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Abstract: Rhodamine B (RB) is a basic color for natural plant textile dyeing. This study aims to use
the laccase and manganese peroxidase-producing consortium to degrade the RB and generate electrical
energy in a novel model microbial fuel cell (MFC). The results revealed that the MFC with consortium
KJW40 had current densities and power densities of 4,816.67+28.87 mA/m?3, and 2,320.08+27.86
mW/m3, respectively. The RB removal rate was 80.56+0.13 % was reached. This work gained new
knowledge about using a bacterial consortium producing laccase and manganese peroxidase to treat
contaminated RB and generate electrical power.
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1. Introduction

Grey sedge or Krajood (Lepironia articulate Retz.) is a native plant that occupies 5.54
square kilometers of Thale Noi wetland in Southern Thailand. It has recently been used as a
raw material for a variety of products such as mats, bags, hats, and shopping baskets [1-2]. Raw
Krajood fiber must be dyed in various colors to increase the variety and improve product
quality. The rhodamine B (RB) wastewater treatment has been invested and developed for
several years. The RB contaminated wastewater has been treated by photocatalytic treatment
such as ultraviolet, photoperoxidation, and photo-Fenton processes [3]. These works establish
that these treatments successfully decolorize and characterize some oxidation products and
concerns. However, these processes limit operation due to their operating cost [3-6].

Biological treatment has been reported in the RB removal to reduce a chemical adding
into the treatment system. The purified fungal laccase has been successfully used in RB
decolorization [7]. The manganese peroxidase of the white-rot fungi also has been reported in
RB removal [8]. Although, the limitation of a pure enzyme used in the decolorizing process is
low operational stability and poor reusability [9]. Therefore, a whole-cell catalyst has been
developed for improving a problem [10].

Microbial fuel cell (MFC) is a rapidly growing and eco-friendly technology. It has been
reported in the RB removal by combination with the peroxicoagulation system [11]. This study
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also attempted to integrate the novel model MFC with laccase-producing whole-cell catalyst
on the anodic surface for RB removal and electricity generation.

2. Materials and Methods

2.1. Wastewater.

The dyeing wastewater was collected from Thale Noi wetland, Phatthalung, Southern
Thailand. It was collected in a sterile plastic tube and stored in the icebox. Then suddenly
transferred to the laboratory at Thaksin University, Thailand. The wastewater was kept at 4 °C
to prevent biodegradation by native microbes living in wastewater. The characteristics of
dyeing wastewater used in this experiment are shown in Table 1.

Table 1. The characteristics of dyeing wastewater used in this experiment.

Characteristic Amount Unit
Chemical oxygen demand (COD) 20,000+500 mg/L
Total solid (TS) 10,500+£100 mg/L
Suspended solids (SS) 1.5+0.5 mg/L
Rhodamine B (RB) 300+10 mg/L
pH 5.7£0.2 -

2.2. Enrichment & enzyme activities.

The 100 soil sediment samples from the RB contaminated environment were collected
from Thale Noi wetland, Phatthalung, Southern Thailand. It was collected in a sterile plastic
tube and stored in the icebox. Then suddenly transferred to the laboratory. The 10 g of soil
sediment was inoculated into the nutrient broth and incubated at 30 °C for 48 hr under
facultative anaerobic conditions.

For enrichment, the 10% (v/v) of 48-hr old culture was inoculated into the 90% (v/v)
of 300 m/L RB solution supplemented with 0.1% (w/v) yeast extract as nitrogen source. it was
incubated at 30 °C for 48 hr under facultative anaerobic conditions. The mixed culture was
transferred 5 times to ensure it could use the RB as an energy source. The candidate was
selected for the growth potential in the RB solution. The 10% (v/v) of 48-hr old candidate
consortium (1 x 108 cell/mL) was used to determine the laccase and manganese peroxidase
activities according to Chandra & Chowdhary [12] and Huy et al. [13].

