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Abstract

Ibuprofen (IBP), a commonly recommended nonsteroidal, antipyretic, analgesic and anti-inflammatory drug, is a widespread
ecological contaminant with harmful consequences. This issue has necessitated the development of a comprehensive sci-
entific strategy for the removal of drugs as well as their by-products from the environment. Biodegradation is a method for
breaking down complex chemicals into simpler forms that is both eco-friendly and effective. The current research studies
the biodegradation of IBP by isolating a promising bacterial strain isolated from a pharmaceutical industrial wastewater.
Microbacterium paraoxydans (Genbank accession numbers: Forward OL614700 and Reverse OL614701) was identified as
the bacterium strain by 16S rRNA sequencing. Enhancement of IBP biodegradation efficiency was attained by optimization
of parameters using central composite design (CCD). Due to their critical impact on IBP degradation, five parameters were
selected for optimization: pH, yeast extract, temperature, inoculum dose, incubation time, and agitation speed. The other
two parameters, concentration and time, were kept unchanged. At ideal conditions of pH 7, inoculum dose ODg,, agitation
speed of 150 rpm, 30 °C temperature, and 0.3% yeast extract, the target drug concentration was reduced by 92.01%. The
results suggest that Microbacterium paraoxydans could be an efficient microbe for degrading pharmaceutical wastewater
and reducing harmful environmental effects.

Keywords Ibuprofen - Biodegradation - Optimization - Pharmaceutical wastewater - Growth kinetics

Introduction

Emerging pollutants have caused widespread concern in
recent years due to their negative impacts on the marine and
earthly environment. Pharmaceutical active chemicals, illicit
drugs, surfactants, endocrine disruptors, and other toxins
are examples of developing pollutants (Iovino et al. 2015).
The annual intake of pharmaceutically active compounds
(PhACs) is in the hundreds of tons. These compounds then
build up in the environment, either as a result of human
waste or as a result of the widespread disposal of expired
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medications. There are other manufacturing outlets that
discard such unneeded medications in their immediate sur-
roundings, damaging nearby water sources. The surface as
well as groundwater become significantly contaminated
as a result of the immersive consequences, as do other
spheres of the climate, such as the surrounding soil and air.
As a result of this condition, toxic water finds its way into
numerous drinkable water sources, harming a wide range
of living creatures (Zwiener 2007). Various investigations
have confirmed PhACs' strong bioactivity, demonstrating
their existence and posing a serious concern even at low
concentrations.

IBP is one of the most important PhACs, as well as the
world's most widely used medicines. IBP, also known as
2-(4-isobutyl phenyl) propionic acid, is a nonsteroidal anti-
inflammatory medicine (NSAID) that is used to reduce
inflammation, pain, and fever. Because of its lipophilic
feature, IBP can easily pass through the cellular membrane
and induce significant bioaccumulation in aquatic flora
and animals. In humans, IBP deposition can induce liver
damage, renal failure, aseptic meningitis, gastrointestinal
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toxicity, and bone fracture healing can be hampered (Show
et al. 2021). As a result, these compounds in wastewater
have sparked an important field of research into their exist-
ence, effects, and, most crucially, their effective removal
so that wastewater can be reused.

Volatilization (Matamoros et al. 2016), nano-filtration
(Maryam et al. 2020), ion exchange (Jiang et al. 2015),
membrane separation (Couto et al. 2018), and other tra-
ditional methods have all been used. However, they all
require a lot of maintenance and investment, as well as the
by-product that these processes produce cannot be clear
completely. In the search for alternatives, the bioremedia-
tion process stood out since, in addition to having a high
removal capacity, it did not produce poisonous by-prod-
ucts. Bioremediation techniques are important in treating
wastewater and are generally eco-friendly approaches.
Through microbial degradation, this technology accom-
plishes a significant reduction in harmful constituents by
turning them into comparatively harmless compounds,
viz., carbon dioxide and water. Other benefits of bioreme-
diation over other procedures include cost-effectiveness,
ease of operation, lower sludge generation, less energy
usage, and so on. The interactions of three components
determine the biodiversity of this technique: contaminants,
microorganisms, and the environment. The connections
between these parameters are significant in predicting
the efficiency of bioremediation and have an impact on
biodegradability, bioavailability, and physiological needs
(Show et al. 2021). Different microorganisms, such as
Bacillus thuringiensis (Almeida et al. 2013), Phanero-
chaete chrysosporium (Langenhoff et al. 2013), Phaeo-
dactylum tricornutum (Santaeufemia et al. 2018), Micro-
coccus yunnanensis (Sharma et al. 2019), Nannochloropsis
sp. (Encarnagdo et al. 2020a), and others, have been used
by different researchers in various studies to aid in the
remediation of IBP from waste products (Table 1).

