
journal of environmental sciences 96 (2020) 171–177 

Available online at www.sciencedirect.com 

w w w . e l s e v i e r . c o m / l o c a t e / j e s 

Dye reduction-based electron-transfer activity 

monitoring assay for assessing microbial electron 

transfer activity of microbial fuel cell inocula 

Kartik S. Aiyer 

∗, Roshan Rai , B.S. Vijayakumar 

Department of Biosciences, Sri Sathya Sai Institute of Higher Learning, Prasanthi Nilayam, Puttaparthi, Andhra 
Pradesh - 515134, India 

a r t i c l e i n f o 

Article history: 

Received 17 December 2019 

Revised 23 April 2020 

Accepted 23 April 2020 

Available online 30 May 2020 

Keywords: 

Dye reduction 

Electron transfer 

Methylene Blue 

Microbial fuel cell 

Wastewater 

a b s t r a c t 

Microbial fuel cells (MFC) utilize microbes as catalysts to convert chemical energy to electric- 

ity. Inocula used for MFC operation must therefore contain active microbial population. The 

dye reduction-based electron-transfer activity monitoring (DREAM) assay was employed to 

evaluate different inocula used in MFCs for their microbial bioelectrical activity. The assay 

utilizes the redox property of Methylene Blue to undergo color change from blue to colorless 

state upon microbial reduction. The extent of Methylene Blue reduction was denoted as the 

DREAM assay coefficient. DREAM assay was initially performed on a microbial culture along 

with the growth curve and estimation of colony forming units (CFUs). DREAM coefficient 

correlated to the CFU/mL obtained over time as growth progressed. The assay was then ex- 

tended to water samples (domestic sewage, lake and a man-made pond) serving as inocula 

in MFCs. Domestic wastewater gave the highest DREAM coefficient (0.300 ± 0.05), followed 

by pond (0.224 ± 0.07) and lake (0.157 ± 0.04) water samples. Power density obtained con- 

formed to the DREAM coefficient values, with the three samples generating power densities 

of 46.45 ± 5.1, 36.12 ± 3.2 and 25.08 ± 4.3 mW/m 

2 respectively. We have also studied the role 

of addition of various carbon sources and their concentrations towards improving the sen- 

sitivity of the assay. The DREAM assay is a rapid, easy-to-perform and cost-effective method 

to assess inocula for their suitability as anolytes in terms of electron transfer potential in 

MFCs. 

© 2019 The Research Center for Eco-Environmental Sciences, Chinese Academy of 

Sciences. Published by Elsevier B.V. 

Introduction 

In the current global scenario, new avenues are being sought 
to resolve problems relating to environmental pollution, 
wastewater treatment and power generation ( Li et al., 2013 ). 
Microbial fuel cells (MFCs) have shown promise as a platform 

technology for sustainable wastewater treatment ( Logan and 

Rabaey, 2012 ) and for using wastewater as a valuable “re- 
source” for recovery of chemicals and energy ( Li et al., 2013 ). 
A MFC is a bioelectrochemical system that uses microbes 
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as catalysts to convert chemical energy present in biomass 
into electrical energy ( Logan et al., 2006 ). Initially designed for 
electricity generation, it was soon evident that MFCs could 

offer several other important applications like wastewater 
treatment ( Oh et al., 2010 ; Gude, 2016 ), pollutant removal 
( Chen et al., 2019 ), heavy metal recovery ( Mathuriya and 

Yakhmi, 2014 ), hydrogen production ( Rosenbaum et al., 2010 ) 
and sensing applications ( Donovan et al., 2008 ; Kim et al., 
2003 ). With an aim to expand the nature and quality of these 
applications, MFC research has overseen several advance- 
ments over the years with respect to design ( Goswami and 

Mishra, 2018 ; Janicek et al., 2014 ; Mathuriya, 2016 ), functional- 
ity of materials used ( Christwardana et al., 2018 ; Frattini et al., 
2017 ; Zhao et al., 2017 ), and improvement in performance 
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( Choudhury et al., 2017 ). The potential of MFCs can thus be 
harnessed to develop methods for sustainable remediation of 
environmental pollutants ( Du et al., 2007 ). 

