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Abstract. Khoirunnisa NS, Anwar S, Santosa DA. 2020. Isolation and selection of cellulolytic bacteria from rice straw for consortium of 

microbial fuel cell. Biodiversitas 21: 1686-1696. Cellulose such as in rice straw can be utilized as an organic substrate in Microbial Fuel 

Cell (MFC) to generate electricity by microorganisms as a biocatalyst. This research aimed to get cellulose-degrading bacteria with high 

capability to degrade rice straw and able to be used as consortium with exoelectrogen bacteria in Microbial Fuel Cell. The stages of 

research included: (i) isolation of the bacteria using carboxymethylcellulose (CMC) agar medium, (ii) selection of the isolates for that 

purpose, (iii) enzyme assay and MFC performance test, and (iv) identification of selected isolate. There were 125 isolates that were 

obtained. Selection based on the ability to degrade cellulose as indicated by clear zone on CMC medium resulted in 23 isolates. Ten 

isolates belong to anaerobic facultative bacteria were selected. Three of them were synergistic with exoelectrogen bacteria. The three 

isolates were tested for exoglucanase (Avicel) and total enzyme activity (Filter Paper) with the highest results were 6.21 U/mL (isolate 

J404) and 5.88 U/mL (isolate J401), respectively. The optimum MFC performance was achieved by one isolate, J401, which produced 

highest voltage of 40.8 mV and a power density of 0.33 mW/m2. The best isolate, J401, was identified as Xanthomonas translucens 

based on 16S rRNA method. 
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INTRODUCTION 

The biomass residue of agriculture production contains 

large amounts of biochemical energy in the form of 

cellulose and lignin. The last data from FAO shows that 

rice production in the world in 2017 reaches 3832 million 

tons (FAO 2018). The increase in agricultural production 

correlates with the increase of organic waste, such as rice 

straw. The percentage of rice from the total biomass of rice 

plants is 65-72 % (Singh et al. 1995). There are around 

1149.6 million tons of rice straw in the world.  

The degradation of lignocellulosic biomass such as rice 

straw is done by the collaboration of many microorganisms, 

including diverse fungal and bacterial genera producing a 

variety of cellulolytic enzymes under aerobic or anaerobic 

conditions. Cellulolytic microorganisms can degrade 

cellulose-based plant litter (Soares et al. 2013). Cellulose is 

a linear polymer of glucose linked through ß-1,4-glycosidic 

linkages that is the primary structural material of the plant 

cell wall and is the most abundant carbohydrate in nature 

(Saha et al. 2006). Cellulose is degraded by a biological 

process controlled and processed by the enzymes of the 

cellulase group (Gupta et al. 2012). Main member of this 

group includes endoglucanase, exoglucanase or 

cellobiohydrolase, and ß-glucosidase (Bayer et al. 2007). 

The endoglucanase is responsible for cleavage of β-1,4-

glycosidic bonds along a cellulose chain. The exoglucanase 

is required for cleavage of the non-reducing end of a 

cellulose chain and splitting of the elementary fibrils from 

the crystalline cellulose. The β-glucosidase hydrolyzes 

cellobiose and water-soluble cellodextrin to glucose (Bhat 

and Bhat 1997). There have been many studies that isolate 

cellulose-degrading bacteria including isolation from plant 

litter soil (Waghmare et al. 2018), sediment of mangrove 

swamps (Chantarasiri 2015), and the gut of termites 

(Upadhyaya et al. 2012).  

One kind of alternatives to utilize biomass waste, 

especially cellulose, is Microbial Fuel Cell. Microbial Fuel 

Cell (MFC) is a bioelectrochemical reactor that converts 

directly organic material into electricity. The MFC can 

utilize some types of waste especially agro wastes to generate 

electricity. This system uses active organisms as 

biocatalysts that have the capability of generating 

electricity (Logan and Regan 2006). The MFC commonly 

used organic materials including carbohydrate groups such 

as glucose, sucrose, and starch; low molecular weight 

organic acids such as acetate, oxalate, and fumarate; and 

amino acids. Several experiments have tried to use 

cellulose in various forms as organic material in the MFC 

such as the ones done by Kawale et al. (2017) who used 

carboxymethylcellulose (CMC), Huang and Logan (2008) 

who used paper recycling wastewater, or Thygesen et al. 

(2011) who used wheat straw.  

