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Abstract. Methyl red (MR)-degrading strains isolated from textile wastewater were identified 

and tested for physio-chemical properties. The bacterial colonies picked from the mineral 

medium supplemented with textile wastewater were transferred to the mineral medium 

containing MR for the test. Two strains, namely SYK and STXL2, demonstrating the ability of 

MR decolorization in the agar medium were selected and purified. Strains SYK and STXL2 

incubated in the liquid mineral medium with MR were able to remove 100 % and 95.5 % of MR 

after 4 days of incubation, respectively. Gram staining of both strains confirmed that these two 

isolates were gram positive. The SYK strain has white, irregular and dry colonies while the 

STXL2 strain has orange, opaque, circular and glossy colonies. Both strains have short rod shape 

of cell under SEM images. The two strains were able to grow in the media such as Luria-Bertani 

medium, Meat-peptone broth, and Nutrient broth. The SYK strain was able to grow quickly in 

the medium with maltose while the STXL2 strain used glucose as the best carbon source. 

Biochemical tests showed that both strains had positive reaction in Voges-Proskauer test and 

negative reactions in lipase, cellulose, amylase, citrate, and gelatin hydrolysis tests. The SYK 

strain had positive reactions in protease, urease, and ammonia tests while the STXL2 strain had 

positive reaction in nitrate reduction test. The sequences of 16S rNA genes identified the SYK 

and STXL2 strains as Streptomyces cellulosae (100 % of similarity) and Rhodococcus ruber            

(99 % of similarity), and registered in the GenBank via access numbers MZ414193 and 

MZ414194, respectively. 

Keywords: methyl red, textile wastewater, Streptomyces cellulosae, Rhodococcus ruber. 

Classification numbers: 3.1.1, 3.5.3. 

1. INTRODUCTION 

Textile wastewater is considered the most polluting in the industry. Dyes could change 

water color into darker, hindering sunlight and oxygen absorption, affecting the growth of 
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aquatic species, especially photosynthetic species such as algae, which therefore also affects the 

ability of microorganisms to decompose organic pollutant. Not only affecting the self-cleaning 

ability of the aquatic environment, the organisms that the producers consume as well as the links 

in the food web of the ecosystem are also seriously affected. Tests carried out on aquatic plants 

and animals have previously shown that 37 % of the dyes are toxic, 2 % are very toxic and 

extremely toxic. Among the dyes, azo dyes, characterized by functional groups (–N=N–), 

account for the majority of the composition of dyes used in the textile industry [1]. These dyes 

are widely used because of their ease of production and low cost, as well as being able to mix 

colors to form different colors. However, many dyes in this group are serious environmental 

pollutants due to their carcinogenic or cytotoxic potential. MR, for instance, causes eye and skin 

sensitization, and the irritation of throat or gastrointestinal tract if inhaled or swallowed, or is 

even mutagenic in nature [1 - 2]. 

Several physical and chemical treatment methods for MR have been investigated recently. 

The chemical methods included the oxidation degradation of MR such as photocatalytic 

oxidation by ultraviolet or solar light in the presence of oxidant hydrogen peroxide and TiO2 [3], 

[4] or Fenton oxidation [5], and electrochemical reduction of MR [6 - 7]. The other approach for 

MR removal from water was the application of adsorbents, for examples, activated carbon and 

multiwalled carbon nanotubes [8], iron oxide nanopartilces [9], and clay minerals [10]. The 

method of adsorption on the surface of porous solids such as activated carbon, organic metal 

frameworks based on iron nanoparticles, and clay minerals has a fast kinetics of removal, 

however, generates secondary pollutants such as sludges containing untreated materials. 

Oxidation methods consumed energy and needed complicated operation. Therefore, the greener 

and better treatment methods are still investigated and developed.  

