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Abstract

Introduction: Tannase (tannin acyl hydrolase EC3.1.1.20) is an industrially important enzyme with extensive applications. The current study
aimed to optimize the tannase production employing corn leaves as substrate and characterize tannase activity.

Materials and Methods: Tannase producing bacterial strains were isolated from Catla catla fish gut. The highest enzyme-producing bacterial
strain was identified as Bacillus subtilis using 16S rDNA sequencing.

Results: Fermentation parameters and additional medium components were optimized with the application of one variable at a time and
enhanced tannase was obtained with 50% substrate moisture, acetate buffer (pH 4.0) as enzyme extraction medium with 2 m| volume, 45 °C
incubation temperature, pH 5, 2% inoculum size, 24 h incubation time, 150 rpm agitation, large-sized substrate particles (4.0 mm), enzyme
extraction without centrifugation and medium components (MgSOa4, 4% tannic acid and yeast extract). The central composite design was
employed to optimize the concentrations of optimal medium components, which were found as 4.0% tannic acid, 0.5% MgSOas and 1.5% yeast
extract for the highest tannase production (211.97+0.08 U/ml). Tannase characterization revealed the maximum tannase activity at pH 8, 30 °C
(with 30 min incubation period and 0.35% substrate concentration).

Conclusions: The results of the present study revealed the potential of utilization of agricultural resources (corn leaves) as a low-cost substrate to

reduce the production cost of tannase.
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Introduction
Tannin acyl hydrolase (EC3.1.1.20), generally named
tannase, catalyzes the breakdown of hydrolysable tannins,
such as tannic acid by breaking ester depside bonds to yield
glucose and gallic acid.? Tannase is an industrial enzyme
with extensive applications in preparing instant tea, soft
drinks, wine and reducing the bitterness and haze of juices.
This enzyme is used to produce gallic acid which is used as
a substrate to synthesize the trimethoprim and propyl gallate,
which are the vital components of industries such as food
and pharmaceutical. Furthermore, gallic acid has also been
reported for its applications in adhesives, cosmetics and food
industries.36

Despite extensive industrial use of tannase, the major limitations
of its applications are expensive medium components,
processes and use of pure tannic acid as an inducer.” On the
other hand, Pakistan is an agricultural country. Therefore,
interest in the use of agricultural resources has been increased
remarkably due to their low cost and huge applications.
Many reports have indicated agricultural wastes such as Jamun

leaves, palm kernel cake, tamarind seed powder, sugarcane
bagasse, rice straw powder, tea stalks, coffee husk, olive mill
waste, cashew bagasse as a substrate for the production of
tannase.>®15 Corn is widely used as staple food for human
consumption and is also used as fodder for animals. After
harvesting the maize, most of its plant body is wasted or
used for fodder. Due to its excess waste, an attempt was
made to utilize the corn leaves for tannase production in this
study. Tannase is produced by different organisms, but
microorganisms play a leading role in tannase production. A
variety of bacteria has been reported with the potential of
tannase synthesis.'®8 At the industrial level, both submerged
fermentation (SmF) and Solid-State Fermentation (SSF) are
applicable, but evidence supports the SSF to be the more
appropriate for the utilization of agricultural wastes to
produce industrially valuable enzymes.'® The SSF has more
manufacturing and commercial advantages with cost-effective
downstream and upstream processes, yielding more products
and less effluents.?® Furthermore, fermentation conditions
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like moisture, temperature, inoculum size may significantly
influence the SSF process and consecutively affect the
product formation.?

To develop economically efficient bioprocess, the optim-
ization of various conditions of the fermentation process is
essential. One Variable At a Time (OVAT) is a conventional
optimization method where one variable's effect is determined
by varying its values while keeping all the other variables
constant.?2 The recent optimization approach is the Response
Surface Methodology (RSM) that has application in designing
experiments to optimize or improve the response or performance
of a product or process. This technique combines the
experimental design, regression analysis and methods in a
strategy to optimize the response’s expected value.?® In the
present report, the experiments have been designed to
optimize the tannase production and activity from Bacillus
subtilis under the SSF process using corn (Zea mays) leaves
with the application of OVAT and RSM methodologies.

Materials and Methods

Isolation and Screening of Potential Bacteria

Bacterial strains with tannase producing potential were
isolated from the gut of freshwater fish, Catla catla. The gut
content was serially diluted in 0.9% saline and plated on
sterile tannic acid medium (2.8% nutrient agar supplemented
with 0.5% tannic acid) under sterilized conditions. After 24
h of incubation (37 °C), bacterial colonies appeared on the
medium. The tannase producing bacteria were screened
following Osawa and Walsh?* based on the hydrolysis zone
around their colonies by hydrolyzing the tannic acid. All
zone producing strains were subjected to further screening
employing tannase assay. Among all zone producers, the
bacterial strain showing the maximum value of enzyme
synthesis was selected and used during experiments to
optimize the fermentation and medium components.

