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Abstract
The novel Enterobacter strains TS1L and TS3, isolated from textile wastewater, showed a good ability to decolourise Basic 
Red 9 (BR9). The effects of various physicochemical parameters on decolourisation efficiency were evaluated using both 
single and mixed culture of Enterobacter sp. The optimal conditions for the decolourising activity of strains TS1L, TS3 and 
a mixed culture were as follows: textile wastewater as sole substrate without glucose addition, pH 7.0, 150 rpm, 35 °C and 
12 h of incubation. The highest decolourisation rate was observed at 81.15% for the single culture of strain TS1L. Moreover, 
TS1L not only reduced BR9 in wastewater, but also improved the quality of the water under optimal conditions. The treated 
wastewater met the criteria of the Water Quality Standard (Thailand). Based on gas chromatography-mass spectrometry, TS1L 
completely degraded BR9 and converted it into organic compounds. To our knowledge, this is the first report of Enterobacter 
with the ability to decolourise BR9 dye.

Introduction

Synthetic dyes, organic compounds, have been widely used 
in various industries since 1856 [1, 2]. The use of synthetic 
dyes and pigments increases constantly and is estimated to 
reach a value of 63 billion USD in 2022, with a 29% of 
growth rate [3]. There are several types of synthetic dyes, 
including Basic Red 9 (BR9) Monohydrochloride (also 
known as benzene-mine 4-(4aminophenyl)(4-imino-2,5-cy-
clohexadian-1-ylidene)-methyl monohydro- chloride), which 
is a popular dye used in the textile and medical industry. It 
is an inflammable triphenylmethane dye used as a colour-
ing agent [4], characterised as a solid, red colour with a 
green metallic sheen, slightly soluble in water and ether. 
However, it shows good solubility in ethylene glycol methyl 
ether, ethanol, benzyl alcohol and methanol [5]. As BR9 is 

classified as carcinogenic, its use is of particular concern, 
especially regarding treatment and final disposal [6].

The affectation of hydric systems is one of the main prob-
lems generated as a consequence of population growth and 
industrialisation. Every day a significant volume of domestic 
effluent to develop and optimise systems that, in addition to 
mitigating the adverse effects caused by its discharge, meet 
the provisions established in the corresponding environmen-
tal regulations. There are several methods for the treatment 
of BR9, including physical, chemical and biological methods 
[1, 7, 8]. Physical (adsorption, precipitation, coagulation, 
filtration, electrolysis, photodegradation) and chemical (oxi-
dation) methods are most frequently used because of their 
high decolourisation efficiency. However, the disadvantages 
include high operation costs, limited versatility, interference 
with other wastewater compounds, formation of dangerous 
intermediates and high energy requirement [9].

Due to its overall environmental impact, the residual 
dye in the wastewater from the synthetic dye manufactur-
ing and textile industries is a global concern. The discharge 
contains a high content of pigments and other additives, 
possessing complex structures. As per the requirement for 
dyed clothing, dyestuff in the effluent is less susceptible to 
acids, bases, and oxygen. Thus, conventional physical and 
chemical methods are not always efficient in degrading the 
dyes. Some microorganisms growing in an area affected 
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with textile effluent have the capability to utilise the dyes 
as a source of carbon or nitrogen or both. As a very clean, 
inexpensive, and sufficient alternative, bioremediation of 
textile wastewater using these microorganisms has gained 
major popularity [10, 11]. Therefore, biological treatment 
options are currently receiving increased interest as they 
are highly effective, can completely convert synthetic dye 
into  CO2 and water, are environmentally friendly and have 
low operation costs [12, 13]. In Thailand, BR9 is mostly 
used for dyeing woven bulrush mats. After dye processing, 
BR9-containing wastewater is normally disposed off in open 
ponds and treated via physical methods. However, this con-
ventional approach requires long treatment times and results 
in the release of residues into natural water bodies, with 
the potential accumulation of toxic substances. Biological 
treatment of BR9 has been reported using Trametes hirsuta 
and immobilised laccase from T. hirsuta. Using immobilised 
laccase, up to 80% of toxicity was removed from synthetic 
dye [14]. However, there are few studies on the degradation 
of BR9 by biological methods using Enterobacter species. It 
has been reported that Enterobacter species can be decolori-
sation/biodegradation of BR9 and metabolise related/other 
structures of triphenylmethane (such as Basic Green 1, Acid 
Blue 93, Basic Violet 3 and Basic Green 4) using oxidore-
ductive enzymes [15].

