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A B S T R A C T

A potential tannase producing fungus S3-07 was isolated from the tannin-rich soil sample and screened as better
tannase producer with 38 ± 3mm diameter of hydrolysis zone formation. It was identified as T. verruculosus
(accession number KX863699) on the basis of the internal transcribed spacer ribosomal DNA (ITS-rDNA) se-
quence analysis. Tannase was produced with 8.22 ± 0.35 Unit per gram dry substrate (U/gds) activity in the
unoptimized condition through solid state fermentation (SSF) using Babul (Acacia nilotica) bark as a solid
substrate. Central composite design (CCD) was used to maximize the production and achieved 3.91 fold in-
crements (32.18 ± 1.31 U/gds). Ammonium sulfate precipitation with 70% saturation and DEAE fractionation
obtained 13.289 specific activity, 47.489% yield and 6.896 purification fold. SDS-PAGE and zymographic
analysis showed two bands of tannase with ∼75 kDa and 58 kDa pH optima of tannase was measured at 8.00,
whereas pH stability was recorded between 4.0 and 8.0. Tannase had temperature optima at 60 °C, however,
stability was observed between 30 and 60 °C. In presence of ethanol, SDS, Mn2+ ions and gallic acid increased
tannase activity, whereas ethyl acetate, tween 20, Ba2+ ion and urea inhibited maximum activity. Most of tannin
reduction (93.27%) was measured in case of orange juice after 15min incubation and 89.36% reduction in
pomegranate juice after 30min, whereas aonla juice was measured with 75.49% tannin reduction after 45min
incubation.

1. Introduction

Tannins are the secondary metabolites of plants (Govindarajan
et al., 2016) moreover, they are the second most abundant group of
plant phenolics after lignin and fourth most abundant biochemical
compound after the cellulose and hemicelluloses (Aguilar et al., 2007).
The phenolic compounds inhibit the growth of microbes, but some
microbes are resistant against tannins (Bhat et al., 1998). The anti-
nutritional effect of tannins was also observed because they bind to
proteins and make the precipitate (Rodrıguez-Duran et al., 2011). Gallic
acid (3, 4, 5-trihydroxy benzoic acid) is a product obtained after tannins
degradation furthermore, it is used in the food industry, printing ink
and photography (Bajpai and Patil, 2008). Gallic acid also has appli-
cation in cancer for the treatment of leukemia and oral cancer and also
has antimelanogenic activity. Tannase (E.C.3.1.1.20) degrades gallic
acid ester and tannins that form glucose and gallic acid as final products
(Lekha and Lonsane, 1997).

Tannase is produced by the microorganism which is the main source
for industries (Yao et al., 2014). Aspergillus sp. and Penicillium sp. are
major tannase producing fungi which have the ability to utilise

hydrolysable and condensed tannin (Prigione et al., 2018). On other
hand Bacillus sp. is the main tannase producing bacteria (Raghuwanshi
et al., 2011). Tannase producing microorganisms have habitat in soil,
water, wastes, pickle, beverage and feces (Jana et al., 2014). Tannase is
industrially produced by submerged fermentation (SmF) and solid state
fermentation (SSF) methods. However, SmF is usually preferred for
bacterial and yeast tannase production whereas SSF for fungal tannase
production. But at present, SSF is also being used for bacterial tannase
production (Jana et al., 2013). SSF is significant in comparison to SmF
because of the use of the naturally available low-cost substrate, extra-
cellular tannase production moreover, less water and energy con-
sumption (Chavez-Gonzalez et al., 2012; Bhoite and Murthy, 2015).

Optimization of the fermentation conditions for tannase production
using one variable at a time is a time-consuming method because only
one factor can be changed and others are remained constant moreover,
the method does not explain the interaction among different factors
(Raghuwanshi et al., 2011). While using statistical tools for the opti-
mization of the fermentation condition is less time taking and in-
expensive. These tools are being used to study the interaction among
different nutritional and physiological factors, furthermore for the
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screening of factors as well (Viswanath et al., 2016; Kumar et al., 2015).
Tannase is being applied for the processing and improvement of

fruit juices, refreshing drinks, beer and wine moreover, it serves as de-
bettering and clarifying agent (Lima et al., 2014). It stops the cream
formation during the preparation of tea that enhances taste, clarity and
antioxidant property (Chandini et al., 2013). Tannase has been used as
a supplementary agent for animal feed improvement (Abdulla et al.,
2016). It has application in the production of gallic acid and propyl
gallate which are used in food industry as antibacterial and antioxidant
agent respectively (Mahmoud et al., 2018; Fernandez-Lorente et al.,
2011).

In this study, the potential fungal isolate was identified as T. ver-
ruculosus. This isolate was taken in SSF of Acacia nilotica bark for tan-
nase production. CCD was used for the optimization of the variables to
obtain maximum tannase production. Tannase was purified through
ammonium sulfate precipitation followed by DEAE cellulose 52.
Purified tannase was characterized and used in the fruit juices gallo-
tannin reduction.

2. Materials and methods

2.1. Chemicals

All chemicals used in this study were of analytical grade and pro-
cured from Himedia bioscience, India.

2.2. Isolation of fungus

The sample was collected from the soil of vegetables degrading site
from Bilaspur, Chhattisgarh, India. The sample was air dried for 24 h
and stored at low temperature for further use. Isolation of fungus from
the sample was performed in malt extract agar medium containing
(gl−1) malt extract 30.00, peptone 5.00 and agar 15.00 using serial
dilution method. After 3 days incubation single, different colored and
appearance of the fungal isolate was transferred to malt extract agar
slant and maintained at optimized laboratory conditions.

