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Introduction 
Membrane bioreactors (MBRs) and microbial fuel cell 

(MFC) together provides an integrated system that has 

several advantages over conventional activated sludge 

(CAS) process including high effluent quality, small 

footprint, high biodegradation efficiency and less 

sludge production and no aeration needed. However, 

membrane biofouling has been a major obstacle for 

wide utilization of such technology due to the frequent 

cleaning and replacement of fouled membranes, 

mainly caused by microbial by-product, consequence 

of increasing waste water treatment cost. Extensive 

studies have been performed so far to reveal the detail 

mechanism of membrane fouling and required more 

research on this issue. In this regard, one of the 

important techniques to understand the fouling 

mechanism is to determine the key bacteria 

responsible for severe membrane fouling. A wide 

range of microbial community presents while treating 

real municipal waste water and some of them are may 

be directly related to fouling mechanism while others 

are not. In addition, it is well known that microbial 

metabolites such as soluble microbial products (SMP) 

and extracellular polymeric substances (EPS) secreted 

from microorganisms are directly associated with 

microbial species. Operation condition also played 

important role in terms of microbial growth, 

production and composition of secreted materials and 

subsequent membrane fouling propensity. 

 Previously same research team successfully 

isolated several bacterial strains from real municipal 

wastewater and among them some strains showed high 

potentiality to cause severe membrane fouling and 

categorized as fouling causing bacteria (FCB). 

Interestingly, among several FCB, some strains are 

capable to produce electricity usually known as 

exoelectrogenic bacteria. Although the amount of SMP 

in both biocake and mixed liquor may be related to the 

biomass concentration but the exact role and 

mechanism of FCB are not still clearly understood. 

Therefore, better understanding of the detailed 

mechanism of SMP production by FCB is essential for 

membrane fouling mitigation and control strategies. 

 

Experimental method  
In this study, experimental method was designed to 

investigate the role of FCB as pure culture on 

membrane fouling mechanism due to the secretion of 

microbial metabolites. In the study, we investigate the 

influence of growth of fouling causing bacteria (FCB) 

under different external electron acceptors on the 

production of soluble microbial product (SMP), 

regarded as main foulant, causes to severe membrane 

fouling potentials. MFC (microbial fuel cell) reactor 

was operated with exoelectrogenic FCB (S05) closely 

related to Klebsiella pneumoniae (99.5%) under 

several respiration conditions while anode electrode, 

nitrate and oxygen was provided as sole electron 

acceptor.  

 

Result and discussions 

Growth of bacterial strain S05 

The growth performance of S05 was monitored at OD  

600 by using an optical absorbance meter. The reactor 

was running continuously for five days and sample 

was collected everyday inside a clean bench to avoid 

contamination. The reactors were operated with 

several electron acceptors such as electrode, nitrate 

and oxygen and without any electron acceptor i.e. 

fermentation condition (Fig. 1). The growth rate 

indicates that this bacterial strain can survive by 

utilizing several electron acceptors and even without 

electron acceptor (fermentation). The growth was 

maximum in the presence of anode electrode and 

lower during fermentation among the four-respiration 

condition. The lower growth performance in 

fermentation condition may be due to unavailability of 

electron acceptor in the reactor (Fig. 1). 

 

 
 

Fig. 1: Growth of bacterial strain (S05) during 

different respiration condition 
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Characterization of SMP 
It has been well accepted that membrane fouling is 

greatly influenced by the presence of SMP. SMP is 

separated from the mixed liquor (ML) to characterize 

its properties. In this regard, biopolymer, total organic 

carbon (TOC), protein and carbohydrate were 

measured in several respiration conditions (Fig. 2 

A-D). In order to evaluate the membrane fouling 

potential based on SMP, dead end filtrations were 

performed with the ML that was collected from MFC 

reactor after the 5 days of operation. ML, contains 

SMP, has been a good method to evaluate the 

membrane fouling propensity. 

 Result reveled that biopolymer, TOC, 

protein and carbohydrates were higher in fermentation 

condition than other respiration condition (Fig. 2 A-D). 