Microorganisms have also been studied and applied for the treatment of wastewater 

containing MR. It was reported that microorganisms were able to degrade MR into 2-

aminobenzoic acid and N,N′dimethyl-p- phenyle-nediamine [2, 11 - 14]. The study showed that 

Bacillus sp. strain UN2 was able to reduce up to 98 % of MR dye at a concentration of 100 ppm 

in 30 min under optimized pH and temperature conditions. This bacterium degraded MR into 

two prime metabolites: N,N′dimethyl-p- phenyle-nediamine and 2-aminobenzoic acid, possibly 

by the activities of three enzymes including azoreductase, laccase, and NADH-DCIP reductase 

[2]. Other microorganisms such as Galactomyces geotrichum MTCC 1360[14], Rhodococcus 

strain UCC 0016[13], Acetobacter liquefaciens S-1 [12], and Klebsiella pneumoniae RS-13[11] 

showed the ability to decolorize up to 100 % within 1 h,  and 24 h, 98 % within about 72 h, and 

100 % within two days, respectively. Those studies suggested that the microbial application in 

the MR treatment was of great interest. Therefore, in this study, we are attempting to isolate the 

MR-reducing microorganism from the textile wastewater and characterize their physio-chemical 

properties in order to understand the optimal conditions for their growth.  

2. MATERIALS AND METHODS 

2.1. Materials  

Mineral salt medium (MM) was used for bacterial isolation. It was prepared with 1 L of 

distilled water and the following components: 3.5 g of Na2HPO4.2H2O; 1 g of KH2PO4; 0.5 g  of 

(NH4)2SO4; 0.1 g of MgCl2.6H2O; 50 mg of Ca(NO3)2.4H2O; 1 mL of the solution of trace 

elements; and 15g of agar. The solution of trace elements was prepared with 1 L of distilled 

waterand included nitriloacetic acid - 1500 mg, FeCl2.4H2O – 200 mg, MgCl2.6H2O - 100 mg, 

Na2WO4.2H2O - 20 mg, MnCl2.4H2O - 100 mg, CoCl2.6H2O - 100 mg, CaCl2.2H2O - 1000 mg, 
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ZnCl2 - 50 mg, CuCl2.2H2O - 2 mg, boric acid - 5 mg, Na2MoO4.2H2O - 10 mg, NaCl - 1000 

mg, Na2SeO3 - 17 mg, and NiCl2.6H2O - 24 mg. The pH of the medium solution was adjusted to 

7.2 [15]. Textile wastewater was filtered with 0.02 µm Whatman Syringe filter as a substrate. 

Luria-Bertani broth (LB), Nutrient broth (NB) and Meat extract peptone broth (MPB) were 

used for inoculated bacteria. The composition of LB included 5 g of Yeast extract (Hindawi, 

India), 10 g of NaCl, and 10 g of Tryptone (Merk, Germany) dissolved in 1 L of water. The 

composition of NB included 3 g of Yeast extract, 5 g of peptone, and 5 g of NaCl dissolved in 1 

L of water. MPB included of 5 g of Peptone (Hindawi, India), 3 g of Meat extract (Hindawi. 

India), and 5 g of NaCl dissolved in 1 L of water [16 - 17]. 

Gause’s medium was used for the biomass growth of isolated strains with the following 

components: 20 g of soluble starch, 1 g of KNO3, 0.5 g of NaCl, 0.5 g of K2HPO4, 0.5 g of 

MgSO4, 0.01 g of FeSO4, and 1 L of H2O [18]. 

For stock methyl red solution, 0.027 g of methyl red was dissolved in 10 mL of ethanol in a 

100 mL volumetric flask and filled with distilled water. 

 All inorganic chemicals were purchased from either Fisher (UK) or Merck (Germany). 

2.2. Methods 

2.2.1. Analytical methods 

Detection of MR: the MR solution was scanned in the wavelength range from 200 to 800 

nm in a UV-Vis spectrophometer (Li-294, Lasany, India) for the typical peak of the wavelength. 

MR solutions with different concentrations were prepared for the standard curve at the typical 

peak of MR (430 nm). MR concentrations in the experimental solutions were calculated based 

on the standard curve.  

To determine the efficiency of MR removal: the strains were incubated in the MM 

containing 0.04 mM of MR for 4 days. The samples were centrifuged at 12000 rpm (Eppendorf, 

Germany) to obtain the supernatant. Then MR concentrations in the supernatant were calculated 

based on the standard curve. The degradation efficiency of MR was calculated according to the 

following formula:  

DE = (Ci-Cf)/Ci × 100 % [13] 

where DE is the degradation efficiency of MR, Ci is the initial concentration of the MR solution 

without inoculation, and Cf is the concentration of the MR supernatant from the solution after 

incubation. 

For SEM images: cells were collected by centrifugation at 12000 rpm (Eppendorf, 

Germany) and washed with deionized water. The washed cells were suspended in deionized 

water and 10 L of cells were dropped on a silica wafer and dried at room temperature 

overnight. SEM images were then obtained by scanning electron microscopy (SEM) (JSM-

6510LV, JOEL, Japan) at 5 kV.   

