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The sustainable practice in the palm oil industry which supplies the most 
demanded edible oil in the world, has a long way to be well developed. One of 
the most challenging problems is the management of wastewater generated 
from the oil palm processing, known as palm oil mill effluent (POME). The most 
popular treatment method applied to treat POME in the palm oil mills is anaerobic 
ponding system. Bioconversion of POME to generate methane gas via 
anaerobic digestion involves a consortium of microbes which are responsible in 
several steps of the biodegradation process. However, the biodegradation 
potential of the microorganisms in the full-scale treatment system in the palm oil 
mill is yet to be explored. POME is also known to have the adverse 
environmental effects if it is not properly treated, including contamination of land 
and aquatic ecosystem and the loss of biodiversity. A proper treatment is needed 
to ensure POME can be discharged into the nearby river water or land according 
to the requirement set by the authority. However, the current monitoring system 
using physicochemical characterisation is not sensitive enough to indicate the 
actual source of contamination in the water bodies. 
 
 
In general, a detailed evaluation of the compositions of the bacterial communities 
in the POME final discharges obtained from four different palm oil mills and 
composition of bacterial community during the anaerobic treatment of POME 
were elucidated in this study using PCR-denaturing gradient gel electrophoresis 
(DGGE) and high-throughput MiSeq approaches, aided by advanced 
bioinformatics analysis in analysing the bacterial community structures. The 
correlation relationships were also carried out which allow deeper understanding 
of the interactions between the shift of bacterial community compositions and 
the changes of physicochemical properties of POME, including pH, temperature, 
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biochemical oxygen demand (BOD5) and chemical oxygen demand (COD). The 
compounds analyses were also done to correlate the biodegradation potential 
of bacteria during the treatment of POME. 
 
 
The findings demonstrated a significant difference of bacterial species richness 
and evenness among the four POME final discharges. However, the bacterial 
community compositions in the different final discharges exhibited almost similar 
patterns in that the phylum Proteobacteria was dominant in all the samples. 
Interestingly, the proposed bioindicators to indicate the river water contamination 
due to POME final discharge, the Alcaligenaceae and Chromatiaceae families, 
were found to be present in all the four final discharges despite the different 
characteristics of the mills and the different biotreatment processes used by 
them. In addition, both bioindicators were also shown to be strongly and 
positively correlated with the concentration of BOD5, hence make them reliable 
bioindicators to indicate the river water contamination due to POME final 
discharge. 
 
 
Furthermore, in order to elucidate the biodegradation potential of 
microorganisms in the POME treatment, a thorough analysis of bacterial and 
archaeal communities in different stages of POME treatment was carried out 
which comprised of anaerobic, facultative anaerobic and aerobic processes, 
including the mixed raw effluent (MRE), mixing pond, holding tank and final 
discharge phases. The bacterial and archaeal communities were shown to be 
shifted according to their biodegradation potential and the changes of 
physicochemical properties of POME. Based on the data obtained, the following 
biodegradation processes were suggested to take place in the different 
treatment stages: (1) Lactobacillaceae (35.9%) dominated the first stage that 
contributed to high lactic acid production; (2) higher population of Clostridiaceae 
in the mixing pond (47.7%) and Prevotellaceae in the holding tank (49.7%) 
contributed to the higher acetic acid production; (3) the aceticlastic methanogen 
Methanosaetaceae (0.6–0.8%) played a role in acetic acid degradation in the 
open digester and closed reactor for methane generation; (4) Syntrophomonas 
(21.5–29.2%) might be involved in fatty acids and acetic acid degradations by 
syntrophic cooperation with hydrogenotrophic methanogen, 
Methanobacteriaceae (0.6–1.3%); (5) phenols and alcohols detected in the early 
phases but not in the final discharge indicated the successful degradation of 
lignocellulosic materials. A sustainable palm oil industry could be developed with 
better POME pollution management by adopting a reliable and accurate 
monitoring system. To our knowledge, this is the first study reported on the 
biodegradation mechanisms involved in the different stages of the full-scale 
treatment of POME. 
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Amalan lestari dalam industri minyak sawit yang menyediakan minyak makan 
yang paling banyak di dunia masih mempunyai perjalanan yang jauh untuk 
dibangunkan dengan baik. Salah satu cabaran pengurusan yang paling 
mencabar adalah pengurusan air sisa yang dihasilkan daripada pemprosesan 
minyak sawit, dikenali sebagai efluen kilang minyak sawit (POME). Kaedah 
rawatan POME yang paling popular digunakan dalam kilang minyak kelapa 
sawit adalah sistem kolam anaerobik. Biopertukaran POME untuk menjana gas 
metana melalui proses anaerobik melibatkan konsortium mikrob yang 
bertanggungjawab dalam beberapa langkah proses biopenguraian POME. 
Walaubagaimanapun, potensi biodegradasi mikroorganisma dalam sistem 
rawatan skala penuh di kilang kelapa sawit masih belom diterokai. POME juga 
telah diketahui memberi kesan buruk terhadap alam sekitar jika ia tidak dirawat 
dengan baik, termasuk pencemaran ekosistem darat dan akuatik serta 
kehilangan biodiversiti. Pelaksanaan kaedah rawatan yang betul diperlukan 
untuk memastikan POME boleh dilepaskan ke dalam air sungai atau tanah yang 
berdekatan mengikut ketetapan pihak berkuasa. Walaubagaimanapun, sistem 
pemantauan semasa menggunakan pencirian fizikokimia tidak cukup sensitif 
untuk menunjukkan sumber sebenar pencemaran di dalam badan air. 
 
 
Secara umumnya, penilaian terperinci mengenai komposisi komuniti bakteria 
dalam pelepasan akhir POME yang diperoleh daripada empat kilang minyak 
sawit dan komposisi komuniti bakteria semasa rawatan anaerobik POME telah 
dijelaskan di dalam kajian ini menggunakan PCR-gel elektroforesis 
penyahaslian kecerunan (DGGE) dan Illumina MiSeq, dibantu oleh analisis 
bioinformatik dalam menganalisis struktur komuniti bakteria. Hubungan korelasi 
juga dijalankan bagi memahami lebih mendalam tentang interaksi antara 
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peralihan komposisi komuniti bakteria dan perubahan sifat fizikokimia POME, 
termasuk pH, suhu, permintaan oksigen biokimia (BOD5) dan permintaan 
oksigen kimia (COD). Analisis sebatian juga dilakukan untuk mengaitkan potensi 
biopenguraian bakteria semasa rawatan POME. 
 
 
Hasil kajian menunjukkan terdapat perbezaan yang ketara dalam kekayaan dan 
kesamarataan spesies bakteria antara empat pelepasan akhir POME. Walau 
bagaimanapun, komposisi komuniti bakteria dalam pelepasan akhir yang 
berbeza mempamerkan corak yang hampir serupa yang mana filum 
Proteobacteria adalah dominan dalam semua sampel. Menariknya, bioindikator 
yang dicadangkan untuk menunjukkan pencemaran air sungai disebabkan oleh 
pelepasan akhir POME, iaitu keluarga Alcaligenaceae dan Chromatiaceae, 
didapati hadir dalam kesemua empat pelepasan akhir walaupun kempat-empat 
pelepasan akhir ini mempunyai ciri-ciri fizikokimia serta melalui proses bio-
rawatan yang berbeza. Di samping itu, korelasi positif yang kuat terhadap 
kepekatan BOD5 ditunjukkan bagi kedua-dua bioindikator ini, maka bioindikator 
ini diyakini menjadi bakteria penunjuk yang boleh digunakan untuk menunjukkan 
pencemaran air sungai disebabkan oleh pelepasan akhir POME. 
 
 
Tambahan pula, untuk menjelaskan potensi biodegradasi mikroorganisma 
dalam rawatan POME, analisis menyeluruh komuniti bakteria dan arkea dalam 
pelbagai peringkat rawatan POME juga dijalankan, yang terdiri daripada proses 
anaerobik, fakultatif anaerobik dan aerobik, termasuk campuran efluen mentah 
(MRE), kolam pencampuran, tangki takungan dan fasa pelepasan akhir. 
Peralihan komuniti bakteria dan arkea mengikut potensi biopenguraian dan 
perubahan sifat fizikokimia POME telah ditunjukkan. Berdasarkan data yang 
diperoleh, proses biopenguraian berikut dicadangkan telah berlaku dalam 
peringkat rawatan yang berbeza: (1) Lactobacillaceae (35.9%) mendominasi 
peringkat pertama yang menyumbang kepada penghasilan asid laktik yang 
tinggi; (2) populasi Clostridiaceae yang lebih tinggi di kolam pencampuran 
(47.7%) dan Prevotellaceae dalam tangki takungan (49.7%) menyumbang 
kepada penghasilan asid asetik yang lebih tinggi; (3) metanogen asetiklastik 
Methanosaetaceae (0.6-0.8%) memainkan peranan dalam penguraian asid 
asetik di dalam tangki pencernaan terbuka dan tangki reaktor tertutup bagi 
penjanaan metana; (4) Syntrophomonas (21.5-29.2%) mungkin terlibat dalam 
penguraian asid lemak dan asid asetik yang berhubung secara sintrofik dengan 
metanogen hidrogenotropik, Methanobacteriaceae (0.6-1.3%); (5) fenol dan 
alkohol yang dikesan pada fasa awal tetapi tidak dikesan dalam pelepasan 
terakhir, menunjukkan proses penguraian bahan lignoselulosa yang berjaya. 
Industri minyak kelapa sawit yang lestari boleh dibangunkan dengan 
pengurusan pencemaran POME yang lebih baik melalui sistem pemantauan 
yang diyakini dan tepat. Setakat yang diketahui, kajian ini merupakan kajian 
pertama yang melaporkan berkenaan mekanisma biopenguraian yang terlibat 
dalam pelbagai peringkat rawatan POME berskala penuh.  
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CHAPTER 1 

1 INTRODUCTION 

The oil palm industry is an active contributor to the nation's economic growth 
with high annual export profit of palm products which was estimated at RM 78 
billion just in the year 2017 (Kushairi et al., 2017). The production of palm oil will 
continue to increase to meet the global demand for oil and fats products. 
Although the oil palm industry appears to be one of Malaysia's most structured 
agro-industry, the milling process produces massive colloidal wastewater during 
the oil extraction process at the palm oil mill, known as palm oil mill effluent 
(POME). The traditional milling process normally employs steam for the 
sterilisation of fruit, which finally lead to the formation of POME (Law et al., 2016). 
Typically, 1 tonne of crude palm oil production requires approximately 5 to 7 
tonnes of water which over 50% of it ends up as POME (Wang et al., 2015). Due 
to the higher discharge of POME into the receiving water bodies, the oil palm 
industry has been claimed as one of the largest water polluters in Malaysia. 

The huge generation of POME from the palm oil industry has become a serious 
issue that not only affects the industry, but also people and the environment. 
POME is brownish as it contains appreciable amounts of organic matter which 
eventually increases both the biochemical oxygen demand (BOD) and the 
chemical oxygen demand (COD) that originate from steam extraction process 
(Bala et al., 2015; Saeed et al., 2015). Without a proper treatment, POME will 
inflict serious environmental pollution. The anaerobic digestion applied for the 
treatment of POME could increase the rate of biodegradation (Poh and Chong, 
2009), in addition to the conventional POME treatment using the ponding 
system. However, if it is not being managed efficiently, the discharge of treated 
or partially treated POME into a nearby river could lead to severe environmental 
pollution (Rupani et al., 2010).  

Therefore, it is important to have a reliable assessment method to indicate the 
source of contamination due to POME final discharge. Current assessment via 
determination of the physicochemical properties of the affected river water is 
considered inaccurate as they may contain pollutants originated from other 
anthropogenic sources such as from the residential areas and agricultural 
practices. The use of an indicator could be regarded as a potential approach for 
assessing the specific cause of pollution in the effluent receiving river water 
(Zhang et al., 2014). The Alcaligenaceae and Chromatiaceae have been 
proposed in the previous study to be used as potential bioindicators to indicate 
the river water contamination due to POME final discharge. Both of them which 
were reported to be present in the effluent receiving river but not in the unpolluted 
river water were also determined to be originated from the POME final discharge 
(Sharuddin et al., 2017). 
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Nevertheless, the aim of POME treatment is alike which is to reduce the polluting 
power of this wastewater below the effluent discharge standard before it is being 
released into the environment, but different biotreatment processes have been 
employed in the different palm oil mills, generating different properties of POME 
final discharge. The generation of waste from palm oil mills is also dependent on 
the amount of fresh fruit bunch (FFB) processed (Liew et al., 2017). Hence, it 
remains unclear how these different biotreatment processes and capacities 
could affect the result of the previous study which determined that 
Alcaligenaceae and Chromatiaceae were the bioindicators. Since the bacteria 
are highly sensitive to disturbances and could react differently depending on the 
properties of pollutants, environmental factors and treatment processes, it is 
important to assess the practical relevance of the bioindicator for monitoring the 
river water quality.  

