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Abstract
Azo dyes are used as coloring agent in textile industries at larger scale. As a result, large quantity of dye-enriched waste 
water is generated which subsequently poses environmental problems. Biological tool involving bacteria having azoreductase 
enzyme has proved to be more effective and efficient in dye effluent treatment. Current work focuses on Staphylococcus 
caprae (S. caprae) for degradation and decolorization of Reactive Red-195 (RR-195) azo dye. For this purpose, factors such 
as pH, temperature, inoculums, carbon and nitrogen sources, and dye concentrations have been optimized for maximum 
decolorization and degradation. S. caprae (4 mg/mL) efficiently resulted into 90% decolorization of RR-195 dye under static 
condition at 100 µg/mL concentration, 30 °C and pH 7.0 at a 12-h contact period. FTIR analysis has revealed the formation 
of new functional groups in the treated dye such as O–H stretch at 3370 cm−1, C-H band stretching at 2928 cm−1, and new 
band at 1608 cm−1 which specify the degradation of aromatic ring, 1382 and 1118 cm−1 represents desulfonated peaks. 
Biodegraded metabolites of RR-195 dye such as phenol, 3, 5-di-tert-butylphenol, and phthalic acid have been identified 
respectively that find industrial applications. Phytotoxicity test has shown non-toxic effects of treated dye on germination 
of Vigna radiata and Triticum aestivum seeds. Further, antibiotic diffusion assay has confirmed the biosafety of S. caprae.
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Introduction

Dye industry contributes heavily to environmental pollution. 
Synthetic dyes are utilized in different industries such as 
leather, paper, printer, paint, and textile to color their prod-
ucts (Slama et al. 2021). Azo dye is one of the most com-
monly used synthetic dyes in the textile industry and its fixa-
tion rate varies from 60 to 90%. Unfixed dye effluent (10 to 
15%) gets discharged into the environment, leading to water, 
air, and soil pollution (Yuan et al. 2020; Ikram et al. 2022), 
and subsequently affecting human health. Therefore, complete 
mineralization of the azo group is required. Physico-chem-
ical methods are available for the removal of dye effluents  
(Jargalsaikhan et al. 2021; Al-tohamy et al. 2022). These are 
highly expensive processes that produce a bulky amount of toxic  
sludge and need further processing. Bioremediation process, 

on the other hand, is cost-effective, more viable, and green 
technology for the decolorization and mineralization of azo 
dye. Reports are available on the decolorization and degrada-
tion of azo dye using algae and fungi such as microalgae (Behl 
et al. 2019), Lychaete pellucid (Khalaf et al. 2023), Caulerpa 
lentillifera (Marungrueng and Pavasant 2007; El-Sheekh et al. 
2023), and Microcystis (El-Sheekh et al. 2017). However, 
algae and fungi require prolonged time for decolorization 
and degradation of dye owing to their long-life cycles. Pres-
ence of azoreductase enzyme is reported in various bacterial 
species, like bacterial consortium (Guo et al. 2020), Pseu-
domonas aeruginosa (Khan et al. 2023), and Escherichia coli 
(Ikram et al. 2022), which plays a major role in decoloriza-
tion and degradation of azo dye. Bacteria require a two-step 
process for complete detoxification of azo dye. Initially, azo-
linked dye gets reduced through the bacterial azoreductase 
enzyme, and it produces aromatic amines. Aromatic amines 
are toxic in nature but they get degraded and mineralized in 
non-toxic form through bacterial action (Amin et al. 2020). 
Still, there is a need for continuous work to find more suit-
able and efficient bacteria for dye effluent detoxification in 
a short time. In the present investigation, S. caprae has been 
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used for the decolorization and degradation of RR-195 dye. 
S. caprae was isolated from dye effluent, and its mass culti-
vation was carried out. Most of the reports are available on 
the detoxification of dye using free cells of bacteria, which 
are not much feasible to be removed from the waste water. To 
sort out such problems, beads of S. caprae were prepared and 
used for decolorization and degradation of RR-195. Various 
environmental and nutritional factors were optimized for effi-
cient dye decolorization and degradation in a short-time span. 
Subsequently, the biodegraded product of dye was character-
ized using UV–visible, FTIR, and GC–MS analysis. A phy-
totoxicity study was performed to analyze the toxicity range 
of dye-biodegraded effluent. Antibiotic diffusion assay was 
also performed to confirm the biosafety of S. caprae using 
vancomycin and azithromycin antibiotics.

