ~ 1"11 'jij n1'j Pi n'\.11 el\?1 'j 1G'i1'U6't 1'jt:J ~ l?lJl rusnvi L fi~~'U n'U"i:'l 1 'j'W 1 'j1 L 'II 1?11~ eJ (;'~vi LVI~ eJ eJ ~ L 'U'j ~'U'U 
'U 

5.2.2 eJ'W1"lld1vi'l11~11m 'Uf1~~.Q'LU'WLeJ'W1"lld1VItJ1'U ~~iJ'lh~~'Vl5.fl1'Wn1'jfl1~~ 1~~ V11sffe~ 1~~1~ 

LL~iJ'U1~·~h~VI~eJ'U1~fl~"iJ~ 1~iJn1'jU(;'Inn~VI~1~eJn"ll1~ vl11 ~mn LLfln1'j~~VI1'!11m 1m 'Un1'j1~~ 
"I" '" 

~~f11'jilm'j1i~"ll"lliJ~~'WLL'Vl'W L"li'W ~1LVI~eJ~ ~nm~tJ~ 'U~e~n11"1~ LU'W~'W 

5.2.3 "il1nm'jPln't11n1'jfl1~~'W1'j1L"llmlJeJ(;1 1 'Un1'j'Vl~"e~~i1 n1'j(;'l~m~ t:J~'W1'j1 L"lll?l1~eJ" 1 ~ 

1~1"111~ L iJ~iJ'Uvi~eJ~ n1'j LL(;'I ~'111~1Pi n'l~1U'j~~'Vl5 .fl1'Y'l n1'j fl1~~ ~~ 1"11 'jiJ n1'j Pi n'\.11 LL(;'I ~ L tJ~~'U L Vi~'U 

n1'jfl1~~'Y'l1'j1L"lll?ll~eJ(;'I 1 'Un1'jJ'1L~~rr~Lf1'j1~~ L ~eJ~U'j~~'Vl5.fl1'W 1 'Un1'jfl1~~'Y'l1'j1L'l!l?ll~eJ(;'I 
'U 





bb'UI"IVib~tt Oscillatoria sp. 1Vltt1'UV'It.Hh.flqJqJ11VlCJ11"11G'I~Wall'V!1Uru~\>l: 

llvt11Vlm~CJI"l~'I..II"I~Vl'i11 'i~. 2556. 

~'I..IG'Il!ru dlli1'1..1. n1<;ifl1~~6'11<;i'th::nv'UW'I..Iv~1~m\Jv~vvn~b~6'1i/i1;Jlil1n16'1~bvtiivv1'~vn:~ • • 
n1<;ibn~~<;i. 1VlCJTUV'I'I..ItS'lJ~qjqJ11Vlmi"11G'Imllvt1Utu~\>l: ~'141~ .. :Jn'itUllvt11Vlm~CJ, 

2548. 
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~1mru G'lv't.r'J~'\..11. ~n~ru::6'1llU~"llv~b'lJv~vvn~b~6'1L'1..1~1:U''I..I~1\J::vt~~ Manihot esculenta 
"' 

Crantz 'VI~~n1<;ibn'Ub~tt1. 1VJCJTUV'I'I..ItS'lJ~qJqJ11Vlml"116'1\>l'illvt1uru~\>l: 

~'141r.l..:Jmrul!vt11Vlm~CJ, 2544 . • 
Vl'i..:J'I"l£.1 1"1~'1..11£.1. "Paracetamal Toxicity", 11<;i6'11'iU~b1"lll"116'1\>l{ 6(1): 82-86, 2557. 

5tr'J"ll 5'1..11"1~G'Ii1\>l. <;i1ti~1'U1~t:.J'UV1'U1'VI"llv.:ibv'Ub&llaJ catalase bb~:: ascorbate peroxidase 

~vn1<;i'VI'Ub~ll"llv~ Aphathece halophytica. n~..:JbVl'l"l"'l: ~'141£.1-:Jn'itUllvt11Vlm~CJ, 

2546. 

5'1..11'1..1 qj1LtuVlCJ. n1';i\>\O\>l::nv'U'V-l1'i1b&ll\>\1llv~ 1~~:.~1il Supercritical Anti-Solvent (SAS). 

1VJCJTUV'I'I..ItS'lJ~qjqJ111"11n1'ill1"11Mt'illvt1Uru~\>l: llvt11Vltl1~m Vli"IL 'W Lr.lV 

... "" 
V'l'i~~vl!bnr.l15'U~'i, 2551. 

5'i'il!~n~ 1"11G'I"ll 16'1. n1<;ifl1~~6'11<;i\J<;i::nv'UW'Uv~ L'U~,v1'~ 1 <;i~~~1'1..1~1:U''U'lJ1~lll~t:.JnT~L ilbv'I..IL&llaJ • 
b \Jv~vv n~b~6'1lil1n 1 u t:.J1~'V-l1<;i1. 1VJmiiV'I'I..ItS'lJ~ qJqJ11Vl CJ 11"11Mt'illvt1Utu~\>l: 

ll'V!1lVltl1~tiG'I..:J"lJ£.11'1..1fl~'I..IV1{ 254 7. 

ii\>lm ..ij'\..1681 bbr.l~flru~. "m'it:-~~\>\Ll!Lr.lLfl'l..lv£.1 bbv'I..I~'\.Jv~~1bV'11~~m~V'11bb 'i'I..I-B'mvl\>\1 \J'i~1vn~tl 

bbfl'l..lvi~\91umn~1 CJ bv'W 1"1l~vv~G'I'i1~"ll b LJv~vvn6Bbl916'16'11vt-ru..:~1'1..1m1~Vl1-:J.niJfi'l! n'l..l 
'U • 

1Vlm", 11<;i6'11<;ib'VIf1ilf1m';jbb'V-l'VI~h~v~1'VI~. 41(3): 167-174,2551. 

V'I-:JI"15'i vtvm-:~,; bbr.l~flru~. n1';in1~~1:.11'V-l1<;i1b&ll\>\1llv~bb~::'Uv~'W~vn&ll1~'WL'UoU11~~:.~ 

m::u1'1..1n1'ibb 1RtJBllB~\>l';i1111m~\>l. mqJqJ1iiV'I'I..I511"11m'illi"11G'I\>l'iuru~\>l: 

llvt11Vlt11~tl"llel'l..lbbtl'l..l, 2555. 

V'IV15-rmn V'IV15Lf1 bb£.1~-rru~Tu 1"1~G'I'U1r.l. m';ifim~t1n1';i~'U~~bv'U16lllli.Vlh~h'U6'1~1t:.J6'11';i6'ln~ 
, " Cl.l .. 

