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Tannase production from Bacillus velezensis TA3 was optimized by sequential statistical approach using
pomegranate as a solid substrate. Easily available and low-cost substrates such as cow dung, coffee husk,
apple peel and pomegranate peel were initially screened. Among these substrates, pomegranate peel was
found to enhance tannase activity. Further, pomegranate peel was used as the substrate to optimize the
factors by traditional methods. In one-variable-at-a-time approach optimum process conditions were,
48 h incubation (1.92 U/g), 0.3% tannic acid (1.33 U/g), 0.08% minerals (2.3 U/g) with 55% initial moisture
content (2.7 U/g). To screen the impact of variables such as fermentation period, moisture content,
sodium chloride level, tannic acid concentration and required minerals on tannase production under solid
state fermentation, a two-level full factorial design was used. Among these factors, incubation time,
moisture and tannic acid concentrations were found to have significant influence on tannase production
(p < 0.001). The optimum concentration of these three significant factors was further evaluated by central
composite design (CCD) and response surface methodology (RSM). The optimum concentration of these
variables was determined as 57 h incubation, 72.5% moisture and 0.68% tannic acid. Under optimized
conditions, the experimental result of 32 U/g substrate was very close with predicted value (33.1 U/g sub-
strate) which validated the experimental design. RSM mediated statistical approach showed 9-fold
enzyme activity than unoptimized medium.
� 2020 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Tannase is an extracellular or intracellular enzyme, adaptive,
that comes under the super family of esterase (Aguilar et al.,
2007). It is mainly involved in the catalysis of tannins by hydrolyz-
ing their ester and depside bonds giving glucose, gallic acid as well
as various galloyl esters of glucose (Haslam and Stangroom, 1996).
It has varied industrial applications in feed, food, brewing, chemi-
cal and pharmaceutical firms extending from the making of acorn
wine, instant tea, gallic acid, and flavored cool drinks (Madeira
et al., 2011). Tannase is synthesized by various microorganisms
such as fungi, yeast and bacteria. Of these sources, most of the
research work has been done on fungal tannase. But the applica-
tion of fungal isolates for the large-scale production of tannase is
limited due to its genetic complexity and because of its slow
growth rate. Bacterial strains which can resist high pH and/or tem-
perature may be considered as a novel source for the production of
industrially useful tannase (Beniwal et al., 2015). Production of
tannase by bacteria such as Lactobacillus plantarum, Serratia ficaria
and Bacillus massiliensis has been published (Ayed and Hamdi,
2002; Belur and Mugeraya, 2011). Industrial production and purifi-
cation of tannases can be done by submerged or solid-state fer-
mentation techniques. The important benefits of solid-state
fermentation (SSF) include lower production cost, low wastewater
generation, simplicity and high enzyme yield. On other hand, sub-
merged fermentation (SmF) has advantages in sterilization, process
control, incubation time, utilization of whole substrates and simple
recovery technique of extracellular enzymes. In both these
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processes, substrates with rich tannin are used in order to achieve
high enzyme yield.

The crude tannin obtained from various natural resources is
used for the tannase production to minimize the making cost. Amla
leaves, jamum leaves, rice bran, peanut oil cake, wheat bran, bag-
gase, powdered tamarind seeds, tea and coffee leaf residues have
been already reported as substrates for tannase production. Yield
of tannase was found to be more in SSF when compared to SmF
(Aguilar et al., 2007). Application of castor bean residues
(Madeira et al., 2011) and rose wood dust (Beniwal et al., 2013)
as substrates for the making of tannase using SSF had been
reported. Since, various factors are involved in fermentation pro-
cess, various statistical methods can be used to improve enzyme
production by optimizing the factors (Vijayaraghavan and
Vincent, 2015). Two level full factorial experimental design is one
of the important statistical tools to screen the important variables
for optimization of various fermentation factors. Even though there
are various kinds of optimization designs available, central com-
posite design (CCD) is frequently used.

