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Azo dyes are recalcitrant pollutants, which are toxic, carcinogenic, mutagenic and teratogenic,
that constitute a significant burden to the environment. The decolorization and the
mineralization efficiency of Remazol Brillant Orange 3R (RBO 3R) was studied using a
probiotic consortium (Lactobacillus acidophilus and Lactobacillus plantarum). Biodegradation of
RBO 3R (750 ppm) was investigated under shaking condition in Mineral Salt Medium (MSM)
solution at pH 11.5 and temperature 25oC. The bio-decolorization process was further
conﬁrmed by FTIR and UV-Vis analysis. Under optimal conditions, the bacterial consortium
was able to decolorize the dye completely (>99%) within 12 h. The color removal was 99.37%
at 750 ppm. Muliplex PCR technique was used to detect the Lactobacillus genes. Using
phytotoxicity, cytotoxicity, mutagenicity and biototoxicity endpoints, toxicological studies of
RBO 3R before and after biodegradation were examined. A toxicity assay signaled that
biodegradation led to detoxiﬁcation of RBO 3R dye.
Keywords: Azo dye, RBO 3R, Lactobacillus, mutagenicity, biotoxicity, multiplex PCR

Introduction
Durable water supply is a rising demand in today's
world due to water scarcity and pollutants discharged into
the environment from industries. Among the pollutants
released into the environment, dyes can be considered as
one of the most dangerous contaminants. [1]. Dyes are
toxic, carcinogenic, mutagenic, and teratogenic to humans
and other life forms [2]. Synthetic dyes are divided into
different classes on the basis of the chromophore group
chemical structure [3]. Azo dyes are synthetic aromatic
compounds having one or more azo bonds (N=N) [4].
Therefore, there is a rising demand for successful and costeffective technologies to remove dyes from the global
water supply. The textile industry is the most important

user of synthetic dyes consuming about 56% of the total
annual world production (7 × 105 tons) [5-7]. Azo dyes
that account for about 50% of available produced industrial
dyes, are extensively used in a variety of industries such as
textiles, paper, plastics, cosmetics, and leather [8].
Biodegradation is an environmentally friendly and costcompetitive solution to chemical putrefaction processes [9].
Moreover, decolorization and degradation can also detoxify
the effluent. Recent integral work has discovered the
subsistence of an extensive variety of microorganisms
capable of decolorizing a wide range of azo dyes such as
Aspergillus versicolor [10], Trametes versicolor [11], Pseudomonas
putida K1, Serratia proteamaculans SL14 [12] and Phormidium
sp. [13].
The aim of the present study was to assess the performance
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of a probiotic consortium (Lactobacillus acidophilus and
Lactobacillus plantarum) to decolorize Remazol brillant
orange 3R (RBO 3R). The Lactobacilli were characterized by
multiplex PCR, and the degradation-produced metabolites
were also evaluated using FTIR and UV-Vis spectroscopy.
The metabolites were analyzed for their phytotoxicity,
mutagenicity, biotoxicity and cytotoxicity.

Materials and Methods
Dye and Chemicals
Remazol brillant orange 3R and all chemicals were purchased
from Sigma–Aldrich (USA), and were of the highest purity
available. The chemical structure of RBO 3R was shown in Fig. 1.
Bacterial Strains and Culture Conditions
L. acidophilus and L. plantarum used in this study were isolated
from Tibetan kefir. Lactobacilli were investigated for RBO 3R
degradation using MRS medium in a cell-free system at pH 11.5
under shaking conditions. Conditioned medium was collected
after 24 h and centrifuged at 300 ×g at 4°C for 10 min to eliminate
bacteria. The supernatant was centrifuged at 1,200 ×g at 4°C for
20 min and 10,000 ×g at 4°C for 30 min. The EV pellet was
collected by ultracentrifugation at 100,000 ×g at 4°C for 70 min
and suspended in PBS [14].
Adaptation
The adaptation was carried out by exposing L. acidophilus and
L. plantarum gradually to the highest concentrations of RBO 3R
[6]. The Lactobacilli were cultivated at 30°C for 24 h in 500 ml
Erlenmeyer ﬂasks containing g/l peptone (10); malt extract (8);
yeast extract (4); sodium acetate (0.2); magnesium sulfate (0.05);
potassium phosphate (2) Tween 80 (1 ml) and glucose (20) (pH 6.0).
During the present study, MRS Lactobacillus broth concentration
was reduced from 90% (w/v) to 0% (w/v) and ﬁnally the
organisms were provided with RBO 3R solution as a unique source
of carbohydrate. The adaptation experiments were performed at
(T:25°C, pH 11.5 and shaking condition).