We determined the optimisation of various parameters 
(glucose amount, pH, temperature and agitation speed) to 
achieve maximum BR9 degradation using single and mixed 
cultures of a novel isolate of Enterobacter. The various 
intermediates formed were analysed during the degrada-
tion of BR9 using gas chromatography-mass spectrometry 
(GC–MS) and ultraviolet–visible (UV–Vis) techniques. Tex-
tile wastewater before and after treatment with Enterobacter 
was characterised, and the parameters were compared with 
the guidelines of the Thailand Water Quality Standard.

Material and Methods

Sample Collection

Textile wastewater was collected from the Ban Phraek Weav-
ing Group (Phatthalung, Thailand). Samples were kept on 
ice and transferred to the laboratory. We determined the 
parameters pH, total dissolved solids (TDS), settleable sol-
ids, total suspended solids (TSS), oil and grease, sulphide, 
total Kjeldahl nitrogen (TKN), chemical oxygen demand 
(COD) and colour.

Textile Wastewater Characterisation

Textile wastewater was characterised using the standard 
method. The pH was measured using a pH meter. The 

parameters TDS, settleable solid, TSS, TKN and oil and 
grease were determined following American Public Health 
Association (APHA) [16, 17]. Sulphide colouring reagent 
and hydrochloric acid were used to determine the sulphide 
content. The sulphide concentration was measured with a 
spectrophotometer at a wavelength 667 nm [18]. Wastewa-
ter colour was also determined using a spectrophotometric 
method (OD 200–800 nm) [19]. The COD was evaluated 
using a Spectroquant® COD Cell Test (Germany) follow-
ing the manufacturer´s recommendations. Textile wastewa-
ter was added to standard and miniaturised COD ampules 
and diluted if necessary. Subsequently, the samples were 
incubated at 150 °C for 2 h in a dry incubator and kept at 
room temperature. The COD concentration was measured 
using a UV–visible spectrophotometer at a wavelength of 
600 nm. A standard or semi-micro cuvette was used to 
maintain a 1 cm path length of the sample [20].

Bacterial Isolates and Inoculum Preparation

Two bacterial isolates of the Enterobacter sp. strains TS1L 
and TS3 (GenBank numbers MN508471 and MN508473, 
respectively) were used throughout this study. These 
strains have been isolated from textile wastewater from 
the Ban Phraek Weaving Group (Phatthalung, Thailand) by 
Rakkan et al. [21]. The isolates were kept in polyhydroxy-
alkanoate (PHA) producing agar plate containing 2 g/L 
 (NH4)2SO4, 13.3  g/L  KH2PO4, 1.2  g/L  MgSO4.7H2O, 
1.7 g/L citric acid, 10 mL/L trace element and 15 g/L 
agar at pH 7 [22]. The inoculum was prepared in 250 mL 
Erlenmeyer flasks containing 50 mL of PHA producing 
medium; 10% of each isolate was added to the medium 
and incubated at 35 °C, 150 rpm for 24 h.

Effects of Cultivation Parameters on Decolourisation 
Efficiency

The effects of cultivation parameters on decolourisation 
efficiency were determined in Erlenmeyer flasks contain-
ing 50 mL of textile wastewater medium (TWM) con-
taining 100% textile wastewater as sole substrate without 
any supplements. We added 10% of inoculum containing 
1 × 106 cells/mL or an  OD600 nm of 0.6. The effect of glu-
cose addition (0–12 g/L) was determined while the other 
parameters were fixed. Subsequently, pH (6–8), tempera-
ture (20–45 °C) and agitation speed (100–300 rpm) were 
evaluated. The optimal condition was also studied for both 
single and mixed Enterobacter sp. (TS1L and TS3) cul-
tures. For the mixed culture, 5% of each strain was mixed 
and inoculated into TWM. Samples were collected every 
12 h to measure decolourisation efficiency.
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Decolourisation Measurement