The present study aims to screen and optimize various process
variables for tannase production from B. velezensis TA3 isolated
from a saltpan using low cost medium under SSF by a two-level full
factorial design and response surface methodology.
2. Materials and methods

2.1. Isolation of halotolerant bacteria for tannase production

B. velezensis TA3 used in this study was isolated from a hyper-
saline environment at Kanyakumari, Tamil Nadu, India. Soil sam-
ples were collected from saltpan and bacterial isolation was
performed by standard method. Briefly, 1 gm of soil sample was
suspended in 100 ml distilled water and different dilutions were
plated on minimal medium and enriched medium with 0.5% (w/
v) tannic acid. The morphologically different bacterial isolate was
picked and pure culture was made. Tannase producing bacterial
isolates were determined based on zone of hydrolysis. (Jana
et al., 2012). The strains were then inoculated into nutrient broth
medium and kept for 18 h incubation at 37 �C with an agitation
rate of 175 rpm.
2.2. Substrates

The solid substrates such as Orange peel, Wheat bran, Cow
dung, Coffee husk, Apple peel and Pomegranate peel were used
in this study. The substrate such as orange, apple and pomegranate
peels were obtained from the local market. Substrates were sun
dried for 3 days, after which oven dried at 60 �C and finally finely
ground using a mixer grinder. The powdered substrates were then
sieved using a standard sieve to remove impurities and were
stored in a sterilized container for further use.
2.3. Tannase production by solid state fermentation

Five grams of each substrate was taken in 250 ml Erlenmeyer
flask. These act as an inert material and also provide nutrients to
the organism. The particle size was ranged between 2.0 mm and
3 mm. The moisture content of the culture medium was kept as
60% (v/w) using mineral salt solution (MgSO4 (0.1%), NH4NO3

(0.5%), KCl (0.1%), Na2HPO4 (0.1%) with pH 7.0. The flasks were
sterilized at 121 �C for 30 min and cooled. 5% inoculum which
was prepared earlier in nutrient broth was then inoculated and
incubated for 2 days. 50 ml phosphate buffer was added to the
fermented substrate after two days. The crude enzyme source
was filtered followed by centrifugation (10,000 rpm for 10 min)
and assayed.

2.4. Tannase assay

It was performed following the protocol of Sharma et al. (2007)
using spectrophotometric method of analysis with little modifica-
tions using tannic acid as the substrate.

2.5. Optimization of tannase production by one-variable-at-a-time
approach

Optimum nutritional factors and physical parameters required
to enhance tannase production by B. velezensis TA3 was screened
under SSF using pomegranate as the substrate. The effect of fer-
mentation period (24 h–72 h), moisture content of the culture
medium (50–75%), supplementation of tannic acid (0.1–0.5%), car-
bon sources (glucose, xylose, maltose, starch and sucrose, 0.5%) and
mineral salts such as, MgSO4, NaH2PO4, CaCl2�2H2O and KCl) at
0.02%–0.1% were added.

2.6. Screening of variables for the production of tannase by statistical
approach

A two-level full factorial design having a set of 32 experimental
runs with two replications was made to evaluate the significance of
the selected five factors on tannase production by B. velezensis TA3
with pomegranate peel as substrate. The variables selected were
fermentation period (24 and 48 h), moisture content of the culture
medium (50–70%), sodium chloride (3.0–6.0%), supplementation of
tannic acid (0.05–0.5%) and mineral salts (0.01% � 0.1%). In this
experimental design, the highest (+) and lowest (�) level was
described in Table 1a and the response was tabulated in
Table 1b. Factors that showed more than 95% confidence levels
were considered to have significant influence on tannase produc-
tion (Table 1c). After elucidating the effect of the selected variables,
the process parameters that had influenced tannase production
were determined. Then, three factors – moisture content of the
medium, incubation time as well as tannic acid concentration were
further evaluated using CCD to optimize their concentration to
acquire maximum tannase activity. The software Design Expert
(version 10) was used for the design and interpretation of results.
The mean value of (�1 and +1) was used to assess the response of
the designed model, which was calculated by following first-order
polynomial equation.

Y¼a0þRaixi
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where Y is the response, aij = ijth, aijk = ijkth, aijkl = ijklth, and aijklm =-
ijklmth interaction coefficients, a0 was an intercept, and ai was the
ith linear coefficient.

2.7. Central composite rotary design and response surface
methodology

Using CCD at five levels in 20 different runs, incubation time,
moisture content and tannic acid were further optimized
(Table 2a). The selected variables and the concentrations of the
variables were initially fixed based on the analysis of statistical
screening. The designed matrix and results were described in
Table 2b. The model for calculating optimum response is in accor-
dance with the second-order polynomial equation as follows.
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Table 1b
Design matrix and response for the selected five variables in two-level full factorial design.

