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Production of Peroxidase from Ipomoea pes-caprae (Linn)

Sweet for Removal of Phenol Containing Wastewater
viexdad  ufdlng'

Nomchit Kaewthai'

UNAALD

oo

mmﬂmvau'l’umﬂmfaanmmmwnunum"mLwa'l‘ﬁ‘lunwmummmu“"ﬂu@a Wu9N
LauiﬂnuuﬂwuwﬂnmTﬂﬂ’[‘nmﬂmmﬂnﬂaﬂuunamm 25.27 YuR/AaRanT ﬁﬂ?‘mm‘[ﬂ?mu
Wiy 325.05 Hadnin/AadaanT uaziifiansTusuwIzYiiY 0.078 glnnadiaania e
Anaznauntsuanludondainafiinoudndudnsifeuas so wazvnuignisadae
Wwanatasdulasualans oulmaifinnuiensiAndu 1.58 uas 10.53 i ANNAAL
ansafuReneulnildienay 69.18 24.03 ATNATAL mimumw‘r‘iﬂmmmmﬂm N-ina
Tﬂﬂ‘l‘ni‘vuu}’mﬂdﬂﬂ?”ﬂ‘E]UﬂﬂdTWﬂl’ﬂﬂﬁﬂﬁIﬂﬂﬂ’aﬂ/LLﬂNTNLuﬂN'ﬂﬂlﬂﬂ/T‘ﬂLﬂﬂuﬂﬂﬂ1?ﬂ?ﬂﬂﬂu
27/6.0/1 Ahwmin/ffanms  Tdudss@nansuandauiniy o.1s Lau‘l'nuum'mmﬂwmwuw
2 Wi waziAuReaeulminefeandinalugouaily 50.54 glin/Nadans Aaufenas
86.52 \latnulaafalms g Tﬂsmimnﬁﬂvau'l’nuum'mumwmwmu 23 Wi AuRsaeuled
1n5euay 72.51 mmu‘lmuwmumimmﬂﬂﬁmﬂnmﬂa‘vawﬁmw'lun'}?mumwuﬂﬂlummﬂ
WU Laulfnuumuum“ﬂw'ﬁmw'lum?mumﬂuﬂa'lummﬂmaﬂwmmmwmumqﬂum
1,000 lulAsniumeans g lasaniasiinung rannanisldaulminlesaandingan
HNLang Lﬂ'lumsmummmmnnhemuwuﬂ?mmﬁuﬂﬂ 391 lulasniusedngs  Ae nisvi
Ujisenlaeldiaulnl o.33 yilnsedadans fﬂmwmunmwﬂﬂmmmﬂmam’lﬂmm@ﬂummm
0.8 WA 7 gruupll 50 asAmaEaluan 4 $9laq lasdse@ndnwnniniaiues
Jauay 82.34

o o s a - o v o = J o |
mdAy: eulninlefaandiea  dnjaza NIVNUIEVE  nistninWues
Keywords: Peroxidase, Ipomoea pes-caprae (Linn) Sweet, Purification, Phenol

Removal

1

AN HATANARTUATATETINTT umanensumalulatisrenamssay
"Faculty of Agriculture Nakhon Sithammarat, Rajamangala University of Technology Srivijaya



80 DSRISIRI

mswaceulsidoseenbiarainwnUvrRIWeIBlunsUIIaLIRUATRISUS NEURLIOR

ABSTRACT

Crude peroxidase was. extracted from leaves of Ipomoea pes-caprae (Linn),
Sweet, using deionized water It was found that the enzyme activity and protein
content and specific activity were 25.27 unit/ml, 325.05 mg/ml and 0.078 unit/mg
respectively. The enzyme was partially purified by using ammonium sulphate
fractionation, and extraction using a polyethylene glycol (PEG)/ammonium sulphate
aqueous two-phase system (ATPS). Both partially purified peroxidase were followed
by gel filtration on SephadexG-100 column. It was found that peroxidase was
precipitated by ammonium sulphate fractionation with 1.85 folds purer than crude
enzyme, with a recovery of 69.18%. The enzyme was finally purified about 10.53 folds
by gel filtration on Sephadex G-100 column, with a recovery of 24.93%. Variation of
phase composition and sodium chloride concentration resulted in the desired reduction
in volume of extract and selective partitioning of the enzyme. PEG/ammonium
sulphate/sodium chloride (27/6.0/1 w/v) system induced a partition coefficient of 0.15,
purification factor of 2 and bottom phase recovery of 86.52%. The enzyme was finally
purified about 23 folds by gel filtration on Sephadex G-100 column, with recovery of
72.51%. Crude enzyme and differently purified enzymes were used for investigating the
efficiency of the enzymes to remove phenolic compound from synthetic wastewater.
The result showed that the highest phenol removal efficiency was obtained from the
crude enzyme. Therefore, it could be used to study on optimum reaction for industrial
waste water. The optimum molar ratio of hydrogen peroxide to substrate was 0.8, and
enzyme dose was 0.33 U/ml. The optimum pH value of 7, temperature 50°C and time