This research aimed to get facultative cellulose 

degrading bacteria with high capability to degrade rice 

straw and able to be used as consortium with exoelectrogen 

bacteria in Microbial Fuel Cell. The rice straw is used as 

substrate in the MFC therefore we choose isolation sources 

for cellulolytic bacteria from rice straw with different 

degradation levels.  
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MATERIALS AND METHODS 

Sample collection and isolation of isolates 

Sample collection 

Decomposed rice straw samples were collected from 

two fields. There were four samples; one with low 

decomposition level, one with medium decomposition 

level, and two with high decomposition level. The rice 

plant was planted in paddy soil, in Bogor, Indonesia. 

Sample with high decomposition level was expected to 

have more potential cellulolytic isolates. The 

decomposition level was determined by physicochemical 

properties of rice straw. The parameters were the easiness 

of rice straw to break down upon squeezing and C/N ratio. 

C/N ratio was calculated by divided organic carbon (OC) 

with total nitrogen (TN). Organic carbon was determined 

by Walkey and Black method (Walkley and Black 1934; 

FAO 2019) and total nitrogen was determined by Kjeldahl 

method (Kjeldahl 1883; Sáez-Plaza et al. 2013).  

The rice straw easily squeezed to pieces was considered 

as straw with high decomposition level, while the one 

difficult to squeeze was considered as straw with low 

decomposition level. The rice straw with low 

decomposition level was characterized by intact rice straw. 

Whereas the rice straw in high decomposition level could 

not be distinguished from initial morphological shape of 

the rice plant. Besides, the color of the physiological 

solution mixed with samples of rice straw with low 

decomposition level is clearer than straw with high 

decomposition. The rice straw with low decomposition 

level has higher C/N ratio than rice straw with high 

decomposition level. All samples were collected in a sterile 

container and transported under aseptic conditions to the 

laboratory for further investigations. 

Isolation of cellulose-degrading bacteria 

Cellulose degrading bacteria were isolated using serial 

dilution and spread plate technique (Rawway et al. 2018). 

Ten grams of samples were put into an Erlenmeyer 

containing 90 mL sterile physiological solutions (0.85% 

w/v NaCl). The solutions were homogenized using a shaker 

for 30 min. The sample suspension was taken as much as 1 

mL and was put into a test tube containing 9 mL of 

physiological solution and homogenized by a vortex. Serial 

dilution was made up until the 106 series. One hundred 

microliter sample suspension was inoculated on solid 

media (in 1 liter of media containing: 1 g KH2PO4, 0.5 g 

K2SO4, 0,5 g NaCl, 0.01 g FeSO4, 0.01 g MnSO4, 1 g 

(NH4)NO3, 10 g CMC, dan 20 g agar) by spread plate 

method. Petri dishes were incubated at ambient temperature 

for 3 until 5 d. When several colonies grew, the agar 

medium was stained with 1% (w/v) Congo red for 15 min 

and was washed with 1 M NaCl for 15 min (Teather and 

Wood 1982). Colonies that have cellulolytic ability were 

colonies that formed clear zones after the staining process. 

The isolates that have cellulolytic ability were purified by 

the quadrant-streak plate method to obtain a single colony. 

Then, the isolates were selected based on colony 

morphology (color, form, elevation, and margin). Isolates 

that have different morphologies were stored. 

Selection stages 

Cellulolytic activity assay  

This test aimed to know the capability of the isolate to 

degrade cellulose by observing the clear zone in CMC agar. 

The cellulolytic activity was tested by growing the 

collected isolates on the CMC agar medium by a point 

method that repeated four times. Inoculants were incubated 

for 5 d at ambient temperature. After that, the plate was 

stained by 1% Congo red and was washed with 1 M NaCl 

for 15 min respectively (Teather and Wood 1982). Isolates 

that have cellulolytic activity showed a clear zone on the 

media. The ability to degrade cellulose was calculated 

based on the ratio of the clear zone diameter to colony 

diameter (Dantur et al. 2015). 

Oxygen tolerance determination 

This test aimed to recognize the oxygen tolerance of 

each isolate and to obtain facultative anaerobic bacteria 

using liquid medium (Parker et al. 2017). The facultative 

anaerobic bacteria have a wider oxygen tolerance range 

than aerobic and anaerobic bacteria. Then, the 

exoelectrogen bacteria that were used in this study, 

Staphylococcus saprophyticus ICBB 9554, were also 

facultative anaerobic bacteria. Ten mL of Nutrient Broth 

(NB) liquid media is prepared in a test tube. The media was 

sterilized using an autoclave at temperature of 121 oC, the 

pressure of 1 atm for 20 min. Then as much as one loop of 

the pure isolate was inoculated into NB media. The media 

was incubated at ambient temperature for 48 h. The 

position of bacterial growth was monitored to determine 

the type of oxygen tolerance. 