In addition, as emphasis is placed on the concept of biodegradability in biological 
treatment of POME, utilisation of vast microbial consortia in the pond and 
anaerobic treatment systems in the mills (Choong et al., 2018; McHugh et al., 
2003) needs to be looked into more thoroughly. Up to date, insights into the 
bacterial and archaeal communities and key players catalysing a complex series 
of biochemical reactions to reduce the polluting power of POME in the treatment 
system are still unclear. Therefore, the substrates causing inefficient treatment 
of POME are not ascertained. Digestions problems may also arise from 
insufficient understanding of the biodegradation mechanism which in turn 
resulting in failure of the treatment system.  

Current studies have focused largely on the microbial community structure of 
POME in various bioreactor configurations (Rana et al., 2017) with little attention 
given to the bacterial and archaeal consortia involved in the biodegradation in 
the different stages of full-scale treatment of POME. The management of POME 
remains unclear and challenging without understanding the biodegradative 
pathways involved throughout the treatment. Therefore, to ensure a sustainable 
industrial practice, it is essential to have more knowledge on the bacterial 
population, diversity and how they are related to the biodegradation process and 
severity of pollution.  

The current conventional culturing methods used in analysing the bacterial 
community structure is inadequate as most of the important environmental 
bacterial species are unculturable (Lu et al., 2015; Rani et al., 2008). However, 
with the application of molecular phylogenetic methods and the emergence of 
next generation sequencing (NGS), it is now possible to obtain a view on the 
bacterial community that was previously inaccessible (Tan et al., 2015). The 
integration of PCR-denaturing gradient gel electrophoresis (DGGE) approach 
and high-throughput MiSeq serves as valuable tools to study the bacterial 
community composition and structure (Yu et al., 2015). The databases 
containing information regarding the relative abundance and activity of bacterial 
communities could provide thorough insights on the bacterial community 
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composition in the POME final discharges taken from different biotreatment 
processes of POME, as well as the bacterial and archaeal diversity and 
composition in the different stages of POME treatment. The biodegradation 
potential of bacterial community throughout the treatment process could also be 
obtained by correlating the shift of bacterial community with the changes of 
physicochemical properties of POME. 

This study aimed to assess bacterial community changes in the POME final 
discharges generated from different biotreatment processes, as well as during 
the full-scale treatment of POME. The specific objectives of this research were: 

I. To assess the presence of bioindicators in the POME final discharge 
generated by different biotreatment processes and correlate to the 
changes of pollutant properties; 

II. To assess the changes of bacterial and methanogenic archaeal
communities in the different stages during the treatment of POME.



© C
OPYRIG

HT U
PM

96 

7 REFERENCES 

Abdullah, N., Yuzir, A., Curtis, T.P., Yahya, A., Ujang, Z., 2013. Characterization 
of aerobic granular sludge treating high strength agro-based wastewater 
at different volumetric loadings. Bioresour. Technol. 127, 181–187. 
https://doi.org/10.1016/j.biortech.2012.09.047 

Abdullah, R., 2003. Short-Term and Long-Term Projection of Malaysian Palm 
Oil Production. Oil palm Ind. Econ. J. 3, 32–36. 

Acosta-González, A., Rosselló-Móra, R., Marqués, S., 2013. Characterization of 
the anaerobic microbial community in oil-polluted subtidal sediments: 
Aromatic biodegradation potential after the Prestige oil spill. Environ. 
Microbiol. 15(1), 77–92. https://doi.org/10.1111/j.1462-
2920.2012.02782.x 

Adrados, B., Sánchez, O., Arias, C.A., Becares, E., Garrido, L., Mas, J., Brix, H., 
Morató, J., 2014. Microbial communities from different types of natural 
wastewater treatment systems: Vertical and horizontal flow constructed 
wetlands and biofilters. Water Res. 55, 304–312. 
https://doi.org/10.1016/j.watres.2014.02.011 

Ahmad, A., Ghufran, R., Wahid, Z.A., 2011a. Role of calcium oxide in sludge 
granulation and methanogenesis for the treatment of palm oil mill 
effluent using UASB reactor. J. Hazard. Mater. 198, 40–48. 
https://doi.org/10.1016/j.jhazmat.2011.10.008 

Ahmad, A., Ghufran, R., Wahid, Z.A., 2011b. Bioenergy from anaerobic 
degradation of lipids in palm oil mill effluent. Rev. Environ. Sci. 
Biotechnol. 10, 353–376. https://doi.org/10.1007/s11157-011-9253-8 

Ahmad, A.A., Hameed, B.H., 2009. Reduction of COD and color of dyeing 
effluent from a cotton textile mill by adsorption onto bamboo-based 
activated carbon. J. Hazard. Mater. 1538e1543. 

Ahmad, A.L., Sumathi, S., Hameed, B.H., 2006. Coagulation of residue oil and 
suspended solid in palm oil mill effluent by chitosan, alum and PAC. 
Chem. Eng. J. 118, 99–105. https://doi.org/10.1016/j.cej.2006.02.001 

Ahmad, A.L., Sumathi, S., Hameed, B.H., 2005. Residual oil and suspended 
solid removal using natural adsorbents chitosan, bentonite and activated 
carbon: A comparative study. Chem. Eng. J. 108, 179–185. 
https://doi.org/10.1016/j.cej.2005.01.016 



© C
OPYRIG

HT U
PM

 
97 

Ahmed, Y., Yaakob, Z., Akhtar, P., Sopian, K., 2015. Production of biogas and 
performance evaluation of existing treatment processes in palm oil mill 
effluent (POME). Renew. Sustain. Energy Rev. 42, 1260–1278. 
https://doi.org/10.1016/j.rser.2014.10.073 

Alhaji, M.H., Sanaullah, K., Lim, S.F., Khan, A., Hipolito, C.N., Abdullah, M.O., 
Bhawani, S.A., Jamil, T., 2016. Photocatalytic treatment technology for 
palm oil mill effluent (POME) - A review. Process Saf. Environ. Prot. 102, 
673–686. https://doi.org/10.1016/j.psep.2016.05.020 

Ali, M., Yee, L., Lai, P., Ariffin, H., Rahim, A., Shirai, Y., Sudesh, K., 2012. 
Sustainable production of polyhydroxyalkanoates from renewable oil-
palm biomass. Biomass and Bioenergy 50, 1–9. 
https://doi.org/10.1016/j.biombioe.2012.10.014 

Álvarez, P., Santamaría, R., Blanco, C., Granda, M., 2005. Thermal degradation 
of lignocellulosic materials treated with several acids. J. Anal. Appl. 
Pyrolysis 74, 336–343. https://doi.org/10.1016/j.jaap.2004.11.030 

Amani, T., Nosrati, M., Mousavi, S.M., 2012. Response surface methodology 
analysis of anaerobic syntrophic degradation of volatile fatty acids in an 
upflow anaerobic sludge bed reactor inoculated with enriched cultures. 
Biotechnol. Bioprocess Eng. 17(1), 133-144. 
https://doi.org/10.1007/s12257-011-0248-7 

Ambuchi, J.J., Liu, J., Wang, H., Shan, L., Zhou, X., Mohammed, M.O.A., Feng, 
Y., 2016. Microbial community structural analysis of an expanded 
granular sludge bed (EGSB) reactor for beet sugar industrial wastewater 
(BSIW) treatment. Appl. Microbiol. Biotechnol. 100, 4651–4661. 
https://doi.org/10.1007/s00253-015-7245-2 

An, X., Baker, P., Li, H., Su, J., Yu, C., Cai, C., 2016. The patterns of bacterial 
community and relationships between sulfate-reducing bacteria and 
hydrochemistry in sulfate-polluted groundwater of Baogang rare earth 
tailings. Environ. Sci. Pollut. Res. 23, 21766–21779. 
https://doi.org/10.1007/s11356-016-7381-y 

Anderson, I., Ulrich, L.E., Lupa, B., Susanti, D., Porat, I., Hooper, S.D., Lykidis, 
A., Sieprawska-Lupa, M., Dharmarajan, L., Goltsman, E., Lapidus, A., 
Saunders, E., Han, C., Land, M., Lucas, S., Mukhopadhyay, B., 
Whitman, W.B., Woese, C., Bristow, J., Kyrpides, N., 2009. Genomic 
characterization of methanomicrobiales reveals three classes of 
methanogens. PLoS One 4, e5797. 
https://doi.org/10.1371/journal.pone.0005797 

Andersson, S., Kuttuva Rajarao, G., Land, C.J., Dalhammar, G., 2008. Biofilm 
formation and interactions of bacterial strains found in wastewater 
treatment systems. FEMS Microbiol. Lett. 283, 83–90. 
https://doi.org/10.1111/j.1574-6968.2008.01149.x 



© C
OPYRIG

HT U
PM

 
98 

Angenent, L.T., Karim, K., Al-Dahhan, M.H., Wrenn, B.A., Domíguez-Espinosa, 
R., 2004. Production of bioenergy and biochemicals from industrial and 
agricultural wastewater. Trends Biotechnol. 22, 477–485. 
https://doi.org/http://dx.doi.org/10.1016/j.tibtech.2004.07.001 

Antwi, P., Li, J., Boadi, P.O., Meng, J., Koblah Quashie, F., Wang, X., Ren, N., 
Buelna, G., 2017. Efficiency of an upflow anaerobic sludge blanket 
reactor treating potato starch processing wastewater and related 
process kinetics, functional microbial community and sludge 
morphology. Bioresour. Technol. 239, 105–116. 
https://doi.org/10.1016/j.biortech.2017.04.124 

APHA, 2002. Stand. Methods Exam. Water Wastewater, 20th ed. Am. Public 
Heal. Assoc., Washington DC USA. 

Araya, R., Tani, K., Takagi, T., Yamaguchi, N., Nasu, M., 2003. Bacterial activity 
and community composition in stream water and biofilm from an urban 
river determined by fuorescent in situ hybridization and DGGE analysis. 
FEMS Microbiol. Ecol. 43, 111–119. https://doi.org/10.1111/j.1574-
6941.2003.tb01050.x. 

Awalludin, M.F., Sulaiman, O., Hashim, R., Nadhari, W.N.A.W., 2015. An 
overview of the oil palm industry in Malaysia and its waste utilization 
through thermochemical conversion, specifically via liquefaction. 
Renew. Sustain. Energy Rev. 50, 1469–1484. 
https://doi.org/10.1016/j.rser.2015.05.085 

Azmi, N.S., Yunos, K.F.M., 2014. Wastewater Treatment of Palm Oil Mill Effluent 
(POME) by Ultrafiltration Membrane Separation Technique Coupled 
with Adsorption Treatment as Pre-treatment. Agric. Agric. Sci. Procedia 
2, 257–264. https://doi.org/10.1016/j.aaspro.2014.11.037 

Bafana, A., Kumar, G., Kashyap, S.M., Kanade, G.S., Shinde, V.M., 2015. 
Dynamics of effluent treatment plant during commissioning of activated 
sludge process unit. Environ. Sci. Pollut. Res. 22, 3538–3546. 
https://doi.org/10.1007/s11356-014-3597-x 

Bagatini, I.L., Eiler, A., Bertilsson, S., Klaveness, D., Tessarolli, L.P., Vieira, 
A.A.H., 2014. Host-specificity and dynamics in bacterial communities 
associated with bloom-forming freshwater phytoplankton. PLoS One 9, 
e85950. https://doi.org/10.1371/journal.pone.0085950 

Baharuddin, A.S., Wakisaka, M., Shirai, Y., Abd-Aziz, S., Abdul Rahman, N.A., 
Hassan, M.A., 2009. Co-composting of empty fruit bunches and partially 
treated palm oil mill effluents in pilot scale. Int. J. Agric. Res. 4, 69–78. 
https://doi.org/10.3923/ijar.2009.69.78 

 



© C
OPYRIG

HT U
PM

 
99 

Bai, Y., Qi, W., Liang, J., Qu, J., 2014. Using high-throughput sequencing to 
assess the impacts of treated and untreated wastewater discharge on 
prokaryotic communities in an urban river. Appl. Microbiol. Biotechnol. 
98, 1841–1851. https://doi.org/10.1007/s00253-013-5116-2 

Bala, J.D., Lalung, J., Ismail, N., 2015. Studies on the reduction of organic load 
from palm oil mill effluent (POME) by bacterial strains. Int. J. Recycl. 
Org. Waste Agric. 4, 1–10. https://doi.org/10.1007/s40093-014-0079-6 

Bala, J.D., Lalung, J., Ismail, N., 2014a. Biodegradation of palm oil mill effluent 
(POME) by bacterial. Int. J. Sci. Res. Publ. 4, 2250–3153. 

Bala, J.D., Lalung, J., Ismail, N., 2014b. Palm oil mill effluent (POME) treatment 
“‘Microbial communities in an anaerobic digester’”: A review. Int. J. Sci. 
Res. Publ. 4, 1–24. 