2.3. Screening of fungal organisms

Screening of fungus was performed in tannic acid agar medium (pH
5.5) containing (gl−1): tannic acid 10.00, NaNO3 6.00, KCl 0.5,
MgSO4·7H2O 0.5, KH2PO4 1.5, FeSO4·7H2O 0.001 and agar 30.00
(Bradoo et al., 1996). Screening medium was prepared in the flask and
autoclaved at 121.5 °C for 20min. The medium plate was prepared then
milky white color was appeared in medium plates due to tannic acid.
The fungal isolates were point inoculated into screening medium plates
and incubated at 27 °C for 3-days.

2.4. Identification of potential tannase producing fungal isolate

The potential fungal isolate was identified by morphological and
molecular characteristics. For morphological characteristics, the fungal
isolate was grown in malt extract agar medium. After a proper growth,
the microscopic view was taken through a compound microscope (Zeiss
compound microscope) and scanning electron microscope (FEI Nova
NanoSEM 450). However, molecular ITS sequencing was performed by
Chromous Biotech Pvt Ltd, Bangalore, India. Fungal DNA was isolated
using a DNA isolation kit. PCR was performed for amplification of ITS
region with ITS specific primer (forward primer 5′- TCMGTAGGTGA-
DCCWBCGS - 3′ and reverse primer 5′- TCCTNCGYTKATKGVTADGH -
3′). Amplification reaction was done with 1 μl of 100 ng DNA, 400 ng
forward primer, 400 ng reverse primer, 4 μl (10mM each) dNTPs, 10 μl
10X chromTaq DNA polymerase assay buffer, 1 μl chromTaq DNA
polymerase (3 U/μl) and X ml water in total 100 μl reaction volume. In
the PCR, initial denaturation was performed at 95 °C for 5-min and
further denaturation at 94 °C for 30 s, then annealing was done at 52 °C

for 30 s followed by initial extension at 72 °C for 45 s and the final
extension at 72 °C for 7min. Total 35 cycles were performed for de-
naturation, annealing and initial extinction (but, not for initial dena-
turation and final extension). Obtained ITS sequence was aligned with
similar sequences of other fungi using the BLASTN program of NCBI.
Mega 6 software was used for the construction of the phylogenetic tree
with 30 aligned sequences of fungi using Maximum likelihood analysis
method and Kimura 2-parameter nucleotide substitution method.

2.5. Production of tannase

2.5.1. Substrate and inoculum preparation
Babul bark was used as a solid substrate for tannase production,

which is collected from the Babul tree on the campus of Guru Ghasidas
Vishwavidyalaya, Bilaspur, India. Other solid substrates given in Table
S1 were collected from the market of Bilaspur and used for tannase
production. The substrates were dried at 45 °C for 24 h in the hot air
oven. The inoculum was prepared aseptically by the addition of sterile
distilled water containing 0.1% tween 80 into the sporulated fungal
culture.

2.5.2. Estimation of tannin
Solid substrates were dried in hot air oven at 45 °C for 24 h. Tannin

estimation of solid substrates was performed by Hagerman and Butler
(1978).

2.5.3. Solid state fermentation
In 250ml Erlenmeyer flask, 10 g of the substrate were taken and

moistened with 15ml of mineral salt solution (pH 7.0) containing 2%
NH4NO3, 1% KH2PO4, 1% MgSO4.7H2O and 1% KCl. After the auto-
claving, 2 ml of 107 spores/ml inoculum of spore suspension was in-
oculated into the solid substrate and incubated at 27 °C for 120 h of
incubation.

2.5.4. Enzyme extraction
The fermented substrate was extracted adding 100ml of 0.05M

Tris-HCl buffer (pH 8.0) to the flask and placed it in a rotary shaker at
100 rpm for 30min at low temperature. Whatman no. 1 filter paper was
used for the crude extract filtration and the filtrate was centrifuged at
6000 rpm for 10min. The obtained supernatant (used as a crude en-
zyme) was stored at low temperature for further study.

2.6. Enzyme assay

Enzyme assay was performed as by Mondal et al. (2001) based on
the absorbance and colorimeter method. One unit of enzyme activity is
defined as the hydrolysis of 1mM substrate (tannic acid) in 1min under
assay condition.

2.7. Statistical optimization of tannase production

2.7.1. Plackett-Burman design
It is a factorial type design has been used for the screening of the

most important factors. There are seven factors have been taken which
are temperature (oC), pH, initial moisture level (%), spore concentra-
tion, incubation period (h), tannic acid and NH4NO3. Total 13 runs
were generated in which 12 runs with low (−1) and high (+1) levels of
factors, whereas 1 run with central or middle (0) level of factors
(Table 1).

2.7.2. Central composite design
Design expert 9 software was used for the optimization of factors

using Response surface methodology (Central composite design) for
tannase production. Every factor (variable) had five different levels -α,
−1, 0, +1 and +α (α = 1.68) which represent lower, low, middle,
high and higher level respectively (Table S2). CCD generated 20
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experimental run plan of significant factors were performed on the
response of tannase production.