Run Fermentation period Moisture Tannic acid Sodium chloride Minerals Enzyme activity
h % % % % (U/g)

1 48 70 0.05 3 0.1 3.2
2 48 70 0.5 6 0.01 5.4
3 24 50 0.05 6 0.01 2.9
4 48 50 0.5 6 0.01 6
5 24 50 0.5 6 0.01 3.47
6 24 50 0.05 6 0.1 7.58
7 48 70 0.05 6 0.01 7.26
8 48 50 0.05 6 0.01 7.4
9 24 50 0.5 6 0.1 4.5
10 24 70 0.05 6 0.1 4.8
11 24 70 0.05 3 0.01 5.5
12 48 50 0.05 6 0.1 1.6
13 48 70 0.05 3 0.01 6.8
14 48 50 0.5 3 0.01 3.9
15 48 50 0.5 3 0.1 9.8
16 48 70 0.5 3 0.01 5.8
17 48 50 0.05 3 0.01 11.9
18 48 50 0.5 6 0.1 9.3
19 24 50 0.5 3 0.1 4.6
20 24 70 0.5 6 0.1 5.19
21 48 70 0.05 6 0.1 9.9
22 24 50 0.05 3 0.1 1.9
23 24 70 0.05 6 0.01 4.82
24 24 50 0.05 3 0.01 3.29
25 24 70 0.5 6 0.01 2.9
26 48 70 0.5 3 0.1 6.9
27 48 70 0.5 6 0.1 12.2
28 24 70 0.5 3 0.01 8.27
29 24 70 0.5 3 0.1 5.8
30 48 50 0.05 3 0.1 7.5
31 24 70 0.05 3 0.1 9.2
32 24 50 0.5 3 0.01 13.2

Table 1a
Independent variables and levels of a two-level full factorial design for the production of tannase.

Factor Name Units �1 +1

A Fermentation period h 24.00 48.00
B Moisture % 50.00 70.00
C Tannic acid % 0.0500 0.5000
D Sodium chloride % 3.00 6.00
E Minerals % 0.0100 0.1000
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in which, Y corresponds to the response (tannase activity), b0is the
offset term, bi is the coefficient of linear terms, bii is the coefficient
of square terms whereas bij is the coefficient of interactive terms.
3. Results

3.1. Screening of low-cost substrates for tannase production

The selected bacterium, B. velezensis TA3 utilized all selected
agro-residues such as, orange peel, wheat bran, cow dung, coffee
husk, apple peel and pomegranate peel for tannase production.
Among the selected substrates, pomegranate peel has significant
influence on enzyme production followed by orange peel and cof-
fee husk (Fig. 1). For further evaluation pomegranate peel was
selected.

3.2. Optimization of tannase production by B. Velezensis TA3 using
traditional method

Traditional method was used for tannase production in SSF
using pomegranate peel as a selected solid medium. In SSF,
moisture content is an important factor influence on enzyme
production. In this study 55% moisture content was found to be
optimum (Fig. 2a). The effect of fermentation period (24 h–72 h)
on tannase production was studied. The maximum production of
tannase was found after 48 h of incubation at 37 �C (Fig. 2b). Since
tannic acid is an inducible enzyme, supplementation of tannic acid
with the medium induces tannase production. In our study, addi-
tion of 0.4% tannic acid to the medium was found to have high
impact on tannase production (Fig. 2c). Even though, various car-
bon sources (glucose, xylose, maltose, starch and sucrose) were
also tested to analyze their effect on tannase production, they
did not show any influence (Fig. 2d). Enzyme activity was inhibited
by these sources. The influence of minerals on enzyme production
is also screened and the selected mineral medium supported tan-
nase production (Fig. 2e).
3.3. Screening of variables for the production of tannase by a two-level
full factorial design

In order to assess the impact of significant factors on tannase
yield, a 32 experimental run was made. The production of tannase
varied widely, which showed the significance of the optimization
process parameters to gain maximum yield of enzyme (Table 1b).



Table 1c
Analysis of variance for the production of tannase in a two-level full factorial design.