Synergistic test 

This test aimed to discover cellulolytic bacteria that 

were synergy with exoelectrogen bacteria so these two 

types of bacteria can be used as a consortium in MFC 

system. The exoelectrogen bacteria used in this study were 

Staphylococcus saprophyticus ICBB 9554 which was 

isolated from the rice soil ecosystem in Banten, Indonesia 

and have studied for MFC system before. The synergistic 

test was conducted by the disc diffusion method in two 

ways (Venkadesan and Sumathi 2015). The first synergistic 

test was between cellulolytic bacteria with Staphylococcus 

saprophyticus ICBB 9554. Staphylococcus saprophyticus 

ICBB 9554 was targeting bacteria and the testing bacteria 

was cellulolytic bacteria. Whereas the second test was the 

opposite of the first test. The bacteria target was 

cellulolytic bacteria and the testing bacteria was 

Staphylococcus saprophyticus ICBB 9554.  

Some isolates of cellulolytic bacteria from the previous 

selection stage and Staphylococcus saprophyticus ICBB 

9554 bacteria were inoculated in 25 ml NB media by taking 

one loop from stock culture. The isolates were incubated 

overnight (ON) and homogenized in a shaker. The culture 

media for the paper disc diffusion method was Nutrient 

Agar (NA). The petri disc containing solid NA was divided 

into 6 parts for the first test and into 3 parts for the second 

test. On the NA media, the bacteria target was spread by 

taking 0.1 ml of bacterial supernatant from NB media. The 

6 mm diameter of paper disc was submerged in the 
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supernatant of the testing bacteria. The testing bacteria was 

placed over the targeting bacterial scratch. The bacteria 

strain with antagonist traits showed a clear zone 

surrounding the other strain and the synergism bacteria 

showed no inhibitory zone.  

Test for potential isolate in MFC 

Enzyme assay 

The enzyme assay was conducted to measure the level 

of enzyme activity of the isolates. The test included 

exoglucanase activity and total enzyme activity. Initially, a 

crude enzyme had to be prepared. The crude extract of the 

enzyme was obtained by growing the isolates in the 

Mandels media (Mandels and Reese 1957) (in 1 liter of 

media containing: 14 g (NH4)2SO4, 20 g KH2PO4, 3 g 

MgSO4.7H2O, 3 g urea, 30 g CaCl2, 0.5 g FeSO4, 1.6 g 

MnSO4, 1.4 g ZnSO4, 2 g CoCl2, dan 5 g rice straw powder 

as a carbon source). It was incubated at ambient 

temperature for 5 d and was shaken in a 150 rpm shaker. 

The crude cellulase enzymes were harvested by 

centrifuging the media at a speed of 3634 x g at ambient 

temperature for 30 min then supernatants were taken. 

The quantitative exoglucanase enzyme and total 

enzyme activity assay were carried out by measuring 

reducing sugars used 3,5-dinitrosalicylic acid (DNS) 

method (Miller 1959). Exoglucanase enzyme activity test 

used Avicel as a substrate (Dantur et al. 2015) and total 

enzyme activity used paper filter Whatman No 1. as a 

substrate (Ghose 1987). The exoglucanase enzyme activity 

test was carried out by mixing 1 mL enzyme filtrate, 1 mL 

phosphate buffer pH 7.00, and 1% microcrystalline 

substrate (Avicel) then incubated for 1 h at 60 oC. Then 3 

mL of DNS (Dinitro Salicylic Acid) solution was added 

and was homogenized. The mixture solution was put into 

boiling water for 10 min. The total cellulase enzyme 

activity test was carried out similarly to the exoglucanase 

enzyme activity test. The Avicel substrate was switched 

with filter paper Whatman no. 1 and incubation were 

carried out for 30 min at 45 oC. The control was prepared 

by adding 1 mL of the filtrate enzyme after adding 3 mL of 

DNS. The blanco was prepared by mixing 2 mL distilled 

water, 1 mL buffer, and 3 mL DNS. All mixtures were put 

into boiling water for 10 min for color development. All of 

the mixtures were absorbed at a wavelength of 540 nm. 

Standard absorbance curves were performed using glucose 

solutions with concentrations of 0, 50, 100, 150, 200, 250, 

300, and 350 ppm. One unit (U) of the enzyme activity was 

defined as the amount of enzyme releasing 1 𝜇mol of 

reducing sugars equivalent to glucose per minute during the 

reaction. 

Microbial fuel cell performance test 

Microbial Fuel Cell performance test was conducted to 

recognize which one of the cellulolytic isolates has the 

highest performance by producing high electrical voltage. 

