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Tannase has significant importance due to its various industrial applications. Tannase production using 
pure tannic acid as substrate is very expensive especially at industrial level. In present study, various 
physical parameters and medium components were optimized for maximum tannase production 
employing Raoultella ornithinolytica in solid state fermentation (SSF) using corn (Zea mays) leaves as 
substrate to reduce its production cost. The maximum tannase production was obtained with 60% initial 
substrate moisture contents, tap water as enzyme extraction medium with 2 mL volume, 45°C incubation 
temperature, pH 7, 300 µL inoculum size, 24 h incubation period in agitated condition with substrate 
particle size of 4mm during one factor at a time optimization. Concentrations of medium components 
(3.75% tannic acid, 0.75% K2HPO4 and 1.25% yeast extract) were optimized with central composite 
design of response surface methodology. Tannase characterization data revealed that 5.0 pH, 30°C 
temperature, 60 minutes incubation and 0.45% of substrate concentration showed highest tannase activity. 
The results depict utilization potential of low cost substrate (corn leaves) to reduce the production cost 
of tannase.

INTRODUCTION

Tannin is naturally occurring polyphenolic compound 
and 4th most abundant component of plants after 

cellulose, hemicellulose and lignin (Lokeswari and 
Kumar, 2013). Tannin acyl hydrolase EC 3.1.1.20 
generally known as tannase, is an extracellular enzyme 
that catalyzes tannin by hydrolyzing its depside and 
ester bonds and liberates glucose as well as gallic acid 
(Beena et al., 2011). This inducible enzyme is produced 
by several microorganisms (Böer et al., 2009; Sharma 
and John, 2011). Tannase has significant importance from 
industrial perspective. Its commercial worth is being 
enhanced in latest years because of its various industrial 
potential applications (Govindarajan et al., 2016). It has 
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applications in pharmaceutical, food, beverages, cosmetic 
products, animal feed, leather and chemical production 
(Aguilar et al., 2007). Production of tannase using pure 
tannic acid as substrate is very expensive especially at 
industrial level (Lokeswari and Kumar, 2013). In recent 
times, interest towards the usage of agricultural residues 
for tannase production as substrate has remarkably been 
increased due to their low cost. In Pakistan, the annual 
production of corn and other crops are in million tons and 
a significant amount of tannin is present in plant parts like 
leaves and stem. Different agricultural wastes like palm 
kernel cake, tamarind seed powder, (Sabu et al., 2005), 
rice straw powder, sugarcane bagasse (Paranthaman et 
al., 2010), coffee husk (Battestin and Macedo, 2007), 
tea stalks (Xiao et al., 2015), cashew bagasse (Liu et al., 
2016) and olive mill waste (Aissam et al., 2005) have been 
described for tannase production in literature.

Tannase can be produced by solid state fermentation 
(SSF) (Madeira et al., 2011; Wang et al., 2013; Chávez-
González et al., 2014) as well as submerged fermentation 
(Selwal et al., 2010; Böer et al., 2011; Chávez-González 
et al., 2014). SSF (microorganisms grown over solid 
substrate where free water is absent or nearly absent) using 
agricultural wastes is often preferred over submerged 
liquid fermentation because of cheaper raw material, higher 
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enzymatic quality and activity, lower energy cost, minor 
water consumption and easier process (Barrios-González, 
2012; Lessa et al., 2018; Ferraz et al., 2020). 

For optimization of independent variables/parameters 
for enhanced production of enzyme, both one factor at a time 
(OFAT) as well as response surface methodology (RSM) 
approaches are applicable. In OFAT, independent variables 
are optimized by varying levels of one variable/parameter 
at a time while all other variables are kept constant. This 
approach is simple in application and determines the factors 
affecting enzyme yield (Singh et al., 2011). While RSM 
is used to design experiments, find optimum independent 
variable interacting with all other variables and its effect 
on the response i.e., enzyme production (Khuri and 
Mukhopadhyay, 2010; de Brito et al., 2017; Tripathi and 
Lakshmi, 2018). The current study was planned to optimize 
several physical parameters and medium components with 
OFAT as well as RSM approaches for maximal tannase 
production in SSF by using corn (Zea mays) leaves as a 
substrate. Furthermore, influence of different physical 
parameters on tannase activity was also measured.

 
MATERIALS AND METHODS

Screening of tannic acid utilizing potential bacteria
In present study, ten (10) bacterial strains formerly 

isolated from gut contents of fish were revived on nutrient 
agar medium and then screened to study their tannase 
producing potential following Osawa and Walsh (1993). 
Briefly, ten bacterial strains were streaked (a line) on 
tannic acid medium (0.5% tannic acid incorporated in 
2.8% nutrient agar) and greenish zones were observed after 
incubation at 37ºC for 24 h. All zone forming potential 
strains were selected for tannase assay.