Source Sum of Squares df Mean Square F-value p-value

Model 276.86 28 9.89 569.90 0.0001
A-Fermentation period 22.68 1 22.68 1307.21 <0.0001
B-Moisture 0.8128 1 0.8128 46.85 0.0064
C-Tannic acid 4.26 1 4.26 245.72 0.0006
D-Sodium chloride 4.76 1 4.76 274.27 0.0005
E-Minerals 0.8320 1 0.8320 47.96 0.0062
AB 0.7750 1 0.7750 44.67 0.0068
AC 0.5512 1 0.5512 31.77 0.0110
AD 11.12 1 11.12 640.67 0.0001
AE 1.41 1 1.41 81.34 0.0029
BC 2.95 1 2.95 170.17 0.0010
BD 6.43 1 6.43 370.38 0.0003
BE 7.72 1 7.72 445.10 0.0002
CD 1.23 1 1.23 71.03 0.0035
CE 5.73 1 5.73 330.21 0.0004
DE 19.03 1 19.03 1097.09 < 0.0001
ABC 6.84 1 6.84 394.52 0.0003
ABD 23.43 1 23.43 1350.26 < 0.0001
ACD 20.74 1 20.74 1195.20 < 0.0001
ACE 57.73 1 57.73 3327.23 < 0.0001
ADE 2.42 1 2.42 139.48 0.0013
BCE 0.3916 1 0.3916 22.57 0.0177
CDE 3.32 1 3.32 191.08 0.0008
ABCD 25.35 1 25.35 1460.93 < 0.0001
ABCE 9.61 1 9.61 554.13 0.0002
ABDE 29.26 1 29.26 1686.53 < 0.0001
ACDE 5.93 1 5.93 342.02 0.0003
BCDE 0.9730 1 0.9730 56.08 0.0049
ABCDE 0.5671 1 0.5671 32.69 0.0106
Residual 0.0521 3 0.0174
Cor Total 276.91 31

Table 2a
Independent factors and levels for the production of tannase in central composite design and response surface methodology.

Factors Symbol Coded values
-a �1 0 1 a

Fermentation A 7.63 24 48 72 88.3
Moisture B 41.4 50 62.5 75 83.5
Tannic acid C 0.004 0.2 0.5 0.8 1.004

Table 2b
Design matrix and interactive response for central composite design.

Std A:Fermentation B:Moisture C:Tannic acid Enzyme activity

h % % U/g

20 48 62.5 0.5 29.21
8 72 75 0.8 28.2
10 88.363 62.5 0.5 19.2
12 48 83.5224 0.5 21.1
4 72 75 0.2 23
13 48 62.5 �0.00453785 0.2
9 7.63697 62.5 0.5 0
16 48 62.5 0.5 30.2
19 48 62.5 0.5 28.4
18 48 62.5 0.5 30.1
6 72 50 0.8 10.5
1 24 50 0.2 2.1
17 48 62.5 0.5 29.4
11 48 41.4776 0.5 1.3
5 24 50 0.8 12.5
3 24 75 0.2 10.5
2 72 50 0.2 4.25
14 48 62.5 1.00454 25.2
15 48 62.5 0.5 29.4
7 24 75 0.8 15.3
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In this model design, moisture content of the medium, incubation
time, sodium chloride, tannic acid concentration and minerals
exhibited positive influence on tannase production. The capability
of the designed model was examined and the significant factors
were further analyzed using analysis of variance which confirmed
that the designed model is statistically significant (p < 0.05).



Fig. 1. Effect of various agro-industrial wastes on tannase production in solid state fermentation.

Fig. 2. Optimization of enzyme production by one-variable-at-a-time approach.
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The F-value of the model is 1301.21 and the p value is < 0.0001.
Incubation time, moisture content and tannic acid also show
strong influence on tannase production. But variables such as
sodium chloride and mineral salts do not have any positive impact
on tannase yield. So these two factors were ignored and the rest of
the significant variables were selected for further optimization
study with CCD and RSM.
3.4. Optimization of significant variables by response surface
methodology

In this CCD model, 20 experiments were conducted in dupli-
cates (Table 2b) and found that tannase activity got varied from
0.2 to 30.1 U/g substrate. The ANOVA results of the designed CCD
model showed its statistically significance with an F value of
22.95 and p value < 0.01 (Table 2c). The value < 0.05 was found
to be significant. In this model incubation time of the culture med-
ium, moisture content and tannic acid concentration were signifi-
cant (<0.001). Also, in this case, AB (0.02) was significant model
term. The R2 value of the designed model was found to be
0.9538, which showed that 95.38% of the variation noted in tan-
nase yield could be described by the new designed model. It was
also observed that the lack-of-fit F-value was 0.151 which was
not significant (p > 0.05). The predicted R2 value was 0.9722 and
the adjusted R2 value was 0.961. In this model adequate precision
value was more than 4 which indicated adequate signals. To visu-
alize variable interactions, response surface plots and contour plots
were used (Fig. 3). In our study, the obtained response plot was
found to be convex in shape and this shows that the optimum pro-
cess condition was well defined. Fig. 3a–f shows the interactions
between selected variables. Tannase yield got increased at higher
incubation time and decreased after 57 h of incubation at 37 �C.
Likewise, moisture content of the medium had positive influence
up to an optimum level and further decreased at higher concentra-
tions. Also, tannase production increased positively up to an opti-
mum value while high concentration of tannic acid inhibited
enzyme production.
4. Discussion