Identification of Bacterial Strain

The selected bacterial isolate with the highest tannase
production was identified using 16S rDNA. Briefly, an
overnight incubated pure culture of the bacterial isolate was
used for DNA extraction. The DNA was amplified using
universal primers, following Shakir.?¢ PCR reaction mixture
(50 ul) contained DNA template (5 ul), 10X PCR buffer (5
ul), 2.0 U/ul Taq polymerase (2 ul), 1 mM dNTPs (5 ul), 25
mM MgCl; (5 ul), dH20 (18 nl), 10 pM forward primer (5
ul) and10 pM reverse primer (5 ul). DNA was amplified
using thermocycler with conditions: initial denaturation at 95
°C for 5 min, 35 cycles of the second denaturation for 45 sec
at 94 °C, extension for 1 min at 72 °C, final extension for 7
min at 72 °C. The PCR products were examined using 1%
agarose gel electrophoresis and DNA was purified with a
GenJET™ purification kit. Purified amplicons of 16S rDNA
were commercially sequenced. The nucleotide sequence file

was aligned using NCBI BLAST and the bacterial strain was
identified based on the percentage similarities with already
submitted sequences of classified bacteria in databases. The
neighbor-joining (unrooted tree) was constructed using the
NCBI BLAST Tree method.

Substrate

Corn leaves were obtained from district Chakwal, Pakistan,
cut into small pieces, properly dried and then ground for fine
powder to be used as a substrate in optimizing experiments
of tannase under SSF.

Tannase Production

For each tannic acid degrading strain, 100 ml production
medium (tannic acid 0.5%, yeast extract 0.275% and CaCl,
0.1%) was taken in each 250 ml Erlenmeyer flask and
autoclaved for 15-20 min at 121 °C and 15 psi. After that flask
was inoculated (1%) with 24 h old culture cells and after 24 h
incubation (37 °C), the fermentation medium was centrifuged
at 8000 rpm for 15 min at 4 °C. After centrifugation, the
supernatant was used as a source of crude tannase enzyme.

Tannase Assay

Tannase assay was performed by the Miller?® method.
Tannic acid (0.5%) prepared in 0.1 M acetate buffer (pH 5.0)
was used as substrate. Crude tannase (0.5 ml) was incubated
with substrate (0.5 ml) for 30 min at 37 °C. After incubation,
3 ml of di-nitro-salicylic acid was added to terminate the
reaction. The solution was boiled in the water bath for 15
min, followed by the dilution with 10 ml distilled water and
optical density was taken at 540 nm using spectrophotometer
against blank. The glucose was used as standard. One
tannase-unit was defined as the amount of tannase used to
hydrolyze 1 mM of tannic acid as substrate in one min under
standard tannase assay conditions.

Optimization of Physico-chemical Parameters

The effect of various parameters, i.e., moisture contents of
the substrate (50-90%), different tannase extraction mediums
(distilled water, tap water, NaCl 1%, acetate buffer (pH 4.0
and 5.0), phosphate buffer (pH 6.0 and 7.0), Tris-HCI buffer
(pH 8.0 and 9.0) and glycine NaOH buffer (pH 10.0 and
11.0), volume of optimal extraction medium (1-6 ml),
incubation temperature (37 °C, 40 °C, and 45 °C), medium
pH (3, 5, 7, 9, and 11), inoculum size (1, 2 and 3%), incubation
period (24, 48, 72, and 96 h), agitation effect (150 rpm
shaking and non-shaking), substrate particle sizes (2.8, 3.4,
4.0 mm) and effect of centrifugation (8000 rpm speed at 4 °C
for 15 min) were optimized under SSF for tannase production
using OVAT.

Optimization of Medium Components
The presence of additional salt, carbon and nitrogen source
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has a vital role in SSF. To assess the role of these medium
components on tannase production, the substrate (corn
leaves) was supplemented with different salts (KCI, NaCl,
K2HPO4, KH2PO4, CaCly, MgSQa), concentrations of tannic
acid (1.5, 2.0, 2.5, ..., 4.0%) as carbon source and nitrogen
sources (malt extract, yeast extract and peptone). These
parameters were optimized based on the highest tannase
production using OVAT under SSF.

Optimization of Concentration of Medium Components
Using Central Composite Design

Concentrations of optimized medium components were
optimized for optimal tannase production employing central
composite design (CCD) of RSM. This study applied three
medium components and a five-level face-centred cube
design consisting of 17 experiments. Independent variables
were tannic acid, MgSO, and yeast extract concentrations,
while the response was tannase production (U/ml). Each
variable was investigated at five levels (-2. -1, 0, +1, +2) as
described in Table 1.

ANOVA was applied to assess the significance of the
model and regression coefficients. The regression analysis
predicted the response (tannase production) by the
application of second-order polynomial equation.