The selected isolates of cellulolytic bacteria and 

Staphylococcus saprophyticus ICBB 9554 were inoculated 

on 50 mL of NB media by taking 1 loop culture stock. The 

inoculants were incubated during one night (ON) at 

ambient temperature.  

The MFC system in this study was constructed with a 

dual-chamber design based on the design of Razaei et al. 

(2009) with some modifications. The MFC chamber was 

assembled by acrylic material with a size of 6 cm x 6 cm x 

7.5 cm and the capacity was 250 mL in each anode and 

cathode area. The anode and cathode compartments were 

separated by Nafon 117® Proton Exchange Membrane 

(PEM) (Lyntech, United States). The electrodes were 

carbon fiber at the anode and cathode with a cross-sectional 

area of 50 cm2. The anode and the cathode were connected 

by an external circuit using copper wires to transfer an 

electron from the anode to the cathode. An additional 1,000 

Ω external resistor was added. A schematic picture of MFC 

system was shown in Figure 1.  

The PEM Nafion 117® membrane was treated by 

preliminary treatment refers to Mazzapioda et al. (2009). 

The first step was boiling the PEM membrane in 3% v/v 

hydrogen peroxide (H2O2) solution, then in 1 M H2SO4 

solution, and finally in distilled water. Each treatment was 

done for 1 h. The membrane was stored in distilled water 

before being used. The membrane was stuck in the 

chamber by a seal. The chamber was sterilized by spraying 

alcohol followed by sterilization using a UV light in 

laminar airflow. The exposed process was carried out for 

45 min. Carbon fiber electrodes were sterilized by spraying 

alcohol and burning on a bunsen burner. 

The anode compartment contained 0.3% w/v rice straw 

(100 mesh size) dan 0.1 M KH2PO4. While the cathode 

compartment was filled by 0,1 M KMnO4 dan 0.1 M 

KH2PO4. Both solutions were sterilized using an autoclave 

under 1 atm pressure, the temperature of 121 oC, for 20 

min. Both solutions were poured aseptically on each side of 

the compartment. After that, 5 mL of cellulolytic isolate 

culture was added to the anolyte suspension. The MFC 

chamber was incubated for 72 h and after that 5 mL of 

Staphylococcus saprophyticus ICBB 9554 was added.  

The MFC performance was monitored by measure 

electric current parameters (I) and voltage (V) using a 

multimeter every 8 h during the incubation period. The 

magnitude between current and voltage was validated by 

the formula I = V / R, where R was the resistance of an 

external resistor whose value was equal to 1,000 Ω. Then 

the power (P) was calculated using the formula P = IV. 

Power density is normalized by dividing the power value 

by the area of the anode (Razaei et al. 2009). 

Identification using sequence of 16S rRNA 

DNA isolation from bacterial colonies and PCR 

amplification was completed simultaneously using a direct 

PCR Kit (KOD FX Neo, Toyobo) following the Kit 

protocol. The PCR machine used was Eppendorf's master 

cycler and the primer used was a universal primary 16F27 

(5’-AGAGTTTGATCMTGCCTCAG-3’). Each reaction 

mixture (50 μL) contained 25 μL PCR buffer, 10 μL dNTP 

(2 mM), 1.5 μL primers, 1 μL KOD FX Neo (1 U/mL), 2 

μL isolated DNA, and PCR grade water until final volume 

reached 50 μL. 
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Figure 1. Schematic picture of MFC system 

 

 

 

The cycling conditions were set up as follows: pre-

denaturation of 94 oC for 2 min, followed by 35 cycles of 

98 oC for 10 s, annealing at 53 oC for 30 s, elongation at 68 
oC for 30 s, and final elongation at 72 oC for 10 min. After 

amplification, 3 μL PCR product was run in 1% agarose gel 

and visualized using electrophoresis and captured using gel 

doc.  

PCR product purification process, sequencing cycle up 

to the reading of the sequence of nitrogen bases was carried 

out by a sequencing service company (PT. Genetika 

Science). The data of 16S rRNA gene sequences were 

compared with the database at GenBank using the BLAST-

N search program in National Center Biotechnology 

Information (http: //www.ncbi.nlm.nih.gov). The 16S 

rRNA gene sequences were aligned and the phylogenetic 

tree was constructed using MEGA6 software.  

RESULTS AND DISCUSSION 

Sample collection and isolation of isolates 

The rice straw decomposition characterization by C/N 

ratio is shown in Table 1. The rice straw with low 

decomposition level has C/N ratio higer than rice straw 

with low decomposition level. The C/N ratio is one of the 

parameters that is used to assess the rate of decomposition 

and the decrease of C/N ratio due to mineralization of 

organic matter (Jusoh et al. 2013). Then total of 125 

cellulolytic bacteria grew on the CMC agar medium was 

obtained. Total isolates from the rice straw with a higher 

decomposition level were more than that from the rice 

straw with a lower decomposition level. But after initial 

selection based on morphological likeness, the amount 

resulted from 55 isolates (Table 1). Those isolates were 

purified by the quadrant-streak plate method.  