Bapteste, É., Brochier, C., Boucher, Y., 2005. Higher-level classification of the 
Archaea: Evolution of methanogenesis and methanogens. Archaea 1, 
353–363. https://doi.org/10.1155/2005/859728 

Becerra-Castro, C., Macedo, G., Silva, A.M.T., Manaia, C.M., Nunes, O.C., 
2016. Proteobacteria become predominant during regrowth after water 
disinfection. Sci. Total Environ. 573, 313–323. 
https://doi.org/10.1016/j.scitotenv.2016.08.054 

Bella, J.M., Bao, Y., Gloor, G.B., Burton, J.P., Reid, G., 2013. High throughput 
sequencing methods and analysis for microbiome research. J. Microbiol. 
Methods 95, 401–414. https://doi.org/10.1016/j.mimet.2013.08.011 

Bello, M.M., Abdul Raman, A.A., 2017. Trend and current practices of palm oil 
mill effluent polishing: Application of advanced oxidation processes and 
their future perspectives. J. Environ. Manage. 198, 170–182. 
https://doi.org/10.1016/j.jenvman.2017.04.050 

Bello, M.M., Nourouzi, M.M., Abdullah, L.C., Choong, T.S.Y., Koay, Y.S., 
Keshani, S., 2013. POME is treated for removal of color from biologically 
treated POME in fixed bed column: Applying wavelet neural network 
(WNN). J. Hazard. Mater. 262, 106–113. 
https://doi.org/10.1016/j.jhazmat.2013.06.053 

Bertin, L., Colao, M.C., Ruzzi, M., Marchetti, L., Fava, F., 2006. Performances 
and microbial features of an aerobic packed-bed biofilm reactor 
developed to post-treat an olive mill effluent from an anaerobic GAC 
reactor. Microb. Cell Fact. 5, 1–11. https://doi.org/10.1186/1475-2859-
5-16 

 



© C
OPYRIG

HT U
PM

100 

Bhatia, S., Othman, Z., Ahmad, A.L., 2007. Coagulation-flocculation process for 
POME treatment using Moringa oleifera seeds extract: Optimization 
studies. Chem. Eng. J. 133, 205–212. 
https://doi.org/10.1016/j.cej.2007.01.034 

Bing-Ru, L., Guo-Mei, J., Jian, C., Gang, W., 2006. A review of methods for 
studying microbial diversity in soils. Pedosphere 16, 18–24. 
https://doi.org/10.1016/S1002-0160(06)60021-0 

Bitton, B., 2005. Wastewater microbiology. Wiley, Hoboken,New Jersey, pp. 
345–369. 

Boon, N., De Windt, W., Verstraete, W., Top, E.M., 2002. Evaluation of nested 
PCR-DGGE (denaturing gradient gel electrophoresis) with group-
specific 16S rRNA primers for the analysis of bacterial communities from 
different wastewater treatment plants. FEMS Microbiol. Ecol. 39, 101–
112. https://doi.org/10.1016/S0168-6496(01)00198-2 

Braga, P.A.C., Tata, A., Gonçalves Dos Santos, V., Barreiro, J.R., Schwab, N.V., 
Veiga Dos Santos, M., Eberlin, M.N., Ferreira, C.R., 2013. Bacterial 
identification: From the agar plate to the mass spectrometer. RSC Adv. 
3, 994–1008. https://doi.org/10.1039/c2ra22063f 

Cai, W., Li, Y., Wang, P., Niu, L., Zhang, W., Wang, C., 2017. Erratum to: Effect 
of the pollution level on the functional bacterial groups aiming at 
degrading bisphenol A and nonylphenol in natural biofilms of an urban 
river. Environ. Sci. Pollut. Res. 23, 15727–15738. 
https://doi.org/10.1007/s11356-017-8422-x 

Cao, H., Hong, Y., Li, M., Gu, J.D., 2011. Diversity and abundance of ammonia-
oxidizing prokaryotes in sediments from the coastal Pearl River estuary 
to the South China Sea. Antonie Van Leeuwenhoek 100, 545. 
https://doi.org/10.1007/s10482-011-9610-1 

Caporaso, J.G., Kuczynski, J., Stombaugh, J., Bittinger, K., Bushman, F.D., 
Costello, E.K., Fierer, N., Pena, A.G., Goodrich, J.K., Gordon, J.I. and 
Huttley, G.A., 2010. QIIME allows analysis of high-throughput 
community sequencing data. Nat. Methods 10.1038/nm, 335–336. 
https://doi.org/10.1038/nmeth.f.303. 

Caporaso, J.G., Lauber, C.L., Walters, W.A., Berg-Lyons, D., Huntley, J., Fierer, 
N., Owens, S.M., Betley, J., Fraser, L., Bauer, M. and Gormley, N., 2012. 
Ultra-high-throughput microbial community analysis on the Illumina 
HiSeq and MiSeq platforms. ISME J. 6, 1621. 
https://doi.org/10.1038/ismej.2012.8 



© C
OPYRIG

HT U
PM

 
101 

Caporaso, J.G., Kuczynski, J., Stombaugh, J., Bittinger, K., Bushman, F.D., 
Costello, E.K., Fierer, N., Peña, A.G., Goodrich, J.K., Gordon, J.I., 
Huttley, G. a, Kelley, S.T., Knights, D., Koenig, J.E., Ley, R.E., 
Lozupone, C. a, Mcdonald, D., Muegge, B.D., Pirrung, M., Reeder, J., 
Sevinsky, J.R., Turnbaugh, P.J., Walters, W. a, Widmann, J., 
Yatsunenko, T., Zaneveld, J., Knight, R., 2010. correspondence QIIME 
allows analysis of high- throughput community sequencing data 
Intensity normalization improves color calling in SOLiD sequencing. Nat. 
Publ. Gr. 7, 335–336. https://doi.org/10.1038/nmeth0510-335 

Cardinali-Rezende, J., Rojas-Ojeda, P., Nascimento, A.M.A., Sanz, J.L., 2016. 
Proteolytic bacterial dominance in a full-scale municipal solid waste 
anaerobic reactor assessed by 454 pyrosequencing technology. 
Chemosphere 146, 519–525. 
https://doi.org/10.1016/j.chemosphere.2015.12.003 

Celińska, E., Grajek, W., 2009. Biotechnological production of 2,3-butanediol-
Current state and prospects. Biotechnol. Adv. 27, 715–725. 
https://doi.org/10.1016/j.biotechadv.2009.05.002 

Chao, A., Lee, S.M., 1992. Estimating the number of classes via sample 
coverage. J. Am. Stat. Assoc. 87, 210–217. 
https://doi.org/10.1080/01621459.1992.10475194 

Chen, Y., Wen, Y., Tang, Z., Huang, J., Zhou, Q., Vymazal, J., 2015. Effects of 
plant biomass on bacterial community structure in constructed wetlands 
used for tertiary wastewater treatment. Ecol. Eng. 84, 38–45. 
https://doi.org/10.1016/j.ecoleng.2015.07.013 

Chin, K.K., Lee, S.W., Mohammad, H.H., 1996. A study of palm oil mill effluent 
treatment using a pond system. Water Sci. Technol. 34, 119–123. 
https://doi.org/10.1016/S0273-1223(96)00828-1 

Chokwe, T.B., Okonkwo, J.O., Sibali, L.L., Ncube, E.J., 2012. Optimization and 
simultaneous determination of alkyl phenol ethoxylates and brominated 
flame retardants in water after SPE and heptafluorobutyric anhydride 
derivatization followed by GC/MS. Chromatographia 75, 1165–1176. 
https://doi.org/10.1007/s10337-012-2293-6 

Chong, L., Zhuping, Z., Tongjun, G., Yongming, L., Hongmin, D., 2014. Changes 
in methane emission, rumen fermentation, and methanogenic 
community in response to silage and dry cornstalk diets. J. Basic 
Microbiol. 54, 521–530. https://doi.org/10.1002/jobm.201200678 

Chong, M.L., Rahim, R.A., Shirai, Y., Hassan, M.A., 2009. Biohydrogen 
production by Clostridium butyricum EB6 from palm oil mill effluent. Int. 
J. Hydrogen Energy 34, 764–771. 
https://doi.org/10.1016/j.ijhydene.2008.10.095 



© C
OPYRIG

HT U
PM

 
102 

Choong, Y.Y., Chou, K.W., Norli, I., 2018. Strategies for improving biogas 
production of palm oil mill effluent (POME) anaerobic digestion: A critical 
review. Renew. Sustain. Energy Rev. 82, 2993–3006. 
https://doi.org/10.1016/j.rser.2017.10.036 

Choorit, W., Wisarnwan, P., 2007. Effect of temperature on the anaerobic 
digestion of palm oil mill effluent. Electron. J. Biotechnol. 10, 376–385. 
https://doi.org/10.2225/vol10-issue3-fulltext-7 

Cibis, K.G., Gneipel, A., König, H., 2016. Isolation of acetic, propionic and butyric 
acid-forming bacteria from biogas plants. J. Biotechnol. 220, 51–63. 
https://doi.org/10.1016/j.jbiotec.2016.01.008 

Clean Water Team, 2013. Colour of Water Fact Sheet, State Water Resources 
Control Board. 

Cottrell, M.T., Waidner, L.A., Yu, L., Kirchman, D.L., 2005. Bacterial diversity of 
metagenomic and PCR libraries from the Delaware River. Environ. 
Microbiol. 7, 1883–1895. https://doi.org/10.1111/j.1462-
2920.2005.00762.x 

David, J., Japareng, B., 2015. Studies on the reduction of organic load from palm 
oil mill effluent (POME) by bacterial strains 1–10. 
https://doi.org/10.1007/s40093-014-0079-6 

De Souza, F.A., Kowalchuk, G.A., Leeflang, P., Van Veen, J.A., Smit, E., 2004. 
PCR-Denaturing gradient gel electrophoresis profiling of inter- and 
intraspecies 18S rRNA gene sequence heterogeneity is an accurate and 
sensitive method to assess species diversity of arbuscular mycorrhizal 
fungi of the genus gigaspora. Appl. Environ. Microbiol. 70, 1413–1424. 
https://doi.org/10.1128/AEM.70.3.1413-1424.2004 

Delforno, T.P., Lacerda Júnior, G.V., Noronha, M.F., Sakamoto, I.K., Varesche, 
M.B.A., Oliveira, V.M., 2017. Microbial diversity of a full-scale UASB 
reactor applied to poultry slaughterhouse wastewater treatment: 
integration of 16S rRNA gene amplicon and shotgun metagenomic 
sequencing. Microbiologyopen 6, e00443. 
https://doi.org/10.1002/mbo3.443 

Demirel, B., Scherer, P., 2008. The roles of acetotrophic and hydrogenotrophic 
methanogens during anaerobic conversion of biomass to methane: A 
review. Rev. Environ. Sci. Biotechnol. https://doi.org/10.1007/s11157-
008-9131-1 

DeSantis, T.Z., Hugenholtz, P., Larsen, N., Rojas, M., Brodie, E.L., Keller, K., 
Huber, T., Dalevi, D., Hu, P., Andersen, G.L., 2006. Greengenes, a 
chimera-checked 16S rRNA gene database and workbench compatible 
with ARB. Appl. Environ. Microbiol. 72, 5069–5072. 
https://doi.org/10.1128/AEM.03006-05 



© C
OPYRIG

HT U
PM

 
103 

Ding, L., Zhou, Q., Wang, L., Zhang, Q., 2011. Dynamics of bacterial community 
structure in a full- scale wastewater treatment plant with anoxic-oxic 
configuration using 16S rDNA PCR-DGGE fingerprints. African J. 
Biotechnol. 10, 589–600. https://doi.org/10.5897/AJB10.386 

Dubber, D., Gray, N.F., 2010. Replacement of chemical oxygen demand (COD) 
with total organic carbon (TOC) for monitoring wastewater treatment 
performance to minimize disposal of toxic analytical waste. J. Environ. 
Sci. Heal. - Part A Toxic/Hazardous Subst. Environ. Eng. 45, 1595–
1600. https://doi.org/10.1080/10934529.2010.506116 

El-Ziney, M.G., Arneborg, N., Uyttendaele, M., Debevere, J., Jakobsen, M., 
1998. Characterization of growth and metabolite production of 
Lactobacillus reuteri during glucose/glycerol cofermentation in batch 
and continuous cultures. Biotechnol. Lett. 20, 913–916. 

Elijah, I.O., Sylvester, C.I., Nimi, J., 2013. Physicochemical and Microbial 
Screening of Palm Oil Mill Effluents for Amylase Production. Greener J. 
Biol. Sci. 3, 307–318. 
https://doi.org/10.15580/GJBS.2013.8.100913894 

Elmi, A., 2015. Colour and COD Removal from Palm Oil Mill Effluent (POME) 
Using Pseudomonas Aeruginosa Strain NCIM 5223 in Microbial Fuel 
Cell. Int. J. Waste Resour. 05, 3–5. https://doi.org/10.4172/2252-
5211.1000181 

EQR, 2006. Malaysia Environmental Quality Report. Petaling Jaya, Malaysia. 

Fang, C., O-Thong, S., Boe, K., Angelidaki, I., 2011. Comparison of UASB and 
EGSB reactors performance, for treatment of raw and deoiled palm oil 
mill effluent (POME). J. Hazard. Mater. 189, 229–234. 
https://doi.org/10.1016/j.jhazmat.2011.02.025 

Felda Group Venture, 2017. FELDA Annual Report 2016. Annu. Rep. Integr. 
Rep. 2016 May 2017, 363. 