'VII:.I1'\.Jlil1m1mh'U1~. mqJqJ1iiV'I'U51VJml"116'1\>l'iutu~\>l: llvt11VJm~CJ'i1"!l.ll!J 

'\..lf)'j'j1"1J~ll1, 2547. 
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tl"llm l..I1\W)'I,; LL61~E;'I ~ru1 ~'W 1 'Vl. nT~flim~n~.n11::vlL'VIl..l1::~l..I1'Um'Hhlij'~~'Wv!;!L~~1cijLv'WLBlf~ 

Ltlv{e~e~n~L~~~1n~'U~hti::'VI~'ILL61::~'Ub'VIfll. mqJqJ1tl'Vi'U51'V1~1fl11E;'I\Ol~Uru4iiOl: 

uvn1'V1EJ1~~~1'll.fi'£p161t~e:~61-:~mcl, 2541. 

~e:~it1 m~1tl~~'~61t]'IS~ LL61~'l.n1'Vi~ ~'W'Vl~U1'Vlm. ~1~'11'W1~m~e~'ln~n~~l..l"llv'ILv'WLBlf~ 

Peroxidase nuti!Jn'i~1~v b~fiL'VI~"tlv'l"ll11tJ1'1oW'U~. UVJl..I'51'U: ~'Utll~E.JoU11 

ti'Vll..lli111, 2553. 
' 

2012. 

161''W~ ~-:~1.nfi1'W'Wvl LL61::flru~. "fl11l..l61'l..I~'W5"tlmn61\0111u beJ'W, n6110l11u 1m.!LtleJ~eJeJn68L~61nurh 
'\J '\J 

'V11'1b61~\0ll'V1EJ1 LL61~rl1Lfliifl~tln 1'U61U"tl b\OlL~l..llEJ LL61::61U"tl61'1el1tl ", 
, , "U , 

L1i~'IL'VI~~\011bb'W'VI~~1~. 3(1):21-29, 2548. 

Pi~'Vi~ ~'W'Vl~fi~. m~1Lfl~1::~tl'il..l1ruv::LBlf\Ol1in'WLW'W1'Wwm~l..I1L~mm~ubVi~u~::w;h'~ 

b'VIfliAfl1l..ILBll!;1611{ ~fl1~ 1fl~l..l11 'VI~m1w~ bb!;l::b 'VIfliAfl~b 1v{m w~~fl1~ 1fl~l..l11 'VI~ 

m1w~. 61-:J"tlm: l..IVI11'Vlm~mifn;;ru, 2543. 

'lim L:U~qjfll~ LL61~1~1'1fiUJ1 ~'161fl. "m~61~61'1"tleJ'I~~~u glutathione peroxidase activites 
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'\J • 
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1.1 LIJ11CJll?I1"J~~mCJ 1~1\9l"Jfl~e:J~n (HCl) f111lJLoUlloU'U 5 M 

L~JJ1CJll?I1"J~~mCJ 1~1\9l"Jfl~e:J~n 410.5 iJ~~~m (l~1\9l"Jfl~e:J~nf111l.lLoUl.loif'U 3 7%) LL~~ 

tH\J'\.J~l.l1~JJ"J1~\tJu 1 ~m 1u"ll1t91'\.J1't.J'\.J~l11m 

1.2 L~JJ1CJll?I1"J~~mCJ 1 ULL\Jl?IL61iCJlJL~e:J~n 1"llCJ11ulii' (Potassium ferricyanide) 0.002 M 

i-:~1 ULL~JJ?IL61iCJl.lL~e:J~n 1"llCJ11ulil 0.66 n1'll L~mn-:~~1CJ~1niuLL~~'\.J1't.J'\.J~ll1m1~LtJu 

1 ~m 1u"ll1t91'\.J1't.J'\.J~ll1m 

1.3 L~JJ1CJll?f1"J~~mm~e:J{~flfl~e:Jhlil (Ferric chloride : FeCl3 ) f111l.JLoUlloU'U 0.1 M 

i-:~L~e:J{~flfl~e:J1"JiillJ1 4.05 n1'll L~mJ1'1~1CJ~1ni'ULb~~'\.J1't.J'\.J~l.J11Jl"J1~LtJ'U 

250 iJ~~~m 1 'U"ll1t91'\.J1't.J'\.J~ll1\Jl"J 

2. n1"J1bfl"J1::~f111lJL oUlJ'ti'UV'l1'a1b~\Jl1lltl~ 

2.1 LIJ11CJll~1~1tl~1'1 10 ij~~~m1?1l'U'Vf~tl\91Yl\9l~tl'l 

2.2 L~ll 0.002 M ?11"J~~mCJ1'\.JLL\Jl?IL61iCJlJL~e:J~n1"llCJ11ulil '\.J~l.l1~JJ"J 2 iJ~~~m LL~~L~ll 

0.1 M ?111~~mm~e:J{~flfl~e:J1"Jiil '\.J~mm 0.4 iJ~~~\Jl"J L"ll~11~LoU1tl'ULL~1~'1~'111 10 'U1Vi 

2.3 L~ll 5 M ?11"J~~mCJ1~1mfl~e:J~n '\.J~l11\Jl"J 1 ij~~~\Jl"J L"ll~11~L-if1n'U~'I~'I1-TI~ 

Ln \9ltJ5n~CJ1 20 'U1ViLL~Tt.'h1'\.Ji't91rll ~\9ln~'ULL?I'I~f111lJCJ11fl~'U 715 'U11'ULllm LL~TW11'\.JLViCJt.Jtlt.J 

n 11~ll1\Jl"J~1'Uf111ll L oUlloU'U'V'l1"J 1 L "ll\Jl1lltl~ ... 

3.1 L~JJ1CJll?f1"J~~mCJ Stock solution 'V'l1"J1L"ll\Jl1lle:J~Vif111llboUlloU'U 1,000 ij~~n1'l.ll'ie:J~\Jl1 

i-:~~-:J'V'l1"J1L"ll~JJ1lle:J~t.J~?!Yl~ 1 n1'l1 L~mn-:~~1CJ~1niuLL~~'\.J1't.J'\.J~ll1~JJ11~LtJu 1,000 , 

iJ~~~~JJ"J1'U"ll1t91'\.J1't.J'\.J~ll1\Jl"J 

3.2 LIJ11CJll?l11~~mCJ'V'l111L"ll\Jl1lltl~f111llL-iflloU'U 10 ij~~n1'lll'ie:J~\Jl~ 

\"JL'\.J~JJ Stock 'V'l111L"ll\Jl1l.le:J~ l.l1 2.5 ml L~mn-:~~1CJ~1niuLL~~'\.J1't.J'\.J~ll1m1~Ltl'U 

250 iJ~~~m 1 'U"ll1t91'\.J1't.J'\.J~m~JJ1 
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• 