A halotolerant tannase producing bacterium was isolated from
the hypersaline environment and the potent bacterial strain was
identified as B. velezensis TA3. The production of tannase enzyme
by the selected bacterial strain was enhanced by optimizing vari-
ous process parameters by response surface methodology. Many
studies on tannase from bacterial isolates suggest the application
of enriched culture medium and further by solid culture medium
for isolating and screening enzyme producing organisms. There-
fore, we used enriched medium as well as minimal medium fol-
lowed by a solid medium for the isolation and screening of
bacterial strains. 0.5% tannic acid was solely used as the carbon
source and the ability to hydrolyze tannic acid was determined
by well diffusion method. Out of 50 tannase positive isolates,
TA3 identified as B. velezensis showed maximum tannase activity
(>15 mm zone) than other isolates. The selected bacterial isolate
(TA3) showed various morphological and biochemical characters.
It was a rod shaped, gram-positive and motile bacterium. The



Table 2c
Results of the regression analysis of the central composite design.

Source Sum of Squares df Mean Square F-value p-value

Model 2372.73 9 263.64 22.95 <0.0001
A-Fermentation 244.97 1 244.97 21.32 0.0010
B-Moisture 479.82 1 479.82 41.76 <0.0001
C-Tannic acid 345.54 1 345.54 30.08 0.0003
AB 79.70 1 79.70 6.94 0.0250
AC 1.76 1 1.76 0.1530 0.7039
BC 5.53 1 5.53 0.4811 0.5037
A2 578.48 1 578.48 50.35 <0.0001
B2 479.80 1 479.80 41.76 <0.0001
C2 395.65 1 395.65 34.44 0.0002
Residual 114.89 10 11.49
Lack of Fit 8.75 5 1.75 0.151 0.702
Pure Error 2.15 5 0.4300
Cor Total 2487.63 19

Fig. 3. Contour and response surface plot for the production of tannase in solid
state fermentation by Bacillus velezensis TA3. Interactive effect between fermenta-
tion period and moisture content (a & b), fermentation period and tannic acid (c &
d) and between moisture and tannic acid (e & f).
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16S rDNA sequence having 1329 bp revealed more than 99%
sequence similarity with B. velezensis.

The selected bacterial strain was cultured in SSF for tannase
production and pomegranate peel was found to be suitable for
the production of tannase. In bacteria, tannase is regarded as an
inducible enzyme whose production depends on the availability
of tannic acid (Mondal and Pati, 2000). The availability of tannins
in the fruit peel induces the production of tannase and hence they
can be used as cheap substrates for enzyme production. The pome-
granate peels are considered as rich source of natural tannins (Saad
et al., 2012). Tannic acid is commonly used as a source of carbon to
induce the yield of tannase enzyme. However, an inhibitory effect
of pure carbon sources in tannase synthesis was reported by
Aguilar et al. (2001).

In this study, tannase producing organism was screened by
minimal and enriched medium. Previous studies also suggested
the use of these methods for the isolation of tannase producing
bacteria. In a study, Raghuwanshi et al. (2011) isolated and
screened tannic acid degrading bacteria using minimal medium
containing 1% tannic acid. Many authors have reported the advan-
tage of using enriched medium with tannin for the isolation of bac-
teria from tannin rich environment for tannase production
(Chhokar et al., 2010). In Lactobacillus plantarum, tannic acid con-
centration in culture medium has significantly influenced the pro-
duction of tannase (Ayed and Hamdi, 2002). Because of various
industrial applications of tannase from bacterial sources, it is
important to optimize the process parameters for enhancing the
production of tannase. The impact of process variables such as
moisture content, sodium chloride, carbon source, incubation time
and minerals on tannase activity in solid state fermentation using
B. velezensis TA3 was investigated by one-variable-at-a-time
(OVAT) method. Later, five factors were selected and screened sta-
tistically by a two-level full factorial design followed by central
composite design (CCD) and response surface methodology (RSM).

