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Abstract: Azo dyes in textile industry effluent are one of the major toxic contaminants causing
a severe threat to life. Bioremediation is the most cost-effective and environmentally beneficial
innovative biotechnologically technique used to mitigate dyes’ toxic effects in aquatic environments.
The purpose of the present study was to determine the azo dyes degradation potential of a ciliate,
Paramecium caudatum, isolated from industrial wastewater. Under optimum conditions, P. caudatum
was found to possess a 90.86% decolorizing ability of RR2 (reactive red), 83.06% of RB5 (reactive
blue) and 85.43% of LY (Levafix reactive yellow) dyes. The P. caudatum showed maximum growth
at 25 ◦C and pH 7.5 in the presence of azo dyes at a concentration of 20 ppm (0.02 mg/mL). After
being exposed to RR2, RB5, and LY azo dyes, the level of GSH in P. caudatum increased for the control
i.e., 54, 43, and 23%, respectively. Sequentially, the GSSG level decreased by 26% after treatment with
the LY azo dye, while exposure to RR2 and RB5 enhanced the value by more than twofold and by
0.86%. The results for the decolorization and biodegradation of azo dyes indicated that P. caudatum is
a potential candidate for the treatment of textile industry effluents.

Keywords: azo dyes; biological treatment; detoxification; Paramecium caudatum; textile effluents

1. Introduction

A major source of environmental pollution is azo dyes. Due to their widespread
usage in various industries, particularly in the textile, plastic, pharmaceutical, cosmetics,
food, leather and printing industries [1–3], and a substantial part (17–20%) of textile-based
industrial waste comprises dye effluents [4,5]. About 200,000 dye stuffs [6], of which
30,000 tons of azo dyes, are discharged into aquatic ecosystems each year [7]. This also
results in air and soil contamination, which significantly deteriorates the quality of life
when an industry is not well equipped to treat its waste properly before throwing it into
aquatic environments. Dyes at a commercial level are categorized as anthraquinone, basic,
acidic, dispersal, and azo dyes. Azo dyes have an azo group (−N = N−) in their structure
and contain naphthalene and benzene rings [8]. In addition to them, 80% are present
in the azo group [9]. Azo dyes molecules are poisonous, carcinogenic, teratogenic and
mutagenic, making them detrimental to higher living species including aquatic ecosystems
and plants [10,11].
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Approximately 15–20% of azo dyes are not fixed to the substrate and are released as
wastewater into aquatic environments. The existence of minute amounts of azo dyes is
extremely noticeable and has a severe impact on the clarity and quality of water bodies such
as lakes, ponds and rivers, posing a severe danger to aquatic fauna and indirectly to human
health [12]. The coloration of the dyestuff disrupts the aquatic ecosystem by decreasing
sunlight penetration, resulting in eutrophication, ultimately reducing the photosynthetic
activity of plants, affecting the food chain and halting water reoxygenation [13,14]. The
solubility of gas, changes in pH and increases in the BOD, TOD and COD of water properties
present detrimental consequences [15].

Treatment methods for wastewater that is spoiled because of azo dyes are generally
classified in three types, i.e., chemical, physical and biological [16]. The physical or chemical
treatment approaches are filtration, flocculation, adsorption, coagulation, electrochemical
oxidation, Fenton reaction and oxidation processes. All the above-mentioned methods
are inefficient due to various limitations, including being expensive and time-consuming,
producing a huge amount of waste that is extremely toxic and complicated to throw away
safely [17]. Different pathways and mechanisms have been used for the degradation of
azo dyes by microorganisms [18,19]. In anaerobic conditions, microorganisms degrade azo
dyes by using azo-reductase enzymes and convert it into colorless aromatic amines [20,21].
The microbial strains have the ability to degrade and transform many toxic compounds
into non-toxic end products [22]. The cleavage of the chromophore groups of azo dyes
results in the colorless, odorless and toxic intermediate metabolites of aromatic amines,
which are commonly mineralized under aerobic conditions [23]. The resulting intermediate
metabolites are further degraded aerobically or anaerobically [24,25].

