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Abstract
Phenolic compounds could pose environmental problems if they are in excess, although they could be a renewable resource 
of substances with industrial interest. The novel strain Bacillus aryabhattai BA03 is able to produce high-added value 
metabolites from different phenolic compounds such as vanillin, 4-vinylguaiacol and 4-vinylphenol while inducing ligni-
nolytic enzymes such as laccases (Lac) and lignin peroxidases (LiP). In comparison with the medium without inducers, the 
presence of 500 mg/L caffeic acid improved 9.1-fold times the expression of Lac (0.118 ± 0.004 U/mL) and 5.8-fold times 
the expression of LiP (2.300 ± 0.053 U/mL), just as these processes exhibited high global rates of biotransformation. When 
isoeugenol, ferulic acid or p-coumaric acid are in the media, the strain removed more than 90% of these compounds, secreting 
vanillin, 4-vinylguaiacol or 4-vinylphenol. Bacillus aryabhattai proved to be an appropriate tool for the removal of several 
phenolic compounds and the production of more valuable products.
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Introduction

Phenolic compounds are a heterogeneous family, but their 
molecules contain, as a common feature, at least a benzene 
ring linked to one hydroxyl group. The rest of the deriva-
tives are based on this structure but bonded to hydroxyl, 
methoxyl and/or carboxylic groups [1]. Although phenolic 
acids can be classified in different ways, in 1964 Harbone 
and Simmons proposed their division into groups based 
on the number of carbons in the molecule: benzoic acids 
(such as protocatechuic acids or p-hydroxybenzoic acid), 
cinnamic acids (including p-coumaric, ferulic, caffeic and 

sinapic acids) and other related compounds [1]. Phenolic 
compounds have been used in alcoholic drinks and foods 
due to their organoleptic properties; and as anti-allergenic, 
anti-inflammatory, anti-microbial and antioxidants because 
their biological and physiological functions are beneficial 
to human health [2, 3]. However, despite these beneficial 
effects, they can present deleterious effects on soil and water 
when they are widely available in the environment [4, 5], 
especially when they derive from oil, petrochemical, phar-
maceutical or cosmetic industrial activities, among others 
[6].

Industrial wastewaters contain phenolic compounds in 
variable concentrations from 1 to 6000 mg/L [6]; and some 
strains are able to metabolize them, consequently being used 
in bioremediation processes such as natural attenuation, 
biostimulation, and bioaugmentation [7]. These microbial 
processes allow for the elimination of undesired substances, 
but sometimes the metabolic pathways involved can lead to 
intermediate or final products of biotechnological interest 
[8]. In this sense, phenolic compounds have been proposed 
as precursors of aromas and flavors, which have a variety 
of applications in the food, feed, cosmetic, chemical and 
pharmaceutical industries [9]. These types of bioactive com-
pounds are present in nature but in small quantities, making 
their extraction and manufacture more expensive than their 
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chemical synthesis. However, an ecofriendly way to obtain 
such bioactive compounds is based on the biotransformation 
of natural precursors by microbial cells or enzymes [10].

There is a potent group of oxidative enzymes widely stud-
ied in wood-rotting organisms, and particularly in white-
rot basidiomycetes [11], whose substrates are the phenolic 
compounds. These ligninolytic enzymes have been clas-
sified into phenol oxidases such as laccases (EC 1.10.3.2) 
and heme-peroxidases, which includes lignin peroxidase 
(EC 1.11.1.14) and manganese peroxidase (EC 1.11.1.13), 
among others. Laccases (Lac) catalyze the oxidation of dif-
ferent phenolic and non-phenolic compounds using oxygen 
as an electron acceptor; meanwhile, peroxidases catalyze 
multistep oxidation and hydroxylation reactions using H2O2 
as an electron acceptor. Specifically, lignin peroxidase (LiP) 
acts on lignin to oxidize it to phenolic and non-phenolic 
compounds along with semi-degraded lignin derivatives, 
whereas manganese peroxidase (MnP) oxidizes Mn(II) to 
Mn(III), further enhancing the degradation of phenolics [12, 
13].

In this work, we focused on the induction of ligninolytic 
enzymes (LiP, MnP, and Lacs) of Bacillus aryabhattai BA03 
by several phenolic compounds that could be found in efflu-
ents from industrial activities. At the same time, we sought 
to investigate their metabolism in order to promote this strain 
as a good candidate for bioremediation or biotransformation 
of effluents into high added-value products.