Biopolymer is considered as main foulant and good 

indicator to determine the fouling tendency. This 

contains hydrophilic fraction with high molecular 

weight detected by liquid chromatography - organic 

carbon detection (LC-OCD) method. In this study, 

biopolymer was found higher in open circuit 

MFC/fermentation and lower during anodic respiration 

condition (Fig. 2A) indicating that the presence and 

types of electron acceptor had effect on biopolymer 

production and consequent membrane fouling. It was 

also predicted that the insufficient presence of electron 

acceptor enhances the production of biopolymer. 

Exoelectrogenic bacteria produce less biopolymer due 

to the lack of energy whereas major part of energy 

used to maintain the anode biofilm. Therefore, it could 

be speculated that large part of energy gained by 

bacterium may be used to maintain growth under 

anodic respiration as a result less biopolymer 

production has occur (Fig. 2A). 

 

 
Fig. 2: Analysis of biopolymer (A), TOC (B), protein 

(C) and carbohydrate (D) to characterize the soluble 

microbial product 

 

FT-IR analysis of SMP 
The peak at wavelength 1045 cm-1 shows the presence 

of sugar (C-O and C-O-C) and polysaccharide or 

polysaccharide like substances (Fig. 3). There are two 

spectra located at 1640 cm-1 and 1560 cm-1 represents 

the protein secondary structure known as amide I 

(N-C=O) and amide II (N=C-O), respectively. A peak 

at 1380 cm-1 represents amino sugar due to the 

bacterial degradation of cell wall peptidoglycan. The 

peaks at 3396 cm−1 and 2964 cm−1 occur due to the 

stretching of O-H and C-O bonds. The peaks at 

1000–1200 cm−1 (C=O bond stretching) are associated 

with polysaccharides and polysaccharide-like 

substances. Principle Component Analysis (PCA) 

showed that the composition of SMP varies with the 

changes of external electron acceptors indicating that 

the electron acceptors has influence in terms of 

microbial metabolites secretion.  

   

 
Fig 3: Composition of SMP analyzed by FT-IR 

 

Membrane fouling potentials 
Fouling potential depends on the degree of microbial 

metabolites such as SMP and plays an important role 

to induce severe membrane fouling resulted from the 

difference of microbial growth and their microbial 

activity under different respiration condition. In 

addition, membrane fouling of S05 was determined by 

dead end filtration after collecting the mixed liquor 

from the MFC reactor at the end of 5 days of operation. 

It was observed that fouling potential was lower in 

case of anodic respiration when anode electrode was 

used as electron acceptor (Fig. 4). But higher fouling 

propensity was observed when no electron acceptor 

was present in the reactor. The result indicating that 

presence of electron acceptor influenced the fouling 

tendency due to the availability or scarce of external 

electron acceptor. It was observed that fouling 

potential was significantly less with anodic respiration 

and nitrate and oxygen also effective to reduce fouling 

potential.  

 

Fig. 4: Assessment of membrane fouling potential 
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under different respiration condition. 

SEM images of bacterial secretion 
The images of bacterial secretion including SMP were 

observed under SEM (Scanning Electron Microscope) 

(Fig: 5 A-D). These images showed that when reactor 

operated with anode electrode as electron acceptor less 

secretion was produced (Fig: 5A) whereas much more 

secretion was observed under fermentation condition 

(Fig: 5D). It was indicating that unviability of electron 

acceptors enhanced the bacterial secretion and 

subsequent membrane fouling. 

 

 
Fig 5: Scanning electron microscope images of S05 

strain with microbial secretion under different electron 

acceptors A) Anode B) Nitrate C) Oxygen D) 

Fermentation 

 

Conclusion 
SMP production by FCB was investigated by MFC 

reactor which was operated with exoelectrogenic FCB, 

K. pneumoniae, under several respiration conditions 

where anode electrode, nitrate oxygen was provided as 

sole electron acceptor. The present study revealed that 

under anodic respiration condition FCB able to 

mitigate membrane fouling by less SMP production 

including biopolymer. The growth was maximum in 

the presence of electrode and lower during 

fermentation among the four-respiration condition. 

Biopolymer, TOC and carbohydrates were higher in 

fermentation condition than other respiration condition. 

TMP and membrane fouling potentials were increasing 

in fermentation condition. More interestingly, 

composition of the same bacterium strain S05 varies 

under different respiration condition while anode, 

nitrate, Oxygen was supplied as sole electron 

acceptors. Therefore, it could be suggested that, anodic 

respiration play an effective role to mitigate membrane 

fouling in the integrated system.

 