Bioremediation is regarded as an ecologically friendly technique used to degrade azo
dyes, and its efficacy is dependent upon the activity and adaptation of microorganisms [26].
Bacteria degrade azo dyes and produce more resistant and hazardous aromatic amine
compounds, prohibiting the widespread use of clean the azo-dye-containing industrial
effluents [27]. The elimination of dyes by using fungus is also restricted in textile wastewater
treatment plants because of bacterial contamination and unsafe management. Moreover,
other microorganisms such as protozoa, which are natural microflora in water bodies, can
enhance their effectiveness [28].

Protozoa play a significant role in biological wastewater treatment systems. These
organisms dominate in terms of biomass and numbers and alter the mineralization and
elimination process of inorganic and organic nutrients [29]. These are single-cell microor-
ganisms that lack a protective cell wall, allowing them to respond directly to environmental
stimuli. Ciliates, particularly Paramecium, due to their short life cycle, high rate of repro-
duction, cosmopolitan distribution, high diversity and quick response to environmental
changes make them perfect biological indicators for aquatic ecosystem risk evaluation [30].
The present research work aimed to characterize the Paramecium sp. and to determine its
azo-dyes-degradation ability and optimum growth conditions for the efficient degradation
and decolorization of azo dyes in textile-based industrial wastewater.

2. Materials and Methods
2.1. Dyes Used

The azo dyes, Reactive Red 2 (RR2), Reactive Blue 5 (RB5) and Levafix Yellow Reactive
(LY) used in current study were purchased from Sigma-Aldrich. Stock solutions (0.1%) of
these dyes prepared in distilled water were further diluted to 20 ppm (0.02 mg/mL) for
use in the experiments.

2.2. Isolation, Purification and Maintenance of Paramecium sp.

Paramecium sp. was isolated by the drop method and inoculated in Bold basal salt
medium (BBSM) from textile industry effluents containing algae, fungi and bacteria. To
remove the algae, the culture was placed in the dark. To remove the fungi and bacte-
ria, antibiotics, i.e., amphotericin B (1 ug/mL) and kanamycin (50 ug/mL) were used,
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respectively. The pure culture of Paramecium was maintained according to Shakoori and
Rehma [31]. Bold basal salt medium [NaNo3 0.25 g/L, NaCl 0.0025 g/L, MnCl2.4H2O
0.00144 g/L, CaCl2.H2O 0.025 g/L, ZnSO4.7H2O 0.00881 g/L, K2HPO4 0.075 g/L, H3BO3
0.01142 g/L, CuSO4.5H2O 0.00157 g/L, EDTA 0.05g/L, H2SO4 0.001 L/L, FeSO4.7H2O,
MoO3 0.00071 g/L, KOH 0.031 g/L, MgSO4.7H2O 0.075 g/L, KH2PO4 0.175 g/L and
Co(NO3).6H2O 0.00049 g/L ] was used, and 4–6 wheat grains in 30 mL of distilled water
were inoculated with a water sample containing Paramecium sp.

2.3. Molecular Characterization of Paramecium sp.

Genomic DNA of ciliate at the log phase was separated by the phenol–chloroform
extraction method of Sambrook et al. [32]. The 18S rRNA gene was amplified using
18S universal primers, i.e., Euk-F (5′-AATATGGTTGATCCTGCCAGT-3′) and Euk-R (5′-
TGATCCTCCTGCAGGTTCACCTAC-3′). The thermal cycle comprised an initial denatura-
tion at 94 ◦C for 5 min followed by 35 cycles, each denaturation being at 94 ◦C for 1 min,
annealing at 55 ◦C for 2 min and extension at 72 ◦C for 2 min. The final extension was
conducted at 72 ◦C for 10 min [33]. The PCR product (1.8k bp) was purified using a gel
extraction kit and was sequenced at Macrogen (South Korea). The sequence was analyzed
by NCBI using the Basic Alignment Search Tool (BLAST) and snapGene software and
submitted to Genbank [34].

2.4. Decolorization at Different Temperatures and pH

To determine the optimum conditions (temperature and pH) for the decolorization
of azo dyes, the axenic culture of Paramecium at the log phase was inoculated with azo
dyes (RR2, RB5 and LY) at a concentration of 20 ppm. The effect of the temperature was
analyzed by incubating at 20, 25, 30 and 35 ◦C. The medium was maintained at different
pH values (i.e., 6, 7, 7.5 and 8). The decolorization of azo dyes was observed after every
24 h for 10 days by using a UV-Spectrophotometer. Graphs of the decolorization of the
dyes at different temperatures and pH values were plotted.

