
 

 
 
 

UNIVERSITI PUTRA MALAYSIA 
 
 

BIOMONITORING PALM OIL MILL EFFLUENT FINAL DISCHARGE 
POLLUTED RIVERS USING MOLECULAR-BASED APPROACHES 

 

 
 
 
 
 
 
 
 
 

NURHASLIZA BINTI ZOLKEFLI 

 
 
 
 
 
 
 
 
 
 
 
 

FBSB 2020 30 



 
 

 
 
 

BIOMONITORING PALM OIL MILL EFFLUENT FINAL DISCHARGE 
POLLUTED RIVERS USING MOLECULAR-BASED APPROACHES 

 
 
 
 
 
 
 
 
 
 
 
 
 

By 
 
 

NURHASLIZA BINTI ZOLKEFLI 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Thesis Submitted to the School of Graduate Studies, Universiti Putra 
Malaysia, in Fulfilment of the Requirements for the Degree of Master of 

Science 
 
 

July 2020

© C
OPYRIG

HT U
PM



 
 

All material contained within the thesis, including without limitation text, logos, 
icons, photographs and all other artwork, is copyright material of Universiti Putra 
Malaysia unless otherwise stated. Use may be made of any material contained 
within the thesis for non-commercial purposes from the copyright holder. 
Commercial use of material may only be made with the express, prior, written 
permission of Universiti Putra Malaysia. 
 
 
Copyright © Universiti Putra Malaysia 

© C
OPYRIG

HT U
PM



i 
 

Abstract of thesis presented to the Senate of Universiti Putra Malaysia in 
fulfilment of the requirement for the degree of Master of Science 

 
 

BIOMONITORING PALM OIL MILL EFFLUENT FINAL DISCHARGE 
POLLUTED RIVERS USING MOLECULAR-BASED APPROACHES  

 
 

By 
 
 

NURHASLIZA BINTI ZOLKEFLI  
 
 

July 2020 
 
 

Chairman :   Norhayati Ramli, PhD 
Faculty  :   Biotechnology and Biomolecular Sciences 
 
 
Palm oil industry has been associated with water quality issues from the practice 
of palm oil mill effluent (POME) final discharge disposal into nearby river. 
Nevertheless, it is hardly proven since the river is exposed to many other 
anthropogenic pollutants. The current method for the pollution assessment using 
physicochemical profiling is less specific. This necessitates the establishment of a 
complementary molecular-based biomonitoring system where the bacterial 
indicator and genetic biomarker detections specific for POME pollutants can be 
utilized. Present study was done to determine the dominant presence of 
Alcaligenaceae and Chromatiaceae in the POME final discharge polluted rivers in 
comparison to the other rivers polluted by mining drainage, automotive oil and 
chemical-related industrial effluents. Based on the capability of Alcaligenaceae to 
biodegrade lignin derived phenolic compounds, this research was also done to 
identify the functional genes involved in POME pollutants biodegradation. To 
achieve the objectives, physicochemical characterization was done to correlate 
with the detection of the potential bioindicators. 16S rRNA next generation 
amplicon sequencing was done by Illumina MiSeq, while the bacterial cells viability 
and nucleic acid activities in all studied rivers were evaluated by utilizing double 
nucleic acid-based assay of the flow cytometry. In addition, the significant 
functional genes carried by the bacterial communities involved in the POME 
biodegradation were screened in the final discharge and polluted rivers by 
conventional polymerase chain reaction (PCR). Overall, it was confirmed that 
Alcaligenaceae (0.53% - 0.96%) and Chromatiaceae (0.81% - 3.44%) are 
dominant in the POME final discharge polluted rivers and not in other polluted 
rivers. The principle coordinate (PCO) analysis had proved the strong positive 
correlation between these two bacterial families with 5-day biological oxygen 
demand (BOD5). Plus, the environmental changes lead to a higher bacterial 
viability (58.3% - 69.5%) and high nucleic acid (HNA) composition (75.0% - 82.2%) 
in the POME final discharge polluted rivers as compared to the other polluted rivers 
with cell viability ranging from 4.4% - 57.6% and HNA from 2.2% - 13.4%. The 
functional gene screening had resulted with the characterization of phenol 
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hydroxylase and protocatechuate 3,4-dioxygenase genes which are 
consequentially involved in the degradation of lignin derived phenolic compounds 
via the β-ketoadipate metabolic pathway. It is impressive that the high intensity of 
the protocatechuate 3,4-dioxygenase gene at 800 bp was shared only by the 
bacterial communities in POME final discharges and the receiving downstream 
rivers but not in the other comparative rivers. These findings prove on the 
specificity of Alcaligenaceae and Chromatiaceae as the POME final discharge 
pollution bioindicators in the river and the potential of protocatechuate 3,4-
dioxygenase to be used as a molecular biomarker for the detection of this pollutant 
in the river. 
 
 
KEYWORDS: amplicon sequencing; bioindicator; palm oil mill effluent; phenol 
hydroxylase; protocatechuate 3,4-dioxygenase 
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Industri minyak kelapa sawit telah dikaitkan dengan isu-isu kualiti air daripada 
amalan pelupusan pelepasan akhir efluen kilang minyak sawit (POME) ke dalam 
sungai berhampiran. Walaubagaimanapun, ianya sukar untuk dibuktikan kerana 
sungai juga terdedah kepada banyak bahan cemar antropogenik lain. Kaedah 
semasa bagi penilaian pencemaran tersebut menggunakan pemprofilan 
fizikokimia adalah kurang spesifik. Ini memerlukan satu pembentukan sistem 
biopemantau pelengkap berasaskan molekul dimana pengesanan bakteria 
penunjuk dan biopenanda genetik yang spesifik bagi bahan pencemar POME 
boleh digunakan. Kajian ini telah dijalankan untuk menentukan kehadiran 
dominan Alcaligenaceae dan Chromatiaceae di dalam sungai-sungai yang 
dicemari oleh pelepasan akhir POME berbanding sungai-sungai lain yang 
dicemari oleh saliran pelombongan, minyak automotif dan efluen industri 
berkaitan kimia. Berdasarkaan keupayaan Alcaligenaceae untuk biodegradasi 
sebatian fenolik yang berasal dari lignin, kajian ini juga telah dilakukan untuk 
mengenalpasti gen-gen berfungsi yang terlibat dalam biodegradasi bahan 
pencemar POME. Bagi mencapai objektif ini, pencirian fizikokimia dilakukan 
untuk menghubungkaitkannya dengan pengesanan bioindikator yang 
berpotensi. Penjujukan amplikon generasi akan datang 16S rRNA dilakukan 
dengan penjujukan “Illumina MiSeq”, sementara kebolehhidupan sel bakteria 
dan aktiviti asid nukleik di dalam semua sungai yang dikaji dinilai dengan 
menggunakan sitometri aliran berasaskan asai asid nukleik berganda. Di 
samping itu, gen berfungsi penting yang dibawa oleh komuniti bakteria yang 
terlibat dalam biodegradasi POME telah disaring di dalam efluen akhir serta 
sugai-sungai tercemar menggunakan reaksi rantai polimerase (PCR) 
konvensional. Secara keseluruhannya, disahkan bahawa Alcaligenaceae 
(0.53% - 0.96%) dan Chromatiaceae (0.81% - 3.44%) adalah dominan di dalam 
sungai-sungai dicemari pelepasan akhir POME dan tidak di dalam sungai 
tercemar lain. Analisis penyelarasan koordinat utama (PCO) telah membuktikan 
hubungan positif antara kedua-dua keluarga bakteria ini dengan permintaan 
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oksigen biologi 5 hari (BOD5). Tambahan lagi, perubahan persekitaran ini 
membawa kepada kebolehhidupan bakteria (58.3% - 69.5%) dan komposisi asid 
nukleik tinggi (HNA) (75.0% - 82.2%) yang lebih tinggi di dalam sungai yang 
dicemari pelepasan akhir POME berbanding dengan sungai tercemar yang lain 
dengan kebolehhidupan sel antara 4.4% - 57.6% dan HNA antara 2.2% - 13.4%. 
Penyaringan gen berfungsi menghasilkan pencirian gen fenol hidroksilase dan 
protokatekuat 3,4-dioksigenase yang terlibat secara berturutan dalam 
biodegradasi sebatian fenolik dari lignin melalui laluan metabolik β-ketoadipate. 
Ianya mengagumkan apabila intensiti protokatekuat 3,4-dioksigenase pada 800 
bp hanya dikongsi oleh komuniti bakteria di dalam pelepasan akhir POME dan 
hilir sungai yang dicemarinya sahaja tetapi tidak di sungai-sungai lain yang 
dibandingkan. Penemuan ini membuktikan kekhususan Alcaligenaceae dan 
Chromatiaceae sebagai bakteria penunjuk bagi pencemaran pelepasan akhir 
POME di dalam sungai dan potensi gen protokatekuat 3,4-dioksigenase untuk 
digunakan sebagai biopenanda molekul untuk mengesan pencemaran ini di 
dalam sungai. 
 
 
KATA KUNCI: penjujukan amplikon; biopenanda; pelepasan akhir efluen kilang 

minyak sawit; fenol hidroksilase; protokatekuat 3,4-dioksigenase 
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obtained from the POME final discharges, POME final 
discharge polluted rivers and the rivers polluted by 
chemical industry wastewater, mining drainage and 
automotive oil 
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CHAPTER 1 
 
 

INTRODUCTION 
 
 

Palm oil is an important agro-based industry which contributes to economic 
growth not only for South East Asian countries but also some Sub Saharan 
African countries (Robins, 2018) and Papua New Guinea (Bonneau, 2019). With 
the continuous increase in demand for palm oil worldwide (Silalertruksa et al., 
2017), there is an urgency in terms of environmental monitoring of the released 
generated wastewater known as palm oil mill effluent (POME). POME is of great 
concern as it causes mass depletion of oxygen in the aquatic ecosystem which 
negatively affects the aquatic communities and water resources including 
bacterial community changes in the receiving waterways (Sharuddin et al., 
2017). In conforming with the requirement for POME to be treated prior to being 
released into nearby rivers, it is common for palm oil mills to use anaerobic and 
aerobic processes for the treatment of POME (Mohd-Nor et al., 2019). In the 
palm oil industry, physicochemical parameters outlined for the released POME 
are being defined such as biological oxygen demand (BOD), chemical oxygen 
demand (COD) and pH which act as means to monitor the environmental impact 
of the POME discharges into the environment (Iskandar et al., 2018). However, 
other than POME final discharge, the receiving rivers could also be polluted by 
many other anthropogenic pollutants (Geissen et al., 2015) which make the 
management and monitoring of the released POME final discharge into the river 
water challenging. Thus, a more specific complementary monitoring method is 
required to aid palm oil mill operators in ensuring the POME being discharged 
into the rivers fulfills the environmental requirements.  
 
 
Bacterial bioindication is receiving an increasing attention in the aquatic system 
monitoring due to the direct involvement of microorganisms in the 
biogeochemical cycle of the river ecosystem (Sims et al., 2013). This makes it 
an inevitable factor to complement the current use of the physicochemical 
monitoring system. Therefore, a more specific bacterial indicator as well as 
molecular-based monitoring tool can be the reliable alternatives or 
complementary for POME final discharge detection in the river water due to their 
direct response in reflecting the variability of ecological consequences of the 
environment (Shade et al., 2012). Moving closer to this vision, Illumina 
sequencers have been applied to generate metagenomic data from various 
samples including environmental metagenomes (Mason et al., 2014; Ju et al., 
2014) such as river (Lu et al., 2016) and wastewater treatment systems (Bai et 
al., 2017). From these, identifiable bacterial communities can be analyzed in 
terms of their patterns, dominances, abundances and diversities. Moreover, by 
utilizing the Illumina MiSeq technology, the use of bacteria namely 
Alcaligenaceae and Chromatiaceae as specific bioindicators to indicate POME 
final discharge contamination in receiving rivers has been proposed since they 
were found to be dominant in POME final discharges (Sharuddin et al., 2017; 
Mohd-Nor et al., 2018).  
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In concurrence with the discovery of the pollution bacterial indicators, the 
biodegradation mechanisms taking place in the POME could be predicted. 
Conceptually, resistant or adaptable species is able to emerge in a polluted 
environment due to their capabilities to metabolize either the organic or inorganic 
compounds whereby this is determined by their genetic constitutions and 
physiological tolerances (Potvin & Tousignant, 1996). The detection of catabolic 
genes expressed or carried by dominant bacterial community can be used to 
develop an advanced molecular technique to identify and monitor targeted 
microbial subpopulation biodegrading the concerned pollutants (Táncsics et al., 
2008).  
 
 
The detection of Alcaligenaceae among other dominant Proteobacteria in POME 
is relatable to the presence of lignin-derived phenolic compounds in the 
wastewater. This knowledge opens the path to develop a molecular-based probe 
which is specific for the detection of functional genes involved in the 
biodegradation of POME final discharge carried by the bacterial community. 
Besides, Proteobacteria with the ability to biodegrade lignin derived aromatic 
compounds had been thoroughly reported in previous studies (Pérez-Pantoja et 
al., 2012; Pérez-Pantoja et al., 2017). This fact harbors the possibility of ortho- 
and meta-cleavage pathways of the intermediary catechol or protocatechuate to 
occur in the partially treated POME, final discharge and the receiving 
downstream rivers which were dominated by Alcaligenaceae (Sharuddin et al., 
2017).  
 
 
With the proposal of Alcaligenaceae and Chromatiaceae as the potential 
bioindicators for POME final discharge pollution in the river, it is important to 
prove that these two bacteria are only dominant in POME final discharge polluted 
rivers, so that their specificity as bioindicators can be securely established. 
Morever, with the understanding of POME biodegradation mechanisms by 
Alcaligenaceae, a molecular-based monitoring system specific for POME 
pollution in the environment could be developed by profiling the functional genes 
involved in the biodegradation of aromatic compounds in the POME. For this 
research, Illumina MiSeq sequencing platform was utilized to obtain the bacterial 
communities in POME final discharge polluted rivers compared with unpolluted 
rivers and rivers polluted by other pollutants not related to POME. The 
sequencing data was statistically correlated further with the quantitative data of 
physicochemical characteristics and flow cytometry analyses. Upon confirming 
the distinct presence of Alcaligenaceae in the POME final discharge polluted 
rivers, the potential genes carried by this bacterial family were screened by 
conventional PCR in order to pioneer a basis for genomic biomarker 
development specific for the detection of such pollution.  
 