2.8. Purification of tannase

2.8.1. Ammonium sulfate precipitation
Ammonium sulfate was added slowly into the crude extract by

continuous stirring to obtain the up to 70% saturation and left it
overnight at 4 °C for precipitation. Centrifugation was performed at
8000 rpm for 15min at 4 °C for the collection of precipitate which was
dissolved in 0.1 M Tris-HCl buffer (pH 8.0). Dialysis was performed
against the same buffer for 24 h at 4 °C by changing the buffer 3 times
for the removal of ammonium sulfate.

2.8.2. Ion exchange chromatography
DEAE cellulose 52 (Himedia) was taken in 0.1M Tris-HCl buffer (pH

8.0) and leave for 3–4 h, then glass column was filled with DEAE cel-
lulose and equilibrated with Tris-HCl buffer (pH 8.0) overnight. Then
partially purified (dialyzed) enzyme was loaded in the column and left
for 2 h. Enzyme elution was performed adding 0.3M NaCl. Fractions
were taken out with 1ml/min flow rate and analyzed for protein esti-
mation and enzyme assay. Fractions with the highest activity was
stored at low temperature and used for the further experiment. Protein
estimation of the samples was performed by Lowry et al. (1951)
method.

2.8.3. SDS-PAGE and zymography
SDS-PAGE was performed to estimate the molecular weight and

purity of tannase (Laemmli, 1970). Protein samples (crude enzyme,
partially purified and purified enzyme) were resolved in the 12% re-
solving gel at 90 V for 3 h at 4 °C. After run, the gel was cut into two
parts, first part having protein marker, crude, partially purified and
purified enzyme was stained with Coomassie brilliant dye while the
second part of gel containing purified enzyme was proceeded for zy-
mography (Prajapati et al., 2017). Gel was left in 50ml of 0.5% tannic
acid solution for 30min at low temperature then left it for 5min at
room temperature. After incubation the gel was placed in 0.5% quinine
hydrochloride solution for 3–4 h to visualize the tannase activity on the
gel (Aoki et al., 1979).

2.9. Characterization of tannase

2.9.1. Temperature optima and stability
Optima was recorded with different temperatures ranging from 30

to 90 °C under standard assay condition. Whereas thermal stability of
the enzyme was also measured at the time interval of every 30min for

4 h with different temperature (30, 40, 50, 60, 70, 80 and 90 °C) and the
residual activity was observed.

2.9.2. pH optima and stability
Optimum pH was analyzed by incubating the enzyme at different

pH ranging 3.0–10.0 using buffers likes glycine HCl buffer (pH 3),
Acetate buffer (pH 4–5), Phosphate buffer (6–7), Tris HCl buffer (pH
8–9) and Glycine NaOH buffer (pH 10). However, pH stability was
checked at room temperature with different pH in the time interval of
every 30min, then residual activity was measured.

2.9.3. Effect of solvents
Solvents such as methanol, ethanol, isopropanol, acetone, chloro-

form, ethyl acetate, hexane, glycerol, acetonitrile, liquid ammonia,
formaldehyde, and dimethyl sulfoxide (DMSO) in 1% concentration
were used in the reaction mixture to see their effect on enzyme activity.
Residual activity was recorded with control (100%) having no solvents.

2.9.4. Effect of surfactants
Surfactants like sodium dodecyl sulfate (SDS), tween 20, tween 80

and Triton 100 were used in reaction mixture in 1% concentration.
Residual activity was analyzed with control having no surfactants in the
reaction mixture.

2.9.5. Effect of metal ions
Different metal salts such as Al2(SO4)3, BaCl2, CaCl2, CdCl2, CoCl2,

CuCl2, FeCl3, FeSO4, HgCl2, LiSO4, MgSO4, MnCl2, NiSO4, SnCl2, ZnSO4,
NaCl and KCl in 1mM concentration were used in reaction mixture to
measure the effect of metal ions on enzyme activity. However, residual
activity was observed with control (100%) without adding metal ions in
the reaction mixture.

2.9.6. Effect of additives
Sodium azide, sodium deoxycholate, phenylmethylsulfonyl fluoride

(PMSF), gallic acid, NaNO3, NH4Cl, NH4NO3, (NH4)2SO4, urea and
thiourea in 1mM concentration, whereas 1% concentration of 2-mer-
captoethanol was used in the reaction mixture. Residual activity was
measured with control (100%) without additives in reaction mixture.

2.10. Application in detannification of fruit juices

Aonla, pomegranate and orange fruits were peeled and the juice was
extracted pressing in the cheesecloth after crushing in the blender. For
tannin removal, 10ml of each fruit juice was treated with 1ml of
purified enzymes at 37 °C at 100 rpm. At the interval of every 5min of
incubation, 1ml of each fruit juice was taken out for residual tannin

Table 1
Plackett-Burman design in response of enzyme activity.

Run Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Response

A:Temperature (oC) B:pH C: Initial moisture
level (%)

D:Spores concentration
(power of 10)

E: Tannic
acid (%)

F:Incubation period
(h)

G: Ammonium
nitrate (%)

R:Enzyme activity (U/gds)

Actual Predicted

1 17 8 64.28 8 0.5 48 0.1 1.27 ± 0.11 1.14
2 17 4 37 4 0.5 48 0.1 3.06 ± 0.22 2.85
3 42 8 64.28 4 0.5 48 2.5 1.13 ± 0.09 1.74
4 17 4 64.28 4 5 168 0.1 8.98 ± 0.43 9.01
5 42 4 37 4 5 48 2.5 4.08 ± 0.26 3.95
6 42 4 64.28 8 0.5 168 2.5 2.01 ± 0.12 1.22
7 17 8 37 8 5 48 2.5 4.33 ± 0.17 3.88
8 42 4 64.28 8 5 48 0.1 1.39 ± 0.14 1.70
9 42 8 37 4 0.5 168 0.1 0.49 ± 0.03 0.22
10 17 8 64.28 4 5 168 2.5 9.57 ± 0.47 9.54
11 29.5 6 50.64 6 2.75 108 1.3 3.13 ± 0.26 3.13
12 17 4 37 8 0.5 168 2.5 2.07 ± 0.11 2.86
13 42 8 37 8 5 168 0.1 0.44 ± 0.04 0.71
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estimation.