1. n1'H\Pl~f.J116'11'Hil::"1m'hVI~tJ1Lfl 'i1 ::\·hm.J1fij:W'btle:J{eJeJfl~b~6'1 

1.1 fl1'H!Pl~tJ11?f1'j"~mtJYIE?!LYIIPlDYhvle:J{ 0.1 M ~Le:J"ll 7 

47 

?f1'j"~mtJ n : 0.2 M dibasic sodium phosphate (Na2HP04.2H20) L~e:Jiil1-:J~'JtJJ1ni'U 

tJ~\.JtJ~l.l1m 1 ~LtJ'U 1 ,ooo iJ"~~\Pl'j 1 'U'V1~tJ'!utJ~1J1!Pl'j 

?f1'j"~mtJ 'V : 0.2 M monobasic sodium phosphate (Na2H2P04.2H20) L~e:Jiil1.:1~1 tJ 

J1ni'ULL"~tJ'!utJ~m!Pl'j 1 ~LtJ'U 1,000 iJ"~~I'l'j 1 'U'V11?ltJ'!utJ~ml'l'j 

e.J?fl.J?f1'j"~"1tJ fl (30.50 iJ"~~I'J'j) LL"~ 'V (19.50 iJ"~~I'J'j) tJ'!utJ~1J11'J'j1~LtJ'U 

1,000 iJ"~~m 1'Ll'V11?ltJ'!utJ~1J11'l'j 

1.2 fl1'jLI'J~tJ1J?f1'j"~mtlfl11e:JLEfle:J" fl111JL-if1l-if'U 18 mM LL"~?f1'j£;'1~£;'11tJ1eJ1\?l'jLiiJ'ULUe:J1 

e:Je:Jn1"1lii fl111lL-if1l-if'U 0.05 LtJE{L~'UI'l1'U 0.1 M YIE?tLYII'lDYILYle:J1 ~L€1"11 7 

Ll'l ~ tll.J 11?1 tJ tJ L Ul'l n11e:J Le:Jfle:J£;'1 18 iJ" ~11J£;'1 LL£;'1 ~tJ L tJI'l1eJ 11?1 'j L Iii 'U L tJ eJ 1e:Je:J fl 1"1liifl111J L -ifll-if'U 

0.05 LtJe:J1L~'UiJ tJ'!utJ~1l1m1~LtJ'U 100 lJr;'l~~m ~1tJ 0.1 M 'Ve:J.:J?f1'jr;'l~£;'11tJ'I"Je:J?tL'I"JI'lD'Y'h'I"Je:J11'U 

'V11?ltJ'!utJ~ml'l'j 

~ { ... ... 1 '. 1 t ~ 
2. 1 bfl';i1::'\llfl1111L "l..ll"l..'U"lJE.:JLE'U fill l.JL ue:J';ie:Je:JflfijL~r;l 

Ll'l~tJ1J?f1'jr;'l~mtJ~1-b1'Ufl1'jlLfl';i1~~tJ~1J1m 2.5 lJr;'l~~m ~.:JtJ'j~fle:J'U~1tJ 0.1 M 'I"Je:J?tLYII'l 

DYILYle:J1 pH 7 tJ~mm 2.3 lJ(;'l~~m n11e:JLe:Jfle:J" 18 lJ£;'1~11lr;'l LL£;'1~ 1eJ1\?l";i Liil 'ULUe:J1e:Je:Jfl1"1liim11J 

L-ifll-if'U 0.05 LtJe:J1L~'U~ tJ~1J1m 100 lJ(;'l~~m lil1fl11'UL~l.J611";i?ftl\?!VItJ1'ULe:J'U1"1l:il~L~e:Jiil1-:J£;'1-:J 

20 LYh tJ~1J11'J'j 0.05 lJ(;'l~~l'l";i r;'l.:J1'UVI£;'le:J\?l'Vl\?l"e:J.:J~ij?f1";ilLfl'j1~~~-:Jfl~11 e.J?l1l1~L-if1tl'U LLe;l111.:1 

H~m1JVI f1lJ~e:J.:J'U1'U 5 'U1Vi LLe;l1'l11?f1'j£;'1 ~m tJ e.J?f1J~1~-d'1 tJ1 l?lrl1 fl1";j\?J\?J n~'ULL?t.:~~rn 11ltJ11fl~'U , ~ ~ 

Enzyme activity (unit/ml) = (A470)(0.001x106)(D) 

(E)(V)(t) 
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E f!eJ fi1G1'"-l'\J~~~Vl~m~~~n~ubb?t'l~fl11"-~tJ11fl~tJ 470 u11w"-l~~ Lvhnu 
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3.6x104 

v f!eJ fi1'\J~"-11m"lJeJ'IbeJtJ 1"lliivfl ~vhtJ5fi~m (iJ!;1~~m) 

t fleJ fi1nmvfl -tl1 um~Lfi~tJ5n~m (u1Y1) 

Enzyme activity 'Vl'Lhmuu Unit/ml 
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lVI':i~Y'l'Vl: 087-5446101, bVI':i?ll':i: 045-353342, E-mail: poopreaw_1001@hotmail.com 

~U1nnTtm~VI~1~e:J n1 'W61fl11~~ijnTH '\J~ti'WLL '\J"\Ifl11:W L -if:w-if'W-ue:J\1 Le:J'W 1"ll~ m111L -if11-if'W-ue:J-:~'I"l1~1LSZ! 

m1le:J" fl11d..JL -il:wi'W-ue:J\11eJ 1~Wil'WL 'lle:J~e:Je:Jnhii A1fi11:W L U'Wm~-~1\1 LL"~e:JtuVI.fl:D vl1f11~'Vl~"e:J\I 
' 'U 

L"lll'l1:We:J"a\la~Lvhilu 66.4 7% ~fi11:WL-if:w-if'W-ue:J\I'I"l1~1LSZ!I'l11le:J" 1 :D"~n-r:wl9ie:J~I'l~ '\J~:w1ruLe:J'W1"ll~ 
'U ' 

0.124 tltJI'll9ie:J:D"~~I'l~LL"~fi11:W L -if:w-if'W'lle:J\11eJ 1~~L ~'WL 'lle:J{e:Je:Jn1"llii~ 1 :D"~1:wm{ fl1fi11:WL U'Wm~ 
'U 

~1\l'lle:J\1611'H1:::mmvhilu 7 LL ~e:JruVI.fl:D~ 25 e:J\11"11L"l!m611t~a c.J"m~~n~1LLa~-:~1~d:1'U~-:Jfi11:W 
' 'U 

L U'W 1 'l11~ 'W n1~'ll'i~ t1 nl911-if Le:J'W 1"ll~ L '\J e:J~e:Je:J nSB L~a L ~e:J n1 ~~'l"l1~1 L"lll'l1:We:J"'\J'WL~e:J'W1 'W~1 LL" ~ 
' 