Materials and methods

Dyestuff and chemicals

RR-195 azo dye was obtained through the courtesy of Dream 
Home Carpet Pvt. Limited, Panipat, India. Stock solution 
(100 µg/mL) of dye was prepared in sterilized double-distilled 
water and subsequently solution was filtered using a 0.22-μm 
pore size filter paper (Millipore filter, India). Agar powder, 
Mueller–Hinton agar, vancomycin and azithromycin, peptone, 
yeast extract, nitrogen and carbon sources, and nutritional 
broth chemicals of analytical grade were purchased from 
Himedia Laboratory, Delhi, India.

Isolation and purification of bacteria

Dye effluent was collected from the Bhadohi Carpet Indus-
try (Uttar Pradesh, India) and diluted (10−10 times) in auto-
claved double distilled water. Solid agar medium enriched 
with peptone, lactose, yeast extract (PLY) supplemented 
with RR-195 dye (100 µg/mL) was prepared under sterilized 
condition. Dye effluent (10−10 times diluted) was inoculated 
on solid media containing Petri plates and were incubated 
for 24 h at 30 °C under aseptic environment using stand-
ard method (Singh et al. 2015). Clear zone formations were 
observed after 12 h. Bacteria were picked up from three 
clear zones of dye-treated plates. Isolated bacteria were 
introduced into the PLY (100 mL) broth medium and their 
growth was measured as absorbance of bacterial suspen-
sion at 600 nm (A600) using spectrophotometer (Hitachi 
U-2900/2910). Each unique bacterial strain was treated with 
RR-195 dye (100 µg/mL) and kept separately under shak-
ing (100 rpm) and static condition for 12 h. After, every 2-h 
intervals, 3-mL samples were drawn to centrifuge (Sigma 
GmbH, Model 1–15 pk, Germany), for 10 min at 5000 rpm. 
The absorbance of the supernatant was determined using 

UV–Vis spectrophotometer (Hitachi U-2900) at λ max 
520 nm (A520). The most efficient bacterial strain was 
selected for further study. The decolorization (%) was cal-
culated as per the formula given below.

Decolorization % = (A520 of control – A520 of treated  
sample × 100) / A520 of control.

Culture identification

Isolated and purified bacterial culture was identified accord-
ing to its 16S rRNA gene sequences using Big Dye Termi-
nator v3.1 Cycle Sequencing Kit’s, Bengaluru, Karnataka 
560,043. Genomic DNA of the strain was extracted using 
DNA extraction kit as per the manufacturer’s manual. The 
16S rRNA gene was elaborated by PCR using the 16S for-
ward primer (5′-GGA​TGA​GCC​CGC​GGC​CTA​-3′) and 16S 
reverse primer (5′-CGG​TGT​GTA​CAA​GGC​CCG​G-3′). The 
detailed program was set as following: 3 min at 94 °C, fol-
lowed by 30 cycles for 1 min at 94 °C, 1 min at 50 °C, 2 min 
at 72 °C, and final extension at 72 °C for 7 min. The PCR 
products were purified for sequencing. The provided sam-
ples were recorded with data of 1433 bp Aligned Sequence. 
All reagents were of analytical grade.

Preparation of bacterial beads

The exponential phase S. caprae biomass was obtained 
through centrifugation at 5000 rpm. To generate the beads, 
the bacterial biomass (100–400 mg) of S. caprae was mixed 
separately with 50 mL of sodium alginate (4% w/v) prepared 
in PLY medium. Subsequently, mixture was introduced drop 
wise into 0.2 mol/L calcium chloride solution with the help 
of 0.45 × 13 mm gauge syringe under aseptic condition. The 
produced beads were collected and suspended in (100 mL) 
growth medium.