Preparation of DNA Templates for PCR Assays and Multiplex
PCR Assay
Extraction of genomic DNA assay was achieved according to
Kwon et al. [15]. Multiplex PCR detection of specific sequences of
lactobacillus species was performed as previously described [15].
Amplification program began firstly with a 2 min initial cycle at
94°C. Secondly, the denaturation step was executed at 94°C
through 35 cycles of 20 s. Thirdly, the annealing step was achieved
at 51°C for 40 s; and the extension step was carried out at 68°C for
30 s. Finally, the elongation step was completed at 68°C for 7 min
in a DNA thermal cycler (GenAmp PCR System 9700-Applied
Biosystems Int., USA) [15-17].
Biodegradation of Remazol Brillant Orange 3R and Color Removal
Decolorization of RBO 3R by L. acidophilus and L. plantarum was
studied at different concentrations (750, 800, 850, 900, 950, and
1,000 ppm) at pH 11.5, T 25°C and aerobic condition. Dye removal
was determined according to Ayed et al. [18-23].
Phytoxicity, Mutagenicity, Cytotoxicity, and Biotoxicity Assessment
Tests
Phytotoxicity test was carried out in order to evaluate the
toxicity of RBO 3R and its decolorization metabolites. Tests were
carried out, as described previously by Ayed et al. [18] on seeds of
Tunisian Saragolla. The RBO 3R and metabolic product extracted
by ethyl acetate were dissolved separately in distilled water to
obtain a solution of 1,000 ppm. The mutagenicity assay with
Salmonella Typhimurium TA98 and TA100 was performed as
described by Ayed et al. [2]. The cytotoxicity test was carried out
using human epithelial cells (Hep G2) and dedication of cell
viability according to Ayed et al. [23-25]. The biotoxicity tests
were performed with Artemia salina according to Ayed et al. [6].
The RBO 3R was analyzed in a concentration series (100%, 75%,
50%, and 25%). After 24 h incubation, the number of dead larvae
was counted.
UV–Vis and FTIR Spectral Analyses
To determine the decolorization efficiency, the samples were
taken using syringe at different time intervals and centrifuged at
13,000 ×g for 5 min. A Hitachi UV/visible spectrophotometer
(Hach DR 2000) was used for spectral analysis of RBO 3R and its
decolorization products after incubation for 12 h, and the
spectrum was recorded from wavelength of 200–800 nm.
Fourier-transform infrared spectroscopy (FTIR) was applied to
dictate the functional groups participating in the degradation of
RBO 3R. The metabolites were characterized by FTIR (PerkinElmer, Spectrum One) according to Ayed et al. [7].

Results and Discussion
Fig. 1. Chemical structure of Remazol Brillant Orange 3R
(λ max (nm) = 494).
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Isolation, Identiﬁcation and Adaptation of Microorganisms
Bacterial strains having dye decolorization capacity were
secluded from kefir using sequential dilution and spread
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Fig. 2. Agarose gel electrophoresis (0.7%) of PCR products
from multiplex PCR assays.

Fig. 3. Effect of RBO 3R initial concentration on decolorization
by Lactobacillus acidophilus and Lactobacillus plantarum (12 h).