In this study, it was hypothesized that the Alcaligenaceae and Chromatiaceae 
are dominant in POME final discharge polluted rivers, thus can be used as 
specific bioindicators to indicate the river water pollution due to this pollutant. On 
another note, with the knowledge of Alcaligenaceae as the lignin derived 
phenolic compounds degrader, it was hypothesized that the functional gene 
involved in the degradation of aromatic compound within the targeted bacterial 
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community in POME final discharge and its receiving river water could be 
amplified. In the future, a molecular based-indicator to indicate the river water 
contamination due to POME final discharge could be developed.  
 
 
Therefore, the objectives of this study are: 
 
 

1. To determine the dominant presence of pollution bacterial indicators, 
Alcaligenaceae and Chromatiaceae associated with POME final 
discharge polluted rivers. 

 
2.  To identify the functional genes involved in the biodegradation of 

aromatic compounds in POME final discharge and the receiving river.

© C
OPYRIG

HT U
PM



85 
 

REFERENCES 
 

Abhishek, A., Dwivedi, A., Tandan, N., & Kumar, U. (2017). Comparative 
bacterial degradation and detoxification of model and kraft lignin from pulp 
paper wastewater and its metabolites. Applied Water Science, 7(2), 757-
767. https://doi.org/10.1007/s13201-015-0288-9. 

Abzazou, T., Salvadó, H., Bruguera-Casamada, C., Simón, P., Lardín, C., & 
Araujo, R. M. (2015). Assessment of total bacterial cells in extended 
aeration activated sludge plants using flow cytometry as a microbial 
monitoring tool. Environmental Science and Pollution Research, 22(15), 
11446–11455. https://doi.org/10.1007/s11356-015-4372-3. 

Adam, S., Pawert, M., Lehmann, R., Roth, B., Müller, E., & Triebskorn, R. (2001). 
Physicochemical and morphological characterization of two small polluted 
streams in southwest Germany. Journal of Aquatic Ecosystem Stress and 

Recovery, 8(3–4), 179–194. https://doi.org/10.1023/A:1012924825380. 

Adav, S. S., Chen, M. Y., Lee, D. J., & Ren, N. Q. (2007). Degradation of phenol 
by Acinetobacter strain isolated from aerobic granules. Chemosphere, 
67(8), 1566–1572. https://doi.org/10.1016/j.chemosphere.2006.11.067. 

Agarry, S. E., Durojaiye, a. O., & Solomon, B. O. (2008). Microbial degradation 
of phenols: A review. International Journal of Environment and Pollution, 
32(1), 12. https://doi.org/10.1504/IJEP.2008.016895. 

Ahmad, M., Roberts, J. N., Hardiman, E. M., Singh, R., Eltis, L. D., & Bugg, T. 
D. H. (2011). Identification of DypB from Rhodococcus jostii RHA1 as a 
lignin peroxidase. Biochemistry, 50(23), 5096–5107. 
https://doi.org/10.1021/bi101892z. 

Ahmad, M., Taylor, C. R., Pink, D., Burton, K., Eastwood, D., Bending, G. D., & 
Bugg, T. D. H. (2010). Development of novel assays for lignin degradation: 
Comparative analysis of bacterial and fungal lignin degraders. Molecular 

BioSystems, 6(5), 815–821. https://doi.org/10.1039/b908966g. 

Ahmed, W., Sidhu, J. P. S., Smith, K., Beale, D. J., Gyawali, P., & Tozea, S. 
(2016). Distributions of fecal markers in wastewater from different climatic 
zones for human fecal pollution tracking in Australian surface waters. 
Applied and Environmental Microbiology, 82(4), 1316–1323. 
https://doi.org/10.1128/AEM.03765-15. 

Ahmed, Y., Yaakob, Z., Akhtar, P., & Sopian, K. (2015). Production of biogas 
and performance evaluation of existing treatment processes in palm oil mill 

© C
OPYRIG

HT U
PM



86 
 

effluent (POME). Renewable and Sustainable Energy Reviews. 
https://doi.org/10.1016/j.rser.2014.10.073. 

Aiken, G. (2014). Fluorescence and Dissolved Organic Matter. In P. G. Coble 
(Ed). Aquatic Organic Matter Fluorescence (pp. 35–74). Cambridge, 
England; Cambridge University Press. 
https://doi.org/10.1017/cbo9781139045452.005. 

Al-Dragy, W. A., & Baqer, A. A. (2014). Detection of Escherichia coli O157: H7 
in human patients stool and food by using multiplex PCR assays targeting 
the rfbE and the eaeA genes compared with detection by biochemical test 
and serological assay. Journal of Al-Nahrain University, 17(3), 124-131. 
http://anjs.edu.iq/index.php/anjs/article/view/415. 

Al-Shujairi, S. O. H. (2013). Develop and apply water quality index to evaluate 
water quality of Tigris and Euphrates Rivers in Iraq. International Journal of 

Modern Engineering Research, 3(4), 2119-2126.  

Alam, M. Z., Ameem, E. S., Muyibi, S. A., & Kabbashi, N. A. (2009). The factors 
affecting the performance of activated carbon prepared from oil palm empty 
fruit bunches for adsorption of phenol. Chemical Engineering Journal, 
155(1–2), 191–198. https://doi.org/10.1016/j.cej.2009.07.033. 

Albertsen, M., Hansen, L. B. S., Saunders, A. M., Nielsen, P. H., & Nielsen, K. 
L. (2012). A metagenome of a full-scale microbial community carrying out 
enhanced biological phosphorus removal. The ISME Journal, 6(6), 1094. 
https://doi.org/10.1038/ismej.2011.176. 

APHA. (2002). Standard Methods for the Examination of Water and Wastewater, 
(20th ed). America Public Health Association, Washington, DC. United State 
of America. 

Anna, P. S. A. R., Bruno, F. R. de O., Renan, de S. S., Igor, D. A. R., Ariana, A. 
R., Danns, P. B., Matheus, M. N. & José, D. G. V. (2018). Isolation and 
characterization of phenol degrading Bacillus species from a Southeast 
Brazilian mangrove sediment. African Journal of Microbiology Research, 
12(46), 1032–1038. https://doi.org/10.5897/ajmr2018.8860. 

Artigas, J., Arts, G., Babut, M., Caracciolo, A. B., Charles, S., Chaumot, A., 
Combourieu, B., Dahllöf, I., Despréaux, D., Ferrari, B. & Williams, R. 
(2012). Towards a renewed research agenda in ecotoxicology. 
Environmental Pollution, 160(1), 201–206. 
https://doi.org/10.1016/j.envpol.2011.08.011. © C
OPYRIG

HT U
PM



87 
 

Ashraf, M. A., Maah, M., & Yusoff, I. (2012). Morphology, geology and water 
quality assessment of former tin mining catchment. The Scientific World 

Journal, 2012. https://doi.org/10.1100/2012/369206. 

Ashraf, S., Naveed, M., Afzal, M., Ashraf, S., Rehman, K., Hussain, A., & Zahir, 
Z. A. (2018). Bioremediation of tannery effluent by Cr-and salt-tolerant 
bacterial strains. Environmental Monitoring and Assessment, 190(12), 716. 
https://doi.org/10.1007/s10661-018-7098-0. 

Awotoye, O. O., Dada, A. C., & Arawomo, G. A. O. (2011). Impact of palm oil 
processing effluent discharge on the quality of receiving soil and river in 
south western Nigeria. Journal of Applied Sciences Research, 7(2), 111–

118. 

Aziz, N. I. H. A., & Hanafiah, M. M. (2017). The potential of palm oil mill effluent 
(POME) as a renewable energy source. Journal of Green Energy, 1(2), 
323-346. https://doi.org/10.26480/asm.02.2017.09.11. 

Aznar, R., & Alarcón, B. (2003). PCR detection of Listeria monocytogenes: A 
study of multiple factors affecting sensitivity. Journal of Applied 

Microbiology, 95(5), 958-966. https://doi.org/10.1046/j.1365-
2672.2003.02066.x. 

Babatunde, A. O., Zhao, Y. Q., O’Neill, M., & O’Sullivan, B. (2008). Constructed 

wetlands for environmental pollution control: A review of developments, 
research and practice in Ireland. Environment International, 34(1), 116–

126. https://doi.org/10.1016/j.envint.2007.06.013. 

Badr, A., Abd, E.-D., -Aziz, E., Abou, A., Awad, E.-N., & Zaki, G. H. (2016). 
Reduction of olive oil mill wastewater phenolic compounds and COD using 
Paecilomyces variotii. Trends in Industrial Biotechnology Research, 1(1), 
1–9. https://doi.org/10.5281/zenodo.218607 

Bai, Y., Huo, Y., Liao, K., & Qu, J. (2017). Influence of microbial community 
diversity and function on pollutant removal in ecological wastewater 
treatment. Applied Microbiology and Biotechnology, 101(19), 7293–7302. 
https://doi.org/10.1007/s00253-017-8464-5. 

Bala, J. D., Lalung, J., & Ismail, N. (2014). Biodegradation of palm oil mill effluent 
(POME) by bacterial. International Journal of Scientific and Research 

Publications, 4(1), 2250–3153. 

Bala, J. D., Lalung, J., & Ismail, N. (2015). Studies on the reduction of organic 
load from palm oil mill effluent (POME) by bacterial strains. International 

Journal of Recycling of Organic Waste in Agriculture, 4(1), 1–10. 
https://doi.org/10.1007/s40093-014-0079-6. 

© C
OPYRIG

HT U
PM



88 
 

Baldwin, B. R., Nakatsu, C. H., & Nies, L. (2003). Detection and enumeration of 
aromatic oxygenase genes by multiplex and real-time PCR. Applied and 

Environmental Microbiology, 69(6), 3350–3358. 
https://doi.org/10.1128/AEM.69.6.3350-3358.2003. 

Basheer, S., Kunhi, A. A. M., Varadaraj, M. C., & Divakar, S. (2007). Nuclear 
magnetic resonance spectroscopic studies on the microbial degradation of 
mononitrophenol isomers. World Journal of Microbiology and 

Biotechnology, 23(1), 49–63. https://doi.org/10.1007/s11274-006-9192-7. 

Bashir, M. J., Lim, J. H., Abu Amr, S. S., Wong, L. P., & Sim, Y. L. (2019). Post 
treatment of palm oil mill effluent using electro-coagulation-peroxidation 
(ECP) technique. Journal of Cleaner Production, 208, 716–727. 
https://doi.org/10.1016/j.jclepro.2018.10.073. 

Basile, L. A., & Erijman, L. (2008). Quantitative assessment of phenol 
hydroxylase diversity in bioreactors using a functional gene analysis. 
Applied Microbiology and Biotechnology, 78(5), 863–872. 
https://doi.org/10.1007/s00253-008-1351-3. 

Bates, S. T., Berg-Lyons, D., Caporaso, J. G., Walters, W. A., Knight, R., & 
Fierer, N. (2011). Examining the global distribution of dominant archaeal 
populations in soil. ISME Journal, 5(5), 908–917. 
https://doi.org/10.1038/ismej.2010.171. 

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). Journal of Hazardous Materials, 262, 106–113. 
https://doi.org/10.1016/j.jhazmat.2013.06.053. 

Benjamin, S., Kamimura, N., Takahashi, K., & Masai, E. (2016). Achromobacter 

denitrificans SP1 efficiently utilizes 16 phthalate diesters and their 
downstream products through protocatechuate 3,4-cleavage pathway. 
Ecotoxicology and Environmental Safety, 134, 172–178. 
https://doi.org/10.1016/j.ecoenv.2016.08.028. 

Berney, M., Vital, M., Hülshoff, I., Weilenmann, H. U., Egli, T., & Hammes, F. 
(2008). Rapid, cultivation-independent assessment of microbial viability in 
drinking water. Water Research, 42(14), 4010–4018. 
https://doi.org/10.1016/j.watres.2008.07.017.  

Bernhard, A. E., & Field, K. G. (2000). Identification of nonpoint sources of fecal 
pollution in coastal waters by using host-specific 16S ribosomal DNA 
genetic markers from fecal anaerobes. Applied and Environmental 
Microbiology, 66(4), 1587-1594. https://doi.org/10.1128/AEM.66.4.1587-
1594.2000. 

© C
OPYRIG

HT U
PM



89 
 

Besmer, M. D., Weissbrodt, D. G., Kratochvil, B. E., Sigrist, J. A., Weyland, M. 
S., & Hammes, F. (2014). The feasibility of automated online flow cytometry 
for in-situ monitoring of microbial dynamics in aquatic 
ecosystems. Frontiers in Microbiology, 5, 265. 
https://doi.org/10.3389/fmicb.2014.00265. 

Blagden, T., Schneider, W., Melcher, U., Daniels, J., & Fletcher, J. (2016). 
Adaptation and validation of E-probe diagnostic nucleic acid analysis for 
detection of Escherichia coli O157:H7 in metagenomic data from complex 
food matrices. Journal of Food Protection, 79(4), 574–581. 
https://doi.org/10.4315/0362-028X.JFP-15-440. 

 
Bolaji, E. J., Opeyemi, I. E., & Eniola, O. O. (2015). Impact of palm oil mill effluent 

on physico-chemical parameters of a Southwestern River, Ekiti State, 
Nigeria. In 2nd Africa Regional Conference Technical Proceedings, 638-
646.  

 
Bondaruk, J., Janson, E., Wysocka, M., & Chałupnik, S. (2015). Identification of 

hazards for water environment in the Upper Silesian Coal Basin caused by 
the discharge of salt mine water containing particularly harmful substances 
and radionuclides. Journal of Sustainable Mining, 14(4), 179-187. 
https://doi.org/10.1016/j.jsm.2016.01.001. 

 
Bonneau, L. J. G., 2019. Ranching and conservation of birdwing and swallowtail 

butterfly species in the oil palm systems of Papua New Guinea. Journal of 
Oil Palm Research, 31(3), 448-458. 
https://doi.org/10.21894/jopr.2019.0035. 

Borrero-Santiago, A. R., Bautista-Chamizo, E., DelValls, T., & Riba, I. (2017). A 
possible CO2 leakage event: Can the marine microbial community be 
recovered? Marine Pollution Bulletin, 117(1–2), 380–385. 
https://doi.org/10.1016/j.marpolbul.2017.02.027. 

Borja, R., & Banks, C. J. (1994). Anaerobic digestion of palm oil mill effluent 
using an up-flow anaerobic sludge blanket reactor. Biomass and 

Bioenergy, 6(5), 381–389. https://doi.org/10.1016/0961-9534(94)E0028-Q. 

Bott, N. J., Ophel-Keller, K. M., Sierp, M. T., Herdina, Rowling, K. P., Mckay, A. 
C., Loo, M. G., Tanner, J.E., & Deveney, M. R. (2010). Toward routine, 
DNA-based detection methods for marine pests. Biotechnology Advances, 
28(6), 706–714.  https://doi.org/10.1016/j.biotechadv.2010.05.018. 