2.3. RB removal.

The 10% (v/v) of 48-hr old candidate consortium (1 x 108 cell/mL) was inoculated into
the 90% (v/v) of 300 m/L RB solution supplemented with 0.1% (w/v) yeast extract as nitrogen
source. it was incubated at 30 °C for 48 hr under facultative anaerobic conditions. The RB
removal (%) was determined using a UV-Vis spectrophotometer (Shimadzu, Japan). The
wavelength of 554 nm was selected to monitor the RB concentration, according to Hayeeya et
al. [2]. The RB removal was calculated.

2.4. MFC design & Operation.

The novel MFC model diagram is shown in Figure 1; the cylinder-shaped tube with
100-mL working volume was used as an anode chamber. Four bamboo charcoal (1.0 x 5.0 cm
size) were used as an anode electrode. The stainless steel mesh (2.5 cm diameter) with coconut
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coir was used as a cathode electrode; it was floated over an anolyte by the floating plate. The
stainless steel wire (1.0 mm diameter) was used to connect between the electrodes.

For operation, the 7-days old yeast culture on coconut coir with approximately 60%
moisture content was filled on a cathode electrode. The 100 mL of 48-hr old selected
consortium in NB (1 x 108 cell/mL) was filled into an anode chamber and incubated at 30 °C
for 5 days under the facultative anaerobic condition to immobilize the bacterial cell on the
anodic surface. The solution was fed out, then the 100 mL of Krajood-dyeing wastewater with
300 mg/L RB was added into an anode chamber. The open-circuit voltage (OCV) was collected
every 10 min for 48 hr. The close circuit voltage (CCV) was collected at 1,000 Q external
resistance. The electrochemical properties were calculated according to Chaijak et al. [14].

Figure 1. The diagram of novel model membrane-less MFC

2.5 Microbial community structure

The microbial diversity was analyzed by the DGGE method, total genomic DNA
(gDNA) was extracted from 1 g of cell pellet using a TIANamp Genomic DNA kit (Tiangen,
China). The microbial community structure of the selected consortium was carried out using a
modified method of DGGE analysis according to De Lillo et al. [15] and Muyzer et al. [16].

3. Results

3.1. Enzyme activities & RB removal.

Among 100 samples, only 7 samples were selected owing to their growth potential in
the 300 mg/L RB solution. The laccase (Lac) and manganese peroxidase (MnP) of selected
consortia were studied using UV-Vis spectrophotometry. The highest Lac and MnP activities
of 25.27+0.56 and 33.12+0.20 U/mL were achieved from the KIJW40. The Lac and MnP
activities of all consortia are shown in Figure 2.

The RB removal was carried out under static facultative anaerobic conditions. The
highest RB removal of 75.50+1.01% (113.25+0.54 mg/day) was achieved from the KJWA40.
The RB removal (%) and the RB removal rate (mg/day) are shown in Figures 3 and 4.
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Figure 2. The laccase (Lac) and manganese peroxidase (MnP) activities of selected consortia.
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Figure 3. The RB removal (%) of candidate consortia when they were inoculated into 300 mg/L RB solution.
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Figure 4. The RB removal rate (mg/day) of candidate consortia when they were inoculated into 300 mg/L RB
solution.

3.2. Electrochemical properties.

The highest laccase and manganese peroxidase activities consortium was selected. The
selected consortium was KJW40, and it was inoculated into an anodic chamber was incubated
under the static condition to immobilize the selected consortium onto the anodic surface. The
100 mL of raw dyeing wastewater with 300 mg/L RB was fed in for the operation. The OCV
was collected every 10 min for 48 hr. The stationary phase of this system was ranged from 900
min to 1,440 min. The maximum OCV of 65010 mV was obtained. Whereas the OCV of
350+10 mV was gained by the control (dyeing wastewater normal flora). The CCV was
determined at 1,000 Q external resistance when the stable OCV was expressed. The
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electrochemical properties of the novel membrane-less MFC with KJW40 are presented in
Table 2.

Table 2. The electrochemical properties of the novel membrane-less MFC with KIW40

Characteristic KJIW40 Control
CCV at 1,000 Q (V) 481.67+2.89 45.0045.00
Current (mA) 0.48+0.00 0.05+0.01
Current density (mA/m?) 4,816.67+£28.87 450.00+50.00
Power (mW) 0.23+£0.00 0.00+0.00*
Power density (mW/md) 2,320.08+27.86 20.42+4.50
Internal resistance () 370.27+8.18 13,788.89+1,653.39

* Lower than 0.01 mW
3.3. Wastewater treatment.