Production of crude tannase 
For tannase production, 1% inoculum of each zone 

producing strain was inoculated in production broth i.e., 
0.5% tannic acid; 0.275% yeast extract; 0.1% CaCl2 
according to  Javed (2016). After 24 h incubation at 37°C, 
each culture was centrifuged at 8000 rpm at 4°C for 15 
minutes. Crude enzyme (supernatant) was further used in 
the assay of tannase enzyme.

Tannase assay
Tannase assay was performed following Miller 

(1959) using tannic acid (0.5%) in acetate buffer (0.1 M) 
with pH 5 as substrate and glucose as standard. Crude 
tannase enzyme (0.5 mL) was added in substrate (0.5 mL) 
followed by 30 min incubation at 37°C. Then 3 mL di-
nitro-salicylic acid was added in solution and boiled for 
15 minutes in water bath followed by dilution with 10 mL 

distilled water. Absorbance was noted at 540 nm against 
blank by UV-visible spectrophotometer. The amount of 
tannase that can utilize 1 mM tannic acid substrate in one 
minute under standard conditions of assay was considered 
enzyme unit. Bacterial strain showing the highest enzyme 
production was selected for optimizing the condition for 
enhanced enzyme synthesis.

Preparation of corn substrate
Corn (Zea mays) leaves were cut into small pieces, 

dried and properly ground to powder to be used as 
substrate.

Evaluation of optimal physical parameters 
Various physical parameters such as substrate moisture 

content (50, 60, …, 90%), enzyme extraction mediums 
(distilled water, tap water, 1% NaCl, acetate buffer of pH 4 
and 5, phosphate buffer of pH 6.0 and 7.0, tris-HCl buffer 
of pH 8 and 9 and glycine NaOH buffer of pH 10 and 11) 
and their volumes (1, 2, ….6 mL), incubation temperatures 
(37, 40 and 45°C), production medium pH (3, 5, 7, 9 and 
11), inoculum size (1, 2 and 3%), incubation periods (24, 
48, 72 and 96 h), agitation effect (shaking at 150 rpm 
and non-shaking condition), substrate particles size (2.8, 
3.4, 4.0 mm) and centrifugation effect were optimized by 
OFAT method to enhanced tannase production in SSF. 
Each parameter after optimization was added in further 
experiments.

Evaluation of optimal medium components 
Different salts 0.1% (KCl, NaCl, K2HPO4, KH2PO4, 

CaCl2, MgSO4), tannic acid concentrations (1.5, 2, 2.5, …, 
4.0%) and nitrogen source 0.275% (malt extract, yeast 
extract and peptone) were optimized to find out the optimal 
medium components for the maximal tannase production 
by OFAT method in SSF. Each medium component after 
optimization was added in further experiments.

Evaluation of optimal concentration of medium 
components

Optimization of concentration of medium components 
was conducted by central composite design (CCD) of 
RSM. Seventeen experiments were performed with three 
medium components and five level face-centered cube 
design (-2. -1, 0, +1, +2) of independent variables (Table 
I) with 17 experiments, while full experimental plan is 
described in Table III.

The significance of model and regression coefficients 
was analyzed statistically by analysis of variance (ANOVA). 
Regression analysis was performed for response (tannase) 
prediction using second order polynomial equation.

H.A. Shakir et al.
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Here y is predicted tannase activity (U/mL), XiXj 
are independent variables while k is number of applied 
variables. While βo, βij and βii are the intercept coefficient, 
interaction coefficient and quadratic coefficient 
respectively. Data was analyzed using STATISTICA (99th 
edition) software.

Table I. Levels of medium components used in CCD.

Independent vari-
ables

Code Levels
-2 -1 0 +1 +2

Tannic acid (%) A 3.00 3.25 3.50 3.75 4.00
K2HPO4 (%) B 0.10 0.25 0.50 0.75 1.00
Yeast extract (%) C 0.50 0.75 1.00 1.25 1.50

Table II. Screening of bacterial strains previously 
isolated from fish gut content by zone and tannase assay.

Bacterial strains Zone results Tannase (U/ml)
Aeromonas allosaccharophila _ -
Aeromonas bestiarum _ -
Aeromonas hydrophila _ -
Aeromonas media _ -
Bacillus amyloliquefaciens + 2.73b±0.09
Bacillus flexus _ -
Bacillus pumilus _ -
Enterobacter aerogenes + 1.59c±0.08
Klebsiella oxytoca + 2.68b±0.06
Raoultella ornithinolytica + 3.31a±0.008

Mean±SD in column with different letters are significantly different 
(Tukey’s test, P<0.001).