Bourgeois, W., Burgess, J. E., & Stuetz, R. M. (2001). On-line monitoring of 
wastewater quality: A review. Journal of Chemical Technology and 

Biotechnology, 76(4), 337–348.  https://doi.org/10.1002/jctb.393. 

Brown, R. M., McClelland, N. I., Deininger, R. A., & Tozer, R. G. (1970). A water 
quality index- do we dare. Water Sewage Works, 117, 339–343. 

© C
OPYRIG

HT U
PM



90 
 

Bugg, T. D. H., Ahmad, M., Hardiman, E. M., & Rahmanpour, R. (2011). 
Pathways for degradation of lignin in bacteria and fungi. Natural Product 

Reports, 28(12), 1883. https://doi.org/10.1039/c1np00042j. 

Bukhari, N. A., Bakar, N. A., Loh, S. K., & Zairun, M. A. (2015). Isolation and 
identification of novel bioflocculant-producing bacteria from palm oil mill 
effluent. Journal of Pure and Applied Microbiology, 9(Special Edition 1), 1–

12. 

Cai, W., Li, J., & Zhang, Z. (2007). The characteristics and mechanisms of phenol 
biodegradation by Fusarium sp. Journal of Hazardous Materials, 148(1–2), 
38–42. https://doi.org/10.1016/j.jhazmat.2007.02.002. 

Caporaso, J. G., Bittinger, K., Bushman, F. D., Desantis, T. Z., Andersen, G. L., 
& Knight, R. (2010). PyNAST: A flexible tool for aligning sequences to a 
template alignment. Bioinformatics, 26(2), 266–267. 
https://doi.org/10.1093/bioinformatics/btp636. 

Carstea, E. M., Bridgeman, J., Baker, A., & Reynolds, D. M. (2016). 
Fluorescence spectroscopy for wastewater monitoring: A review. Water 

Research, 95, 205–219. https://doi.org/10.1016/j.watres.2016.03.021. 

Chang, Y. T., & Chang, Y. J. (2014). The investigation of the bacterial indicators 
and point sources of pollution for the Nanshih River, Taiwan: A case study. 
Desalination and Water Treatment, 52(4-6), 1130–1142. 
https://doi.org/10.1080/19443994.2013.826402. 

Chantho, P., Musikavong, C., & Suttinun, O. (2016). Removal of phenolic 
compounds from palm oil mill effluent by thermophilic Bacillus 

thermoleovorans strain A2 and their effect on anaerobic digestion. 
International Biodeterioration and Biodegradation, 115, 293–301. 
https://doi.org/10.1016/j.ibiod.2016.09.010. 

Cheah, W. Y., Show, P. L., Juan, J. C., Chang, J. S., & Ling, T. C. (2018). 
Microalgae cultivation in palm oil mill effluent (POME) for lipid production 
and pollutants removal. Energy Conversion and Management, 174, 430-
438. https://doi.org/10.1016/j.enconman.2018.08.057. 

Chen, J., Liu, S., Qi, X., Yan, S., & Guo, Q. (2018). Study and design on chemical 
oxygen demand measurement based on ultraviolet absorption. Sensors 
and Actuators, B: Chemical, 254, 778–784. 
https://doi.org/10.1016/j.snb.2017.04.070. 

Chong, S. S., Abdul Aziz, A. R., & Harun, S. W. (2013). Fibre optic sensors for 
selected wastewater characteristics. Sensors, 13(7), 8640–8668. 
https://doi.org/10.3390/s130708640. 

© C
OPYRIG

HT U
PM



91 
 

Clements, W. H., & Rohr, J. R. (2009). Community responses to contaminants: 
using basic ecological principles to predict ecotoxicological effects. 
Environmental Toxicology and Chemistry, 28(9), 1789–1800. 
https://doi.org/10.1897/09-140.1. 

Cleophas, N., Isidore, F., Ka Han, L., & Bidin, K. (2013). Water quality status of 
Liwagu River. Journal of Tropical Biology and Conservation, 10(April), 67–
73. 

Commault, A. S., Lear, G., Bouvier, S., Feiler, L., Karacs, J., & Weld, R. J. (2016). 
Geobacter-dominated biofilms used as amperometric BOD sensors. 
Biochemical Engineering Journal, 109, 88–95. 
https://doi.org/10.1016/j.bej.2016.01.011. 

Coral, T., Descostes, M., De Boissezon, H., Bernier-Latmani, R., de Alencastro, 
L. F., & Rossi, P. (2018). Microbial communities associated with uranium 
in-situ recovery mining process are related to acid mine drainage 
assemblages. Science of the Total Environment, 628–629, 26–35. 
https://doi.org/10.1016/j.scitotenv.2018.01.321. 

Cordier, T., Lanzén, A., Apothéloz-Perret-Gentil, L., Stoeck, T., & Pawlowski, J. 
(2019). Embracing environmental genomics and machine learning for 
routine biomonitoring. Trends in Microbiology, 27(5), 387–397. 
https://doi.org/10.1016/j.tim.2018.10.012. 

Cude, C. G. (2001). Oregon water quality index: A tool for evaluating water 
quality management effectiveness. Journal of the American Water 

Resources Association, 37(1), 125–137. https://doi.org/10.1111/j.1752-
1688.2001.tb05480.x. 

da Silva, V. A. M. E., Bettencourt da Silva, R. J. N., & Camões, M. F. G. F. C. 
(2011). Optimization of the determination of chemical oxygen demand in 
wastewaters. Analytica Chimica Acta, 699(2), 161–169. 
https://doi.org/10.1016/j.aca.2011.05.026. 

Darling, J. A., & Mahon, A. R. (2011). From molecules to management: Adopting 
DNA-based methods for monitoring biological invasions in aquatic 
environments. Environmental Research, 236, 110–119. 
https://doi.org/10.1016/j.envres.2011.02.001. 

 
Davis, J.C. (ed). (1986). Statistics and Data Analysis in Geology. 2nd ed. New 

York, NY: John Wiley & Sons. 

de Gonzalo, G., Colpa, D. I., Habib, M. H. M., & Fraaije, M. W. (2016). Bacterial 
enzymes involved in lignin degradation. Journal of Biotechnology, 236, 
110–119. https://doi.org/10.1016/j.jbiotec.2016.08.011. 

© C
OPYRIG

HT U
PM



92 
 

De La Rosa- Acosta, M., Jiménez-Collazo, J., Maldonado-Román, M., Malavé-
Llamas, K., & Carlos Musa-Wasil, J. (2015). Bacteria as potential indicators 
of heavy metal contamination in a tropical mangrove and the implications 
on environmental and human health. Journal of Tropical Life Science, 5(3), 
110–116. https://doi.org/10.11594/jtls.05.03.01 

Delzer, G.C., & McKenzie, S.W., (2003). Five-Day Biochemical Oxygen 
Demand: U.S. Geological Survey Techniques of Water-Resources 
Investigations. 3rd ed. Resvon, VA; U.S. Geological Survey.  

Department of Environment (DOE) (2019). Annex - National Water Quality 
Standards for Malaysia. Accessed on January 28, 2020 from 
https://www.doe.gov.my/portalv1/wp-content/uploads/2019/05/Standard-
Kualiti-Air-Kebangsaan.pdf  

Department of Environment (DOE) (1982). Environment Quality Act 1974-
Environment Quality (Prescribed Premises) (Crude Palm Oil) (Amendment) 
Regulations 1982.  
https://www.doe.gov.my/portalv1/wpcontent/uploads/2015/01/Environmen
tal_Quality_Prescribed_Premises_Crude_Palm_Oil_Amendment_Regulat
ions_1982_-_P.U.A_183-82.pdf 

Department of Environment (DOE) (1979). Environmental Quality (Sewage and 
Industrial Effluents) Regulations, 1979. Accessed on March 21, 2020 from 
http://www.water-treatment.com.cn/resources/discharge-
standards/malaysia_sewage-industrial-effluent-quality-mal2509.pdf 

Department of Environment (DOE) (2005). Interim National Water Quality 
Standards (INWQS) for Malaysia. Accessed on March 27, 2020 from 
http://www.doe.gov.my 

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. Applied and Environmental Microbiology, 72(7), 5069–5072. 
https://doi.org/10.1128/AEM.03006-05. 

Diao, M., Ouédraogo, N., Baba-Moussa, L., Savadogo, P. W., N’Guessan, A. G., 

Bassolé, I. H. N., & Dicko, M. H. (2011). Biodepollution of wastewater 
containing phenolic compounds from leather industry by plant peroxidases. 
Biodegradation, 22(2), 389–396. https://doi.org/10.1007/s10532-010-
9410-8. 

Ding, G. T., Yaakob, Z., Takriff, M. S., Salihon, J., & Rahaman, M. S. A. (2016). 
Biomass production and nutrients removal by a newly-isolated microalgal 
strain Chlamydomonas sp in palm oil mill effluent (POME). International 

© C
OPYRIG

HT U
PM



93 
 

Journal of Hydrogen Energy, 41(8), 4888-4895. 
https://doi.org/10.1016/j.ijhydene.2015.12.010. 

Drury, B., Rosi-Marshall, E. & Kelly, J. J. (2013). Wastewater treatment effluent 
reduces the abundance and diversity of benthic bacterial communities in 
urban and suburban rivers. Applied and Environmental Microbiology, 79(6), 
1897–1905. https://doi.org/10.1128/AEM.03527-12. 

Dsikowitzky, L., & Schwarzbauer, J. (2014). Industrial organic contaminants: 
identification, toxicity and fate in the environment. Environmental Chemistry 

Letters, 12(3), 371-386. https://doi.org/10.1007/s10311-014-0467-1. 

Duarte, S., Cassio, F., & Pascoal, C. (2012). Denaturing Gradient Gel 
Electrophoresis (DGGE) in Microbial Ecology - Insights from Freshwaters. 
In S. Magdeldin. Gel Electrophoresis - Principles and Basics (pp. 173–190). 
London, UK: IntechOpen https://doi.org/10.5772/38177. 

Edgar, R. C. (2013). UPARSE: Highly accurate OTU sequences from microbial 
amplicon reads. Nature Methods, 10(10), 996–998. 
https://doi.org/10.1038/nmeth.2604. 

Edgar, R. C. (2017). UNBIAS: An attempt to correct abundance bias in 16S 
sequencing, with limited success. BioRxiv, 124149. 
https://doi.org/10.1101/124149. 

El-Ashtoukhy, E. S. Z., El-Taweel, Y. A., Abdelwahab, O., & Nassef, E. M. 
(2013). Treatment of petrochemical wastewater containing phenolic 
compounds by electrocoagulation using a fixed bed electrochemical 
reactor. International Journal of Electrochemical Science, 8(1), 1534–1550. 

El Azhari, N., Chabaud, S., Percept, A., Bru, D., & Martin-Laurent, F. (2007). 
pcaH, a molecular marker for estimating the diversity of the 
protocatechuate-degrading bacterial community in the soil environment. 
Pest Management Science, 63(5), 459–467. 
https://doi.org/10.1002/ps.1357. 

Essahale, A., Malki, M., Marín, I., & Moumni, M. (2010). Bacterial diversity in Fez 
tanneries and Morocco’s Binlamdoune River, using 16S RNA gene based 

fingerprinting. Journal of Environmental Sciences, 22(12), 1944–1953. 
https://doi.org/10.1016/S1001-0742(09)60344-2. 

Essam, T., Amin, M. A., Tayeb, O. El, Mattiasson, B., & Guieysse, B. (2010). 
Kinetics and metabolic versatility of highly tolerant phenol degrading 
Alcaligenes strain TW1. Journal of Hazardous Materials, 173(1–3), 783–

788. https://doi.org/10.1016/j.jhazmat.2009.09.006. 

© C
OPYRIG

HT U
PM



94 
 

Environmental Quality Act (EQA) (2004). Federal Subsidiary Legislation 
Environmental Quality Act 1974 [Act 127]. Ministry of Natural Resources 
and Environment, (July 1977), 2–6. 
https://doi.org/10.1016/j.epsl.2011.02.052. 

Fan, M., Lin, Y., Huo, H., Liu, Y., Zhao, L., Wang, E., Chen, W. & Wei, G. (2016). 
Microbial communities in riparian soils of a settling pond for mine drainage 
treatment. Water Research, 96, 198–207. 
https://doi.org/10.1016/j.watres.2016.03.061. 

Fierer, N., Leff, J. W., Adams, B. J., Nielsen, U. N., Bates, S. T., Lauber, C. L., 
Owens, S., Gilbert, J.A., Wall, D.H. & Caporaso, J. G. (2012). Cross-biome 
metagenomic analyses of soil microbial communities and their functional 
attributes. Proceedings of the National Academy of Sciences, 109(52), 
21390–21395. https://doi.org/10.1073/pnas.1215210110. 

Foladori, P., Bruni, L., Tamburini, S., & Ziglio, G. (2010). Direct quantification of 
bacterial biomass in influent, effluent and activated sludge of wastewater 
treatment plants by using flow cytometry. Water Research, 44(13), 3807–

3818. https://doi.org/10.1016/j.watres.2010.04.027. 

Fremaux, B., Boa, T., & Yost, C. K. (2010). Quantitative real-time PCR assays 
for sensitive detection of canada goose-specific fecal pollution in water 
sources. Applied and Environmental Microbiology, 76(14), 4886–4889. 
https://doi.org/10.1128/AEM.00110-10. 

Frias-Lopez, J., Shi, Y., Tyson, G. W., Coleman, M. L., Schuster, S. C., 
Chisholm, S. W., & DeLong, E. F. (2008). Microbial community gene 
expression in ocean surface waters. Proceedings of the National Academy 

of Sciences, 105(10), 3805-3810. 
https://doi.org/10.1073/pnas.0708897105. 

Fuchs, G., Boll, M., & Heider, J. (2011). Microbial degradation of aromatic 
compounds- From one strategy to four. Nature Reviews Microbiology, 

9(11), 803. https://doi.org/10.1038/nrmicro2652. 

Futamata, H., Harayama, S., & Watanabe, K. (2001). Group-specific monitoring 
of phenol hydroxylase genes for a functional assessment of phenol-
stimulated trichloroethylene bioremediation. Applied and Environmental 

Microbiology, 67(10), 4671–4677. 
https://doi.org/10.1128/AEM.67.10.4671-4677.2001. 

Gadipelly, C., Pérez-González, A., Yadav, G. D., Ortiz, I., Ibáñez, R., Rathod, V. 
K., & Marathe, K. V. (2014). Pharmaceutical industry wastewater: Review 
of the technologies for water treatment and reuse. Industrial and 

© C
OPYRIG

HT U
PM



95 
 

Engineering Chemistry Research, 53(29), 11571–11592. 
https://doi.org/10.1021/ie501210j. 