Y =By + 2, BiXi + 2o BuXP + Xics Yi=i+1 BiXiX; (D)

Y is the response of tannase production (U/ml), Xi, Xj are
the independent variables, whereas k represents the total
number of applied variables. Bo, Bij and i are coefficients of
intercept, interaction and quadrate, respectively.

Table 1. Levels of Medium Components (Independent Variables)

. Levels
Medium components  Code ) X 0 T 2
Tannic acid (%) A 3.00 3.50 4.00 450 5.00
MgSOs4 (%) B 0.10 0.25 0.50 0.75 1.00
Yeast Extract (%) C 0.50 0.75 1.00 1.25 1.50

Characterization of Tannase

Effect of pH

To evaluate the pH (4-11) effect on crude tannase activity,
different buffers such as acetate (pH 4.0 and 5.0), phosphate
(pH 6.0 and 7.0), tris-HCI (pH 8.0 and 9.0) and glycine-
NaOH (pH 10.0 and 11.0) were used. The pH value related
to maximum activity was recorded as optimal.

Effect of Temperature

To determine optimum temperature, tannase activity was
checked at temperatures varying from 20 °C to 90 °C at
optimum pH. The temperature value showing the highest
enzyme activity was considered as temperature optima.

Effect of the Incubation Period
Crude tannase with optimal temperature and pH was incubated

for different time periods (15, 30, 45..., 75 min). The
incubation period corresponding to the best activity was
recorded as optimum.

Effect of Substrate Concentration

Different concentrations (0.25, 0.30, 0.35..., 0.60%) of
tannic acid were applied with all previously optimized
factors to assess the optimum concentration with the highest
tannase activity.

Statistical Analysis

Experiments were conducted in triplicates and the results
were presented in the form of mean value and standard
deviation. Statistical significance was analyzed using t-test
and one-way ANOVA followed by Tukey’s test (p<0.05) by
SPSS Statistics software 20 and Microsoft Excel 2019.
Statistics for RSM was applied using STATISTICA (99"
edition) software.

Results

Screening and Identification of Bacteria

In the present study, three bacterial isolates showed a
greenish zone of hydrolysis on tannic acid incorporated
medium after 24 h incubation and they were coded as B1,
B2 and B3. The tannase assay showed that B3 produced
significantly highest tannase with an enzyme value of 2.65
+ 0.35 U/ml (Figure 1). The 16S rDNA gene sequence
revealed bacterial strain (B3) as Bacillus subtilis. The
phylogenetic tree with neighbor joining (unrooted tree)
method has been demonstrated in Figure 2.

Optimization of Physico-chemical Parameters

Effect of Substrate Moisture

In SSF, the value of moisture content in corn substrate
varied from 50% to 90%. The optimal tannase production
(48.69 + 0.64 U/ml) was achieved with 50% moisture content
(distilled water) in the substrate. With the increase in moisture,
the tannase was observed to be decreased (Figure 3).
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Figure 1. Enzyme Production by Bacterial Strains as The Result of Tannase
Assay. Different alphabets on bars represent them significantly different.
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Bacillus subtilis 168 168 ribosomal RNA gene, complete sequence

Bacillus subtilis subsp. insquoserum strain BGSC 3A28 168 ribosomal RNA gene, Partial sequence

[Brevibacterium] halotolerans strain DSM 8802 165 ribosomal RNA gene, complete sequence

Bacillus mojavensis strain IFO15718 168 ribosomal RNA gene, partial sequence

Bacillus subtilis strain DSM 10 168 ribosomal RNA gene, partial sequence

Bacillus subtilis strain JCM 1465 168 ribosomal RNA gene, partial sequence

Bacillus subtilis strain NBRC 13719 168 ribosomal RNA gene, partial sequence

-® B, 1443bp

Bacillus subtilis subsp. Subtilis strain 0S-6.2 165 ribosomal RNA gene, partial sequence

Bacillus subfilis strain TAM 12118 168 ribosomal RNA gene, partial sequence

Figure 2. Phylogenetic Tree — Neighbor Joining (Unrooted Tree) for B. subtilis by NCBI BLAST Tree Method.
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Figure 3. Tannase Production at Various Levels of Substrate Moisture
Content (%). Different alphabets on bars represent them significantly
different.
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Figure 4. Tannase Production with Different Enzyme Extraction
Mediums. Bars having no alphabets are significantly different.

Effect of Enzyme Extraction Medium

For tannase extraction, different medium (distilled water, tap
water, NaCl 1%, acetate buffer with pH 4.0 and 5.0,
phosphate buffer with pH 6.0 and 7.0, Tris-HCI buffer with
pH 8.0 and 9.0 and glycine-NaOH buffer of 10.0 and 11.0
pH) were used. The highest enzyme (78.44 + 0.25 U/ml) was
produced using an acetate buffer of pH 4.0, whereas tap
water was the least feasible extraction medium (Figure 4).

