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ARTICLE INFO ABSTRACT

Keywords: Halophilic bacteria from the east coast of Tamil Nadu, India, demonstrated efficient decolorization of methyl red
Halophilic bacteria and methylene blue azo dyes. They are of special importance because the hydrolytic enzymes they produce are
Methy! red usually stable, specific, and useful in conditions of high salinity and tidal variations. Many applications,
Methylene blue . . i . . . . .

Decolourization particularly bioremediation, use them due to their exceptional performance in a variety of harsh environments.

From the east coast of Tamil Nadu, India, halophilic bacteria were identified. Optimization of pH, temperature,
and salt concentration for growth was performed on the isolated halophilic bacteria. The decolorization of
methyl red and methylene blue azo dyes by identified halophilic bacteria was studied. The capacity of three of
the six halophilic bacterial strains that were isolated from marine sediments to decolorize the commonly used azo
dyes was impressive. Phenotypic description and phylogenetic research based on comparisons of 16S rRNA se-
quences identified these strains as members of Salinicoccus roseus, Bacillus altitudinis, and Staphylococcus warneri.
Azo dye Decolorization and degradation were possible for three of six isolated strains, methyl red, and methylene
blue azo dyes after 5 days of incubation in static culture. UV-Visible spectroscopy and FT-IR analyses of methyl
red and methylene blue, conducted before and after decolorization, confirmed both decolorization and structural
degradation. The results indicate that degradation primarily occurred through azoreductase-mediated cleavage
of the azo bonds.

1. Introduction

The discharge of untreated textile effluents, particularly azo dyes in
saline waste streams, poses a significant environmental challenge. The
problem is compounded by the ecosystem’s limited supply of fresh water
and its constantly expanding population. Living things are seriously
threatened by the release of contaminated water from industrial sources,
which poses a major environmental risk. Industrial textile effluent is
treated little or not at all before being released [1,8]. The interaction
between nitrite-oxidizing bacteria (NOB) and ammonia-oxidizing

bacteria (AOB) is crucial to the nitrification process and is the primary
bioremediation by microbial bacteria. The study aims to shed more light
on the function of nitrifying bacteria found in membrane bioreactor
activated sludge and examine strategies for lowering biofouling through
nitrifying bacteria enrichment. In order to investigate fouling and
treatment effectiveness based on zero to 100 % amounts of nitrifiers, the
nitrifying community was enhanced in the activated sludge [30]. A
cleaner method based on microalgae could take the role of the aeration
system in traditional nitrification processes, improving nutrient
removal, increasing carbon capture, decreasing metabolite formation,
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Fig. 2. Optimization - Growth at different pH of halophilic bacteria.
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Fig. 3. Optimization - Growth at different temperature of halophilic bacteria.
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Fig. 4. Optimization - Growth at different salt concentration of halo-
philic bacteria.
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Fig. 5. Growth curve at different time interval of halophilic bacteria.

Table 1
Physiological and biochemical characterization of halophilic bacteria.

Characterization HPK1 HPK3 HPK4

Colony Flat Rod Cocci
Gram staining
Motility
Catalase
Indole

Citrate

Urease
Coagulase
Oxidase
Sucrose
Glucose
Fructose
Lactose -

.+.+.+
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Ct
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Fig. 6. Agarose gel electrophoresis 16S rRNA PCR products (Lanes: A-HPK1
PCR product, B-HPK3 PCR product, C-HPK4 PCR product & L- 1lkbp
DNA Ladder).

and producing less extra sludge [31,32]. The main source of water
pollution, which is most alarming environmental pollutants endan-
gering our biodiversity, is effluents from dye-based industries, such as
the textile sector. Textile dyes often fall into one of several categories,
including reactive, azo, heterocyclic, triphenylmethane, and polymeric
compositions. The most appropriate textile dyes for usage in the textile
industry are azo dyes [10,13].