The decolourisation efficiency and the concentration of BR9 
were measured in a UV–Vis spectrophotometer at a wave-
length of 540 nm. The samples were collected and centri-
fuged at 10,000 × g for 10 min prior to measurements [23]. 
Decolourisation efficiency (expressed as % of decolourisa-
tion) was calculated as follows:

To determine the BR9 concentration, at first, a calibra-
tion cure  (R2 = 0.996) was drawn based on the absorbance 
levels corresponding to samples of known concentration. 
Then, the following expression was used to calculate the 
dye concentration:

Total Cell Mass Analysis

Total cell mass was determined by weighing the cell dry 
mass (CDM). Briefly, 10 mL samples were collected and 
centrifuged at 13,000×g at 4 °C for 15 min. The pellet was 
resuspended in 10 mL of distilled water and centrifuged 
again for washing. Washed cells were dried at 105 °C for 
24 h in a hot air oven and then cooled down in a desiccator 
[24]. The samples were weighted, and the total cell mass 
was reported in g/L.

Determination of Decolourisation 
and Biodegradation Metabolites

A UV–Vis spectrophotometer and GC–MS were used for 
analysis of products generated during decolourisation and 
biodegradation by Enterobacter sp. Samples were taken 
at different time points and centrifuged at 10,000 × g for 
10 min. A TWM without bacteria was used as control. An 
aliquot of 5 mL was analysed in a Perkin–Elmer Lambda 4 B 
Accessory Interface UV–Vis Spectrophotometer at 540 nm 
[23, 25].

Degradation metabolites were also determined using an 
Agilent 7890B Series with an Agilent 5977 mass selective 
detector. The mass spectrometer was operated in the electron 
impact mode with an electron current of 70 eV. For this, 1 
mL aliquots were injected with an auto sampler (AUC20i) 
in split mode via a GC inlet (injector temperature 250 ͦ C). 
A HP-5MS capillary column (30 m × 0.25 mm ID, 0.25 µm 
film thickness) was connected directly to the ion source of 
the mass spectrometer. The oven temperature was kept iso-
thermal for 1 min at 50 °C and then increased to 270 °C at 

%Decolourisation =
[

(Initial absorbance − Final absorbance)∕Initial absorbance
]

× 100

BR 9 concentration (mg∕L) = (Final absorbance + 0.0308)∕0.0093

a rate of 10 °C/min. The injector, MS source and MS quad 
temperatures were 250, 230 and 150 °C, respectively. The 
GC–MS system was operated in full scan (m/z 50–500). The 
biodegradation products were identified by comparison of 
retention time and fragmentation patterns with mass spectra 
in the NIST spectral library [23, 26].

Statistical Analysis

All experiments were run in triplicate. A completely ran-
domised design was used throughout this study. Data were 
subjected to analysis of variance (ANOVA), and mean com-
parison was carried out using Duncan’s multiple range test 
[27]. All analyses were performed using the statistical pack-
age for social science, SPSS (SPSS 24 for windows, SPSS 
Inc., Chicago, IL, USA).

Results and Discussion

Characterisation of Textile Wastewater Prior 
to Degradation

Textile wastewater from the Ban Phraek Weaving Group 
(Phatthalung, Thailand) was collected after the dyeing and 
weaving of bulrush mat products. The characteristics of the 
wastewater are shown in Table 1. Prior to degradation, the 
characteristics of the wastewater were as follows: pH 6.92, 
a dark red colour, high TDS 407 mg/L, settleable 3.0 mg/L, 
TSS 20 mg/L, oil and grease 2 mg/L, sulphide 0.02 mg/L, 
TKN 40 mg/L and COD 5,600 mg/L. In addition, the initial 
concentration of BR9 in textile wastewater was 80.94 mg/L. 
The optimum pH for bacterial growth is 6.5–7.5 [28]. Because 
of its optimal pH and high carbon and nitrogen contents, the 
textile wastewater from the Ban Phraek Weaving Group was 
suitable for bacterial growth and was therefore used as sole 
substrate for Enterobacter sp. without prior pre-treatment.