Effect of Volume of Enzyme Extraction Medium

Different volumes of optimum enzyme extraction medium
(acetate buffer pH 4.0) were used during fermentation.
Results in Figure 5 showed that tannase production (81.59 +
0.64 U/ml) was significantly higher with 2 ml volume of
acetate buffer pH 4.0, which was observed to be decreased
with further increase in volume. However, no enzyme was
produced with minimum applied volume (1 ml) of the
extraction medium.

Effect of Incubation Temperature

Incubation temperature plays a role during enzyme production.
Experiments were performed at different temperatures of
30 °C, 37 °C and 45 °C. Results represented that enzyme
production (86.53 £ 0.17 U/ml) was significantly higher at
45 °C than other applied temperatures (Figure 6).

Effect of Inoculum Size

Sufficient inoculum is necessary for proper biomass growth
and enzyme production. Three different inoculum sizes like
1, 2 and 3% were used and the results showed that 2%
inoculum gave the highest tannase production (88.76 + 1.78
U/ml). While with 1% inoculum, the lowest enzyme (70.70
+ 0.58 U/ml) production was observed (Figure 6).

Effect of the Incubation Period

To determine the optimal incubation period for tannase
production, results were noted for different incubation periods
at an optimum temperature of 45 °C. The maximum tannase
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Figure 5. Tannase Production with Different Volumes of Optimal
Enzyme Extraction Medium. Different alphabets on bars represent
them significantly different.

(89.70 £ 0.24 U/ml) was recorded at 24 h incubation, while
the production was noted to decrease with increasing time
period (Figure 6).

Effect of Agitation

A significantly higher enzyme value (89.98 + 0.29 U/ml)
was obtained when agitation was applied rather than the static
condition (70.37 £ 2.22 U/ml) in the experiment (Figure 6).

Effect of Substrate Size

Substrate particles size is an essential parameter for bacterial
action. The maximum tannase (118.35 + 2.12 U/ml) was
produced with the larger substrate particle size (4.0 mm).
With medium-sized particles (3.4 mm), the lowest enzyme
production (81.77 = 1.94 U/ml) was observed (Figure 7).

Effect of Centrifugation

It was established that higher tannase production (118.35 £
2.12 U/ml) from B. subtilis was achieved without centrifugation
condition (Figure 8) after termination of fermentation time.

100.0 -
a a a a
90.0 A a g I, - I
= 80.0 1 -
£ b c b b
S 7043 0D 0 = I I
I
& 600 A - c c
3] ] I
§ 50.0 q I q
5 400 A I d I
[<5]
8 300 A
£ -
S 200 A o2
10.0 A =
E B EEEE ERE 111 B |
O-O L L L L L]
Temperature pH Inoculum size  Incubation time Agitation
°0) (%) (hrs)

Figure 6. Effect of Different Parameters on Tannase Production from B. subtilis. Different alphabets on bars represent them significantly different.

Additional Medium Components

Effect of Salts

When different salts were applied in the fermentation
medium, the highest tannase synthesis (120.89 + 2.31 U/ml)
was achieved with MgSQO,, while NaCl, KCI and CaCl; had
the least effect on enzyme production (Figure 9).

Effect of Tannic Acid

Concentrations of tannic acids varying from 1.5% to 4.0%
were incorporated in the substrate as an additional carbon
source. The highest enzyme production (122.47 + 1.85 U/ml)
was recorded when 4.0% tannic acid was used, whereas
1.5% showed the minimum production (47.52 + 0.78 U/ml)
as described in Figure 10.

Effect of Organic Nitrogen Source

Nitrogen source plays a vital role during enzyme productivity.
On the application of yeast extract, malt extract and peptone
in the substrate, optimal tannase synthesis (125.28 + 0.89
U/ml) was achieved with yeast extract, while malt extract
yielded the lowest enzyme production (94.22 + 1.09 U/ml)
(Figure 11).

Central Composite Design (CCD) of RSM

With the application of CCD of RSM, concentrations of
optimal salt, carbon and nitrogen sources were optimized
under SSF. The highest tannase production (211.97 + 0.08
U/ml) by B. subtilis was achieved with 4.0% tannic acid,
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Figure 7. Tannase Production with Different Substrate Particle Sizes.

Different alphabets on bars represent them significantly different.

140 -
120 e
100 b
80 -
60 -
40 -
20 -

Tannase Production (U/ml)

Yes No
Centrifugation

Figure 8. Tannase Production with and without Centrifugation.

Different alphabets on bars represent them significantly different.
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0.5% MgSO4 and 1.5% yeast extract during the 11" run
(Table 2). The response of the CCD design was estimated by
second-order polynomial regression equation (2).