Azo dyes are characterized by the presence of one or more azo bonds
(-N = N-) linking aromatic rings. These aromatic compounds also belong
to a significant family of synthetic dyes that are used in many different
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KX71/616.1 Bacillus subtilis

Fig. 7. Phylogenetic tree constructed using neighbour-joining method based on
the nearly complete 16S rRNA gene sequences of Salinicoccus roseus was used as
the outgroup.
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MT313113.1 Bacillus stratosphericus strain T10

MH040819.1 Bacillus altitudinis strain M2

GUI87967.1 Bacillus pumilus

W’308514. 1 Bacillus altitudinis strain HPK3 |
{ MG733448.1 Bacillus sp. strain APBSCS73

MF993475.1 Bacillus sp. strain pc-4w

MH?261085.1 Bacillus pumilus strain MGB3076

MH?261159.1 Bacillus pumilus strain MGB4029

NR 075005.2 Bacillus velezensis strain FZB42

Fig. 8. Phylogenetic tree constructed using neighbour-joining method based on
the nearly complete 16S rRNA gene sequences of Bacillus altitudinis was used as
the outgroup.
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MW898440.1 Staphylococcus warneri strain pgs
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MT459283.1 Staphylococcus sp. strain GG 54
KF876878.1 Staphylococcus warneri strain YZ-T1
MT448999.1 Staphylococcus warneri strain KCOM 2072

MT465278.1 Staphylococcus warneri strain KCOM 2067

MT445018.1 Staphylococcus warneri strain KCOM

MN421083.1 Staphylococcus warneri strain SSK2-13(2)

CM000758.1 Bacillus thuringiensis IBL 200

Fig. 9. Phylogenetic tree constructed using neighbour-joining method based on
the nearly complete 16S rRNA gene sequences of Staphylococcus warneri was
used as the outgroup.
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commercial applications. Numerous businesses, including the food,
paper, leather, and fabric sectors, use these artificially produced col-
oured compounds. They are also utilized in other industries as a
component of other products. In India, these dyes might account for as
much as 40 % of the dying pollution. The primary source of foreign
exchange income for the country is the export of textiles and apparel
[39]. Bacterial enzymes, particularly azoreductases, play a key role in
breaking down azo dyes via reductive cleavage of the azo bond. The
most important enzyme in the decolorization of azo dyes is azor-
eductase, which cleave azo via NADH-dependent reduction. Under
aerobic conditions, several bacteria have been shown to destroy dyes
[18]. Azo dyes have numerous negative consequences on people,
including hepatocarcinoma, chromosomal abnormalities in cells, can-
cer, eye discomfort, and instabilities in the nucleus in experimental
animals. These colours can cause fever, cramping, and kidney damage
due to their high water solubility and ability to enter the human body
through the food chain [19]. These dyes cause carcinogenesis, muta-
genesis, and teratogenicity. It is believed that methyl red dye is muta-
genic. It has the mono-azo bond and is devoid of a sulphonated group
[22,36].

Methylene blue, a common cationic thiazine dye used in textiles
[37]. There are a number of substances that can degrade azo dye and
change it into non-toxic forms. Compare to physical and chemical
techniques, best approach is biological treatment since it can break
down dye. These techniques are both economical and environmentally
friendly. Because they are non-toxic and naturally present in the envi-
ronment, microorganisms make the process environmentally pleasant.
In addition to being more affordable than other treatment techniques,
biological treatments are versatile and effective in a variety of ways
because of different pH values, temperatures, and dye concentrations
can all be adapted to by microorganisms [38]. Halophilic bacterial
strains have demonstrated promise in dye decolorization in recent years
Potential bacterial possibilities have recently been shown to be essential
to the biological breakdown of dyes by means of extracellular or intra-
cellular enzymes or the entire bacterial cell. Particularly, the metabolic
pathways of halophilic bacteria that create many enzymes have drawn a
lot of attention. These Halophilic bacteria’s remarkable qualities are
used in bioremediation techniques, such as dye decolorization. They can
withstand stress, and in some environmental circumstances, they can
mineralize synthetic colours whole or partially or break them down into
non-coloured molecules Kangli [20].

The high salinity of textile effluents frequently poses challenges for
traditional biological treatments, which are often inhibited by high
salinity. Halophilic bacteria, however, can tolerate. They are therefore
used in the bioremediation of oxyanion and oil pollution, but there has
been very little evidence of their ability to decolorize textile effluents
[7]. As compared to typical bacteria in tests on dye degradation, The
potential of marine halophilic bacteria from the Bay of Bengal ecosystem
for synthetic textile dye degradation remains underexplored, high-
lighting their environmental significance and novelty for bioremedia-
tion research. The goal of this work is to use the marine sources of
halophilic bacteria from the Bay of Bengal region to manage ecosystems
sustainably by utilizing the diversity of local microbes. The east coast of
Tamil Nadu, which is situated along the Bay of Bengal, is a significant
industrial region in India. It is home to numerous textile manufacturers,
many of which release their wastewater into the ocean. For
region-specific bioremediation techniques, it is essential to investigate
the synthetic azo dye degradation potential of halophilic bacteria in this
area. By assessing the azo dye decolorization and synthetic dye degra-
dation potential of halophilic bacteria in the Bay of Bengal, this study
aimed to fill this gap. Thus, the purpose of this investigation was con-
ducted to examine how Halophilic bacteria contribute to the decolor-
ization of synthetic textile effluents, specifically within the marine
environments of the Bay of Bengal near Chennai, India.
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Fig. 11. Decolourization of Methyl red and Methylene blue using Bacillus altitudinis HPK3 strain.