3. Results and discussion

3.1. Isolation, screening and identification of the fungal isolate

Isolates were picked up and screened in tannic acid agar medium
with 1% tannic acid by the appearance of the hydrolysis zone of tannic
acid, which was due to tannase production around the fungal growth in
screening medium. Fungal isolate S3-07 was observed as potential
tannase producer with the hydrolysis zone of 38 ± 3mm diameter
appeared in 3-day growth shown in Fig. S1 (B). In morphological
characteristics, isolate S3-07 had mycelia with white, yellow color,
bivercilliate conidiophore, flask-shaped phialides, globose conidia
(with green color), plane surface colony and dense sporulation shown in
Fig. S1 (A), (C) and (D). Molecular characterization was done by PCR
reaction, agarose gel electrophoresis and sequencing reaction with ITS-
rDNA sequence. Isolated genomic DNA and the PCR amplified product
of ITS region of the fungal isolate were analyzed with a single band in
1% agarose gel electrophoresis presented in Fig. S2 (A). PCR product
was measured with 557 base pairs sequence which was used in a
BLASTN program of NCBI for the alignment. A maximum similarity of
100% was obtained with Talaromyces verruculosus isolate ATT281.
Obtained sequence was submitted to GenBank database then accession
number KX863699 was received. Then, a phylogenetic tree was pre-
pared using Mega 6 software in which maximum likelihood method (a
statistical method), bootstrap method (phylogeny test) and kimura-2
parameter model (Substitution Model) were selected to draw phyloge-
netic tree which is presented in Fig. S2 (B).

3.2. Tannase production

Tannin was estimated in different substrates and among different
substrates, Babul (Keekar) bark was observed with highest tannin
content 121.3 ± 4.2mg/g dry substrate (gds), whereas minimum
tannin content 1.19 ± 0.11mg/g ds was observed in rice bran.
Tannase production through SSF was performed with these substrates
then maximum activity (8.22 ± 0.35 U/gds) was observed with Babul
bark, while minimum activity (2.14 ± 0.26 U/gds) measured with rice
bran. A list of substrates with their tannin content and tannase pro-
duction (enzyme activity) is given in Table S1.

3.3. Statistical optimization of tannase production

3.3.1. Plackett-Burman design
Total 13 experimental runs plan was obtained through design expert

software which is given in Table 1 which was performed in the response
of enzyme activity to screen the significant variables. Variation in en-
zyme activity was observed in the results of experimental runs from
0.44 ± 0.04 to 9.57 ± 0.47 u/gds. Temperature (oC), pH and spore
concentration had a negative effect on tannase production, whereas
initial moisture level, tannic acid, incubation time and NH4NO3 have a
positive effect on tannase production.

Enzyme activity was explained in following equation (1) in terms of
coded factors:

Y = 3.23–1.65 A - 0.36 B + 0.82 C −1.32 D +1.56 E +
0.69 F + 0.63 G … …. (1)

Y is the response (enzyme activity U/gds), A-Temperature (oC), B-pH,
C- Initial moisture level (%), D-Spore concentration (power of 10), E-
Tannic acid (%), F-Incubation time (h) and G-NH4NO3 (%). This
equation (1) (in terms of coded factors) can be used to make predictions
about the response for given levels of each factor. High and low levels
of the factors are coded as +1 and−1 respectively. The coded equation
is used for the identification of the relative impact of the factors by
comparing the factor coefficients.F-value of the model was 34.04 which
implies that the model is significant. Model terms are significant if the
values of “Prob > F″ less than 0.05. In this case, A, C, D, E, F, G was
significant model terms, whereas B was a non-significant model term.
The difference between “Predicted R2” by 0.8227 and “Adjusted R2″ of
0.9507 was less than 0.2. Signal to noise ratio is measured by “Ade-
quate Precision”, whereas a ratio greater than 4 is desirable for the
model. In this study, this ratio was 18.095 which indicates an adequate
signal and however this model can be used to navigate the design space.

3.3.2. Central composite design (CCD)
Optimization was performed with Babul (Keekar) bark because it

had the highest tannin content among different substrates and also had
maximum tannase production. The CCD was used (response surface
methodology) for the optimization of variables such as tannic acid,
initial moisture level and incubation period for maximum tannase
production. However, other factors were taken with temperature
29.5 °C, pH 6.5, spore concentration 107 and ammonium nitrate 2.05%.
Results of 20 experimental runs in the response to enzyme activity are

Table 2
Experimental result of tannase production through central composite design.