2.2.2. Experimental design 

Isolation of microorganisms: Textile wastewater was collected from different stages of the 

wastewater treatment process at the treatment station in Bao Minh Industrial Park located in 

Nam Dinh province, Viet Nam, including untreated wastewater (labeled as CXL), pre-treated 

wastewater (labeled as STXL) and anaerobic-treated wastewater (labeled as SYK). Soil samples 

(labeled as RG) were also collected from Xuan Thuy national park, Nam Dinh province. One % 
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of the samples were enriched in the liquid MM supplemented with 20 % of the filtered textile 

wastewater for two days without shaking, and then were spread on MM agar supplemented with 

20 % of the filtered textile wastewater as a substrate and incubated for 2-3 days at 35 and 45 
o
C. 

Ten different colonies of each sample grown on the agar media were selected for bacterial 

isolation and purification. The obtained isolates were tested for MR degrading ability by 

streaking the isolates on MM agar medium containing MR. The isolates with clear zone in the 

MR-MM agar medium were further tested in the liquid MM medium supplemented with 0.04 

mM of MR for the confirmation of MR degrading efficiency.    

Identification of isolates by 16S rDNA: Two isolates with the highest MR-reducing ability 

were selected and identified using 16S rDNA sequences. The isolates were cultured to produce 

pure biomass and their total DNA was extracted. In order to amplify ~1.5 kb gene from the 

isolates genomic DNA, 16S rDNA universal primer set [27F: 5’-AGA GTT RGA TCM TGG 

CTC AG-3’ and 1492R: 5’-CGG YTA CCT TGT TAC GAC TT-3’] was used. Annealing stage 

was set at 55 °C. The PCR products were sequenced by Macrogen (Seoul, Korea). The partial 

sequence of 16S rDNA of each isolate was blasted in NCBI for the identification of the isolate. 

Then, the DNA sequences were aligned with highly identical sequences from NCBI database 

using ClustalW tool in BioEdit software v7.0.5.3 for sequence identity comparison[19]. The 

phylogenetic trees were constructed from aligned sequences using Mega X software[20]. 

Maximum likelyhood method and Tamura-Nei model were used to infer the evolutionary history 

and Bootstrap method with 1000 replications was applied for phylogenetic tree reconstruction.  

Physio-chemical properties of selected isolates: The MR degrading isolates were prepared 

for morphological characteristics such as the observation of colony morphology on plate agar, 

gram staining, the observation of bacterial cell by SEM (JSM-6510LV, JOEL, Japan). Standard 

biochemical tests included fermentation (glucose) reactions, Voges Proskauer (VP) test, and 

tests for citrate, nitrate reductase, urease, ammonia, gelatin hydrolysis, amylase, protease, 

cellulase, and lipase activities were carried out as described by Li et al. [21].  

Culture medium and carbon source utilization: two strains were inoculated in three culture 

media (Luria-Bertani broth, Nutrient broth, Meat extract peptone broth) and MM with 2 % of 6 

types of carbonhydrates (glucose, saccharose, maltose, mannose, mannitol, and xylose). The 

growth of the isolates was evaluated by measuring the optical density of cells at a wavelength of 

600 nm at 0, 8, 24, 72, and 96 h in a UV-Vis spectrophometer (Li-294, Lasany, India). 

The optimal conditions for the growth of strains: two strains were inoculated in the either 

nutrient medium or meat extract peptone for investigating the optimal temperature (25 ºC - 35 ºC 

- 45 ºC - 55 ºC) and pH (2-4-6-7-8-10) conditions. The growth of the isolates was evaluated by 

measuring the optical density of cells at a wavelength of 600 nm at 0, 8, 24, and 72 h in a UV-

Vis spectrophometer (Li-294, Lasany, India).  

 3. RESULTS AND DISCUSSION  

3.1. Isolation and identification of methyl red reducing microorganisms  

After being enriched in the liquid MM medium supplemented with filtered untreated 

wastewater, only five out of ten isolates were grown and formed a clear zone in the MM agar 

medium supplemented with MR (data not shown). These isolates were further selected for 

testing MR degradation. Figure 1 demonstrates the efficiency of MR removal in the liquid 

medium after 4 days of incubation with five different isolates. The SYK and STXL2 isolates 

were able to remove 100 % of MR from the liquid medium, while the remaining isolates could 



 

 

 

817 

only degrade around 30 % of MR (Figure 1). With the highest efficiency of MR degradation, 

these two isolates (SYK and STXL2) were selected for physio-chemical and molecular tests for 

their identification.    