Y = 375.727 + 10.8854 + 284.144B — 782.118C —
13.07042 + 54.846B2 + 103.997C% — 90AB +
157.330AC — 50.519BC  (2)

Where Y is tannase production (response), A is tannic acid
(%), B is MgSO4 (%) and C is yeast extract (%).

ANOVA for the CCD model was statistically significant
with F-value of 196.2873 and p<0.01 (Table 3). The
concentrations of MgSO, and yeast extract were observed as
significant (p<0.05). The coefficient of determination (R?)
was found 0.9660, which describes 96.60% sample variations
and only lower than 4% of the variance. The regression
model showing the value of R?> more than 0.95 depicts the
high correlation. Furthermore, the high similarity between
the observed and predicted values (Table 2, Figure 12)
indicated that the model was statistically robust. The contour
plots and desirability chart resulting from RSM have been
depicted in Figures 13 & 14.

Tannase Characterization

Effect of pH

For the assessment of the pH effect on crude tannase
activity, experiments were performed with different pH
ranging from 4.0 to 11.0. The maximum tannase activity
218.38 + 0.90 U/ml was achieved at pH 8.0, while the
minimum activity was observed in 103.81 + 2.33 U/ml at 4.0
(Figure 15).

Effect of Temperature

Results in Figure 15 depicted the tannase activity at different
incubation temperatures (20-90 °C). The enzyme activity
was significantly highest (219.78 + 0.64 U/ml) at 30 °C
while at high temperature (90 °C), the lowest value (125.10
+ 1.36 U/ml) was recorded.

Effect of Incubation

The crude enzyme was incubated for different incubation
times at optimal temperatures and the highest tannase activity
(233.34 £ 0.67 U/ml) was achieved after 30 min. While by
further increasing the incubation duration, a decrease in the
enzyme activity was seen up to 135 min (Figure 15).

Effect of Substrate Concentration

The results for the effect of concentration of tannic acid on
tannase activity depicted the highest activity (234.34 + 1.44
U/ml) with 0.35% tannic acid (Figure 15). After optimal value,
the enzyme activity tended to decrease with increasing
concentrations of substrate.
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Table 2. Experimental Design and Responses of CCD for Tannase Production from B. subtilis in SSF

Exp. . . Tannase production (U/ml

N(E). Tannic Acid (%) MgSOs (%) Yeast Extract (%) Observed I?redicted (U/mb Residue Value
1 4.00 0.10 1.00 160.9865 159.1957 1.79079
2 4.00 0.50 0.50 174.9611 172.5704 2.39078
3 4.50 0.75 1.25 196.7023 197.1600 -0.45774
4 4.00 1.00 1.00 189.8559 189.1520 0.70381
5 5.00 0.50 1.00 168.3774 167.0442 1.33318
6 4.50 0.25 1.25 211.7822 212.1168 -0.33458
7 4.00 0.50 1.00 164.0244 161.5404 2.48398
8 3.00 0.50 1.00 130.4139 129.8971 0.51673
9 3.50 0.75 0.75 190.9587 192.4740 -1.51533
10 3.50 0.25 0.75 148.3249 149.7171 -1.39217
11 4.00 0.50 1.50 201.9681 202.5089 -0.54086
12 4.50 0.75 0.75 147.7370 149.1730 -1.43598
13 3.50 0.75 1.25 162.2339 161.7958 0.43806
14 3.50 0.25 1.25 131.2547 131.6686 -0.41393
15 4.50 0.25 0.75 149.2120 151.5000 -2.28797
16 4.00 0.50 1.00 162.4524 161.5404 0.91205
17 4.00 0.50 1.00 159.3496 161.5404 -2.19080

Table 3. ANOVA Values for Regression Model Obtained from CCD Applied for Medium Component Optimization for Tannase Production from 5.

subtilis in SSF

Effect SS DF MS F-value P-value
Model 9027.899 9 1003.099 196.2873 0.000000
A (tannic acid) 1.902 1 1.902 0.3722 0.561106
B (MgSO4) 810.790 1 810.790 158.6562 0.000005
C (yeast extract) 3235.762 1 3235.762 633.1770 0.000000
A? 210.050 1 210.050 41.1029 0.000363
B2 160.819 1 160.819 31.4692 0.000808
C2 831.215 1 831.215 162.6529 0.000004
AB 1016.280 1 1016.280 198.8667 0.000002
AC 3094.110 1 3094.110 605.4584 0.000000
BC 79.756 1 79.756 15.6067 0.005528
Error 35.773 7 5.110
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Figure 10. Tannase Production with Various Concentrations of Tannic
Acid. Different alphabets on bars represent them significantly different.