Effects of Cultivation Parameters on Decolourisation 
Efficiency

In our previous research, we isolated five novel strains of 
Enterobacter sp. (TW1L, TS1P, TS1L, TS3 and TW1P) 
from textile wastewater containing BR9. All strains were 
capable of growing in synthetic medium containing BR9, 
with the ability to decolourise the wastewater. Among them, 
TS1L and TS3 showed the highest dye decolourisation effi-
ciencies of 79.15 and 63.43%, respectively [20] and were 
therefore used in the current study. Cultivation parameters 



4088 T. Rakkan, K. Sangkharak 

1 3

affected the decolourisation and degradation of BR9, includ-
ing glucose addition, pH, temperature, aeration and agita-
tion to achieve maximum BR9 degradation using single and 
mixed cultures of a novel isolate of Enterobacter.

Effect of Glucose Addition

The effect of glucose was evaluated using 100% TWM with 
glucose addition of 0–12 g/L. The other cultivation param-
eters were kept constant at 150 rpm and 35 °C for 48 h. A 
sample was collected every 12 h for determination of cell 
mass and decolourisation efficiency. The maximum textile 
dye decolourisation, with a decolorisation of 81.15% (cor-
responding to final BR9 concentration at 15.26 mg/L), was 
observed under TWM without glucose addition (Fig. 1a). 
When the glucose concentration was increased to 2–12 g/L, 
the decolourisation efficiency decreased. This suggests that 
the bacteria prefer to degrade glucose because of its less 
complex structure compared to dye molecules [29–31]. This 
result may contrast with the degradation of triphenylmethane 
dyes (Basic violet 3 and Malachite green) and Amido black 
10B, which require the addition of glucose for biological 
degradation [26, 32]. However, only low doses of glucose 
were added, while the decolourisation of Amido black 10B 
by P. chrysosporium decreased when the glucose concentra-
tion was increased to more than 0.5% [33].

Effect of Initial pH Value on Decolourisation

The pH is another important factor impacting decolourisa-
tion. Figure 1b shows that Enterobacter sp. TS1L grown on 
TWM had the highest decolourisation (81.59%) at pH 8, 
although there was no statistical difference to the decolouri-
sation efficiency obtained at pH 7 (81.15%). Correspond-
ing with the BR9 concentration was also decrease from 
80.94 mg/L to 14.82 and 15.26 mg/L when strain TS1L 
grown at pH 7 and 8, respectively. In addition, the pH was 
measured every 6 h during experiment. The pH was slightly 

decreased to 6.9 when initial pH was 7. Similar trend was 
also observed with other pH. We therefore suggest that strain 
TS1L is an efficient decolouriser of TWM at neutral and 
mildly alkaline pH levels (pH 7–8). However, its decolouri-
sation efficiency at pH 6 was poor, reaching only 32.78%. 
This can be explained by the positive charge at acidic pH 
levels, preventing the binding of the positively charged 
BR9 molecule, while at pH 7–8, the bacterial surface was 
negatively charged, resulting in an increased electrostatic 
force between the bacterial cell and the positively charged 
BR9 molecule [34]. Based on previous studies, the opti-
mum pH for biological decolourisation ranges between 7 
and 8 [26, 35–37]. Malachite green could be effectively be 
decolourised at pH 7–8 using Penicillium ochrochloron and 
the Enterobacter asburiae strain XJUHX-4TM [35, 37]. In 
another study, the degradation rate of acid violet 19 by P. 
aeruginosa BCH reached 98% within 30 min at pH 7 [35].