1.1. Mechanism of azoreductase

Reductases can aid in the breakdown of methyl red and methylene
blue azo dyes by breaking down azo bonds. The enzymes that have been
identified the most in dye degradation investigations include azor-
eductase and NADH-DCIP reductase. These reductases are proteins that
contain flavodoxin and use NADH as an electron donor to break the azo
bonds during the biological textile wastewater treatment process. They
are essential for the catalysis of flavin and azo reduction in both methyl
red and methylene blue azo dyes.

The cytoplasm and membrane of halophilic bacteria contain azo

reductases. Decolorization occurs when methyl red and methylene blue
azo dyes with aromatic amine metabolite production have their azo
bonds reduced by NADPH. Both inside and outside of the cell, reducing
molecules can participate in azo-bond cleavage and serve as electron
donors in this process. A redox mediator or chemical reduction by
biogenic reductants are the two methods used to break down the methyl
red and methylene blue azo bonds. This cleaves the azo linkage and
causes decolorization of methyl red and methylene blue. Nevertheless,
not all azo dyes may be readily broken down by these reductases, and
some could need particular substrates in order to break down. The
chromophore groups of the dyes are often reduced by reductive
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Fig. 12. Decolourization of Methyl red and Methylene blue using Staphylococcus warneri HPK4 strain.
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Fig. 13. Characterization of Methyl red Dye degradation from day 1-5 interval period.

enzymes, primarily azoreductase and NADH-DCIP reductase. When azo
dyes are broken down, these enzymes are significantly expressed.
Therefore, halophilic bacteria will create reductive enzymes like azo
reductase enzyme for the breakdown of methyl red and methylene blue
azo dyes. Additionally, because the organisms are extremely adaptive in
adverse environmental conditions, they will readily break down the azo
bonds. Aragaw [4,14,23] (Fig. 1).

2. Materials and methodology
2.1. Collection of samples

Halophilic bacteria isolated from coastal sediment samples namely
HPK1 (13°04°59.53"N, 80°28°24.02"E), HPK3 (E 12 97°58.10” N) (N 80
26° 44.80” E), and HPK4 (E 12 96°11.20” N) (N 80 26’ 37.30” E) were
collected from different region of East coastal marine region in sterile
polythene bags and stored at 4°C. The pH was measured between 8.1 —
8.5 and temperature- 23°C — 24°C of all the samples respectively.

2.2. Isolation of halophilic bacteria

One gram of sample (wet weight) was dispersed into 4 gm of steril-
ized 5 % NaCl solution and were serially diluted. 10 ul of 10 2 and 10 *
were spread plated on modified nutrient agar medium (peptone- 1 %,
Beef extract- 1 %, NaCl- 5 % and Agar 1.5 %) and incubated at 37°C for
3 days. The number of colonies were calculated in each sample and
inoculated in nutrient agar supplemented with 5-20 % (w/v) sodium
chloride. Based on high salt concentration growth the halophilic bac-
teria were selected for further studies. Glycerol stock (20 %, v/v) for
long-term storage at —80°C [27].

2.3. Effect of pH, salt & temperature

The pH optimum was found at a variety of pH levels ranging from 2.0
to 12.0. Salt concentrations (0 % - 25 % NaCl) in the bacterial mixture
were varied to investigate the effect of salt on halophilic bacteria. The
experiment was carried out at various temperatures (10.0 £ 0.5) °C to
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Fig. 14. Characterization of Methylene blue Dye degradation from day 1-5 interval period.