Optimization factors for S. caprae for dye decolorization

Dye solution (100 µg/mL) treated with S. caprae beads 
(100 mg biomass) were incubated for 12 h at pH 5 under 
static and shaking (120 rpm) condition at 30 °C. Three mil-
liliters of the test sample was drawn at 1-h intervals for 12 h. 
Subsequently, test samples were centrifuged at 5000 rpm for 
10 min to obtain supernatant. The supernatant’s absorbance 
was measured at 520 nm (A520). Same experiments were 
incubated at pH 7 and 9 respectively to know the role of pH 
for decolorization of dye using S. caprae. Dye removal was 
maximum at pH 7 under static condition at 30 °C (Ikram 
et al. 2022; Singh et al. 2022).

Size of the inoculums (100–400 mg) and temperature 
(25–40 °C) were optimized under static condition for dye 
removal (Singh et al. 2015, 2022). The medium was sup-
plemented with 0.3% w/v carbon sources (glucose, sucrose, 
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fructose, and starch) to increase the dye decolorization by 
S. caprae (Ikram et al. 2022; Kamal et al. 2022). Nitrogen 
sources (0.15% w/v concentration) were added in the form 
of ammonium chloride, ammonium sulfate, ammonium 
nitrate, and urea to the medium to improve dye decoloriza-
tion (Singh et al. 2022). Increased dye concentrations from 
100 to 500 µg/mL were used to evaluate the efficiency of 
bacteria for maximum dye decolorization.

Investigation of degraded metabolites by UV–
visible scanning, FT‑IR, and GC–MS

Aliquots of the 3.0 mL samples from RR-195 dye treated 
with bacteria and control (100 µg/mL synthetic dye solu-
tion) were drawn at 1-h regular time intervals up to 12 h. 
Samples were centrifuged (Sigma GmbH, Model 1–15 
pk, Germany) at 5000 rpm for 10 min to obtain superna-
tant. Resultant supernatant was scanned at 200–800 nm (λ) 
against dye solution using UV–Vis spectrophotometer. Dye 
decolorization was carried out at 30 °C under static condi-
tion at pH 7 (Singh et al. 2022).

S. caprae treated dye degraded metabolites were exam-
ined using FTIR spectroscopy to know functional groups 
following standard method (Singh et al. 2018). Freeze-dried 
state of RR-195 treated supernatant was mixed with KBr 
(Lyophilizer Christ Alpha 1–2) to make pellets and were 
used for FT-IR analysis (Perkin Elmer Spectrum version 
10.03.05 spectrometer) to know functional groups. GC–MS 
analysis was used to determine the structure and the m/z 
(mass spectra) ratio of the newly formed product after dye 
biodegradation following standard method as discussed by 
Singh et al. (2022).

Toxicity assessment

Phytotoxicity assessment

Phytotoxicity test was carried out to analyze the toxicity 
of bio-degraded metabolite (Singh et al. 2017). T. aestivum 
(wheat) Var. HUW 510 and V. radiata (Moong) Var. HUM-
12 seeds were procured from the Institute of Agriculture, 
BHU, Varanasi, India. Phytotoxicity test was followed up to 
assess the effect of bacterial treated and untreated (100 µg/
mL RR-195) dye on T. aestivim and V. radiata. Control sam-
ple (distilled water) was used for the comparative study. In 
the beginning of experimentation, 0.1% sodium hypochlo-
rite solutions were used to sterilize seeds for 1 min. Sub-
sequently, seeds were washed and then soaked for 10 min 
in sterilized distilled water. After that, each sterilized Petri 
plate was covered with two layers of sterile distilled water 
(10 mL) moistened wet tissue paper (Maxwin, India). After 
that, 10 seeds were distributed on each plate and sprin-
kled every day at a fix time with a 5-mL supernatant of 

bacterial-treated dye. As stated by the Organization for Eco-
nomic Co-Operation Development OECD’s (OECD 2003) 
for the seed germination test, the growth of the plumule 
(shoot), radicle (root), and germination (%) were measured 
every 24 h up to 4 days.