course at 4 hours, resulted in phenol removal efficiency of 82.34%.
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Gel filtration of I. pes-caprae (Linn) Sweet peroxidase on Sephadex G-100

column (1.5x50cm) (a) ammonium precipitation (b) ATPS

Table 1

coupling gel filtration

Crude enzyme 3,059 5,514
(NH)) , S0, 2,116.35 2,424.44
precipitation
Sephadex G-100

762.6 LT

Chromatography

Purification of I pes-caprae (Linn) Sweet peroxidase using ammonimsulphate

0.55 1 100
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5.79 10.53 24.93
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Table 2 Effect of phase composition on partitioning of Ipomoea pes—caprae (Linn)

Sweet peroxidase in PEG/ammonium sulphate system

'rot

Crude 80 25.27 325.05 - I

11/12.5 3/86.5 57.057/29.66 29.33/119.60 1.92 34.20
15/10.1 20/73 32.45/33.52 17.34/156.06 0.98 50.81
20/8.9 9/86 7.32/37.51 19.58/149.57 0.20 83.68
24/7.5 10.5/90 11.31/42.56 17.27/195.78 0.27 79.01
27/6.0 17.5/83 4.12/47.48 18.39/219.61 0.09 92.01

Table 3 Effect of NaCl concentration on partitioning of I pes-caprae (Linn) Sweet
peroxidase in PEG/Ammoniumsulphate system at 27/6.0, w/v composition

1 18.5/81.5 7.71/50.54 230.44/233.33 0.15 86.52
2 A.5/95.5 14.23/43.89 236.22/254.64 0.32 75.53
3 2/98 27.53/33.25 143.79/236.58 0.83 54.68

Table 4 Purification of I. pes-caprae (Linn) Sweet peroxidase using ATPS coupling gel
filtratio

Crude enzyme 2,021.6 26,004 0.08 1 100
Aqueous two-phase 194.67
Top phase 72.15 0.22 2.75 3.56
Bottom phase 1,860.07 1.02 12.75 92.00
Sephadex G-100 | 359.1 1.84 23 72.51

Chromatography




v
dszangmumsmsatuealuinidediasslas
1% I-‘r o = = ‘.’: [

Wewlanifshumaimidgniluvunousia g

o IHI ] o =% ‘E‘ 1
daulmiidiunsuTgnsuaas
dSuneurtTAtdgasaaniAnNdndy
gaeiluea 1,000 lulpsniusedns laald
waulml 15 giim lalasiauilasaanlan
Fagay 1 vnUfitennivieT ¢ quua 50
aerngaldua futnan 3 dolue wWud

=i - “a d

wulmivenufidss@ninnannign 1038330

=l fn:i [} o = J‘!/ aal =
AataulmiiIUNIINLTgNEAEIBIaIALE
ra: 1 o = JV =l
y-wla eulmindiunisvinuignanieis
e -la uazeusaaiaailainT Ty

ol 3 ai e

wulmifanaznauscsuanluidaNgdainm
tariaulgdidiunisanAsneunny

=i (% L7
teaNlnldgndaiNALAasATNAIY
waRaasdy lnsanunsoininiuealaias
Ay 83.84 52.71 42.26 40.84 UAY 14.25

100 s

Remaval phenol percentage

@ -
P )
& )
[ o™~
@ =
Q i€
©

5 Z
=4

£

Type of enzyme

NSRBI niswRcioulslileseonBIcRAINWALVERIWSIBUMSUITUhIRUATRISUSNOUNUOR

auaey  sanuanaanaulmiveul ol
=q - -:i‘d 1 o o o ]
msAanmtlassiitinananistintaiueasnalsl

(3U% 2)