Optimization of tannase production using statistical methods
has various advantages than traditional methods. Tannase produc-
tion varied based on microorganisms, type of fermentation, culture
conditions and experimental process. In our study, tannase pro-
duction was found to be high after statistical approach. Optimum
conditions for enhanced tannase production were 57 h fermenta-
tion, 72.5% moisture content with 0.68% tannic acid. Fig. 2a-c
shows that a rise in incubation time lead to increased tannase yield
up to 57 h after which tannase activity dropped gently. Moisture
content of the medium is one of the prime variables that affect tan-
nase yield. At lower as well as higher moisture levels, the tannase
activity was found to be very less. The maximum enzyme activity
was obtained at 72.5% moisture content. Also, up to 0.68% tannic
acid in the culture medium enzyme activity enhanced and
depleted at higher concentrations. The experimental tannase activ-
ity of 32 U/g substrate was very close with the predicted value of
33.1 U/g substrate validated the designed model. Under optimized
process conditions nine times increase in tannase activity was
attained when compared with unoptimized conditions. In another
study, Sharma et al. (2007) used a statistical approach for tannase
synthesis by Aspergillus niger and 5% tannic acid showed high rate
of production. Mohan et al. (2014) reported 35.5 �C and 97 h of
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incubation time as optimum for enhanced tannase production
from Aspergillus foetidus MTCC 3557 using statistical approach.
Although a number of fungal species have been reported to pro-
duce tannase, studies on bacterial strains capable of tannase pro-
duction were limited (Mondal and Pati, 2000). The obtained
enzyme yield was higher than that of various bacterial species.
For instance, Prasanna et al. (2012) optimized tannase production
using response surface methodology from Bacillus massiliensis
and the yield was found to be less than that of present study. How-
ever, Raghuwanshi et al. (2011) used RSM for optimized produc-
tion of tannase using Bacillus sphaericus and over nine-fold
increase on enzyme production was achieved. In general, the yield
of enzyme differs based on strain, substrate, inducer, enzyme assay
method and types of fermentation.

5. Conclusion

Enhanced production of tannase from B. velezensis TA3 with
pomegranate peel as a solid substrate was optimized using differ-
ent methods. Among the selected variables, tannic acid concentra-
tion, incubation time and initial moisture content significantly
affected tannase activity. The optimum process conditions for
increased tannase production were found to be 57 h incubation
period, 72.5% moisture content and 0.68% tannic acid. The opti-
mized medium increased 9-fold tannase yield than unoptimized
medium.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

Acknowledgements

The authors extend their appreciation to the Principal and Head
of the PG & Research Department of Biotechnology, Srimad Anda-
van Arts and Science College, Trichy, Tamil Nadu. The funding sup-
port from Researchers Supporting Project number (RSP-2019/11),
King Saud University, Riyadh, Saudi Arabia is highly acknowledged.
References

Aguilar, C.N., Augur, C., Favela-Torres, E., Viniegra-González, G., 2001. Induction and
repression patterns of fungal tannase in solid-state and submerged cultures.
Process Biochem. 36 (6), 565–570.

Aguilar, C.N., Rodríguez, R., Gutiérrez-Sánchez, G., Augur, C., Favela-Torres, E.,
Prado-Barragan, L.A., Ramírez-Coronel, A., Contreras-Esquivel, J.C., 2007.
Microbial tannases: advances and perspectives. Appl. Microbiol. Biotechnol.
76 (1), 47–59.

Ayed, L., Hamdi, M., 2002. Culture conditions of tannase production by Lactobacillus
plantarum. Biotechnol. Lett. 24 (21), 1763–1765.

Belur, P.D., Mugeraya, G., 2011. Microbial production of tannase: state of the art.
Res. J. Microbiol. 6 (1), 25–40.

Beniwal, V., Goel, G., Kumar, A., Chhokar, V., 2013. Production of tannase through
solid state fermentation using Indian Rosewood sawdust- a timber industry
waste. Ann. Microbiol. 63 (2), 583–590.