Table 2
Percentage of methyl red dye degradation from day 1-5 interval time.
Days HPK1 HPK3 HPK4
1 19.03 % 11.81 % 4.95 %
2 34.23 % 34 % 20.24 %
3 48.24 % 50.24 % 37.51 %
4 66.81 % 66.98 % 51.29 %
5 74.93 % 75.12 % 67.08 %
Table 3
Percentage of methylene blue dye degradation from day 1-5 interval time.
Days HPK1 HPK3 HPK4
1 11.17 % 12.12% 16.35 %
2 30.30 % 29.57 % 30.19 %
3 39.75 % 40.7 % 41.84 %
4 46.33 % 45.81 % 54.94 %
5 55.93 % 57.17 % 63.38 %

(60.0 + 0.5) °C to determine the temperature optimization of halophilic
bacteria. Finally, Growth curve was carried out in different time interval
period between 12 and 72 h. The optimized strains were carried out for
dye degradation studies. Based on stranded value graphs have been
plotted [5].

2.4. Identification of dye degrading halophilic bacteria

Biochemical and physiological characterization were conducted to
identify the morphology and type of dye degrading bacteria [28]. The
optimized Bacterial inoculum was centrifuged and the supernatant was
used for dye decoloring the methyl red and methylene blue dyes. The
dye degrading bacteria was used for further studies [1]. For molecular
identification, genomic DNA was extracted using BioLit Genomic DNA
extraction Kit. The extracted genomic DNA was amplified using 16 s
rRNA universal primers: forward primer (5 AGAGTTTGATCCTGGCTAG
3’) and reverse primer (5° TCTACGCATTTCACCGCTAC 3’). The ampli-
fied PCR product was purified using SMART prime PCR purification kit
and sequenced by Sanger sequencing. The sequence was analyzed using
BLAST search and the phylogenetic tree was constructed using MEGA-X
software neighborhood joining method [16].
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Fig. 15. Characterization of Methyl red Dye degradation before and after
treatment under UV- Vis Spectrometry.

2.5. Effect of dye decolorization

The optimized inoculum has been utilized to decolorize methyl red
and methylene blue dyes. In a cooling centrifuge, the optimized inocu-
lation was centrifuged for 10 min at 10,000 rpm. In order to decolorize
the cell-free aqueous supernatant, 0.01 % methylene blue and methyl
red dyes were added. The dye degradation period has been established
by UV spectrophotometry to be between 0 and 5 days [24]. Control was
used as 0.01 % methylene blue and methyl red dyes without bacterial
samples. The percentage decolorization was calculated using the for-
mula: [3]

% Decolorization = [(Initial OD - Final OD) / Initial OD] x 100

where OD is the optical density at the Amax of the respective dye.
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Fig. 16. Characterization of Methyl red Dye degradation before and after
treatment under UV- Vis Spectrometry.
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Fig. 17. FTIR spectrum of Methyl red Dye degradation before and
after treatment.

2.6. Characterization of dye degradation

Dye degradation was confirmed using UV spectrophotometry UV-
1900i Shimadzu instrument and FTIR Shimadzu IR-spirit-Ix instru-
ment. In UV spectrophotometry, methylene blue and methyl red used as
a control where, the higher concentrated degraded solution was chosen
for analysis and scanned between 200 and 1000 nm. Before and after
decolorization peaks have been recorded. The decoration functional
groups were analyzed in FTIR spectroscopy. The degraded suspension
was centrifuged at 5000 rpm for 10 min in cooling centrifuge. The su-
pernatant solution was lyophilized and methylene blue & methyl red
dyes used as control for FTIR analysis [29].

2.7. Statistical analysis

All data are presented as means + standard deviation (SD). Data
were analyzed using analysis of variance (p < 0.05), and means were
differentiated by Duncan’s multiple range test. The outcomes were
analyzed utilizing SPSS version 23.
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Fig. 18. FTIR spectrum of Methylene blue Dye degradation before and
after treatment.

3. Result and discussion

Six halophilic bacterial strains (HPK1-HPK6) tolerant to up to 20 %
NaCl were isolated from Bay of Bengal sediments near Chennai.
Numerous investigations have been carried out about their ecological
and phylogenetic traits, as well as their biotechnological uses, such as
bioremediation [12]. Tamil Nadu is bordered by coastal regions that
face the Indian Ocean to the south and the Bay of Bengal to the east. The
Bay of Bengal’s waters have an average surface salinity of 30 %-33 %,
which is noticeably lower than that of the Indian and Arabian Seas.
Salinity trends and resident microbial communities are significantly
impacted by the wide variations in rainfall patterns among states.
Generally speaking, these variations result from a significant input of
freshwater brought on by the waters salinity and the expanding micro-
bial community [28]. Halophilic bacteria were isolated and counted
from marine water samples that were obtained from various locations
and preserved appropriately.