Run A:Tannic acid (%) B:Incubation period (h) C:Moisture (%) Response Enzyme activity (u/gds)

Actual Predicted

1 5.28 108 54 32.18 ± 1.31 31.39
2 5.28 108 54 31.53 ± 1.43 31.39
3 8.1 144 64 27.07 ± 1.07 27.77
4 8.1 72 44 15.81 ± 0.64 16.23
5 5.28 47.46 54 16.00 ± 0.57 16.02
6 5.28 108 70.82 19.00 ± 0.94 18.69
7 5.28 108 54 30.97 ± 1.37 31.39
8 5.28 108 54 30.39 ± 1.29 31.39
9 5.28 108 37.18 16.04 ± 0.83 15.90
10 5.28 168.54 54 22.64 ± 1.14 22.21
11 0.52 108 54 14.56 ± 0.438 15.01
12 5.28 108 54 31.95 ± 1.26 31.39
13 10.03 108 54 25.69 ± 1.14 24.82
14 5.28 108 54 31.26 ± 1.29 31.39
15 2.45 72 44 17.01 ± 0.91 16.59
16 8.1 72 64 18.16 ± 0.73 18.39
17 2.45 72 64 13.51 ± 0.48 13.46
18 8.1 144 44 20.99 ± 0.97 21.32
19 2.45 144 64 15.86 ± 0.67 15.74
20 2.45 144 44 14.53 ± 0.73 14.58
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given in Table 2, in which the variation of enzyme activity was ob-
served from 13.51 ± 0.48 (minimum) to 32.18 ± 1.31 u/gds (max-
imum). In this design, polynomial analysis and quadratic model were
used for enzyme activity measurement. An equation is given below in
terms of coded factors for the prediction of tannase activity.

Y = 31.39 + 2.92A + 1.84 B + 0.83C + 1.78AB + 1.32AC + 1.07BC
- 4.06A2 - 4.34B2 - 4.98C2

Y represents enzyme activity and A, B and C represent tannic acid, in-
cubation period and initial moisture level respectively. This equation
can be used for the predictions of response (enzyme activity) for given
levels of each factor. The factors with high levels are coded +1,
whereas −1 for low levels. By comparison of the factor coefficients, the
coded equation can be applied for the identification of the relative
impact of factors.

This Model has 238.04 F-value which indicates that the model is
significant (Table 3). There is only a 0.01% (p-value Prob > F
= < 0.00001) chance that an F-value this large could occur due to
noise. Model terms are significant if the value of “Prob > F″ less than
0.05, whereas values greater than 0.1 indicates that the model terms are
not significant. A, B, C, AB, AC, BC, A2, B2 and C2 are significant model
terms which is presented in Table 3. The Lack of Fit F-value of 1.05
indicates that Lack of Fit is not significant relative to the pure error.
There is a 47.86% chance that a “Lack of Fit F-value" this large could
occur due to noise. This model is fitted because of non-significant lack
of fit which is essential for the model.

The correlation coefficient (R2) of 0.995 indicates that 99.5% of the
variation in enzyme activity could be explained by the independent
variable and the model as well (Table 4). The difference of Predicted R2

(0.978) and Adjusted R2 (0.991) is less than 0.2 which is good for the
model. Adequate Precision measures the signal to noise ratio, which is
greater than 4 is desirable, however the ratio of 38.175 implies an
adequate signal here.

Maximum enzyme activity was predicted 31.39 U/gds in CCD model
whereas, obtained actual value was 32.18 ± 1.31 U/gds at 5.28%
tannic acid, 108 h incubation time and 54% initial moisture level.

Response surface curves is demonstrated in Figs. 1–3, are showing the
interaction between significant factors.

Tannic acid used as a carbon source however, it induced tannase
production. In this study, maximum tannase activity was observed at
5.28% tannic acid concentration. Madeira Jr. et al. (2011) observed
maximum tannase activity at 6% tannic acid concentration with castor
bean residues by Paecilomyces variotii, whereas Battestin and Macedo

Table 3
Analysis of variance for Response Surface Quadratic model table.

Source Sum of Squares df Mean Square F Value p-value Prob > F

Model 945.07 9 105.01 238.04 < 0.0001 significant
A-Tannic acid 116.18 1 116.18 263.36 < 0.0001
B-Incubation period 46.30 1 46.30 104.97 < 0.0001
C-Moisture 9.37 1 9.37 21.24 0.0010
AB 25.21 1 25.21 57.15 < 0.0001
AC 14.00 1 14.00 31.75 0.0002
BC 9.17 1 9.17 20.78 0.0010
A2 237.10 1 237.10 537.47 < 0.0001
B2 271.49 1 271.49 615.44 < 0.0001
C2 358.02 1 358.02 811.59 < 0.0001
Residual 4.41 10 0.44
Lack of Fit 2.26 5 0.45 1.05 0.4786 not significant
Pure Error 2.15 5 0.43
Cor Total 949.48 19

Table 4
Statistical analysis of CCD.

Model terms Values

Std. Dev. 0.66
Mean 22.25
C.V. % 2.98
PRESS 20.49
R2 0.995
Adjusted R2 0.991
Predicted R2 0.978
Adequate Precision 38.175

Fig. 1. Response surface curve is showing interaction between tannic acid and
incubation period.

Fig. 2. Response surface curve is showing interaction between incubation
period and initial moisture level.
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(2007) reported maximum tannase production (1.3–1.5 U/ml) at 12%
tannic acid concentration with solid substrate coffee husk and wheat
bran by Paecilomyces variotii.