Power generation in MFCs is based on the ability of mi- 
crobes present in the inoculum to oxidize organic matter and 

transfer the electrons generated to the anode ( Logan, 2009 ). 
Inocula having greater population of exoelectrogenic bacte- 
ria are able to generate higher power densities ( Logan et al., 
2019 ). The source of the inocula used as anolytes for startup 

of MFCs thus becomes crucial towards optimal long-term per- 
formance of MFCs ( Holmes et al., 2004 ). However, anolytes 
used in MFCs vary vastly, ranging from pure or mixed 

microbial cultures grown in nutrient media to wastewa- 
ter from different sources, activated sludge, soil, river sedi- 
ments and even seawater ( Yates et al., 2012 ). The problems 
associated with the use of such diverse anolytes range from 

different startup times for power generation, need for multiple 
iterations and a lack of reproducibility ( Logan, 2010 ). Incom- 
plete oxidation of the substrate, growth of non-electrogenic 
microbes and alternative metabolic activities like fermenta- 
tion are some of the factors that need to be overcome to en- 
hance the performance of MFCs ( Schröder, 2007 ). Selection 

of a suitable anolyte for MFCs that can effectively utilize the 
available substrates for attaining optimal performance is crit- 
ical. The requirement for an evaluation procedure to select 
microbial inoculum for operation of MFCs has been strongly 
emphasized ( Song et al., 2012 ). As the performance of MFCs 
depend largely on the anodic bacterial communities sourced 

from inocula, there is a need to select anolytes containing ac- 
tive exoelectrogens for effective electron transfer to the an- 
ode ( Schaetzle et al., 2008 ). The suitability of a sample as an 

anolyte can be determined by the level of microbial activity 
which in turn depends on the microbial count and the nature 
and strength of the organic load. 

In this regard, we have developed the dye reduction- 
based electron-transfer activity monitoring (DREAM) assay 
to study microbial electron transfer in a rapid manner 
( Vishwanathan et al., 2015 ). This assay has been recently im- 
provised to study electron transfer activity by resazurin reduc- 
tion in sediment samples ( Aiyer and Vijayakumar, 2019 ), to de- 
tect antimicrobial activity of natural products and to screen 

bacteria for antimicrobial resistance ( Aiyer et al., 2019 ). In this 
manuscript, we describe the application of this assay to assess 
water samples used as anolytes in MFCs for their bioelectrical 
activity required for power generation. Characterization of the 
assay with respect to microbial count, nature of carbon source 
and organic load has also been presented to improve the sen- 
sitivity of the assay. We have initially used the DREAM assay to 
estimate the microbial activity of a lab-grown culture during 
the course of its growth. We have then extended the method 

to screen water samples for their microbial electron transfer 
activity in order to estimate their suitability in terms of power 
production in a MFC. This method presents a rapid, easy-to- 
perform and cost-effective way to monitor microbial electron 

transfer activity among anolytes used in a MFC for power gen- 
eration. 

1. Materials and methods 

1.1. Growth curve, colony forming units and DREAM 

assay for microbial culture 

Nutrient medium (95 mL) prepared using (per liter) 
CH 3 COONa, 1.00 g; NH 4 Cl, 0.31 g; NaH 2 PO 4 • H 2 O, 5.38 g; 
Na 2 HPO 4, 8.66 g; KCl, 0.13 g (pH 7) ( Beecroft et al., 2012 ) was 
inoculated with 5 mL of domestic wastewater taken from a 
sewage channel in the nearby Prasanthi Nilayam township. 

Growth curve of the microbial culture was recorded by plot- 
ting absorbance values at 600 nm ( A 600 ) immediately after 
inoculation at one hour intervals using a UV-VIS spectropho- 
tometer (SpectraMax M5, Molecular Devices, USA). Colony 
forming units (CFUs) per mL of the culture were determined 

at each point along the growth curve by plating 1 μL of 6-fold 

serial dilution of the culture onto agar plates and counting 
the number of colonies after incubation at 37 °C. The mean 

generation time ( t gen ) of the culture was calculated as per the 
formula given in Eq. (1) below: 

t gen = 1 /k (1) 

and 

k = log ( N t ) – log ( N 0 ) / 0 . 301 t (2) 

where, k is the growth constant, N t is the bacterial pop- 
ulation at time t , and N 0 the bacterial population at time 
zero ( Maier and Pepper, 2015 ). Along with CFU estimation, 
the microbial culture was subjected to DREAM assay at 
hourly intervals as per the following procedure outlined by 
Vishwanathan et al. (2015) . Two mL of the microbial culture 
was taken in a cuvette and 0.2 μL of Methylene Blue (Sigma 
Aldrich, India) was added to it (final concentration 50 mg/mL). 
The cuvette was covered with a lid and absorbance at 660 nm 