Antibiotic resistant test

Antibiotic resistant testing is required to authenticate suscep-
tibility to selected antimicrobial agents or to identify resist-
ance in isolates. In the present investigation, an antibiotic 
diffusion assay was used for (vancomycin and azithromy-
cin) antibiotic resistance testing in S. caprae. Initially solid 
agar plates were prepared using 3.8% Mueller–Hinton agar 
medium in sterilized double-distilled water under aseptic 
condition. Bacterial culture (100 µL) was spread over the 
solid media containing Petri plates. A well was created in 
the center of plate using pipette. The two antibiotics (5 µg/
mL) were added in two Petri plates in a well using the micro-
pipette and were incubated for 16 h at 30 °C under aseptic 
environment (Bauer et al. 1966). After 16 h, a clear zone of 
inhibition was observed confirming the susceptibility of the 
isolate against these antibiotics (Fig. 6).

Quality assurance and control

Glass wares were systematically cleaned and retained in 
2 mol/L HNO3 for 20 h before being washed and dried. 
Quality control (QC) was affirmed for each test using one 
control sample and one triplicate.

Statistical analysis

Results of triplicate experiments were represented as mean 
value ± standard error (SE). When ANOVA was significant 
(p ≤ 0.05), means were segregated using Turkey’s numer-
ous test. For statistical analysis, SPSS v. (SPSS 16.0; IL, 
Chicago, USA) has been used.

Results and discussion

Culture identification

Isolated microbe was identified as Staphylococcus caprae  
strain 116,030,216 on the basis of 16S ribosomal RNA 
gene sequencing. This strain showed 99.86% similarity with 
Staphylococcus sp. strain 92,738. Although, 98% similarity 
is examined as an edge for prokaryotic species identification. 

Germination % =
No. of seeds germinated × 100

Total no. of seeds tested
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Phylogenetic (maximum likelihood) tree of the isolated bacteria  
was constructed using MEGA software (Hall 2013) with 
Kimura 2 parameter model (Fig. 1). Identified bacteria S. caprae  
strain 116,030,216 is distinct with bold bullet accession number. 
The partial sequence of the identified strain was subsequently 
deposited to NCBI under the accession number, OP522362. 
Reports are available on several other Staphylococcus strains, 
such as S. capitis JCM2420, S. caprae ATCC35538, S.  
capitis LK499, S. caprae DSM 20608, S. hominis RMLRT03, 
S. saprophyticus BHUSSX5, Staphylococcus K2204,  
Pseudomonas putida R43, and Enterobactor which are used  
for dye degradation and are isolated from dye effluents (Zahoor 
and Rehman 2009; Basharat et al. 2023; Stingley et al. 2010; 
Singh et al. 2014; Kumari et al. 2015; Velayutham et al. 2018; 
Garg et al. 2012; Singh et al. 2022). These strains were included 
in phylogenetic tree.

Effect of optimization factors on S. caprae 
for RR‑195 dye decolorization

pH is essential factor for the optimum physiological per-
formance of microbial cultures for dye decolorization. 

It has an impact on several biochemical and enzymatic 
processes, including cell development. Nutrients as well 
as dye molecules are transported inside the bacterial cell 
across the membrane at specific pH, which help in decol-
orization of dye (Bekhit et al. 2020; Lade et al. 2015; 
Carolin et al. 2021). Effects of pH (5 to 9) were observed 
on the RR-195 dye decolorization efficiency of S. caprae. 
Beads of 100 mg biomass of S. caprae was found effec-
tive to decolorize 54%, 60%, and 52% RR-195 dye of 
100 µg/mL concentration at pH 5, 7, and 9 respectively 
after 12 h of incubation. Maximum RR-195 dye decolori-
zation was observed at pH 7 (Fig. 2a). Avci et al. (2023) 
also observed a maximum decolorization rate (89.8%) of 
Reactive Orange (RO 13) at pH 7 in case of Bacillus sp. 
Bacillus stratosphericus SCA 107 showed its efficiency 
to decolorize RO 16 at pH 7 (Akansha et al. 2022). Ewida 
et al. (2019) have reported optimal decolorization of Acid 
Red 337 dye by Bacillus megaterium at pH 7. Carolin 
et al. (2021) have also reported maximum methyl orange 
dye decolorization using M. yunnaenensis at neutral pH 
7. However, the ability of decolorization decreased at pH 
values less than 7. This is attributed to negative effect of 