Materials and methods

Chemicals

The chemicals used in this study, including methanol for 
HPLC, were of analytical HPLC grade and acquired from 
Sigma–Aldrich.

Culture media

The commercial medium Trypticasein Soy Broth (TSB) was 
used to grow the microorganism. Biotransformations and 
ligninolytic enzymes production were assayed in culture 
medium formulated with only 10 g/L yeast extract (YE). 
Both media (supplied by Pronadisa) were sterilized in auto-
clave (121 °C) for 15 min.

Microorganism and inoculum preparation

The strain under evaluation was B. aryabhattai BA03, which 
was originally isolated in our laboratory and deposited in 
the Spanish Type Culture Collection (CECT) with accession 
number CECT 9010. The sequence data in the EMBL and 
Genbank databases have the accession number LN824023.

The strain was reconstituted in 50 mL of TSB poured 
into Erlenmeyer flasks and incubated at 37 °C and 150 rpm. 
After 24 h, cells were recollected and cleaned twice with 
phosphate buffered saline containing 8 g/L of sodium chlo-
ride, 0.13 g/L of disodium hydrogen phosphate and 0.58 g/L 
sodium dihydrogen phosphate (pH 7.4). Biomass concen-
tration was determined by optical density at 600 nm in a 
UV–Vis Spectrophotometer (Libra S60-Biochrom, Cam-
bridge, UK).

Effect of phenolic compounds in the metabolism 
of Bacillus aryabhattai BA03

Ferulic acid, caffeic acid, vanillyl alcohol, 4-hydroxybenzoic 
acid, vanillin, p-coumaric and isoeugenol sterilized by filtra-
tion (0.20 μm membrane filters) were tested on YE medium 
at concentrations of 500 mg/L and 1000 mg/L. Experiments 
were carried out in 100 mL of culture medium placed in 
orbital shakers at 37 °C and 150 rpm. After pH adjustment 
with NaOH to 7.5, the inoculum was added at a final con-
centration of 500 mg/L. Experiments were performed in 
triplicate, including a control flask to measure the effects of 
the abiotic parameters.

Determination of ligninolytic enzymes

Samples of culture medium were withdrawn regularly to 
quantify the production of ligninolytic extracellular enzymes 
such as Lac, LiP and MnP. Cells were separated by centrifu-
gation at 3420 g for 6 min and the supernatant was used to 
determine the enzymatic activity as follows.

Laccases activity was determined following the method-
ology proposed by Siroosi et al. [14] based on the increase 
of absorbance at 420 nm when the enzyme oxidizes the 
substrate 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulphonic 
acid) (ABTS Ɛ = 36,000 M−1 cm−1). The reaction mixture 
contained 250 µL of 50 mM citrate–phosphate buffer (pH 
5), 30 µL of 5 mM ABTS and 20 µL of supernatant. This 
activity was determined at 30 °C.

Lignin peroxidases activity was measured at 310 nm 
and 30 °C following the methodology proposed by Tien 
and Kirk [15]. The reaction mixture contained 200 µL of 
0.25 M sodium tartrate buffer (pH 3.5), 40 µL veratryl alco-
hol 10 mM, 50 µL H2O2 4 mM and 710 µL of supernatant.

Manganese peroxidases activity was analyzed in two 
ways, either as manganese dependent or independent, fol-
lowing the methodology proposed by Kuwahara et al. [16]. 
The reaction mixture of MnP-dependent was carried out at 
30 °C, pH 4.5 and contained 200 µL of 0.25 M sodium tar-
trate buffer, 50 µL of 2,6-dimethoxyphenol 20 mM, 50 µL 
of MnSO4 H2O 20 mM, 100 µL of H2O2 4 mM and 600 µL 
of supernatant. The reaction mixture for MnP-independent 
was the same, but without MnSO4 H2O.
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All activities were done in triplicate and were defined as 
the amount of enzyme that oxidized one µmol of the sub-
strate per minute (U/mL).

