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Abstract
Palm oil mill effluent (POME) is a by-product of palm oil production. POME can be considered as harmful waste without any
treatment. POME, however, has the potential to be a source of low-cost carbon for lipid production. This study aims to
isolate potential oleaginous fungi from POME and to evaluate the ability of lipid production capacity of the purified isolates
and commercial oleaginous fungi strains (Aspergillus niger, Aspergillus oryzae and Rhizopus spp.) from POME. POME is
converted into lipid via the metabolic pathway of oleaginous fungi, where the lipids can be further trans-esterified into
microbial biodiesel. In this study, two fungal strains are successfully isolated from POME. The combination of Bligh and Dyer
with Soxhlet extraction results in better lipid extraction efficiency. A. niger has the highest lipid yield from the cultivation on
POME. The projected fuel properties of microbial biodiesel from A. niger are within the limits of Biodiesel Standard.
Chemical oxygen demand (COD) removal from POME using A. niger is proven to be effective with 70% COD removal. The
production of biodiesel from wastes of the palm oil industry may improve the industry's sustainability through the use of
nonfood feedstock coupled with simultaneous bioremediation of POME. © 2022 Wiley-VCH GmbH.

Author Keywords
biodiesel;  bioremediation;  fungi;  lipid;  palm oil mill effluent;  POME

Index Keywords
biofuel, bioremediation, diesel, effluent, fungus, lipid

Funding details
Ministry of Higher Education, MalaysiaMOHEFRGS/1/2019/TK02/UIAM/02/3

The authors acknowledge financial assistance from Ministry of Higher Education, Malaysia under Fundamental Research
Grant Scheme (FRGS) (FRGS/1/2019/TK02/UIAM/02/3). The authors would also like to acknowledge Ministry of Higher
Education, Malaysia, for the Postdoctoral Fellowship scheme of the corresponding author. The authors would like to thank
Dr. Noor Faizul Hadry Nordin for culture and staff at KKS East Sime Darby Sdn Bhd for the supply of POME. Aspergillus
niger

References
Abu-Elreesh, G., Abd-El-Haleem, D.
(2014) Eur. J. Exp. Biol., 4, p. 576. 

Subramani, S., Nagarajan, G., Rao, G.L.N.
(2008) Clean: Soil, Air, Water, 36, p. 835. 

Seo, Y.H., Lee, I.G., Han, J.I.
(2013) Bioresour. Technol., 135, p. 304. 

Subramaniam, R., Dufreche, S., Zappi, M., Bajpai, R.
(2010) J. Ind. Microbiol. Biotechnol., 37, p. 1271. 

Ahmad, F.B., Zhang, Z., Doherty, W.O., O'Hara, I.M.
(2019) Renewable Sustainable Energy Rev., 109, p. 386. 

Ibrahim, A.H., Dahlan, I., Adlan, M.N., Dasti, A.F.
(2012) Res. J. Chem. Sci., 2, p. 1. 



3/20/23, 12:42 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1616907564&eid=2-s2.0-85124870344&sort=&clickedL… 2/4

Mustar, S., Noor, M.A.M., Ahmad, R., Amin, A.M.
(2002) Single Cell Protein from Palm Oil Mill Effluent (POME), 
University of Malaya, Kuala Lumpur

Ahmad, F.B., Zhang, Z., Doherty, W.O.S., O'Hara, I.M.
(2019) Biochem. Eng. J., 143, p. 9. 

Economou, C.N., Aggelis, G., Pavlou, S., Vayenas, D.V.
(2011) Bioresour. Technol., 102, p. 9737. 

Ahmad, F.B., Zhang, Z., Doherty, W.O.S., O'Hara, I.M.
(2016) Biofuels, Bioprod. Biorefin., 10, p. 378. 

Ahmad, F.B., Zhang, Z., Doherty, W.O.S., Te'o, V.S.J., O'Hara, I.M.
(2017) Fuel, 194, p. 180. 

Bellou, S., Triantaphyllidou, I.-E., Aggeli, D., Elazzazy, A.M., Baeshen, M.N., Aggelis, G.
(2016) Curr. Opin. Biotechnol., 37, p. 24. 

Ahmad, F.B., Zhang, Z., Doherty, W.O., O'Hara, I.M.
(2016) Proc. 38th Annual Conf. Australian Society of Sugar Cane Technologists, p. 251. 
Mackay, p

Cheah, W.Y., Show, P.L., Juan, J.C., Chang, J.-S., Ling, T.C.
(2018) Clean Technol. Environ. Policy, 20, p. 2037. 

Karim, A., Islam, M.A., Yousuf, A., Khan, M.M.R., Faizal, C.K.M.
(2019) ACS Sustainable Chem. Eng., 7. 

Islam, M.A., Yousuf, A., Karim, A., Pirozzi, D., Khan, M.R., Wahid, Z.A.
(2018) J. Cleaner Prod., 172, p. 1779. 

Ahmad, F.B., Zhang, Z., Doherty, W.O.S., O'Hara, I.M.
(2015) Bioresour. Technol., 190, p. 264. 

Chaudhary, P., Beniwal, V., Kaur, R., Kumar, R., Kumar, A., Chhokar, V.
(2019) Clean: Soil, Air, Water, 47. 

