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Research project Application of Bacillus subtilis A2 producing cellulase and xylanase for oil
separation from palm oil mill effluent
Researcher Aran H-Kittikun, Poonsuk Prasertsan and Chaveewan Malewan

E-mail address  aran.h @ psu.ac.th

Abstract

The optimal condition and medium composition for growth and cellulase
production by Bacillus subtilis A2 were CMC 10 g, KH,PO, 1.0 g, K,HPO, 1.0 g, yeast extract
4.5 g, NHH,PO, 4.1 g, MgSO,.7H,0 0.3 g, CaCl, 0.3 g adjusted pH 10 6.0 in 1 L distilled water
and incubated at 45°C by shaking at 200 rpm. At optimal condition the bacterium produced the
highest cellulose activity (0.15 U/ml) at 6 h. The primary purification of cellulase from the culture
broth by precipitation with chilled acetone could recover crude cellulase 44.05% with 0.84 U/ml
specific activity (3.39 purification folds). The crude cellulase had the optimal activity at pH 5.0
and 55°C and retained 80% activity at these conditions and was stable at pH 4-5 and 45°C.

The oil separation from palm oil mill effluent (POME) by the supernatant of
Bacillus subtilis A2 culture was low and was not different from the control. When the crude
cellulase was used to separate oil from the wastewater of the decanter, the amount of dry sludge
was decreased from 24.00 to 20.33 g/L and the oil in sludge was reduced from 2.45 to 1.9 g/L.
However, when cell culture of Bacillus subtilis A2 was used for oil separation, there was no oil
separation.

When Bacillus subtilis A2 was cultivated in the wastewater from the decanter for
oil separation under shaking at 200 rpm, 45°C for 72 h, the sludge dry weight was decreased and
the amount of the oil in supematant after centrifugation was increased to 0.41 g/50 mi
wastewater. The treatment of wastewater with dilution 1:1 exhibited the highest oil separation
from sludge. The addition of carbon (1% CMC) or nitrogen (0.1% Yeast extract and NH,H,PO,)
or combined the carbon and nitrogen source to the wastewater did not increase oil separation.
When the sterilized wastewater was used to cultivated B. subtilis A2 under shaking condition it

gave better oil separation than non sterile wastewater.
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FuguinaeIzn e 0.2:0.6 Tuaseundaunsiinvosity TauiloRaiimsduTafeius o
Y94 oil bodies mni{u (Brewley and Black, 1983 #13leg Lachaprapanon, 2001) Mi8ed 1!15’13?14
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11 (N = fiunden, ER = 9u Tananaiinis
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17 : Mohr (1995)
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il SswaziBuavesTnsardrauaneafudadl (Hurst e al, 2002)
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glucosidic linkage 41mng Ina 2,000-14,000 midw Tnssadveuraglamiondy usa

(fibril) nua Wi uaeadu e
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poly-o-1,4-D-Galacturonic acid, basic constituent of pectin
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Wastewater from

Parameter First Pond Decanter
Sterilizer

Color Dark Brown Brown Brown-Black Brown
pH 4.34 5.10 475
BOD 57.38 32.39 23.74
COD 98.23 62.75 5291
Volatile acid 4.50 4.06 2.06
{as acetic acid)
Alkalinity (as 0.13 0.81 0.28
CaCO,) 1.22 0.56 0.05
Grease 68.98 51.55 36.44
Total solids (TS) 61.97 46.03 31.34
Volatile solids (VS) 35.25 4.35 11.60
Suspended solids
(8S) 0.04 0.04 0.02
Nitrogen - ammonia 0.84 0.07 0.52

- organic

A ' =] s [ ¥ = =
HUWLHE nﬂﬂ"liJﬂu’JUl‘]JuﬂiHﬂElﬁﬂ‘j UNLIUTUDSWIOY

i1 : wugs UsuaSgassi uazamg (2533)
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' 4w ' e & ' 3 = v 2o ¢ &
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pH BOD COD TS SS O&G TN

4 ; 4 3 3 » References

l) @) (gl) @) @) @l)
434 5738 9823 68.98 3525 122 0.4 wWugyiUszaSyassn uasame (2533)
410 2622 6293 4843 2646 - 1.00  Ibrahim (A AN (1984)
420 2226 5071 4037 17.62 6.11 075 Nguazamy (1985)
410 2125 3472 4619 21.17 - 041 Setiadi uazAuz (1996)
470 - 3550 5303 3310 2490 090 iy yiied (2539)
450 - 11281 4468 2052 2552 - laat dunnala (2542)
411 58.79 13129 6846 55.61 21.99 - ELaohaprapanon (2001)
450 5850 110.00 7190 4330 2560 090 Pechsuth tazfmg (2001)
435 5456 9040 6536 4592 3431 0.83 .Keawchai 182 Prasertsan (2002)
470 25.00 50.00 1050 18.00 4.00 075 Ahmad Ua¥AMg (2003)
420 - 12010 71.60 47.30 2840 -  Laohaprapanon IazAME(2005)
450 7195 14390 71.50 3420 10.00 120 WaduA1 UUNID (2548)
350 2471 5930 - 17.26 - 0.69 Vijayaraghavan 1oz Ahmad (2006)
350 2555 5578 - 1848 802 (.71 Vijayaraghavan Uasaag (2007)
- 3815 8575 3850 1025 945 0.88 O-Thong (2007)

405 2270 4430 - 1978 485 078 Zinatizadeh UDEANE (2007)
435 2000 8350 2375 95 835 108 su% lwua (2550)
423 37.64 8054 5166 27.86 1519 0.84 sunde
HUWOLHA TS = Total solids

noamitiminiluniudeting snduduasfioy

i T P e eres

SS = Suspended solids

0&G = (O] and grease

TN = Total nitrogen
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Source
Compeosition
1 2 3
Ether extraction - 31.60 34.60
Protein (N x 6.25) 0.37 8.20 8.8
Ash - 14.10 14.20
Fiber . 11.90 3.30
N-free extract 0.06 34.20 39.10
P 0.02 0.24 0.36
K 0.23 0.99 3.09
Ca 0.03 0.97 0.33
Mg 0.05 0.30 241
Na 0.003 0.05

0.08

¥
mnemg Noaiviodiudevazvenimint

=
nun

1. 91325504 MAAT (2538)
2. Okiy (1987 813 1au013 faua, 2536)

3. Hwang llnzAMe (1978)
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" ¥y ¥ E ¥
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' 4 - o
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o et y o 1 1 o -
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= 3 o 4 o b o [ 1 a (Y-} @ a 94
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Ammonium suifate 80% 4.0 6.67 10.14 1.52 6.10 34.20
Ethyl alcohol 1:3 7.5 3.16 5.68 1.79 7.21 15.18
Acetone 1:3 7.8 15.48 13.05 0.84 3.39 44.05
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