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Abstract
Prasertsan, P.!, H-Kittikun, A' and Chantaphaso, S.’
Comparison on decolorization of palm oil mill effluent by biological,

chemical and physical methods
Songklanakarin J. Sci. Technol., 2001, 23(Suppl.): 807-819

Decolorization of palm oil mill effluent pretreated by enzyme from Aspergillus niger ATCC 6275 was
investigated. The culture filtrate after separation of suspended solids was used for decolorization by biologi-
cal, chemical and physical methods. Results indicated that the chemical method (using coagulant) was more
effective than the biological method (using commercial peroxidase, two strains of white-rot fungi Phanerochaete
chrysosporium and Coriolus versicolor) and physical method (using activated carbon, pararubber seed and
sand filter). Studies on the effect of coagulant concentrations on decolorization revealed that using the com-
bination of 10 ml/l polyferric sulphate and 10 g/l calcium oxide gave the highest color removal of 84.5% and
organic matter (in term of chemical oxygen demand, COD) removal of 86.5%.

Key words : decolorization, palm oil mill effluent, peroxidase, fungus, coagulant,
activated carbon
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Table 1 Effect of peroxidase concentration on color removal
of enzyme-pretreated palm oil mill effluent by incu-
bating the enzyme peroxidase and 2 mM hydrogen
peroxide at 40°C for 1 h

Peroxidase conc. Color Color#* Color removal
(unit/ml) (unit) (%)
0 Dark brown 11,936 -
0.5 Dark brown 13,936 +14.3
1.0 Dark brown 15,484 +22.9
1.5 Dark brown 17,034 +29.9

* Color was measured at 475 nm wavelength

XX 4. o L a
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AUAN) vJutian 7 Tu (Table 2) wu'jﬂummsmaaa
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Nen 9 Ay 14.02 n3/aas Wadeaaauiu 6 Ju
lasAiaranadiiegianiias (3nWey 3.35 1w 3.12)
PuganInaaasildnndy 15813 e linde

¢ A i aa X o ¥ oo
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6 o I o A % X X
LHARLAY 3 ANINU 7.36 NTN/AAT ANIINLAENLTDI
2 K o XX
5 10 uaziles NN 4.54 10U 4.80 #aIN1ILALLD
o g ! .
6 U ANWANIINANDINL A9 P. chrysosporium
wrsald 13ermnsnRegludinnendiunisindadag
vou Lol 161
. X X .
AWHNANILALNTD P. chrysosporium
BKM-F-1767 fgmwqil 37°C (Table 3) wuitluza
aa a & a 4 &
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sandia & 9 aiidy 2.20 gita/na. waIN13LAEY
X <) [ | 1 aad 6
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Table 2 Effect of nutrients on growth and enzyme production from Phanerochaete chrysosporium BKM-
F-1769 cultivated in enzyme-pretreated palm oil mill effluent at room temperature (30£1°C)

for 7 days
With nutrients Without nutrients
Time
(day) pH DCW Activity (U/ml)  Color removal* pH DCW Activity (U/ml)  Color removal**
(g/l) peroxidase laccase (%) (g/l) peroxidase laccase (%)

0 3.35 0 0 0 0 4.54 0 0 0 0
1 334 072 0 0 0 4.53 0.52 0 0 0
2 334  2.09 0 0 0 4.54 1.71 0 0 0
3 331 547 0 0 0 4.55 4.45 0 0 +1.8
4 329 9.87 0.73 0 -1.6 4.58 4.82 0 0 +1.8
5 3.25 13.69 1.41 0 -1.6 4.60 7.36 0 0 +3.6
6 3.12 14.02 1.02 0 -6.2 4.80 7.08 0 0 +3.6
7 3.03 13.86 1.25 0 -6.2 4.72 6.76 0 0 +3.6

* initial color value 14,154 unit; ** initial color value 12,380 unit

+ color intensity increase; - color intensity decreasee
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Table 3 Effect of nutrients on growth and enzyme production from Phanerochaete chrysosporium BKM-
F-1769 cultivated in enzyme-pretreated palm oil mill effluent at 37°C for 7 days

With nutrients

Without nutrients

Time
(day) pH DCW Activity (U/ml) Color removal* pH DCW Activity (U/ml)  Color removal®*
(g/1) peroxidase laccase (%) (g/l) peroxidase laccase (%)

0 3.35 0 0 0 0 4.54 0 0 0 0
1 335 1.74 0 0 0 4.55 1.13 0 0 0
2 332 459 0 0 -1.6 4.55 2.15 0 0 0
3 328 933 0.85 0 -1.6 4.54 7.02 0 0 -1.8
4 324 14.17 2.20 0 -1.6 4.82 7.43 0 0 -1.8
5 321 2143 1.89 0 -1.6 4.82 11.93 0 0 -1.8
6 3.12  19.04 1.85 0 -6.2 5.04 11.43 0 0 0
7 3.07 18.50 1.63 0 -6.2 4.80 10.50 0 0 0