Effect of Incubation Temperature

The decolourisation efficiency is high at temperatures opti-
mal for bacterial growth. Higher cultivation temperatures 
may increase respiration and substrate use of bacteria, which 
may increase the decolourisation efficiency. Therefore, in our 
experiment, the initial incubation temperature of 20–35 °C 
was adjusted. The highest decolourisation of 81.15% was 
achieved at 35  °C. However, decolourisation decreased 
(70–75%) when the cultivation temperature increased 
(Fig. 1c). High concentration of BR9 (20.40–24.28 mg/L) 
was observed under high cultivation temperature. High 
temperature may inactivate the enzyme responsible for 
decolourisation, cause loss of cell viability and affect cell 
structures such as the cell membrane, leading to a lower 
decolourisation efficiency [38–40]. According to a previ-
ous study, optimal degradation efficiency can be achieved 
at 30 to 35 °C. The use of a bacterial consortium for Congo 
Red degradation also showed the highest decolourisation 
rate (98%) at a temperature of 37 °C [41, 42]. Based on our 

Table 1  Characterisation of 
textile wastewater from the 
Ban Phraek Weaving Group, 
Phatthalung, Thailand

Parameter Before degradation After degradation Thailand water 
quality standard 
[53]

pH 6.92 4.55 5–9
TDS (mg/L) 407 329  ≤500
Settleable solids (mg/L) 3.0  <0.1  ≤0.5
TSS (mg/L) 20 13  ≤30
Oil and grease (mg/L) 2 5  ≤20
Sulphide (mg/L) 0.02 0.03  ≤1.0
TKN (mg/L) 40 110  ≤35
COD (mg/L) 5600 1970 –
Colour Red black Less red –
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Fig. 1  Effect of initial glucose 
concentration (a), pH (b), tem-
perature (c) and agitation speed 
(d) on decolourisation of BR9 
by strain TS1L
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results, the temperature of 35 °C is the optimal cultivation 
temperature for Enterobacter sp.

Effect of Agitation Speed

Biodegradation and decolourisation of the dyes by aerobic 
bacteria require oxygen for cell growth and maintenance of 
cell viability. Therefore, agitation is necessary to provide the 
oxygen and to increase the oxygen gas–liquid mass transfer 
[41, 42]. Hence, the decolourisation efficiency of TWM by 
strain TS1L was determined at different agitation speeds 
(100–300 rpm). Figure 1d shows that the decolourisation 
rate increased with an increase in agitation speed from 100 
to 150 rpm. The maximum decolourisation efficiency was 
81.15% at an agitation speed of 150 rpm. Similarly, Fu and 
Viraraghavan, [43] and Parshetti et al. [44] reported that a 
lower agitation rate between 100 and 150 rpm was more 
beneficial than static conditions in achieving better decol-
ourisation results with fungi. However, an increase in agi-
tation speed to 200 rpm drastically affected the decolouri-
sation activity of the strain TS1L, which was significantly 
decreased at 200, 250 and 300 rpm. Based on this, the opti-
mum agitation speed for Enterobacter sp. is 150 rpm.

Moreover, Fig. 1a–d indicated that BR9 removal was 
mainly occurred by biodegradation using Enterbacter cul-
ture. The decolourisation efficiency increased significantly 
from 0% at 0 h to > 70% after 12 h of incubation. However, 
the decolourisation of textile wastewater may be caused by 
biosorption by biomass of Enterobacter. Rani et al. [45] 
and Harry-asobara and Kame [46] stated that biosorption 
of dyes essentially occurs through adsorption by physical 
forces, entrapment in inner spaces of Enterobacter mycelia, 
precipitation, complexation, ion exchange owing to surface 
ionisation and hydrogen bond formation. The crystal violet 
was removed by biosorption on the mycelia of Enterobacter 
sp. TN3W-14 [46]. However, it is not unusual to demonstrate 
only enzyme-mediated degradation or both biosorption and 
enzyme degradation in the decolorisation of textile dye.

Effect of Single and Mixed Enterobacter sp.