The optimization of the physicochemical parameters is
essential for effective degradation. The optimizing tech-
niques include the conventional change of one variable per
time (COVT) approach, which is time-consuming, incon-
venient, and inefficient. As a result, response surface meth-
odology (RSM)-guided methods like Box—Behnken design
(BBD) and central composite design (CCD) can be adopted
to solve the issue of manual optimization, because data fed
to RSM-guided technique will estimate the optimal condi-
tion based on the mathematical model with an analysis of
variance (ANOVA) verifying the authenticity of the mathe-
matical model selected to predict the optimal response. CCD
is a 2" full-factorial method; here n specifies the number
of optimization parameters (Show et al. 2020). Presently,
biological procedures are now intensively studied using sta-
tistical methods and experimental designs owing to their
robustness and reproducibility (Sarkar and Dey 2020).
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The main objective of this study was to isolate a potential
bacterial strain capable of degrading IBP under optimal cul-
tural conditions. The strain was isolated from pharmaceuti-
cal wastewater of East India Pharmaceutical Private Limited,
Durgapur, West Bengal, India (Fig. 1), and its degradation
of IBP was studied. The most acceptable parametric condi-
tions for maximal IBP elimination by the isolated bacteria
were determined using the central composite design process.
To the best of our knowledge, the literature lacks studies
on IBP removal using Microbacterium paraoxydans. This
study elucidates details regarding its isolation from waste-
water and optimization, which are prerequisites for enhanced
IBP biomitigation.

Materials and methods
Chemicals

IBP and methanol used in this experiment was purchased
from Sigma-Aldrich (St. Louis, MO). For screening and
biodegradation studies, mineral salt medium (MSM)
was utilized which contained (g/L): 1.0 g NaNO;, 0.1 g
MgS0,.7H,0, 0.5 g K,HPO,, and 1.0 g NaCl.

Enrichment and isolation of the IBP degrading
bacteria

Isolation of a potent IBP degrader was carried out accord-
ing to reported literature (Sarkar and Dey, 2020) (Sarkar
and Dey 2020), with slight modifications. Pharmaceutical
waste water collected from an industrial outlet (East India
Company, Durgapur, India) served as the inoculum source
of the IBP degrader. 5 ml of the waste water sample was
inoculated in 45 mL of MSM medium supplemented with
1 mg/L of IBP as the main carbon source as well as energy
in a 250-mL Erlenmeyer flask and incubated at 30 °C at
120 rpm. The removal of IBP was monitored every 24 h at
220 nm (Show et al. 2020; Dai et al. 2019) using UV-vis
spectrophotometer (REMI UV-2310, Kolkata, India). After
the complete removal of IBP, 5 ml of suspension has been
used as an inoculum for the following transfer with a higher
concentration and incubated under the same conditions. For
proper acclimatization of the enriched culture, two to three
transfers were made at the same concentration of IBP. The
concentration range used during the enrichment process was
1- 20 mg/L, with a step-wise increment of 5 mg/L, beyond
which the suspension failed to utilize IBP. After acclima-
tization for about three months, the enriched culture was
plated on MSM agar plate supplemented with 15 mg/L IBP
and incubated at 30 °C till the appearance of colonies. After
5 days of incubation, three morphologically different colo-
nies were observed. Each of these isolates was streaked as
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Table 1 Removal of IBP by various microorganisms
Sources Name of microorganisms Name of Removal% Reference
Genera
Activated  Phanerochaete chrysosporium White rot - Langenhoff
sludge fungi etal. 2013
Soil Bacillus thuringiensis Gram- 46.56% Marchlewicz
positive etal. 2016
Bacteria
Wastewater Comamonas aquatic and Bacillus sp. Bacteria 95.9% Fortunato
etal. 2016
Wastewater Phaeodactylum tricornutum Livingand  99.9% Santaeufemia
dead etal. 2018
biomass
Microal-
gae
- Bacillus thuringiensis Bacteria Qmax=0.24+£0.02 mg mL™' h™'  Marchlewicz
etal. 2017
Wastewater Trametes versicolor, Irpex lacteus, Ganoderma lucidum, Phanerochaete chrysosporium White rot P. chrysosporium showed % Marco-Urrea
fungi of degradation: 88% (Low et al. 2009
nitrogen medium) and 70%
(Malt extract medium). Others
degrade IBP to non- detect-
able levels
Wastewater CH, TX, CE POOL - POOL-99.44% Jiménez-
Soil HX, TL,JC, XC Silva et al.
2019
Wastewater  Chlorella sorokiniana, Nannochloris sp., Navicula sp., Mixed consortia Microalgae — Sutherland
and Ralph
2019
Pharma- Micrococcus yunnanensis Bacteria 83.50% Sharma et al.
ceutical 2019
sludge
Wastewater Phanerochaete chrysosporium White rot >90% Girijan and
fungi Kumar
2019
Soil - - SVP-90% Delgado-
Raw olive SCP- 90% oo
: etal.
mill cake S-90%
Activated  Novosphingobium, Rhodanobacter, and Sphingomonas Bacteria 98.4+0.3% Navrozidou
sludge etal. 2019
Varicon Nannochloropsis sp. Microalgae  99.8% 96.9% 95.7% Encarnagdo
Aqua et al. 2020a
Solution
Varicon Nannochloropsis sp. Microalgae — Encarnagao
Aqua et al.
Solution 2020b