2.5. Decolorization Potential of Paramecium sp.

Decolorizing of RR2, RB5 and LY azo dyes using the Paramecium sp. strain was
conducted in a 500 mL conical flask comprising 100 mL Paramecium pure culture. When the
culture was in the log phase, these azo dyes were added from the stock solution to make a
final concentration 20 ppm. After every 24 h, 1.5 mL of sample was taken in a microfuge
tube and centrifuged at 12,000 rpm for 30 min. The optical density of the clear supernatant
was measured at 550 nm by using a UV–visible spectrophotometer. The whole experiment,
including the control, was performed in triplicate for 10 days until the decolorization of azo
dye was complete. The percentage decolorization was calculated by using the following
given formula [35].

Decolorization (%) =
Initial absorbance− Final absorbance

Initial absorbance
× 100

2.6. Growth of Paramecium sp. at Different Temperatures and pH values in the Lag Phase

To determine the optimum temperature in the lag phase, the experiment was set in
triplicate. For this, 500 µL of pure culture of Paramecium was inoculated in 30 mL BBSM in
thirty-six (250 mL) conical flasks containing a 20 ppm (0.02 mg/mL) concentration of each
azo dye RR2, RB5, and LY, respectively, and for the control experiment, twelve flasks were
also inoculated with the pure culture. All the flasks were placed at different temperatures
(i.e., 20 ◦C, 25 ◦C, 30◦ C and 35 ◦C). Cells were counted after every 24 h for 12 days. Graphs
for each temperature were plotted.

To determine the optimum pH for the growth of Paramecium in the lag phase, flasks
were prepared according to the above-mentioned method and maintained at pH values of
6, 7, 7.5 and 8. Cells were counted under a light microscope after every 24 h for 12 days.
Graphs for each pH value were plotted.
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2.7. Analysis of Dye Degraded Products

Fourier transform infrared spectroscopy (FTIR) was performed to characterize biodegra-
dation products. The variation in the functional group of the azo dyes before and after treat-
ment with UR03 strain was analyzed. Treated samples were centrifuged at 14,000 rpm for
30 min. A carry 360 spectrophotometer was used to record FTIR spectra in the 650–4000 cm−1

infrared region [36]. Results were interpreted by using origin pro 9.1 software.
The total protein of the dye-treated and control Paramecium samples were quantified

according to the Bradford [37] method by taking the OD at 595 nm against blanks via a UV
spectrophotometer. The treated samples were exposed to azo dye for 96 h.

2.8. Estimation of Glutathione Contents

The rate of reduced (GSH), oxidized (GSSG) and total glutathione (GSH+GSSG) of the
control and azo-dyes-treated Paramecium cultures were quantified according to the method
of Israr et al. [38].

2.9. Statistical Analysis

Values in tables and figures were observed as the mean and standard error (SE) of the
mean. The experiment was conducted with three replicates for each factor. Statistical analy-
sis was accomplished by using one-way ANOVA followed by the Dunnett test. Significant
differences in each treatment relative to the control were analyzed in Minitab 17 software.

3. Results
3.1. Paramecium Caudatum (UR03) as Efficient Dye Decolorizer

Among the five different isolates (UR01, UR02, UR03, UR04 and UR05), UR03, iden-
tified as Paramecium caudatum, had the maximum ability to decolorize the azo dyes. For
the molecular identification, the 18S rRNA gene PCR product was sequenced, and the
sequence was submitted to the Genbank database under the accession number MZ540257.
The PCR product of the 18S rRNA gene in 1% agarose gel is represented in Figure 1. The
phylogenetic tree of P. caudatum with other species of same genus is shown in Figure 2. The
phylogenetic tree represented that P. caudatum was the most homogenous to P. schewiakoffi
(LT628501.1), and Paramecium duboscqui was taken as the outgroup. The BLAST analysis
of the molecular sequences of 18S rRNA showed that UR03 was a ciliate, showing 99.11%
homology with those of other ciliates.