Determination of phenolic compounds

The concentration of initial phenolic compounds and metab-
olites formed were determined by liquid chromatography. 
Samples (1.5 mL) were taken at selected times (depend-
ing on the duration of the process), centrifuged at 3420 g 
for 6 min, and filtered through cellulose acetate membranes 
(0.2 µm pore). The liquid phase was used to analyze the con-
centration of compounds employing a reverse phase HPLC 
system (Agilent model 1200, Palo Alto, CA, USA) with an 
UV-diode array detector and a 4.6 × 150 mm Zorbax SB-Aq 
column (Agilent, Palo Alto, CA, USA) following the elu-
tion program described by Paz et al. [17]. Quantification 
was performed by extrapolating the peak areas using the 
corresponding equation of standard curves.

Statistical analysis

Production of ligninolytic enzymes with the different phe-
nolic compounds was submitted to analysis of variance 
(ANOVA) by the Statistica Software 13.0. They were com-
pared with the production in medium without inducers, 
using the Tukey’s test at significance level p < 0.05, and 
asterisks were used to label values with statistically signifi-
cant differences among them.

Results and discussion

Production of ligninolytic enzymes

Ligninolytic extracellular enzymes such as Lac, LiP and 
MnP are known for their high redox potential and their ver-
satility in the degradation of compounds with both phenolic 

and non-phenolic constituents. Therefore, these enzymes 
have potential industrial applications in the sectors of 
biorefinery, textile, paper, beauty products, and dermato-
logic [11], but are also extremely valuable in bioremediation 
techniques [13, 18]. Accordingly, in order to understand the 
reactions involved in the metabolism of B. aryabhattai Ba03, 
we focused on the study of Lac, LiP and MnP. Figure 1 
shows the production of Lac, LiP and MnP, both dependent 
and independent, in YE medium without supplementation 
of inducers, indicating maxima activities at 72 h for Lac 
(0.013 ± 0.000 U/mL) and 96 h for LiP (0.396 ± 0.002 U/
mL); under these conditions neither of the two types of MnP 
were expressed.

Despite fungi laccases are the most studied, there are 
several references to bacterial laccases isolated from the 
genera Bacillus and Streptomyces, among other [19]. Bac-
teria show some significant advantages over fungi, including 
faster growth and a general tolerance of a broader range of 
habitats and conditions [20]. The drawback, though, is that 
bacterial enzymes are usually considered to be intracellular, 
thus raising the cost of their industrial implementation [21]. 
There are few studies on extracellular laccases produced by 
genus Bacillus, due to the low levels determined, although 
some authors found that these levels were enough to break 
bonds of the type C–C or C–O [22]. Thus, Chang et al. indi-
cated that 0.003 U/mL of laccases promoted by Bacillus sp. 
are able to produce high ratios of lignin degradation [23], 
and Siroosi et al. used 0.01 U/mL to carry out decolorization 
processes [14].

Regarding LiP activity, there is some controversy in the 
literature about the presence of this enzyme in bacteria, since 
some authors argue that LiP belong exclusively to fungi, 
and in the case of bacteria being called dye-decolorizing 
peroxidases (DyPs, EC 1.11.1.19). Enzymes of this type 
are able to oxidize phenolic and non-phenolic compounds, 
and both have a high redox potential, LiP shows values of 
1.26 ± 0.17 V, whereas DyPs estimated to range between 
1.10 ± 0.02 and 1.20 ± 0.1 V [11, 19, 24].

Fig. 1   Course over time for 
enzymatic activity production 
of Lac (continuous line), LiP 
(dashed line) and MnP depend-
ent and independent (dotted 
line) in YE medium without 
supplementation of inducers by 
Bacillus aryabhattai Ba03
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The last type of peroxidases studied was the MnP activity, 
in spite of the fact that it was not detected when B. aryab-
hattai Ba03 grew in YE medium at 37 °C. Asina et al. [25] 
suggest that the carbon and nitrogen sources may induce 
the production of ligninolytic enzymes and MnP activity 
could be suppressed, in media with high nitrogen content 
for example.