Moisture plays a very important role in SSF. However, air and
oxygen supply for the micro-organism decreases as moisture level in-
creases, therefore it inhibits the growth of microbes and enzyme pro-
duction as well (Kumar et al., 2007). However, when moisture has
lower and higher level it decreases the degradation of organic matters
of solid substrates (Mandal and Ghosh, 2013). Tannase production has
been observed optimum at 40–90% moisture content (Aharwar and
Parihar, 2018). In our study, the initial moisture level was observed
optimum at 54%, while, Sharma et al. (2014) observed maximum
tannase production at 60% moisture, moreover Xiao et al. (2015) found
the optimum moisture level at 62.5%. Incubation time was observed
optimum at 108 h and above this optima, tannase production was de-
creased, this may be due to the decrease of nutrient which also leads the
decrease in the growth of fungus or may be feedback inhibition. Liu
et al. (2018) observed the 118 U/ml tannase activity of A. niger at 168 h
incubation period.

Maximum tannase production was reported by Kumar et al. (2015)
at pH 5.2, temperature 34.97 °C, incubation time 91.34 h and agitation
speed 103.34 rpm in SmF through Klebsiella pneumoniae. However,
Bhoite and Murthy (2015) observed 115.99 U/gds tannase production
by Penicillium verrucosum at pH 5, moisture level 50% and fermentation
time 96 h through SSF of Coffee pulp. Sharma et al. (2014) used tea
residues and produced 1.86 U/gds tannase by A. niger at 30 °C, 96 h,
60% w/v moisture content. Whereas, Lima et al. (2014) used Barbados
cherry, as a solid substrate and observed 41.64 U/ml tannase produc-
tion after 72 h of fermentation of Penicillium montanense with 3.5%
tannic acid and 70% moisture. Wang et al. (2013) obtained 62 U/gds
tannase production from A. niger using tea stalks as a solid substrate at
28 °C, 96 h and Moisture level with 1:1.8 ratio (w/v). Moreover, Wu
et al., (2018) measured 245 U/gds tannase activity from Aspergillus
tubingensis CICC 2651 using tea stalks with tannin (7.49%), glucose
(8.11%), (NH4)2SO4 (9.26%), and yeast extract (2.25%). Tannase pro-
duction was observed 301.7 U/gds (3.02 fold increase) with cashew
testa, K2HPO4 (3.40mM), sodium chloride (0.47 mM) and temperature

(32–35 °C) using A. niger after optimization through response surface
methodology (Viswanath et al., 2016). Varadharajan et al. (2017) ob-
tained maximum activity 139.22 IU/ml through submerged fermenta-
tion by A. oryzae at 1.99% substrate concentration, 4.89 pH, 34.91 °C
temperature, and 70.65 h incubation time.

3.4. Purification

Tannase is purified through ammonium sulfate precipitation, dia-
lysis and DEAE cellulose 52. Protein content and enzyme activity was
checked in each step, whereas purification detail is given in Table 5.
Specific activity, yield and purification fold were 3.64, 65.78% and
1.89 in dialysed sample respectively, whereas 13.29, 47.49% and 6.9 in
DEAE cellulose purified sample respectively. Beniwal et al. (2013) ob-
tained 3.22 specific activity, 33.1% yield and 8.47 fold purification
after final purification by DEAE cellulose. However, Gayen and Ghosh
(2013) measured 22.48 specific activity, 11.77% yield and 19.89 fold
purification. After purification through Sephadex G200 Gel filtration,
Abdel-Naby et al. (2016) obtained specific activity 182.8 U/mg protein,
15.8 purification fold and 36.7% yield. Likewise, Mahmoud et al.
(2018) obtained specific activity 1026.12, yield 64.6% and purification
fold 24.21 through Sephadex G-200 after ammonium sulfate pre-
cipitation.

Purity of tannase was checked in SDS-PAGE and result was shown in
Fig. 4. Purified tannase have bands ∼75 kDa and 58 kDa which were
observed by Zymography. While Abdel-Naby et al. (2016) measured
108 kDa molecular weight of purified tannase of Aspergillus oryzae.
Likewise, Mizuno et al. (2014) analyzed 45–85 kDa molecular mass of
purified tannase. Aspergillus phoenicis tannase has 218 kDa molecular
weight containing two subunits of 120 and 93 kDa (Riul et al., 2013).
Mahmoud et al. (2018) observed 65 kDa mass of purified tannase of
Kluyveromyces marxianus.

3.5. Characterization of tannase

The optimum temperature of tannase was observed at 60 °C,
whereas the stability of tannase was observed between the ranges of
30–60 °C presented in Fig. 5(A) and (B). Tannase stability was recorded
at 50 °C with 50.37% residual activity after 4 h of incubation, whereas
49.94% was at 60 °C after 3 h of incubation. However, it had 31.03%
residual activity after 2 h of incubation at 70 °C. But major activity
decrease was observed at 80 °C and 90 °C with 53.18 and 35.29% re-
sidual activity after 30min of incubation. Whereas tannase was more
stable at 30 °C and 40 °C with 91.17 and 80.07% relative activity up to
4 h of incubation.

Madeira Jr. et al. (2015) measured temperature optima at 70 °C and
stability was observed at a range of 20–60 °C. Temperature optima and
activity range of tannase from Aspergillus phoenicis was observed at
60 °C and stability up to 70 °C by Riul et al. (2013). However, Beniwal
et al. (2013) obtained temperature optima of Enterobacter cloacae tan-
nase at 50 °C and stability up to 60 °C. Tannase from Aspergillus oryzae
was measured with the optima of 40 °C moreover, it was active upto
40 °C (Mizuno et al., 2014). Lopes et al. (2018) obtained the optimum
temperature of Saccharomyces cerevisiae tannase at 30 °C and its stable
activity range was 30–60 °C.