Discussion

Tannic acid is usually considered toxic for bacteria, but
many tannic acid-resistant bacteria use it as carbon and
energy sources.® Tannin degrading bacteria capable of
tannase synthesis could be isolated from many sources.
In the present study, Bacillus subtilis with tannase
producing potential was isolated from the gut content

Nitrogen sources

Figure 11. Tannase Production with Different Organic Nitrogen Sources.
Different alphabets on bars represent them significantly different.

of freshwater fish, Catla catla. Although many reports
are available on the occurrence of microbes with
tannase producing capacity in the digestive tract of
herbivores (ruminant and non-ruminant),?”* but few
investigations have been carried out previously to
isolate the tannase producing microbes from the fish
gut.*® Similar to the present study, Talukdar et al.,**
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During CCD in SSF.

isolated tannase producing B. subtilis from the gut of
freshwater fish. Mandal and Ghosh® have reported the
isolation of several microbes capable of tannase
production from Catla catla and other fresh water
fishes. Tannin in plants inhibits the productivity and
growth of animals on them® and feed containing a
high level of tannin has drastic effects on omnivorous
and herbivorous species of fish.*3 The presence of

tannin degrading bacteria by producing tannase in the
gut might result from co-evolution for tannin-like
compounds and such fish species.®® Besides fish gut
content, potential microbes capable of tannase production
have been isolated from many other resources. Tannase
producers Citrobacter freundii and Enterobacter cloacae
have been reported from tannery effluent and soil,
respectively.** In the following study, the optimization
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of various fermentation conditions was performed
under SSF for maximal tannase production. In SSF,
proper moisture is a significant factor for substrate
bulging, microbial expansion and products formation
and its value depends on the substrate and the used
microbe.*® In our study, with an increase of moisture
content (distilled water) in the solid substrate, the
enzyme production enhanced up to an optimal level of
50% moisture, whereas further increase of moisture
lowered the enzyme synthesis. Various reports about
tannase production in SSF indicated that the optimum
moisture ranged from 40% to 70%.%" Similar results to
our study were presented by Sabu et al.,*® for optimal
tannase synthesis from Lactobacillus sp. ASR-S1 using
coffee husk as substrate with 50% moisture, hereafter
the tannase value decreased. Sabu et al.,° reported
moisture level of 53.5% for maximal tannase synthesis
in SSF from Aspergillus niger ATCC 16620. The
decrease of enzyme productivity after optimal level
could be due to reduced availability of oxygen for
microbes, deduced spaces among particles and varied
particles structure with the increase of moisture.’
Mandal and Ghosh® reported the highest tannase
production at 60% using groundnut oil cake as
substrate and enzyme value decreased with higher
moisture. The lesser enzyme production at high or
lower moisture level may also be due to decrease of
total organic material decomposition that affects the
tannase synthesis.'** So, a particular range of optimal

A B
240.00

moisture is required to be maintained in SSF.*® However,
for Aspergillus foetidus, 80% moisture yielded the
highest tannase production.*

Tannase, in general, is an extracellular enzyme that is
extracted by using water or buffer.® In our study, 2 ml
of acetate buffer with pH 4.0 was the most suitable
solvent for tannase extraction among all applied
extraction mediums. Mondal et al.,*? used 0.5 ml acetate
buffer (pH 5.25) for tannase extraction, while acetate
buffer (pH 5.0) was reported by Ferreira et al.** Also,
Sabu et al.,*® reported 0.05 M citrate buffer (50 ml)
with pH 5.0 to extract the produced tannase. In contrast,
water was used for the extraction of the tannase
enzyme by Chatterjee et al.*

Temperature is a vital parameter for enzyme production
that may cause inhibition and denaturation of enzymes
and even cell death.*® In this study, with the increase of
incubation temperature, the enzyme production also
increased while enhanced tannase productivity was
found optima of 45 °C. Very few reports are available
for tannase production at a higher temperature. Aftab et
al,.*® observed the elevation of tannase synthesis with
temperature increase, whereas maximal synthesis was
found at 41 °C for Bacillus subtilis. Govindarajan et
al.,® reported the optimal tannase production from
Enterobacter cloacae strain 41 at 50 °C. Lesser enzyme
synthesis at lower temperature could be related to less
substrate transportation across the cell. With the rise of
temperature, the molecule kinetic energy increases,
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With the rise of temperature, the molecule Kinetic
energy increases, which results in the acceleration of
the reaction.*” However, Aharwar and Parihar®” reported
the general range of 25-35 °C for tannase production in
SSF. The temperature of 30 °C and 37 °C was assessed
as optima for tannase synthesis.*®**° Such variations
could depend on the type of microbe, its nature and
surrounding conditions.®® pH is also considered as an
important parameter playing a vital role in metabolite
synthesis.”* The pH range of 3-11 was applied and the
highest tannase production was observed at pH 5.0.
While a further increase in pH, decreased the enzyme
value. In SSF, tannase production mostly showed
optimum value in acidic range.’” Aftab et al.,*® also
noted that B. subtilis produced the best enzyme at pH
5.0. Murad et al.,*® reported the tannase synthesis at
maximum from Aspergillus niger at pH 5.0. Kumar et
al.,> recorded a similar trend of pH on tannase
production with pH optimal 5.5 using Jamun leaves.
Keeping in the view, enzymes are protein in nature, the
ionic character of the carboxylic and amino group
attached to protein surface could be affected by changing
pH and consequently influencing the enzyme catalytic
activity. High and very low pH levels could affect the
fermentation process due to enzyme inactivation.*’
However, Talukdar et al.,* found neutral pH as optima
for tannase production.