Galkin, M. V., & Samec, J. S. M. (2016). Lignin valorization through catalytic 
lignocellulose fractionation: A fundamental platform for the future 
biorefinery. ChemSusChem, 9(13), 1544–1558. 
https://doi.org/10.1002/cssc.201600237. 

Gamaralalage, D., Sawai, O., & Nunoura, T. (2019). Degradation behavior of 
palm oil mill effluent in Fenton oxidation. Journal of Hazardous Materials, 
364, 791–799. https://doi.org/10.1016/j.jhazmat.2018.07.023. 

Ganapathy, B., Yahya, A., & Ibrahim, N. (2019). Bioremediation of palm oil mill 
effluent (POME) using indigenous Meyerozyma guilliermondii. 
Environmental Science and Pollution Research, 26(11), 11113–11125. 
https://doi.org/10.1007/s11356-019-04334-8. 

García, M. T., Ventosa, A., & Mellado, E. (2005). Catabolic versatility of aromatic 
compound-degrading halophilic bacteria. FEMS Microbiology Ecology, 
54(1), 97–109. https://doi.org/10.1016/j.femsec.2005.03.009. 

Garrido-Sanz, D., Redondo-Nieto, M., Guirado, M., Jiménez, O. P., Millán, R., 
Martin, M., & Rivilla, R. (2019). Metagenomic insights into the bacterial 
functions of a diesel-degrading consortium for the rhizoremediation of 
diesel-polluted soil. Genes, 10(6), 456. 
https://doi.org/10.3390/genes10060456. 

Gattuso, A., Gianfranceschi, M. V., Sonnessa, M., Delibato, E., Marchesan, M., 
Hernandez, M., De Medici, D., & Rodriguez-Lazaro, D. (2014). 
Optimization of a real time PCR based method for the detection of Listeria 

monocytogenes in pork meat. International Journal of Food Microbiology, 
184, 106-108. https://doi.org/10.1016/j.ijfoodmicro.2014.04.015. 

Geerdink, R. B., Sebastiaan van den Hurk, R., & Epema, O. J. (2017). Chemical 
oxygen demand: Historical perspectives and future challenges. Analytica 

Chimica Acta, 961, 1–11. https://doi.org/10.1016/j.aca.2017.01.009. 

Geissen, V., Mol, H., Klumpp, E., Umlauf, G., Nadal, M., van der Ploeg, M., van 
de Zee, S.E.A.T.M. & Ritsema, C. J. (2015). Emerging pollutants in the 
environment: A challenge for water resource management. International 

Soil and Water Conservation Research, 3(1), 57–65. 
https://doi.org/10.1016/j.iswcr.2015.03.002.  

Geiszinger, A., Bonnineau, C., Faggiano, L., Guasch, H., López-Doval, J. C., 
Proia, L., Ricart, M., Ricciardi, F., Romani, A., Rotter, S. & Sabater, S. 
(2009). The relevance of the community approach linking chemical and 

© C
OPYRIG

HT U
PM



96 
 

biological analyses in pollution assessment. TrAC - Trends in Analytical 
Chemistry, 28(5), 619–626. https://doi.org/10.1016/j.trac.2009.02.012. 

Gianfranceschi, M. V., Rodriguez-Lazaro, D., Hernandez, M., González-García, 
P., Comin, D., Gattuso, A., Delibato, E., Sonnessa, M., Pasquali, F., 
Prencipe, V. & Sreter-Lancz, Z. (2014). European validation of a real-time 
PCR-based method for detection of Listeria monocytogenes in soft cheese. 
International Journal of Food Microbiology, 184, 128-133. 
https://doi.org/10.1016/j.ijfoodmicro.2013.12.021. 

Gillespie, S., Lipphaus, P., Green, J., Parsons, S., Weir, P., Juskowiak, K., 
Jefferson, B., Jarvis, P. & Nocker, A. (2014). Assessing microbiological 
water quality in drinking water distribution systems with disinfectant 
residual using flow cytometry. Water Research, 65, 224–234. 
https://doi.org/10.1016/j.watres.2014.07.029. 

Glenn, T. C. (2011). Field guide to next‐generation DNA sequencers. Molecular 

Ecology Resources, 11(5), 759-769. https://doi.org/10.1111/j.1755-
0998.2011.03024.x. 

Goh, C. S., Tan, K. T., Lee, K. T., & Bhatia, S. (2010). Bio-ethanol from 
lignocellulose: Status, perspectives and challenges in Malaysia. 
Bioresource Technology, 101(13), 4834–4841. 
https://doi.org/10.1016/j.biortech.2009.08.080. 

Gomes, A. I., Pires, J. C. M., Figueiredo, S. A., & Boaventura, R. A. R. (2014). 
Optimization of river water quality surveys by multivariate analysis of 
physicochemical, bacteriological and ecotoxicological data. Water 

Resources Management, 28(5), 1345–1361. 
https://doi.org/10.1007/s11269-014-0547-9 

Gözdereliler, E., Boon, N., Aamand, J., De Roy, K., Granitsiotis, M. S., 
Albrechtsen, H. J., & Sørensen, S. R. (2013). Comparing metabolic 
functionalities, community structures, and dynamics of herbicide-degrading 
communities cultivated with different substrate concentrations. Applied and 

Environmental Microbiology, 79(1), 367–375. 
https://doi.org/10.1128/AEM.02536-12. 

Grégori, G., Citterio, S., Ghiani, A., Labra, M., Sgorbati, S., Brown, S., & Denis, 
M. (2001). Resolution of viable and membrane-compromised bacteria in 
freshwater and marine waters based on analytical flow cytometry and 
nucleic acid double staining. Applied and Environmental Microbiology, 
67(10), 4662–4670. https://doi.org/10.1128/AEM.67.10.4662-4670.2001. 

Guo, J., Peng, Y., Ni, B. J., Han, X., Fan, L., & Yuan, Z. (2015). Dissecting 
microbial community structure and methane-producing pathways of a full-

© C
OPYRIG

HT U
PM



97 
 

scale anaerobic reactor digesting activated sludge from wastewater 
treatment by metagenomic sequencing. Microbial Cell Factories, 14(1), 33. 
https://doi.org/10.1186/s12934-015-0218-4. 

Guo J., Zhao L., Lu W., Jia H. & Sun Y. (2016). Bacterial communities in water 
and sediment shaped by paper mill pollution and indicated bacterial taxa in 
sediment in Daling River. Ecological Indicators, 60, 766–773. 
https://doi.org/10.1016/j.ecolind.2015.08.028. 

Hafzan, Y., Saw, J. W., & Fadzilah, I. (2017). Physicochemical properties, total 
phenolic content, and antioxidant capacity of homemade and commercial 
date (Phoenix dactylifera L.) vinegar. International Food Research Journal, 
24(6), 2557–2562. 

Hammer, Ø., Harper, D. A. T., & Ryan, P. D. (2001). Past: Paleontological 
statistics software package for education and data analysis. Palaeontologia 

Electronica, 4(1), 9. 

Hammer, Ø., Harper, D. A. T., & Ryan, P. D. (2009). PAlaeontological STatistics, 

p. 92 ver. 1.9 Users 501 Manual. Retrieved on July 30, 2020 from 
http://folk.uio.no/ohammer/past/past.pdf. 

Hammes, F., Berney, M., Wang, Y., Vital, M., Köster, O., & Egli, T. (2008). Flow-
cytometric total bacterial cell counts as a descriptive microbiological 
parameter for drinking water treatment processes. Water Research, 42(1–

2), 269–277. https://doi.org/10.1016/j.watres.2007.07.009. 

Hammes, F., & Egli, T. (2010). Cytometric methods for measuring bacteria in 
water: Advantages, pitfalls and applications. Analytical and Bioanalytical 

Chemistry, 397(3), 1083–1095. https://doi.org/10.1007/s00216-010-3646-
3. 

Han, N. M., & May, C. Y. (2012). Determination of antioxidants in oil palm empty 
fruit bunches. American Journal of Applied Sciences, 9(11), 1862–1867. 
https://doi.org/10.3844/ajassp.2012.1862.1867. 

Hara, H., Masai, E., Miyauchi, K., Katayama, Y., & Fukuda, M. (2003). 
Characterization of the 4-carboxy-4-hydroxy-2-oxoadipate aldolase gene 
and operon structure of the protocatechuate 4,5-cleavage pathway genes 
in Sphingomonas paucimobilis SYK-6. Journal of Bacteriology, 185(1), 41–

50. https://doi.org/10.1128/JB.185.1.41-50.2003. 

Harayama, S., Kok, M., & Neidle, E. L. (1992). Functional and evolutionary 
relationships among diverse oxygenases. Annual Review of Microbiology, 
46, 565–601. https://doi.org/10.1146/annurev.micro.46.1.565. 

© C
OPYRIG

HT U
PM



98 
 

Harry, I. S. K., Ameh, E., Coulon, F., & Nocker, A. (2016). Impact of treated 
sewage effluent on the microbiology of a Small Brook using flow cytometry 
as a diagnostic tool. Water, Air, and Soil Pollution, 227(2), 57. 
https://doi.org/10.1007/s11270-015-2723-9. 

Harwood, C. S., & Parales, R. E. (1996). The β-ketoadipate pathway and the 
biology of self-identity. Annual Review of Microbiology, 50(1), 553–590. 
https://doi.org/10.1146/annurev.micro.50.1.553. 

Harzallah, B., Bousseboua, H., & Jouanneau, Y. (2017). Diversity shift in 
bacterial phenol hydroxylases driven by alkyl-phenols in oil refinery 
wastewaters. Environmental Science and Pollution Research, 24(16), 
14376-14386. https://doi.org/10.1007/s11356-017-8950-4. 

Hashiguchi, Y., Zakaria, M. R., Maeda, T., Yusoff, M. Z. M., Hassan, M. A., & 
Shirai, Y. (2020). Toxicity identification and evaluation of palm oil mill 
effluent and its effects on the planktonic crustacean Daphnia magna. 
Science of the Total Environment, 710, 136277. 
https://doi.org/10.1016/j.scitotenv.2019.136277. 

Hayawin, Z. N., Ibrahim, M. F., Faizah, J. N., Ropandi, M., Astimar, A. A., 
Noorshamsiana, A. W., & Abd-Aziz, S. (2020). Palm oil mill final discharge 
treatment by a continuous adsorption system using oil palm kernel shell 
activated carbon produced from two-in-one carbonization activation reactor 
system. Journal of Water Process Engineering, 36, 101262. 
https://doi.org/10.1016/j.jwpe.2020.101262. 

Hedrich, S., Schlömann, M., & Johnson, D. B. (2011). The iron-oxidizing 
proteobacteria. Microbiology, 157(6), 1551–1564. 
https://doi.org/10.1099/mic.0.045344-0. 

Heinaru, E., Merimaa, M., Viggor, S., Lehiste, M., Leito, I., Truu, J., & Heinaru, 
A. (2005). Biodegradation efficiency of functionally important populations 
selected for bioaugmentation in phenol- and oil-polluted area. FEMS 

Microbiology Ecology, 51(3), 363–373. 
https://doi.org/10.1016/j.femsec.2004.09.009. 

Hildebrand, F., Tadeo, R., Voigt, A. Y., Bork, P., & Raes, J. (2014). LotuS: An 
efficient and user-friendly OTU processing pipeline. Microbiome, 2(1), 30. 
https://doi.org/10.1186/2049-2618-2-30. 

Holt, E. A., & Miller, S. W. (2011). Bioindicators: using organisms to measure 
environmental impacts. Nature Education Knowledge, 3(10), 8. 

Horton, R. K. (1965). An index number system for rating water quality. Journal 

of Water Pollution Control Federation, 37(3), 300–306. 

© C
OPYRIG

HT U
PM



99 
 

Hossain, M. A., Sujaul, I. M., & Nasly, M. A. (2013). Water Quality Index: An 
indicator of surface water pollution in Eastern part of Peninsular Malaysia. 
Research Journal of Recent Sciences, 2(10), 10–17. 

Humbert, J. F., Quiblier, C., & Gugger, M. (2010). Molecular approaches for 
monitoring potentially toxic marine and freshwater phytoplankton species. 
Analytical and Bioanalytical Chemistry, 397(5), 1723–1732. 
https://doi.org/10.1007/s00216-010-3642-7. 

Huston, R. (2010). Chemical contaminants in urban rainwater tanks (doctorate’s 

thesis). Griffith University, Queensland, Australia. 

Ibekwe, M. A., Leddy, M. B., Bold, R. M., & Graves, A. K. (2012). Bacterial 
community composition in low-flowing river water with different sources of 
pollutants. FEMS Microbiology Ecology, 79(1), 155–166. 
https://doi.org/10.1111/j.1574-6941.2011.01205.x. 

Ibekwe, A. M., Ma, J., & Murinda, S. E. (2016). Bacterial community composition 
and structure in an Urban River impacted by different pollutant 
sources. Science of the Total Environment, 566, 1176-1185. 
https://doi.org/10.1016/j.scitotenv.2016.05.168. 

Iqbal, H. M. N., Asgher, M., & Bhatti, H. N. (2011). Optimization of physical and 
nutritional factors for synthesis of lignin degrading enzymes by a novel 
strain of Trametes versicolor. BioResources, 6(2), 1273–1287. 
https://doi.org/10.15376/BIORES.6.2.1273-1287. 

Iskandar, M. J., Baharum, A., Anuar, F. H., & Othaman, R. (2018). Palm oil 
industry in South East Asia and the effluent treatment technology—A 
review. Environmental Technology and Innovation, 9, 169–185. 
https://doi.org/10.1016/j.eti.2017.11.003. 

Jabłońska, B. (2012). Sorption of phenol on rock components occurring in mine 

drainage water sediments. International Journal of Mineral Processing, 
104–105, 71–79. https://doi.org/10.1016/j.minpro.2011.12.008. 

Jamal, P., Idris, Z. M., & Alam, M. Z. (2011). Effects of physicochemical 
parameters on the production of phenolic acids from palm oil mill effluent 
under liquid-state fermentation by Aspergillus niger IBS-103ZA. Food 

Chemistry, 124(4), 1595-1602. 
https://doi.org/10.1016/j.foodchem.2010.08.022. 

Jamaludin, N. F., Hashim, H., Muis, Z. A., Zakaria, Z. Y., Jusoh, M., Yunus, A., 
& Abdul Murad, S. M. (2018). A sustainability performance assessment 
framework for palm oil mills. Journal of Cleaner Production, 174, 1679–

1693. https://doi.org/10.1016/j.jclepro.2017.11.028. 

© C
OPYRIG

HT U
PM



100 
 

Jaspers, E., & Overmann, J. (2004). Ecological significance of microdiversity: 
Identical 16S rRNA gene sequences can be found in bacteria with highly 
divergent genomes and ecophysiologies. Applied and Environmental 

Microbiology, 70(8), 4831–4839. https://doi.org/10.1128/AEM.70.8.4831-
4839.2004. 