Figure 3 shows the efficiency of the degradation of the azo dyes by Paramecium caudatum
at different temperatures and pH values. It was observed from the experiment that
P. caudatum showed the maximum decolorization ability at a temperature of 25 ◦C (Figure 3a)
and pH 7.5 (Figure 3b), which is the normal temperature and pH for its maximum growth.

3.2. Decolorization of RR2, BB5 and LY

Figure 4 shows the decolorizing ability of UR03 strain. P. caudatum showed a maximum
of 90.86, 83.06 and 85.43% decolorization of RR2, RB5 and LY, respectively (Table 1). After
240 h (10 days) time interval expressed in Figure 4a and decolorization of dyes were
observed, as shown in Figure 4b.
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Figure 3. Decolorization of azo dyes by Paramecium caudatum UR03, (a) at different temperatures (20,
25, 30 and 35 ◦C) and (b) different pH (6, 7, 7.5 and 8).
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Figure 4. Decolorization/degradation of different dyes by P. caudatum UR03 in 100 mL of culture
medium inoculated with 10 ul of azo dyes over a period of 10 days. (a) Showed the decolorization
profile of different dyes monitored after every 24 h for 10 days. (b) Showed the azo dye degradation
as indicated by decolorization in the flasks.
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Table 1. Azo dyes degradation ability of Paramecium isolates. Percent decolorization is indicative of
degradation ability.

Isolate RR2 (%) RB5 (%) LY (%)

UR01 70.88 70.00 63.55
UR02 80.00 75.02 70.00
UR03 90.86 83.06 85.43
UR04 80.00 60.08 74.00
UR05 40.22 51.00 50.00

3.3. Optimum Temperature and pH for Maximum Growth

Paramecium caudatum showed the maximum growth (4 × 103 cells/mL) at 25 ◦C
in the RR2 azo dye, whereas RB5 and LY exhibited the highest growth of 5 × 103 and
2.6 × 103 cell/mL, respectively, at this temperature (Figure 5). At the optimum pH (7–7.5),
a maximal growth rate was noted. At pH 7.5, P. caudatum treated with RR2 azo dye depicted
the highest growth of 4 × 103 cells/mL. However, significant growth was recorded for RB5
and LY, i.e., 4.4 × 103 and 4.8 × 103 cells/mL, respectively (Figure 6).
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Figure 5. Growth curves of P. caudatum UR03 in culture medium containing azo dyes, RR2 (a), RB5
(b) and LY (c) at different temperatures.
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Figure 6. Growth curve of P. caudatum UR03 in culture medium containing azo dyes, RR2 (a), RB5 (b)
and LY (c) at different pH values.

3.4. Degradation Products of Azo Dyes

Azo dye molecules as a powder were analyzed by FTIR in the control and treated sam-
ples (Figure 7). The FT-IR spectra of the control of RR2 dye (Figure 7a) displayed the follow-
ing absorbance of bands: 3411 cm−1 (-NH2), 2100 cm−1 (Si-H silane), 1632 cm−1 (-N=N-),
1530 cm−1 (N=O), 1448 cm−1 (C-H), 1380 cm−1 (O-H), 1115 cm−1 (SO3

−2), 1034 cm−1 (S=O),
743 cm−1 (S-OR) and 600 cm−1 (C-Cl) as compared to the spectra of the treated sample,
with RR2 azo dye (Figure 7b) bands appearing at 3431 cm−1 (OH), 1618 cm−1 (N=N),
1490 cm−1 (C=N) and 1054 cm−1 (C-O).

However, the FTIR spectra of the RB5 control dye (Figure 7c) showed the follow-
ing bands: 3465 cm−1 (-NH2), 1584 cm−1 (-N=N-), 1489 cm−1 (C=C), 1211 cm−1 (C-C),
1115 cm−1 (SO3

−1), 1041 cm−1 (C-O), 986 cm−1 (C = H), 892 cm−1 (C-Cl), 831 cm−1 (S-OR),
730 cm−1 (-C=O) and 613 cm−1 (C-Br), compared with the spectra of the treated RB5 dye
(Figure 7d) representing bands at 3247 cm−1 (N-H), 2093 cm−1 (C-C) and 1638 cm−1 (C=N).

