
 
 

UNIVERSITI PUTRA MALAYSIA 
 

 
 
 
 
 
 
 
 
 
 
 
 

MITRA MOHAMMADI 
 
 
 
 
 
 
 
 
 
 
 
 
 

FBSB 2012 18 

NON-HALOGENATED RECOVERY METHOD OF INTRACELLULAR 
POLYHYDROXYALKANOATES FROM LOCAL ISOLATE 

COMAMONAS SP. EB172 



© C
OPYRIG

HT U
PM

NON-HALOGENATED RECOVERY METHOD OF INTRACELLULAR 

POLYHYDROXYALKANOATES FROM LOCAL ISOLATE  

COMAMONAS SP. EB172 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

By 

 

MITRA MOHAMMADI 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Thesis Submitted to the School of Graduate Studies, Universiti Putra Malaysia, 

in Fulfilment of the Requirement for the Degree of Doctor of Philosophy  

 

February 2012 



© C
OPYRIG

HT U
PM

ii 
 

Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment 

of the requirement for the degree of Doctor of Philosophy 

 

 

NON-HALOGENATED RECOVERY METHOD OF INTRACELLULAR 

POLYHYDROXYALKANOATES FROM LOCAL ISOLATE  

COMAMONAS SP. EB172  

 

By 

 

MITRA MOHAMMADI 

 

 February 2012 

 

 

Chairman : Professor Mohd Ali Hassan, PhD 

 

Faculty : Faculty of Biotechnology and Biomolecular Sciences 

  

In this study, the use of NaOH treatment and chemical-free aqueous solution for intracellular 

polyhydroxyalkanoates (PHAs) recovery from local isolate Gram-negative wild type bacteria 

Comamonas sp. EB172 at different NaOH concentrations, treatment times, temperatures and 

agitations is being evaluated as alternative and appropriate methods instead of halogenated 

solvent extraction system. These methods consist of recovery steps followed by incubation, 

centrifugation and purification steps using ethanol and water washing. The results of this 

study were compared with PHA extraction from recombinant Cupriavidus necator as a control. 

The PHA recovered under the most favourable conditions was further characterized. 

 

The chemical-free aqueous solution method as a clean process and low concentration 

of NaOH treatment were successfully developed for PHA extraction from wild type 

Comamonas sp. EB172. More than 88% purity and 96% recovery yield of PHA were 

achieved by incubating the wild type bacteria under the mild alkaline treatment using 

0.05 M NaOH at 4°C for 1 h. However, up to 96% purity and recovery yield can be obtained 

by incubation of recombinant C. necator with 0.05 M NaOH at 4°C for 3 h. The incubation 



© C
OPYRIG

HT U
PM

iii 
 

of Comamonas sp. EB172 in the chemical-free aqueous solution at 30°C for 5 h could 

efficiently extract the PHA with more than 93% of recovery yield. Besides, shorter incubation 

time is required for PHA extraction from recombinant strain using the non-chemical method, 

which resulted in a PHA with 80.6% of purity and recovery yield of 96.1%. Protein 

determination and transmission electron microscopy images as well as gas chromatography 

analysis proved that improvement in cell wall permeability and cell membrane breakage 

are the possible mechanisms of NaOH treatment and chemical-free aqueous solution 

method on PHA recovery which was accompanied by considerable release of protein 

after the extraction step. It was found that the effectiveness of chemical and non-chemical 

treatments depends on the microbial strain. The initial intracellular PHA content also 

affected the effectiveness of the extraction methods for PHA recovery. Although, the 

NaOH treatment could recover purer PHA as compared to the chemical-free method, 

both processes were able to extract the polymer with high yield. The chemical-free aqueous 

solution method was found to be better than NaOH treatment for PHA extraction in 

respect of the final polymer molecular weight, which is in fact almost double that of 

the chloroform-extracted PHA as control.   