Optimum pH was observed at pH 8.0, whereas pH stability of tan-
nase was observed in the range of 4–8 pH which are illustrated in

Fig. 3. Response surface curve is showing interaction between tannic acid and
initial moisture level.

Table 5
Purification of tannase.

Sample Protein mg/ml Total activity Total protein Specific activity Yield (%) Purification Fold

Crude 16.7 32180 16700 1.927 100 1
Dialysed 5.81 21169 5810 3.644 65.783 1.89
DEAE Cellulose 52 1.15 15282 1150 13.289 47.489 6.896
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Fig. 6(A) and (B). Tannase had much stability at pH 7 and pH 8, with
residual activity 92.63% and 80.64% after 4 h of incubation respec-
tively, whereas strong inhibition was recorded at pH 3.0 and 10.0 with
residual activity 54.61% and 43.69% after 90min of incubation re-
spectively. Roy et al. (2018) observed pH optima of Streptomyces sp.
tannase at 6.0, while stability was measured at the range of 5.5–6.5.
Lopes et al. (2018) found the optimum pH of tannase from Sacchar-
omyces cerevisiae at 6.0 and stability at 3.0–9.0 pH. Kluyveromyces
marxianus tannase had two pH optima of 4.5 and 8.5 whereas stability
was observed between 4.0 and 5.5 pH (Mahmoud et al., 2018). Tannase
from Paecilomyces variotii had pH optima at 5.0 and stability at 4.0–6.5
(Madeira Jr. et al., 2015). Jimenez et al. (2014) used recombinant
tannase and analyzed pH optima at 6.0–8.0, while stability at the range
of 4.0–9.0. Lima et al. (2014) observed the pH optima at 9.0 and also
the stability over the wide range of pH. Abdel-Naby et al. (2016) ob-
served optima of Aspergillus oryzae tannase at 5.5, whereas stability was
between 4.5 and 7.5 pH.

Organic solvents react with enzyme's hydrophobic region then the
result is protein precipitation. Acetone, ethanol, glycerol, methanol and
propanol increased tannase activity whereas, acetic acid, acetonitrile,
chloroform, DMSO, ethyl acetate, formaldehyde and hexane inhibited

tannase activity (Table 6). Ethanol was observed with maximum in-
crease (136.8% residual activity) in enzyme activity, whereas ethyl
acetate with maximum decrease (69.35% residual activity). Jana et al.
(2013) observed the same result with glycerol, isopropanol, ethanol and
methanol as activator, whereas Goncalves et al. (2011) measured the
effect of the organic solvents such as acetone, butanol and glycerol, as
an inhibitor, moreover isopropanol, acetonitrile and ethanol as an ac-
tivator. However, methanol, DMSO, isoamyl alcohol and butanol were
observed as an inhibitor by Chaitanyakumar and Anbalagan (2016),
whereas hexane, toluene and benzene were as the activator.

Surfactants increase the solubility of enzymes and substrates in the
organic solvent that can increase or decrease the enzyme activity
(Samiey et al., 2014). SDS increased tannase activity (residual activity
140.68%) maximum, whereas tween 80, tween 20 and Triton 100 in-
hibit tannase activity (residual activity 24.5, 23.24 and 26.4% respec-
tively). Likewise, Beniwal et al. (2013) observed tween 20, tween 80,
Triton X-100 and SDS as the inhibitor. Surfactants inhibit the enzyme
activity by reducing the hydrophobic interactions. On another hand,
SDS, tween 80 and Triton X-100 were found as an activator (Goncalves
et al., 2011; Qiu et al., 2011).

Metal ion plays important role in the catalytic activity of tannase
furthermore, it is required as a cofactor of enzyme (Jana et al., 2014).
Cd2+, Fe3+, Mg2+, Mn2+, Sn2+, Zn2+, Na+ and K+ ions served as an
activator, whereas, Ba2+, Ca2+, Co2+, Cu2+, Fe2+, Hg2+, Li2+ and
Ni2+ ions were observed as inhibitor (Table 7). Maximum increase was
observed in the presence of Mn2+ ion with 116.48% residual activity
whereas, maximum inhibition was recorded with Ba2+ ion with 75.52%
residual activity. Abdel-Naby et al. (2016) found that Ca2+ and Mg2+

increased tannase activity whereas Hg2+, Fe2+, and Cu2+ decreased it.
Moreover, Staphylococcus lugdunensis tannase was inhibited by Zn2+,
Fe2+, Fe3+ and Mn2+, while Na+ increased the activity
(Chaitanyakumar and Anbalagan, 2016). Mahmoud et al. (2018) ob-
served the inhibitory effect of Na+, K+, Mg2+, Ba2+, Hg2+, Co2+and
Zn2+, moreover Mn2+ Ca2+, Cd2+ Cu2+, Li+ and Fe3+ were observed
as the activator.

Among different additives, NH4Cl, NH4NO3, (NH4)2SO4, gallic acid
and sodium azide increased tannase activity. Maximum 109.13% re-
sidual activity was measured with gallic acid. However, urea and
thiourea strongly decreased tannase activity with 34.39% and 44.13%
residual activity, whereas EDTA, phenylmethylsulfonyl fluoride
(PMSF), sodium deoxycholate and NaNO3 slightly inhibited tannase
activity. A list of the effect of different additives on enzyme activity is
given in Table 8. Sodium azide, EDTA, PMSF, β-mercaptoethanol, for-
maldehyde and urea were recorded as the inhibitor by Jana et al.
(2013); Yao et al. (2013); Qiu et al. (2011). However, Kar et al. (2003)
used (NH4)2SO4, NH4NO3, and NH4Cl that increased tannase activity.
Moreover, gallic acid (Beniwal et al., 2013) and Sodium choleate
(Sharma et al., 2008) were recorded as an activator.

