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This study was set up to investigate the phylogeny of and characterize the 

methanogenic population in anaerobic tank for treating palm oil mill effluent. In this 

study, environmental DNA was extracted and purified from wastewater sludge by 

using a simplified and less time consuming procedure (Malaysian Patent Pending 

Number: PI20082842 filed on 30/07/2008) and the results obtained were compared to 

that of other three existing protocols i.e. Ogram et al., Tsai and Olson, and Jacobsen 

and Rasmussen methods which are normally used for environmental samples. The 

DNA isolated from the palm oil mill anaerobic tank in FELDA Serting Hilir, was used 

for determining the molecular phylogeny of methanogenic archaea by using culture-

independent analysis of the 16S rRNA genes amplified directly from sludge. 

Restriction fragment length polymorphism (RFLP) analysis, denaturing gradient gel 

electrophoresis (DGGE) and fluorescent in situ hybridization (FISH) were also used in 

combination which made the present study, the first wide-scale study carried out in 
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Malaysia.  1260-bp 16S rRNA PCR products were cloned and sequenced.  

Phylogenetic analysis showed the microbes were closely affiliated with known 

cultured methanogenic Archaea, Methanosaeta concilii. Based on RFLP (HaeIII) 

analysis, just a few clones (clone SamaliEB; Genebank Accession Number: 

EU580025) seemed to be new species or at least new strains of Methanosaeta. This 

was also confirmed by DGGE analysis which showed the presence of M. concilii and 

Methanosarcina. sp. FISH was carried out using specifically designed 16s rRNA 

probes to target methanogens and bacteria. The results were in line with DGGE 

analysis and revealed the presence of two types of methanogens including M. concilii 

and Methanosarcina sp. in the anaerobic tank. Quantitative FISH showed that M. 

concilii had a population of 1.4 x 108/ml of wastewater sludge, while Methanosarcina 

sp. was 2 x 105/ml of wastewater sludge. This could be the reason of failing to get it 

cloned as for each 1000 clones of Methanosaeta, there was just one clone of 

Methanosarcina and therefore, the probability of picking up a clone affiliated to 

Methanosarcina was approximately 0.1 %. FISH helped to elucidate the association of 

methanogens and bacteria together. The findings of this study helped to understand the 

microbial population of the anaerobic tank for treating POME in Malaysia. The results 

indicate that filamentous acetate-utilizing methanogens detected in the POME 

anaerobic tank belong to the genus Methanosaeta based on the cell-morphology, and 

the phenotypic and phylogenetic characteristics described above. The data obtained 

also suggest that Methanosaeta is the most abundant methanogen in POME anaerobic 

digestion and that it plays an important role in methane production from acetate and its 

optimum growth conditions should be considered when an attempt is made to treat 
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POME anaerobically. In future, these findings will provide the chance to optimize the 

anaerobic tank conditions to increase the methane production and “carbon oxygen 

demand” (COD) removal. 
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Kajian ini dijalankan untuk menyiasat filogenetik dan ciri populasi methanogenik di 

dalam tangki anerobik bagi merawat hasil buangan kilang kelapa sawit. Dalam kajian 

ini, DNA telah dipencilkan daripada sisa kumbahan dengan menggunakan kaedah 

yang ringkas dan menjimatkan masa (Malaysian Patent Pending Number: PI20082842 

difailkan pada 30/07/2008), dan keputusan yang diperolehi telah dibandingkan dengan 

tiga kaedah yang sedia ada cth. kaedah Ogram et al., Tsai and Olson, and Jacobsen 

and Rasmussen, di mana kaedah ini biasanya digunakan untuk sampel alam sekitar. 

Kumpulan Archaea (methanogen) dalam tangki anaerobik di perindustrian kelapa 

sawit Malaysia telah dikaji dengan menggunakan analisis 16s rRNA gene secara terus 

dari enapcemar dengan gabungan antara elektroforesis gel gradien nyahasli (DGGE), 

florescent in situ hybridization (FISH), mikroskop cahaya dan scanning elektron 

microscopy (SEM). Hasil 1260-bp 16 rRNA PCR telah diklonkan dan disusun. 
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Analisis felogenetik menunjukkan mikrob hampir menyerupai dengan kultur yang 

dikenali sebagai methanogenic Archae, Methanosaeta concilii. Keseluruhan susunan 

klon berdasarkan RFLP (HaeIII), hanya beberapa klon (SamaliEB) adalah spesis baru 

dari Methanosaeta atau sekurang-kurangnye adalah strain yang baru, dan ianya telah 

dikenalpasti oleh analisis DGGE. DGGE menunjukkan kehadiran M. concilii dan 

Methanosarcina. sp. FISH telah dijalankan dengan menggunakan rekaan probe 16s 

rRNA yang spesifik untuk mengenalpasti methanogens dan bakteria dari keputusan 

adalah menyokong analisis DGGE and menyokong kehadiran dua jenis methanogen 

termasuk M. concilii dan Methanosarcina sp. dalam tangki anaerobik. Analisis 

kuantitatif FISH menunjukkan M. concilii mempunyai populasi sebanyak 1.4 x 108
 

manakala Methanosarcina sp. pula hanya 2.0 x 105.  Ini mungkin menyebabkan  

kegagalan untuk menghasilkan klon kerana bagi setiap 1000 klon Methanosaeta,  

hanya ada satu klon Methanosarcina. Oleh itu kebarangkalian mendapat klon 

Methanosarcina  hanya 0.1 %. Kaedah FISH telah membantu untuk lebih memahami 

hubungan antara methanogen dan bakteria. Kajian ini membantu untuk memahami 

dimensi mikrob di dalam tangki anaerobik untuk merawat POME di Malaysia buat 

pertama kalinya. Keputusan kajian ini menunjukkan filamentus bagi penggunaan 

asetat methanogens ditemui di dalam tangki anaerobik POME adalah dari genus 

Methanosaeta berdasarkan kepada morfologi sel, ciri fenotopik dan filogenetik yang 

telah diterangkan sebelum ini. Data yang diperolehi menunjukkan Methanosaeta 

adalah methanogen yang paling banyak didapati  dalam penguraian anaerobik POME 

dan ia memainkan peranan penting dalam penghasilan gas metana dari asetat di mana 

keadaan optimum untuk pertumbuhan perlu dipertimbangkan apabila merawat POME 
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secara anaerobik. Pada masa hadapan, kajian ini dapat meningkatkan lagi peluang 

untuk mengoptimumkan keadaaan tangki anaerobik untuk meningkatkan lagi 

penghasilan gas metana dan mengurangkan permintaan oksigen kimia (COD).  
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