Abstract 

This research aims to study the degradation of paracetamol by peroxidase 

extracted from cauliflower stems. The concentration of enzyme, the concentration of 

paracetamol, the concentration of hydrogen peroxide, pH and temperature were 

tested. The experiments were carried out in batch system at stirrer speed 200 rpm. The 

results showed that the maximum removal efficiency of paracetamol was 66.47% at 

paracetamol concentration 1 mg/l, enzyme concentration 0.124 U/ml, hydrogen 

peroxide 1 mM, pH of the solution at 7 and 25 °C. The study indicated the feasibility 

of peroxidase for degradation of paracetamol contaminated in water and can be 

applied in the industries and hospitals. 
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Keywords: Paracetamol; Peroxidase; Hydrogen peroxide 

'U'VI'l.h 

'\IIJ1'j1b6!J\911:Ufl~ (paracetamol) ij~flli'f1~~fifl fl:::b6!.11911iJ1 'WbYhJ (acetaminophen) bU'W 

6'f1'j'IJ'j:::f1fl'UVJ'Wfl~ :ij~fltl 1 'Wf1~:U"llfl.:JCJ1'1J'j'jb 'Vl1fl1f11'j'IJ'J ~ (analoesics) bb~:::"lht!~~ HI Vl1~fl 1Ji'~1tl 
'IJ , :::. 

:ij~btlt~m~'W;i1'W~~n1 offmn1 t1 1 'j.:J'IIIJ(J1'U1~~.:) b tlt~b Vl\911 m t~th~,.:J~1n1 'j.:J'IIIJmu1~ijm'\IIJ1'j1b6!Jm:wfl~ 
~ , 

tl1 bb~:::Vl1f1ijfl1'j'IJ'Wb~fl'W 1 'W'IJ~mru:u1 nm~?i.:Jt:-~~ m:::'Vl'UI9iflf11'j~1'j.:J~11'l"llfl.:J~.:Jij~11'11 'Wbb Vl~.:Jtl1 

tJ 1'\IIJ 1'j1 b 6!.1 m:u fl~ b U'Wli'f 1 'j'IJ 'j::: n fl'UBU'Vl~ E1 ~a 1:w1 'jf:l a~ 1 tJ 1Jl J\1 tJ ~~ 'W'Vl~EJ fl1'j rh :ij ~IX fl.:! m P1 tJ , 

bb uf1Vi b~t! 1 t1tl1m oUflflnSBb ~'W~.:J~~mv 1 t1tl1 b~flflfl nSBb~'W 1 'Wbb Vl~.:Jtl1Vl:w~ 1 'IJ~:::vh 1 ~bb'Uf1Vib~vffi~ 

1 -ffflflnSB b ~'W 1 'Wfl1'j b~~~b~u hm~ ~ b ~:u'<ii'1'W1'Wfl~1-:J'j1 ~ b ~1~t1vh 1 ~bn~tl1 b '111 bb~:::ij n~'Wb VliJ'W 

~~'W'Vl~E1~n1:ij~cn'\IIJ1'j1 b6!.1\911:Ufl~ n~::: b i1'141-:J 1"1im'Vl1'jl9ifl 1 'l.Jbb~~ 1 'IJG'f~li'f:u 1 t~bdfl'l.Jm'Vl~fl~lll1tl1 b~fl , 

'l11:u1~-:J 1flmli'f~~::: bn~ 1 'jf1nvi911-:J 11J! b "liwi''W m~'U1u fl1'j'Vl1-:J~1.n1'1"l 1~ vm'j1 off bfl'W16!J~~.:J b tl'W 

'Vl1-:Jb~fln'Vl~.:J~t116'f'W h b~m~1mtlt~15m'j~ijrh 1 i~1v 1~6'1-:J 1~nfl 1 ~bn~G'f1'j~"M\llnfi'1-:J b tlt~iJm 
'IJ 

<V "" ... 

f1'UG'f.:Jbb1~~fl:U 

bfl'W h~ b 'l.Jfl1flfln6Bb~G'f b tlt~bfl'W 16!.1~~ b ~.:J'l.Ji)n~v1fl fln6Bb~-8't~ 1~v 1 mv 1mb ~'Lib 'l.Jfl1flfln h~ 

(H20 2 ) b U'W~11''UB b~ f1 \ll'jfl'W bb~ ~ fl fl n681~stl~'U 6'1 b\91 'j'VJ~1 ~B b~ n \ll'j flU b "liu VJ'Wfl~ (phenol) 

fl:::hm~mflij'W (aromatic amine) m~bbflli'ff1fl1Dn (ascorbic acid) bb~~li'f1'j'lJ'j~f1fl'UfltJ'W'Vl~EJ 

[1] ~.:Jijf11'j'l11b 'l.Jfl1flflf16Bb~li'f1 'lJ1 i'IJ'j::: 1v'llufl~1-:Jbb 'l"l~VlmtJ ~.:! 1 'W'Vl1-:Jf11'jbb'l"l'VlE1 fl\lla1V!f1d'j:t..Jfl1Vl1J , 

1 'Wf11J1 bf1J1:::v1'1Ji]n~tJ1 bf1m~~1m1 f1"llfl.:J~'ll1 'Wf1~:Uvfl1'Vl b J~'ll (horseradish root) ~.:JIXfl.:JL11b'ih 

~1nl9i1-:J'IJ'j::: b 'Vll"lvh 1 ~ bfl'W 16!J~lj'j1f11li'f.:J ~.:Jt!'W ~.:! IXfl.:Jij fl1'j'Pi m~1Vl1 bb Vl~.:J t:-1 ~ \91 b 'l.Jfl1flfl nSB b~li'f~ 1 n 
'IJ 

~.:J 1 'W.:J1'W1:ijv1ib 'l.Jfl1flflf16Bb~li'f~1~li'fn~~1nn1'Wn:::Vl~1~fl n.Yh b tl'Wbfl'W h~'lliJ~Vlm'U b ~fl~~~'l11m 
n1:ij~'\IIJ1 J1 bS!Jm:ufl~ ~.:Jir.:) Pi n'M1m1:u b i&..J.ff,.~"lJ fl.:J'IIIJ1'j1 b S!Jm:ufl~ f111:u b i:u-ir'U"llfl.:J b fl'W 16!.1~ f111:u 

b-lr:u-irt~"llm 1v 1mb ~m 'l.Jfl1flflf116!J~ fl1f111:Ub tlt1m~-~1-:J bb~:::flru'V!.niJ ~ b Vl:t..l1~6'f:U~1Vl'!'U f11'jn1:ij~ 
, 'IJ 
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~T'Hflij 

~1'Hf1i1~1 m 'Wf11'jtl1~~~1'j1 l6lj\911~B~ 1~ bbrl ?f1<j 1v 1~<j b lil'Wb tiBiBBn 16lj~ lil1 n'U~,;''Vl 

Honeywell tJ<j::: L'Vl~wm~'Wli 1 ~LL 'Vl?IL"IitJ~ L 'I"JBi~n 16ljtJ11 'W~ L 'l"lB~nfi~B h~ :U1n'U~,;'Vl Ajax 

tJ<j:::L'Vl~BB?IbmL~tJ 1v1~'jf1~eJ~n lil1n'U~,;'Vl Merck tJ<j:::L'Vl~btJeJ'j~'Wli Guaiacol:U1n'U~,;'Vl 