pure cultures on MSM agar plates and was then separately
tested for their IBP degrading potential. The isolate with
the maximum IBP degrading efficiency was chosen for fur-
ther studies. The isolated bacterial culture was maintained
as pure culture on MSM agar plates containing 15 mg/L IBP
and in glycerol stocks at 4 °C.

Biochemical, morphological, and phylogenetic
characterization of the isolated bacteria

The morphology of the isolated strain has been observed
by scanning electron microscopy (SEM) in ZEISS instru-
ment. As the biomass (raw and spent) was non-conductive

in nature, it was covered with platinum before SEM analysis
to improve the surface of the material conductivity.
Biochemical characterization of the isolate was per-
formed by a biochemical test kit (KB-002 5KT, Himedia)
according to the manual instructions. The biochemical reac-
tions were concluded to be positive or negative depending
upon any color changes in the corresponding wells.
Phylogenetic analysis of the bacterial strain has been done
based on the 16S rRNA homology with the related species.
After the extraction of bacterial DNA, 16S RNA ampli-
con was created utilizing the 8F and 1492 R primers, fol-
lowed by its sequencing utilizing the Big Dye Termination
technique. The generated consensus sequences of the 16S
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Fig. 1 Isolated bacterial strain sampling site (Durgapur, India)

rRNA are then aligned with the non-redundant database of
the NCBI Genbank using BLAST alignment tool. The first
eleven sequences are chosen based on the maximal identity
score which are then aligned by multiple alignment soft-
ware, CLUSTAL W. The evolutionary history was inferred
by using the maximum likelihood method and Tamura-Nei
model (Kimura 1980). Neighbor-Join and BioNJ algo-
rithms were used estimate the pairwise distance between the
sequences. Evolutionary analyses were conducted in MEGA
X (Kumar et al. 2018). The sample was sent to Barcode Bio-
sciences, Bangalore, for the analysis of the bacterial culture
and construction of the phylogenetic tree.

Optimization of the physicochemical parameters
by CCD

Environmental conditions are known to alter the process

performance of a bioprocess. In this study, the influence
of crucial factors that affect the growth of Microbacterium
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paraoxydans and the biodegradation of IBP were investi-
gated to assess their impact on the bioprocess. The vari-
ables studied were pH, temperature, agitation speed, yeast
extract, inoculum dose, concentration, and duration. Based
on previously conducted experiments, the maximum IBP
concentration to be degraded by the isolate was 15 mg/l
within 120 h of incubation. As a result, A=pH, B=tem-
perature, C =speed, D =yeast extract, and E =inoculum dose
are the five factors that were changed during the course of
the experiment while maintaining the substrate concentra-
tion and incubation time constant. The number of runs N
is defined by n, number of central runs, 2n factorial runs,
and 2n axial runs in central composite design optimization.
Equation (1), which is presented below, can be used to cor-
relate them:

N=2"+n.+2n 6))

For each process parameter, CCD uses five alternative
levels in coded forms for the formation of the experimental
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matrix: low (-o),— 1, 0,+ 1, and high (+a). After that, the
model equation may be generated for regression analysis uti-
lizing ANOVA, and the model's performance aspects can be
checked and validated by statistical parameters in analysis of
variance study. The pH (6,7,8), temperature (28 °C, 30 °C,
32 °C), agitation speed (120, 150, 180) rpm, yeast extract (0.2,
0.3, 0.4) %, and inoculum dose (0.1, 0.5, 0.9) ODy, ranges
for each parameter in the five-factor five-level CCD shown
in Table 2. Experiments were carried out for each parametric
combination in order to obtain the response yield.