* initial color value 14,154 unit; ** initial color value 12,380 unit

+ color intensity increase; - color intensity decreasee

uanudnvas Tuinnsanasidniios (6.2%) Hinwiin
& v a1 1 s o a d' &' 3
CIRAWAIAAT 4 ANy 21.43 NIN/A0T LNaLALNLAD
% 1 a a =3 £ a
P 5 U AWLATRARILWENLANUDE (NWLaY 3.35
I 1 dndl n&lol 1 1 ‘:l‘:ll g’
i 3.07) @1 NaaadueINIIA1 NanaNu0ININBININ
i X X . .
(80%) fieannnsuaesia Geotrichum candidum
Dec 1 (Kim and Shoda, 1999) "ugan1inaaasi
laufniadn 1580 e linaaeulodng aswile
A (=3 % g" > & % 1 >
a1 aaadtanuag (1.8%) WIRNWNLTANLAY 4 ANy
o a o X X « 4 a
11.93 A3N/a03 ASINLRLLTOWIH S AU ATWLY
N 4.54 1w 5.04 waINTIRsEe 6 T wag
anadlantaaniaan 7 Tu
PINHANTINANDIT AU LAWIN
P. chrysosporium BKM-F-1767 \a5qy e lusinieninu
o L U a 1 U l&/
asthiadhaenlad wasn1adn 130 mnITaelvae

'
a a

l&/ 1 1 a J =1 a
WwIYIANTY 2 whlundazamngd wadnsiasyuas
naatauladnamnnd 37°C lddninfigmngdvias
o @ a & X a & &

1ASUNIINAALEU Lsiwu e nEaLaw bt aSaan-
o A P X -
fia loglindaonloduane n98e9s svgmnni
N13IA RN NLLaw lluanla  aandaaiuIneeIn
d' 1 1 1 o a o’d' 1 1 .

ananlddden adiuduoudn P. chrysosporium
TNIIONRALOW bR LAALA WIDIN  WIaa13LAnaN

XX v 4 o ac
AMzdsaen iz 8 nisgdunifuanalnnig

ﬁ’uqﬂssﬂumiwﬁmLauvl,smﬁmﬂm (Srinivasan, et al.,

1995) wanaNRNUINMIINAaasih aNdines~lu
v or a . p ne o A
Hnensdaswelasdasnin  Teanalifadudaunia
& a A A o T S & &
U brNaRedwAeITe  wiIraNAALW bakias-
a =2 a o o Ao & .
AN WINAITN mtyfl,ummﬂ wasen (Kim
and Shoda, 1999) anaitasaninelaNNdNduaIn
nluleadd@lod siis 62,288 wn./das N°1dgde
o e 4 o D ad e
o leminldliun1Inaaasi ™ Fodun1unen SN
0 11,936 gila Ju 12,380 gite wazn1sidn 13
o Gt d X -
a1 slsan “anawu 14,154 gita
122 wavsigmnqdaanisminlay
Coriolus versicolor
X . vz
ANN13La8e C. versicolor Jusings
r-s' ] o v :4' a o ‘:l a
i stndadzeulmingmunivasleawSauiiay
JLRIWNITAN 13019717 e AN 1501915 Lwsan
7 % (Table 4) wuirluganisnaaesnidnisidn 13
2{‘ a 6 (% ] % a
2115 Wwandaten lmivane 16 9 ey 6.6 aiia/
o X X e M aa
A, HEINIILAES WA 5 T1 WA nukaanIa
2090 lila3eanTa AN YEY I HITNanaY
Wnes (3.3%) Bvniamaudelian v awindu 12.77
e a4 X X o« i
NIN/AAT LNDLRENLTAWIW 6 AU ANNLBTAARIIN 6.28
Ww 4.44
A ¥ A A X .
wa lundotaulaivis avaniaan” WNTwENToe (1.8%)

UAANIINARDIN AN TAN 15971913

& L & o I @ A [
WINUNLTARLAS 3 ANy 2.94 nIN/a03  %“adan



Songklanakarin J. Sci. Technol.
Vol. 23 (Suppl.) 2001: Oil Palm

Comparison on decolorization of palm oil mill effluent

814

Prasertsan, P., et al.