( A 660 ) was recorded at intervals of 10 sec for a period of 3 min. 
The extent of decolorization of Methylene Blue was denoted 

as the DREAM assay coefficient – calculated as the difference 
between the initial and final values of A 660 for 3 min (or for 
the duration of the assay). All experiments were done in trip- 
licates and the mean values have been reported. Further, six 
dilutions (1 × , 0.75 × , 0.67 × , 0.5 × , 0.33 × , 0.25 × ) of the 
mixed microbial culture at log phase (at 6th hour from inocu- 
lation) were subjected to DREAM assay as described above and 

the DREAM coefficient was calculated. Value of the DREAM as- 
say coefficient was used as a metric for the microbial electron 

transfer activity of the sample. A schematic representation of 
the DREAM assay has been provided in Fig. 1 . 

1.2. DREAM assay with water samples 

DREAM assay was then carried out to estimate the microbial 
electron transfer activity in water samples which could serve 
as anolytes in MFCs. Water samples from three sources (do- 
mestic wastewater, water from a lake in Puttaparthi, India and 

water from a man-made pond) were used for the study. Chem- 
ical oxygen demand (COD) of all the water samples was cal- 
culated as per standard methods ( A.P.H.A., 1998 ) to get an es- 
timate of the organic content in the samples. The three sam- 
ples were then subjected to DREAM assay by taking 2 mL of 
the sample in a cuvette, adding 0.2 μL of Methylene Blue to 
it and recording A 660 at intervals of 10 sec for a period of 
15 min. Microbial electron transfer activity was enumerated 

in terms of DREAM assay coefficient. The same procedure was 
carried out with autoclaved water samples which served as 
the control. Five aliquots of domestic wastewater were each 

supplemented with 25 mmol/L of one of the following car- 
bon sources – acetate, glucose, fructose, sucrose and lactose. 
COD of each sample was calculated as per standard methods 
( A.P.H.A., 1998 ). DREAM assay was performed using 2 mL of 
each sample and the corresponding DREAM assay coefficient 
was computed. In a further set of experiments, glucose and 

acetate were each added at 10, 25, 50 and 75 mmol/L concen- 
tration to eight aliquots of domestic wastewater and DREAM 

assay was performed. DREAM assay coefficients and COD were 
determined for the eight samples. All experiments were per- 
formed in triplicates. 
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Fig. 1 – Schematic representation of the DREAM assay. 

1.3. Multi-chambered MFC using water samples as 
anolytes 

The multi-chambered MFC consisted of a central cathode 
chamber having a carbon cloth electrode (area 12 cm 

2 ) and 

four anode chambers having a 0.5 cm 

2 carbon cloth anode 
each ( Vishwanathan et al., 2017 ). A cation exchange mem- 
brane (Membranes International; area 7 cm 

2 ) was used as the 
separator between the cathode chamber (500 mL volume) and 

the four anode chambers (200 mL volume). The three water 
samples (200 mL each) were used as anolytes in three of the 
anode chambers, while autoclaved sample (200 mL) was used 

as control in the fourth anode chamber of the MFC. Aerated 

tap water (500 mL) was used as the catholyte in the central 
cathode chamber. Performance of the MFC was characterized 

using resistors ranging from 330 to 1500 k � and value of max- 
imum power density was determined for each of the four 
anolytes. In the next set of experiments, domestic wastewater 
samples containing the five carbon sources – acetate, glucose, 
fructose, sucrose and lactose were used separately as anolytes 
and tested for power generation. Domestic wastewater sam- 
ples with the above mentioned concentrations of acetate and 

glucose were also used as anolytes and power density values 
were recorded. All MFC experiments were carried out multi- 
ple times with different combinations of anolytes in the an- 
ode chambers so as to obtain power density values for each 

sample in triplicate. 