Evaluation of tannase activity under various parameters

Effect of pH
To determine the effect of various pH on tannase 

activity, crude enzyme was reacted with substrate prepared 
in acetate buffer (pH 4 and 5), phosphate buffer (pH 6 and 
7), tris-HCl buffer (pH 8 and 9) and glycine NaOH buffer 
(pH 10 and 11) of 0.1 M and enzyme assay was proceeded 
as described earlier.

 
Effect of temperature
The tannase activity was evaluated by incubating 

the reaction mixture at different temperatures (20, 30, 
40…,90°C) in tannase assay. The temperature related to 
maximum enzyme activity was considered as optimum.

Effect of incubation time
Tannase was incubated at optimum temperature 

and pH for various times (15, 30, 45…, 75 minutes) in 
the assay. As the result, incubation time giving the best 
tannase activity was taken as optimum.

Effect of substrate concentration
To evaluate the substrate concentrations effect, 

multiple concentrations (0.25, 0.30, 0.35…, 0.60%) of 
tannic acid were used with all optimized conditions in the 
assay. Optimum concentration was determined considering 
maximum enzyme activity.

Statistical analysis
All experiments were conducted in triplicates. 

Results were presented in mean with standard deviation. 
Significance and accuracy of the results was analyzed 
applying Student’s t-test and one-way ANOVA followed 
by Tukey’s Post Hoc (P<0.05) using computer software 
IBM SPSS Statistics 20.

Table III. Tannase production by R. ornithinolytica 
in different concentrations of medium components in 
experimental statistical CCD design.

Run Concentration of 
medium

Tannase (U/ml) Residue 
value

A (%) B (%) C (%) Observed Predicted
1 3.50 0.10 1.00 121.52 101.44 20.08
2 3.50 0.50 0.50 125.91 129.93 -4.03
3 3.75 0.75 1.25 157.04 164.96 -7.92
4 3.50 1.00 1.00 142.79 138.40 4.39
5 4.00 0.50 1.00 140.45 140.12 0.34
6 3.75 0.25 1.25 113.96 127.66 -13.69
7 3.50 0.50 1.00 112.42 110.21 2.21
8 3.00 0.50 1.00 144.53 127.62 16.91
9 3.25 0.75 0.75 154.93 158.48 -3.56
10 3.25 0.25 0.75 149.22 158.55 -9.33
11 3.50 0.50 1.50 114.30 93.03 21.28
12 3.75 0.75 0.75 97.75 92.96 4.79
13 3.25 0.75 1.25 80.03 96.18 -16.15
14 3.25 0.25 1.25 27.58 49.63 -22.05
15 3.75 0.25 0.75 101.15 102.26 -1.10
16 3.50 0.50 1.00 113.47 110.21 3.26
17 3.50 0.50 1.00 114.76 110.21 4.55

A, tannic acid; B, K2PHO4; C, yeast extract.

Optimization of Tannase Production from Raoultella ornithinolytica 1133
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RESULTS

Tannic acid utilizing potential bacterial isolates
In present study, the four bacterial strains out of ten 

showed greenish clearance zone on tannic acid based 
medium. During tannase assay, these four strains also 
showed highly significant (P<0.001) tannase production. 
The highest tannase production up to 3.31 U/mL was 
observed by Raoultella ornithinolytica among the strains 
(Table II). 

Optimal physical parameters of tannase

Effect of substrate moisture content
For evaluation of optimum moisture content in corn 

substrate for tannase production, experiments were carried 
out with moisture ranging from 50% to 90%. Results 
depicted that initially enzyme production increased up to 
60% then decline was observed. R. ornithinolytica showed 
the highest tannase production (50.53±0.91 U/mL) with 
moisture content of 60% in substrate (Fig. 1).

Fig. 1. Tannase production from R. ornithinolytica in 
SSF using different initial moisture contents of substrate. 
Different alphabet on Means±SD (bars) showed significant 
difference (Tukey’s test, P<0.001).

Fig. 2. Tannase production from R. ornithinolytica in SSF 
using different extraction media. 
For details of statistical analysis, see Figure 1.

Effect of extraction media
Various solvents i.e., distilled water, tap water, 1% 

NaCl, acetate buffer of pH 4 and 5, phosphate buffer of pH 

6 and 7, tris-HCl buffer of pH 8 and 9 and glycine NaOH 
buffer of pH 10.0 and 11.0) were used as extraction medium. 
Results indicated that with tap water maximum tannase 
(65.73±0.33 U/mL) was produced as shown in Figure 2.