However, the FTIR spectra for the LY control dye (Figure 7e) showed bands at
3441 cm−1 (N-H), 1614 cm−1 (C=C), 1482 cm−1 (C=C), 1110 cm−1 (P=O), 1006 cm−1 (S=O)
and 737 cm−1 (-NO2), compared with the spectra of the treated LY dye (Figure 7f) showing
bands at different wavelengths, i.e., 3400 cm−1 (N-H), 1544 cm−1 (N=O), 1394 cm−1 (CH3)
and 1129 cm−1 (P=O). The disappearance of the spectra in the treated samples was due
to the complete breakdown of the dye molecule and the corresponding shift in functional
group peaks compared to the control.
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3.5. Total Protein Contents

P. caudatum showed a significant (p < 0.000) rise in protein content after treatment with
RR2, RB5 and LY azo dyes (81%, 139% and 42%, respectively) (Table 2).

Table 2. Effect of different azo dyes on the total protein content of P. caudatum (UR03).

Variable Total Protein Content (ug/mL)

Control 25.363 ± 0.27 a
RR2 45.790 ± 0.15
RB5 60.837 ± 0.56
LY 36.073 ± 0.21

Note(s): Mean not labeled with letter a are significantly different from control level mean.



Water 2022, 14, 3553 10 of 14

3.6. Glutathione Contents

The treatment of azo dyes altered the level of GSH and GSSG in P. caudatum. After
being exposed to the RR2, RB5 and LY azo dyes, the level of GSH in P. caudatum increased
for the control, i.e., 54, 43 and 23%, respectively. Sequentially, the GSSG level decreased
by 26% after treatment with the LY azo dye, while exposure to RR2 and RB5 enhanced the
value by more than twofold and by 0.86%. Similarly, the GSH/GSSG ratio also increased
after exposure to the azo dyes (Table 3).

Table 3. Effect of different dyes administered at a concentration of 20 ppm on the glutathione level in
P. caudatum UR03.

Groups GSH (mM g−1) GSSG (mM g−1) GSH + GSSG (mM g−1) GSH/GSSG Ratio

Control 2.898 ± 0.04 a 0.764 ± 0.04 a 3.662 ± 0.01 a 3.818 ± 0.25 a
RR2 4.463 ± 0.04 2.737 ± 0.02 7.200 ± 0.02 1.631 ± 0.03
RB5 4.155 ± 0.02 1.421 ± 0.03 5.576 ± 0.01 2.926 ± 0.08
LY 3.575 ± 0.02 0.562 ± 0.02 4.136 ± 0.01 6.377 ± 0.21

Note(s): Mean not labeled with letter a are significantly different from control level mean. GSH, reduced
glutathione; GSSG, oxidized glutathione.

4. Discussion

The textile industries are considered one of the world’s main environmental contam-
ination issues since they produce unwanted coloring effluents [39]. Wastewater has to
be treated appropriately before being released into aquatic ecosystems. Residual dyes
contain structurally complex compositions that are harmful to aquatic life. Dyes cannot be
fully degraded by physicochemical processes such as adsorption, oxidation, coagulation,
electrochemical methods and flocculation [40]. Microbial and enzymatic wastewater de-
composition is a feasible alternative since it does not create significant sludge quantities, is
cheap and has no detrimental environmental impact [41].

In the current research, we studied the use of Paramecium sp. as a model organism,
which was used to decolorize azo dyes in textile sewage. The most frequently utilized cili-
ates are freshwater protozoans such as Paramecia, which are considered good bioindicators
for toxicity stress and chemical pollution [42]. Considering the significance of these organ-
isms, Paramecium species have been identified from samples of azo-dye-polluted textile
industrial wastewater. Furthermore, the morphology and ribotyping were confirmed as
Paramecium caudatum. Oxytricha fallax and P. caudatum have been recognized as a potential
bio-remediator of polluted wastewater, as these different ciliates have been isolated from
wastewater that is resistant to any heavy metals [43].