[ 44 ¥ T !
Jesoninadenmsinianusalutindeain
159911

o4 4 1 o ars ‘C'

fagRanzauAanIsUtAu LA
ol ctc
nanuasa

NTANEANLATNINNIZANADNIT
o s e 5w 2 a
vriTaAuealuu@asinlssanuaatiagay
v v =i ar 1 =
Wudurediuea 391.10 lulasniuneans

v & P ° aaa P a

Tagldiaulmd 11 giin vindfizenngungi
50 EeANLCTALTEA  LTaan 3 FalNe WU
mavhlfatonniien 7 Wlsz@ngnnlu
mrihtingegaieuas  76.07 adwlafimalu

o ar :‘ =l dd ]
MUNTAUNRENNAET TEMI 4-8 AN
thiiafueslduinndniasss 70 (U0 3a)

ATPS
(NH4)2504-G

Fig. 2 Phenol removal using different type of enzyme ((NHA)QSOA : ammoniumsulphate

precipitation, ATPS: Aqueous two phase, (NHA)ESOA_G: ammoniumsulphate

precipitation coupling gel filtration, ATPS_G

coupling gel filtration

. ATPS: Aqueous two phase




mswRcoUlBLIUeSEONBIGRAINWNUVFHRIVOISIINMSUITALIRUATRISUSNOUWOR DISRIST R 87
b
(@) 300 100 (b) 100 100
2501 80 o 250 80 &
= [a] = 2]
[a]] ~© (o] t
2 200,_.’4ﬂ.\'\. = < 200 =
5 60 © 5 60 3
£ 150 =1 £ 150 5
c =] g =
b L 40 S S k40 2
5 100 5 5 100 2
o p = o s
=y o (=]
S s0f 20 8 g 50 g
T & o &
@
0 . : . 0 0] ; - 0
30 40 50 60
4 9 B ! 8 " Temperature {oC)
pH
-4 S - (A 440 100
[ei] e8]
— ] ol = 2501
& 250 50 8 S g
2 o = 5
= 2001 o < 200 o
=] 60 & = @
|5 5 ® s
£ 1501 S £ 150; S
@ o @ c
= 40 £ e 2
S 100 4 a S 100 =
= g = I
£ 50 4 20 ¢ 2 50 3
2 @ 2 £
o o o g
0 N P 0 0 — 0
00020406 0810121416 000204060810 12 14 1618
Enzyme dose(Uiml) H202iSubstrate (molefmole)
© s 100

=] w
h o
o o

N
[=]
(=]

150 1

FoN
o

Remaoval phenol percentage

100 4

Phenol concentration (ug/l)

[5)]
=]
1
o]
o

0 1 2 3 4 5 6 7
Retention time (hrs)

Fig. 3 Effect of pH (a), temperature (b), H202/substrate (c), enzyme dose (d), and
retention time (e) on the removal of phenol in waste water initiating containing

of 391.70  pg/l phenol ( @ Remaining phenol, M Removal phenol
percentage)




88
Ad 1] o as
auugINIMuIzAaNAani191nA
¥ AR
e T P

nTANHIUURNIMNNTaNRABNIT
© L= | 5‘ =i ‘i‘ 3 :t' =
Taruaalutidanlaanlssanutadinanu
Wudusesuaa 391.10 ulATniusaans
Tngldiaulasd 11 giim lalasiauides
aanltn Fauar 1 vhuUjizeannien 7
Wuean 3 dalae wudn  navindfnzeny
oIUDA 50 agANgaltaa Huseansnanlu
NINTAAUBAZIER FRARINIAD 40, 60
War 30 eeAaldaa leailss@ansninnng
TNUASRUARY 78.84 74.69 59.47 UAY
56.71 PNAAY (3N 3b)

= &l ]

dsuranaulasiniuunzduranng
o a ‘ﬂ’ dﬂﬂ
tiau L RaNANuaR

nasAne T e uli RN an
sanistniafuasludndsinlasinlsanung

v v =l - 1=
AmnudnTurasruea 391.10 WlAsniuseans
-] o oo A

Talasiaulefeanlonianas 1 vinujiTenn
fee 7 auunidl 50 eamaaldas (uoan
3 g9l wudn nsvindfidenlaaldiauled

nal J = v Y = ° -
PFunouiusnntuinalmlsz@nsnannisunum
- & v v ¢
AWupageLy Tnganudntuaeveulnd 0.33
ylinAalafans flsz@ansnanlunirunga
anigaieuar 77.62 NANAITNTUGING
AN Nt UNMENzasE AT AN TR

anad (U7 3c)