Selection stages 

Cellulolytic activity assay  

 The result of cellulolytic activity showed that only 23 

isolates which showed the formation of a clear zone from 

55 collected isolates. It proved that not all collected isolates 

forming clear zones during isolation due to the isolates did 

not grow when purified. The clear zone ratio to diameter 

colony was shown in Figure 2. 

 
 

 

Table 1. List of cellulose-degrading bacteria from rice straw with different decomposition level 

 

Isolation sources C/N ratio Total isolate Total morphological selection 

Rice straw with low decomposition level 46,62 ± 1,99 19 9 

Rice straw with medium decomposition level 32, 50 ± 2,42 32 16 

Rice straw with high decomposition level 22,75 ± 0,08 41 17 

Rice straw with high decomposition level* 25,12 ± 3,38 33 13 

Total  125 55 

Note: * the rice straw was collected from different location 
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The value of the clear zone ratio formed by 23 isolates 

ranged from 1.3 to 6.23. According to Figure 2, it showed 

that the isolates which have the highest clear zone ratio 

were J301, followed by J401, J104, J403, and J209 with the 

ratio values of 6.23, 5.24, 4.77, 4.45, and 3.61, 

respectively. Liang et al. (2014) reported the results of his 

research on cellulose-degrading bacteria with a wide 

inhibition zone ratio ranging from 6 to 17. However, the 

results from this research were relatively similar to research 

of Peristiwati (2018) with a range value of 1.07-1.32. 

The clear zones formed from several isolates have 

different colors. There were orange clear zones that were 

brighter than CMC colored red by Congo red and there 

were white clear zones. Shil et al. (2014) reported the 

results of his research on the isolation of bacteria having 

cellulose degradation ability gave a white clear zone. 

Whereas Huang et al. (2012) reported that the clear zone 

formed in their research was orange. 

Oxygen tolerance determination 

In the test of oxygen tolerance, it can be seen (Figure 3) 

that the facultative anaerobic bacteria isolates present a 

more turbid color to the medium compared to the control. 

Then, compare to controls, aerobic or microaerophilic 

groups looked similar. The difference between aerobic and 

microaerophilic was a film or pellicle under the surface of 

the media. The recapitulation of oxygen tolerance and 

colony morphology was presented in Table 2. The 

facultative anaerobic bacteria were chosen for further 

experiments.  
 

 

 

 

 

 
Figure 2. The ratio of a clear zone to diameter colony 

 

 

 

 
 

Figure 3. The appearance of oxygen tolerance from collected isolates compared by control. Facultative isolates showed turbid in a fluid 

medium and aerobic or microaerophilic isolates showed the same condition with control and have pellicle on the surface for microaerophilic 
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Table 2. Colony morphology and oxygen tolerance of the selected cellulose-degrading bacteria 

 

No. Isolate Condition of NB Oxygen tolerance Color Form Elevation Margin 

1 J104 Turbid Facultative White Circular Raised Entire 

2 J105 Turbid Facultative White Circular Raised Entire 

3 J107 Turbid Facultative White Circular Raised Entire 

4 J201 Pellicle Microaerophilic Yellow Irregular Raised Undulate 

5 J202 Pellicle Microaerophilic Pink Circular Raised Entire 

6 J203 Pellicle Microaerophilic White Circular Raised Entire 

7 J204 Pellicle Microaerophilic White Circular Raised Entire 

8 J205 Turbid Facultative White Irregular Flat Curled 

9 J207 Turbid Facultative Transparent Irregular Raised Entire 

10 J209 Turbid Facultative Yellow Circular Raised Entire 

11 J210 Turbid Facultative White Circular Raised Entire 

12 J301 Pellicle Microaerophilic White Circular Raised Entire 

13 J302 Flock Aerobic Transparent Irregular Flat Curled 

14 J303 Flock Aerobic White Circular Raised Entire 

15 J305 Turbid Facultative Yellow Irregular Flat Curled 

16 J307 Turbid Facultative Pink Circular Raised Entire 

17 J308 Flock Aerobic Pink Circular Raised Entire 

18 J401 Turbid Facultative Yellow Circular Raised Entire 

19 J403 Flock Aerobic Yellow Circular Convex Entire 

20 J404 Pellicle Microaerophilic White Circular Convex Entire 

21 J405 Pellicle Microaerophilic White Circular Convex Entire 

22 J407 Flock Microaerophilic White Irregular Raised Undulate 

23 J408 Pellicle Microaerophilic Yellow Irregular Raised Undulate 

 