Effect of extraction medium volume
When the volume of extraction medium was changed 

form 1 mL to 6 mL, the optimal enzyme production 
(90.41±0.16 U/mL) was noted at 2 mL of optimum 
extraction medium (tap water) (Fig. 3). With the increase 
in volume, the enzyme production decreased gradually.

 

Fig. 3. Tannase production from R. ornithinolytica in SSF 
using different volumes (ml) of extraction medium. 
For details of statistical analysis, see Figure 1.

 
Effect of incubation temperature
Temperature of incubation is also important to 

influence the bacterial growth. Experiments were 
performed at different temperatures (37°C, 40°C and 
45°C). Results showed the maximum tannase production 
i.e., 90.57±0.11 U/mL after 24 h incubation at 45°C. While 
at 30°C and 35°C enzyme units were 71.56±6.76 U/mL 
and 65.1±1.32 U/mL, respectively (Fig. 4).

Fig. 4. Tannase production from R. ornithinolytica in SSF 
in different physico-chemical conditions. 
For details of statistical analysis, see Figure 1.

H.A. Shakir et al.
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Effect of initial medium pH
To determine the optimal pH for enhanced tannase 

production, different pH ranges were applied from 3.0 to 
11.0. Post to 24 h incubation, the highest tannase synthesis 
was observed at 7 pH with 90.80±0.92 U/mL enzyme 
value (Fig. 4). First enzyme value increased up to 7.0 pH, 
then decline in tannase production was detected.

Effect of inoculum size
The maximum enzyme production (91.10±1.03 U/

mL) was recorded with 3%. While on 1% and 2%, enzyme 
values were 56.64±0.75 U/mL and 61.55±0.69 U/mL 
respectively indicating that with inoculum size enzyme 
production increased (Fig. 4).

Effect of incubation period
Results at different incubation period (24, 48, 72 and 

96 h) were recorded. For R. ornithinolytica, after 24 h the 
enzyme production (93.33±4.78 U/mL) was maximum 
(Fig. 4). With further rise in period of incubation, the 
enzyme value was observed to be decreased.

Effect of agitation
Agitation had significant effect on tannase production. 

With agitated condition (150 rpm) the enzyme value 
(96.05±1.39 U/mL) was higher significantly than static 
condition (61.26±1.76 U/mL) (Fig. 4).

Effect of substrate particle size
Figure 5 indicated the impact of different particle 

sizes of substrate on tannase production in SSF. Highest 
enzyme value (121.56±1.96 U/mL) was obtained with 
large-sized particle (4.0 mm). Minimum enzyme value 
(87.85±1.33 U/mL) was observed with medium-sized 
particles (3.4 mm).

 

Fig. 5. Tannase production from R. ornithinolytica in SSF 
using different substrate particle size (small, 2.8 mm; 
medium, 3.4 mm; large, 4.0 mm). 
For details of statistical analysis, see Figure 1.

Effect of centrifugation
Results exhibited that centrifugation had negative 

effect on tannase production in SSF. Production was 
significantly low when centrifugation (103.06±1.39 U/mL) 
was done than non-centrifuging condition (121.56±1.96 
U/mL) (Fig. 6).

Fig. 6. Tannase production from R. ornithinolytica in SSF 
with and without centrifugation. 
For details of statistical analysis, see Figure 1.

Evaluation of optimal medium components
Effect of various salts
Various salts i.e., NaCl, KCl, KH2PO4, K2HPO4, 

MgSO4  and CaCl2 were used in fermentation medium to 
check their effect on tannase production. Results indicated 
highest enzyme production (122.12±1.04 U/mL) with 
K2HPO4, while lowest tannase value (107.49±2.12 U/mL) 
was obtained in the presence of KH2PO4 (Fig. 7).

Fig. 7. Tannase production from R. ornithinolytica in SSF 
using different salts. 
For details of statistical analysis, see Figure 1.

Effect of tannic acid concentrations
Several tannic acid concentrations (1.5%, 2%, 2.5%, 

…, 4%) were added in medium to check their effect 
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on the tannase production. Highest tannase synthesis 
(123.24±1.78 U/mL) was obtained at 3.5% of tannic acid 
(Fig. 8).

Fig. 8. Tannase production from R. ornithinolytica in SSF 
using different tannic acid concentrations (%).
For details of statistical analysis, see Figure 1.

Effect of various nitrogen sources
Supplementation of various nitrogen sources i.e., 

yeast extract, malt extract and peptone to medium was also 
studied. The best results were obtained with yeast extract 
for enzyme production (125.60±2.17 U/mL) while lowest 
synthesis was observed with malt extract (Fig. 9).