 

The overall results in this study indicated that the mild NaOH treatment and the 

chemical-free aqueous solution methods developed can serve as alternative recovery 

methods with high potential instead of the conventional halogenated solvent 

extraction process such as chloroform, since these new methods are environmentally 

more benign, effective and simple in operation. The recovery of intracellular PHA from 

Comamonas sp. EB172 cells via the recovery methods developed herein can contribute 

towards the sustainable process of PHA production using organic acids derived from 

the anaerobic treatment of palm oil mill effluent (POME). 
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Di dalam kajian ini, penggunaan rawatan NaOH dan larutan akues tanpa kimia bagi 

pemulihan polihidroksialkanoat (PHAs) intrasel daripada bakteria Gram-negatif 

Comamonas sp. EB172 pencilan tempatan  pada berbagai kepekatan NaOH, masa 

rawatan, suhu dan pengadukan yang berbeza telah dinilai sebagai kaedah alternatif 

dan sesuai berbanding kaedah pemulihan menggunakan pelarut berhalogen. Kaedah 

baharu ini menggunakan langkah pemulihan diikuti pengeraman, pengemparan dan 

penulinan melalui basuhan etanol dan air. Keputusan kajian ini dibanding dengan 

kaedah pemulihan PHA daripada Cupriavidus necator rekombinan sebagai kawalan. 

PHA diekstrak pada keadaan yang paling sesuai kemudiannya dicirikan.  

 

Kaedah larutan akues tanpa kimia sebagai proses yang bersih dan penggunaan 

larutan NaOH pada kepekatan yang rendah telah berjaya dikembangkan untuk 

pengekstrakan PHA daripada Comamonas sp. EB172 pencilan tempatan. Lebih dari 

88% ketulinan dan 96% hasilan PHA berjaya didapati melalui pengeraman bacteria 

berkenaan dalam keadaan rawatan beralkali rendah iaitu 0.05M NaOH pada suhu 
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4°C selama 1 jam. Untuk C. necator, 96% ketulinan dan hasilan didapati selepas 

pengeraman dengan 0.05 M NaOH pada suhu 4°C selama 3 jam. Pengeraman 

Comamonas sp. EB172 di dalam larutan akues tanpa kimia pada suhu 30°C selama 5 

jam dapat mengekstrak lebih dari 93% hasilan PHA dengan efisien. Disamping itu, 

masa pengeraman yang lebih singkat diperlukan untuk PHA daripada strain 

rekombinan menggunakan kaedah tanpa kimia dengan menghasilkan 80.6% 

ketulinan dan 96.1% hasilan. Penentuan protein dan imej transmisi elektron serta 

analisis kromatografi gas membuktikan pertambahan serapan dinding sel dan 

pemecahan membran sel sebagai mekanisme rawatan NaOH dan larutan akues tanpa 

kimia ke atas pemulihan PHA, diiringi oleh rembesan protein selepas langkah 

pengekstrakan. Tahap kecekapan rawatan didapati bergantung kepada jenis bakteria.  

Kandungan asal intrasel PHA juga mempengaruhi keberkesanan kaedah 

pengekstrakan bagi pemulihan PHA. Walaupun rawatan NaOH dapat menghasilkan 

PHA yang lebih tulin berbanding rawatan tanpa kimia, kedua-dua kaedah didapati 

berjaya mengekstrak PHA pada tahap yang tinggi. Kaedah pemulihan tanpa kimia 

didapati lebih baik berbanding kaedah NaOH berdasarkan berat molekul produk 

polimer PHA, bahkan hampir dua kali ganda berat molekul PHA berbanding kaedah 

pengekstrakan menggunakan khlorofom sabagai kawalan.    

 

Keputusan keseluruhan di dalam kajian ini menunjukkan kaedah rawatan NaOH dan larutan 

akues tanpa kimia boleh menjadi kaedah alternatif yang lebih berpotensi berbanding proses 

pengekstrakan lazim yang menggunakan pelarut berhalogen seperti khlorofom, oleh kerana 

kaedah baharu ini adalah lebih mesra alam, efektif dan mudah. Pemulihan PHA daripada sel 

Comamonas sp. EB172 melalui kaedah baharu ini juga boleh menjadikan proses penghasilan 

PHA menggunakan asid organik daripada rawatan efluen kilang sawit lebih lestari dan mesra alam.  
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