Multiplex PCR assays were performed with a mixture of seven
species-speciﬁc or group-speciﬁc primers for L. acidophilus, L. bulgaricus,
L. casei, L. gasseri, L. plantarum, L. reuteri, and L. rhamnosus). Lane T:
negative control; lane M: 100 bp-DNA ladder DNA molecular size
marker. S1: Lactobacillus plantarum; (amplified PCR product: 428 bp);
S2: Lactobacillus acidophilus (amplified PCR product: 606 bp).

Temperature = 25°C, pH = 11.5, and [bacterium]o = 5 × 107 cells/ml.

plate method based on their ability to create a clear zone in
the nutrient agar plate containing RBO 3R dye. The
constituted primer set was implemented to identify two
Lactobacillus strains. Fig. 2 showed the amplified PCR
products of L. plantarum giving a 428 bp band and
L. acidophilus giving a 606 bp band. In addition, the primer
design, through the integration of the rRNA sequences,
will help to design other identification systems. The
identiﬁed species S1 (L. plantarum) and S2 (L. acidophilus)
were adapted by raising the concentration of dye and at the
same time reducing the concentration of nutrients. During
the initial phase, the Lactobacilli were provided with suitable
energy source and the growth was observed to be good.
Effect of the Concentration of RBO 3R on the
Decolorization of Remazol Brillant Orange 3R
The effect of initial RBO 3R concentration on the
decolorization was investigated, with L. acidophilus and
L. plantarum, and it was noticed that the percentage of
decolorization was reduced, thus raising the initial
concentration of RBO 3R from 750 to 1,000 ppm (Fig. 3). It
was noticed that after 12 h incubation, only 36.56%
decolorization was observed when using the initial dye
concentration of 1,000 ppm. It was well observed that RBO
3R completely decolorized (99.37%) and biodegraded during
the shaking condition regardless of its initial concentration
of 750 ppm. These results are in contrast with Vaigan et al.
[26] when adjusting the initial concentration of reactive

blue (Brill Blue KN-R) from 20 to 40 ppm, in anaerobic
condition, the removal efficiencies of reactive dye decreased
from 57% to 31%.
Bacterial degradation of azo dye has been explored as a
financially viable option. Many azo dye decolorizing
bacteria have been reported earlier, e.g., Citrobacter sp. [27],
Aeromonas sp. [28], Comamonas sp. [29], Pseudomonas sp.
[30], Enterobacter sp. [31] and Alishewanella sp. [32].
UV-VIS and FTIR Spectral Analysis
Fig. 4 displayed a typical time dependent UV-VIS spectrum
of RBO 3R solution during decolorization dye solution
treatment with L. acidophilus and L. plantarum. The absorbance
peaks corresponded to the dye biodegradation. Their
abatement indicated that the dye has been eliminated. The
RBO 3R spectrum in visible region exhibited a major peak
with a maximum absorbance at 494 nm (Fig. 4). According
to Ayed et al. [5], the biodecolorization of dyes can be
engendered by adsorption to the bacteria or the
biodegradation. As shown in Fig. 4 the major absorbance
peak approximately disappeared within 12 h, indicating
the degradation of aromatic and the naphthalene rings [33].
The results indicated the proficiency of these Lactobacilli
towards the degradation of recalcitrant dye molecules.
The comparison of FTIR spectra before and after
decolorization (Fig. 5) displayed substantial peak difference
signifiance to various operability. The bands at 1,635, 1,535,
1,141, 1,049, 950, and 750 cm-1 disappeared after 12 h of
biodegradation treatment. These bands corresponded toOH, -N = N-, C-N, characteristic of a sulfonic group (RSO3) stretching vibration and N-H bond vibrations
respectively [34] present in the initial molecule, and their

October 2019 ⎪ Vol. 29 ⎪ No. 10

1632

Ayed et al.