Fig. 9. Tannase production from R. ornithinolytica in SSF 
using different organic nitrogen sources. 
For details of statistical analysis, see Figure 1.

Evaluation of optimal concentration of media components
In the following investigation, CCD of RSM was 

used for the prediction of medium composition and to 
maximize the tannase production from R. ornithinolytica 
in SSF. Tannase production was observed from 27.584 
U/ml to 157.041 U/mL in 17 fermentation runs of CCD 
method (Table III). The model was significant having 
F and P values of 4.605148 and 0.028247 respectively 
(Table IV). There was slight difference between observed 

and predicted values (Fig. 10) which also showed model 
accuracy. Maximum tannase production (157.0414 U/
mL) was attained at run number 3, where components 
were: 3.75% tannic acid, 0.75% K2HPO4 and 1.25% yeast 
extract. The response of the design was calculated using 
second order polynomial regression equation.

Fig. 10. The residual plot of experimental and predicted 
response for tannase production.

Fig. 11. Contour plots of tannase production from R. 
ornithinolytica showing the interaction of tannic acid (A), 
K2HPO4 (B) and yeast extract (C) concentrations. 

Y (trannase production) = 1208.718 – 790.189A – 
132.044B – 946.171C + 94.638A2 + 38.280 B2 + 5.084 C2 
– 36.955A*B + 537.251A*C + 186.439B*C 
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After data analysis, contour plots (Fig. 11) were 
constructed which indicated that each parameter had 
significant effect on tannase production. Figure 12 
represented desirability chart for tannase production 
which revealed that the results were verified by repeated 
experiments.

Fig. 12. Desirability chart for tannase production by R. 
ornithinolytica in SSF using RSM.

Characterization of tannase activity
Effect of pH
Experiments were performed to observe the pH effect 

on tannase activity by applying pH ranges 4.0 to 11.0. 
Results (Fig. 13) indicated a reasonable enzyme activity in 
this pH range with significantly higher activity (168.41±0.36 
U/mL) at pH 5. Furthermore, the activity was observed to 
be decreased with the increase of pH after optimum point.

Fig. 13. Tannase activity in different physico-chemical 
conditions. 
For details of statistical analysis, see Figure 1.

Effect of incubation temperature
Incubation temperature ranging from 20 to 90°C was 

applied to determine its effect on tannase activity. Tannase 
from R. ornithinolytica was significantly higher at 30°C, 
making it optimum temperature for tannase activity of 
190.14±1.13 U/mL (Fig. 13).

Table IV. ANOVA values for regression model 
obtained from CCD applied for medium component 
optimization for tannase production from R. 
ornithinolytica in SSF.

Effect SS DF MS F-value P-value
Model 13825.58 9 1536.176 4.605148 0.028247
A 3949.293 1 3949.293 11.83919 0.010825
A2 688.338 1 688.338 2.06350 0.194011
B 138.374 1 138.374 0.41482 0.540056
B2 78.342 1 78.342 0.23485 0.642745
C 6728.790 1 6728.790 20.17156 0.002828
C2 1.986 1 1.986 0.00595 0.940654
AB 42.678 1 42.678 0.12794 0.731119
AC 9019.952 1 9019.952 27.04001 0.001253
BC 1086.239 1 1086.239 3.25633 0.114125
Error 2335.046 7 333.578

A, tannic acid; B, K2PHO4; C, yeast extract; SS, sum of squares, MS, 
mean square; DF, degrees of freedom.

Effect of incubation time
The activity of activity was investigated at several 

incubation times (15, 30, 45…, 175 minutes) to determine 
the optimum incubation time. The highest activity 
(194.07±0.11 U/mL) was detected at incubation of 60 
minutes (Fig. 13). After optimum time, the tannase activity 
kept on decreasing.

Effect of substrate concentration
Tannase activity was studied at different substrate 

concentrations (0.25, 0.3, 0.35…, 0.6%). The maximum 
tannase activity (203.52±0.62 U/mL) resulted at 0.45% of 
substrate (Fig. 13). 