Felföldi, T., Székely, A.J., Gorál, R., Barkács, K., Scheirich, G., András, J., Rácz, 
A., Márialigeti, K., 2010. Polyphasic bacterial community analysis of an 
aerobic activated sludge removing phenols and thiocyanate from coke 
plant effluent. Bioresour. Technol. 101, 3406–3414. 
https://doi.org/10.1016/j.biortech.2009.12.053 

Feng, Y., Zhang, Y., Chen, S., Quan, X., 2015. Enhanced production of methane 
from waste activated sludge by the combination of high-solid anaerobic 
digestion and microbial electrolysis cell with iron-graphite electrode. 
Chem. Eng. J. 259, 787–794. https://doi.org/10.1016/j.cej.2014.08.048 

Gerardi, M.., 2006. Wastewater Bacteria. Wiley-Interscience, New Jersey, pp. 
19–31. 



© C
OPYRIG

HT U
PM

 
104 

Gerardi, M.H., Lytle, B., 2015. Algae, Alkalinity, and pH, in: The Biology and 
Troubleshooting of Facultative Lagoons. pp. 105–109. 

Gich, F.B., Amer, E., Figueras, J.B., Charles A. Abella, C. a. A., Balaguer, M.D., 
Poch, M., 2010. Assessment of microbial community structure changes 
by amplified ribosomal DNA restriction analysis (ARDRA). Int. Microbiol. 
3, 103–106. https://doi.org/10.2436/im.v3i2.9255 

Gray, N.D., Miskin, I.P., Kornilova, O., Curtis, T.P., Head, I.M., 2002. Occurrence 
and activity of archaea in aerated activated sludge wastewater treatment 
plants. Environ. Microbiol. 4, 158–168. https://doi.org/10.1046/j.1462-
2920.2002.00280.x 

Guo, J., Ni, B.J., Han, X., Chen, X., Bond, P., Peng, Y., Yuan, Z., 2017. Data on 
metagenomic profiles of activated sludge from a full-scale wastewater 
treatment plant. Data Br. 15, 833–839. 
https://doi.org/10.1016/j.dib.2017.10.048 

Gupta, V., Capalash, N., Gupta, N., Sharma, P., 2017. Bio-prospecting laccases 
in the bacterial diversity of activated sludge from pulp and paper 
industry. Indian J. Microbiol. 57, 75–82. https://doi.org/10.1007/s12088-
016-0624-2 

Gutierrez, T., Green, D.H., Nichols, P.D., Whitman, W.B., Semple, K.T., Aitken, 
M.D., 2012. Polycyclovorans algicola gen. nov., sp. nov., an aromatic-
hydrocarbon- degrading marine bacterium found associated with 
laboratory cultures of marine phytoplankton. Appl. Environ. Microbiol. 
AEM-02833. https://doi.org/10.1128/AEM.02833-12 

Hammer, Ø., Harper, D.A.T., Ryan, P.D., 2001. PAST : Paleontological Statistics 
Software Package for Education and Data Analysis 4, 1–9. 

Hamzah, M.F., Yusof, N., Alimon, H., 2016. Microbial assisted phytoremediation 
of palm oil mill final discharge (POMFD) wastewater. J. Oil Palm Res. 
28, 320–330. https://doi.org/10.21894/jopr.2016.2803.08 

Hassa, J., Maus, I., Off, S., Pühler, A., Scherer, P., Klocke, M., Schlüter, A., 
2018. Metagenome, metatranscriptome, and metaproteome 
approaches unraveled compositions and functional relationships of 
microbial communities residing in biogas plants. Appl. Microbiol. 
Biotechnol. 102, 5045–5063. https://doi.org/10.1007/s00253-018-8976-
7 

Hassan, M.A., Shirai, Y., Yung-Tse Hung, 2005a. Treatment of Palm Oil 
Wastewaters, in: Lawrence, K.W., Hung, Y.-T., H.Lo, H., Yapijakis, C. 
(Eds.), Waste Treatment in the Food Processing Industry. Taylor & 
Francis, pp. 101–107. 

 



© C
OPYRIG

HT U
PM

 
105 

Hassan, M.A., Yacob, S., Shirai, Y., Hung, Y., 2005b. Treatment of Palm Oil 
Wastewaters. Waste Treat. Food Process. Ind. 101–117. 
https://doi.org/10.1201/9781420037128.ch4 

Hatamoto, M., Imachi, H., Fukayo, S., Ohashi, A., Harada, H., 2007. 
Syntrophomonas palmitatica sp. nov., an anaerobic syntrophic, long-
chain fatty-acid-oxidizing bacterium isolated from methanogenic sludge. 
Int. J. Syst. Evol. Microbiol. 57, 2137–2142. 
https://doi.org/10.1099/ijs.0.64981-0 

Hattori, S., 2008. Syntrophic acetate-oxidizing microbes in methanogenic 
environments. Microbes Environ. 23, 118–127. 
https://doi.org/10.1264/jsme2.23.118 

Hesham, A.E.-L., Qi, R., Yang, M., 2011. Comparison of bacterial community 
structures in two systems of a sewage treatment plant using PCR-
DGGE analysis. J. Environ. Sci. 23, 2049–2054. 
https://doi.org/10.1016/S1001-0742(10)60647-X 

Heyer, R., Schallert, K., Zoun, R., Becher, B., Saake, G., Benndorf, D., 2017. 
Challenges and perspectives of metaproteomic data analysis. J. 
Biotechnol. 261, 24–36. https://doi.org/10.1016/j.jbiotec.2017.06.1201 

Hii, K.L., Yeap, S.P., Mashitah, M.D., 2012. Cellulase production from palm oil 
mill effluent in Malaysia: Economical and technical perspectives. Eng. 
Life Sci. 12, 7–28. https://doi.org/10.1002/elsc.201000228 

Hong, Y.G., Li, M., Cao, H., Gu, J.D., 2011. Residence of habitat-specific 
anammox bacteria in the deep-sea subsurface sediments of the South 
China Sea: analyses of marker gene abundance with physical chemical 
parameters. Microb. Ecol. 62, 36–47. https://doi.org/10.1007/s00248-
011-9849-0 

Hossain, M.A., Jewaratnam, J., Ganesan, P., 2016. Prospect of hydrogen 
production from oil palm biomass by thermochemical process – A 
review. Int. J. Hydrogen Energy 41, 16637–16655. 
https://doi.org/10.1016/j.ijhydene.2016.07.104 

Hu, M., Wang, X., Wen, X., Xia, Y., 2012. Microbial community structures in 
different wastewater treatment plants as revealed by 454-
pyrosequencing analysis. Bioresour. Technol. 117, 72–79. 
https://doi.org/10.1016/j.biortech.2012.04.061 

Huang, M.H., Li, Y.M., Gu, G.W., 2010. Chemical composition of organic matters 
in domestic wastewater. Desalination. 
https://doi.org/10.1016/j.desal.2010.05.037 

 



© C
OPYRIG

HT U
PM

 
106 

Hugenholtz, P., Goebel, B.M., Pace, N.R., 1998. Impact of culture-Independent 
studies on the emerging phylogenetic view of bacterial diversity. J. 
Bacteriol. 4765–4774. 

Hughes, J.B., Hellmann, J.J., Ricketts, T.H., Bohannan, B.J.M., 2001. Counting 
the uncountable: statistical approaches to estimating microbial diversity. 
Appl. Environ. Microbiol. 67, 4399–4406. 
https://doi.org/10.1128/AEM.67.10.4399-4406.2001 

Hunter, M.L., Gibbs, J.P., 2006. Fundamentals of conservation biology, 3rd ed. 
Wiley Blackwell, Malden, MA. 

Hurlbert, S.H., 1971. The nonconcept of species diversity: a critique and 
alternative parameters. Ecology 52, 577–586. 
https://doi.org/10.2307/1934145 

Ibarbalz, F.M., Figuerola, E.L.M., Erijman, L., 2013. Industrial activated sludge 
exhibits unique bacterial community composition at high taxonomic 
ranks. Water Res. 47, 3854–3864. 
https://doi.org/10.1016/j.watres.2013.04.010 

Ibekwe, A.M., Grieve, C.M., Lyon, S.R., 2003. Characterization of microbial 
communities and composition in constructed dairy wetland wastewater 
effluent. Appl. Environ. Microbiol. 69, 5060–5069. 
https://doi.org/10.1128/AEM.69.9.5060 

Ibrahim, A.H., Dahlan, I., Adlan, M.N., Dasti, A.F., 2012. Comparative study on 
characterization of Malaysian palm oil mill effluent. Res. J. Chem. Sci. 
2, 1–5. https://doi.org/10.1016/j.watres.2013.02.032 

Ibrahim, N., Jahim, J.M., Lim, S.S., 2013. Initial study of thermophilic hydrogen 
production from raw palm oil mill effluent (POME) using mixed 
microflora, in: Developments in Sustainable Chemical and Bioprocess 
Technology. Springer, pp. 43–49. 

Igwe, J.C., Onyegbado, C.C., 2007. A Review of Palm Oil Mill Effluent (POME) 
Water Treatment. Glob. J. Environ. Res. 1, 54–62. 

James, F.C., McCulloch, C.E., 1990. Multivariate analysis in ecology and 
systematics: Panacea or Pandora’s Box? Annu. Rev. Ecol. Syst. 21, 
129–166. https://doi.org/10.1146/annurev.es.21.110190.001021 

Jang, H.M., Kim, J.H., Ha, J.H., Park, J.M., 2014. Bacterial and methanogenic 
archaeal communities during the single-stage anaerobic digestion of 
high-strength food wastewater. Bioresour. Technol. 165, 174–182. 
https://doi.org/10.1016/j.biortech.2014.02.028 

 



© C
OPYRIG

HT U
PM

 
107 

Jia, S., Zhang, X.X., Miao, Y., Zhao, Y., Ye, L., Li, B., Zhang, T., 2017. Fate of 
antibiotic resistance genes and their associations with bacterial 
community in livestock breeding wastewater and its receiving river 
water. Water Res. 124, 259–268. 
https://doi.org/10.1016/j.watres.2017.07.061 

Jin, C., Viidanoja, J., 2017. Determination of glycerol in oils and fats using liquid 
chromatography chloride attachment electrospray ionization mass 
spectrometry. J. Chromatogr. B Anal. Technol. Biomed. Life Sci. 1041–
1042, 94–97. https://doi.org/10.1016/j.jchromb.2016.11.041 

Jong, B.C., Liew, P.W.Y., Juri, M.L., Kim, B.H., Mohd. Dzomir, A.Z., Leo, K.W., 
Awang, M.R., 2011. Performance and microbial diversity of palm oil mill 
effluent microbial fuel cell. Lett. Appl. Microbiol. 53, 660–667. 
https://doi.org/10.1111/j.1472-765X.2011.03159.x 

Julaidi, R., 2014. Regulatory requirements for biogas plants, effluent discharge 
and flue gas emissions for palm oil mill. Semin. Palm Oil Mill, Refinery, 
Environ. Qual. 

Kanu, I., Achie, O.K., 2011. Industrial effluents and their impact on water quality 
of receiving rivers in Nigeria. J. Applieal Technol. Environ. Sanit. 1, 75–
86. 

Kapley, A., Prasad, S., Purohit, H.J., 2007. Changes in microbial diversity in fed-
batch reactor operation with wastewater containing nitroaromatic 
residues. Bioresour. Technol. 98, 2479–2484. 
https://doi.org/10.1016/j.biortech.2006.09.012 

Khemkhao, M., Nuntakumjorn, B., Techkarnjanaruk, S., Phalakornkule, C., 
2012. UASB performance and microbial adaptation during a transition 
from mesophilic to thermophilic treatment of palm oil mill effluent. J. 
Environ. Manage. 103, 74–82. 
https://doi.org/10.1016/j.jenvman.2012.03.004 

Khemkhao, M., Techkarnjanaruk, S., Phalakornkule, C., 2015. Simultaneous 
treatment of raw palm oil mill effluent and biodegradation of palm fiber 
in a high-rate CSTR. Bioresour. Technol. 177, 17–27. 
https://doi.org/10.1016/j.biortech.2014.11.052 

Kim, D.H., Jang, S., Yun, Y.M., Lee, M.K., Moon, C., Kang, W.S., Kwak, S.S., 
Kim, M.S., 2014. Effect of acid-pretreatment on hydrogen fermentation 
of food waste: Microbial community analysis by next generation 
sequencing. Int. J. Hydrogen Energy 39, 16302–16309. 
https://doi.org/10.1016/j.ijhydene.2014.08.004 

 

 



© C
OPYRIG

HT U
PM

 
108 

Kim, M., Gomec, C.Y., Ahn, Y., Speece, R.E., 2003. Hydrolysis and 
acidogenesis of particulate organic material in mesophilic and 
thermophilic anaerobic digestion. Environ. Technol. (United Kingdom) 
24, 1183–1190. https://doi.org/10.1080/09593330309385659 

Kim, S.H., Choi, S.M., Ju, H.J., Jung, J.Y., 2013. Mesophilic co-digestion of palm 
oil mill effluent and empty fruit bunches. Environ. Technol. (United 
Kingdom) 34, 2163–2170. 
https://doi.org/10.1080/09593330.2013.826253 

Kirk, J.L., Beaudette, L.A., Hart, M., Moutoglis, P., Klironomos, J.N., Lee, H., 
Trevors, J.T., 2004. Methods of studying soil microbial diversity. J. 
Microbiol. Methods 58, 169–188. 
https://doi.org/10.1016/j.mimet.2004.04.006 