3.1. Isolation of halophilic bacteria

From spread plate, the different colonies were inoculated in the 5 %
NaCl nutrient agar and grown bacteria were inoculated in increased
NaCl concentrations up to 20 %. Totally six bacteria are capable to grow
in extreme salt concentration up to 20 % of NaCl. These six isolates were
labelled as HPK1 to HPK6 and used for further studies. The ecology,
taxonomy, and phylogeny of halophilic bacteria, as well as their
biotechnological uses such as textile dye degradation, have been the
subject of several investigations [19].

3.2. Optimization of pH, temperature & salt concentration

When cells are cultivated in higher concentrations of salts, metabolic
activity is enhanced; this could be because enzyme activity is raised. pH
is typically regarded as one of the primary elements influencing the
bacteria stability since it is essential for the passage of cell components
across the membrane [17]. The halophilic bacteria in this investigation
showed a broad range of pH adaption. It’s essential to investigate the salt
tolerance of halophilic bacteria because osmotic pressure influences
bacterial efficiency and because bacteria often possess a high salt
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content [21]. Therefore, this study assessed the consequences of varying
salt levels on the halophilic bacterial isolates which resulted different
optimized salt concentration in all the isolates. Bacterial metabolism is
significantly influenced by temperature. While high temperatures can
damage the enzyme’s active core and prevent it from functioning, low
temperatures can result in insufficient enzyme activity [11]. Thus, one
of the primary factors influencing the bioremediation of halophilic
bacteria in our investigation was temperature.

Optimal growth conditions were determined as follows: Salinicoccus
roseus HPK1 - pH 8.0, 40°C, 13 % NaCl; Bacillus altitudinis HPK3 - pH 8.0,
40°C, 15 % NaCl; Staphylococcus warneri HPK4 - pH 8.0, 40°C, 15 %
NaCl. The Growth curve of all the strains are highest peak values are
obtained in 24 h. When isolates were cultivated on a medium with an
optimal pH, salt and temperature level based on their isolates, it was
shown that cell growth decreased as the quantity of salt increased.
Optimal growth conditions for dye degradation studies were determined
to be pH 8.0, 40°C, and 13-15% NaCl depending on the strain
(Figs. 2-5).

3.3. Identification of dye degrading halophilic bacteria

According to the characterization of dye degrading halophilic bac-
teria, only three of the six isolates were able to breakdown both meth-
ylene blue and methyl red after their supernatant was inoculated with
0.01 % of the dyes. The dye degrading bacteria are HPK1, HPK3 and
HPK4. These three halophilic bacteria that break down dye are used in
future research. The similar study reported in methyl red dye degrada-
tion using actinobacterium Zhihengliuella sp. Takkar et al., [37], and
methylene blue dye degradation using Bacillus thuringiensis [38]. And a
study reported that degradation of methyl red using Bacillus circulans
NPP1, Proteus mirabilis [2,26] and for methylene blue dye degradation
using Staphylococcus aureus and Pleurotus sp. Silva et al., [6,34].

The following Table 1 lists the physiological and biochemical char-
acteristics. The three dye degrading strains underwent additional
biochemical investigation. The flat colony HPK1 strain, the bacillus
(rod-shaped) HPKS3 strain and the cocci colony HPK4 strain. Biochemical
characterization confirmed the isolates as Gram-positive bacteria
(Table 1). HPK1 (Salinicoccus roseus) was non-motile and oxidase posi-
tive, HPK3 (Bacillus altitudinis) was motile and oxidase positive, while
HPK4 (Staphylococcus warneri) was motile but oxidase negative.