Assessment of growth rate of the isolated strain

The growth kinetics analysis of Microbacterium paraoxydans
was carried out to ascertain if the particular strain of bacte-
ria isolated from wastewater is capable of adapting to a new
environment and metabolizing the substrate into which it was
introduced.

The optical density (OD) at 600 nm was obtained using a
UV-spectrophotometer to investigate the growth of the iso-
lated strain of bacteria Microbacterium paraoxydans. Figure 2
represents the growth pattern of the bacteria. Dry cell weight
(DCW) in g/L was calculated gravimetrically after drying
the bacteria cells at 80 °C, according to Zakaria's methodol-
ogy. Linear regression was used to determine the association
between DCW and OD. The variation in concentration of bio-
mass (g/L) throughout a culture time in hours (h) was used to
determine the specific growth rate, p (h™!) [Eq. (2)],

Ina, —Inaq,
H=—7T""7— 2
(- 10) @

where a; and a, signify the initial and final biomass con-
centration (g/L) at the times t;, and t, hours correspondingly
(Samanta et al. 2020). The specific growth rate was found
to be 0.00034 h™! for 15 mg/L concentration.

Analytical methods

The biodegradation of IBP was investigated under a range of
settings, such as pH (6,7,8), temperature (28 °C, 30 °C, 32 °C),
agitation speed (120, 150, 180) rpm, yeast extract (0.2, 0.3,
0.4)%, inoculum dose (0.1, 0.5, 0.9) ODgy,, concentration (1,
5, 10, 15, 20) mg/L, and time (24, 48, 72, 96, 120) h. The stud-
ies were carried out in a 250-mL conical flask with 50 mL of
working solution with varied IBP concentrations. After a pre-
determined time period, 5 ml of the culture was collected and
centrifuged at 8000 rpm at 4 °C for 20 min to determine the
residual IBP. The supernatant has been spectrophotometrically
examined at 440 nm. The cell pellets, thus obtained, were then
thoroughly cleaned with deionized water, and dried for 48 h
at 80 °C in an air oven at a fixed weight. The biomass was cal-
culated as the dry weight of the culture (g/L). All experiments

were carried out in triplicate, with the average results being
presented.

Results and discussion
Characterization of the IBP degrading bacteria

The surface morphology of the microbial biomass was stud-
ied using SEM in Fig. 3a and b. Before and after IBP uptake,
considerable surface topography alterations in the biomass
were found. In raw biomass, the surface texture was dense
rather than porous. The attachment of IBP, i.e., blackish
lump-like deposition onto the biomass surface, was detected
as shown in Fig. 3a. However, after IBP uptake (Fig. 3b),
there was no longer any blackish lump deposition on the
biomass surface. Gram staining revealed that the isolate was
gram-positive rods with yellow pigmentation (Chorost et al.
2018).

Table 3 shows the biochemical screening of the isolated
bacterial strain.

Phylogenetic analysis of the bacterial strain was done
according to the 16S rRNA homology with the related spe-
cies shown in Fig. 4 According to the phylogenetic analysis,
the isolate was identified to be Microbacterium paraoxy-
dans (Genbank accession numbers: Forward OL614700 and
Reverse OL614701).

Optimization by CCD approach and effect
of the operative parameters on the process output

ANOVA study

When using the CCD to optimize the process, the response
must be recorded and evaluated for each parametric com-
bination; this relates to the percentage of IBP removed.
ANOVA may be used to create a mathematical model
equation for optimized process prediction by analyzing the
impact of each parametric value on the response. Statisti-
cal parameters like F value (Fischer's exact test), SS values
(sum of squares) and p value (probability of error) for every
parameter can be evaluated using ANOVA. The high F value
for a model is usually desired for significance, and a p value
lesser than 0.05 (5% deviation owing to chance) ensures
validity of the model. Table 4 shows that the model has an F
value of 56.90 and a p value of 0.0001 according to ANOVA
results. The SS value for each parameter in the method also
assists in comprehending that every operational variable
impacts the expected response. These can be converted to
percentages as indicated in Eq. (4) and used to calculate a
contribution to optimum response, as given in Table 5.
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Table 2 CCD matrix for