Sinoway tJ<j:::L'Vl~~'W 

n1'aL\9l~tJ~bB'W 16lf~h tleJ{eJB n~b~~ 

111n1'Wn:::VI~1~eJn~1~1'1~-;wtl11 ~?~:::m~ Vl~'llil1 n,!'W:v:::\91~ 1 ~ bi]'W;fi'WL~ m YleJ~1tJ~B fn'j 

LLtJnmn~1mf1~B'I?In~tl1t:.J~ 1~LL 'U'ULLtJnmn Li1B·vhm'jLLtJnmm?l~lil~'lth~1'W~L tl'W"lJB'IL VIm 1 tl 

~'WbVI~tJ'I~f111~b~1<jeJ'IJ 8000 ~eJ'U~eJ'W1Vi 'W1'W 10 'W1Vi ~B~1tlf11~1111 ti~1'Wbf1~B'ImB'I~1tlb~B 

mB'I~:::~'U 1~ 1f1~~~bli1~-rr'W Iii::: 1~Ltl'WbeJ'W16lj~VftJ1'U Gi1V1-r'U1 m'W'I1'Wl~tJ~B 1tJ 

m'arh1[ ~'W1'a1 b6lf\911~eJ~ 1 'W"ll~'Vl~~eJ..:I bb 'U'U n::: • 

B eJ n6/ib~?~~1 off?! tl ~ lil1 n tl 1'W n :::VI~1 ~B n tl1\911 B ~ 1'1~1 off b tJ'Wtl1 b~ tJ ~'I bf1'j1 :::~"1t'l l\9l~tl~lil1 nvn ~1 

b6lj\911~B~111m~:::mtJ1 'Wtl1ni'W~f111~L-ff~-iJ'W 1-10 mg/l lb~:::vhm'af'im~1t:.J~"lJB'In1~Ltl~tJ'WbbU~'I 

1"111~ b .ff~-iJ'W"lJ B 'I b B'W 16lj~ b tJ eJ i B B n"d b~?l~ 0.012-0.124 U/ml n 1~ btl~ tJ'W bb tl~ 'I 1"111~ b -iJ~-iJ'W 

1v1mL:U'WLtleJiBBn16lj~ 0.25- 2.0 mM fl1f111~Ltl'Wm~~1..:1"lJB'I?I1~~:::mtJ~ 4-8 LL~:::muV!.niJ . " 
1 'W"li1'1 25-65 B'lm L6ljm"litJ?1 Ln'U\911 eJ~1'1?~1~~:::mtJ~11 Lf1'a1:::~VI1fi1il:v m~~ m~v11'11'W"lleJ'I 

bB'W16lj~lb~:::f111~b-iJ~-iJ'W"lJeJ'I~1~1b"IJ\i11~B~ 1~tJvl1n1<jln'U\911B~1'1'Vln 30 'W1Vi btl'WL1m 240 'W1Vi • 
m'a\9l'a11ilibfl'a1:::~m~1w'W1'a1b6lfli11~eJ~bb~:::m'av11..:~1'W"lleJ..:~beJ'U16lf~ 

fl1~1 Lfl ~1:::~m1~ L -ir~-ir'W"llel'l~ 1 ~1 L 6lj\i11~B~ 1 bf1~1:::~~1 tllTI m~ L Vi tJ'U~ (colorimetric 

method) lil1n,!'W1111tl1~~m1~tJ11f1~'W 715 nm m~iTI"llB'I Nagendra (2011) [3] ~1'Wn1'a 

1Lm1:::~fi1il:Um'j~n1~vl1'11'W"lJB'I LeJ'W 16il~lil::: 1 in11eJ LBfiB~ (Guaiacol) L tl'W~'U?I Lli1~'Vl 1111 t11~ 

f111~tl11f1~'W~ 436 nm li11~lTI"lJB'I Lakshmi (2010) [4] 

2/ 2/ .c:t.c:l I 0 CV 

~~"lleJ..:Ifl11~b"ll~"ll'U"lleJ..:I'W1'a1b6lf\911~eJ~'Vl~li1eJn1'an11iJ~'W1'j1b6lf\911~eJ~ 

m~L tl~ tJ'WLL tl~'lfl11~ b -ir~-ir'W"llB'I~1~1 b 6lj\i11~eJ~~'~t:.J~~B~eJtJ~:::m~n 1~ ~~1~1L6lj\i11~eJ~ 1 'W"ll ~ • 
'Vl~~eJ..:I LL 'U'Un::: 1~tJn1~L~~fi11~L-iJ~J-iJ'l.J"lJeJ'I~1~1L6lj\i11~JB~ 1 'lJ'j:::'IJ'Uvl11 ~fl1n1'jfh~'~ij Lb 'W1111~~~~'1 

~'lbb?I~'I1'W~tl~ 1 og'I:U:::L~'Wl1n1~1-ff~1<j1b6illi11~B~~f111~b-iJ~-iJ'W 1 mnll1~rl1n1~tl1~~~~~61~ 
" 5' • 

1~tJ 1 'W"li1'1 90 'W1Vi LL ~n fi1m~n1~~L~~J;ff'WB~1'1~mtieJ-:J1 ~fi1~BtJ~:::m~n1~~?1'1?1~~ 66.4 7 " . 
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61'1VI-r'UI'1'11~boU~oU'W"!.I'frfW1~1b"IWl1~e:J~Vi 3 bb~~ 5 mg/l iiVi!Zl'V11-lf11~bU~~'WbbU~-:Jrhm~fh-5'~~1'1~1~ 

num~1i'W1~1b"ll\911~e:J~~I'1'11~boU~oU'W 1 mn1l ~arhm~thil~"il~b~~~'WG'f-:JG'f~~'W1Vi~ 90 1'\X~a~~~ 5' 'IJ , 

nT"Jrhil~b'Vhnu 27.26 bb~~ 12.59 ~>n1lf1'·1ii'u Vf·~~·-.~·nl'l~\ .. ll .. i-Jm'"jthill>l"il~iibL'W11ti~"~"~L~anm 

b~~~'W bb(;'l~b~a1i'W1~1b"lll911~e:J(;'If1'J1~boU~oU'W~ 7 bb(;'l~ 10 mg/l 'W'U11 ~e:J~~~f11~tl1-.5'1>16'f-:JG'f~bnl>l~'W 
'IJ , 

~t11Vi~ 60 1~~1'\X~a~~~m~r\'1-.il~~ 7.91 bb~~ 3.21 1911~~1~'U 'VIr;r-:J"il1n~nm~-:Jmh11"11m~ri'1-.il~ 