Fig. 4. UV–vis spectra of Remazol brillant orange 3R
(λmax (nm) = 494) biodegraded by Lactobacillus acidophilus and
Lactobacillus plantarum bacteria (12 h).
Temperature = 25°C, pH = 11.5, [RBO 3R]o = 750 ppm and [bacterium]o

Fig. 6. Cytotoxicity of different concentrations (25-100%) of
Remazol Brillant Orange 3R before and after biodegradation
by MTT assay using Hep G2 cell line.

= 5 × 107 cells/ml.

disappearance indicated that oxidative treatment broke
down the molecules. The disappearance of peaks and
appearance of some new peaks in the FTIR spectra of the
sample study after biodegradation gives evidence of azo
bond segmentation and generation of different metabolites
[35, 36]. After the biodegradation, a new band increased to
1,125 and 575 cm-1. This indicated the presence of secondary
aromatic amines [37], that originated after dye molecule
biotransformation. Other peaks in the spectrum after
biodegradation, suggested the production of oximes and
imines [38].

Phytoxicity Assay Using Tunisian Soragolla
Previous studies reported that several azo dyes and their
metabolites, such as sulfonated and unsulfonated aromatic
amines, were a main source of environmental pollutants
[39, 40]. The relative sensitivity towards the dye and
metabolites in rapport to Tunisian Saragolla was explored
(Table 1). The germination suggested a little toxicity of the
degradation products to plants. There was also a difference
between length of root and shoot of Soragolla treated by
RBO 3R and its degradation products. Ayed et al. [5, 7, 18,
19] described that germination of Triticum aestivum was of
less phytoxicity with azo and triphenylmethane dyes
compared to metabolic product extracted. These results
Table 1. Effect of different concentrations of RBO 3R before
(BT) and after (AT) biodegradation on seed germination, root
length, shoot length of early seedling of Tunisian Saragolla.
RBO 3 R

Fig. 5. FTIR spectra of Remazol brillant orange 3R before and
after biodegradation (12 h) by Lactobacillus acidophilus and
Lactobacillus plantarum bacteria (12 h).
Temperature = 25°C, pH = 11.5, [RBO 3R]o = 750 ppm, and [bacterium]o
= 5 × 107 cells/ml.
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Germination

Root length
(cm)

Shoot length
(cm)

Control

100 ± 0

3.4 ± 0.2

5.4 ± 0.1

BT 25%

55 ± 0.4

1.4 ± 0.1

1.5 ± 0.1

BT 50%

45 ± 0.3

1.0 ± 0.1

1.3 ± 0.2

BT75%

40 ± 0.3

0.5 ± 0.01

1.0 ± 0.1

BT 100%

20 ± 0.2

0.2 ± 0.01

0.7 ± 0.01

AT 25%

100 ± 0.1

3.4 ± 0.2

5.3 ± 0.4

AT 50%

100 ± 0.1

3.3 ± 0.1

5.0 ± 0.5

AT 75%

100 ± 0.1

3.0 ± 0.1

4.8 ± 0.6

AT 100%

95 ± 0.2

3.0 ± 0.1

4.5 ± 0.5

Values are mean ± SD (n = 3).
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indicated that the decolorization metabolites were less
phytotoxic compared with the original dye.
Cytotoxicity Assay Using Human Epithelial Cell Line
(Hep G2)
The cytotoxicity of RBO 3R dye solutions (before and after
biodegradation) was also defined using human epithelial
(Hep G2) cell line by MTT assays. The percentages for the
survival ability of human cell line by MTT assay were 45%,
33%, 12%, and 3% at 1/4, 1/2, 3/4 and 1/1, respectively,
after 12 h exposure to dye solution before biodegradation.
However, after biodegradation the metabolic product
solution showed a reduction in cell survivability and the
noted percentages were 89%, 77%, 68%, and 54% at the
same concentrations (Fig. 6). Cell survivability assay by
MTT showed that the cytotoxicity of RBO 3R dye solutions
increased after being treated with L. acidophilus and
L. plantarum. The decrease of MTT evaluates the functional
intactness of mitochondria based on the enzymatic reduction
of tetrazolium salt by the mitochondrial dehydrogenase
of viable cells [25]. These results indicated that the
decolorization products were less cytotoxic compared with
the original dye.
Biotoxicity Test Using Artemia salina
From the results for A. salina in Fig. 7, showing the toxicity
of RBO 3R before and after biodegradation, it can be
observed that the non-treated dye showed a mortality rate
of 79.33%, 68.66%, 56.66%, and 45.66% at 1/4, 1/2, 3/4, and
1/1 respectively after 12 h of contact with the dye solution
before biodegradation. However, after biodegradation at
shaking condition, dye solutions showed a reduction in