 

 

Synergistic test 

The synergistic test results of cellulolytic bacteria 

against Staphylococcus saprophyticus ICBB 9554 bacteria 

can be seen in Figure 4. There were 7 isolates of 

cellulolytic bacteria that formed inhibitory zones against 

Staphylococcus saprophyticus ICBB 9554. The colonies 

with the highest ratio of inhibitory zones to diameter 

colony were J205, J107, and J209, with value of 3.68, 2.64, 

and 1.80, respectively. On the other hand, the test of 

Staphylococcus saprophyticus ICBB 9554 against 10 

isolates of cellulolytic bacteria showed different results that 

were only 2 isolates forming inhibitory zones. The two 

isolates were J207 and J209 with inhibition zone diameter 

ratio to colony diameter of 1.05 and 1.07. The five isolates 

that formed inhibition zones previously namely J104, J107, 

J205, J210, and J305 were not indicated to form inhibitory 

zones in this second test. Based on that results, there were 

three isolates (J105, J401, and J404) that were synergistic 

with the exoelectrogen bacteria. 

Test for potential isolate in MFC 

Enzyme assay 

The enzyme activity of 3 selected cellulolytic bacteria 

was measured. The selection was done based on high clear 

zone produced in Congo red test and synergistic test. 

Enzyme activity for Avicel substrate ranged from 5.16-6.21 

U/mL while the activity of filter paper substrates ranged 

from 3.00-5.88 U/mL. The highest enzyme activity test on 

the Avicel substrate was obtained by isolates J404, 

followed by J401 and J105 with values of 6.21 U/mL, 6.03 

U/mL, and 5.41 U/mL, respectively. The enzyme activity 

on filter paper substrate showed that the isolates of J401, 

J404, and J105 have the highest activity with values of 5.88 

U/mL, 5.34 U/mL and 4.53 U/mL, respectively. This 

condition was better than research from Waghmare et al. 

(2018) wherein the filter paper test produced an enzyme 

activity of 0.15 U/mL and in Avicel produced activity of 

2.52 U/mL and the research of Gupta et al. (2012) for filter 

paper substrates produced the highest activity value of 

0.196 U/mL. 

Microbial Fuel Cell Performance Test 

The Microbial Fuel Cell Performance was showed by 

electrical voltage and power density profiles of the co-

culture isolates of cellulose-degrading bacteria and 

exoelectrogen bacteria, Staphylococcus 

saprophyticus ICBB 9544. The value of the electrical 

voltage can be seen in Figure 6a. while the value of the 

power density can be seen in Figure 6b. The values shown 

on the graphic were the average values of both voltage and 

power density with three replications. 

Figure 6 showed MFC performance started from 16 h. 

At that time the electrical current and voltage were stable. 

The performance of electrical voltage from each 

cellulolytic bacteria isolates was different. MFC 

performance from isolate J105 showed low voltage value at 

the initial incubation period until the 96 h then the voltage 

increased after 104 h with an average value of 8.13 mV and 

continued to increase until the highest value of 11.6 mV at 

128 h. After that, it decreased dramatically to 1.6 mV. 

Different pattern was showed by strain J404. There was a 
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voltage enhancement at 24 h with 4.47 mV then increased 

to 25.80 mV and continued to increase with a maximum 

increase of 37.57 mV at 56 h. The voltage of isolate J401 

was high at the beginning with a value of 40.80 mV then 

decrease at 32 h with 21.23 mV but was stable at a value of 

13-15 mV from 64 h until the end of incubation period. 

Furthermore, the highest power density value of the 

MFC system was achieved by isolate J401 at 24 h 

incubation period with a power density of 0.33 mW/m2. 

Isolate J404 showed an attractive power density pattern that 

was low at the beginning, then increased some time with 

the highest value of 0.32 mW/m2 at 56 h, and then 

decreased until its value was close to 0 mW/m2. The result 

of this test was corresponding to the study of Khawdas et 

al. (2017) with cellulose as a substrate and Cellulomonas 

fimii as a biocatalyst which produced maximum power 

density of 0.74 ± 0.07 mW/m2. 

Identification using sequence of 16S rRNA 

Isolate J401 was selected based on clear zone test, and 

was facultative anaerobic bacteria and synergistic with 

exoelectrogen bacteria. The J401 isolate has also a good 

performance in producing voltage and power density.  