Jeter, S. N., McDermott, C. M., Bower, P. A., Kinzelman, J. L., Bootsma, M. J., 
Goetz, G. W., & McLellan, S. L. (2009). Bacteroidales diversity in ring-billed 
gulls (Laurns delawarensis) residing at Lake Michigan beaches. Applied 
and Environmental Microbiology, 75(6), 1525–1533. 
https://doi.org/10.1128/AEM.02261-08. 

Jiang, H. L., Tay, S. T. L., Maszenan, A. M., & Tay, J. H. (2006). Physiological 
traits of bacterial strains isolated from phenol-degrading aerobic granules. 
FEMS Microbiology Ecology, 57, 182–191. https://doi.org/10.1111/j.1574-
6941.2006.00114.x 

Jiang, Y., Wen, J., Bai, J., Jia, X., & Hu, Z. (2007). Biodegradation of phenol at 
high initial concentration by Alcaligenes faecalis. Journal of Hazardous 

Materials, 147(1–2), 672–676. 
https://doi.org/10.1016/j.jhazmat.2007.05.031. 

Jones, D. T., Taylor, W. R., & Thornton, J. M. (1992). The rapid generation of 
mutation data matrices from protein sequences. Bioinformatics, 8(3), 275-
282. https://doi.org/10.1093/bioinformatics/8.3.275. 

Jouanneau, S., Recoules, L., Durand, M. J., Boukabache, A., Picot, V., Primault, 
Y., Lakel, A., Sengelin, M., Barillon, B. & Thouand, G. (2014). Methods for 
assessing biochemical oxygen demand (BOD): A review. Water 

Research, 49, 62-82. https://doi.org/10.1016/j.watres.2013.10.066. 

Ju, F., Guo, F., Ye, L., Xia, Y., & Zhang, T. (2014). Metagenomic analysis on 
seasonal microbial variations of activated sludge from a full-scale 
wastewater treatment plant over 4 years. Environmental Microbiology 

Reports, 6(1), 80–89. https://doi.org/10.1111/1758-2229.12110. 

Jünemann, S., Sedlazeck, F. J., Prior, K., Albersmeier, A., John, U., Kalinowski, 
J., Mellmann, A., Goesmann, A., Von Haeseler, A., Stoye, J. & Harmsen, 
D. (2013). Updating benchtop sequencing performance 
comparison. Nature Biotechnology, 31(4), 294. 
https://doi.org/10.1038/nbt.2522. 

Juskowiak, B. (2011). Nucleic acid-based fluorescent probes and their analytical 
potential. Analytical and Bioanalytical Chemistry, 399(9), 3157-3176. 
https://doi.org/10.1007/s00216-010-4304-5. 

© C
OPYRIG

HT U
PM



101 
 

Kamimura, N., Aoyama, T., Yoshida, R., Takahashi, K., Kasai, D., Abe, T., Mase, 
K., Katayama, Y., Fukuda, M. & Masai, E. (2010). Characterization of the 
protocatechuate 4,5-cleavage pathway operon in Comamonas sp. strain 
e6 and discovery of a novel pathway gene. Applied and Environmental 

Microbiology, 76(24), 8093–8101. https://doi.org/10.1128/AEM.01863-10. 

Kamyab, H., Md Din, M. F., Ponraj, M., Keyvanfar, A., Rezania, S., Taib, S. M., 
& Abd Majid, M. Z. (2016). Isolation and screening of microalgae from agro-
industrial wastewater (POME) for biomass and biodiesel sources. 
Desalination and Water Treatment, 57(60), 29118–29125. 
https://doi.org/10.1080/19443994.2016.1139101. 

Kekacs, D., Drollette, B. D., Brooker, M., Plata, D. L., & Mouser, P. J. (2015). 
Aerobic biodegradation of organic compounds in hydraulic fracturing 
fluids. Biodegradation, 26(4), 271-287. https://doi.org/10.1007/s10532-
015-9733-6. 

Keller, A. H., Schleinitz, K. M., Starke, R., Bertilsson, S., Vogt, C., & Kleinsteuber, 
S. (2015). Metagenome-based metabolic reconstruction reveals the 
ecophysiological function of epsilonproteobacteria in a hydrocarbon-
contaminated sulfidic aquifer. Frontiers in Microbiology, 6, 1396. 
https://doi.org/10.3389/fmicb.2015.01396. 

Khleifat, K. M. (2006). Biodegradation of phenol by Ewingella americana: Effect 
of carbon starvation and some growth conditions. Process Biochemistry, 
41(9), 2010–2016. https://doi.org/10.1016/j.procbio.2006.04.015. 

Khongkhaem, P., Intasiri, A., & Luepromchai, E. (2011). Silica-immobilized 
Methylobacterium sp. NP3 and Acinetobacter sp. PK1 degrade high 
concentrations of phenol. Letters in Applied Microbiology, 52(5), 448–455. 
https://doi.org/10.1111/j.1472-765X.2011.03019.x. 

Khongkhaem, P., Suttinun, O., Intasiri, A., Pinyakong, O., & Luepromchai, E. 
(2016). Degradation of phenolic compounds in palm oil mill effluent by 
silica‐immobilized bacteria in internal loop airlift bioreactors. CLEAN–Soil, 

Air, Water, 44(4), 383-392. https://doi.org/10.1002/clen.201300853. 

Kim, J. M., Lee, H. J., Kim, S. Y., Song, J. J., Park, W., & Jeon, C. O. (2010). 
Analysis of the fine-scale population structure of “Candidatus 

accumulibacter phosphatis” in enhanced biological phosphorus removal 

sludge, using fluorescence in situ hybridization and flow cytometric sorting. 
Applied and Environmental Microbiology, 76(12), 3825–3835. 
https://doi.org/10.1128/AEM.00260-10. 

Kis, Á. E., Laczi, K., Zsíros, S., Kós, P., Tengölics, R., Bounedjoum, N., Kovács, 
T., Rákhely, G. & Perei, K. (2017). Characterization of the Rhodococcus 

© C
OPYRIG

HT U
PM



102 
 

sp. MK1 strain and its pilot application for bioremediation of diesel oil-
contaminated soil. Acta Microbiologica et Immunologica Hungarica, 64(4), 
463–482. https://doi.org/10.1556/030.64.2017.037. 

Klindworth, A., Pruesse, E., Schweer, T., Peplies, J., Quast, C., Horn, M., & 
Glöckner, F. O. (2013). Evaluation of general 16S ribosomal RNA gene 
PCR primers for classical and next-generation sequencing-based diversity 
studies. Nucleic Acids Research, 41(1). 
https://doi.org/10.1093/nar/gks808. 

Kriwy, P., & Uthicke, S. (2011). Microbial diversity in marine biofilms along a 
water quality gradient on the Great Barrier Reef. Systematic and Applied 
Microbiology. https://doi.org/10.1016/j.syapm.2011.01.003. 

Kua, S. F., Ibrahim, J., Ooi, C. K. W., Nan, K. I., Hashim, N., & Mohd Yusof, H. 
(2015). Optimisation of phenolic extraction and quantification of phenolics 
in palm kernel cake. Renewable Bioresources, 3(1), 2. 
https://doi.org/10.7243/2052-6237-3-2. 

Kuang, J. L., Huang, L. N., Chen, L. X., Hua, Z. S., Li, S. J., Hu, M., Li, J.T. & 
Shu, W. S. (2013). Contemporary environmental variation determines 
microbial diversity patterns in acid mine drainage. The ISME Journal, 7(5), 
1038-1050. https://doi.org/10.1038/ismej.2012.139. 

Kumar, M., Gazara, R. K., Verma, S., Kumar, M., Verma, P. K., & Thakur, I. S. 
(2016a). Genome sequence of Pandoraea sp. ISTKB, a lignin-degrading 
betaproteobacterium, isolated from rhizospheric soil. Genome 

Announcements, 4(6), e01240-16. 
https://doi.org/10.1128/genomeA.01240-16. 

Kumar, M., Verma, S., Gazara, R. K., Kumar, M., Pandey, A., Verma, P. K., & 
Thakur, I. S. (2018). Genomic and proteomic analysis of lignin degrading 
and polyhydroxyalkanoate accumulating β-proteobacterium Pandoraea sp. 
ISTKB. Biotechnology for Biofuels, 11(1), 154. 
https://doi.org/10.1186/s13068-018-1148-2. 

Kumar, S., Stecher, G., & Tamura, K. (2016b). MEGA7: Molecular evolutionary 
genetics analysis version 7.0 for bigger datasets. Molecular Biology and 

Evolution, 33(7), 1870–1874. https://doi.org/10.1093/molbev/msw054. 

Kumaradevan, D., Chuah, K. H., Moey, L. K., Mohan, V., & Wan, W. T. (2015). 
Optimising the operational parameters of a spherical steriliser for the 
treatment of oil palm fresh fruit bunch. In IOP Conference Series: Materials 

Science and Engineering, 88(1), 12031. https://doi.org/10.1088/1757-
899X/88/1/012031. 

© C
OPYRIG

HT U
PM



103 
 

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. Biotechnology Advances, 29(1), 124-141. 
https://doi.org/10.1016/j.biotechadv.2010.10.001. 

Lattanzio, V. (2013). Phenolic compounds: Introduction. In K.G. Ramawat, J.M. 
Me´rillon (Eds.). Natural Products: Phytochemistry, Botany and Metabolism 

of Alkaloids, Phenolics and Terpenes (pp. 1543-1580). Heidelberg: 
Springer.  

Lautenschlager, K., Hwang, C., Liu, W. T., Boon, N., Köster, O., Vrouwenvelder, 
H., Egli, T. & Hammes, F. (2013). A microbiology-based multi-parametric 
approach towards assessing biological stability in drinking water 
distribution networks. Water Research, 47(9), 3015-3025. 
http://dx.doi.org/10.1016/ j.watres.2013.03.002. 

Lear, G., Ancion, P. Y., Harding, J., & Lewis, G. D. (2012). Use of bacterial 
communities to assess the ecological health of a recently restored stream. 
New Zealand Journal of Marine and Freshwater Research, 46(3), 291–301. 
https://doi.org/10.1080/00288330.2011.638647. 

Lear, G., Dopheide, A., Ancion, P., & Lewis, G. D. (2011). A comparison of 
bacterial, ciliate and macroinvertebrate indicators of stream ecological 
health. Aquatic Ecology, 45(4), 517–527. https://doi.org/10.1007/s10452-
011-9372-x. 

Lee, D. Y., Lee, H., Trevors, J. T., Weir, S. C., Thomas, J. L., & Habash, M. 
(2014). Characterization of sources and loadings of fecal pollutants using 
microbial source tracking assays in urban and rural areas of the Grand 
River Watershed, Southwestern Ontario. Water Research, 53, 123–131. 
https://doi.org/10.1016/j.watres.2014.01.003. 

Lev, J., Holba, M., Kalhotka, L., Mikula, P., & Kimmer, D. (2012). Improvements 
in the structure of electrospun polyurethane nanofibrous materials used for 
bacterial removal from wastewater. International Journal of Theoretical and 

Applied Nanotechnology, 1(1), 16–20. 
https://doi.org/10.11159/ijtan.2012.003. 

Li, C., Zhang, C., Song, G., Liu, H., Sheng, G., Ding, Z., Wang, Z., Sun, Y., Xu, 
Y. & Chen, J. (2016). Characterization of a protocatechuate catabolic gene 
cluster in Rhodococcus ruber OA1 involved in naphthalene degradation. 
Annals of Microbiology, 66(1), 469–478. https://doi.org/10.1007/s13213-
015-1132-z. 

Li, J., Yuan, H., & Yang, J. (2009). Bacteria and lignin degradation. Frontiers of 

Biology in China, 4(1), 29–38. https://doi.org/10.1007/s11515-008-0097-8. 

© C
OPYRIG

HT U
PM



104 
 

Lika, K., & Papadakis, I. A. (2009). Modeling the biodegradation of phenolic 
compounds by microalgae. Journal of Sea Research, 62(2–3), 135–146. 
https://doi.org/10.1016/j.seares.2009.02.005. 

Limkhuansuwan, V., & Chaiprasert, P. (2010). Decolorization of molasses 
melanoidins and palm oil mill effluent phenolic compounds by fermentative 
lactic acid bacteria. Journal of Environmental Sciences, 22(8), 1209–1217. 
https://doi.org/10.1016/S1001-0742(09)60240-0 

Liu, J., Ma, D., Ma, L., Song, Y., Gao, G., & Wang, Y. (2017). Geographic 
distribution pattern of low and high nucleic acid content bacteria on a river-
catchment scale. Marine and Freshwater Research, 68(9), 1618–1625. 
https://doi.org/10.1071/MF16068. 

Liu, Z., Xie, W., Li, D., Peng, Y., Li, Z., & Liu, S. (2016). Biodegradation of phenol 
by bacteria strain Acinetobacter Calcoaceticus PA isolated from phenolic 
wastewater. International Journal of Environmental Research and Public 

Health, 13(3), 300. https://doi.org/10.3390/ijerph13030300. 

Loh, S. K., Lai, M. E., Ngatiman, M., Lim, W. S., Choo, Y. M., Zhang, Z., & 
Salimon, J. (2013). Zero discharge treatment technology of palm oil mill 
effluent. Journal of Oil Palm Research, 25(3), 273–281. 

Lu, S., Sun, Y., Zhao, X., Wang, L., Ding, A., & Zhao, X. (2016). Sequencing 
insights into microbial communities in the water and sediments of Fenghe 
River, China. Archives of Environmental Contamination and Toxicology, 
71(1), 122–132. https://doi.org/10.1007/s00244-016-0277-5. 

Mackelprang, R., Waldrop, M. P., DeAngelis, K. M., David, M. M., Chavarria, K. 
L., Blazewicz, S. J., Rubin, E.M. & Jansson, J. K. (2011). Metagenomic 
analysis of a permafrost microbial community reveals a rapid response to 
thaw. Nature, 480(7377), 368-371. https://doi.org/10.1038/nature10576. 

Madaki, Y. S., & Lau Seng. (2013). Palm oil mill effluent (POME) from Malaysia. 
International Journal of Science, Environment and Technology, 2(6), 1138–

1155. 

Mahazar, A., Shuhaimi-Othman, M., Kutty, A. A., & Desa, M. N. (2013). 
Monitoring urban river water quality using macroinvertebrate and physico-
chemical parameters case study of Penchala River, Malaysia. Journal of 

Biological Sciences, 13, 474–482. 
https://scialert.net/abstract/?doi=jbs.2013.474.482. 