Fig. 1   Phylogenetic relationship of S. caprae 116,030,216 with different strain of Staphylococcus and other species of Pseudomonas and Entero-
bacter isolated from dye effluent
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Fig. 2   Optimization parameters 
for % decolorization of RR-195 
dye by S. caprae under various 
a pH; b temperature; c shaking 
and static condition; d inoculum 
size; e and f nutrient sources 
(carbon 0.3% and nitrogen 
0.15%); g dye concentration
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acidic condition on the transport of azo dye inside the 
bacterial cells (Guo et al. 2020). At the same time under 
acidic condition, azo dye got converted into protonated 
form which could not be identified by the microbes for 
their action and decolorization rate decreases (Du et al. 
2015). A similar result was observed by Singh et al. (2022) 
for 86.34% RY-145 decolorization using mixed consor-
tia at pH 7. Roy et al. (2018) have also stated maximum 
decolorization of Crystal Violet dye using bacteria at pH 
7. However, decolorization trend decreased under acidic 
and alkaline pH. Basharat et al. (2023) have also reported 
96.0% Congo red dye decolorization by S. caprae at pH 7.

An optimum temperature for the viability of bacterial 
cells is required. It regulates the bacterial metabolism and 
their enzymatic properties. Therefore, experiments were per-
formed at various temperatures. S. caprae was incubated 
with RR-195 dye at 25, 30, 35, and 40 °C for 12 h. Bacteria 
were found efficient in 65% decolorization of RR-195 dye at 
30 °C (Fig. 2b). A decrease in decolorization and degrada-
tion of RR-195 dye was observed with further increase or 
decrease in temperature. Shah et al. (2013) also recorded 
maximum decolorization of methyl orange by Pseudomonas 
sp. at 30 °C. A maximum (91%) decolorization of AR 337 
dye was obtained by B. megaterium at 30 °C (Ewida et al. 
2019). Carolin et al. (2021) have described a decrease in dye 
decolorization at high temperature. This was mainly due to 
negative impact of high temperatures on viability of bacte-
rial cells and subsequently on their enzymatic properties.

Decolorization and degradation of dyes are also governed 
by anaerobic and aerobic conditions (Garget al. 2020). Bio-
degradation of azo dyes may be inhibited or favored in the 
presence of oxygen, which depends on oxygen sensitive and 
insensitive enzymes present inside the bacterial cells used 
in the experiment (Singh et al. 2015). In the current inves-
tigation, 70% and 65% RR-195 dye decolorization by the S. 
caprae BM8 was achieved under static and shaking culture 
conditions, respectively, after 12 h of incubation (Fig. 2c). 
Results showed that under shaking conditions, more oxy-
gen was available, which favored better bacterial cell bio-
mass production as compared to static condition. However, 
maximum RR-195 dye decolorization was noted under static 
rather than shaking culture conditions. Enzyme azoreduc-
tase under shaking conditions becomes inactive due to being 
oxygen sensitive, and dye decolorization and degradation 
get hampered (Kumar et al. 2019; Haque et al. 2021). Singh 
et al. (2022) have also reported maximum azo dye decolori-
zation (95.73%) using mixed consortia within 12 h under 
static rather than (90.57%) shaking condition.

Inoculum size also plays a major role in dye decoloriza-
tion and degradation. When RR-195 dye of 100 mL having 
100 µg/mL concentrations was treated with bacterial bead 
biomass of 100 to 400 mg, there was increase in the decol-
orization percentage (Fig. 2d). The highest decolorization 

of 90% was obtained using 4 mg/mL inoculum, which was 
followed successfully by that of 88%, 78%, and 70% using 
3 mg/mL, 2 mg/mL, and 1 mg/mL biomass. There was no 
further increase in decolorization percentage on further 
increasing bacterial bead biomass by more than 4 mg/mL. 
Bonugli-Santos et al. (2016) and Roy et al. (2018) also 
reported that the decolorization potential increases in inocu-
lum size to a certain extent, beyond which it decreases, as 
enzyme production is reduced due to nutritional depletion 
caused by increased biomass. This results in a decrease in 
the metabolic activity of microorganisms. Singh et al. (2022) 
have reported that an initial increase in inoculum favors the 
rate of decolorization. However, further increase in the size 
of inoculum causes overlapping of their surface area. Sub-
sequently, dye decolorization is inhibited due to lesser avail-
ability of bacterial surface area.