Table 4 Effect of nutrients on growth and enzyme production from Coriolus versicolor cultivated in
enzyme-pretreated palm oil mill effluent at room temperature for 7 days

Nutrients added No nutrients added
;[c‘::;f): pH DCW Activity (U/ml)  Color removal* pH DCW Activity (U/ml)  Color**

(g peroxidase laccase (%) (g/l) peroxidase laccase (unit)
0 6.28 0 0 0 0 4.54 0 0 0 0
1 6.13 0.35 0 0 0 4.54 1.41 0 0 0
2 5.76 4.62 0 0 -1.7 4.56 1.82 0 0 0
3 5.19 7.70 0 2.4 -1.7 4.60 1.96 0 0 +1.8
4 4.89 8.13 0 3.0 -1.7 4.60 2.13 0 0 +1.8
5 4.73  11.38 0 6.6 -33 4.62 2.38 0 0 +1.8
6 446 12.77 0 5.3 -33 4.62 2.77 0 0 0
7 444 1194 0 2.6 -33 4.62 2.94 0 0 0

* initial color value 13,267 unit; ** initial color value 12,380 unit

+ color intensity increase; - color intensity decreasee
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Table 5 Effect of nutrients on growth and enzyme production from Coriolus versicolor cultivated in
enzyme-pretreated palm oil mill effluent at 25°C for 7 days

Nutrients added No nutrients added
'(l;ll:;:; DCW Activity (U/ml) Color removal* pH DCW Activity (U/ml)  Color**

(g peroxidase laccase (%) (g/l) peroxidase laccase (unit)
0 6.28 0 0 0 0 4.54 0 0 0 0
1 6.14 0.56 0 0 0 4.56 1.68 0 0 0
2 5.69 7.42 0 6.6 -1.7 4.56 2.40 0 0 0
3 5.01 14.72 0 10.0 -1.7 4.62 3.33 0 0 +1.8
4 4.84 16.60 0 12.6 -1.7 4.60 4.17 0 0 +1.8
5 4.76 19.70 0 13.3 -1.7 4.60 443 0 0 +1.8
6 477 20.24 0 6.0 -1.7 4.60 5.24 0 0 0
7 4.77 20.08 0 53 -1.7 4.60 5.80 0 0 0

* initial color value 13,267 unit; ** initial color value 12,380 unit

+ color intensity increase; - color intensity decreasee
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Table 6 Effect of polyferric sulphate and calcium hydroxide or calcium oxide (30 g/l each) on pH, color
intensity and amount of sediment occurred in the biopretreated palm oil mill effluent after

leaving for 3 h
Polyferic Ca(OH), CaO

sulphate | Color  Color removal Sediment pH Color  Color removal Sediment

(ml/ (%) (mb) (%) (ml)

0 12.35 brown 52 1.0 11.96 brown 36 2.0

1 12.34 yellow 56 1.5 12.18 light brown 38 1.0

5 12.30 yellow 76 2.5 12.32  light brown 54 1.0

10 12.28 yellow 80 2.5 12.26 light yellow 79 2.0

20 12.26 light yellow 87 3.5 12.24 light yellow 84 2.5

30 12.19 light yellow 89 3.5 12.16 light yellow 86 2.5

40 12.16 light yellow 90 3.5 12.05 light yellow 85 2.0

50 12.08 light yellow 88 2.5 11.35 light yellow 79 1.5

60 11.71  light yellow 82 2.5 11.34 light yellow 68 1.5

*Color was measured at 475 nm wavelength

Initial color of filtrate was 9,750 unit
Initial pH of filtrate was 4.54
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Figure 1 Color appearance before and after treatment using 10 ml/l polyferric sulphate with

10 g/1 CaO
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Table 7 Effect of type and concentration of coagulant on pH,
color changes and sediment in the enzyme-pretreated
palm oil mill effluent after settling for 10 h

Chemical pH Color Color* Sediment
(g (unit) (ml.)
AL(SO)),
0.5 5.66 dark brown 8,289 0
1.0 5.40 brown 7,580 0
1.5 5.17 yellow 7,380 0
2.0 4.96 yellow 6,870 0
FeSO,
0.5 5.70 dark brown 13,012 0
1.0 5.67 dark brown 12,303 0
1.5 5.56 dark brown 11,150 0
2.0 5.28 dark brown 8,535 0
Fe(SO,),
0.5 5.71 dark brown 9,575 0
1.0 5.27 dark brown 9,354 0
1.5 4.99 dark brown 7,225 8
2.0 4.77 brown 6,595 12
FeCl,
0.5 5.13 dark brown 14,232 0
1.0 4.81 dark brown 11,748
1.5 4.08 dark brown 11,394 12
2.0 4.08 dark brown 10,773 18
Chlorinated
copperous
0.5 5.73 dark brown 11,571 0
1.0 5.66 dark brown 11,194 0
1.5 5.62 dark brown 11,082 0
2.0 5.46 dark brown 10,225 0

* measured color at OD,,

initial color of decanter effluent was 5,495 unit; initial pH of decanter

effluent was 4.54
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