2. Results and discussion 

2.1. Electron transfer depends on microbial activity and 

number 

A conventional bacterial growth curve (based on absorbance 
at 600 nm), while capable of indicating the stage of growth 

for the microbial culture, does not reliably indicate the viabil- 
ity or the activity of the cells ( Maier and Pepper, 2015 ). CFU 

counts are an improvement over conventional growth curves 
as they represent the number of viable bacterial cells present 
in a given volume of culture. However, CFUs do not give a pic- 
ture about the metabolic activity of the cells ( Maier and Pep- 
per, 2015 ). Moreover, the process to determine CFU count is 
time consuming and clumps of bacteria can often be mis- 
counted as a single colony, making it unsuitable for high- 
throughput applications ( Hazan et al., 2012 ). The DREAM as- 
say relies upon ability of bacteria to transfer electrons result- 
ing from metabolism of substrates, to Methylene Blue. In this 
assay, Methylene Blue, a thiazine dye acts as the terminal 
electron acceptor and gets reduced to a colorless leuco form 

owing to microbial activity ( Wainwright and Crossley, 2002 ) 
( Fig. 2 ). The assay evaluates microbial activity on the basis of 
the rate and extent of reduction of Methylene Blue at 660 nm 

in a given period of time ( Aiyer and Vijayakumar, 2019 ). Ab- 
sorbance spectrum of Methylene Blue in aqueous medium 

(50 mmol/L) recorded from 350 to 750 nm produced a peak 
at 660 nm ( Fig. 3 ). Based on this result, all further experi- 
ments relating to reduction of Methylene Blue were measured 

at 660 nm. The extent of Methylene Blue decolorization, rep- 
resented by the DREAM assay coefficient, relates directly to 

microbial electron transfer activity. Greater the metabolic ac- 
tivity of the microbes, greater the number of electrons avail- 
able to reduce Methylene Blue to its colorless state, leading to 
a greater DREAM assay coefficient. 

Fig. 4 represents the growth curve, colony count (CFU per 
mL) and the DREAM coefficient of the bacterial culture over 
time. Initial lag phase lasted for one hour, following which the 
culture entered the log phase. Stationary phase was attained 

eighth hour after inoculation. Onset of stationary phase oc- 
curs as the culture becomes depleted in carbon and energy 
sources ( Maier and Pepper, 2015 ). Buildup of wastes that be- 
come toxic to the cells also leads to the onset of the station- 
ary phase ( Yates and Smotzer, 2007 ). Growth proceeds in an 

imbalanced manner in the stationary phase ( Jannasch, 1969 ). 
A decline in growth was observed after the 13th hour. Based 

on the formula mentioned, the mean generation time for the 
mixed microbial culture used in the study was calculated to 
be 120 min. The generation time can be defined as the time 
required to double the initial bacterial population during the 
log phase ( Delignette-Muller, 1998 ). 

CFUs, which are an established way of measuring the count 
of viable cells in a culture, varied according to the state of 
growth of the bacterial culture. CFUs gradually increased as 
the culture progressed to the log phase, with the maximum 

CFUs obtained at the 6th hour. As the microbial culture pro- 
gressed to the stationary phase, the number of CFUs de- 
creased, and no further colonies were obtained on the agar 
plate after twelve hours. However, it must be noted that even 

though the supply of nutrients is limited in the stationary 
phase, it may not necessarily mean that all growth comes to 
a halt ( Maier and Pepper, 2015 ). Dying cells may lyse and pro- 
vide nutrients to the surviving cells, thus aiding survival and 

growth of the living cells. This feature, called endogenous res- 
piration, reflects the use of dead cells as a source of nutri- 
ents for living cells ( Maier and Pepper, 2015 ). While it is dif- 
ficult to estimate the CFUs per mL of the culture at this stage 
because colonies do not generally grow on agar plates, the 
DREAM assay can reliably estimate the microbial activity of 
the culture at any given point of time. CFUs and DREAM assay 
coefficients showed similar trends over the progression of mi- 
crobial growth. DREAM coefficient increased steadily from lag 
phase to log phase and peaked at the 6th hour, as in the case 
with CFUs. Based on the cell growth versus activity along the 
growth curve of the microbial culture, it is evident that micro- 
bial electron transfer activity is at its peak in the log phase. 
With the progression of the culture to stationary phase, a de- 
crease was observed in the DREAM coefficients. However, un- 
like CFUs, the DREAM assay was able to assess the activity of 
the cells in the culture even after the culture had progressed 

beyond log phase. Another advantage of using DREAM assay 
coefficient to estimate microbial activity is that the DREAM 

assay is simple, less cumbersome than CFUs, time-saving and 

cost-effective. Sterile medium and autoclaved culture were 
unable to reduce Methylene Blue, thus establishing that only 
living cells contribute to Methylene Blue reduction ( Aiyer et al., 
2019 ). 