1633

mortality of A. salina and the recorded percentages were
33.33%, 24.66%, 14.33%, and 10.66% at the same concentrations
(Fig. 7). Consequently aerobic treatment of azo dyes was
deemed to be more efficient and secure than anaerobic
treatment. Previous research showed the competence of
Lactobacillus strains to decay azo dyes either in static [41] or
in micro-static condition [42]. L. acidophilus and L. plantarum
were found to be able to aerobically decolorize azo dye with
reduced toxicity, indicating that the degraded intermediates
are detoxified during the treatment. Similar results were
also reported for Exiguobacterium sp. RD3 [43], Sphingomonas
paucimobilis [5], and L. paracase CL1107 strains [44].
Mutagenicity Assessment
In the experiments, prior to mutageni, the inductor
bacteria do not effect its viability study, it was confirmed
that the different stands of extracts and added molecules.
After biodegradation of the dye the mutagenicity decreased
when compared to the untreated pure dye even with the
S9 metabolizing system at the highest tested dose of
200 mg/assay. However, no mutagenicity of the dye products
was observed after shaken incubation with Lactobacillus in
the presence of S9 metabolizing system (Table 2). The
absence of mutagenic effect of azo dye metabolite samples
from aerobic cultures with probiotic could be clarified by
the presence of an adequate level of dissolved oxygen that
might limit the azo-reductase action and raise the oxygenase
activity; thus granting the decolorization of the dye aromatic
amines to which the mutagenic effects may be assigned.
Marques et al. [45], Nakayama et al. [46], Sweeney et al. [47],
Erdoğdular and Dilek [48] and Jayalakshmi and Jeyanthi
[49] reported that carcinogenicity via mutagenicity of some
azo dyes and allied aromatic amines could be engendered
Table 2. Mutagenic activity of Remazol Brillant Orande 3 R,
before and after biodegradation evaluated by the Ames and
assay using Salmonella typhimurium TA98 in the presence of S9
mix.
Revertants number
Tested compound

TA98

Dye

Before biodegradation

RM for TA98

RBO 3R1

17.4 ± 2.12

1.03

RBO 3R2

18 ± 1.41

1.07

After biodegradation

Fig. 7. Biotoxicity of different concentrations (25-100%) of
RBO 3R before (BT) and after (AT) biodegradation using
Artemia salina.

RBO 3R1

47 ± 7.48

2.62

RBO 3R2

58 ± 5.14

3.25

SR

17.5 ± 3.5

-

Positive control

17.5 ± 3.5

1

Positive control (PC), TA98+S9 = 100 µg/plate, SR: spontaneous revertant
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by the production of vacant groups.
In conclusion, the present study displayed the ability of
L. acidophilus and L. plantarum to decolorize Remazol
Brillant Orange 3R. The formulated probiotic Lactobacilli
indicated a stronger color removal yield as compared to
pure cultures, which revealed a complementary interaction
among various isolated lactobacilli. The consortium performed
a significantly stronger reduction in color (99.37%) at
750 ppm, pH 11.5, T 25°C and shaking condition in little
time (12 h). Phytotoxicity, cytotoxicity, biotoxicity and
mutageinicity indicated the efficiency of the Lactobacilli in
decreasing the toxicity of the azo dye. Nevertheless, the
toxicity study displayed that RBO 3R was degraded into
non-toxic compounds by the probiotic consortium.
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