mswRcoUlBkiUesSoonBlIaRINWNUWERIVelBlUMsUITaLIRAtRISUS:NOUWLIOR

ansduszuialalasiaudasaanlas
s d 1 L] a g
ARUALATANIUNIZTENABNITLN L AU A

maAnenmdauszuinalalasiaules-
panlmrRadUARTITIINEANAEN I NUIAR U S
i A = v v -
Tutnidganls e UTaiANHITNT U2 Uea
391.10 lulasnsuneans Iaaldieulsd 0.33
glianaiiadans vinljiseifies 7 quugil
50 AIATATHA TWaY 3 B9lNe wuan
©° = aa v e (] 1
nmrvinljisanlaeldendouszuinalalag
= & e o & - v
wutlefeanlarradualnsALANTUN LAY
= . o ar ‘=l J AV 1
Use@ans mwnistindaNueainuIuneans 91
Winiy 0.8 dsz@nsnanlunisihdaWuea
o foa U
NINNGATaLAT 63.74 UAY LIAARTIRIUG
& a o o e a
Mlszdninmwnnininanss (U0 3d)
-3 - e, d
srazIan lumsymlnsennvanea
. o w & ol cvex
fansulauIRanivuas
nsAnmTzazaanlunsvinugnTen
[ ° e =i :’ = a‘ v -ﬂ'
san1tntaNuasludanlaannlseums
faoududusesiuea 391.10 lulasnis
Aedns latldiauled 0.33 glindeladans
yufifeniies 7 gungil 50 AIFLTALTEIA
1 ﬂ' o oy ey ﬁl J
wudn WasreraalumemlfiTenisiy
a a o o o P i -
UsLANs NN UANUARLANNTURUNTENS
o o aa =S -'a d =i
szaziaalunavindfisennte 4 dalue ol
Uszansnnlumniningeaniotas 82.34
wazilaina lumaviljizentss@ansnan
Tun1sthtinmaed (U7 3e) UuRa nIsLAN
alunsvinljitaanaeaaniidsz@nsnn
gaqaliifinarelsr@nsnwnnniniaflues



nmiswRaeUlsHIoSeoNBICR WLV HRIVSISTUNISUOUNIRIFGRISUS NOUWLION

- L4
9136

('3 -

NG LI TN A T IR BRI
NuasaUss@niniwnisugndaur e
auladuleseandinaaininijaanaviug
AU INEN AN SN UG UNAR
aulmindauantifseiu [11] Aewanns
NARDIVILANANSANNNITANEIUEY  Srinivas,
et.al. [8] TIWUIN B9ATENaLTIRITEUY 3
PEG uay wanluifioudainanaouidudy
v Y o = J
TRHRY 24/7.5 w/v INANUTE@NTURINT
UWENAIULYINAL 0.167 WALAINITORLAEA

9, =1 L=
wulnilafesay 61.37 lAanaaelsnina
rantsuendusadtauladlaavinlviinnig
WasuuaaIn1TuandIuY a9 ULLas
lrguaniFrasssaza tlugouinanls
- - = v e a °
nulasuilssfinaliAanlssansnisuansi

a a el v v oy
mapnlaRsnAaelsANANNdNT U By 1
daglinisuangiuaasssuuandnsldinaen
AMAINTUGY  fAsdidureandegeay
liAnudaialumsazamusedisiiugauas
1 ° Ve « cr - .
ArANAVINIANLIEANENTUENgY Srinivas,
etal [12]
fns' 1 o =Y ef‘l/ ool
auladindiuntsinuignsnaais
sinanuilszansawlunisiniaud@esienu
tuladueudeiidouredaninouas
- A o [
asrlsznevauinalunisilasnuieulaily
srudnam sl jateaiinie ulasidaanu
AIRITENINNITYIUFATE SRR INAeT
TN uaadINalilsz@nsnannastinda
a9gm  Flock et.al. [2] s7897u91 ngld

& = o P v
euloiveruarnidaantavasdvualy
nismAanWueauay 2-chlorophenol Andn

& =a cf 1 v &
L’r]'lﬂ'ﬁNU‘i‘ﬁV!ﬁ [13] it nslaiaulasd
waIuRINTINNTaadlTRaN s ansnnly