Köchling, T., Ferraz, A.D.N., Florencio, L., Kato, M.T., Gavazza, S., 2017. 454-
Pyrosequencing analysis of highly adapted azo dye-degrading microbial 
communities in a two-stage anaerobic–aerobic bioreactor treating textile 
effluent. Environ. Technol. (United Kingdom) 38, 687–693. 
https://doi.org/10.1080/09593330.2016.1208681 

Kuczynski, J., Lauber, C.L., Walters, W.A., Parfrey, L.W., Clemente, J.C., 
Gevers, D., Knight, R., 2011. Experimental and analytical tools for 
studying the human microbiome. Nat. Rev. Genet. 13, 47. 
https://doi.org/10.1038/nrg3129 

Lam, M.K., Lee, K.T., 2011. Renewable and sustainable bioenergies production 
from palm oil mill effluent (POME): Win-win strategies toward better 
environmental protection. Biotechnol. Adv. 29, 124–141. 
https://doi.org/10.1016/j.biotechadv.2010.10.001 

Lapara, T.M., Burch, T.R., McNamara, P.J., Tan, D.T., Yan, M., Eichmiller, J.J., 
2011. Tertiary-treated municipal wastewater is a significant point source 
of antibiotic resistance genes into Duluth-Superior Harbor. 49. Environ. 
Sci. Technol. 45, 9543–9549. https://doi.org/10.1021/es202775r 

LaPara, T.M., Nakatsu, C.H., Pantea, L.M., Alleman, J.E., 2002. Stability of the 
bacterial communities supported by a seven-stage biological process 
treating pharmaceutical wastewater as revealed by PCR-DGGE. Water 
Res. 36, 638–646. https://doi.org/10.1016/S0043-1354(01)00277-9 

Latif, A., Suhaimi, A.A., Romzay, R.A., 2014. Application of elaeis guineensis 
leaves in palm oil mill effluent treatment. Indian J. Sci. Technol. 7, 254–
261.. https://doi.org/10.1007/s13246-018-0622-2 

Laurance, W.F., Koh, L.P., Butler, R., Sodhi, N.S., Bradshaw, C.J.A., Neidel, 
J.D., Consunji, H., Vega, J.M., 2010. Improving the performance of the 
roundtable on sustainable palm oil for nature conservation. Conserv. 
Biol. 24, 377–381. https://doi.org/10.1111/j.1523-1739.2010.01448.x 



© C
OPYRIG

HT U
PM

 
109 

Lazarevic, V., Whiteson, K., Huse, S., Hernandez, D., Farinelli, L., Østerås, M., 
Schrenzel, J., François, P., 2009. Metagenomic study of the oral 
microbiota by Illumina high-throughput sequencing. J. Microbiol. 
Methods 79, 266–271. https://doi.org/10.1016/j.mimet.2009.09.012 

Leclerc, M., Delgènes, J.P., Godon, J.J., 2004. Diversity of the archaeal 
community in 44 anaerobic digesters as determined by single strand 
conformation polymorphism analysis and 16S rDNA sequencing. 
Environ. Microbiol. 6, 809–819. https://doi.org/10.1111/j.1462-
2920.2004.00616.x 

Lee, J.Z., Logan, A., Terry, S., Spear, J.R., 2015. Microbial response to single-
cell protein production and brewery wastewater treatment. Microb. 
Biotechnol. 8, 65–76. https://doi.org/10.1111/1751-7915.12128 

Li, A.J., Yang, S.F., Li, X.Y., Gu, J.D., 2008. Microbial population dynamics 
during aerobic sludge granulation at different organic loading rates. 
Water Res. 42, 3552–3560. 
https://doi.org/10.1016/j.watres.2008.05.005 

Li, H., Shen, T.T., Wang, X.L., Lin, K.F., Liu, Y. Di, Lu, S.G., Gu, J.D., Wang, P., 
Lu, Q., Du, X.M., 2013. Biodegradation of perchloroethylene and 
chlorophenol co-contamination and toxic effect on activated sludge 
performance. Bioresour. Technol. 137, 286–293. 
https://doi.org/10.1016/j.biortech.2013.02.050 

Liew, L.L., Loh, S.K., Kassim, M.A., Muda, K., 2015. Efficiency of nutrients 
removal from palm oil mill effluent treatment systems efficiency of 
nutrients removal from palm oil mill effluent treatment systems. J. Palm 
Oil Res. 27, 433–443. 

Liew, W.L., Kassim, M.A., Muda, K., Loh, S.K., Affam, A.C., 2014. Conventional 
methods and emerging wastewater polishing technologies for palm oil 
mill effluent treatment: A review. J. Environ. Manage. 149, 222–235. 
https://doi.org/10.1016/j.jenvman.2014.10.016 

Liu, H., Zhang, T., Fang, H.H.P., 2003. Thermophilic H2production from a 
cellulose-containing wastewater. Biotechnol. Lett. 25, 365–369. 
https://doi.org/10.1023/A:1022341113774 

Liu, L., Li, Y., Li, S., Hu, N., He, Y., Pong, R., Lin, D., Lu, L., Law, M., 2012. 
Comparison of next-generation sequencing systems. J. Biomed. 
Biotechnol. 2012, 11. https://doi.org/10.1155/2012/251364 

Liu, S.P., Yu, J.X., Wei, X.L., Ji, Z.W., Zhou, Z.L., Meng, X.Y., Mao, J., 2016. 
Sequencing-based screening of functional microorganism to decrease 
the formation of biogenic amines in Chinese rice wine. Food Control 64, 
98–104. https://doi.org/10.1016/j.foodcont.2015.12.013 



© C
OPYRIG

HT U
PM

 
110 

Lozupone, C.A., Hamady, M., Kelley, S.T., Knight, R., 2007. Quantitative and 
qualitative β diversity measures lead to different insights into factors that 
structure microbial communities. Appl. Environ. Microbiol. 73, 1576–
1585. https://doi.org/10.1128/AEM.01996-06 

Lu, X., Ni, J., Zhen, G., Kubota, K., Li, Y.Y., 2018. Response of morphology and 
microbial community structure of granules to influent COD/SO42 – ratios 
in an upflow anaerobic sludge blanket (UASB) reactor treating starch 
wastewater. Bioresour. Technol. 256, 456–465. 
https://doi.org/10.1016/j.biortech.2018.02.055 

Lucena-Padrós, H., Jiménez, E., Maldonado-Barragán, A., Rodríguez, J.M., 
Ruiz-Barba, J.L., 2015. PCR-DGGE assessment of the bacterial 
diversity in Spanish-style green table-olive fermentations. Int. J. Food 
Microbiol. 205, 47–53. https://doi.org/10.1016/j.ijfoodmicro.2015.03.033 

Ma, Q., Qu, Y.-Y., Zhang, X.-W., Shen, W.-L., Liu, Z.-Y., Wang, J.-W., Zhang, 
Z.-J., Zhou, J.-T., 2015a. Identification of the microbial community 
composition and structure of coal-mine wastewater treatment plants. 
Microbiol. Res. 175, 1–5. https://doi.org/10.1016/j.micres.2014.12.013 

Ma, Q., Qu, Y., Shen, W., Zhang, Z., Wang, J., Liu, Z., Li, D., Li, H., Zhou, J., 
2015b. Bacterial community compositions of coking wastewater 
treatment plants in steel industry revealed by Illumina high-throughput 
sequencing. Bioresour. Technol. 179, 436–443. 
https://doi.org/10.1016/j.biortech.2014.12.041 

Madaki, Y.S., Seng, L., 2013. Pollution Control: How feasible is Zero Discharge 
Concepts in Malaysia Palm Oil Mills. Am. J. Eng. Res. 2, 239–252. 

Madsen, A.M., Zervas, A., Tendal, K., Nielsen, J.L., 2015. Microbial diversity in 
bioaerosol samples causing ODTS compared to reference bioaerosol 
samples as measured using Illumina sequencing and MALDI-TOF. 
Environ. Res. 140, 255–267. 
https://doi.org/10.1016/j.envres.2015.03.027 

Malakahmad, A., Lahin, F.A., Yee, W., 2014. Biodegradation of high-strength 
palm oil mill effluent (POME) through anaerobes partitioning in an 
integrated baffled reactor inoculated with anaerobic pond sludge. Water. 
Air. Soil Pollut. 225. https://doi.org/10.1007/s11270-014-1883-3 

Mamimin, C., Thongdumyu, P., Hniman, A., Prasertsan, P., Imai, T., O-Thong, 
S., 2012. Simultaneous thermophilic hydrogen production and phenol 
removal from palm oil mill effluent by Thermoanaerobacterium-rich 
sludge. Int. J. Hydrogen Energy 37, 15598–15606. 
https://doi.org/10.1016/j.ijhydene.2012.04.062 

 



© C
OPYRIG

HT U
PM

 
111 

Maza-Márquez, P., González-Martínez, A., Rodelas, B., González-López, J., 
2017. Full-scale photobioreactor for biotreatment of olive washing water: 
Structure and diversity of the microalgae-bacteria consortium. 
Bioresour. Technol. 238, 389–398. 
https://doi.org/10.1016/j.biortech.2017.04.048 

McHugh, S., O’Reilly, C., Mahony, T., 2003. Anaerobic granular sludge 
bioreactor technology. Rev. … 225–245. 
https://doi.org/10.1023/B:RESB.0000040465.45300.97 

McHugh, S., O’Reilly, C., Mahony, T., Colleran, E., O’Flaherty, V., 2003. 
Anaerobic granular sludge bioreactor technology. Rev. Environ. Sci. 
Biotechnol. 2, 225–245. 
https://doi.org/10.1023/B:RESB.0000040465.45300.97 

Metcalf, E., 2003. Wastewater engineering treatment and reuse, in: Constituents 
in Wastewater. Elsevier Science B.V., Amsterdam, pp. 96–97. 

Miran, W., Nawaz, M., Kadam, A., Shin, S., Heo, J., Jang, J., Lee, D.S., 2015. 
Microbial community structure in a dual chamber microbial fuel cell fed 
with brewery waste for azo dye degradation and electricity generation. 
Environ. Sci. Pollut. Res. 22, 13477–13485. 
https://doi.org/10.1007/s11356-015-4582-8 

Miura, Y., Hiraiwa, M.N., Ito, T., Itonaga, T., Watanabe, Y., Okabe, S., 2007. 
Bacterial community structures in MBRs treating municipal wastewater: 
Relationship between community stability and reactor performance. 
Water Res. 41, 627–637. https://doi.org/10.1016/j.watres.2006.11.005 

Mohammed, R.R., 2013. Decolorisation of Biologically Treated Palm Oil Mill 
Effluent (POME) Using Adsorption Technique. Int. Ref. J. Eng. Sci. 2, 
01-11. 

Mohammed, R.R., Chong, M.F., 2014. Treatment and decolorization of 
biologically treated Palm Oil Mill Effluent (POME) using banana peel as 
novel biosorbent. J. Environ. Manage. 132, 237–249. 
https://doi.org/10.1016/j.jenvman.2013.11.031 

Mohammed, R.R., Ketabachi, M.R., McKay, G., 2014. Combined magnetic field 
and adsorption process for treatment of biologically treated palm oil mill 
effluent (POME). Chem. Eng. J. 243, 31–42. 
https://doi.org/10.1016/j.cej.2013.12.084 

Mohd-Nor, D., Ramli, N., Sharuddin, S.S., Hassan, M.A., Mustapha, N.A., 
Amran, A., Sakai, K., Shirai, Y., Maeda, T., 2018. Alcaligenaceae and 
Chromatiaceae as reliable bioindicators present in palm oil mill effluent 
final discharge treated by different biotreatment processes. Ecol. Indic. 
95, 468–473. https://doi.org/10.1016/j.ecolind.2018.08.007 



© C
OPYRIG

HT U
PM

 
112 

Moradigaravand, D., Gouliouris, T., Ludden, C., Reuter, S., Jamrozy, D., Blane, 
B., Naydenova, P., Judge, K., H. Aliyu, S., F. Hadjirin, N., A. Holmes, 
M., Török, E., M. Brown, N., Parkhill, J., Peacock, S., 2018. Genomic 
survey of Clostridium difficile reservoirs in the East of England implicates 
environmental contamination of wastewater treatment plants by clinical 
lineages. Microb. Genomics 4. https://doi.org/10.1099/mgen.0.000162 

Moura, A., Tacão, M., Henriques, I., Dias, J., Ferreira, P., Correia, A., 2009. 
Characterization of bacterial diversity in two aerated lagoons of a 
wastewater treatment plant using PCR-DGGE analysis. Microbiol. Res. 
164, 560–569. https://doi.org/10.1016/j.micres.2007.06.005 

MPOB, 2017. Oil palm planted area 2017, 2–3. 