The ability of S. caprae for RR-195 dye decolorization 
was studied in the presence of co-substrates such as various 
forms of carbon and nitrogen (Fig. 2e, f). Generally, azo dyes 
have a less carbon content therefore in the absence of carbon 
as co-substrate the degradation of azo dyes by bacteria gets 
inhibited (Al-Tohamy et al. 2020; Garg et al. 2020).

To investigate the effect of carbon on S. caprae for dye 
decolorization, experiments were performed with various 
forms of carbon sources (glucose, sucrose, fructose, and 
starch) at 0.3% (w/v) concentration while keeping other 
parameters constant (pH 7, 100 µg/mL dye concentration, 
30 °C temperature, 4% inoculum size). Dye degradation was 
95% with glucose as a co-substrate (Fig. 2e). However, other 
forms of carbon sources showed the least dye degradation 
as compared to glucose. Guadie et al. (2017) reported 95 to 
100% decolorization of azo dye using Bacillus sp. in pres-
ence of glucose as a carbon source. Glucose is the simplest 
form of carbon, which could be easily metabolized and 
subsequently transported inside the bacterial cells, where 
it helps with decolorization and degradation of dye (Al-
Tohamy et al. 2020; Carolin et al. 2021). Similar results 
were recorded by Singh et al. (2022) who used glucose as 
carbon source for decolorization and biodegradation of azo 
dye with the help of mixed consortia.

Decolorization of dye was observed under differ-
ent nitrogen sources like ammonium sulfate, ammonium 
chloride, ammonium nitrate, and urea at 0.15% (w/v) con-
centration while keeping other parameters constant. In the 
present study, ammonium sulfate showed 97% decoloriza-
tion of RR-195 dye (Fig. 2f). Decolorization was increased 
in ammonium sulfate supplemented media because it 
was assimilated easily by bacteria as compared to other 
nitrogen sources (Shi et al. 2021). A nitrogen source also 
generates NADH, which acts as an electron donor for the 
azoreductase enzyme, which reduces azo dyes (Guo et al. 
2020; Carolin et al. 2021). Similar results were observed 
by Seyedi et al. (2020).
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At a 100-µg/mL dye concentration, decolorization was 
observed 97% while 45% decolorization was recorded at 
500 µg/mL within a 12-h incubation period (Fig. 2g). With 
increasing dye concentrations, the efficiency of dye decol-
orization decreases. Increasing concentrations of dye cause 
toxicity to microbial growth and thus reduce the ability of 
the bacterial biomass to catalyze the degradation process 
(Prasad and Ram 2020). Avci et al. (2023) have observed 
that with increase of initial concentration of dye, there was 
concomitant decrease in decolorization of dye Reactive 
Orange 13 (RO-13) by Bacillus sp. SBT8. Dye inside the 
bacterial cells acts as redox active, and causes univalent 
reduction of molecular oxygen and consequently produces 

H2O2, and hydroxyl radical (Farias et al. 2021). During the 
dye degradation process, there is formation of more toxic 
intermediate compounds like aromatic amines (Balapure 
et al. 2015) which causes oxidative stress. Similar result was 
reported by Cabiscol et al. (2000).

Investigation of metabolites of treated 
and untreated RR‑ 195 dye by UV–visible scanning, 
FT‑IR, and GC–MS

Treated and untreated samples were monitored under 
UV–Vis absorbance, and the results are shown in (Fig. 3). 
It was seen that the intensity of visible band in a bacterial-
treated dye sample disappeared, due to cleavage of the azo 
bond of the dye. Zhang et al. (2007) have also reported 
reduction in UV band intensity at 289 nm after bacterial 
treatment of dye sample.