Maisarah, M. H., Noriham, A., & Zainon, M. N. (2013). Quantification of 
polyphenolic acids and antioxidant capacity of palm puree from different 

© C
OPYRIG

HT U
PM



105 
 

tenera breeds of Elaeis guineensis. International Journal of Bioscience, 

Biochemistry and Bioinformatics, 3(4), 349. 

Malherbe, S., & Cloete, T. E. (2002). Lignocellulose biodegradation: 
Fundamentals and applications. Reviews in Environmental Science and 

Biotechnology, 1(2), 105–114. https://doi.org/10.1023/A:1020858910646. 

Mallick, S., Chakraborty, J., & Dutta, T. K. (2011). Role of oxygenases in guiding 
diverse metabolic pathways in the bacterial degradation of low-molecular-
weight polycyclic aromatic hydrocarbons: A review. Critical Reviews in 

Microbiology, 37(1), 64 :90. 
https://doi.org/10.3109/1040841X.2010.512268. 

 Mallin, M. A., McIver, M. R., Robuck, A. R., & Dickens, A. K. (2015). Industrial 
swine and poultry production causes chronic nutrient and fecal microbial 
stream pollution. Water, Air, & Soil Pollution, 226(12), 407. 
https://doi.org/10.1007/s11270-015-2669-y. 

Malorny, B., Hoorfar, J., Hugas, M., Heuvelink, A., Fach, P., Ellerbroek, L., 
Bunge, C., Dorn, C. & Helmuth, R. (2003). Interlaboratory diagnostic 
accuracy of a Salmonella specific PCR-based method. International 

Journal of Food Microbiology, 89(2), 241-249. 
https://doi.org/10.1016/S0168-1605(03)00154-5. 

Maltman, C., & Yurkov, V. (2019). Extreme environments and high-level bacterial 
tellurite resistance. Microorganisms, 7(12), 601. 
https://doi.org/10.3390/microorganisms7120601. 

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. 
International Journal of Hydrogen Energy, 37, 15598–15606. 
https://doi.org/10.1016/j.ijhydene.2012.04.062. 

Mampel, J., Providenti, M. A., & Cook, A. M. (2005). Protocatechuate 4,5-
dioxygenase from Comamonas testosteroni T-2: Biochemical and 
molecular properties of a new subgroup within class III of extradiol 
dioxygenases. Archives of Microbiology, 183(2), 130–139. 
https://doi.org/10.1007/s00203-004-0755-4. 

Manti, A., Boi, P., Falcioni, T., Canonico, B., Ventura, A., Sisti, D., Pianetti, A., 
Balsamo, M. & Papa, S. (2008). Bacterial cell monitoring in wastewater 
treatment plants by flow cytometry. Water Environment Research, 80(4), 
346–354. https://doi.org/10.2175/106143007x221418. © C
OPYRIG

HT U
PM



106 
 

Mantione, K. J., Kream, R. M., Kuzelova, H., Ptacek, R., Raboch, J., Samuel, J. 
M., & Stefano, G. B. (2014). Comparing bioinformatic gene expression 
profiling methods: microarray and RNA-Seq. Medical Science Monitor 

Basic Research, 20, 138–142. https://doi.org/10.12659/MSMBR.892101. 

Mardis, E. R. (2008). The impact of next-generation sequencing technology on 
genetics. Trends in Genetics, 24(3), 133-141. 
https://doi.org/10.1016/j.tig.2007.12.007. 

Masai, E., Katayama, Y., & Fukuda, M. (2007). Genetic and biochemical 
investigations on bacterial catabolic pathways for lignin-derived aromatic 
compounds. Bioscience, Biotechnology and Biochemistry, 71(1), 1–15. 
https://doi.org/10.1271/bbb.60437. 

Mason, N. W., Mouillot, D., Lee, W. G., & Wilson, J. B. (2005). Functional 
richness, functional evenness and functional divergence: the primary 
components of functional diversity. Oikos, 111(1), 112-118. 
https://doi.org/10.1111/j.0030-1299.2005.13886.x. 

Mason, O. U., Scott, N. M., Gonzalez, A., Robbins-Pianka, A., Bælum, J., 
Kimbrel, J., Bouskill, N.J., Prestat, E., Borglin, S., Joyner, D.C. & Jansson, 
J. K. (2014). Metagenomics reveals sediment microbial community 
response to Deepwater Horizon oil spill. ISME Journal, 8(7), 1464–1475. 
https://doi.org/10.1038/ismej.2013.254. 

Mathews, S. L., Grunden, A. M., & Pawlak, J. (2016). Degradation of 
lignocellulose and lignin by Paenibacillus glucanolyticus. International 

Biodeterioration and Biodegradation, 110, 79–86. 
https://doi.org/10.1016/j.ibiod.2016.02.012. 

Matos, C. T., & Lopes Da Silva, T. (2013). Using multi-parameter flow cytometry 
as a novel approach for physiological characterization of bacteria in 
microbial fuel cells. Process Biochemistry, 48(1), 49–57. 
https://doi.org/10.1016/j.procbio.2012.11.003. 

Mazurkewich, S., Brott, A. S., Kimber, M. S., & Seah, S. Y. K. (2016). Structural 
and kinetic characterization of the 4-carboxy-2-hydroxymuconate 
hydratase from the gallate and protocatechuate 4, 5-cleavage pathways of 
Pseudomonas putida KT2440. Journal of Biological Chemistry, 291(14), 
7669–7686. https://doi.org/10.1074/jbc.M115.682054. 

Mazzoli, R., Pessione, E., Giuffrida, M. G., Fattori, P., Barello, C., Giunta, C., & 
Lindley, N. D. (2007). Degradation of aromatic compounds by 
Acinetobacter radioresistens S13: Growth characteristics on single 
substrates and mixtures. Archives of Microbiology, 188(1), 55–68. 
https://doi.org/10.1007/s00203-007-0223-z. 

© C
OPYRIG

HT U
PM



107 
 

McCarty, L. S., Power, M., & Munkittrick, K. R. (2002). Bioindicators versus 
biomarkers in ecological risk assessment. Human and Ecological Risk 

Assessment, 8, 159–164. https://doi.org/10.1080/20028091056791. 

Medlin, L. K., & Orozco, J. (2017). Molecular techniques for the detection of 
organisms in aquatic environments, with emphasis on harmful algal bloom 
species. Sensors, 17(5), 1184. https://doi.org/10.3390/s17051184. 

Meher, P. K., Sharma, P., Gautam, Y. P., Kumar, A., & Mishra, K. P. (2015). 
Evaluation of water quality of Ganges River using water quality index tool. 
EnvironmentAsia, 8(1), 124–132. 

Melo, J. S., Kholi, S., Patwardhan, A. W., & D’Souza, S. F. (2005). Effect of 
oxygen transfer limitations in phenol biodegradation. Process 

Biochemistry, 40(2), 625–628. 
https://doi.org/10.1016/j.procbio.2004.01.049. 

Menon, V., & Rao, M. (2012). Trends in bioconversion of lignocellulose: Biofuels, 
platform chemicals & biorefinery concept. Progress in Energy and 

Combustion Science, 38(4), 522–550. 
https://doi.org/10.1016/j.pecs.2012.02.002. 

Menteri Negara Lingkungan Hidup. (1995). Keputusan Menteri Negara 

Lingkungan Hidup Kep. MENLH NO. Kep-51/MENLH/10/1995 tanggal 23 

Oktober 1995 Tentang Baku Mutu Limbah Cair Bagi Kegiatan Industri. 
Retrieved on April 2, 2020, from 
http://kelair.bppt.go.id/Publikasi/BukuLimbahCairIndustri/115lamp.pdf 

Mishra, P., Thakur, S., Singh, L., Krishnan, S., Sakinah, M., & Wahid, Z. A. 
(2017). Fermentative hydrogen production from indigenous mesophilic 
strain Bacillus anthracis PUNAJAN 1 newly isolated from palm oil mill 
effluent. International Journal of Hydrogen Energy, 42(25), 16054–16063. 
https://doi.org/10.1016/j.ijhydene.2017.05.120. 

Mlejnková, H., & Sovová, K. (2010). Impact of pollution and seasonal changes 
on microbial community structure in surface water. Water Science and 

Technology, 61(11), 2787–2795. https://doi.org/10.2166/wst.2010.080. 

Mohammed, R. R., & Chong, M. F. (2014). Treatment and decolorization of 
biologically treated palm oil mill effluent (POME) using banana peel as 
novel biosorbent. Journal of Environmental Management, 132, 237–249. 
https://doi.org/10.1016/j.jenvman.2013.11.031. 

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 

© C
OPYRIG

HT U
PM



108 
 

discharge treated by different biotreatment processes. Ecological 

Indicators, 95, 468–473. https://doi.org/10.1016/j.ecolind.2018.08.007. 
 
Mohd-Nor, D., Ramli, N., Sharuddin, S. S., Hassan, M. A., Mustapha, N. A., 

Ariffin, H., Sakai, K., Tashiro, Y., Shirai, Y. & Maeda, T. (2019). Dynamics 
of microbial populations responsible for biodegradation during the full-scale 
treatment of palm oil mill effluent. Microbes and Environments, 34(2), 121-
128. https://doi.org/10.1264/jsme2.ME18104. 

Mollaei, M., Abdollahpour, S., Atashgahi, S., Abbasi, H., Masoomi, F., Rad, I., 
Lotfi, A.S., Zahiri, H.S., Vali, H. & Noghabi, K. A. (2010). Enhanced phenol 
degradation by Pseudomonas sp. SA01: Gaining insight into the novel 
single and hybrid immobilizations. Journal of Hazardous Materials, 175(1–

3), 284–292. https://doi.org/10.1016/j.jhazmat.2009.10.002. 

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. Applied 

Microbiology and Biotechnology, 102(12), 5323–5334. 
https://doi.org/10.1007/s00253-018-9003-8. 

Nair, C. I., Jayachandran, K., & Shashidhar, S. (2008). Biodegradation of phenol. 
African Journal of Biotechnology, 7(25), 4951–4958. 
https://doi.org/http://dx.doi.org/10.5897/AJB08.087. 

Najib, M. Z. M., & Ujang, Z. (2013). Morphological characterization of 
photosynthetic microbial granule from palm oil mill effluent (POME). 
Malaysian Journal of Analytical Sciences, 17(3), 445–453. 

Naubi, I., Zardari, N. H., Shirazi, S. M., Ibrahim, N. F. B., & Baloo, L. (2016). 
Effectiveness of water quality index for monitoring Malaysian river water 
quality. Polish Journal of Environmental Studies, 25(1), 231–239. 
https://doi.org/10.15244/pjoes/60109. 

Nazeer, S., Hashmi, M. Z., & Malik, R. N. (2014). Heavy metals distribution, risk 
assessment and water quality characterization by water quality index of the 
River Soan, Pakistan. Ecological Indicators, 43, 262–270. 
https://doi.org/10.1016/j.ecolind.2014.03.010. 

Neo, Y. P., Ariffin, A., Tan, C. P., & Tan, Y. A. (2010). Phenolic acid analysis and 
antioxidant activity assessment of oil palm (E. guineensis) fruit extracts. 
Food Chemistry, 122(1), 353–359. 
https://doi.org/10.1016/j.foodchem.2010.02.046. 

Nescerecka, A., Juhna, T., & Hammes, F. (2018). Identifying the underlying 
causes of biological instability in a full-scale drinking water supply system. 

© C
OPYRIG

HT U
PM



109 
 

Water Research, 135, 11–21. 
https://doi.org/10.1016/j.watres.2018.02.006. 

Nigam, P.S. N., & Pandey, A. (2009). Biotechnology for agro-industrial residues 

utilisation: Utilisation of agro-residues. Netherland, NL: Springer Science & 
Business Media. https://doi.org/10.1007/978-1-4020-9942-7. 

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. International Journal 

of Hydrogen Energy, 39, 19285–19293. 
https://doi.org/10.1016/j.ijhydene.2014.05.139. 

Niu, L., Li, Y., Wang, P., Zhang, W., Wang, C., Li, J., & Wu, H. (2018). 
Development of a microbial community-based index of biotic integrity (MC-
IBI) for the assessment of ecological status of rivers in the Taihu Basin, 
China. Ecological Indicators, 85, 204–213. 
https://doi.org/10.1016/j.ecolind.2017.10.051. 

Nogales, J., Canales, Á., Jiménez-Barbero, J., Serra, B., Pingarrón, J. M., 
García, J. L., & Díaz, E. (2011). Unravelling the gallic acid degradation 
pathway in bacteria: The gal cluster from Pseudomonas putida. Molecular 

Microbiology, 79(2), 359–374. https://doi.org/10.1111/j.1365-
2958.2010.07448.x. 

Nomanbhay, S., Uskenbayeva, S. A., & Ong, M. Y. (2018). On increase of the 
efficiency of extracting phenolic compounds from palm oil mill effluent. 
Journal of Chemical Technology and Metallurgy, 53(1), 101–111. 

Nshimyimana, J. P., Ekklesia, E., Shanahan, P., Chua, L. H. C., & Thompson, J. 
R. (2014). Distribution and abundance of human-specific Bacteroides and 
relation to traditional indicators in an urban tropical catchment. Journal of 

Applied Microbiology, 116(5), 1369–1383. 
https://doi.org/10.1111/jam.12455. 

Nur, M. M. A., & Hadiyanto. (2012). Potential of palm oil mill effluent (POME) as 
medium growth of Chlorella sp for bioenergy production. International 

Journal of Environment and Bioenergy, 3(2), 67–74. 

Okamura-Abe, Y., Abe, T., Nishimura, K., Kawata, Y., Sato-Izawa, K., Otsuka, 
Y., Nakamura, M., Kajita, S., Masai, E., Sonoki, T.  & Katayama, Y. (2016). 
Beta-ketoadipic acid and muconolactone production from a lignin-related 
aromatic compound through the protocatechuate 3,4-metabolic pathway. 
Journal of Bioscience and Bioengineering, 121(6), 652–658. 
https://doi.org/10.1016/j.jbiosc.2015.11.007. 

© C
OPYRIG

HT U
PM



110 
 

Oyserman, B. O., Noguera, D. R., Del Rio, T. G., Tringe, S. G., & McMahon, K. 
D. (2016). Metatranscriptomic insights on gene expression and regulatory 
controls in Candidatus Accumulibacter phosphatis. ISME Journal, 10(4), 
810–822. https://doi.org/10.1038/ismej.2015.155. 

Patil, S. A., Harnisch, F., Koch, C., Hübschmann, T., Fetzer, I., Carmona-
Martínez, A. A., Müller, S. & Schröder, U. (2011). Electroactive mixed 
culture derived biofilms in microbial bioelectrochemical systems: The role 
of pH on biofilm formation, performance and composition. Bioresource 

Technology, 102(20), 9683–9690. 
https://doi.org/10.1016/j.biortech.2011.07.087. 