The isolated Paramecium sp. had a high ability to decolorize the azo dyes. The
decolorization potential of Paramecium caudatum was 90.87%, 83.06% and 85.43% against
RR2, RB5 and LY azo dyes, respectively. This study was the first time that azo dyes have
been reported to be degraded by Paramecium sp. According to Ponraj et al. [44], bacteria
(Bacillus sp.) has a powerful degradation and decolorization capability for the azo dye
Orange 3RS. The isolation of Pseudomonas sp., Klebsiella and Salmonella was conducted from
wastewater from the textile industry, and under optimal conditions the decolorization
of Orange 3RS was analyzed, which represented that Pseudomonas sp. and Bacillus sp.
depicted a parallel level of decolorization (92%), followed by Salmonella sp. (80%) and
Klebsiella sp. (76%). Sulfate-reducing bacteria can decolorize RR2 up to 78% [45].

The pH effect was observed at different pH values (i.e., 6, 7, 7.5 and 8). Growth was
observed at all pH values, but the maximum growth of P. caudatum and the maximum
decolorization of the azo dyes was shown at pH 7.5 after exposure to azo dyes, and the
temperature for the highest growth was at 25 ◦C after exposure to azo dyes. The pH level of
6.0 and above 8.0 was not suitable for ciliates T. farahensis, while these organisms could be
optimally grown in the pH range of 7.0–7.5 [46]. The tolerance of pH for coloring microbes
is essential since dyes are attached under basic conditions and elevated temperatures to
cotton fibers by additional or replacement processes. Many other scientists have also used
this optimal temperature (27 ± 1 ◦C) to culture other species of Tetrahymena [47].
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The FTIR of the generated periphyton metabolism revealed significant changes, as
particular peaks in the control sample disappeared and new peaks were developed. The
disappearance of peaks related to the azo group was due to the breakdown of the azo bond.
The disappearance of many peaks occurred in the RR2-dye-treated samples, including Si-H
silane at 2100 cm−1, N=O at 1530 cm−1, S-OR at 743 cm−1 and C-Cl stretching at 600 cm−1,
while in the RB5-exposed samples, the removal of -N=N- at 1584 cm−1, C-C (aromatic
ring) at 1211 cm−1, C-O at 1041 cm−1 and Alkyl halide (C-Br) at 613 cm−1 occurred. In
the LY-dye-treated samples, the FTIR spectra lost the peaks related to C=C at 1614 cm−1,
S=O at 1006 cm−1 and NO2 at 737 cm−1. Khan et al. [48] proposed that the absence of
functional groups in dye-treated samples was cleaved to adjacent compounds. The azo
bond decolorization of the control group showed a different wavelength spectrum in the
FTIR compared with the sample of the Marinobacter sp. strain HBRA exposed to Reactive
Blue 1 dye [3].

The current research estimated that the total protein content increased after being
treated with azo dyes. This result was comparable with the outcomes of Amamra et al. [49],
who observed an increase in the total protein rates in a dose-dependent approach when
studying the impact of an insecticide, cypermethrin, on the ciliate Paramecium tetraurelia.
The presence of xenobiotics in the cell promotes the protein synthesis of several enzymes
and corresponds to their capacity to metabolize and detoxify harmful substances. This
trend may be due to a higher protein rate [50]. Through a redox and detoxifying process,
GSH maintains the normal structure and function of the cells [51]. In this study, the level of
GSH increased in Paramecium sp. after treatment with the azo dyes. The GSH level of the
Paramecium species increased when it was treated with higher concentrations of Chlorfe-
napyr. As a reductant and antioxidant, a high-level ratio of GSH/GSSG was required to
maintain glutathione’s function [52]. This ratio fluctuated according to the physiological
condition of the cells, such as proliferation, differentiation or death, and its disruption had
a substantial impact on the signaling processes of the cells. The regulatory influence that
GSH/GSSG has on the functional activity of proteins was primarily responsible for this role.
A significant increase in glutathione content was observed, which indicated the oxidative
stress caused by azo dyes [53–55].

5. Conclusions

Textile industry effluent containing hazardous azo dyes is a major obstacle to long-
term environmental sustainability. This study was the first report indicating that isolated
Paramecium sp. (UR03) had promising potential for degrading and decolorizing the three
azo dyes used in this study. The Paramecium sp. showed the maximum growth at pH
7.5 and temperature 25 ◦C. The biodegraded products were confirmed with FTIR. Further
study should aim to identify the genes present in the Paramecium strain that would help to
enhance the decolorization and biodegradation of azo dyes.
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