MPOB, 2016. Overview of the Malaysian Oil Palm Industry. Malaysian Palm Oil 
Board 1–4. https://doi.org/10.1017/CBO9781107415324.004 

Mustapha, N.A., Hu, A., Yu, C.P., Sharuddin, S.S., Ramli, N., Shirai, Y., Maeda, 
T., 2018. Seeking key microorganisms for enhancing methane 
production in anaerobic digestion of waste sewage sludge. Appl. 
Microbiol. Biotechnol. 1–12. https://doi.org/10.1007/s00253-018-9003-8 

Muyzer, G., 1999. DGGE / TGGE a method for identifying genes from natural 
ecosystems. Curr. Opin. Microbiol. 2, 317–322. 
https://doi.org/10.1016/S1369-5274(99)80055-1 

Muyzer, G., Waal, E.C.D.E., Uitierlinden, A.G., 1993. Profiling of Complex 
Microbial Populations by Denaturing Gradient Gel Electrophoresis 
Analysis of Polymerase Chain Reaction-Amplified Genes Coding for 
16S rRNA 59, 695–700. 

Mwaikono, K.S., Maina, S., Sebastian, A., Schilling, M., Kapur, V., Gwakisa, P., 
2016. High-throughput sequencing of 16S rRNA gene reveals 
substantial bacterial diversity on the municipal dumpsite. BMC Microbiol. 
16, 145. https://doi.org/10.1186/s12866-016-0758-8 

Nelson, M.C., Morrison, M., Yu, Z., 2011. A meta-analysis of the microbial 
diversity observed in anaerobic digesters. Bioresour. Technol. 102, 
3730–3739. https://doi.org/10.1016/j.biortech.2010.11.119 

Nitipan, S., Mamimin, C., Intrasungkha, N., Birkeland, N.K., O-Thong, S., 2014. 
Microbial community analysis of thermophilic mixed culture sludge for 
biohydrogen production from palm oil mill effluent. Int. J. Hydrogen 
Energy 39, 19285–19293. 
https://doi.org/10.1016/j.ijhydene.2014.05.139 

 



© C
OPYRIG

HT U
PM

 
113 

Nogi, Y., Yoshizumi, M., Hamana, K., Miyazaki, M., Horikoshi, K., 2014. 
Povalibacter uvarum gen. nov., sp. nov., a polyvinyl-alcohol-degrading 
bacterium isolated from grapes. Int. J. Syst. Evol. Microbiol. 64, 2712–
2717. https://doi.org/10.1099/ijs.0.062620-0 

Ohimain, E.I., Izah, S.C., 2017. A review of biogas production from palm oil mill 
effluents using different configurations of bioreactors. Renew. Sustain. 
Energy Rev. 70, 242–253. https://doi.org/10.1016/j.rser.2016.11.221 

Ostrem, K., Themelis, N.J., 2004. Green waste: Anaerobic Digestion for treating 
the organic fraction of municipal solid treating the organic fraction of 
municipal solid wastes. Columbia University. 

Ozuolmez, D., Na, H., Lever, M.A., Kjeldsen, K.U., Jørgensen, B.B., Plugge, 
C.M., 2015. Methanogenic archaea and sulfate reducing bacteria co-
cultured on acetate: Teamwork or coexistence? Front. Microbiol. 6, 492. 
https://doi.org/10.3389/fmicb.2015.00492 

Payment, P., Locas, A., 2011. Water Pathogens: values and Batar correlation 
with Microbes indicator. J. Gr. Water 49, 4–11. 

Pereira, V.J., Linden, K.G., Weinberg, H.S., 2007. Evaluation of UV irradiation 
for photolytic and oxidative degradation of pharmaceutical compounds 
in water. Water Res. 41, 4413–4423. 
https://doi.org/10.1016/j.watres.2007.05.056 

Pérez-Pantoja, D., Donoso, R., Agulló, L., Córdova, M., Seeger, M., Pieper, 
D.H., González, B., 2012. Genomic analysis of the potential for aromatic 
compounds biodegradation in Burkholderiales. Environ. Microbiol. 14, 
1091–1117. https://doi.org/10.1111/j.1462-2920.2011.02613.x 

Pérez, J., Muñoz-Dorado, J., De La Rubia, T., Martínez, J., 2002. 
Biodegradation and biological treatments of cellulose, hemicellulose 
and lignin: An overview. Int. Microbiol. 5, 53–63. 
https://doi.org/10.1007/s10123-002-0062-3 

Poh, P.E., Chong, M.F., 2014. Upflow anaerobic sludge blanket-hollow centered 
packed bed (UASB-HCPB) reactor for thermophilic palm oil mill effluent 
(POME) treatment. Biomass and Bioenergy 67, 231–242. 
https://doi.org/10.1016/j.biombioe.2014.05.007 

Poh, P.E., Chong, M.F., 2009. Development of anaerobic digestion methods for 
palm oil mill effluent (POME) treatment. Bioresour. Technol. 100, 1–9. 
https://doi.org/10.1016/j.biortech.2008.06.022 

Poh, P.E., Yong, W.J., Chong, M.F., 2010. Palm oil mill effluent (POME) 
characteristic in high crop season and the applicability of high-rate 
anaerobic bioreactors for the treatment of pome. Ind. Eng. Chem. Res. 
49, 11732–11740. https://doi.org/10.1021/ie101486w 



© C
OPYRIG

HT U
PM

 
114 

Połka, J., Rebecchi, A., Pisacane, V., Morelli, L., Puglisi, E., 2014. Bacterial 
diversity in typical Italian salami at different ripening stages as revealed 
by high-throughput sequencing of 16S rRNA amplicons. Food Microbiol. 
46, 342–356. https://doi.org/10.1016/j.fm.2014.08.023 

Rainey, F.A., Donnison, A.M., Janssen, P.H., Saul, D., Rodrigo, A., Bergquist, 
P.L., Daniel, R.M., Stackebrandt, E., Morgan, H.W., 1994. Description 
of Caldicellulosiruptor saccharolyticus gen. nov., sp. nov: An obligately 
anaerobic, extremely thermophilic, cellulolytic bacterium. FEMS 
Microbiol. Lett. 120, 263–266. https://doi.org/10.1111/j.1574-
6968.1994.tb07043.x 

Rajala, P., Carpén, L., Vepsäläinen, M., Raulio, M., Sohlberg, E., Bomberg, M., 
2015. Microbially induced corrosion of carbon steel in deep groundwater 
environment. Front. Microbiol. 6, 1–13. 
https://doi.org/10.3389/fmicb.2015.00647 

Rajhi, H., Puyol, D., Mart??nez, M.C., D??az, E.E., Sanz, J.L., 2016. Vacuum 
promotes metabolic shifts and increases biogenic hydrogen production 
in dark fermentation systems. Front. Environ. Sci. Eng. 10, 513–521. 
https://doi.org/10.1007/s11783-015-0777-y 

Rana, S., Singh, L., Wahid, Z., Liu, H., 2017. A Recent Overview of Palm Oil Mill 
Effluent Management via Bioreactor Configurations. Curr. Pollut. 
Reports 1–14. 

Ranjard, L., Poly, F., Nazaret, S., 2000. Monitoring complex bacterial 
communities using culture-independent molecular techniques: 
Application to soil environment. Res. Microbiol. 151, 167–177. 
https://doi.org/10.1016/S0923-2508(00)00136-4 

Rehfuss, M., Urban, J., 2005. Alcaligenes faecalis subsp. phenolicus subsp. nov. 
a phenol-degrading, denitrifying bacterium isolated from a graywater 
bioprocessor. Syst. Appl. Microbiol. 28, 421–429. 
https://doi.org/10.1016/j.syapm.2005.03.003 

Remmas, N., Roukouni, C., Ntougias, S., 2017. Bacterial community structure 
and prevalence of Pusillimonas-like bacteria in aged landfill leachate. 
Environ. Sci. Pollut. Res. 24, 6757–6769. 
https://doi.org/10.1007/s11356-017-8416-8 

Rupani, P.F., Rajeev, P.S., Irahim, M.H., Esa, N., 2010. Review of Current Palm 
Oil Mill Effluent (POME) Treatment Methods: Vermicomposting as a 
Sustainable Practice. World Appl. Sci. J. 
https://doi.org/10.5539/jas.v7n4p68 

 

 



© C
OPYRIG

HT U
PM

 
115 

Saeed, M.O., Azizli, K., Isa, M.H., Bashir, M.J.K., 2015. Application of CCD in 
RSM to obtain optimize treatment of POME using Fenton oxidation 
process. J. Water Process Eng. 8, e7–e16. 
https://doi.org/10.1016/j.jwpe.2014.11.001 

Saeed, M.O., Azizli, K.A.M., Isa, M.H., Ezechi, E.H., 2016. Treatment of POME 
using Fenton oxidation process: removal efficiency, optimization, and 
acidity condition. Desalin. Water Treat. 57, 23750–23759. 
https://doi.org/10.1080/19443994.2016.1141715 

Saidudu, H., 2014. Isolation and Identification of Selected Sulphate Reducing 
Bacteria from Palm Oil Mill Effluent for Desulfurization Process. 
Universiti Teknologi Malaysia, Skudai, Malaysia. 

Salihu, A., Alam, M.Z., 2012. Palm Oil Mill Effluent : A Waste or A Raw Material ? 
J. Appl. Sci. Res. January, 466–473. 

Salminen, E., Rintala, J., 2002. Anaerobic digestion of organic solid poultry 
slaughterhouse waste--a review. Bioresour. Technol. 83, 13–26. 
https://doi.org/10.1016/S0960-8524(01)00199-7 

Sánchez, O., Garrido, L., Forn, I., Massana, R., Maldonado, M.I., Mas, J., 2011. 
Molecular characterization of activated sludge from a seawater-
processing wastewater treatment plant. Microb. Biotechnol. 4, 628–642. 
https://doi.org/10.1111/j.1751-7915.2011.00256.x 

Sanders, H.L., 1968. Marine Benthic Diversity: A Comparative Study. Am. Nat. 
102, 243–282. https://doi.org/10.1086/282541 

Satyawali, Y., Balakrishnan, M., 2008. Wastewater treatment in molasses-based 
alcohol distilleries for COD and color removal: A review. J. Environ. 
Manage. 86, 481–497. https://doi.org/10.1016/j.jenvman.2006.12.024 

Schmidt, O., Horn, M.A., Kolb, S., Drake, H.L., 2015. Temperature impacts 
differentially on the methanogenic food web of cellulose-supplemented 
peatland soil. Environ. Microbiol. 17, 720–734. 
https://doi.org/10.1111/1462-2920.12507 

Selvarajan, R., Sibanda, T., Venkatachalam, S., Kamika, I., Nel, W.A.J., 2018. 
Industrial wastewaters harbor a unique diversity of bacterial 
communities revealed by high-throughput amplicon analysis. Ann. 
Microbiol. 68, 445–458. https://doi.org/10.1007/s13213-018-1349-8 

Shade, A., Peter, H., Allison, S.D., Baho, D.L., Berga, M., Bürgmann, H., Huber, 
D.H., Langenheder, S., Lennon, J.T., Martiny, J.B.H., Matulich, K.L., 
Schmidt, T.M., Handelsman, J., 2012. Fundamentals of microbial 
community resistance and resilience. Front. Microbiol. 3, 417. 
https://doi.org/10.3389/fmicb.2012.00417 



© C
OPYRIG

HT U
PM

 
116 

Shah, H.N., Gharbia, S.E., 1992. Biochemical and chemical studies on strains 
designated Prevotella intermedia and proposal of a new pigmented 
species, Prevotella nigrescens sp. nov. Int J Syst Bacteriol 42, 542–546. 
https://doi.org/10.1099/00207713-42-4-542 

Shannon, C.E., 1948. A Mathematical Theory of Communication. Bell Syst. 
Tech. J. 27, 379–423. https://doi.org/10.1002/j.1538-
7305.1948.tb01338.x 

Sharip, N.S., Ariffin, H., Hassan, M.A., Nishida, H., Shirai, Y., 2016. 
Characterization and application of bioactive compounds in oil palm 
mesocarp fiber superheated steam condensate as an antifungal agent. 
RSC Adv. 6, 84672–84683. https://doi.org/10.1039/c6ra13292h 

Sharuddin, S.S., Ramli, N., Hassan, M.A., Mustapha, N.A., Amran, A., Mohd-
Nor, D., Sakai, K., Tashiro, Y., Shirai, Y., Maeda, T., 2017. Bacterial 
community shift revealed Chromatiaceae and Alcaligenaceae as 
potential bioindicators in the receiving river due to palm oil mill effluent 
final discharge. Ecol. Indic. 82, 526–529. 
https://doi.org/10.1016/j.ecolind.2017.07.038 

Sharuddin, S.S., Ramli, N., Hassan, M.A., Mustapha, N.A., Amran, A., Mohd-
Nor, D., Sakai, K., Tashiro, Y., Shirai, Y., Maeda, T., 2017. Bacterial 
community shift revealed Chromatiaceae and Alcaligenaceae as 
potential bioindicators in the receiving river due to palm oil mill effluent 
final discharge. Ecol. Indic. 82, 526–529. 
https://doi.org/10.1016/j.ecolind.2017.07.038 

Sharuddin, S.S., Ramli, N., Mohd-Nor, D., Hassan, M.A., Maeda, T., Shirai, Y., 
Sakai, K., Tashiro, Y., 2018. Shift of low to high nucleic acid bacteria as 
a potential bioindicator for the screening of anthropogenic effects in a 
receiving river due to palm oil mill effluent final discharge. Ecol. Indic. 
85, 79–84. https://doi.org/https://doi.org/10.1016/j.ecolind.2017.10.020 

Shi, J., Wang, Z., Stiverson, J.A., Yu, Z., Li, Y., 2013. Reactor performance and 
microbial community dynamics during solid-state anaerobic digestion of 
corn stover at mesophilic and thermophilic conditions. Bioresour. 
Technol. 136, 574–581. https://doi.org/10.1016/j.biortech.2013.02.073 

Shi, S., Qu, Y., Ma, Q., Zhang, X., Zhou, J., Ma, F., 2015. Performance and 
microbial community dynamics in bioaugmented aerated filter reactor 
treating with coking wastewater. Bioresour. Technol. 190, 159–166. 
https://doi.org/10.1016/j.biortech.2015.04.075 

Shin, S.G., Lee, S., Lee, C., Hwang, K., Hwang, S., 2010. Qualitative and 
quantitative assessment of microbial community in batch anaerobic 
digestion of secondary sludge. Bioresour Technol 9461–9470. 