~ii bb 'W'J 1 ti~&'l ~&'1-:Jb~ m1m b ~~~'W 61i-:Jm"il bn~"il1 nm~~ be:J'W 1"11~ b -U'Tvhu~n~ ~1 hi b -w~-:J'Wa~al'1'11~ 

b-U'~it~"!Ja-:J'W1~1b"ll1911~a~'VI~am"ilbn~btl'WG'f1~~~191.nru.nbn~~'W -rr~"!J'11-l n"ilm~~n1~vl1-11'U"!Ja-:J 

bat~1"li~~~Vi11'1Xhi6'11~1~()-.ilunu6'11~~-:J~'W('W1~1b"lll911~a&'1)1~ 61i-:JG'fa~l'1~a-:Jnu-:J1'Wi-.il~"!.la'l Singh 

(2005)[5] ~m~1b~~'Jtl'Ufl1~tl1-.5'~Yl'Wa~~'1~fl1~1 otl~1fl"!.I'W"!.Ie:J'lir nm~'l.J~ (Brassica juncea) 1~~ 

~fl't-}1f1'11~b-U'~i'W"!.Ie:J'lYl'Wa~~ 50, 100, 200, 500 bb&'l~ 1,000 mg/l 'W'U'"h1u~1fl"!.I'Uc'rnm~'l.J~ 

G'f1m~()tl1-.5'~Yl'We:J&'1~ 50 bb&'l~ 100 mg!l1~'VI~~~~e:J~&'1~ 100 1'W~~~~nm 3 i''W bL~b~e:JI'1'11~b-U'~i'W 

"!Je:J-:JYl'We:Jm~~~'W~ 200 bb&'l~ 500 mg/l vl11'\Xm~n1-.il~iJ'l.J~~~'V15.fl1'W&'1~&'1-l ~an1-.il~1~~eW&'1~ 97 

bb&'l~ 47 1911~~1~'U bb~~~l'1'11~boU~oU'W 1000 mg/l n1-.5'~1~b~~-:J~mm~ 27 ~-1,1'W~&'1fll~~fl't-}1-d'bb6'f~,:j 

1 'IX b i1t~11~1n"!.I'W"!.Ia-:Jc'r nm~u~G'f1m~()n1-.5' ~ 1~mh-:Jiiu~~~'V15.n1-w 

100 

~ 80 

0 -+-1 mg/l 
E 
-l'l 60 -e-3mg/l QJ 
u 
~ 
ro -smg/l c.. .... 40 0 

-m -7mg/l 
> 
0 
E 20 --:*--10 mg/l 
QJ 

0:: 

0 

0 30 60 90 120 150 180 210 240 

Time (min) 

~&'1"lJB-:JI'111~b il~il'W"lJB-:J LB'W l"ll~~ii~am~n1~ ~w1~1 L6lfl911~e~~ 

a5'U1~ 1~11m~ L'll~ ~'Wbb 'l.J~-11'1'11~ b -u~.zl'W"!.Ia-1 be:J'W 1 "li~G'i -1~&'1~ a~a~&'l~m~n 1..ij ~-w1~1 b "llm~a&'l 

1~m~a"il1-:JI'1'11~L .zl~.zl'W"!.Imba'W 1"11~1 t1~~uuv111 Vfl"l1m~n1..ij~ii bb'W'J 1 ti~~~&'l-:J ~-:JbbG'f~-1 1 'W~u~ 2 "il~ 
'U 

Li1'W1~11m~ tiba'W1"11~~1'1'11~b-U'~i'W 0.124 U/ml iiu~~~'V16m-wm~ri'1-.il~~~~G'f~~a~&'1~ 66.4 7 , 
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bb~~~rrn~n-if1l-i!'U"lleJ·ml'w16ilii~ 0.62, 0.25 bb~~ 0.012 U/ml ii~n~ru~fl1'jtl1~191Vif'l~1CJtl'U fleJ 

1 'U"Ii1\l 90 'U1Vibb 'jn ~~iith~~'V15.nTvm1'jtl1~\91~ b~1l:ff'UeJ~1\ll'imtieJ\l1191CJ 1 ~rhfl1'jfl1~\91~eJCJ~~ 

62.28, 45.80 bb~~ 35.94 m1l~1~u 'VI~\l~1m!'Ubdm1mb~1l:ff'Uv'h1~rhn-m11~\91~\91~\l m-;umh1 

1~11 bfl \91-;u1 n bel'U 16ilii b~ eJ1J~ .n 1'W'VI~el b eJ'U 16iliiiim1l1UJ hl b ~ CJ\l'WeJI'i elf'l111J b oif1loif'U"lJeJ\I~ 1'j~ \l!il'U( 'W1'j1 b 6ij 

m1leJ~) vnnii fl1'jb ~1lf'l111lb -if1l-il'U"lleJ\I beJ'U 16i11l1 ~iim1J1ru~ b 'VI1l1~~1ll'ieJm'jrh~ \91 tb::~'V15.n1'Wfl1'j 

rh~ 191~:: b~1lf'l\l~ b tim~1 nf'l111l b oif1Joif'U"!leJ\I beJ'U 16i~iii11l1mn'U'WeJ~ -;u ::vi' 1'1.J l) f\~ CJ1 nuw1'j1 b6ill'l11leJ~~ 

f'l111lboV1Joif'U 1 mg/l il'\1~11J1'jf:lf!in~1tJ~\11'U1~CJ"lleJ\I Deva ( 2014) [6Jvii1Gi'n~ru::f'l~1CJf'l~\ltl'U fleJ 

flin~1fl1'j1-ii'beJ'U 16iliib 'I.JeJ~eJeJn6Bb\91~-;u1nn~'VI~1\91eJn (Brassica oleracea) 1 'Ufl1'j'l.lTU\91:W'UeJ~ 1 'ULl1 

b~CJ wu11 f'l111Jboif1l"lJeJ\I"llmbeJ'U16iliivhm'Um'j'VJ\9)~eJufieJ o.6, 1.25, 3.75 bb~:: 5 u/ml bbG'l::f'l111J 

boif1Joif'U"lJeJ\I~'UeJ~vi 1, 5 bb~:: 10 mM 1191CJtJ~"lleJ\lf'l111Jboif1Joif'UbeJ'U 16iliivi 5 U/ml ii'I.J'j::~'V15mw 1 'Ufl1'j 

tl1~\91~'UeJ~~f'l111Jboif1loif'Ub~1J!il'UfieJ 1 mM 1~~eJCJ~:: 93 bbG'l::bdeJf'l111Jboif'Uoif'U"!leJ\I:W'UeJm~1l:ff'Uvi 5 

bb~~ 10 mM vi'11 ~'I.J'j::~'V15.fl1'Wfl1'jfl1~\91~\91~\l~11J1'jf:lfl1~1911~~eJCJ~:: 81.1 bbG'l:: 73.6 m1l6l'1~'U 
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l 80 