DISCUSSION

In present study, tannase producing potential of 
already isolated bacterial strains from fish gut content 
were screened on the medium supplemented with 0.5% 
tannic aicd. Previously, few investigations have been 
reported to evaluate the tannase producing capability of 
fish gut microbes. Mandal and Ghosh (2013a) described 
the isolation of tannase-producing microbiota from gut of 
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freshwater fishes using tannic acid incorporated selective 
medium. Similarly, Talukdar et al. (2016) reported 
the isolation of many tannase producer bacteria from 
gastrointestinal tract of seven different fishes. For screening 
of tannase producing microorganisms, Brahmbhatt et 
al. (2014) also used nutrient-agar medium incorporated 
with tannic acid (0.5%) similar to our investigation. It is 
now well-known that tannins present in forages cause the 
retardation of productivity and growth in grazing animals 
(Goel et al., 2005). In herbivorous and omnivorous 
fishes, adverse effects have been observed by tannin-rich 
feed (Becker and Makkar, 1999). The tannin-degrading 
microbiota in gut might be as the outcome of coevolution 
of tannin compounds and omnivorous/herbivorous fishes 
(Mandal and Ghosh, 2013a). On the basis of large zone and 
enzyme assay, Raoultella ornithinolytica was selected. R. 
ornithinolytica showed enzyme production up to 3.31 U/
mL on growth medium (CaCl2 0.1%, yeast extract 0.275%, 
tannic acid 0.5%) as used by Javed (2016) previously 
in submerged fermentation. Sivashanmugam and 
Jayaraman (2011) reported 3.9 U/ml tannase production 
with 1% tannic acid, 0.05% KCl, 0.05% MgSO4, 0.1 % 
K2HPO4, and 3% NaNO3. For Bacillus licheniformis, 
tannase production (0.356 U/ml) was reported with 
medium comprising of tannic acid 1.0%, NH4Cl 0.35%, 
KH2PO40.45%, and MgSO4 0.05% (Mohapatra et al., 
2009). These reports indicate that different bacterial strains 
have different tannase production potential that may be 
affected by the selection of growth medium components 
and concentrations.

Moisture content has significant effect during 
SSF and its value depends on microorganism as well 
as substrate used (Kalogeris et al., 2003). Certain water 
quantity is required for synthesis of new cells. The 
substrate bulging is also caused by moisture that facilitate 
microbial action (Pandey et al., 2000; Sabu et al., 2006). 
In our study, tannase production increased with the 
increase of initial moisture content up to 60%. Afterward, 
the decline in tannase synthesis was observed with the 
rise of moisture value. Mandal and Ghosh (2013b) also 
reported the similar trend with optimal tannase synthesis 
at 60% moisture in groundnut oil cake substrate. In 
Sabu et al. (2006) investigation, the optimal tannase 
synthesis from Lactobacillus  sp. ASR-S1 was achieved 
with 50% moisture in coffee husk while production tend 
to decline after optimal level. Lesser enzyme at higher 
value of moisture might be because of lower oxygen 
supply leading to lower biomass and enzyme synthesis 
(Manjit et al., 2008). At very lower and higher moisture 
content, the organic matter degradation becomes lower, 
that consequently affects the enzyme production (Pandey 
et al., 2001). During current study, tap water was found 

to be optimal extraction medium among distilled water, 
tap water, 1% NaCl, acetate buffer of pH 4.0 and 5.0, 
phosphate buffer of pH 6.0 and 7.0, tris-HCl buffer of 
pH 8 and 9 and glycine NaOH buffer of pH 10 and 11. 
Tannase is mostly extracellular and can be extracted using 
water as well as buffer (Aguilar et al., 2007). Chatterjee et 
al. (1996) used water for the extraction of tannase. While 
Sabu et al. (2006) reported 0.05 M citrate buffer (pH 5) as 
extraction medium for tannase production.