As mentioned previously, the single strain TS1L shows 
the highest decolourisation efficiency of 81.15% in TWM 
without glucose addition, pH 7, 150 rpm and 35 °C. How-
ever, the use of mixed bacterial cultures may increase the 
decolourisation efficiency [47–49]. We therefore evaluated 
the cultivation of single and mixed cultures of the newly 
isolated Enterobacter under optimal conditions. The high-
est decolourisation efficiency of each culture was similar 
conditions. However, the results indicate that the single cul-
ture of Enterobacter TS1L showed the highest decolourisa-
tion efficiency (81.15%), followed by the single culture of 
strain TS3 (79.45%) (Table 2). The lowest decolourisation 

efficiency (78.43%) was observed for the mixed culture of 
TS1L and TS3. Similar with the final concentration of BR9 
at 15.26, 16.63–17.46 mg/L was observed using single and 
mixed culture, respectively. This is the first report of the high 
decolourisation capacity of a single strain of Enterobacter. 
The addition of mixed culture of Enterobacter to the TWM 
may inhibit the reciprocal bacterial activity, resulting in 
decreased dye degradation. Moreover, pure strains are often 
specific to a certain type of dye, and therefore, the cultiva-
tion of a single strain in a medium containing only one dye 
should be more efficient than the use of a mixed culture [50].

Characterisation of Textile Wastewater After 
Degradation

The parameters of the wastewater after biological degrada-
tion using Enterobacter sp. are shown in Table 1. The initial 
pH of 6.92 was lowered to 4.55 after degradation. This result 
is in agreement with the findings of the GC–MS analysis, 
indicating acidic compounds after degradation (Fig. 2). 
Moreover, the final BR9 concentration was decreased from 
80.94 mg/L to 15.26 mg/L. BR9 degradation occurs in 2 
mechanisms. The first mechanism of BR9 was changed to 
oxime-, methoxy-phenyl by oxidoreductase. Afterward, 
oxime-, methoxy-phenyl changed to pyruvate which can be 
converted into acetyl-CoA by dearomatisation and amino 
acid. The acetyl-CoA undergoes the tricarboxylic acid cycle 
(TCA cycle) to produce  NADH2 and  FADH2 (substrates of 
electron transport chain). The second mechanism, BR9 
degradation, oxidative deamination and carboxylation lead 
to produce phthalic acid, di(2-propylpentyl) ester, which 
can be transformed into different fatty acids and aldehydes 
(carbonic acid, allyl nonyl ester, tetradecanoic acid, hexa-
decanoic acid methyl ester, hexadecanoic acid, bis(2-ethyl-
hexyl) ester, 9-decanoic acid, squalene, n-hexadecanoic acid, 
octadecanoic acid and hexadecanoic acid ethyl ester). The 
phthalate, fatty acids and aldehydes can directly/indirectly 
enter into fatty acid oxidation reactions (beta-oxidation) to 
produce acetyl-CoA,  NADH2 and  FADH2 [10].

Total dissolved solids (mg/L), settleable solids (mg/L) 
and total suspended solids (mg/L) after degradation were 
329, < 0.1 and 13, respectively. Notably, all parameters 

Table 2  Effect of single and mixed Enterobacter sp. strains

Different letters within the same parameter on the bars indicate sig-
nificances (P < 0.05). Bars represent the standard deviation from trip-
licate determinations

Microbial %Decolourisation Cell mass (g/L)

Enterobacter sp. TS1L 81.15 ± 0.08a 0.23 ± 0.04a

Enterobacter sp. TS3 79.45 ± 0.24b 0.30 ± 0.07a

Mixed Enterobacter sp. 
TS1L and TS3

78.43 ± 78.43c 0.28 ± 0.11a
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related to water quality were significantly decreased. The 
COD was decreased from 5,600 to 1,970 mg/L, indicat-
ing that Enterobacter sp. not only degraded BR9, but also 
decomposed solid and organic substrates in the wastewater. 
The quality of the wastewater after treatment was determined 
using the guidelines of the Quality Standard (Thailand). 
Regarding the parameters such as pH, TDS, settleable sol-
ids, TSS, oil and grease as well as sulphide, these guidelines 
were met (Table 1). The colour of the wastewater changed 

from red to colourless. According to our results, the quality 
of the textile wastewater was improved dramatically after 
biological degradation using Enterobacter sp. However, high 
value of nitrogen was detected after treatment which is over 
than the water quality standard and could, therefore, cause 
eutrophication if discharged untreated. Therefore, the study 
on nitrogen reduction using physical, chemical or biological 
methods will be studied before discharge the textile waste-
water to environment.