0 
E 
"' "' 60 <V 

_._0.124 U/ml 
u e 
"' c.. ---0.062 U/ml 

..__ 
40 0 

-ro -a- 0.025 U/ml 
> 
0 
E 

20 <V 
_._0.012 U/ml 

0::: 
-*-control 

0 

0 30 60 90 120 150 180 210 240 

Time (min) 

tJ~"lJel\lf'l'J11Jb -b'1!-b''W"lJB\lleJ 1~'jb~'Ub 'I.JeJ{eJB n 16il~~ij\9)eJ fl1'ltl1;ij~'W1'j1 b6ii!Pl11Jel~ 

fl1'jb 'I.J~CJ'Ubb 'I.J~\If'l111lb -if1l-ll''U"l..eJ\11eJ1mb ~'Ub 'I.JB~eJBn 16il~iitJ~I'ieJm'jfl1~\91'W1 J1 b6ill'111leJG'l1 'U 

J~'U'U (~'I.J~ 3) 1191vvileJ1\91'jb-;u'Ub'I.J-er:rmm16il~ 1 mM £.'1\ltJ~ 11XiitJJ::~'V15.n1'Wfl1'jfl1~191w1J1 b6ill'111leJG'l 
1~~\l'l\91-vi~eJCJG'l:: 66.4 7 vi"li1\lb1m 90 'U1Vibb Jn b~eJ\l~1nf'l'J11lboif1l.ff'U"l..B\l1eJ1mb-;u'UbUeJ~e:mn 16il~ii 
f'l111J b 'VI1J1::~1]\9) elfl1'jtl1~ \91'W1J1 b 6il!'l11Jel~ bbi'J bnelf'l111J b -if1l-ff'U 1t~ 1191J b -;u'Ub 'I.JeJ~el Bn 16il~viua CJ n-J1 

'VI~B~\In11 1 mM ~::ij bb 'U11 tl1lvl11 ~fl1Jtl 1~ 191iJ'I.JJ::~'VlB.fl1'W.yi~ 1 wh ;\lf'l'"J 11J b oifl.JoU'U"lJB\1 

1t~1mb-;u'Wb'I.Jafaan16il~vi 0.25, 0.5 u~~ 1.5 mM iiVif"!'V1 1 \lfl1'jn1~191 f'l~1 v 1 mM fiaiibb'Ul1t!1! 
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m~f11:ij~a~a~lw"li1~ 90 tnViLL~n~~mm~rn~f11:ij~ 8.41 , 22.32 LLa~ 56.63 ~mJ~1~'U LLa~Vi 

f111l.!Lil.li'W 2 mM ihh~~'VI5.f11'Wn1~f11:ij~11'1~~~ema~m~f11:ij~~ 56.73 1'W·1h~ 60 'W1ViLL~n 

en"ilnr;i1111'111f111l.l L il.li'W"lla~ 1fl1~Wil'WL tJaiaa n 1'11111iim1l.l L il.l-if'W hJ L Yl CJ~'V'la~a m~vhun fi~m 

tl'U LB'W1'11dJ~"il~ f11:ij'~'W1~1 L'li\9l1l.Jela L '1'1~1~ 1eJ 1~~ L"il'WL tJa'iaan 1'11111611l.J1~(16'fa1CJ~1 L {J'U,J1 tl'U 

aanSSL"il'WLi1a~n LL6'f~LLa~f111l.l~a'W V!~aen"il Lfi~"il1nrn~ 1 tJvhm~t'J'U~~m~vhtJ5 fi~m1 'Wfl1~f11:ij~ 
'W1~1L'Ii\911l.laa vh1~iiLL'W11til.lm~f11:ij~11'1tiaCJn11 Pim~n"il1n~1'W"lla~ B6dalo (2006) [7] Pim~1 

fl1~f11:ij~ 4-f1ael 1 ~~'Waai'11CJ L tJaiaan6SL~6'f"il1nti'1 L V!~el~LLa~ 1fl1~~L "il'WL tJaiaa n 1'11~1 'Ut;)~tJn mru 

LL'U'U~m~a~ 'W'Ul1iim~Pimnm~1if111l.!Loifl.l-if'U"lla~1fl1~~L"il'WL'I.Jaiaan1'11111 6 1'"11 fia 0.5, 1, 1.5, 

2, 2.5 LLa~ 3 mM ~~f111l.!Loifl.Joif'U 1 mM lJLUB-iL~'Wiifl1~fl1:ij~~~n11 mh1l11fl1~~L"il'WLUB-i 

a an 1'11ii~~1nl1V!~a6'f~';h 1 mM "il~ 1tJt'J'U~~m~vh~1'W"lleJ~LB'W 1'11l1 
'U 

100 

~ 80 

0 
E 
"' +' 60 Cll 

-0.25mM 
u 
!!! 
"' -O.SmM 
c.. .... 

40 0 

-m ----.-JmM 
> 
0 
E ......_l.SmM 
Cll 20 C<: 

---?r-2mM 

0 

0 30 60 90 120 150 180 210 2'10 

Time (min) 

'V'l1~1L'Iiml.laa 

Li1aii m~ L tJ~ CJ'WLL tJa~fi1f111l.l L .U'Wm~-~1~"lla~611~a ~m CJ'W1~1 b '11 ~1l.laa t:-Ja m~Pi mn ( ~tJ 
'U 

~ 4) 'W'Ul1fl1f111l.!L.U'Wm~-~1~~ 7 iitJ~~~'VI5.n1'V'lfl1~f11:ij~~~~6'f~~aCJa~ 66.4 7 ~~"il~f11:ij~ 11'1~ • 
1 'W"Ih'l 90 'W1Vi Lb ~n Vl~'l"il1n,!'W'IJ~~~'VI5.n1'V'lfl1~n1:ij~iJ m~a~a~ L~a nmL yjl.l~'W 61'1V1r'Ufi1m1l.l 

b.U'Wm~-~1'!~ 6 Lba~ 4 lJbb'W11 til.lm~f11:ij'~f1~1CJtl'W ~'l"il~611l.l1~(1n1:ij~ 11'1~~6'f~~aCJa~ 61.06 
• 
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rh5'1911~~emm: 43.71 LL~:: 44.32 1'11~6h~u 'VI~-:J"'il1m~\JL~m1~1L~~:ff'Uth=:~VJ6Jl1..-'H111th5'191"'il:: 
~\91~-:J ~-:Jf111Lu~~'ULL u~-:Jrhl"l11~L tl'Um\91-~1-:J iie.~~~eJ'W111L'111'11~a~ LL~::u1::~VJ6J11'W 1 'Um1rh5'1'1 

'W111L'I11'11~tl~ b ~tl\l"'il1flbtl'U 1'11l1L'iJ'U 1 u~~'U L~mu~ ~'ULbU~-:Jrl1!"111~b U'Um\91-~1-:J ~-:je.J~~eJU1::"'iJ1 'U 
' 

(Active site) LL~::m"'ilvh 1-Hm~-.5'un'U1::'VI'J1-:J Ltl'U 1'1!iinu6'!11~-:J~'U~'U~ L 1ruL ~-:J hJ611~11~~un'U 11?1 

'VI~tl-.5'Un'U 11?) CJ1f1 L ~tl-:J"'il1n1U~1-:J"tltl-:J Ltl'U hiiL U~~'U1U'VI~eJLtl'U 1'11ii Lfl\91 f111L~~6'!Jl1'W 'Utl f1"'il1f1d~-:J 
" " 

~-:Je.J~~eJU1::~"1Jtl-:J6'!1~~-:J~'U~LoUTvl1U~n~ml?i''.lCJ 'W'U-:J1'U1~~~i'imoJ-1"1leJ-:J Bayramoglu and Anca. 