Production of ligninolytic enzymes in the presence 
of inducers

The induction of ligninolytic enzymes activity by phenolic 
compounds has been reported in many genera [26]. Hence, 
it has been hypothesized that the induction of laccases by 
aromatic compounds is a protective response to the tox-
icity of these compounds [27]. In this sense, Elisashvili 
et al. [28] suggested that enhanced laccases expression 
may function as a defense mechanism against chemical 
stress. Concerning LiP, the most studied producer has been 
the fungus Phanerochaete chrysosporium. Several authors 
tested different inducers, seeking to improve the produc-
tion in submerged cultures of this microorganism. Ansari 
et al. [29] managed to increase the production of LiP to 

0.22 U/mL after 15 days by the addition of glucose oxi-
dase as compared to the control culture (without glucose 
oxidase). On the other hand, Zacchi et al. [30] obtained 
between 0.2 and 0.4 U/mL of LiP after 4 days using cel-
lulose as a carbon source; a similar value (0.475 U/mL) 
was found by Kapich et al. [31] after 3 days using lignocel-
lulosic substrates. In our case, the supplementation of YE 
culture media with phenolic compounds not only improved 
the production of Lac and LiP by B. aryabhattai Ba03 but 
also reduced the time needed to achieve maximal produc-
tion. Results are presented in Fig. 2. It can be observed 
that in the presence of inducers, the maximal production 
time for Lac was reduced from 72 to 42 h (Fig. 2a, b), 
and LiP also was reduced from 96 to 56 h, indeed to 28 h 
in the presence of vanillyl alcohol (Fig. 2c, d). In addi-
tion, Table 1 shows the maxima values achieved for each 
tested compound. The positive effect of all the phenolic 
compounds assayed over Lac and LiP expressions can be 
observed. In comparison with the medium without induc-
ers is notable the increment produced by the presence of 
500 mg/L caffeic acid, which improved 9.1-fold times the 
expression of Lac (0.118 ± 0.004 U/mL) and 5.8-fold times 
the expression of LiP (2.300 ± 0.053 U/mL).

Fig. 2   Course over time for production of Lac activity (a, b) and LiP 
activity (c, d) by Bacillus aryabhattai Ba03 in YE medium supple-
mented with inducers (500 mg/L): ferulic acid (dot and hyphen line), 

caffeic acid (squared dotted line), vanillyl alcohol (continuous line), 
vanillin (dashed line), p-coumaric (dotted line) and isoeugenol (long 
dashed line)
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Metabolism of different phenolic compounds

The aim of the current study was to explore the produc-
tion of ligninolytic enzymes in the presence of phenolic 
compounds that could be found in industrial effluents. This 
approach could be useful to explain how the strain could 
work in real wastewaters with a combination of these 
phenolic compounds. For example, in oil industries the 
extraction of olive or palm oil generates high amounts of 
waste, with a high phytotoxicity and impact on land and 
water environments [8]. These activities produce huge 
volumes of effluents with high amounts of phenolic com-
pounds such as caffeic acid, p-coumaric acid, ferulic acid 
or vanillin. In addition, these wastewaters also present 
high levels of organic content, toxicity, dark brown color, 
and antimicrobial properties [4]. Therefore, the metabo-
lism of different phenolic compounds was assayed in YE 
medium, based on previous work [17, 32] which reported 

that this strain was unable to perform biotransformation 
in sugar-containing media.

All compounds were prepared at an initial concentra-
tion of 500 mg/L due to this concentration was the mini-
mum inhibitory concentration found by Lemos et al. [33] 
for Bacillus cereus. Additionally, when the strain biotrans-
formed the phenolic compounds into valuable products, the 
concentration was increased until 1000 mg/L. Independently 
on the concentration, it was observed that the concentration 
of phenolic compounds in the control experiment remained 
constant, thus confirming that all the biotransformation pro-
cesses were caused by the strain.

Table  2 shows the compounds studied as precursors 
(previously assayed as inducers of enzymes), as well as the 
maxima concentration of extracellular metabolites released 
by B. aryabhattai. Figure 3 in turn shows the course of time 
as well as the chemical structure of the products released 
by decarboxylation or oxidation of the biotransformation 
processes. Bacillus aryabhattai transformed phenolic com-
pounds into other substrates with the exception of caffeic 
acid, from which no other metabolite was detected by HPLC. 
The remaining compounds were metabolized between 61.9 
and 93.9% and transformed into other valuable metabolites 
such as vanillin, vanillyl alcohol, 4-vinyl guaiacol (4VG) 
and 4-vinylphenol.