Patil, S. S., & Jena, H. M. (2016). Isolation and characterization of phenol 
degrading bacteria from soil contaminated with paper mill wastewater. 
Indian Journal of Biotechnology, 15(3), 407–411. 

Patrauchan, M. A., Florizone, C., Eapen, S., Gómez-Gil, L., Sethuraman, B., 
Fukuda, M., Davies, J., Mohn, W.W. & Eltis, L. D. (2008). Roles of ring-
hydroxylating dioxygenases in styrene and benzene catabolism in 
Rhodococcus jostii RHA1. Journal of Bacteriology, 190(1), 37–47. 
https://doi.org/10.1128/JB.01122-07. 

Pearson, Willam, R. (2013). An introduction to sequence similarity (“Homology”) 

searching. Current Protocols in Bioinformatics, 1(10), 1286–1292. 
https://doi.org/10.1002/0471250953.bi0301s42.An. 

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. Environmental 

Microbiology, 14(5), 1091–1117. https://doi.org/10.1111/j.1462-
2920.2011.02613.x. 

Pérez-Pantoja, D., Donoso, R., Junca, H., González, B., & Pieper, D. H. (2017). 
Phylogenomics of aerobic bacterial degradation of aromatics. In Handbook 

of Hydrocarbon and Lipid Microbiology (pp. 1-48). Berlin, Heidelberg: 
Springer. 

Perpetuo, E. A., Marques, R. C. P., Mendes, M. A., De Lima, W. C., Menck, C. 
F. M., & Nascimento, C. A. O. Do. (2009). Characterization of the phenol 
monooxygenase gene from Chromobacterium violaceum: Potential use for 
phenol biodegradation. Biotechnology and Bioprocess Engineering, 14(6), 
694–701. https://doi.org/10.1007/s12257-008-0266-2. 

Pi, Y., Chen, B., Bao, M., Fan, F., Cai, Q., Ze, L., & Zhang, B. (2017). Microbial 
degradation of four crude oil by biosurfactant producing strain 

© C
OPYRIG

HT U
PM



111 
 

Rhodococcus sp. Bioresource Technology, 232, 263–269. 
https://doi.org/10.1016/j.biortech.2017.02.007. 

Pierzynski, G. M., Vance, G. F., & Sims, J. T. (2005). Soils and environmental 

quality. United State, US: CRC Press.  

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. 
http://doi.org/10.1016/j.biombioe.2014.05.007. 

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. Industrial and Engineering 

Chemistry Research, 49(22), 11732–11740. 
https://doi.org/10.1021/ie101486w. 

Poretsky, R. S., Bano, N., Buchan, A., LeCleir, G., Kleikemper, J., Pickering, M., 
Pate, W.M., Moran, M.A. & Hollibaugh, J. T. (2005). Analysis of microbial 
gene transcripts in environmental samples. Applied and Environmental 

Microbiology, 71(7), 4121–4126. https://doi.org/10.1128/AEM.71.7.4121-
4126.2005. 

Potvin, C., & Tousignant, D. (1996). Evolutionary consequences of simulated 
global change: Genetic adaptation or adaptive phenotypic plasticity. 
Oecologia, 108(4), 683–693. https://doi.org/10.1007/BF00329043. 

Prest, E. I., El-Chakhtoura, J., Hammes, F., Saikaly, P. E., van Loosdrecht, M. 
C. M., & Vrouwenvelder, J. S. (2014). Combining flow cytometry and 16S 
rRNA gene pyrosequencing: A promising approach for drinking water 
monitoring and characterization. Water Research, 63, 179–189. 
https://doi.org/10.1016/j.watres.2014.06.020. 

Rahman, N. H. A., Abd Aziz, S., & Hassan, M. A. (2013). Production of ligninolytic 
enzymes by newly isolated bacteria from palm oil plantation 
soils. Bioresources, 8(4), 6136-6150.  

Ramakrishnaiah, C. R., Sadashivaiah, C., & Ranganna, G. (2009). Assessment 
of water quality index for the groundwater in Tumkur taluk, Karnataka state, 
India. E-Journal of Chemistry, 6(2), 523–530. 
https://doi.org/10.1155/2009/757424. 

Ramseier, M. K., von Gunten, U., Freihofer, P., & Hammes, F. (2011). Kinetics 
of membrane damage to high (HNA) and low (LNA) nucleic acid bacterial 
clusters in drinking water by ozone, chlorine, chlorine dioxide, 

© C
OPYRIG

HT U
PM



112 
 

monochloramine, ferrate (VI), and permanganate. Water Research, 45(3), 
1490–1500. https://doi.org/10.1016/j.watres.2010.11.016. 

Rayu, S., Nielsen, U. N., Nazaries, L., & Singh, B. K. (2017). Isolation and 
molecular characterization of novel chlorpyrifos and 3,5,6-trichloro-2-
pyridinol-degrading bacteria from sugarcane farm soils. Frontiers in 

Microbiology, 8, 518. https://doi.org/10.3389/fmicb.2017.00518. 

Robins, J. E. (2018). Smallholders and machines in the West African palm oil 
industry. 1850-1950. African Economic History, 40(1), 69–103.  
https://doi.org/10.1353/aeh.2018.0002. 

Rodriguez-Mateus, Z., Agualimpia, B., & Zafra, G. (2016). Isolation and 
molecular characterization of microorganisms with potential for the 
degradation of oil and grease from palm oil refinery wastes. Chemical 

Engineering Transactions, 49, 517–522. 
https://doi.org/10.3303/CET1649087d. 

Rösel, S., & Grossart, H. P. (2012). Contrasting dynamics in activity and 
community composition of free-living and particle-associated bacteria in 
spring. Aquatic Microbial Ecology, 66(2), 169-181. 
https://doi.org/10.3354/ame01568. 

Rousk, J., Baath, E., Brookes, P. C., Lauber, C. L., Lozupone, C. A., Caporaso, 
J. G., Knight, R., & Fierer, N. (2010). Soil bacterial and fungal communities 
across a pH gradient in an arable soil. ISME Journal, 4(10), 1340–51. 
https://doi.org/10.1038/ismej.2010.58. 

Rubio, M. A., Lissi, E., Herrera, N., Pérez, V., & Fuentes, N. (2012). Phenol and 
nitrophenols in the air and dew waters of Santiago de Chile. Chemosphere, 
86(10), 1035–1039. https://doi.org/10.1016/j.chemosphere.2011.11.046. 

Rupani, P., & Singh, R. (2010). Review of current palm oil mill effluent (POME) 
treatment methods: Vermicomposting as a sustainable practice. World 

Applied Sciences, 11(1), 70–81. 

Ryall, B., Eydallin, G., & Ferenci, T. (2012). Culture history and population 
heterogeneity as determinants of bacterial adaptation: The adaptomics of 
a single environmental transition. Microbiology and Molecular Biology 

Reviews, 76(3), 597–625. https://doi.org/10.1128/mmbr.05028-11. 

Saffran, K., Cash, K., & Hallard, K. (2001). CCME Water Quality Index 1.0 User’s 

Manual. Canadian Water Quality Guidelines for the Protection of Aquatic 

Life, 1–5. Retrieved on January 4, 2020 from 
http://www.ccme.ca/files/Resources/calculators/WQI User’s Manual 

(en).pdf. 

© C
OPYRIG

HT U
PM



113 
 

Sahoo, P. K., Guimaraes, J. T., Souza-Filho, P. W., Silva, M. S., Silva Junior, R. 
O., Pessim, G., Moraes, B.C., Pessoa, P.F., Rodrigues, T.M., COSTA, 
M.F.  & Dall'agnol, R. (2016). Influence of seasonal variation on the hydro-
biogeochemical characteristics of two upland lakes in the Southeastern 
Amazon, Brazil. Anais da Academia Brasileira de Ciências, 88(4), 2211-
2227. https://doi.org/10.1590/0001-3765201620160354. 

Salcher, M. M., Pernthaler, J., & Posch, T. (2011). Seasonal bloom dynamics 
and ecophysiology of the freshwater sister clade of SAR11 bacteria ‘that 

rule the waves’ (LD12). The ISME Journal, 5, 1242–1252. 
https://doi.org/10.1038/ISMEJ.2011.8.  

Šalić, A., Ternjej, I., Mihaljević, Z., Bolanča, T., Ukić, Š., Stankov, M. N., Briški, 

F., Domanovac, M.V., Nakić, Z., Mileusnić, M.  & Pavlić, K. 

(2018). Environmental Engineering: Basic Principles. Walter de Gruyter 
GmbH & Co KG. 

Sánchez, Ó. J., & Cardona, C. A. (2008). Trends in biotechnological production 
of fuel ethanol from different feedstocks. Bioresource Technology, 99(13), 
5270–5295. https://doi.org/10.1016/j.biortech.2007.11.013. 

Santos, M., Oliveira, H., Pereira, J. L., Pereira, M. J., Gonçalves, F. J., & Vidal, 
T. (2019). Flow cytometry analysis of low/high DNA content (LNA/HNA) 
bacteria as bioindicator of water quality evaluation. Ecological 

Indicators, 103, 774-781. https://doi.org/10.1016/j.ecolind.2019.03.033. 

Saravanan, P., Pakshirajan, K., & Saha, P. (2008). Growth kinetics of an 
indigenous mixed microbial consortium during phenol degradation in a 
batch reactor. Bioresource Technology, 99(1), 205–209. 
https://doi.org/10.1016/j.biortech.2006.11.045. 

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. & Handelsman, J. 
(2012). Fundamentals of microbial community resistance and resilience. 
Frontiers in Microbiology, 3, 417. 
https://doi.org/10.3389/fmicb.2012.00417. 

Shahi, A., Ince, B., Aydin, S., & Ince, O. (2017). Assessment of the horizontal 
transfer of functional genes as a suitable approach for evaluation of the 
bioremediation potential of petroleum-contaminated sites: a mini-review. 
Applied Microbiology and Biotechnology, 101(11), 4341–4348. 
https://doi.org/10.1007/s00253-017-8306-5. 

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 

© C
OPYRIG

HT U
PM



114 
 

agent. RSC Advances, 6(88), 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. Ecological Indicators, 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. Ecological 

Indicators, 85, 79–84. https://doi.org/10.1016/j.ecolind.2017.10.020 
 
Shokralla, S., Spall, J. L., Gibson, J. F., & Hajibabaei, M. (2012). Next‐generation 

sequencing technologies for environmental DNA research. Molecular 
Ecology, 21(8), 1794-1805. https://doi.org/10.1111/j.1365-
294X.2012.05538.x. 

 
Schmeling, S., & Fuchs, G. (2009). Anaerobic metabolism of phenol in 

proteobacteria and further studies of phenylphosphate 
carboxylase. Archives of Microbiology, 191(12), 869-878. 
https://doi.org/10.1007/s00203-009-0519-2. 

 
Siddig, A. A., Ellison, A. M., Ochs, A., Villar-Leeman, C., & Lau, M. K. (2016). 

How do ecologists select and use indicator species to monitor ecological 
change? Insights from 14 years of publication in Ecological 
Indicators. Ecological Indicators, 60, 223-230. 
https://doi.org/10.1016/j.ecolind.2015.06.036. 

 
Silalertruksa, T., Gheewala, S.H., Pongpat, P., Kaenchan, P., Permpool, N., 

Lecksiwilai, N., & Mungkung, R., 2017. Environmental sustainability of oil 
palm cultivation in different regions of Thailand: Greenhouse gases and 
water use impact. Journal of Cleaner Production, 167, 1009–1019. 
https://doi.org/10.1016/j.jclepro.2016.11.069. 

Silva, M. D., & Domingues, L. (2015). On the track for an efficient detection of 
Escherichia coli in water: A review on PCR-based methods. Ecotoxicology 
and Environmental Safety, 113, 400–411. 
https://doi.org/10.1016/j.ecoenv.2014.12.015. 

Sims, A., Zhang, Y., Gajaraj, S., Brown, P. B., & Hu, Z. (2013). Toward the 
development of microbial indicators for wetland assessment. Water 

Research, 47(5), 1711–1725. 
https://doi.org/10.1016/j.watres.2013.01.023. 

© C
OPYRIG

HT U
PM



115 
 

Singh, P., & Kumar, R. (2019). Critical review of microbial degradation of 
aromatic compounds and exploring potential aspects of furfuryl alcohol 
degradation. Journal of Polymers and the Environment, 27(5), 901–916. 
https://doi.org/10.1007/s10924-019-01416-z. 

 Sjöberg, F., Nowrouzian, F., Rangel, I., Hannoun, C., Moore, E., Adlerberth, I., 
& Wold, A. E. (2013). Comparison between terminal-restriction fragment 
length polymorphism (T-RFLP) and quantitative culture for analysis of 
infants’ gut microbiota. Journal of Microbiological Methods, 94(1), 37–46. 
https://doi.org/10.1016/j.mimet.2013.04.002. 

 Sogin, M. L., Morrison, H. G., Huber, J. A., Welch, D. M., Huse, S. M., Neal, P. 
R., Arrieta, J.M. & Herndl, G. J. (2006). Microbial diversity in the deep sea 
and the underexplored “rare biosphere.” Proceedings of the National 

Academy of Sciences of the United States of America, 103(32), 12115–

12120. https://doi.org/10.1073/pnas.0605127103. 

Solyanikova, I. P., Borzova, O. V., Emelyanova, E. V., Shumkova, E. S., 
Prisyazhnaya, N. V., Plotnikova, E. G., & Golovleva, L. A. (2016). 
Dioxygenases of chlorobiphenyl-degrading species Rhodococcus 

wratislaviensis G10 and chlorophenol-degrading species Rhodococcus 

opacus 1CP induced in benzoate-grown cells and genes potentially 
involved in these processes. Biochemistry, 81(9), 986–998. 
https://doi.org/10.1134/S000629791609008X. 

Soudi, M. R., & Kolahchi, N. (2011). Bioremediation potential of a phenol 
degrading bacterium, Rhodococcus erythropolis SKO-1. Progress in 

Biological Sciences, 1(1), 31-70. 

Srivastava, G., & Kumar, P. (2013). Water quality index with missing 
parameters. International Journal of Research in Engineering and 

Technology, 2(4), 609-614. https://doi.org/10.15623/ijret.2013.0204035. 

Staebe, K., Botes, M., Madlala, T., Oberholster, P. J., & Cloete, T. E. (2018). 
Microbial community diversity as a potential bioindicator of AMD and steel 
plant effluent in a channelled valley bottom wetland. Water, Air, & Soil 

Pollution, 229(12), 397. https://doi.org/10.1007/s11270-018-4037-1. 

Stiefel, P., Schmidt-Emrich, S., Maniura-Weber, K., & Ren, Q. (2015). Critical 
aspects of using bacterial cell viability assays with the fluorophores SYTO9 
and propidium iodide. BMC microbiology, 15(1), 36. 
https://doi.org/10.1186/s12866-015-0376-x. 