 

Figure 1. Efficiency of methyl red removal from liquid media of strains after 4 days of incubation. 

On the agar medium, the SYK strain had white, irregular and dry colonies and the STXL2 

strain appeared as orange, opaque, circular and glossy colonies. For gram staining, both strain 

cells were dyed with purple and the cell shape was not distinguished under light microscopy 

(Figure 2).  

 

Figure 2. SYK and STXL2 strains gram stain. 

Further analysis of cell shape under SEM (Figure 3) showed that two strains had short or 

short branched rod shape. The SEM image of STXL2 demonstrated a cell shape including short 

rod and branched cocci, meanwhile, SYK showed a single short rod with cili or cells linked 

together into a long chain of cells (Figure 3).  
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Figure 3. SEM images of SYK and STXL2 washed cells after 2 days of incubation in the                                  

Gause liquid medium. 

The 16S rDNA gene sequence of the two strains shared the greatest similarity with 

members of the genus Streptomyces and Rhodococcus. The SYK strain had the 16S rDNA 

sequence that was 100 % identical to Streptomyce cellulosae (DSM 40802), and the 16S rDNA 

sequence of the STXL2 strain was 99 % similar to Rhodococcus ruber (DSM 43338). However, 

the phylogenetic analysis of Rhodococcus 16S rDNA gene sequences places strain STXL2 in a 

different clade from R. ruber and R. aetherivorans (Figure 4), implying that STXL2 is a new 

isolated strain.  

 

 

Figure 4. Phylogenetic tree of SYK (A) and STXL2 (B) strains. The percentage of replicate trees               

in which the associated taxa clustered together in the bootstrap test (1000 replicates) are shown next                     

to the branches. 
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The biodegradation of methyl red by microbes was of interest not only to researchers but 

also to industry due to their cost effectiveness [14]. Various groups of microbes were able to 

degrade methyl red, including Vibrio logei and Pseudomonas nitroreducers [22], 

Saccharomycescerevisiae MTCC 463 [23], Bacillus sp strain UN2 [24], G. geotrichum MTCC 

1360, Rhodococcus strain UCC 0016, A. liquefaciens S-1, and K. pneumoniae RS-13. In this 

study, we selected two out of the isolates from four different sources for further studies on their 

physio-chemical properties. Those strains based on the 16S rDNA molecular identification were 

similar to two reference strains S. cellulosae DSM 40362 and R. ruber DSM 43338. However, 

there was a difference in the cell shape between the two isolates and reference strains. The S. 

cellulosae DSM 40362 strain had a short rod shape with spore chain morphology [25], while the 

isolated Strepomyces existed more in a free cell form. The isolate similar to Rhodococcus was 

also different from the DSM 43338 reference strain in terms of morphology, one was short rod 

and the other was long rod [26]. The sequences of these two isolates were searched in GeneBank 

with more than 100 similar sequences (99 or 100 % of similarity), among them approximately 

ten sequences with a coverage value of 100 % were selected and used to build the phylogentic 

tree. The maximum likelyhood method and Tamura-Nei model were applied for the construction 

of the trees and clustering two isolates into different clades from the reference strains. It also 

revealed that the SYK strain was close to S.cellulosae SL2-2-R9 isolated from geothermal areas 

[25], while the STXL2 strain was in the same cluster with R.ruber strain R1 and strain YC-YT1 

that were able to degrade lignin-derived aromatic compounds [27] and phthalate [28], 

respectively. However, it was found that the similarity of the 16S rRNA gene up to 99.9 % 

between strain 2AzMo and R. wratislaviensis IEGM 1112T (=NCIMB 13082T), 99.4 % 

between strain 2AzMo and R. imtechensis IEGM 940T (=RKJ300T), and 99.2 % to R. koreensis 

IEGM 962T (=DNP505T) was unable to identify the 2AzMo strain  as the same strain as the 

others [29]. Therefore, the characteristics of MR degradation may place these two isolates as 

new strains.      