Fig. 4. SDS-PAGE and zymographic analysis of T. verruculosus tannase. (MW)
Molecular weight marker (A) Crude enzyme (B) Partially purified tannase (C)
Purified tannase (D) Zymography of purified tannase.

Fig. 5. (A) Temperature optima (B) Temperature stability.
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3.6. Detannification of fruit juices

Fruit juices are beneficial for health because of their antioxidant
property and nutrient richness as well. Presence of tannin content in
fruit juices makes them haze, bitter, astringent and also form sediment
during the storage period, however, these obstacles can be removed by
detannification. Fruit juices mostly contain gallotannin however in this
study, estimated tannin content was 1.635mg/ml, 0.759mg/ml, and
0.281mg/ml in aonla, pomegranate and orange juices respectively.
10 ml of fruit juices was treated with 1ml of purified enzyme (504 U/
ml). The tannin reduction was 75.52% in the Aonla juice (after 45min

of incubation) and 89.29% in pomegranate juice (after 30min of in-
cubation) whereas 93.27% of tannin was degraded in orange juice
(after 15min of incubation). Sharma et al. (2014) observed detannifi-
cation in guava juice using different volumes (0.5%–1.0% and 2.0%) of
the partially purified enzyme (2.97U/mL) and measured the reduction
of tannin 40.59, 53.69, and 59.23% respectively after 60min of in-
cubation. Whereas, Bhoite and Murthy (2015) treated aonla and po-
megranate juice with the partially purified enzyme (303U/mg) and
analyzed 27% and 37% tannin reduction respectively after 120min of
incubation. In other hand, Rout and Banerjee (2006) observed 25%
tannin reduction in 10ml of pomegranate juice by adding one ml of the
enzyme (35.6U/mL) after 120min of incubation whereas 49% reduc-
tion was measured using gelatin with the enzyme (1:1). Srivastava and
Kar (2009) used immobilized tannase (15 beads containing 36.6 U
enzyme) with 68% tannin removal in aonla/myrobalan juice (15ml)
after 180min of incubation. Lima et al. (2014) used 1ml of tannase
(41.64 U/ml) for the clarification of 10ml grape juices and observed
46% of tannin removal after 120min of incubation.

4. Conclusion

In this study, T. verruculosus tannase production was optimized in
SSF using Babul bark as substrate. This is the first report on T. verru-
culosus tannase whereas Babul bark was also a good substrate for tan-
nase production. The significant tannin reduction was observed in the
juices of aonla, pomegranate and orange.

Author contribution

Author AA did all the experiment work and Author DKP guided for
the experiment, did the writing work, analyzed all the data and ar-
ranged the manuscript in publishable format.

Fig. 6. (A) pH optima (B) pH stability.

Table 6
Effect of organic solvent on tannase activity.

S.No. Solvent Residual activity (%)

1 Control 100.0
2 Acetic acid 77.14 ± 3.6
3 Acetone 120.32 ± 4.2
4 Acetonitrile 72.36 ± 2.7
5 Ammonia liquid 100.92 ± 2.6
6 Chloroform 69.76 ± 3.2
7 DMSO 94.4 ± 4.4
8 Ethanol 136.8 ± 4.8
9 Ethyl Acetate 69.35 ± 3.7
10 Formaldehyde 72.23 ± 2.5
11 Glycerol 129.35 ± 3.9
12 Hexane 72.86 ± 3.1
13 Methanol 134.4 ± 4.4
14 Propanol 131.38 ± 3.6

Table 7
Effect of metal ions on tannase activity.

S.No. Metal salt Residual activity (%)

1 Control 100
2 BaCl2 75.52 ± 3.4
3 CaCl2 98.23 ± 4.2
4 CoCl2 89.33 ± 5.1
5 CdCl2 104.15 ± 2.7
6 CuCl2 91.96 ± 3.5
7 FeCl3 108.37 ± 4.4
8 FeSO4 97.43 ± 3.1
9 HgCl2 89.71 ± 5.3
10 LiSO4 79.32 ± 3.6
11 MgSO4 109.16 ± 2.8
12 MnCl2 116.48 ± 4.9
13 NiSO4 90.17 ± 5.4
14 SnCl2 105.57 ± 3.3
15 ZnSO4 109.66 ± 4.1
16 NaCl 105.38 ± 3.9
17 KCl 104.0 ± 4.6

Table 8
Effect of additives.

S.No. Additive Residual activity (%)

1 Control 100.0
2 NH4Cl 102.16 ± 2.6
3 NH4NO3 107.19 ± 3.2
4 (NH4)2SO4 104.12 ± 3.7
5 EDTA 98.41 ± 2.8
6 Gallic acid 109.13 ± 4.3
7 2-mercaptoethanol 99.87 ± 3.5
8 PMSF 94.14 ± 5.3
9 Sodium Azide 102.77 ± 2.4
10 Sodium Deoxycholate 92.62 ± 3.3
11 NaNO3 96.98 ± 2.5
12 Thiourea 44.13 ± 3.11
13 Urea 34.39 ± 2.9
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