Dilution experiments were then carried out to test the ef- 
fect of population number on electron transfer activity. All di- 
lutions of the microbial culture were derived from log phase 
(at the 6th hour following inoculation; A 600 = 0.6). The six di- 
luted samples differed from each another only in terms of the 
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Fig. 2 – In the DREAM assay, Methylene Blue gets reduced due to microbial activity, accompanied by a color change from 

blue to colorless. 

Fig. 3 – Absorption spectrum of Methylene Blue in aqueous 
medium (50 mmol/L) resulted in a peak at 660 nm. All 
further experiments involving the DREAM assay to 

measure Methylene Blue reduction were done at 660 nm. 

number of cells per mL of the culture. As all the samples were 
in the exponential phase of growth, their metabolic activity 
was constant. Among the samples, DREAM assay coefficient of 
the undiluted microbial culture was maximum (0.659) because 
it had the greatest number of metabolically active cells. As the 
dilution factor increased, the number of active cells reduced 

and the DREAM assay coefficient also decreased proportion- 
ately ( Fig. 5 ). Electron transfer to Methylene Blue thus depends 
not only on the metabolic activity of bacteria, but also on their 
number. Samples containing high population of bacteria that 
are metabolically active exhibit greater electron transfer ac- 
tivity. 

2.2. Electrons are sourced from the organic content in 

wastewater 

Based on the results obtained for the lab-grown microbial cul- 
ture, the next step was to employ the DREAM assay directly 
for wastewater samples. Since the number of bacterial cells 
in wastewater are lesser compared to lab-grown cultures, the 
duration of the assay was increased to 15 min to enhance res- 
olution of the assay. Among the three water samples used in 

the study, the DREAM assay coefficient was maximum for do- 
mestic wastewater (0.300 ± 0.05) and it corresponded with the 
maximum COD (654 ± 12 mg/L), confirming that availability of 
electrons is determined by the concentration of organic mat- 
ter in the sample ( Fig. 6 ). Domestic wastewater is a concoc- 
tion of organic and inorganic matter which can be metabo- 
lized by microbes ( Pandey et al., 2016 ). Domestic wastewater 
can be used as a source of energy for microbes and also for 
generation of electricity in the MFC ( Rahimnejad et al., 2015 ). 
Pond water had a COD of (548 ± 8) mg/L and gave a DREAM 

coefficient of (0.224 ± 0.07), while lake water, which had the 

Fig. 4 – Growth curve, colony count (CFU/mL) and DREAM 

assay coefficient for the microbial culture. 

least COD among the three water samples (426 ± 10 mg/L) 
gave the least DREAM coefficient (0.157 ± 0.04). Power out- 
put of the multi-chambered MFC was characterized using the 
three water samples and optimal performance was observed 

at an external resistance of 68 k �. Values of maximum power 
density (normalized to area of the anode) thus obtained for 
each of the samples, as depicted in Fig. 7 , further confirmed 

that electron transfer activity correlated significantly ( r = 0.99) 
with the organic load and the microbial activity in the wa- 
ter samples. Power generation using wastewater depends on 

the availability of organic matter and subsequent microbial 
oxidation ( Pandey et al., 2016 ). The autoclaved water samples 
did not have an impact on Methylene Blue reduction and did 

not produce any power in the MFC, emphasizing the already 
known fact that electron transfer cannot occur with organic 
content devoid of living microbes. 