After the MFC operation, the characteristics of Krajood-dyeing wastewater were
determined. The results are displayed in Table 3. The results found the novel model membrane-
less MFC gained a higher RB removal than in vitro.

Table 3. The characteristics of dyeing wastewater after were treated by the novel membrane-less MFC with

KJW40.
Characteristic Removal Unit
Chemical oxygen demand (COD) 50.20+0.45 %
Total solid (TS) 48.01+1.52 %
Suspended solid (SS) 80.15+0.89 %
Rhodamine B (RB) 80.56+0.13 %
pH 5.45+0.27 -

3.4. Microbial structure.

The KIW40 community structure was determined using universal primers from the
selected consortium's total DNA extracts analyzed by DGGE. The representative DGGE bands
were excised from the gel and sequenced. The KJW40 consortium mainly composes
Acinetobacter sp. and Clostridium sp.

4. Discussion

Owing to skin and respiratory tract irritation, RB has a high toxic impact on humans
and animals [17]. It has been reported to use various methods for degradation, including
biodegradation. Several bacteria have been described as producing laccase, but some cannot
secrete laccase outside of the cell. Laccase has been discovered in bacteria from various genera,
primarily gram-positive bacteria such as Bacillus sp., Geobacillus sp., and Streptomyces sp.
Laccase can be produced by some gram-negative bacteria, including Pseudomonas sp.,
Enterobacter sp., and Proteobacterium sp. [18].

On the other hand, Kumar & Chandra reported that the consortium composed of
Klebsiella sp., Salmonella sp., and Enterobacter sp. had been found in both laccase and
manganese peroxidase [19]. In our study, the KIW40 was composed of Acinetobacter sp. and
Clostridium sp., as reported in Kaur et al. [20] and David et al. [21]. The potential of rhodamine
B contaminated wastewater treatment of this study, and other works are shown in Table 4.
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Table 4. The potential of Rhodamine-B removal by the novel model membrane-less MFC with KJIW40 and

other works

Treatment system Wastewater CcOoD Color Power Reference
removal removal output
(%) (%) (mW)

Ozone synthesis Textile dyeing 28 33.00 none [22]
Bio-adsorption Textile dyeing - 90.00 none [2]
Photocatalytic degradation Synthetic - 90.36 none 91
Photocatalytic degradation Synthetic - 96.00 none [23]
Adsorption Mixture dyeing - 96.02 none [24]
Photocatalytic degradation Synthetic - 99.00 none [25]
Photocatalytic degradation Synthetic - 95.50 none [26]
Photocatalytic degradation Synthetic - 93.00 none [27]
Heterogeneous Fenton-like Synthetic - 100.00 none [28]
oxidation

Photocatalytic degradation Synthetic - 90.00 none [29]
Photocatalytic degradation Synthetic - 95.00 none [30]
Photocatalytic degradation Synthetic - 75.00 none [31]
Photocatalytic degradation Textile dyeing - 99.00 none [32]
Ultrasonic vibration Textile dyeing 99.00 none [33]
Degradation Synthetic - 96.30 none [34]
Adsorption Synthetic - 90.90 none [35]
Fento-like degradation Synthetic - 100.00 none [36]
Adsorption Synthetic - 97.10 none [37]
Membrane-less MFC Textile dyeing 50.20+0.45 80.56+0.13 0.23+0.00 This study

5. Conclusions

This research illustrates to our knowledge by using a laccase and manganese peroxidase
producing consortium with a membrane-less MFC to treat toxic color while also producing
electricity. The novel model of membrane-less MFC with KJW40 achieved COD and RB
removal rates of 50.20+0.45 % and 80.56+0.13 %, respectively, after only 48 hours of
operation, with an output power of 0.23+0.00 mW. The findings demonstrate that the novel
membrane-less MFC system with KJW40 could be developed for industrial use in future

research.
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