biodegradation Std Run A:pH B:Temperature C:Agitation D:YE (%) E:Innoculum Removal%
°O) speed (rpm) dose (ODg)
15 1 5 32 180 0.4 0.1 90.63
26 2 8 28 120 0.4 0.9 85.78
18 3 8 28 120 0.2 0.9 88.57
31 4 6 32 180 0.4 0.9 91.34
13 5 6 26 180 0.4 0.1 89.35
47 6 7 30 150 0.3 0.5 91.5
25 7 6 28 90 0.4 0.9 86.36
36 8 7 32 150 0.3 0.5 90.24
7 9 6 32 180 0.2 0.1 86.02
12 10 8 32 120 0.4 0.1 91.04
29 11 6 28 180 0.4 0.9 90.59
21 12 6 28 180 0.2 0.9 91.5
10 13 8 28 120 0.4 0.1 88.57
49 14 7 30 150 0.3 0.5 92.01
9 15 6 28 120 0.4 0.1 88.21
2 16 8 28 120 0.2 0.1 88.57
6 17 8 28 180 0.2 0.1 88.05
28 18 8 32 120 0.4 0.9 90.3
22 19 8 28 180 0.2 0.9 88.57
1 20 6 28 120 0.1 0.06 86.45
37 21 7 30 120 0.3 0.5 91.04
3 22 6 32 120 0.2 0.1 87.08
19 23 6 32 120 0.2 0.9 89.61
46 24 7 30 150 0.3 0.5 91.5
40 25 7 30 150 0.4 0.5 90.53
32 26 8 32 180 0.4 1.3 90.52
41 27 7 30 150 0.3 0.1 91.27
34 28 8 30 150 0.3 0.5 91.79
39 29 7 30 150 0.2 0.1 89.74
43 30 7 30 150 0.3 0.1 91.5
31 8 32 180 0.2 0.9 87.57
32 8 32 120 0.2 0.5 89.68
17 33 6 28 120 0.2 0.9 91.1
38 34 7 30 180 0.3 0.1 91.51
42 35 7 30 150 0.3 0.5 91.76
14 36 8 28 180 0.4 0.5 90.92
50 37 7 30 150 0.3 0.9 92.01
44 38 7 30 120 0.3 0.5 91.5
27 39 6 32 120 0.4 0.1 89.64
33 40 7 30 150 0.3 0.1 92.01
16 41 8 32 180 0.5 0.5 91.22
11 42 6 32 120 0.4 0.9 88.4
48 43 7 30 150 0.3 0.9 91.5
24 44 8 32 210 0.2 0.9 87.64
30 45 8 28 180 0.4 0.9 88.67
20 46 9 34 120 0.2 0.5 89.24
23 47 6 32 180 0.2 0.1 89.19
45 48 7 30 150 0.3 0.5 91.5
5 49 6 28 180 0.2 0.5 89.64
35 50 7 28 150 0.3 0.1 90.59
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Fig.2 Growth curve of Microbacterium paraoxydans

Table 3 Biochemical characterization of the bacteria

SI. No Test Microbacte-
rium paraoxy-
dans

1 Citrate utilization -

2 Lysine utilization +

3 Ornithine utilization +

4 Urease +

5 Phenylalanine Deamination -

6 Nitrate reduction -

7 H,S production +

8 Glucose -

9 Adonitol -

10 Lactose -

11 Arabinose -

12 Sorbitol -

I S8y
Contribution (%) = 55 x 100 4)

m

SS; stands for the sum of squares for a specific param-
eter, whereas SS,; stands for the sum of squares for the
entire model. The clearance % was found to be highly
impacted by yeast extract and agitation speed, also with
squared value of yeast extract having the utmost effect on
the response.

Model equation, fit statistics and validation

ANOVA must be used to build a regression model equa-
tion in order to mathematically evaluate the process under

Signal A= InLens

Mag= 50.00KX W

200 nm EHT = 5.00kV Signal A = InLens

Mag = 100.00 K X

Fig.3 SEM of Microbacterium paraoxydans a raw biomass and b
after IBP uptake

investigation. This permits to see how each individual
process variable affects the process response and influ-
ences the output in either a positive or negative way. The
elimination percentage is influenced by the individual,
combined, and squared coefficients at various levels of
each operating parameter, as given in Eq. (5). A positive
coefficient is indicated by a '+ ' sign, whereas a nega-
tive coefficient is shown by a '-ve' sign. The coefficients
indicate whether the process reaction is constructive or
destructive.