Due to its superlative performance among the samples 
used, domestic wastewater was used for the experiments 
that followed. Domestic wastewater samples were supple- 
mented with five different sugars to study the dependence 
of electron transfer on the nature of carbon source available 
to the microbes. Among the samples, DREAM assay coeffi- 
cient was maximum (0.569 ± 0.03) for domestic wastewater 
samples supplemented with acetate and least (0.209 ± 0.01) 
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Fig. 5 – DREAM assay performed for the six dilutions of 
microbial culture at log phase. Values of the DREAM assay 

coefficients are denoted alongside. 

Fig. 6 – Reduction profile obtained by subjecting the three 
water samples to DREAM assay. Autoclaved samples did 

not reduce Methylene Blue. 

Fig. 7 – Power density curves obtained by using the three 
water samples as anolytes in the microbial fuel cell. 

Fig. 8 – Domestic wastewater amended with different 
carbon sources subjected to DREAM assay. 

for domestic wastewater without any added carbon source 
( Fig. 8 ). Addition of carbon sources to domestic wastewa- 
ter also enhanced power density in the MFC. As in the case 
with the DREAM assay coefficient, acetate-enriched wastew- 
ater resulted in the highest power density among all sub- 
strates used and power density using unmodified wastewa- 
ter was the least. Table 1 gives the values of DREAM assay co- 
efficient, COD and the power density obtained for domestic 
wastewater enhanced with different carbon sources. DREAM 

assay coefficient showed highly significant correlation with 

COD ( r = 0.973) and power density ( r = 0.980). This finding 
shows that wastewater samples having low organic load can 

be amended with easily utilizable carbon sources like glucose 
or acetate to enhance resolution of the DREAM assay for de- 
termining microbial activity. 

Microbes can utilize various substrates like acetate, glu- 
cose, fructose and lactose to generate bioelectricity in a mi- 
crobial fuel cell ( Catal et al., 2008 ). Generation of current is 
directly dependent on the nature of substrates provided as 
fuel. In a study where sucrose solution was replaced with tap 

water as fuel in a MFC, the current reduced to half the orig- 
inal value and was restored only when sucrose was reintro- 
duced ( He et al., 2005 ). The type of substrate also influences 
the microbial community that eventually stabilizes in the an- 
ode chamber of a MFC ( Min et al., 2005 ; Mocali et al., 2013 ). 

Benthic MFCs using marine sediments for metabolism 

showed an increase in power density when organic substrates 
such as chitin and cellulose were added to the sediments 
( Franks and Nevin, 2010 ). Acetate, a simple substrate that is 
the end product of many metabolic pathways ( Santoro et al., 
2017 ), is known to enrich electrogenic bacterial consortia in 

MFCs ( Lee et al., 2003 ). Acetate can produce greater coulombic 
efficiency and power density compared to sources like glucose 
( Min and Logan, 2004 ) or protein rich wastewater ( Pant et al., 
2010 ). Acetate directly enters the metabolic pathway in the 
citric acid cycle as acetyl CoA ( Nelson et al., 2008 ). Glucose 

Table 1 – DREAM assay coefficients, COD and power densities obtained for domestic wastewater supplemented with dif- 
ferent carbon sources. 

Sample DREAM assay coefficient COD (mg/L) Power density in microbial fuel cell (mW/m 

2 ) 

Domestic wastewater 0.209 ± 0.01 624 ± 7 34.256 ± 3.5 
Domestic wastewater + acetate 0.569 ± 0.03 771 ±5 70.828 ± 7.2 
Domestic wastewater + glucose 0.504 ± 0.01 729 ± 10 60.612 ± 4.6 
Domestic wastewater + fructose 0.451 ± 0.01 698 ± 6 51.887 ± 5.0 
Domestic wastewater + sucrose 0.312 ± 0.02 673 ± 11 46.325 ± 3.2 
Domestic wastewater + lactose 0.281 ± 0.01 648 ± 5 37.156 ± 2.6 

DREAM: dye reduction-based electron-transfer activity monitoring; COD: chemical oxygen demand. 
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Table 2 – DREAM assay coefficients, COD and power densities obtained for domestic wastewater supplemented with dif- 
ferent concentrations of glucose and acetate. 