Beniwal, V., Sharma, A., Marwah, S., Goel, G., 2015. Use of chickpea milling agro-
waste for the production of tannase using co-cultures of Aspergillus awamori
MTCC 9299 and Aspergillus heteromorphus MTCC 8818. Ann. Microbiol. 65 (3),
1277–1286.

Chhokar, V., Beniwal, V., Salar, R.K., Nehra, K.S., Kumar, A., Rana, J.S., 2010.
Purification and characterization of extracellular tannin acyl hydrolase from
Aspergillus heteromorphus MTCC 8818. Bioprocess Eng. 15 (5), 793–799.

Haslam, E., Stangroom, E., 1996. The esterase and depsidase activities of tannase.
Biochem. J. 9, 28–31.

Jana, A., Maity, C., Halder, S.K., Pati, B.R., Mondal, K.C., Mohapatra, P.K.D., 2012.
Rapid screening of tannase producing microbes by using natural tannin. Braz. J
Microbiol. 43 (3), 1080–1083.

Madeira Jr, J.V., Macedo, J.A., Macedo, G.A., 2011. Detoxification of castor bean
residues and the simultaneous production of tannase and phytase by solid-state
fermentation using Paecilomyces variotii. Bioresour. Technol. 102 (15), 7343–
7348.

Mohan, S.K., Viruthagiri, T., Arunkumar, C., 2014. Application of response surface
methodology for the maximum production of tannase using Aspergillus foetidus
(MTCC 3557). Int. Pharm. Dev. Technol. 4, 151–156.

Mondal, K.C., Pati, B.R., 2000. Studies on the extracellular tannase from newly
isolated Bacillus licheniformis KBR 6. J. Basic Microbiol. 40, 223–232.

Prasanna, D.B., Rakesh, V.G., Dinesh, C.G., 2012. Optimization of Culture Medium for
Novel Cell-Associated Tannase Production from Bacillus massiliensis Using
Response Surface Methodology. J. Microbiol. Biotechnol. 22 (2), 199–206.

Raghuwanshi, S., Dutt, K., Gupta, P., Misra, S., Saxena, R.K., 2011. Bacillus sphaericus:
The highest bacterial tannase producer with potential for gallic acid synthesis. J.
Biosci. Bioeng. 111 (6), 635–640.

Saad, H., Charrier-El Bouhtoury, F., Pizzi, A., Rode, K., Charrier, B., Ayed, N., 2012.
Characterization of pomegranate peels tannin extractives. Ind. Crops Prod. 40,
239–246.

Sharma, S., Agarwal, L., Saxena, R.K., 2007. Statistical optimization for tannase
production from Aspergillus niger under submerged fermentation. Ind. J.
Microbiol. 47 (2), 132–138.

Vijayaraghavan, P., Vincent, S.G.P., 2015. A low cost fermentation medium for
potential fibrinolytic enzyme production by a newly isolated marine bacterium,
Shewanella sp. IND20. Biotechnol. Reports. 7, 135–142.

http://refhub.elsevier.com/S1018-3647(20)30024-0/h0005
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0005
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0005
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0010
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0010
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0010
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0010
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0015
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0015
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0020
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0020
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0025
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0025
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0025
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0030
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0030
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0030
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0030
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0035
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0035
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0035
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0040
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0040
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0045
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0045
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0045
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0050
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0050
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0050
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0050
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0055
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0055
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0055
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0060
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0060
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0065
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0065
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0065
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0070
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0070
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0070
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0075
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0075
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0075
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0080
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0080
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0080
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0085
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0085
http://refhub.elsevier.com/S1018-3647(20)30024-0/h0085

	Pomegranate peel is a low-cost substrate for the production of tannase by Bacillus velezensis TA3 under solid state fermentation
	1 Introduction
	2 Materials and methods
	2.1 Isolation of halotolerant bacteria for tannase production
	2.2 Substrates
	2.3 Tannase production by solid state fermentation
	2.4 Tannase assay
	2.5 Optimization of tannase production by one-variable-at-a-time approach
	2.6 Screening of variables for the production of tannase by statistical approach
	2.7 Central composite rotary design and response surface methodology

	3 Results
	3.1 Screening of low-cost substrates for tannase production
	3.2 Optimization of tannase production by B. Velezensis TA3 using traditional method
	3.3 Screening of variables for the production of tannase by a two-level full factorial design
	3.4 Optimization of significant variables by response surface methodology

	4 Discussion
	5 Conclusion
	Declaration of Competing Interest
	Acknowledgements
	References