Temperature is an important parameter during 
enzyme synthesis that may cause the protein denaturation, 
inhibition or promotion of specific metabolites, inhibition 
of enzyme and even the cell death (Sabu et al., 2006). In 
this study, the production of tannase increased with rising 
temperature and optimal production value was recorded 
at 45°C. Few reports demonstrated the tannase synthesis 
at high temperature. Optimum temperature for tannase 
production in SSF, in general, falls in 25–35°C range 
(Aharwar and Parihar, 2018). Aftab et al. (2016) also 
reported the increase in tannase synthesis with increasing 
incubation temperature up to 41°C where maximum 
tannase production from Bacillus subtilis was observed. 
Such variations in optimal temperature of incubation 
could be due to differences in microorganisms’ nature 
and their environment. Experiments on optimizing pH for 
tannase production in SSF revealed the tannase synthesis 
increased with increasing pH till pH 7.0. With further pH 
increase, decline in enzyme production was recorded. 
Talukdar et al. (2016) also observed the neutral pH as 
optimum for tannase production from strains isolated 
from fish gut rather than alkaline or acidic pH. Whereas, 
Aharwar and Parihar (2018) documented that in SSF, 
tannase production, in general, is optimal in acidic pH. The 
neutral pH for optimal tannase synthesis might be due to 
the adaptation of bacterial strains in the neutral/alkaline 
environment of gastrointestinal tract of fish (Talukdar 
et al., 2016).  Khan and Ghosh (2013) also reported the 
neutral pH as the most favorable for enzyme production 
form Bacillus subtilis isolated from fish gut. With the 
increase of inoculum size R. ornithinolytica from 1% to 
3%, the enzyme production was recorded to be increased 
and highest tannase was produced when 3% inoculum 
was added. In SSF, the inoculum size plays a vital role 
for metabolite synthesis. Lower size of inoculum (number 
of cells) would not be enough for bacterial biomass and 
synthesis of enzyme, so large size inoculum is required 
for proper enzyme yield (Kashyap et al., 2002; Sabu et 
al., 2006). However, Banerjee et al. (2007) showed the 
optimal growth with 2% inoculum of Aureobasidium 
pullulans DBS66 while Beniwal et al. (2010) observed the 
maximum tannase using 1% Enterobacter cloacae MTCC 
9125 inoculum in SSF.
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The R. ornithinolytica showed the maximum tannase 
production when 24 h of incubation was given and with 
further increase of time caused the decreased tannase. Our 
results show good agreement with Mondal et al. (2001) 
who also detected the highest tannase level produced by 
Bacillus cereus KBR9 at 24 h of incubation after which 
its level decreased. With the increase of incubation 
period, production of enzyme deceased that could be the 
result of denaturation and inhibition of enzyme with the 
time (Gautam et al., 2002; Paranthaman et al., 2010). 
Exhaustion of substrate and elevation of byproducts with 
the time could also decline the enzyme production (Souza 
et al., 2018). However, Jana et al. (2013) reported the 
optimal tannase synthesis after 72 h incubation. During 
present investigation, agitation (150 rpm) gave better 
results rather than static condition. Similar outcomes were 
stated by Murad et al. (2014) who suggested agitation an 
important parameter for dissolving oxygen in the medium. 
Kumar et al. (2015b) reported the highest tannase 
production with agitation at 103.34 rpm. The Enterobacter 
cloacae strain 41 was reported to give maximum tannase 
yield with agitation at 100 rpm (Govindarajan et al., 
2019). Agitation affects significantly on the fermentation 
as it promotes proper blending of medium and mixing of 
oxygen (Darah et al., 2011). However, Serratia marcesans 
showed higher tannase value at aerobic static condition 
(Sheela et al., 2016). The impact of size of substrate 
particles on tannase production was evaluated and 
particles with greater diameter yielded the best results. 
Comparable results were described by Yee et al. (2011) 
for tananse synthesis in SSF. More enzyme is produced 
by using larger substrate particles which facilitate more 
aeration and higher respiration leading to better reactions 
(John et al., 2006). Smaller particles may agglomerate that 
reduce the surface area for microbial action and lower the 
enzyme production (Krishna, 2005). However, Madeira Jr 
et al. (2015) reported the higher tannase production with 
small sized particles of substrate.

Like other enzymes, metal ions are also required for 
enhanced microbial growth and tannase biosynthesis as well 
as for proper catalytic activity (Jana et al., 2014). Different 
metal salts may affect tannase production differently. 
Among different salts, addition of KH2PO4 enhanced 
the enzyme production. Wu et al. (2018) also reported 
the enhanced microbial biomass and tannase production 
with the addition of 0.1% K2HPO4 in the medium. During 
tannase production, KH2PO4 might be act as phosphate 
source as mostly metabolisms require phosphorylation 
of their respective proteins that is responsible for enzyme 
activation as well as inactivation. Moreover, KH2PO4 is 
responsible for maintaining buffer situation in medium 
(Jana et al., 2014). Tannase from microbial source is 

an inducible enzyme, therefore require tannin or tannic 
acid as an inducer for its synthesis (Mansor et al., 2019). 
When different concentrations of tannic acid (1.5 to 
4.0%) were applied, the maxium tannase was produced 
by R. ornithinolytica using 3.5% tannic acid while with 
further rise of its concentration the decline in enzyme 
synthesis was recorded. In agreement to our result, Seth 
and Chand (2000) also found 3.5% tannic acid as optimum 
for tannase synthesis. The decline of tannase synthesis in 
higher concentration could be due to toxicity of substrate 
or as a result of by products (gallic acid and glucose) 
accumulation on membrane or inhibition of substrate 
(Seth and Chand, 2000; Beniwal et al., 2010). Another 
reason could be the binding of gallic acid to active site 
by mimicking the substrate and thus blocking of enzyme 
action is caused that lower the enzyme production (Kar 
et al., 1999; Kumar et al., 1999). For tannase production, 
nitrogen source is considered to be a vital factor which has 
effect over microbial biomass and enzyme synthesis (Patel 
et al., 2005). Most of microorganisms use nitrogen source 
for the synthesis of amino acids, protein, components 
of cell wall and nucleic acids (Jana et al., 2013). In our 
study, the maximum enzyme was produced when organic 
nitrogen source was given as yeast extract. Comparable 
results were observed by Murad et al. (2014) and Reddy 
and Kumar (2012) who also reported best results with 
yeast extract among all organic nitrogen source supplied. 
While in contrast, Battestin and Macedo (2007) and 
Govindarajan et al. (2019) described the negative impact 
of yeast extract over tannase production.