 



© C
OPYRIG

HT U
PM

 
117 

Shon, H.K., Vigneswaran, S., Snyder, S.A., 2006. Effluent organic matter (EfOM) 
in wastewater: Constituents, effects, and treatment. Crit. Rev. Environ. 
Sci. Technol. https://doi.org/10.1080/10643380600580011 

Shu, D., He, Y., Yue, H., Wang, Q., 2015. Microbial structures and community 
functions of anaerobic sludge in six full-scale wastewater treatment 
plants as revealed by 454 high-throughput pyrosequencing. Bioresour. 
Technol. 186, 163–172. https://doi.org/10.1016/j.biortech.2015.03.072 

Simpson, E.H., 1949. Measurement of diversity. Nature. 
https://doi.org/10.1038/163688a0 

Sluiter,  a., Hames, B., Ruiz, R., Scarlata, C., Sluiter, J., Templeton, D., Crocker, 
D., 2012. NREL/TP-510-42618 analytical procedure - Determination of 
structural carbohydrates and lignin in Biomass. Lab. Anal. Proced. 17. 
https://doi.org/NREL/TP-510-42618 

Sonune, N.A., Garode, A.M., 2015. Bioremediation Potential of Bacterial Isolates 
for Municipal Wastewater Treatment. Curr. World Environ. 10, 619–625. 
https://doi.org/10.12944/CWE.10.2.27 

Sophonsiri, C., Morgenroth, E., 2004. Chemical composition associated with 
different particle size fractions in municipal, industrial, and agricultural 
wastewaters. Chemosphere. 
https://doi.org/10.1016/j.chemosphere.2003.11.032 

Sousa,  a M., Pereira, M.O., 2013. A prospect of current microbial diagnosis 
methods. Microb. Pathog. Strateg. Combat. them Sci. Technol. Educ. 3, 
1429–1438. 

Stams, A.J.M., Sousa, D.Z., Kleerebezem, R., Plugge, C.M., 2012. Role of 
syntrophic microbial communities in high-rate methanogenic 
bioreactors. Water Sci. Technol. 66, 352–362. 
https://doi.org/10.2166/wst.2012.192 

Su, C., Lei, L., Duan, Y., Zhang, K.Q., Yang, J., 2012. Culture-independent 
methods for studying environmental microorganisms: Methods, 
application, and perspective. Appl. Microbiol. Biotechnol. 93, 993–1003. 
https://doi.org/10.1007/s00253-011-3800-7 

Sun, Y., Wang, T., Peng, X., Wang, P., Lu, Y., 2016. Bacterial community 
compositions in sediment polluted by perfluoroalkyl acids (PFAAs) using 
Illumina high-throughput sequencing. Environ. Sci. Pollut. Res. 23, 
10556–10565. https://doi.org/10.1007/s11356-016-6055-0 

 

 



© C
OPYRIG

HT U
PM

 
118 

Suriya, J., Chandra Shekar, M., Nathani, N.M., Suganya, T., Bharathiraja, S., 
Krishnan, M., 2017. Assessment of bacterial community composition in 
response to uranium levels in sediment samples of sacred Cauvery 
River. Appl. Microbiol. Biotechnol. 101, 831–841. 
https://doi.org/10.1007/s00253-016-7945-2 

Tabassum, S., Zhang, Y., Zhang, Z., 2015. An integrated method for palm oil 
mill effluent (POME) treatment for achieving zero liquid discharge - A 
pilot study. J. Clean. Prod. 95, 148–155. 
https://doi.org/10.1016/j.jclepro.2015.02.056 

Tabatabaei, M., Zakaria, M.R., Rahim, R.A., Wright, A.D.G., Shirai, Y., Abdullah, 
N., Sakai, K., Ikeno, S., Mori, M., Kazunori, N., Sulaiman, A., Hassan, 
M.A., 2009. PCR-based DGGE and FISH analysis of methanogens in 
an anaerobic closed digester tank for treating palm oil mill effluent. 
Electron. J. Biotechnol. 12, 12–13. https://doi.org/10.2225/vol12-issue3-
fulltext-4 

Talib, Y., Idris, A., Aslina, S., 2016. A tannin-based agent for coagulation and fl 
occulation of municipal wastewater : Chemical composition , 
performance assessment compared to Polyaluminum chloride , and 
application in a pilot plant. J. Environ. Manag. 
https://doi.org/10.1016/j.jenvman.2016.10.033 

Tan, B.H., Teng, T.T., Omar, A.K.M., 2000. Removal of dyes and industrial dye 
wastes by magnesium chloride. Water Res. 34, 597–601. 
https://doi.org/10.1016/S0043-1354(99)00151-7 

Tan, K.M., Liew, W.L., Muda, K., Kassim, M.., 2015. Microbiological 
Characteristics of Palm Oil Mill Effluent. nternational Congress on 
Chemical, Biological, and Environmental Sciences (ICCBES), Kyoto, 
Japan. 

Tan, Y.H., Goha, P.S., Lai, G.., Lau, W.., Ismail, A.F., 2014. Treatment of aerobic 
treated palm oil mill effluent (AT-POME) by using TiO2 photocatalytic 
process. J. Teknol. 70, 61–63. 
https://doi.org/http://dx.doi.org/10.11113/jt.v70.3436 

Tan, Y.J., Sun, L.J., Li, B.T., Zhao, X.H., Yu, T., Ikuno, N., Ishii, K., Hu, H.Y., 
2017. Fouling characteristics and fouling control of reverse osmosis 
membranes for desalination of dyeing wastewater with high chemical 
oxygen demand. Desalination 419, 1–7. 
https://doi.org/10.1016/j.desal.2017.04.029 

Tanikkul, P., Phalakornkule, C., Champreda, V., 2016. Comparative Granular 
Characteristics of Mesophilic and Thermophilic UASB Producing Biogas 
from Palm Oil Mill Effluent. Chem. Eng. J. 50, 205–210. 
https://doi.org/10.3303/CET1650035 



© C
OPYRIG

HT U
PM

 
119 

Tiirola, M.A., Suvilampi, J.E., Kulomaa, M.S., Rintala, J.A., 2003. Microbial 
diversity in a thermophilic aerobic biofilm process: Analysis by length 
heterogeneity PCR (LH-PCR). Water Res. 37, 2259–2268. 
https://doi.org/10.1016/S0043-1354(02)00631-0 

Van Belkum, A., Durand, G., Peyret, M., Chatellier, S., Zambardi, G., Schrenzel, 
J., Shortridge, D., Engelhardt, A., Dunne, W.M., 2013. Rapid clinical 
bacteriology and its future impact. Ann. Lab. Med. 33, 14–27. 
https://doi.org/10.3343/alm.2013.33.1.14 

Van de Peer, Y., Van der Auwera, G., De Wachter, R., 1996. The evolution of 
stramenopiles and alveolates as derived by “substitution rate calibration” 
of small ribosomal subunit RNA. J. Mol. Evol. 42, 201–210. 

Venkata Mohan, S., Raghavulu, S.V., Goud, R.K., Srikanth, S., Babu, V.L., 
Sarma, P.N., 2010. Microbial diversity analysis of long term operated 
biofilm configured anaerobic reactor producing biohydrogen from 
wastewater under diverse conditions. Int. J. Hydrogen Energy 35, 
12208–12215. https://doi.org/10.1016/j.ijhydene.2010.08.008 

Vijayaraghavan, K., Ahmad, D., Ezani Bin Abdul Aziz, M., 2007. Aerobic 
treatment of palm oil mill effluent. J. Environ. Manage. 82, 24–31. 
https://doi.org/10.1016/j.jenvman.2005.11.016 

Vivas, A., Moreno, B., Garcia-Rodriguez, S., Benitez, E., 2009. Assessing the 
impact of composting and vermicomposting on bacterial community size 
and structure, and microbial functional diversity of an olive-mill waste. 
Bioresour. Technol. 100, 1319–1326. 
https://doi.org/10.1016/j.biortech.2008.08.014 

Walter, A., Franke-Whittle, I.H., Wagner, A.O., Insam, H., 2015. Methane yields 
and methanogenic community changes during co-fermentation of cattle 
slurry with empty fruit bunches of oil palm. Bioresour. Technol. 175, 
619–623. https://doi.org/10.1016/j.biortech.2014.10.085 

Wang, J., Liu, X.D., Lu, J., 2012. Urban River Pollution Control and Remediation. 
Procedia Environ. Sci. 13, 1856–1862. 
https://doi.org/10.1016/j.proenv.2012.01.179 

Wang, J., Mahmood, Q., Qiu, J.P., Li, Y.S., Chang, Y.S., Chi, L.N., Li, X.D., 2015. 
Zero discharge performance of an industrial pilot-scale plant treating 
palm oil mill effluent. Biomed Res. Int. 2015, 9. 
https://doi.org/10.1155/2015/617861 

Wang, X., Cao, A., Zhao, G., Zhou, C., Xu, R., 2017. Microbial community 
structure and diversity in a municipal solid waste landfill. Waste Manag. 
66, 79–87. https://doi.org/10.1016/j.wasman.2017.04.023 

 



© C
OPYRIG

HT U
PM

 
120 

Weiß, S., Somitsch, W., Klymiuk, I., Trajanoski, S., Guebitz, G.M., 2016. 
Comparison of biogas sludge and raw crop material as source of 
hydrolytic cultures for anaerobic digestion. Bioresour. Technol. 207, 
244–251. https://doi.org/10.1016/j.biortech.2016.01.137 

Wells, G.F., Park, H.D., Eggleston, B., Francis, C.A., Criddle, C.S., 2011. Fine-
scale bacterial community dynamics and the taxa-time relationship 
within a full-scale activated sludge bioreactor. Water Res. 45, 5476–
5488. https://doi.org/10.1016/j.watres.2011.08.006 

Wen, Y., Jin, Y., wang,  jiayang, cai,  lipeng, 2015. MiSeq Sequencing Analysis 
of Bacterial Community Structures in Wastewater Treatment Plants. 
Polish J. Environ. Stud. 24, 1809–1815. 
https://doi.org/10.15244/pjoes/38456 

Whittaker, R.H., 1972. Evolution and Measurement of Species Diversity. Taxon 
213–251. https://doi.org/10.2307/1218190 

Wilkie, A.C., Riedesel, K.J., Owens, J.M., 2000. Stillage characterization and 
anaerobic treatment of ethanol stillage from conventional and cellulosic 
feedstocks. Biomass and Bioenergy 19, 63–102. 
https://doi.org/10.1016/S0961-9534(00)00017-9 

Wong, Y.S., Teng, T.T., Ong, S.A., Morad, N., Rafatullah, M., 2014. Suspended 
growth kinetic analysis on biogas generation from newly isolated 
anaerobic bacterial communities for palm oil mill effluent at mesophilic 
temperature. RSC Adv. 4, 64659–64667. 
https://doi.org/10.1039/c4ra08483g 

Wu, T.Y., Mohammad, A.W., Jahim, J.M., Anuar, N., 2010. Pollution control 
technologies for the treatment of palm oil mill effluent (POME) through 
end-of-pipe processes. J. Environ. Manage. 91, 1467–1490. 
https://doi.org/10.1016/j.jenvman.2010.02.008 

Wu, T.Y., Mohammad, A.W., Jahim, J.M., Anuar, N., 2009. A holistic approach 
to managing palm oil mill effluent (POME): Biotechnological advances 
in the sustainable reuse of POME. Biotechnol. Adv. 27, 40–52. 
https://doi.org/10.1016/j.biotechadv.2008.08.005 

Xia, S., Duan, L., Song, Y., Li, J., Piceno, Y.M., Andersen, G.L., Alvarez-Cohen, 
L., Moreno-Andrade, I., Huang, C.-L., Hermanowicz, S.W., 2010. 
Bacterial community structure in geographically distributed biological 
wastewater treatment reactors. Environ. Sci. Technol. 44, 7391–7396. 
https://doi.org/10.1021/es101554m 

 

 



© C
OPYRIG

HT U
PM

 
121 

Xia, Y., Yang, C., Zhang, T., 2018. Microbial effects of part-stream low-frequency 
ultrasonic pretreatment on sludge anaerobic digestion as revealed by 
high-throughput sequencing-based metagenomics and 
metatranscriptomics. Biotechnol. Biofuels 11, 47. 
https://doi.org/10.1186/s13068-018-1042-y 