The FT-IR spectra of untreated and bacterial treated 
RR-195 azo dye are presented in (Fig. 4). Untreated dye 
showed specific bands at 3447, 1622, 1555, 1493, 1195, 
1123, 1050, and 993  cm−1. While in treated dye, the 
peaks were observed at 3370, 2928, 2371, 1608, 1382, 
and 1118 cm−1 (Table 1). Bands at 3447 cm−1 in untreated 
dye attributes to the − NH2 groups. In treated dye, there is 
change in the peak from 3447 to 3370 cm−1, and it showed 
broad appearance which could be due to overlap with the 
stretching vibration of the OH groups (Hasanain et al. 
2011). Spectrum bands at 1555 cm−1 signify the presence 
of azo band in dye. In bacterial-treated dye samples, azo 
band peak gets to disappear which strongly evidenced 
for dye degradation. Peak at 1622 cm−1 represent C = C 

Fig. 3   UV–Vis spectra result of RR-195 dye a before and b after 
treatment with S. caprae 

Fig. 4   FTIR spectra of RR-195 
dye a before and b after treat-
ment with S. caprae 
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stretching of aromatic double bond. However, in treated 
samples shifting of band to 1608 cm−1 indicates the degra-
dation of aromatic ring. Peak at 1493 cm−1 displays N–H 
stretching of secondary amide. This band was found to 
disappear in treated dye sample due to degradation of dye 
by bacteria. In an untreated dye, the peaks at 1123, 1050, 
1195, and 993 cm−1 represent sulfonated group. Bacteria 
were found efficient to desulfonate. Therefore, respective 
sulfonated peaks disappeared and subsequently there is 
sifting of new peak at 1118 and 1382 cm−1 (Sudha et al. 
2018). Peak at 2928 cm−1 represents asymmetric stretch-
ing of C-H band. Jain et al. (2012) have also reported 
similar stretching at 2928 cm−1.

The GC–MS analysis results were used to determine  
the probable metabolites of RR-195 generated after  
treatment with S. caprae strain BM8. These metabolites 
were identified as 3,5-di-tert-butylphenol and phthalic  
acid (Fig.  5). Naphthalene is a bicyclic aromatic  
hydrocarbon which acts as a precursor for the production 
of phthalic acid. Desulfonation and oxidative deamination  
of 1,5-naphthalene disulfonic acid and napthylamine 
-3hydroxy-5,9-disulfonic acid produce phthalic acid, which 
acts as precursor for the synthesis of dye. Desulfonation  
of benzene sulfonate ethane sulfonic acid gives the  
3,5-di-tert-butylphenol. Similar product was obtained  
by Guo et al. (2021) during the degradation of azo dye 
using halo thermophilic bacterial consortium. Peaks in the 
chromatogram at 9.96, 14.01 min with a charge ion mass 
standard equal to 206, 418.6093 m/z respectively were 
present in bacterial treated RR-195 dye. As per report, 
phthalic acid is used in perfume, nail varnish, hairsprays, 
and other personal/cosmetic uses. 3,5-di-tert-butylphenol 
has anticariogenic potential (Kumar et al. 2019).

Phytotoxicity assay of untreated and treated  
RR‑195 dye

To assess the impact of RR-195 dye on the seeds of T. aes-
tivum and V. radiata, a phytotoxicity test was carried out. 
The plumule and radical length as well as the germination 
rate of V. radiata and T. aestivum were adversely affected 
by RR-195 azo dye. However, control (distilled water) and 
treated (100 µg/mL) showed identical growth of V. radiata 
and T. aestivum (Table 2). Kuberan et al. (2011) have also 
carried out phytotoxicity study using degraded metabolites 
of azo dye. They used Listeria sp. for this study and observed 
that germination of seeds and growth of plants were arrested 
when soaked in azo dye. However, phytotoxicity test of pre-
sent investigation specifies that the biodegradable products 
were not hazardous when compared with original dye. These 
products do not restrict plant seeds germination. Data of 
phytotoxicity test will help to analyze environmental pollu-
tion (Singh et al. 2022).