Removal (%) = 91.56 — 0.1680 x A + 0.0772 x B
+0.3460 X C + 04074 x D + 0.1121 X E
+0.6946 X AB — 0.1555 X AC + 0.1541 X AD
—0.4130 X AE — 0.2964 x BC + 0.6508 x BD
+ 0.3466 x BE + 0.7395 x CD + 0.0463 X CE
—0.4839 X DE + 0.2943 x A> — 1.08

x B> — 0.0562 x C> — 1.14 x D* — 0.1270 x E?
)
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—— Microbacteriumsp. 1(2008)(EU714331.1)

—— Microbacterium sp. PHD-5 (DQ227343.1)

Microbacterium paraoxydans strain2470 (EU714342.1)

Microbacterium paraoxydans strain3131 (EU714354.1)

Microbacterium paraoxydans strain 58 (EU714372.1)

Microbacterium paraoxydans strain 591(EU714373.1)

Microbacterium paraoxydans strain 76 (EU714377.1)

Microbacteriumsp. 2134 (JX566572.1)

Microbacterium paraoxydans strain BLY (MZ452933.1)

Microbacterium paraoxydans strain TH-3302
(KF783215.1)
Microbacterium paraoxydans (Forward OL614700
and Reverse OL614701)

Fig.4 Phylogenetic assay of Microbacterium paraoxydans based on 16S rRNA homology

Table4 ANOVA of the model

Source Sum of squares df Mean square F-value  p-value
and process parameters
Model 144.10 20 7.21 56.90 <0.0001  Significant
A-pH 1.03 1 1.03 8.10 0.0080
B-Temperature 0.1945 1 0.1945 1.54 0.2251
C-Agitation speed 4.62 1 4.62 36.49 <0.0001
D-YE 6.19 1 6.19 48.90 <0.0001
E-Innoculum dose 0.3722 1 0.3722 2.94 0.0971
AB 17.32 1 17.32 136.80 <0.0001
AC 0.5275 1 0.5275 4.17 0.0505
AD 0.5067 1 0.5067 4.00 0.0549
AE 5.32 1 5.32 41.98 <0.0001
BC 2.13 1 2.13 16.86 0.0003
BD 9.65 1 9.65 76.23 <0.0001
BE 3.71 1 3.71 29.30 <0.0001
CD 14.71 1 14.71 116.18 <0.0001
CE 0.0605 1 0.0605 0.4776 0.4950
DE 6.48 1 6.48 51.14 <0.0001
A? 0.6263 1 0.6263 4.95 0.0341
B? 6.65 1 6.65 52.51 <0.0001
C? 0.0314 1 0.0314 0.2483 0.6220
D’ 10.07 1 10.07 79.48 <0.0001
E? 0.1037 1 0.1037 0.8191 0.3729
Residual 3.67 29 0.1266
Lack of fit 3.08 21 0.1466 1.98 0.1617  Not significant
Pure error 0.5935 8 0.0742
Cor total 147.78 49
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Table 5 Parametric contribution% and optimal values

Parameters (unit) Contribution Optimum value
factor (%)

pH 8.3 -

Temperature (°C) 1.56 -

Agitation speed (rpm) 37.24 -

Yeast extract (%) 499 -

Inoculum dose (mL) 3 -

Initial concentration (mg/L) - 15

Time (hours) - 120

Predicted vs. Actual

94 || Design-Expert® Software

92

90 —

Predicted

88

86

84 | 8578 9201

T T T I T T
84 86 88 90 92 94

Actual

Fig.5 Predicted vs actual IBP removal percentage

Table 6 Statistical parameters assessed from ANOVA analysis

Std. Dev  0.3559 R 0.9751 Press 21.35
Mean 89.87 Adjusted R? 09580 —2Log 11.34
Likeli-
hood
C.V.% 0.3960 Predicted R? 0.8555 BIC 93.49
Adeq Precision  25.2995  AICc 86.34

The obtained values could be used to generate a lin-
earized plot, often known as a 'predicted vs actual graph,’
as presented in Fig. 5, which is essential to determine
how well the actual values suit the desired model equa-
tion parameters, as indicated via R? values. The fit as well
as model comparison statistics of the generated regression
model are summarized in Table 6. In order for the model

to be accurate, the difference between the predicted as well
as adjusted R? values should be lesser than 0.2. As shown
in the table, the adequate precision (AP) value is 25.2995
that are substantially greater than 4, indicating that the
signal-to-noise ratio (SNR) is high enough for unexpected
mistakes to have any influence on the design area.