Sample DREAM assay coefficient COD (mg/L) Power density in microbial fuel cell (mW/m 

2 ) 

Domestic wastewater 0.224 ± 0.01 653 ± 8 39.185 ± 1.4 
10 mmol/L Glucose 0.347 ± 0.01 708 ± 7 47.445 ± 3.5 
25 mmol/L Glucose 0.504 ± 0.01 725 ± 4 59.485 ± 4.3 
50 mmol/L Glucose 0.407 ± 0.02 748 ± 6 42.565 ± 2.4 
75 mmol/L Glucose 0.357 ± 0.01 765 ± 3 40.196 ± 1.8 
10 mmol/L Acetate 0.548 ± 0.02 742 ± 2 59.485 ± 2.2 
25 mmol/L Acetate 0.619 ± 0.02 778 ± 4 67.984 ± 6.5 
50 mmol/L Acetate 0.578 ± 0.02 810 ± 12 52.238 ± 4.4 
75 mmol/L Acetate 0.501 ± 0.01 842 ± 10 48.115 ± 3.8 

Fig. 9 – Entry points of the different substrates used in the 
cellular metabolic pathway. 

supports the growth of biofilms involved in direct transfer of 
electrons to the anode ( Yu et al., 2014 ) and produces a high 

electrical output due to easy and efficient uptake by microbes 
( Chae et al., 2009 ). Glucose and fructose enter the metabolic 
pathway during glycolysis ( Berg et al., 2012 ). In a study where 
twelve different carbohydrates were used as substrates in a 
MFC containing a mixed culture, glucose produced the high- 
est power density and demonstrated maximum COD removal 
efficiency ( Catal et al., 2008 ). On the other hand, lactose, a dis- 
accharide made up of glucose and galactose, is generally less 
preferred by microbes. The uptake and utilization of lactose 
usually requires the synthesis of additional enzymes ( Kim and 

Gadd, 2008 ) which could be a reason for the low DREAM as- 
say coefficient and low power density in the samples sup- 
plemented with lactose. Sucrose, another disaccharide is first 
broken down into its constituents - glucose and fructose, 
which can then enter glycolysis ( Nelson et al., 2008 ). Fig. 9 de- 
picts the entry point of all the substrates used in this study 
during cellular respiration. The fraction of electrons available 
for transfer to the anode depends on the concentration of the 
substrate as well as the nature of the substrate provided. 

In the final set of experiments, the two best substrates from 

the previous results – acetate and glucose – were used to study 

the effect of varying COD on microbial electron transfer ac- 
tivity. Concentrations of acetate and glucose were varied in 

the anolyte, as shown in Table 2 , and the DREAM assay coef- 
ficient and power density values were recorded. The DREAM 

assay coefficient increased when concentration of glucose and 

acetate was raised from 10 to 25 mmol/L. However, further 
increase in the concentration to 50 and 75 mmol/L led to a 
decrease in the DREAM coefficient for both carbon sources. 
DREAM assay coefficient was maximum at 25 mmol/L con- 
centration for both glucose and acetate enriched wastewa- 
ter. Likewise, power density increased when glucose and ac- 
etate concentrations were increased from 10 to 25 mmol/L 
and dropped at 50 and 75 mmol/L concentrations. In these ex- 
periments, DREAM assay coefficients correlated significantly 
( r = 0.974) with power density of the anolytes but not with the 
COD corresponding to 50 and 75 mmol/L of the amended sub- 
strate. A higher substrate concentration yields a higher power 
output in a MFC till it becomes excess ( Park and Zeikus, 2002 ). 
The drop in power density when the concentration of the sub- 
strate was increased beyond 25 mmol/L could be because ex- 
cessive substrate loading promotes growth of fermentative 
microbes rather than electrogenic microbes ( Rabaey et al., 
2003 ). 

3. Conclusions 

Wastewaters from various sources are generated all over the 
world in high quantities and can potentially serve as anolytes 
in MFCs. Careful consideration of wastewater characteris- 
tics to ensure optimum utilization by microbes to generate 
power is essential. The DREAM assay is a simple, cultivation- 
independent, rapid and cost-effective means to assess micro- 
bial activity in wastewater samples. We demonstrated that the 
DREAM assay coefficient significantly correlates with micro- 
bial activity, viable microbial count, nature and strength of the 
organic content and can thus be used as an effective measure 
of the electron transfer potential of a given wastewater sam- 
ple. If a hand-held colorimeter is used to record the extent of 
decolorization of Methylene Blue, the assay can be carried out 
at the site where the wastewater is sourced from. 
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