Concentration of medium components i.e., tannic 
acid, K2HPO4 and yeast extract were optimized by 
CCD of RSM to maximize tannase production from R. 
ornithinolytica using corn residues. With 3.75% tannic 
acid, 0.75% K2HPO4 and 1.25% yeast extract highest 
enzyme production (157.0414 U/mL) was obtained.
Lima et al. (2014) obtained optimum tannase production 
with 3.5% tannic acid concentration during RSM using 
Barbados cherry as substrate. While Mohan et al. (2014) 
used 3.22 % tannic acid during RSM for optimal tannase 
synthesis. For tannase synthesis, 1% tannic acid was 
found to most significant using Streptomyces sp. AT 13 
in RSM (Tripathi and Lakshmi, 2018).  However, highest 
tannase was produced using 6% tannic acid in Madeira 
et al. (2011) investigation. Wu et al. (2018) determined 
optimum tannase using 2.25% yeast extract during RSM.

Effect of different parameters i.e., pH, temperature, 
time of incubation and substrate concentrations over 
tannase activity was determined.  The pH largely affects 
the enzyme reaction as it influences of acidic and basic 
amino acid’s ionization state (Jana et al., 2014). Effect of 
different pH on tannase activity depict pH 5.0 as optimum 
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pH while activity tend to decrease at higher pH with the 
lowest activity at pH 11.0. In acidic pH range (4.0-6.0), 
tannase exhibited the higher activity. Our results were in 
agreement with tannase activity of Lactobacillus plantarum 
with optima at 5.0 pH (Rodríguez et al., 2008). Tannase is 
an acidic protein having higher activity generally in acidic 
range (Jana et al., 2014). Optimal pH for tannase activity 
was reported from 5.0 to 6.0 by many authors (Gayen 
and Ghosh, 2013; Bagga et al., 2015; Kumar et al., 2015; 
Farag et al., 2018). However, tannase activity in alkaline 
range has also been reported (Iwamoto et al., 2008).

Tannase from R. ornithinolytica was significantly 
higher at 30°C, tend to reduce after this temperature. 
Equivalent results were found by Lopes et al. (2018) from 
Saccharomyces cerevisiae tannase with decreasing activity 
after temperature optima. Rodríguez et al. (2008) and 
Nadaf and Ghosh (2011) also reported tannase activity for 
Lactobacillus plantarum and Rhodococcus NCIM 2891 
respectively with optimum temperature of 30°C. Mostly, 
tannase activity has temperature optima in mesophilic 
range (Jana et al., 2014). With the increase of temperature 
of kinetic energy of substrate and enzymes elevates that 
facilitates the enzyme reaction. After optimum level, the 
chemical potential energy becomes so high that weak 
bonds involved in three-dimensional structure break down 
and thus denaturation and inactivation of substrate or 
enzyme molecules are caused (Mukherjee and Banerjee, 
2006). However, Enterobacter sp. and Klebsiella 
pneumoniae tananses activity was maximum at 40°C and 
50°C respectively (Sharma and John, 2011; Kumar et al., 
2015a). 

The impact of incubation period over tannase activity 
depicted the maxium value after 60 minutes incubation 
and by further increasing the time period, the activity 
decreased. The decrease in activity may be because of 
enzyme denaturation with time (Gautam et al., 2002). 
The activity of tannase was improved by raising the 
concentration of tannic acid up to 0.45% tannic acid, 
where highest tannase activity was recorded. Beyond the 
optimum level, tannase activity tend to decline with the 
increase of tannic acid substrate.

CONCLUSION

Tannase or specifically tannin acyl hydrolase EC 
3.1.1.20 is an economically valuable enzyme with 
applications in food, beverages, pharmaceutical, cosmetics, 
leather and chemical production. The use of an expensive 
substrate is a big challenge for industrial viewpoint. Our 
results support that the bacterial strain R. ornithinolytica 
isolated from fish gut content had a great potential to 

utilize low-cost agricultural residues of corn (Zea mays) 
as substrate for tannase production. Optimization of 
physical parameters and medium components is essential 
to maximize the enzyme production and activity at large-
scale level.
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