Fakas, S., Papanikolaou, S., Batsos, A., Galiotou-Panayotou, M., Mallouchos, A., Aggelis,
G.
(2009) Biomass Bioenergy, 33, p. 573. 

Forfang, K., Zimmermann, B., Kosa, G., Kohler, A., Shapaval, V.
(2017) PLoS One, 12. 

Li, Y., Naghdi, F.G., Garg, S., Adarme-Vega, T.C., Thurecht, K.J., Ghafor, W.A., Tannock,
S., Schenk, P.M.
(2014) Microb. Cell Fact., 13, p. 14. 

Zheng, Y., Yu, X., Zeng, J., Chen, S.
(2012) Biotechnol. Biofuels, 5, p. 1. 

Louhasakul, Y., Cheirsilp, B., Prasertsan, P.
(2016) Waste Biomass Valorization, 7, p. 417. 

Easterling, E.R., French, W.T., Hernandez, R., Licha, M.
(2009) Bioresour. Technol., 100, p. 356. 

Ramírez-Verduzco, L.F., Rodríguez-Rodríguez, J.E., Jaramillo-Jacob, A.D.R.
(2012) Fuel, 91, p. 102. 



3/20/23, 12:42 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1616907564&eid=2-s2.0-85124870344&sort=&clickedL… 3/4

Islam, M.A., Magnusson, M., Brown, R.J., Ayoko, G.A., Nabi, M.N., Heimann, K.
(2013) Energies, 6, p. 5676. 

Kang, S., Park, Y., Lee, J., Hong, S., Kim, S.W.
(2004) Bioresour. Technol., 91, p. 153. 

Ganapathy, B., Yahya, A., Ibrahim, N.
(2019) Environ. Sci. Pollut. Res., 26. 

Ahmed, S.U., Singh, S.K., Pandey, A., Kanjilal, S., Prasad, R.B.
(2006) Food Technol. Biotechnol., 44, p. 283. 

Bligh, E.G., Dyer, W.J.
(1959) Can. J. Biochem. Physiol., 37, p. 911. 

Arous, F., Frikha, F., Triantaphyllidou, I.-E., Aggelis, G., Nasri, M., Mechichi, T.
(2016) J. Cleaner Prod., 133, p. 899. 

Ahmad, F.B., Zhang, Z., Doherty, W.O., O'Hara, I.M.
(2018) J. Eng. Sci. Technol., 13, p. 964. 

Hazmi, A.T., Ahmad, F.B., Athoillah, A.Z., Jameel, A.T.
(2021) Bull. Chem. React. Eng. Catal., p. 11. 

Mulbry, W., Kondrad, S., Buyer, J., Luthria, D.
(2009) J. Am. Oil Chem. Soc., 86, p. 909. 

Federation, W.E., Association, A.P.H.
(2005) Standard Methods for the Examination of Water and Wastewater, 
Washington, DC

(2017) Oxygen Demand, Biochemical Dilution Method, 
Hach Lange, Colorado

(2009) Oxygen Demand, Chemical, 
Hach, Colorado

Miller, G.L.
(1959) Anal. Chem., 31, p. 426. 

(2019) National Water Quality Standards for Malaysia, 
Department of Environment of Malaysia, Putrajaya

Altaie, M.A.H., Janius, R.B., Rashid, U., Yap, Y.H.T., Yunus, R., Zakaria, R.
(2015) Fuel, 160, p. 238. 

Demirbas, A.
(2009) Energy Sources, Part A, 31, p. 889. 

Dorado, M.P., Ballesteros, E., Arnal, J.M., Gómez, J., López Giménez, F.J.
(2003) Energy Fuels, 17, p. 1560. 

Neoh, C.H., Lam, C.Y., Ghani, S.M., Ware, I., Sarip, S.H.M., Ibrahim, Z.
(2016) 3 Biotech, 6, p. 143. 

Ng, F.-L., Phang, S.-M., Thong, C.-H., Periasamy, V., Pindah, J., Yunus, K., Fisher, A.C.
(2020) Environ. Technol. Innovation, 

Mohd Udaiyappan, A.F., Hasan, H.A., Takriff, M.S., Abdullah, S.R.S., Maeda, T., Mustapha,
N.A., Mohd Yasin, N.H., Mohd Hakimi, N.I.N.
(2020) J. Water Process Eng., 35. 



3/20/23, 12:42 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1616907564&eid=2-s2.0-85124870344&sort=&clickedL… 4/4

Cheah, W.Y., Show, P.L., Juan, J.C., Chang, J.-S., Ling, T.C.
(2018) Energy Convers. Manage., 174, p. 430. 

Correspondence Address
Ahmad F.B.; Biotechnology Engineering Department, Malaysia; email: farahahmad@iium.edu.my

Publisher: John Wiley and Sons Inc

ISSN: 18630650
Language of Original Document: English
Abbreviated Source Title: Clean Soil Air Water
2-s2.0-85124870344
Document Type: Article
Publication Stage: Final
Source: Scopus

Copyright © 2023 Elsevier B.V. All rights reserved. Scopus® is a registered
trademark of Elsevier B.V.