Effects of parameters
Effect of pH

The effect of pH on IBP biodegradation by the isolated
strain was studied at pH of 6, 7, 8, whereas other param-
eters were kept constant, i.e., 15 mg/L initial IBP concen-
tration, 0.1% yeast extract, 5 mL inoculum dosage, 160 rpm
mixing intensity, 30 °C temperature, and 24 h daily read-
ings were recorded for 5 days. The maximum removal was
found to be 85.54% for pH 7 shown in Fig. 6a. IBP has
a pKa value of 4.9, and more than 99 percent of the drug
is available in anionic form at pH greater than 6.5. As a
result, variations in breakdown efficiency at pH 7.0 may
not be linked to various ionic forms of IBP. Another rea-
son seems to be that the observed variation could reflect a
functional state of a protein in the process of degradation.
IBP is accessible in an uncharged form at low pH (4.0-5.0)
and interacts with the surface of bacteria cells. However, in
the uncharged form, this could indicate that IBP degrades
more easily and quickly. These findings appear to validate
this finding. In numerous studies, researchers have found
that pH 7 is the optimal pH for bacteria growth. For exam-
ple, Sharma et al. (2019) isolated the most viable bacterial
strains from a pharmaceutical industry site and investigated
IBP biodegradation. Out of the six isolated strains, Micro-
coccus yunnanensis (GenBank: MG 493,238) was identified
as the best potential bacteria to degrade IBP. According to
high-performance liquid chromatography, concentration of
drug was decreased by 90.37% at optimal condition (car-
bon 0.15%, nitrogen 0.1%, pH 7, inoculum size 2% (w/v),
150 rpm agitation speed, time 12 h and temperature 25 °C).
Similarly in another study, Bacillus thuringiensis B1(2015b)
degrades IBP at a concentration of 25 mg/L in the presence
of glucose as an extra carbon source done by Marchlewicz
et al. (2017). The bacteria have been extracted by centrifu-
gation (4500 g) at 4 °C for 15 min. The pellets were rinsed
and resuspended in 50 mM phosphate buffer at pH 7.0. The
whole-cell suspensions were then sonicated (six times for
15 s) and centrifuged at 9000 rpm for 30 min at 4 °C. The
enzyme assays employed clear supernatants as crude cell
extracts. g, =0.24 0.02 mg/mL/h and K;=2.12 0.56 mg/L,
correspondingly, were the maximum specific IBP elimina-
tion rate and the half-saturation constant value.
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Effect of temperature

The second most crucial factor affecting both biomass
growth as well as IBP degradation was determined to be
temperature. Microbial growth and IBP biodegradation
improved when the temperature was raised from 28 to
30 °C, which could be attributed to the bacteria's increased
metabolic activity. Increased temperatures from 30 to
32 °C (Fig. 6b), on the other hand, resulted in lesser bio-
mass growth and, as a result, lower IBP degradation. This
could be due to the denaturation of proteins and enzymes
caused by microbe growth and substrate metabolism. Fur-
thermore, a rise in temperature has been shown to acceler-
ate the inhibitory impact of substrates and alter membrane
mobility (Sarkar et al. 2022).

@ Springer
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Effect of agitation speed

Agitation was found to be a significant factor. The experi-
ment was done at agitation speed of 120, 150, and 180 rpm,
whereas other parameters were kept constant. The maximal
removal was found to be 93.77% at 150 rpm (Fig. 6¢). This
is due to the fact that agitation increases mass transfer of
oxygen and is one of the most important elements in a bio-
logically mediated procedure to ensure homogeneous O, cir-
culation within a reaction mechanism. IBP biodegradation is
influenced by the amount of dissolved oxygen in the media.
Bacterial development is influenced by O,, which in turn
affects the biodegradation procedure (Sarkar et al. 2022).

Effect of yeast extract

The yeast extract was determined to be an important factor
in growth of microbe. The concentration of yeast extract was
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increased from 0.2 to 0.3%, which had a huge effect on bio-
mass growth as well as IBP biodegradation and removal %
was 80.29% shown in Fig. 6d. This is because yeast extract is
a source of nitrogen which assists in the growth of biomass
and the synthesis of cellular components. Since the bacte-
rial culture has larger nutritional necessities when grown in
a media supplemented with raised IBP concentration, the
rate of IBP breakdown at higher substrate concentrations
has been shown to rise with the increase in concentration
of yeast extract. IBP is hazardous to microbial cells at high
concentrations, with different bacteria having varied IBP
toxicity tolerance limits (Sarkar and Dey 2020). Because of
its adverse effect on the growth of most microbes, the bulk
of IBP biodegradation investigations have been undertaken
in the range of concentrations of 1-20 mg/L.