The identification of 16S rRNA was initiated by 

isolating the bacterial DNA of J401 and amplified using 

universal primers that produced amplicon of around 1500 

bp. Furthermore, a partial-sequencing of 16S rRNA was 

done and compared with sequence data from the gene 

banks (NCBI).  

The phylogenetic tree (Figure 7) was constructed using 

maximal likelihood with model of Kimura 2-parameter. 

The isolates J401 has homology identity of 100% and 

query recovery of 98% with Xanthomonas translucens 

(NR_036968.1). The isolate, J401, was deposited at the 

ICBB (Indonesian Center for Biodiversity and 

Biotechnology) with accesion number of ICBB 9762. 
 

 

 

 

 
 

Figure 4. Synergistic test between cellulolytic bacteria isolates with Staphylococcus saprophyticus ICBB 9554 (A), and synergistic test 

between Staphylococcus saprophyticus ICBB 9554 with cellulolytic bacteria (B) using paper disc diffusion method, where the ratio of 

clear zone was calculated by divided the clear zone with colony diameter 

B 

A 
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Figure 5. Enzyme activity assay of collected isolates using Avicel and filter paper as a substrate 

 

 

 
 

Figure 6. The voltage output as a function of time from the MFC with rice straw (0.3% w/v) as a substrate and catalyzed by different 

cellulose-degrading bacteria (A), power density (B) also as a function of time from the MFC 

 

 

 
Figure 7. Phylogenetic position of the isolated strain J401; was shown using maximum likelihood with model/method of Kimura 2-

parameter, and levels of bootstrap support percentage are indicated by the numbers at the nodes based on the maximum likelihood of 

1000 replicates 

 

 

 

Discussion 

Lignocellulosic biomass contains main components in 

the form of cellulose (homopolysaccharides with β-1,4-

glucan bonds), hemicellulose (heteropolysaccharides of 

xylans, mannans), and lignin (polyphenolic complex 

structures) (Perez et al. 2002). The quantity of each 

component varies and depends on several factors such as 

species, age of the plant, and which part of the plant was 

taken (Fengel and Wegener 1983). Cellulose is a major 

component of plant biomass and it is an abundant polymer 

on earth surface. Biodegradation and decomposition of 

cellulose biologically required the action of cellulose 

enzymes consisting of 3 components named 

endoglucanase, exoglucanase and β-glucosidase that work 

synergistically (Kostylev and Wilson 2012). 

A B 
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Cellulose degrading bacteria were isolated from rice 

straw with different decomposition levels: high, medium 

and low. The decomposition level was determined by the 

easiness of rice straw to break down upon squeezing. Staff 

Survey Soil (2014) divided the level of decomposition of 

plant material to become organic soil material in three 

categories based on fiber content, there was low (fibric), 

medium (hemic) and high (sapric). At a low level of 

decomposition, plant material contained up to 75% or more 

of fiber. When the level of plant decomposition was high, 

the fiber content decreases to below 17%. Plants with a 

moderate level of decomposition have a fiber content in the 

range between both low and high fiber content. Another 

parameter that reflects decomposition rate was C/N ratio. 

Decomposition process will decrease the C/N ratio. During 

decomposition process carbon will be mineralized as CO2 

or assimilated by the soil microflora, microbial decay-

producing both C humification and secondary C 

mineralization. The N content improved due to a 

concentration effect caused by degradation of labile OC 

compounds which reduced the weight of the decomposting 

biomass (Thiyageshwari et al. 2017). The levels of 

decomposition of biomass can be influenced by several 

factors such as environmental physicochemical, biomass 

quality and content, and the composition of decomposers. 

The ability of isolates to degrade cellulose in the Congo 

red method was proven by the existence of a colorless 

round zone that contrasted with a fixed red background on 

an undegradable substrate. CMC substrate became red 

when it was added by Congo red because Congo red 

provided a strong bond with polysaccharides (Teather and 

Wood 1982). Therefore, when the polysaccharide was 

successfully degraded, the red color will fade. The 

carboxymethylcellulose (CMC) was chosen as a substrate 

because CMC was soluble and readily hydrolyzed 

compared to crystalline cellulose for longer degraded 

(Eveleigh et al. 2009). 

There were differences in the results of synergistic test 

using antagonism characteristic that was reflected by 

inhibitory zone of cellulolytic bacteria against Staphylococcus 

saprophyticus ICBB 9554 and Staphylococcus 

saprophyticus ICBB 9554 against cellulolytic bacteria. 

There were various assumptions of antagonistic 

mechanisms between different microorganisms. Long et al. 