Suratman, S., Mohd Sailan, M. I., Hee, Y. Y., Bedurus, E. A., & Latif, M. T. (2015). 
A preliminary study of water quality index in Terengganu River basin, 

© C
OPYRIG

HT U
PM



116 
 

Malaysia. Sains Malaysiana, 44(1), 67–73. https://doi.org/10.17576/jsm-
2015-4401-10. 

Suwanno, S., Rakkan, T., Yunu, T., Paichid, N., Kimtun, P., Prasertsan, P., & 
Sangkharak, K. (2017). The production of biodiesel using residual oil from 
palm oil mill effluent and crude lipase from oil palm fruit as an alternative 
substrate and catalyst. Fuel, 195, 82–87. 
https://doi.org/10.1016/j.fuel.2017.01.049. 

Suriya, J., Shekar, M. C., 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. Applied Microbiology and Biotechnology, 101(2), 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. Journal of Cleaner Production, 95, 148–155. 
https://doi.org/10.1016/j.jclepro.2015.02.056. 

Tan, J., Ariffin, A. H., Ramlan, A. A., & Mohd, R. T. (2006). Chemical precipitation 
of palm oil mill effluent (POME). In Proceedings of the 1st International 

Conference on Natural Resources Engineering & Technology (pp. 400-
407). 

Táncsics, A., Szoboszlay, S., Kriszt, B., Kukolya, J., Baka, E., Márialigeti, K., & 
Révész, S. (2008). Applicability of the functional gene catechol 1,2-
dioxygenase as a biomarker in the detection of BTEX-degrading 
Rhodococcus species. Journal of Applied Microbiology, 105(4), 1026–

1033. https://doi.org/10.1111/j.1365-2672.2008.03832.x. 

Tinikul, R., Chenprakhon, P., Maenpuen, S., & Chaiyen, P. (2018). 
Biotransformation of plant-derived phenolic acids. Biotechnology Journal, 
13(6), 1700632. https://doi.org/10.1002/biot.201700632. 

Tlili, A., Berard, A., Blanck, H., Bouchez, A., Cássio, F., Eriksson, K. M., Morin, 
S., Montuelle, B., Navarro, E., Pascoal, C. & Behra, R. (2016). Pollution-
induced community tolerance (PICT): towards an ecologically relevant risk 
assessment of chemicals in aquatic systems. Freshwater Biology, 61(12), 
2141–2151. https://doi.org/10.1111/fwb.12558. 

Tosu, P., Luepromchai, E., & Suttinun, O. (2015). Activation and immobilization 
of phenol-degrading bacteria on oil palm residues for enhancing phenols 
degradation in treated palm oil mill effluent. Environmental Engineering 

Research, 20(2), 141–148. https://doi.org/10.4491/eer.2014.039. 
© C

OPYRIG
HT U

PM



117 
 

Tsouko, E., Alexandri, M., Fernandes, K. V., Freire, D. M. G., Mallouchos, A., & 
Koutinas, A. A. (2019). Extraction of phenolic compounds from palm oil 
processing residues and their application as antioxidants. Food 

Technology and Biotechnology, 57(1), 29–38. 
https://doi.org/10.17113/ftb.57.01.19.5784. 

Tyagi, S., Sharma, B., Singh, P., & Dobhal, R. (2013). Water quality assessment 
in terms of water quality index. American Journal of Water Resources, 1(3), 
34-38. https://doi.org/10.12691/ajwr-1-3-3. 

Vallejo, V. E., Arbeli, Z., Terán, W., Lorenz, N., Dick, R. P., & Roldan, F. (2012). 
Effect of land management and Prosopis juliflora (Sw.) DC trees on soil 
microbial community and enzymatic activities in intensive silvopastoral 
systems of Colombia. Agriculture, Ecosystems and Environment, 150, 
139–148. https://doi.org/10.1016/j.agee.2012.01.022. 

Vanholme, R., Demedts, B., Morreel, K., Ralph, J., & Boerjan, W. (2010). Lignin 
biosynthesis and structure. Plant Physiology, 153(3), 895–905. 
https://doi.org/10.1104/pp.110.155119. 

Van Nevel, S., Buysschaert, B., De Roy, K., De Gusseme, B., Clement, L., & 
Boon, N. (2017). Flow cytometry for immediate follow-up of drinking water 
networks after maintenance. Water Research, 111, 66–73. 
https://doi.org/10.1016/j.watres.2016.12.040. 

Vedler, E., Heinaru, E., Jutkina, J., Viggor, S., Koressaar, T., Remm, M., & 
Heinaru, A. (2013). Limnobacter spp. as newly detected phenol-degraders 
among Baltic Sea surface water bacteria characterized by comparative 
analysis of catabolic genes. Systematic and Applied Microbiology. 
https://doi.org/10.1016/j.syapm.2013.07.004. 

Vital, M., Stucki, D., Egli, T., & Hammes, F. (2010). Evaluating the growth 
potential of pathogenic bacteria in water. Applied and Environmental 

Microbiology, 76(19), 6477–6484. https://doi.org/10.1128/AEM.00794-10. 

Vizzini, P., Iacumin, L., Comi, G., & Manzano, M. (2016). Development and 
application of DNA molecular probes. AIMS Bioengineering, 4(1), 113-
132.  https://doi.org/10.3934/bioeng.2017.1.113. 

Wakelin, S. A., Colloff, M. J., & Kookana, R. S. (2008). Effect of wastewater 
treatment plant effluent on microbial function and community structure in 
the sediment of a freshwater stream with variable seasonal flow. Applied 

and Environmental Microbiology, 74(9), 2659–2668. 
https://doi.org/10.1128/AEM.02348-07. © C
OPYRIG

HT U
PM



118 
 

Wakelin, S. A., Gerard, E., van Koten, C., Banabas, M., O’Callaghan, M., & 

Nelson, P. N. (2016). Soil physicochemical properties impact more strongly 
on bacteria and fungi than conversion of grassland to oil palm. 
Pedobiologia, 59(3), 83–91. https://doi.org/10.1016/j.pedobi.2016.03.001. 

Wang, D., Green, H. C., Shanks, O. C., & Boehm, A. B. (2014). New performance 
metrics for quantitative polymerase chain reaction-based microbial source 
tracking methods. Environmental Science & Technology Letters, 1(1), 20-
25. https://doi.org/10.1021/ez400022t. 

Wang, J. Y., Zhou, L., Chen, B., Sun, S., Zhang, W., Li, M., Tang, H., Jiang, B.L., 
Tang, J.L. & He, Y. W. (2015). A functional 4-hydroxybenzoate degradation 
pathway in the phytopathogen Xanthomonas campestris is required for full 
pathogenicity. Scientific Reports, 5, 18456. 
https://doi.org/10.1038/srep18456. 

Wang, Y., Song, J., Zhao, W., He, X., Chen, J., & Xiao, M. (2011). In situ 
degradation of phenol and promotion of plant growth in contaminated 
environments by a single Pseudomonas aeruginosa strain. Journal of 

Hazardous Materials, 192(1), 354–360. 
https://doi.org/10.1016/j.jhazmat.2011.05.031. 

Watanabe, K., Futamata, H., & Harayama, S. (2002). Understanding the diversity 
in catabolic potential of microorganisms for the development of 
bioremediation strategies. Antonie van Leeuwenhoek, International Journal 

of General and Molecular Microbiology, 81(1–4), 655–663. 
https://doi.org/10.1023/A:1020534328100. 

White, R. A., Freeman, C., & Kang, H. (2011). Plant-derived phenolic compounds 
impair the remediation of acid mine drainage using treatment wetlands. 
Ecological Engineering, 37(2), 172–175. 
https://doi.org/10.1016/j.ecoleng.2010.08.008. 

Witt, V., Wild, C., & Uthicke, S. (2011). Effect of substrate type on bacterial 
community composition in biofilms from the Great Barrier Reef. FEMS 
Microbiology Letters, 323(2), 188–195. https://doi.org/10.1111/j.1574-
6968.2011.02374.x. 

Wood, S. A., Smith, K. F., Banks, J. C., Tremblay, L. A., Rhodes, L., Mountfort, 
D., Cary, S.C. & Pochon, X. (2013). Molecular genetic tools for 
environmental monitoring of New Zealand's aquatic habitats, past, present 
and the future. New Zealand Journal of Marine and Freshwater Research, 
47(1), 90-119. https://doi.org/10.1080/00288330.2012.745885. 

Xie, Y., Wang, J., Wu, Y., Ren, C., Song, C., Yang, J., Yu, H., Giesy, J.P. & 
Zhang, X. (2016). Using in situ bacterial communities to monitor 

© C
OPYRIG

HT U
PM



119 
 

contaminants in river sediments. Environmental Pollution, 212, 348-357. 
https://doi.org/10.1016/j.envpol.2016.01.031. 

Xu, Z., Lei, P., Zhai, R., Wen, Z., & Jin, M. (2019). Recent advances in lignin 
valorization with bacterial cultures: Microorganisms, metabolic pathways, 
and bio-products. Biotechnology for Biofuels. 
https://doi.org/10.1186/s13068-019-1376-0. 

Yamamoto, Y. (2002). PCR in diagnosis of infection: Detection of bacteria in 
cerebrospinal fluids. Clinical and Diagnostic Laboratory Immunology, 9(3), 
508-514. https:// doi.org/10.1128/CDLI.9.3.508-514.2002. 

Yan, J., Jianping, W., Hongmei, L., Suliang, Y., & Zongding, H. (2005). The 
biodegradation of phenol at high initial concentration by the yeast Candida 

tropicalis. Biochemical Engineering Journal, 24(3), 243–247. 
https://doi.org/10.1016/j.bej.2005.02.016. 

Yang, L., Han, D. H., Lee, B. M., & Hur, J. (2015). Characterizing treated 
wastewaters of different industries using clustered fluorescence EEM-
PARAFAC and FT-IR spectroscopy: Implications for downstream impact 
and source identification. Chemosphere, 127, 222–228. 
https://doi.org/10.1016/j.chemosphere.2015.02.028. 

Yang, Y. F., Wu, L. W., Lin, Q. Y., Yuan, M. T., Xu, D. P., Yu, H., Hu, Y., Duan, 
J., Li, X., He, Z. & Zhou, J. Z. (2013). Responses of the functional structure 
of soil microbial community to livestock grazing in the Tibetan alpine 
grassland. Global Change Biology, 19(2), 637–648. 
https://doi.org/10.1111/gcb.12065. 

Yau, V. M., Schiff, K. C., Arnold, B. F., Griffith, J. F., Gruber, J. S., Wright, C. C., 
Wade, T.J., Burns, S., Hayes, J.M., McGee, C. & Colford, J. M. (2014). 
Effect of submarine groundwater discharge on bacterial indicators and 
swimmer health at Avalon Beach, CA, USA. Water Research, 59, 23–36. 
https://doi.org/10.1016/j.watres.2014.03.050. 

Ye, L., & Zhang, T. (2013). Bacterial communities in different sections of a 
municipal wastewater treatment plant revealed by 16S rDNA 454 
pyrosequencing. Applied Microbiology and Biotechnology, 97(6), 2681–
2690. https://doi.org/10.1007/s00253-012-4082-4. 

Yemendzhiev, H., Gerginova, M., Krastanov, A., Stoilova, I., & Alexieva, Z. 
(2008). Growth of Trametes versicolor on phenol. Journal of Industrial 

Microbiology and Biotechnology, 35, 1309-1312. 
https://doi.org/10.1007/s10295-008-0412-z. 

Ying, W., Ye, T., Bin, H., Zhao, H. B., Bi, J. N., & Cai, B. L. (2007). Biodegradation 
of phenol by free and immobilized Acinetobacter sp. strain PD12. Journal 

© C
OPYRIG

HT U
PM



120 
 

of Environmental Sciences, 19(2), 222-225. https://doi.org/10.1016/S1001-
0742(07)60036-9. 

Zaini, M. A. A., Alias, N., & Yunus, M. A. C. (2016). Bio-polishing sludge 
adsorbents for dye removal. Polish Journal of Chemical Technology, 18(4), 
15–21. https://doi.org/10.1515/pjct-2016-0065. 

Zainudin, M. H. M., Ramli, N., Hassan, M. A., Shirai, Y., Tashiro, K., Sakai, K., & 
Tashiro, Y. (2017). Bacterial community shift for monitoring the co-
composting of oil palm empty fruit bunch and palm oil mill effluent anaerobic 
sludge. Journal of Industrial Microbiology and Biotechnology, 44(6), 869–

877. https://doi.org/10.1007/s10295-017-1916-1. 

Zamyadi, A., McQuaid, N., Prévost, M., & Dorner, S. (2012). Monitoring of 
potentially toxic cyanobacteria using an online multi-probe in drinking water 
sources. Journal of Environmental Monitoring, 14(2), 579–88. 
https://doi.org/10.1039/c1em10819k. 

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. Science of the Total 

Environment, 490, 1082–1090. 
https://doi.org/10.1016/j.scitotenv.2014.05.086. 

Zhang, Y., Yan, L., Qiao, X., Chi, L., Niu, X., Mei, Z., & Zhang, Z. (2008). 
Integration of biological method and membrane technology in treating palm 
oil mill effluent. Journal of Environmental Sciences, 20(5), 558–564. 
https://doi.org/10.1016/S1001-0742(08)62094-X. 

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. Journal of Zhejiang University: Science B, 
15(7), 670–680. https://doi.org/10.1631/jzus.B1400003. 

Zhu, D., Yan, Y., Lei, P., Shen, B., Cheng, W., Ju, H., & Ding, S. (2014). A novel 
electrochemical sensing strategy for rapid and ultrasensitive detection of 
Salmonella by rolling circle amplification and DNA-AuNPs probe. Analytica 
Chimica Acta, 846(1), 44–50. https://doi.org/10.1016/j.aca.2014.07.024. 

Zoppini, A., Ademollo, N., Amalfitano, S., Capri, S., Casella, P., Fazi, S., 
Marxsen, J. & Patrolecco, L. (2016). Microbial responses to polycyclic 
aromatic hydrocarbon contamination in temporary river sediments: 
experimental insights. Science of the Total Environment, 541, 1364-1371. 
https://doi.org/10.1016/j.scitotenv.2015.09.144. 

 
© C

OPYRIG
HT U

PM


	B5_Chapter 1_Introduction
	B5_Chapter 2
	B5_Chapter 3
	B5_Chapter 4
	B5_Chapter 5
	B5_References
	B5_Appendices
	20181030170844Status_Confirmation_for_Thesis__Project_Report_and_Copyright
	Blank Page
	Blank Page
	Blank Page