Effect of inoculum dose

The inoculum dose is another significant component that
influences biomass growth and IBP breakdown. The inocu-
lum dose of 0.5 ODyg, had the greatest impact on the process
output in this investigation and the percentage removal was
67.41% (Fig. 6e). When the inoculum size is increased, the
lag phase is reduced, which speeds up the degradation pro-
cess. Furthermore, a large inoculum size assists in overcom-
ing IBP toxicity, providing tolerance, and increasing in its
degradation (Sarkar and Dey 2020).

Effects of interactive parameters

Figure 7a shows a three dimensional plot of combined
impacts of pH (A) and temperature (B) while controlling
for other variables such as agitation speed (150 rpm), yeast
extract (0.3%), and inoculum dose (0.5 ODg,). The removal
% appears to vary more with temperature in this graph. Fig-
ure 7b shows the effect of pH (A) and agitation speed (C)
on the percentage of IBP removed at a fixed temperature
(30 °C), inoculum dose (10 mL), and yeast extract (0.3%) in
3D plot. This graph demonstrates that removal percentage
increases more with agitation speed since agitation enhances
mass transfer of oxygen and is one of the most significant
factors in a biologically intermediated technique to ensure
uniform O, circulation inside a reaction mechanism. The
3D surface plot at stable temperature (30 °C), agitation
speed (150 rpm), and inoculum dose (0.5 ODg,) as shown
in Fig. 7c describes the interactive effect of pH (A) and
yeast extract (D) on IBP removal, and it can be seen from
this plot that IBP elimination percentage tends to vary more
with yeast extract. Similarly, Fig. 6d depicts the combined
effect of pH (A) and inoculum dose (E) on IBP elimina-
tion percentage while all other parameters remain constant.
The percentage of IBP removed changed significantly with

inoculum dose in this graph. Figure 7e illustrates the influ-
ence of temperature (B) and agitation speed (C) on the per-
centage of IBP eliminated while keeping the pH (7), yeast
extract (0.3%), and inoculum dose (0.5 ODg) constant. The
removal percentage varies considerably with temperature in
this graph. The 3D surface graph in Fig. 7f demonstrates
the percentage of IBP removed by the interactive influence
of temperature (B) and yeast extract (D) while maintain-
ing other parameters constant, including pH (7), agitation
speed (150 rpm), and inoculum dose constant (0.5 ODg).
The percentage of IBP eliminated varied considerably with
temperature.

The elimination percent of IBP by the interac-
tive influence of temperature (B) and inoculum
dose (E) is shown in Fig. 7g, with all other parame-
ters held constant and the elimination percent shown to vary
more with temperature in this graph. The 3D surface plot in
Fig. 6h illustrates the interactive effect of agitation speed
(C) and yeast extract (D) on IBP removal at a constant pH
(7), temperature (30 °C), and inoculum dose (0.5 ODgy),
and it can be shown that the amount of IBP removed var-
ies more with yeast extract. Figure 7i shows the combined
effect of agitation speed (C) and inoculum dose (E) on IBP
removal percentage, with all other parameters kept constant.
In this graph, the percentage of IBP eliminated increased
substantially with agitation speed. Lastly, Fig. 7j indicates
the interactions between yeast extract (D) and inoculum dose
(E) while controlling the other parameters, i.e., pH (7), agita-
tion speed (150 rpm), and temperature (30 °C). The removal
percent appears to vary more with yeast extract in this plot
because yeast extract is a source of nitrogen, which helps in
the growth of biomass as well as the synthesis of cellular
components.

Optimum conditions for IBP biodegradation

Initially the percentage degradation predicted by CCD was
91.56%. Then the methodology was validated by conduct-
ing confirmatory biodegradation experiments at the optimal
conditions, i.e., pH 7, temperature 30 °C, agitation speed
150 rpm, yeast extract 0.3% and 0.5 ODg, inoculum dose
predicted by RSM-CCD was 92.01% of IBP biodegrada-
tion. The overall degradation enhancement was found to be
0.49%. The model is validated since the values are in close
agreement with each other.

Conclusion
Microbes have a broad and enhanced catabolic poten-

tial, making them a possible means for environmental
remediation. A highly potent bacterium Microbacterium
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paraoxydans was able to utilize 15 mg/L of IBP as the main
source of carbon, isolated from pharmaceutical wastewater
in the current investigation. The CCD approach was used to
optimize process parameters, which decreases the cost and
time limits associated with standard optimization processes.
The results of the CCD technique demonstrated the opti-
mal conditions for IBP biodegradation. The maximum IBP
elimination of 92.01% was obtained by bacterial biomass.
These findings suggest that the isolated bacterium could be
utilized to treat contaminated effluents containing IBP, and
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RSM-CCD approach can be utilized to develop realistic
bioremediation methods.
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