(2013) reported that inhibition of growth of a 

microorganism by other microorganisms was due to 

substrate competition, local pH alternation, or the 

production of secondary metabolites. Other inhibitory 

mechanisms can be a combination of nutrition and space 

competition, antibiotic production, and resistance induction 

systems (Jiang et al. 2015). When several compounds from 

isolates are active either in crude or purified extracts, it is 

suggested that the majority of the interactions are true 

because of secondary metabolites (Teasdale and Donovan 

2011). The secondary metabolites produced by some 

microorganisms such as antibiotics, siderophore, and lytic 

enzymes are used to inhibit the growth of other 

microorganisms. Then, the absence of inhibitory zone 

reflected synergism of cellulose-degrading bacteria with 

exoelectrogen bacteria. The production and secretion of 

organic acids by any microorganism is related to its 

nutrient supply and the corresponding metabolic activity. 

We assumed that cellulose-degrading bacteria which has 

synergistic relation with exoelectrogen bacteria-produced 

acid or supplied nutrient for exoelectrogen bacteria.  

The conducted enzyme activity assay was the 

exoglucanase test with Avicel as a substrate and the total 

enzyme activity test with Whatman no 1. filter paper as a 

substrate. Avicel was chosen because it represented 

cellulose in the form of microcrystalline and the cell walls 

were composed of biopolymer interwoven tissue to form 

microcrystalline structures (Johnsen and Krause 2014). 

Whereas filter paper was chosen because it was easily 

available, inexpensive, and testing was able to provide 

results that could be repeated (Coward-Kelly et al. 2003). 

The filter paper Whatman No. 1 was a substrate for testing 

total cellulase activity according to procedures from the 

International Union of Pure and Applied Chemistry 

(IUPAC). In contrast to carboxymethylcellulose (CMC), 

both Avicel substrate and filter paper Whatman no 1. were 

insoluble cellulose substrates that were commonly used to 

test cellulase activity in hydrolyzing crystalline cellulose 

synergistically (Yu et al. 2016). 

In Microbial Fuel Cells, exoelectrogen microbes have a 

role as catalysts and produce electricity directly. The 

exoelectrogen microbes are placed at the anode. The role of 

the catalyst is to oxidize organic material into electrons, 

protons, and carbon dioxide (Logan 2007). The MFC is a 

device that utilizes bacterial metabolism to produce 

electrical energy with a wide range of types of organic 

substrates. The organic material that has been tested on the 

MFC is cellulose. The conversion of cellulose into 

electricity requires a syntrophic consortium. The 

consortium will decompose complex substrates (cellulose) 

and produces acids that are used by exoelectrogen bacteria. 

Some researchers utilized cellulolytic degrading bacteria 

and exoelectrogen bacteria for producing electricity in 

MFC. This aimed to overcome the cost of chemical 

catalysts and the loss of electrons for soluble fermentation 

products. The bacterial consortium that works 

synergistically includes polymer decomposers, 

fermentation microorganisms, and microorganisms that 

utilize electrochemically active fermentation products (Ren 

et al. 2007). Then the difference result that the highest 

degenerators of cellulose are not the highest MFC output is 

assumed due to different acid that is produced during 

cellulolytic bacteria utilized cellulose. This assumption 

needs further analysis.  

The best isolate which was identified based on 

sequence of 16S rRNA showed that the cellulose-degrading 

bacteria strain J401 had similar to Xanthomonas 

translucens. The J401 isolate has a yellow colony 

morphology and this was corresponding to Pruvost and 

Luisetti’s (1989) description of the yellow-pigmented 

strains of Xanthomonas isolated from Brazil. The study 

produced information that Xanthomonas sp. Mangiferae 

indicate is biochemically able to hydrolyze cellulose. 

Behera et al. (2014) reported the research of the isolation of 

cellulose-degrading bacteria and one of the isolates 

was Xanthomonas sp. 
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In summary, rice is one of the agricultural crop plants 

with high productivity and high cellulose content. The rice 

straw can become waste so it needs to be managed 

properly. One option to manage rice straw waste is sped up 

the process of decomposition of rice straw. The 

decomposition can be accelerated by the presence of 

cellulose-degrading microorganisms. This research has 

succeeded in isolating some cellulose-degrading bacteria 

from rice straw with different levels of decomposition. 

Then the selected cellulose-degrading bacteria with high 

capability to decompose cellulose was tested to be a 

consortium that synergy with exoelectrogen bacteria, 

Staphylococcus saprophyticus ICBB 9554, in MFCs 

system. The result is one strain of cellulose-degrading 

bacteria, J401, has been selected as a candidate to have 

ability to synergy with exoelectrogen bacteria and 

identified as Xanthomonas translucens. 
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