3.2. Physio-chemical properties and growth conditions of selected isolates 

Table 1. Biochemical properties of MR degrading strains isolated from textile wastewater and the data for 

St. cellulosae (
*
) and R.ruber (

**
) reference strains (ni: no information) were retrieved from the website: 

https://bacdive.dsmz.de/. 

Tests SYK  STXL2  DSM 40362
*
 DSM 43338

**
 

Lipase - - ni - 

Cellulase  - - - - 

Protease + - ni ni 

Amylase  - - ni ni 

Gelatin hydrolysis  - - - - 

Citrate  - - - + 

Urease  + - - - 

Nitrate reduction  - + ni ni 

Ammonia  + - ni ni 

Fermentation  - + ni ni 

VP + + - - 
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Biochemical tests for the two strains were carried out to further identify the isolates. Table 

1 demonstrates that strain SYK had positive tests with protease, urease, ammonia, and VP while 

the reference strain (S. cellulosae DSM 40362) was either negative in the tests or no information 

(for ammonia test). Similarly, the difference in biochemical tests between STXL2 and R. ruber 

DSM 43338 strains was found in the citrate and VP tests (Table 1).  

 

Figure 5. Culture medium and carbon source utilization of SYK and STXL2 strains,                             

where Glu = glucose, S = saccharose, Mal = maltose, Man = mannose, LB = Luria-Bertani broth,                  

MPA = Meat peptone broth, NA = Nutrient broth. 

 

 

Figure 6. Effect of pH and temperature conditions on the growth of two strains SYK and STXL2. 
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The two isolates were investigated for their ability to grow in different media and carbon 

sources. Figure 4 confirms that both strains were able to grow in three media: LB, nutrient broth 

(NA), and meat peptone broth (MPB). However, the optimal medium for SYK and STXL2 was 

different. The SYK strain preferred MPA while STXL grew better in nutrient broth (Figure 5).  

The optical density of both strains increased in the medium with saccharose and glucose, 

but decreased in the medium with xylose after 96 h of incubation (Figure 5). In addition, the cell 

biomass of the SYK strain also increased after 96 h of incubation with maltose as a carbon 

source although the cells seemed unable to develop in the medium supplemented with xylose, 

mannose, and mannitol. The STXL2 cell biomass increased weakly in the medium using 

mannose, mannitol, and maltose (Figure 5).  

Two physiological properties (pH and temperature) were also investigated in order to find 

the optimal conditions for the cell growth. Figure 6 describes the effect of different pH values 

and temperature ranges on the growth of two strain cells. The Gaussian fitting curve showed that 

the optimum value of pH for SYK and STXL2 was 7.0, noticeably both strains still grew at a pH 

value of 10. As for the temperature effect, at 35 
o
C, the optical density of both cells reached 

maximum, implying that both strains were mesophilic. 

The physio-chemical properties also further confirmed the difference between the two 

isolates (SYK and STXL2) and the two reference strains (DSM 40362 and DSM 43338) despite 

their molecular similarity. In addition, the S. cellulosae  SL2-2-R-9 strain was thermophilic 

actinobacteria [25] and different from the mesophilic property of the SYK strain. Information on 

the biochemical properties of two closely related strains of Rhodococcus was not available, 

however, both strains possessed the ability of aromatic compound degradation. R. ruber YC-

YT1 was reported to degrade phthalate ester, a plasticizer [28], and the analysis of R. ruber R1 

genome demonstrated that this strain was able to degrade lignin-derived aromatics [27]. 

Interestingly, the other Rhodococcus strain that was able to degrade MR was mesophilic and 

neutral pH optimum for MR growth and degradation [13]. However, Maniyam et al. reported 

that this strain was able to use urea and ammonia, while STXL2 was not [13]. 

4. CONCLUSIONS  

In this study, two isolates (SYK and STXL2) belonging to Streptomyces and Rhodococcus 

genus were able to completely degrade methyl red under aerobic conditions. These two strains 

were possibly classified as new trains closely related to S. cellulosae and R. ruber. The SYK and 

STXL2 strains were able to grow best in meat peptone broth and nutrient broth, respectively, 

implying biomass production for future application. Both strains were mesophilic with an 

optimal temperature of 35 
o
C and grew best in the pH range of 6.0 to 8.0, with an optimum at 

7.0. The SYK strain was able to grow quickly in the medium with maltose while the STXL2 

strain used glucose as the best carbon source. These properties are critical for future study on 

MR degradation.      
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