Fig. 2  Proposed biodegradation pathway of BR9 by strain TS1L determined by GC–MS
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The GC–MS indicated that BR9 was completely 
degraded into organic compounds within 12 h of culti-
vation. Based on the results of our GC–MS analysis of 
intermediate products, the degradation pathway of BR9 
by strain TS1L is proposed in Fig. 2. Specifically, BR9 
degradation occurs via the stepwise oxidation, ring fission 
and stepwise polymerisation. The sequence of products 
formed during degradation is as follows: carbonic acid, 
allyl nonyl ester, tetradecanoic acid, hexadecanoic acid 
methyl ester, hexadecanoic acid, bis(2-ethylhexyl) ester, 
9-decanoic acid, squalene, n-hexadecanoic acid, octade-
canoic acid, hexadecanoic acid ethyl ester, 2,3-butanediol, 
urea, 2-butanol, 2-propanone, 1-hydroxy and acetic acid 
methoxy. This is the first report on the BR9 degradation 
pathway using Enterobacter sp. However, when using the 
blue green algae Hydrocoleum oligotrichum and Oscilla-
toria limnetica for BR9 degradation, only two compounds 
were yielded, namely aminobenzoic acid and N-Dimethyl-
p-phenylenedi-amine [10]. The decrease in BR9 was also 
confirmed via UV–visible spectral analysis. The UV–vis-
ible spectral scan (200–800 nm) of textile wastewater 
after Enterobacter degradation at different time intervals 
showed decolourisation and a decrease in dye concentra-
tion from the batch culture. The BR9 displayed one peak 
at a maximum wavelength (λmax) of 540 nm in the UV–Vis 
spectra. The intensity of this peak decreased significantly 
after the addition of the Enterobacter sp. strain TS1L due 
to decolourisation. Normally, bacterial decolourisation 
follows two pathways, namely adsorption or biodegrada-
tion [11, 51, 52]. Dye adsorption can be detected when 
investigating the bacterial cell, which will deepen its col-
our, while during degradation, the cell remains colourless 
[52]. In our study, Enterobacter sp. TS1L could decol-
ourise BR9 via both pathways. After decolourisation, the 
TS1L cells were stained with BR9, indicating that BR9 

was adsorbed on the cell surface. In addition, dye degra-
dation was clearly identified by the changes in the UV-
spectrum (Fig. 3).

Conclusions

In this study, single and mixed cultures of Enterobacter sp. 
TS1L and TS3 demonstrated potential for textile wastewa-
ter degradation. The strain TS1L showed high decolourisa-
tion efficiency, with a decolourisation efficiency of 81.15% 
under the following conditions: 100% of textile wastewater 
without glucose addition, pH 7.0, 150 rpm, 35 °C. More-
over, the BR9 concentration in textile wastewater was 
significantly decreased from 80.94 mg/L to 15.26 mg/L. 
Based on these results Enterobacter sp. TS1L is able to 
decolourise textile wastewater within a short time (12 h). 
In addition, the products formed during biodegradation 
were analysed by GC–MS, and the results indicate that 
the strain TS1L completely degraded and converted waste-
water compounds into organic compounds under optimal 
conditions. The treated wastewater met the requirements 
of the Water Quality Standard (Thailand). Enterobacter 
sp. TS1L can both decolourise and degrade BR9, making 
it a suitable bacterial strain for the physical and chemical 
processing of textile wastewater. Based on the successful 
laboratory results, the future work should then be scale 
up and evaluate in textile industrial. In addition to the 
study on genomics and proteomics, there is a possibility 
to increase the ability of bacterial of textile wastewater. 
Moreover, the reduction of nitrogen content after micro-
bial treatment should be also evaluated in more detail. 
With all the positive research and developments, biological 

Fig. 3  UV–visible spectropho-
tometric analysis of BR9 before 
and after degradation by strain 
TS1L
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treatment is hope to be outstanding method in the dye and 
toxic chemical elimination in textile wastewater.
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