Xin, B., Wang, Y., Tao, F., Li, L., Ma, C., Xu, P., 2016. Co-utilization of glycerol 
and lignocellulosic hydrolysates enhances anaerobic 1,3-propanediol 
production by Clostridium diolis. Sci. Rep. 6, 19044. 
https://doi.org/10.1038/srep19044 

Yacob, S., Hassan, M., Shirai, Y., Wakisaka, M., Subash, S., 2006. Baseline 
study of methane emission from anaerobic ponds of palm oil mill effluent 
treatment. Sci. Total Environ. 366, 187–196. 
https://doi.org/10.1016/j.scitotenv.2005.07.003 

Yacob, S., Hassan, M.A., Shirai, Y., Wakisaka, M., Subash, S., 2005. Baseline 
study of methane emission from open digesting tanks of palm oil mill 
effluent treatment. Chemosphere 59, 1575–1581. 
https://doi.org/10.1016/j.chemosphere.2004.11.040 

Yadvika, Santosh, Sreekrishnan, T.R., Kohli, S., Rana, V., 2004. Enhancement 
of biogas production from solid substrates using different techniques - A 
review. Bioresour. Technol. 95, 1–10. 
https://doi.org/10.1016/j.biortech.2004.02.010 

Yamaguchi, A., Sato, O., Mimura, N., Shirai, M., 2016. Catalytic production of 
sugar alcohols from lignocellulosic biomass. Catal. Today 265, 199–
202. https://doi.org/10.1016/j.cattod.2015.08.026 

Yao, Y., Guan, J., Tang, P., Jiao, H., Lin, C., Wang, J., Lu, Z., Min, H., Gao, H., 
2010. Assessment of toxicity of tetrahydrofuran on the microbial 
community in activated sludge. Bioresour. Technol. 101, 5213–5221. 
https://doi.org/10.1016/j.biortech.2010.02.051 

Ye, J., Song, Z., Wang, L., Zhu, J., 2016. Metagenomic analysis of microbiota 
structure evolution in phytoremediation of a swine lagoon wastewater. 
Bioresour. Technol. 219, 439–444. 
https://doi.org/10.1016/j.biortech.2016.08.013 

Ye, L., Zhang, T., 2013. Bacterial communities in different sections of a 
municipal wastewater treatment plant revealed by 16S rDNA 454 
pyrosequencing. Appl. Microbiol. Biotechnol. 97, 2681–2690. 
https://doi.org/10.1007/s00253-012-4082-4 

Yoochatchaval, W., Kumakura, S., Tanikawa, D., Yamaguchi, T., Yunus, M.F.M., 
Chen, S.S., Kubota, K., Harada, H., Syutsubo, K., 2011. Anaerobic 
degradation of palm oil mill effluent (POME). Water Sci. Technol. 64, 
2001–2008. https://doi.org/10.2166/wst.2011.782 



© C
OPYRIG

HT U
PM

 
122 

Yossan, S., O-Thong, S., Prasertsan, P., 2012. Effect of initial pH, nutrients and 
temperature on hydrogen production from palm oil mill effluent using 
thermotolerant consortia and corresponding microbial communities. Int. 
J. Hydrogen Energy 37, 13806–13814. 
https://doi.org/10.1016/j.ijhydene.2012.03.151 

Zaher, K., Hammam, G., 2014. Correlation between Biochemical Oxygen 
Demand and Chemical Oxygen Demand for Various Wastewater 
Treatment Plants in Egypt to Obtain the Biodegradability Indices. Int. J. 
Sci. Basic Appl. Res. 13, 42–48. 

Zahrim, A.Y., Nasimah, A., Hilal, N., 2014. Pollutants analysis during 
conventional palm oil mill effluent (POME) ponding system and 
decolourisation of anaerobically treated POME via calcium lactate-
polyacrylamide. J. Water Process Eng. 4, 159–165. 
https://doi.org/10.1016/j.jwpe.2014.09.005 

Zainal, N.H., Jalani, N.F., Mamat, R., Astimar, A.A., 2017. A review on the 
development of palm oil mill effluent (POME) final discharge polishing 
treatments. J. Oil Palm Res. 29, 528–540. 
https://doi.org/10.21894/jopr.2017.00012 

Zainudin, M.H.M., Hassan, M.A., Md Shah, U.K., Abdullah, N., Tokura, M., 
Yasueda, H., Shirai, Y., Sakai, K., Baharuddin, A.S., 2014. Bacterial 
community structure and biochemical changes associated with 
composting of lignocellulosic oil palm empty fruit bunch. BioResources 
9, 316–335. 

Zainudin, M.H.M., Hassan, M.A., Tokura, M., Shirai, Y., 2013. Indigenous 
cellulolytic and hemicellulolytic bacteria enhanced rapid co-composting 
of lignocellulose oil palm empty fruit bunch with palm oil mill effluent 
anaerobic sludge. Bioresour. Technol. 147, 632–635. 
https://doi.org/10.1016/j.biortech.2013.08.061 

Zakaria, M.R., Hirata, S., Hassan, M.A., 2015. Hydrothermal pretreatment 
enhanced enzymatic hydrolysis and glucose production from oil palm 
biomass. Bioresour. Technol. 176, 142–148. 
https://doi.org/10.1016/j.biortech.2014.11.027 

Zakharova, Y.R., Galachyants, Y.P., Kurilkina, M.I., Likhoshvay, A. V., Petrova, 
D.P., Shishlyannikov, S.M., Ravin, N. V., Mardanov, A. V., Beletsky, A. 
V., Likhoshway, Y. V., 2013. The Structure of Microbial Community and 
Degradation of Diatoms in the Deep Near-Bottom Layer of Lake Baikal. 
PLoS One 8, e59977. https://doi.org/10.1371/journal.pone.0059977 

Zamanzadeh, M., Parker, W.J., Verastegui, Y., Neufeld, J.D., 2013. Biokinetics 
and bacterial communities of propionate oxidizing bacteria in phased 
anaerobic sludge digestion systems. Water Res 1558–1569. 



© C
OPYRIG

HT U
PM

 
123 

Zhang, B., Xu, X., Zhu, L., 2018. Activated sludge bacterial communities of 
typical wastewater treatment plants: distinct genera identification and 
metabolic potential differential analysis. AMB Express 8, 14. 
https://doi.org/10.1186/s13568-018-0714-0 

Zhang, B., Xu, X., Zhu, L., 2017. Structure and function of the microbial consortia 
of activated sludge in typical municipal wastewater treatment plants in 
winter. Sci. Rep. 7, 17930. https://doi.org/10.1038/s41598-017-17743-x 

Zhang, X., Qu, Y., Ma, Q., Zhang, Z., Li, D., Wang, J., Shen, W., Shen, E., Zhou, 
J., 2015. Illumina MiSeq sequencing reveals diverse microbial 
communities of activated sludge systems stimulated by different 
aromatics for indigo biosynthesis from Indole. PLoS One 10, 1–14. 
https://doi.org/10.1371/journal.pone.0125732 

Zhang, Y., Kelly, W.R., Panno, S. V., Liu, W.T., 2014. Tracing fecal pollution 
sources in karst groundwater by Bacteroidales genetic biomarkers, 
bacterial indicators, and environmental variables. Sci. Total Environ. 
490, 1082–1090. https://doi.org/10.1016/j.scitotenv.2014.05.086 

Zhao, J., Zhao, X., Chao, L., Zhang, W., You, T., Zhang, J., 2014. Diversity 
change of microbial communities responding to zinc and arsenic 
pollution in a river of northeastern China. J. Zhejiang Univ. B 15, 670–
680. https://doi.org/10.1631/jzus.B1400003 

Zhong, F., Wu, J., Dai, Y., Yang, L., Zhang, Z., Cheng, S., Zhang, Q., 2014. 
Bacterial community analysis by PCR-DGGE and 454-pyrosequencing 
of horizontal subsurface flow constructed wetlands with front aeration. 
Appl. Microbiol. Biotechnol. 99, 1499–1512. 
https://doi.org/10.1007/s00253-014-6063-2 

Zhou, X., Wu, F., 2012. Dynamics of the diversity of fungal and Fusarium 
communities during continuous cropping of cucumber in the 
greenhouse. FEMS Microbiol. Ecol. 80, 469–478. 
https://doi.org/10.1111/j.1574-6941.2012.01312.x 

Zunaira, S., Hanim, A., 2017. A Century of Growth. Star. 

 
 
 
 
 
 
 
  



© C
OPYRIG

HT U
PM

 
127 

9 BIODATA OF STUDENT 

 
 
 

Diana Mohd Nor was born on March 21, 1981. She attended her preliminary 
school at Sekolah Kebangsaan Seberang Takir, Kuala Terengganu, 
Terengganu from 1988 to 1993. She continued her secondary education at 
Sekolah Menengah Kebangsaan Agama Tok Jiring, Kuala Terengganu, 
Terengganu (1994 – 1996) and MARA Junior Science College, Kuala Berang, 
Terengganu (1997-1998). Later, in 1999, she went to MARA Seremban 
Matriculation College, Seremban, Negeri Sembilan. After one year completion 
of her matriculation program, she was promoted to continue his First Degree in 
Bachelor Science of Plant Biotechnology, a three year program at Universiti 
Kebangsaaan Malaysia (UKM), Bangi, Selangor and graduated in July, 2003. 
She was offered to join a master’s degree in Molecular Biology at UKM under 
the supervision of Dr. Roohaida Othman and graduated in 2012. In February 
2014, she started her PhD study in the field of Environmental Biotechnology 
under supervision of Dr. Norhayati Ramli. She registered for PhD study with the 
School of Graduate Studies, Universiti Putra Malaysia (UPM) under Dual Degree 
Program (DDP) with Kyushu Institute of Technology (Kyutech), Japan. 
Throughout her study, she has been given the opportunities to carry out her 
research in Kyushu Institute of Technology, Japan under the joined research 
work. She also has experiences in guiding undergraduate students on the final 
year project, assisting in handling the laboratory class and paper publication. Up 
to date, she managed to publish two manuscripts in ISI journals. She also has 
participated in several conferences and workshops. 

 
 
 
 
 
 
 
 
 
 
 



© C
OPYRIG

HT U
PM

 
128 

10 LIST OF PUBLICATIONS 

Paper Publications 
 
 
Mohd-Nor, D., Ramli, N., Sharuddin, S.S., Hassan, M.A., Mustapha, N.A., 

Amran, A., Sakai, K., Shirai, Y. and Maeda, T. 2018. Alcaligenaceae 
And Chromatiaceae as Reliable Bioindicators Present in Palm Oil Mill 
Effluent Final Discharge Treated by Different Biotreatment Processes. 
Ecological Indicators 95: 468-473. 

Sharuddin, S.S., Ramli, N., Hassan, M.A., Mustapha, N.A., Amran, A., Mohd-
Nor, D., Sakai, K., Tashiro, Y., Shirai, Y. and Maeda, T., 2017. Bacterial 
community shift revealed Chromatiaceae and Alcaligenaceae as 
potential bioindicators in the receiving river due to palm oil mill effluent 
final discharge. Ecological Indicators, 82, 526–529.  

Sharuddin, S.S., Ramli, N., Mohd-Nor, D., Hassan, M.A., Maeda, T., Shirai, Y., 
Sakai, K. and Tashiro, Y. 2018. Shift of low to high nucleic acid bacteria 
as a potential bioindicator for the screening of anthropogenic effects in 
a receiving river due to palm oil mill effluent final discharge. Ecological 
Indicators, 85, 79–84.  

Mohd-Nor, D., Ramli, N., Sharuddin, S.S., Hassan, M.A., Mustapha, N.A., Ariffin, 
H., Sakai, Tashiro, Y., Shirai, Y. And Maeda, T. Dynamics of microbial 
populations responsible for the biodegradation during the full-scale 
treatment of palm oil mill effluent. Accepted in Microbes and 
Environments (Nov 2018). 

 
Conference Attended 

 
 
Mohd-Nor, D., Ramli, N., Hassan, M.A., Sakai, K., Tashiro, Y., Maeda, T. and 

Shirai, Y. 2014. Microbial community changes in different stages of palm 
oil mill effluent treatment. Symposium of Applied Sngineering and 
Sciences 2014 (SAES 2014). 10-11th November 2014, Kyushu Institute 
of Technology, Japan. (Poster Presentation). 

Mohd-Nor, D., Ramli, N., Hassan, M.A., Sakai, K., Tashiro, Y., Maeda, T. and 
Shirai, Y. 2015. Microbial community changes in different stages of palm 
oil mill effluent treatment. Asian Congress on Biotechnology 2015 (ACB 
2015), 15-19th November 2015, Istana Hotel, Kuala Lumpur. (Poster 
presentation). 

 



© C
OPYRIG

HT U
PM

 
129 

Mohd-Nor, D., Ramli, N., Hassan, M.A., Sakai, K., Tashiro, Y., Maeda, T. and 
Shirai, Y. 2017. Bacterial community shift as potential bioindicator for 
monitoring the performance of palm oil mill effluent system. Symposium 
of Applied Sngineering and Sciences 2017 (SAES 2017). 14-15th 
November 2017, Universiti Putra Malaysia, Malaysia. (Poster 
Presentation). 

 

 



© C
OPYRIG

HT U
PM


	Blank Page
	Blank Page
	Blank Page
	Blank Page