Susceptibility of the S. caprae against antibiotics 
and bio‑safety information

Antibiotic diffusion assay confirms the susceptibility of 
the S. caprae against vancomycin and azithromycin anti-
biotics (Fig. 6). A susceptible result indicates that the 
infection of S. caprae could be treated with vancomycin 
and azithromycin. Vancomycin antibiotic is a glycopeptide 
antibiotic which is used for the treatment of multiple bac-
terial infections especially caused by multi drug resistant 
S. aureus and S. epidermis. It is also known as “last resort 
of antibiotics.” Azithromycin is also used for the treatment 
of multiple bacterial infections such as pneumonia (caused 

Table 1   Functional groups of 
FT-IR spectra of RR-195 dye 
untreated and treated by S. 
caprae 

Sample Peaks (cm−1) Functional groups

RR-195 control 3447 NH2 group
1622 Stretching vibration of C = C
1555  − N = N − group
1493 N–H stretching of secondary amides
1123, 1195 The S = O bonds of SO2 and SO3 groups
1123 SO2 group
1050 S = O stretching
993 Sulphonated group

RR-195 treated 3370 –OH stretch representing the presence of 
hydroxyl bond

2928 Alkanes N–H bend with primary amines
2371 Shows the group free of –C = O
1608  − N = N − stretch
1382 C = N-stretching vibrations of amide bonds
1118 Peak represents the presence of alkenes
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by S. pneumoniae), intestinal infections, and ear infections 
(Zeng et al. 2016).

Ogura et al. (2022) have reported that the S. caprae (coag-
ulase-negative) inhibits other Staphylococcus spp. such as 
S. aureus and S. epidermidis and contributes significantly 
in skin lesion healing. Besides, hemolytic activity of rabbit 
blood cells of S. aureus is suppressed by S. caprae. While, 
hemolytic activity of S. caprae was suppressed by S. aureus. 
Thus, each of the two Staphylococcus spp. suppresses the 

pathogenicity of the other and this inequity between the two 
is linked through recurrent pressure injuries (RPI).

Paharik et al. (2017) have stated that S. caprae competes 
with S. aureus (methicillin-resistant) by inhibiting its quo-
rum sensing and suppresses skin colonization and infec-
tion. Thus, the application of S. caprae for dye removal will 
help in reducing the public health trouble of pathogenic S. 
aureus-mediated skin infection and the environmental dis-
semination of antimicrobial resistance.

a 3, 5-di-tert-butylphenol, RT = 9.960, Molar mass = 206 k Da

b phthalic acid, bis-7-methyloctyl ester,RT= 14.019, Molar mass= 418.6093 k Da

Fig. 5   New metabolites of S.caprae treated RR-195 dye and their identification using GC–MS analysis

Table 2   Phytotoxicity study on 
T. aestivum and V. radiate using 
RR-195 dye untreated and S. 
caprae treated

Seeds Parameters Dye conc Control 
(distilled 
water)

Untreated of 
RR-195 dye

Treated RR-195 dye

T. aestivum Plumule (cm) mean ± SE 100 ppm 5.30 ± 0.10 4.27 ± 0.12 5.20 ± 0.06
Radicle (cm) mean ± SE 6.33 ± 0 0.58 3.63 ± 0.03 5.60 ± 0.12
Germination % 100 40 100

V. radiata Plumule (cm) mean ± SE 100 ppm 5.33 ± 0.33 3.47 ± 0.03 4.43 ± 0.06
Radicle (cm) mean ± SE 5.37 ± 0.09 3.50 ± 0.06 4.50 ± 0.07
Germination % 100 50 100
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Conclusion

S. caprae was found highly effective for 90% decolori-
zation and degradation of RR-195 dye. FTIR analysis 
of a S. caprae-treated dye shows the disappearance of 
1555 cm−1 band which signifies the degradation of azo 
group. Carbon (glucose) and nitrogen (ammonium sulfate) 
were found most favorable nutrient source to enhance (95 
and 97%) decolorization and degradation of RR-195 dye 
respectively. Commercially, useful metabolites of bacte-
rial treated dye were identified through GC–MS analy-
sis. Phytotoxicity study also reveals non-toxic effect of 
bacterial-treated dye on seed growth of V. radiata and 
T. aestivum. Antibiotic diffusion test also reveals that S. 
caprae is susceptible against vancomycin and azithromy-
cin antibiotics. Therefore, S. caprae is recommended for 
dye removal which also takes care of public health from a 
S. aureus-mediated skin infection and the environmental 
spreading of antimicrobial resistance.
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