For molecular identification, all the three halophilic isolates under-
went phylogenetic analysis using the 16S ribosomal RNA gene
sequencing technique. The genomic DNA was isolated and was used for
16S rRNA sequencing, using universal primer the PCR product was
identified (Fig. 6). The evolutionary distance is shown along with the
isolates’ phylogenetic relationship and sequence comparison with the
GenBank database using the Basic Local Alignment Search Tool (BLAST)
tool. The strains are identified as HPK1 - Salinicoccus roseus
(MW308504), HPK3 - Bacillus altitudinis (MW308514), and HPK4 -
Staphylococcus warneri (MW308518). To examine their evolutionary
relationships, the 16S rRNA of one of the halophilic bacterial strains was
sequenced. A phylogenetic tree indicates the function of halo bacterial
isolates. Using bootstrap consensus for multiple replicates and the
neighbour-joining technique, the evolutionary history of the taxa was
deduced. With branch lengths matching the evolutionary distances
required to make conclusions, the phylogenetic tree is depicted to scale.
NCBI tools were used to conduct evolutionary investigations [9]
(Figs. 7-9).

3.4. Effect of dye degradation

The strain’s capacity to decolorize was tested by screening it with a
methyl red and methylene blue of azo dyes. The effect of both textile dye
degradation in different interval time period, the methylene blue and
methyl red could start able to degrade in 24 h. Continuously both the
dye increases in decolorizing day by day, the efficiency of dye degrading
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increase in percentage. After 5 days, Salinicoccus roseus HPK1 degraded
74.93 % of methyl red and 55.93 % of methylene blue. Bacillus altitudinis
HPK3 degraded 75.12 % of methyl red and 57.17 % of methylene blue.
Staphylococcus warneri HPK4 degraded 67.08 % of methyl red and
63.38 % of methylene blue (Figs. 10-14, Tables 2-3). Similarly, the
study was to determine how successfully the Pseudomonas putida strain
could degrade methyl red in a laboratory setting. Methyl red, an azo
colour, and the following circumstances were both better broken down
by the chosen bacterial strain. UV-vis spectroscopy were employed to
examine the deterioration of methyl red dye [33]. Comparability a
recent study, Rhodopseudomonas palustris can degrade methyl red in 10
days [35]. In this study, a strain of Salinicoccus roseus was able to break
down 55.93 % of the methylene blue in just five days. In five days, the
Bacillus altitudinis and Staphylococcus warneri strains can degrade
methylene blue by 57.17 % and 63.38 %, respectively. Comparability
methylene blue can be broken down by the Bacillus licheniformis genus
partially, according to a study and Pseudomonas aeruginosa bacteria will
degrade of methylene blue [25]. According to this study, halophilic
bacteria may effectively cure azo dyes used in the textile sector
(Figs. 10-14) (Tables 2-3).

3.5. Characterization of dye degradations

The presence of spectral alteration was confirmed by degradation
experiments of methyl red and methylene blue using UV-VIS spectro-
photometry UV-1900i Shimadzu instrument. Before treatment, the
methylene blue sample showed a prominent peak in the visible area at
660 nm. More than 90 % of the methylene blue dye was used to reduce
the peaks at 660 nm following treatment with halophilic bacterial
strains of Salinicoccus roseus, Bacillus altitudinis, and Staphylococcus
warneri, showing significant decolorization. The spectral peaks were
compared with before and after treatment. For methyl red the prominent
peak visible in 420 nm before treatment. After methyl red degradation,
all of the bacterial sample peaks were visibly absent. UV-Vis spectro-
scopic study of the two azo dyes (before and after treatment) shows that
the solution (methylene blue and methyl red) was completely decolor-
ized, as evidenced by the decrease in absorbance peaks in the visible
area without any change in A-max (Figs. 15-16). The methyl red and
methylene blue azo dyes under study’s FTIR spectra Shimadzu IR-spirit-
Ix instrument both before and after decolorization. The biodegradation
capacity of the parent dye molecule by Salinicoccus roseus, Bacillus alti-
tudinis, and Staphylococcus warneri strains is evident from the compari-
son of the FTIR spectra of the recovered metabolites during
decolorization with the FTIR spectra of the control dye (before to
degradation). In methyl red, A shifted band at 1640.18 cm™ replaces the
Azo bond peak at 1636.63 cm™! in Salinicoccus roseus HPK 1, suggesting
cleavage and potential transformation to amide/ketone. The absence of
the aromatic C=C peak at 1450.49 cm™ indicates that the aromatic ring
has been disrupted. The newly produced polar functionalities or nitrile
may be represented by the new peak that occurs at 2005.03 cm™ . These
modifications validate that the Salinicoccus roseus HPK1 strain has
broken down the azo linkage and aromatic structure in methyl red.
Bacillus altitudinis HPK3 exhibits structural change of azo or neighboring
conjugated systems, as evidenced by the replacement of the original
azo/aromatic band at 1636.63 cm™' by 1638.56 cm™ . Aromatic ring
cleavage is suggested by the disappearance of the 1332.22 cm™ band
and the aromatic C-H band at 3070.72 cm™ . The production of
degradation byproducts such as nitriles or other unsaturated in-
termediates is suggested by the appearance of a new 2044.58 cm™" peak.
Significant dye structure degradation by Bacillus altitudinis HPK3 is
confirmed by changes and the removal of aromatic and azo signals. A
new band at 1638.66 cm™ replaces the azo-associated peak
(1636.63 cm™) in Staphylococcus warneri HPK4, indicating azo bond
cleavage or conversion. Aromatic ring loss is shown by the disappear-
ance of the aromatic C=C (1450.49 cm™) and aromatic C-H
(3070.72 cm™) peaks. A new peak at 2180.56 cm™ appears, which is