(2008) [8] i'im'l'1LeJ'U 1'11iiG11VI-run1~\91Yl'WamL~::Vl-l"l~a 1 ~Yl'Ua~ 1 'UL!"l~a-:Ju5mru 'WU11ri1VILa"tJa ~ 

~u~::mru 7.0 iiu1::~VJ6Jl1'Wf111n1-.5'1'161-:J6'f\91u1::mru 86 Lua~L~wli LL~:: 59 Lua~L~'Uii G11V1-ru 

100 

~ 80 e 
0 
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~ 60 
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"' c.. ..._ 
0 40 
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" ' 

30 60 90 120 150 180 210 240 

Time (min) 

oQ. c:l.c:t I 0 fV 

e.lrl"lleJ\I~WVI.fJ~'VI~I'lfln11n1"'il\91W111b6l11'11~fl6'1 

-+-pH<l 

---pH 5 

--.-pH 6 

.....-pH7 

~pHS 

:V1mu~ 5 a6u1~ 1~l1b~eJiif111LU~~'ULLU~-:Jtlru'VIJliJ~61-:J:fi''U vh 1-Hu~::~VJ6m'W 1 'Uf11~n1-.5'191 
'U , 'll 'U 

~\91~-:J ~-:J:v::L~'W1l?i'11~~ru'VI!Jil 25 a-:JmL'IIm"li~61 iJu~::~VJ6Jl1'Wm~n1-.5'191~~~~\91~~a~~:: 66.47 

1'U"lJ1-:J 90 'U1ViLL1f1 'VI~\I:V1f1,1'UL~eJL~~~ruVIJJiJ1-H~-:J;fi''U~ 35, 45, 55 bL~:: 65 tl\li"l1L'~!m6/i~i;'f vh 

1-Hu~::~VJ6Jl1'W 1 'Uf111tl1-.5'191~\91~-:Jbb~~ij~ f1'l.'l'ru::m~n1~\911"1~1 CJ tl'U~eJUJ'VIJliJ 25 tl\11"11 L'l!~ L"liCJ 61 
' " 

L ~tl-:J"'il1f1btl'U 1'11~1~~f1'Vhm~"'il1f11"111~~tl'U'vl11 m U1~'Ubfl\91f11~L~CJ6'!Jl1'W 1 u L U'Ub 'VII'l1 ml"l1-:J6'!~1-:J 
" ' 

"1ltl-:JLeJ'W1'11iiLLl~CJ'U1u:v'U6'!11L~~~'ULoU11u~'.l~nuu~nrud-:J (Active site) 1~1~ vh1-Hm~L~-:Ju~n~m 

"tltl-:JLeJ'W1'11ii'VI~\911u 6'ftl\911"l~tl-:Jnu-:J1'Ul~CJ"tltl-:J Bayramoglu and Anca.(2007) [8] i'im'l'1LeJ'U1'11ii 
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Time (min) 

n1~~ n~1'1.J~~~'VlTI.fl1i"'l n1~ n1 ~ ~i"'l1~1 b"ll~ 1~ e:J~ rJl1 CJ b e:J'U1"1l:W b 'I.J e:Jie:Je:J n6/l b~i;'l 'l"'l'Ul1 

b 'I.Je:Jie:Je:Jn6llb~i;'lii'\J~~~'Vl5.n1'l"'l1 'Um~n1~~i"'l1~1 b"ll~1~e:J~ 1~ CJi;'l1~1 ~fl n1~ ~ 1r}l1;'1~1;'l~~fl11~ b -if~-if'U 
'\J ' 

i"'l1~1b"ll~1~e:J~ 1 mg/l 'I.J~~1ru"lle:J~be:J'U1"1l:W 0.124 U/ml fl11~b-il~-if'U"lle:J~1e:J1~~b':\l'Ub'I.Je:Jie:Je:Jn1"1l~ 

1 mM ~1fl11~bU'Um~~1~"lleJ~i;'l1~~~mmvhnu 7 bb~:;e:Jruvr.nil~ 25 e:J~f!1b"llm6/1CJ1;'11~CJ1~~1m~ 
' '\J 

n\PI~m'l~'I.J~::mfl 

"lle:J"lle:J'U fl ruvrfl. ni;'l ~ ~uru-n~~ n~1 1;'11"ll11 1'11 n ~ ~~ ~ ~ bb 1 ~11 e:J~ .n1 fll "'l1l 1'11 n~~~ bflii 
' '\J 

~Vf1l'VlCJ1fl.CJeJ'Um1"1lliTU ffi ~fl11~e:J'Ubm1~~1;'11~bflii bfl~e:J~iie:J i;'lm'U~l~CJ ~~e:J~':\l'Ui;'lti'Ui;'l'U'U 
' ' ' 

n1~tJ1bi;'l'UeJ(;.J~~1'Ul~CJ 1 'Ufl~~.n 
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10 llm1flll 2533 

'l"l.l'l.2552 - 2555 l!Vn1'Vlt.n~tla'Um1"llu1iJ , 

1'Vlt11Pl16'l\9l'jurusn\91 (fl1·1.n1"ll11'Vlml'l16'l\91~~\lbb1191~al!) 

"ll~\911911'\"l'j 6'11tllfll! bb~::; m'jrufl1 1'19l'U'I"l·H'lb~'1J1 "fl1'jfh~'~'\"l1'jWIJ\911 

l!a~vi'1m '\Ja~aan'8b1916'l"\11nn1un::vn;~119lan, 1 u m'j'\J'j::;"!jl]l"!l1m1 

bb'tA-:J"!l1~fl~'l~ 15. flll1flll1mm~-:Jbb1191~eJllbb'!A.:J'\Ji::;b'Vll'l1'Vlv 25591u 

1u~ 11 - 13 'l"l'l'l-l'.f11flll 2559 ru b.:Jbb 'jlJb\91-eJ~ 'Vll'U 'Vl11b1eJ~ 1-eJ-:JbljeJ-:J 

m.:Jb'Vl'l"l"1. , 