B ¥ oa e P v ¥
NMTMAANUBALLUNALANADINT AN NN Y

1-10 HRALNAADART lauiUse@nsnan
0 e 9 v v s &
NIMAanTaeas 99 waamsldeulainas
AANTLARINNTINNTADRLTAAUBIUAZ L] U
NITINNAITOUNTELUUNRLUAAY COD
anadTeuay 50 Hasanilse@ansniwluns
tniagegn annaihueulmiluisfesiums
o £=Y J& [ -y A
MusgnateaziuniransuyunIuaniie
nst g lunistitdaundenely
tﬂu'l*ﬁﬁtﬂﬂ%an%tmﬂmnﬁnﬁm:m
annsaldlunisindaundenidAuea i
=l ] v 1 = ar a [ 4
wWaglugaaniaduidgatiuaulaiies-
29n9A8aNT1 Coprinus cinereus (CiP)
aruTntnuaNuasl RN A9 N Ty
200 NAANTHADART NaT 7-9 lATeuas 65
Sakurai et.al. [8] uar Masuda et.al. [14]
1891191 neunNlFun vl naiies
l=' 1 L 1 d& =)
NUNIZAINY 9 walunsaAN U o
Lfau'l'nﬁmmﬁuwaﬁm‘nﬁmm:au'ag"lwn'w
5-9
a L3 = =i =Y =
wulminlesaandinaiilssansnan
luninihdmdudenidfuealudeguugi
v al al 4 @ v o
NN 40-50 BIATALTEA  dutludan
Tuwdreanisanarldaaluntsihdaunds
Wasnnbisufludeanlfuguunivenide
atlsfinniaulniileseaandinaainsy
Coprinus cinereus @a1r3170l9111AUN
ol alaey (Y o E% ' &
@eniWuealanguugiitaanirandelas
ar v o e o :‘:’ = n‘ﬂl
Aanananzialaointaluealutindong
ANNLINIL 100 NaanFumeanslaadng
aNYTINg NG 0-60 avALTalTna
v o ar & = -
[15] nmisldieulsianmaraiugidaiulu
= = 0 e ¥ o e -
YSurniunnidunetindaundandduaad
UUNN 0-60 IANTATEE @ WT0INIA
Ruaalaadrauyrallayngumnll [14]



JISNISTRI

Yiunaaulaiiuanalsc@nsnanw
lunisihtafuea LTuLlAeanUAL
'8 (s - .
euladiuleseendinaannsn Coprinus
v a a i %
cinereus nastnUinnnaulmiinalv
_ = o ar ) m' J =2
Usr@ngniwlunistntanuaai NI UA U
Auidudureveuladninunzansinuy
e 0w - a
Use@nsnannasintaaein [14] uananu
nstinindianiaulnanaataailaanu
aulninefaandiaaainnanasavinliay
Waduvanzananas [10]
v v &=l
Anuiuturaslalanavlansenlonn
' a a o o -
uanelsansninnisihtaduaa AN
WudusndtANdNduRNNzaNNNTINA
Inawefresfiuasgnarinlagaanudniy
gaslalanauilesaantas Wealfunulalas-
lwuiafeanlangauiusAuniuunzaung
L P 'S - «
Aalnaesanas (haenlalasiauilas-

mswaceulskiveseenBiaRTINWNIVFERIWETETUMSUIUAIRUATRISUSNOUROR

P IR A R P
aanlaniinadudaauled netiaulsd-
HlafeanTAaaNNELALINABINTT DATIAIY
seudnalalasauilaseanlanfaduainsny
IMNALANADNITUNMIANUBARNINY AILTU
wulmiilefaantiagaainoavans 1.2 [10]
waantananl 9.97 NaalNaRaaRT [2] 90
Arthromomyces ramosus (ARP) 0.9
uaiueaseluslalaniaunlasaanlas [16]
91 Coprinus cinereus 1 lualalaniauules
aanlganaluaiuea [15]

g a = ar v
teulminlefeandinaaninijavzia
fanuguirolunisintaiuealuinani
wansieantaulgdileieandiaaaing)
Coprinus cinereus TdaanansniindanNuealy
:’ A =y - ar (] -y
UNAufAoutndu 200 HaANTNADART
[ -t gt o =
lanelunan 10 U [14-15] NadalaLie
anfFunaiussluin@anuansnanuy

aql

o o = e W
rulodilefaandiaaanANIneLa
ansounuasnAavslatitiawnia v)-ina
wazarudaaiaafansiularuinnsai
= | aal o a = £ «
Fuiudgnsiiinanuuignsresiaulsd

v v « =i a a
uwalvinalage eulmiveuiivsz@ndninlu
mathiiafueagegaluanaziminzalag

Laisnilusiaslfuaniwrenindonauidng
svuninia Fadludedluiirasnununinas
ot 4 « < = i 7 |
paisaulninlefeendinaandnijmeiaiilu
madanluifmnzaslunnlszgnaldina
vn@eniitueaanlulssnugaamnI Ty

fnAnssudsems

Nuddedudlafunisaduayu
audTENARINANIAITHUWITIAH Y

uniAnenasinalulats1mNaAa ATITE
AMEINHATANAATUATATETTNIND



niswAcloulbkiJosoanGiarINwWnUvrRIwelBlumsUITauiRuAdRISUS NOUWUIOR DISISTRY

19NA1591994

[7] dexdns wialny, Yiem A3 uar quwesdl loonusen. 2546, msuen miv‘f’m?qw%r
wazpuantRredeulminlaseandinaaindniia. nslszgudnnuimadsnisaniiu
walulafisguenaiznisaiai 20,