In SSF, an appropriate inoculum size is essential for
metabolites synthesis, while a smaller inoculum size
would not induce the growth of microbes and enzyme
synthesis.?>*® Our results showed the highest tannase

production with 2% inoculum of B. subtilis. While
lower tannase value was observed lower (1%) or with
higher (3%) inoculum sizes. In accordance to our
results, Banerjee et al.,> also reported 2% inoculum for
optimal tannase synthesis for Aureobasidium pullulans
DBS66. Similarly, Murad et al.,> observed the tannase
production with 2% inoculum ratio. Lower inoculum
would be insufficient for proper microbial growth and
enzyme production, so an appropriate amount of
inoculum is essential for optimal enzyme synthesis. %%
Beyond the optimal level, the decrease in enzyme
synthesis could be due to enhanced microbial mass and
nutrients depletion.®® However, Beniwal et al.,*
documented the highest tannase synthesis with 1%
inoculum of Enterobacter cloacae MTCC 9125 in
SSF. Results depicted the optimum incubation time of
24 h and beyond this period, the tannase production
tended to decrease. The incubation period required
during the fermentation depends on microbe and the
pattern of enzyme production.® Aftab et al.,* also
evaluated the optimal tannase synthesis from B. subtilis
at 24 h of incubation. Sabu et al.,° recorded similar
results for tannase production in the case of tamarind
seed powder substrate and after 24 h, the enzyme
synthesis declined. With increased incubation, the
lower enzyme synthesis could result from enzyme
inhibition or denaturation with time.*>" Moreover, the
nutrients exhaustion and enhanced level of byproducts
with the passage of time may lower the enzyme
production. Moreover, Selvaraj and Vytla® mentioned
the maximum tannase production at 32 h for Bacillus
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gottheilii while Sabu et al.*®* observed 48 h for
Lactobacillus sp. ASR-S1 tannase synthesis in SSF.
During incubation, agitation condition (150 rpm)
positively affected tannase production compared to
static condition. Optimal agitation speed ranges from
100 to 200 rpm for tannase productivity.> Purwanto et
al.,*® observed optimal tannase synthesis at 130 rpm
agitation using Aspergillus niger. For Lactobacillus
plantarum MTCC 1407, Natarajan and Rajendran®
recorded maximum tannase production with agitation
(125 rpm). Kumar et al.,*? reported agitation at 103.34
rpm for high tannase synthesis. The highest tannase by
Enterobacter cloacae strain 41 was mentioned with
agitation at 100 rpm by Govindarajan et al.*® Agitation
helps in proper medium mixing, biomass transfer and
heat and oxygen transfer.®® Requirement of agitation
condition depends on the nature of culture microorganism.®
Sheela et al.,* observed optimal results for tannase
production from Serratia marcesans at static conditions.

The highest tannase production was recorded with
larger substrate particles, while the lowest enzyme was
synthesized with small-sized particles, which was in
agreement with Yee et al.,*® for tananse synthesis in
SSF. More enzyme with large-sized substrate particles
could be due to higher aeation and respiration resulting
in better reaction.®® Small particles may also agglomerate
that decrease the surface area and may reduce enzyme
synthesis.®” In contrast, Madeira Jr et al.,% reported the
small size of substrate particles as optimum. However,
Yee et al.,® suggested the combination of large-sized
particles and small-sized particles for maximal tannase
synthesis. The higher tannase was produced without
centrifugation during enzyme extraction. Sabu et al.,*®
used Whatman filter paper No. 1 for separating the
extracted tannase produced by Lactobacillus sp. ASR-
S1 rather than centrifugation. This is while Subbalaxmi
and Murty® applied centrifugation during enzyme
extraction.