Isoeugenol (4-hydroxy-3-methoxy-1-propenyl-benzene) 
is a phenylpropanoid easily available from the industry asso-
ciated with the essential oil of the clove tree (Syzygium aro-
maticum), which requires specific management [34]. Despite 
some authors reporting the toxic effect of isoeugenol on the 
cells when it was added before the strain growth [35, 36], 
in our experiments isoeugenol was directly supplied at the 
beginning of the biotransformation, without waiting for the 
stationary phase. Figure 3a shows that 68.0% of isoeugenol 

Table 1   Maxima enzymatic activities achieved in yeast extract 
medium supplemented with 500  mg/L of different phenolic com-
pounds

Lac laccases, LiP lignin peroxidases
*Means statistically significant differences in relation to the medium 
without inducer (p < 0.05)

Compound Lac (U/mL) LiP (U/mL)

– 0.013 ± 0.000 0.396 ± 0.002
Caffeic acid 0.118 ± 0.004* 2.300 ± 0.053*
Isoeugenol 0.021 ± 0.000* 0.612 ± 0.040*
Vanillin 0.025 ± 0.000* 1.028 ± 0.018*
Vanillyl alcohol 0.020 ± 0.002 1.667 ± 0.052*
Ferulic acid 0.016 ± 0.000 1.125 ± 0.041*
p-coumaric acid 0.017 ± 0.004 0.582 ± 0.003*

Table 2   Biotransformations of different phenylpropanoids performed by Bacillus aryabhattai, metabolites generated and biotransformation 
parameters using the YE medium

QPhenylpropanoid global rate of degradation/biotransformation, QProduct global volumetric productivity [calculated at the time (**) of maximum 
product concentration], YProduct/compound product yield
*Data obtained from Paz et al. [17]

Compound Conc. at t0 
(mg/L)

Consumed (%) Product Maxima Conc. 
(mg/L)

Time** (h) QPhenylpropanoid 
(mg/L h)

QProduct 
(mg/L h)

YProduct/compound
(mg/mg)

Caffeic acid 500.8 ± 3.2 100 – – 48 10.43 – –
Isoeugenol 1000.0 ± 3.0 93.9 Vanillin 149. 5 ± 1.6 312 3.01 0.48 0.16
Vanillin 930.7 ± 1.1 76.4 Vanillyl 

alcohol
690.3 ± 0.0 24 29.64 28.76 0.97

Vanillyl 
alcohol

485.6 ± 18.6 61.9 Vanillin 26.3 ± 0.8 48 6.26 0.55 0.09

Ferulic acid* 996.1 ± 1.0 97.5 4VG 498.7 ± 28.2 14 69.37 35.62 0.51
996.1 ± 1.0 98.0 Vanillin 45.8 ± 0.7 192 5.09 0.24 0.05

p-coumaric 
acid

942.2 ± 2.5 96.2 4-vinylphenol 851.4 ± 11.2 22 41.18 38.70 0.94
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was degraded by B. aryabhattai BA03 in the first 24 h at 
a rate of 28.346 mg/L h. After that, the degradation rate 
slowed down drastically, achieving a maximal production 
of vanillin (149.461 ± 1.571 mg/L) at 312 h. Finally, after 
17 days, the concentration of isoeugenol was reduced to 

only 16.790 ± 0.721 mg/L, whereas vanillin was slightly 
decreased (10.8%) without producing other metabolites. 
Some authors have postulated that vanillin is an interme-
diate of reaction, rather than a final product, that can be 
metabolized over prolonged periods into vanillyl alcohol and 

Fig. 3   Course over time for phenolic compounds conversion and 
chemical structure of compounds: a isoeugenol (continuous line) 
into vanillin (dashed line); b vanillin (continuous line) into vanillyl 