[1] Aberti, N. B. and A. M. Klibanov. 1981. Enzymatic Removal of Dissolved
Aromatics from Industrial Aqueous Effuent. Biotechnol. Bioeng. 11 : 373-390.

[10] Caza, N., J. K. Bewtra, N. Biswas and K. E. Taylor. 1999. Removal of Phenolic
Compounds from Synthetic Wastewater Using Soybean Peroxidase. Wat. Res.
33 ¢ 3012=3018.

(2] Flock, C., A. Bassi and M. Gijzen. 1999. Removal of Aqueous Phenol and
2-Chlorophenol with Purified Soybean Peroxidase and Raw Soybean Hulls.

J. Chem. Technol. Biotechnol. 74:303-309.

[¢] Lin, Z., L. Chen and W. Zhang. 1996. Peroxidase from Ipomoea cairica (L) SW.
Isolatioon, Purification and Some Properties. J. Process. Biochem. 31(5) : 443-448

[9] Lowry, O. H., N. J. Rosebrough, A. L. Farr and R. J. Randall. 1951. Protein
measurement with the Folin Phenol reagent. J. Biol. Chem. 193, 265-275.

[14] Masuda, M., A. Sakurai, M. Sakakibara. 2001. Effect of Reaction Conditions on
Phenol Removal by Polymerization and Precipitation Using Coprius cinereus
Peroxidase. Enzyme and Microbiol. Technol. 28 : 295-300.

[5] Regalado, C., J.A. Asenjo and D.L. Pyle. 1996. Studies on the Purification of
Peroxidase from Horsedish Roots Using Reverse Micelles. Enz. Micr.Tech.

18 ¢ 332=329,

[15] Sakurai, A. S. Kawamoto, J. F. A. Montaya and M. Sakakibara. 1999.
Decontamination of Phenol by Peroxidase-catalyzed Polymerization. Abtracts
APBioChec 99, The 5" Asia-Pacific Biochemical Engineering Conference 1999
and The Annual Meeting of the Thai Society for Biotechnology.

[8] Srinivas, N. D., K. R. Rashmi and K. S. M. S. Raghavarao.1999. Extraction and
Purification of a Plant Peroxidase by Aqueous Two-phase Extraction Coupled
with Gel Filtration. J. Process Biochem. 35 : 43-48,

[12] Srinivas, N. D., R. S. Barhate, K. S. M. S. Raghavarao. 2002. Aqueous Two-
phase Extraction in Combination with Ultrafiltration for Downstream Processing

of Ipomoea Peroxidase. J. of Food Eng. 54 : 1-6.



DISNSTRI mswadoulkiUesSeonBIcRMNWNUVARIWSIBIUMSUITOLIRUAGRISUSNOUWUOR

[16] Villalobos, D.A. and 1.D. Buchanan. 2002. Removal of Aqueous Phenol by
Arthromyces ramosus peroxidase. J. Environ.Eng.Sci. 1 © 65-73.

[11] Vilter, H.1990. Aqueous Two-phase Extraction of Plant Enzymes from Sources
Containing Large amounts of Tannins and Anionic Mucilages. Bioseparation.
N 283290

[13] Wilberg, K. Q., D. G. Nunes and J. Rubio. 2000. Removal of Phenol by
Enzymatic Oxidation and Flotation. Braz.J.Chem.Eng. 17 © 4-7.

[3] Weng, Z., X. M. Handrick and G. Maesmans. 1991. Immobilized Peroxidase :
A Potential Bioindicator for Evaluation of Thermal Process. J. Food Sci.
56 . 567-750.

[4] Wu, Y., K. E. Taylor, N. Biswas and J. K. Bewtra. 1999. Kinetic Model Aided
Reactor Design for Peroxidase-catalysed Removal of Phenol in the Presence of

Polyethylene Glycol. J. Chem. Technol. Biotechnol. 74: 519-526.