Tannase needs metallic ions for the expression of its
proper catalytic activity.®® In the present study, the
maximum tannase was produced with the salt having
Mg*? in the medium. Jana et al.,* also reported Mg*?
for optimal tannase production from B. subtilis. In SSF,
Mg®* (MgSOQ,) is used commonly to enhance tannase
production.’***" Stimulation of tannase enzyme in the
presence of Mg*? (divalent metallic ion) could be because
of the enzyme stabilization in its active conformation
instead of being involved in catalysis. This ion probably

acts as an ion or salt bridge to maintain the enzyme
confirmation.*

Tannase is reported as an inducible enzyme that
requires tannin or tannic acid for its production from
microbes.”* Tannic acid act as a source of carbon.*®
When tannic acid was applied in increasing concentration,
the maximum value was recorded at the highest applied
concentration, i.e., 4.0% tannic acid. The range for
good tannase production has been reported as 1-
129%.%3°47273 Similar results were also reported for
Bacillus gottheilii who produced the maximum tannase
at 4% tannic acid.®® Banerjee et al.,> reported tannic
acid (5%) for optimal synthesis of tannase by Aspergillus
aculeatus DBF9. However, Battestin and Macedo®
observed the highest tannase productivity with 12% of
tannic acid along with coffee husk and wheat bran
using Paecilomyces variotii. Beside carbon source,
nitrogen source in the medium is also vital for microbial
growth and enzyme synthesis.”* Yeast extract, malt
extract and peptone were applied as an organic
nitrogen source and maximum tannase was obtained
with yeast extract. Wu et al.,” and Murad et al.,* also
recorded the yeast extract as optimal results during
tannase production. In contrast, the yeast extract was
also observed for the negative effect on tannase
synthesis.*

The CCD of RSM revealed that the maximum
tannase (211.97 + 0.08 U/ml) was obtained with the
combination of 4.0% tannic acid, 0.5% MgSO. and
1.5% yeast extract. Lima et al.,”® recorded maximal
tannase with 3.5% tannic acid in RSM with Barbados
cherry substrate. The highest tannase was obtained with
6% tannic acid as recorded by Madeira Jr, Macedo.”
However, 0.68% tannic acid was statistically optimized
by Lekshmi et al.,”” using pomegranate peel for tannase
synthesis. Wu et al.,” optimized the tannase with
glucose 8.11%, tannin 7.49%, (NH4).SO. 9.26% and
yeast extract 2.25% using tea stalk in SSF with RSM.

Optimal tannase activity was determined by
optimizing the effects of physical parameters like pH,
temperature, incubation time and substrate concentration.
The pH affects the enzyme reaction by influencing the
ionization state of amino acids in enzymes.*® The
impact of pH on tannase activity showed that when a
range of pH 4-11 was applied, the tannase activity
increased with pH and at pH 8, maximum activity was
recorded; hereafter, the activity was observed to
decrease with an increase of pH. For tannase activity,
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generally optimal pH falls in the acidic range, but
many investigations were also reported in the alkaline
range.”® Similar to our investigation, lwamoto et al.,”
also reported that a maximum tannase activity by
Lactobacillus plantarum ATCC 14917T was obtained
in alkaline range with optima of pH 8.0. Generally,
microbial tannases have temperature optima from 20 to
60 °C for their activity.® Our investigations found the
highest activity at 30 °C after which the activity declined
at higher temperatures. In agreement to our investigation,
a similar trend was reported by Rodriguez et al.,”
showing temperature optima of 30 °C for tannase
activity from for Lactobacillus plantarum CECT 748",
Mahmoud et al.,** mentioned Kluyveromyces marxianus
tannase activity at 35 °C while Iwamoto et al.,’
reported it as 40 °C. An increase of temperature elevates
the Kinetic energy of enzymes which facilitates the
enzyme reaction; however, after a limit, the potential
energy becomes so high that it breaks the weak bonds
in three-dimensional structure, which consequently
denatures and inactivates the enzyme or substrate
structure.®* However, the optimum tannase activity
from Penicillium montanense was observed at 50 °C."
Maximum tannase was shown after incubation of 30
min with the decrease of activity by increasing further
incubation. Our results are parallel with the investigation
of El-Fouly et al.®2 in which similar results were
reported. The lower activity with prolonged time could
be due to the enzyme denaturation with time.>” For
Trichoderma harzianum MTCC10841 optimum tannase
activity was reported after incubating for 20 min.%
Rana and Bhat® reported the highest tannase activity
after 15 min. While 5 min of incubation as optima was
reported by Mukherjee and Banerjee.®! In our report,
0.35% of tannic acid in medium resulted the highest
tannase activity. Further increase in concentration
caused the enzyme activity to be decreased, which may
result from the saturation of all enzyme active sites by
tannic acid substrate.

Conclusion

Agricultural resources are generally immensely nutritious
and rich in carbon and nitrogen, supporting microbial
growth leading to enhanced enzyme production. The use of
such resources as a potential substrate for the production of
invaluable industrial enzyme is a practical approach.
Agricultural materials contain tannin, which could be used
as a cost-effective substrate for tannase synthesis instead of
costly tannic acid in its pure form. The optimization of

fermentation parameters and medium components with the
application of OVAT followed by CCD confirmed the use
of inexpensive corn leaves as a substrate in SSF for
enhanced tannase production by B. subtilis in solid state
fermentation. The crude tannase enzyme was optimally
active at pH 8 and 30 °C.
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