alcohol (dashed line); and c p-coumaric acid (continuous line) into 
4-vinylphenol (dashed line)
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vanillic acid [9, 37]. For this, recombinant cells and systems 
that prevent the degradation of produced vanillin, and sys-
tems that allow for vanillin recovery, are being developed. 
Recently, Zhao et al. [38], using a sol–gel chitosan mem-
brane and a recombinant strain of Escherichia coli, were 
able to obtain approximately 4500 mg/L of vanillin from 
6000 mg/L of isoeugenol. In our case, B. aryabhattai BA03 
only produced vanillin as a metabolite from isoeugenol, and 
it was not metabolized again. However, when 1000 mg/L 
vanillin was used as a substrate (Fig. 3b), 76.4% of vanillin 
was converted into 690.3 ± 0.00 mg/L of vanillyl alcohol 
after just 24 h. The different behavior in these two cases 
could be related to the different concentrations assayed 
(149.5 ± 1.57 mg/L in Fig. 3a and 930.7 ± 1.08 mg/L in 
Fig. 3b), which suggests that a minimal threshold is nec-
essary to provoke the response of the microorganism 
against the toxicity of vanillin, or to produce the necessary 
enzymes necessary to be transformed into another metabo-
lite (vanillyl alcohol). In addition, the biotransformation 
of vanillyl alcohol into vanillin by B. aryabhattai BA03 
(Table 2) was almost entirely irreversible, since starting with 
485.6 ± 18.65 mg/L of vanillyl alcohol, despite 61.9% of the 
initial concentration being degraded, only a minimal amount 
of vanillin was released (26.3 ± 0.85 mg/L), the product 
yield being only 0.087 mg/mg. These findings contradict the 
metabolic pathway of 1-propenylbenzene isoeugenol pro-
posed by Xu et al. [9], where isoeugenol is transformed into 
vanillin through an epoxide–diol pathway and then further 
converted to vanillic acid and protocatechuic acid.

Isoeugenol can also be used as a lignin model compound. 
Lignin has a highly heterogeneous structure, and compounds 
with similar linkages and functionality are used to repre-
sent the most common substructure of lignin [39]. Peroxi-
dases and lacasses are able to cleave the lignin structure, 
although the metabolites produced from cleavage of linkages 
β-aryl ether are not always observed. In this sense, several 
authors have explained the pathway through vanillic acid 
to lignin depolymerization [40, 41]. For example, Rhodo-
coccus jostii RHA1 is a bacterium producer of peroxidase 
DypB that effects such a metabolic route; but neither vanil-
lin nor p-hydroxybenzaldehyde were observed in fermenta-
tions using a wild-type strain. Only when some deletion of 
genes was carried out these compounds were detected [41]. 
In agreement with these authors, our results showed that 
vanillin was generated as metabolite, but in our case without 
performing genetic modifications of the strain.

Finally, ferulic acid (FA) and p-coumaric acid (p-CA) 
were also studied, since they are two of the most impor-
tant hydroxycinnamic acids available in the environment, 
and their increase has adverse effects on soil [5]. Ferulic 
acid results compiled in a previous study [17] showed that 
the catabolic pathway included 4-vinyl guaiacol (4VG) 
as an intermediary metabolite, with a global volumetric 

productivity of 35.621  mg/L h and a product yield of 
0.51 mg/mg. Also of note here is that 97.5% of the initial 
FA was degraded in this short period. 4-vinyl guaiacol 
was a transitory peak that gradually decreased; at the same 
time vanillin appeared, producing a maximal threshold of 
45.8 ± 0.69 mg/L after 192 h. Similarly, 96.2% of p-CA 
was also metabolized by B. aryabhattai in only 22 h to 
produce 851.4 ± 11.17 mg/L of 4-vinilphenol (4VP) (see 
Fig. 3c). P-coumaric acid is also a hidroxycinnamic acid 
derived from plant cell walls as a secondary metabolite, 
and it is found covalently linked to polysaccharides and 
lignin by ester bonds and/or ether bonds [42]. Meanwhile, 
the metabolite produced (4VP) has several applications as 
a flavor and fragrance in the perfume, food and beverages 
industries, but also as an antifungal agent [43].

Consequently, all the compounds tested in this study, 
with the exception of caffeic acid, can be removed, 
simultaneously releasing another high-added metabolite 
(Table 1). Molecular structure was seen to transform one 
compound into another, requiring oxidation reactions. 
Based on data in the literature and observing that all enzy-
matic activities increased when inducers are present in the 
medium, we determined that there is a correlation between 
them, and we postulated B. aryabhattai as a microorgan-
ism with laccase and peroxidase activities inducible by 
phenolic compounds.

Conclusions

Bacillus aryabhattai BA03 shows interesting capabilities 
in the degradation of recalcitrant compounds and the pro-
duction of some value-added compounds. The metabo-
lism of phenolic compounds not only exhibit a high rate 
also shows a strong influence of them on the production 
of ligninolytic enzymes. Consequently, B. aryabhattai 
BA03 can be a useful tool for cleaning effluents with a 
high content of phenolic compounds, and at the same time 
the enzymes produced (Lac and LiP) could be recollected 
and reused with bioremediation aims in mind.
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