P. Kumar et al.

probably related to degradation intermediates of the nitrile type. The
structural breakdown of methyl red by Staphylococcus warneri HPK4 is
confirmed by the formation of additional peaks and the elimination of
core aromatic characteristics. The peaks that cause the cleavage of
various bonds and functional groups were generally found and matched.
By employing distinct bacteria, methyl red was similarly decolorized to
distinguish between treated and untreated methyl red [35]. Halophilic
bacterial strains-degraded product’s FTIR spectrum after being isolated
from methylene blue dye exhibited peaks, In Salinicoccus roseus HPK1, A
shifted band at 1640.18 cm™ replaces the azo/thiazine-associated peak
at 1636.63 cm™ , indicating chromophore structural breakdown. The
absence of aromatic C=C at 1450.49cm’and C-N at
1332.22 cm™! suggests that the thiazine ring structure has disintegrated.
New bands between 2005.03 and 2117.87 cm™ imply the creation of
intermediates that resemble nitrile. Salinicoccus roseus HPK 1’s degra-
dation of methylene blue is confirmed by a significant chromophoric and
ring system disintegration. A change in the core dye structure is shown
by the replacement of the azo/conjugated peak at 1636.63 cm™ with
1638.56 cm™ in Bacillus altitudinis HPK3. Degradation of the aromatic
thiazine ring is indicated by the loss of peaks at 1332.22 cm™ (C-N) and
1450.49 cm™ (C=C). Additionally, the appearance of 2044.58 cm™" and
2175.63 cm™ points to the formation of intermediate functional groups
(such as nitriles and isocyanates). Significant breakdown by Bacillus
altitudinis HPK3 is confirmed by the loss of core dye signals and the
development of additional peaks. The degradation-supporting
1636.63 cm™ azo/thiazine peak in Staphylococcus warneri HPK4 is
replaced by a new band at 1638.66 cm™ . The collapse of the thiazine
chromophore is shown by the disappearance of 1450.49 cm™ and
1332.22 cm™ . Breakdown intermediates of the nitrile type or a similar
kind are indicated by a strong new band at 2180.56 cm™ . The structural
breakdown of methylene blue by Staphylococcus warneri HPK4 is
confirmed by the spectrum changes and peak loss.

The breakdown of the dye into intermediate compounds is indicated
by changes in the peaks of the supernatant following dye decolorization
as compared to the original dye [15]. The shift in the peak points to a
possible breakdown of functional groups that altered the dyes’ initial
structure in the test samples that were decolorized (Figs. 17 -18)

4. Conclusion

Three halophilic bacterial strains - Salinicoccus roseus HPK1, Bacillus
altitudinis HPK3, and Staphylococcus warneri HPK4 - isolated from the
Bay of Bengal demonstrated significant potential for decolorizing
methyl red (67-75 %) and methylene blue (56-63 %) under optimized
conditions (pH 8.0, 40°C, 13-15 % NaCl) within 5 days. Achieving up to
75 % decolorization, highlighting their effectiveness as bioagents for
saline textile effluent bioremediation. The observation demonstrated
that the halophilic bacteria decolorize pollutants and are adaptable in
nature. The strains had a benefit for treating wastewater from the textile
sector since it can withstand and decolorize textile dyes at high con-
centrations. While effective under static conditions, further research is
needed to evaluate performance in dynamic systems simulating indus-
trial wastewater flow and to scale up the process. Toxicity assessment of
degradation metabolites is also essential before field application.
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