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Abstract: Tannase or tannin-acyl-hydrolase (E.C.3.1.1.2.0) catalyzes the hydrolysis of ester and depside bonds in hydrolysable tannins, as tannic acid,

releasing glucose and gallic acid. The present work explored the production, optimization of various parameters like pH, temperature, incubation period, salt-

concentration, carbon sources & nitrogen sources and growth profile of tannase by Bacillus cereus. Tannase from the bacterium showed optimal activity at 48

h and 35°C with 1M salt concentration and initial pH 4.5. The peak enzyme activity was observed while supplementing sucrose at 1% conc. and maltose at

1 % & 2 % conc. as carbon sources, ammonium chloride at 3% concentration as nitrogen source. The maximum tannase activity 0.1586 U/ml was recorded

in the mid-exponential phase of Bacillus cereus. Bacillus cereus thus has high potential and may be useful for industrial production of tannase.
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Introduction

Tannin Acyl Hydrolase (E.C. 3.1.1.20) is commonly referred

to as tannase. The important commercial condensed tannins are

extracted from wattle (Acacia millissima and M. mearnsily,

Quberacho, Schinopsis loretizii and S. balansae) and tree barks.

Catechin gallate occupies an intermediate position in the tannin

hierarchy between hydrolysable and condensed tannins (Bhat et

al., 1998). Tannins have wide applications in the food, beverage,

brewing, cosmetic, and chemical industries (Lekha and Lonsane,

1997). The most commercial application of tannase are in the

elaboration of instantaneous tea or of acron liquor and in the

production of the gallic acid (Coggon et al., 1975; Chae and Yu,

1983; Pourrat et al.,1985; Gracia, 2002), which is an important

intermediary compound in the synthesis of the antibacterial drug

trimethoprim, used in the pharmaceutical industry (Sittig,1988) and

also in the food industry.

Tannase is produced by a number of microorganisms like

fungi (Aspergillus, Penicillium, Rhizopus sp.), yeast (Candida sp.),

and bacteria (Bacillus sp) (Iibuchi et al., 1967). Most of the bacterial

strains belonging to the genera Bacillus, Staphylococcus, and

Klebsiella use tannic acid as sole source of carbon (Deschamps et

al., 1983). Tannic acid is also a major constitute of tannery effluent

and is also used as a sole source of carbon and energy by

microorganisms. In addition to its environmental importance, the

organism hydrolyses tannins may be useful as a microbial cell for

effective conversion of wastes in tannery effluent to wealth. Further

salt tolerant property of the enzyme provides potential utility in the

treatment of hard and slightly acidic effluent containing tannin residues

in pollution control mechanisms. Therefore, more work on tannase

is needed to increase its application. The objective of this study was

thus to produce tannase from Bacillus cereus, to determine the

effect of different factors (pH, temperature, salt conc., incubation

period, carbon and nitrogen source in production medium) on

production of tannase by Bacillus cereus and to determine the

growth profile of tannase enzyme.

Materials and Methods

To observe the production of Tannase the culture of Bacillus

cereus (MCCB0005) was collected from microbial culture collection

bank, Department of Microbiology and Fermentation Technology,

SHIATS. It was maintained on nutrient agar slants. The culture

supernatant obtained by centrifugation was assayed periodically

for enzymatic activity. (Mondal et al., 2001). Various parameters

were evaluated for optimized production of tannase by Bacillus

cereus. (Mondal et al., 2001). Profile of tannase production by

Bacillus cereus was studied at pH 4.5, 3% glucose conc.,

temperature 35ºC from 0-10 hrs of incubation period. The data

recorded during the course of investigation was statistically analyzed

by using analysis of variance (ANOVA) One-way classification and

two-way classification

Results and Discussion

In the present study the relative activity was found to be

0.211469 U/ml (Table 1). Tannase production studied by Mohapatra

et al. (2006) using Bacillus licheniformis KBR6 recorded the

maximum tannase activity 0.62 ± 0.04 U/ml inducted by A.occidentale

which is much higher than reported in the presented study as this

was not inducted by A.occidentale. The optimum pH for the maximum

tannase activity was found to be 4.5 (Table 2) with 0.2908 U/ml of

enzyme activity. Upon varying the pH from (3-7.5), the tannase

enzyme was active at acidic pH and activity decreased as the pH

approached to the alkaline pH range and finally reached 0 at pH

7.5. Mondal et al. (2001) reported the maximum growth and enzyme

production occurred with initial medium pH of 4.5-5.0. This may be

dependent on the ionic environment around the active site of enzyme.

Thus the acidic environment is more suitable for this enzyme to catalyze.
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Table-1: Production of tannase by Bacillus cereus

Organism Avg. OD Relative activity (U/ml)

Bacillus cereus 0.016666 0.1321

Table-2: Effect of pH on Tannase production

pH Average OD Relative activity (U/ml)

3.0 0.020000 0.1586

3.5 0.026667 0.2115

4.0 0.026667 0.2115

4.5 0.036667 0.2908

5.0 0.016667 0.1322

5.5 0.013333 0.1057

6.0 0.010000 0.0792

6.5 0.006667 0.0529

7.0 0.006667 0.0529

7.5 0.000000 0.0000

F
Cal

. = 4.083 > F (5%) = 2.408; Significant (S)

Table-3: Effect of temperature on Tannase production

Temperature Average OD Activity (U/ml)

20° 0.003333 0.0264

25° 0.003333 0.0264

30° 0.013333 0.1055

35° 0.026667 0.2109

40° 0.023333 0.1848

45° 0.013333 0.1055

50° 0.006667 0.0529

55° 0.003333 0.0264

60° 0.003333 0.0264

65° 0.000000 0.0000

F
cal 

= 5.104 > F (5%) = 2.408; Significant (S)

Table-4: Effect of incubation period on tannase production

Incubation period Average OD Relative activity (U/ml)

12 h 0.010000 0.0793

24 h 0.013333 0.1057

36 h 0.016667 0.1321

48 h 0.023333 0.1850

60 h 0.006667 0.0529

72 h 0.003333 0.0264

84 h 0.000000 0.0000

96 h 0.000000 0.0000

108 h 0.000000 0.0000

120 h 0.000000 0.0000

F
cal

 = 5.616 > F (5%) = 2.408; Significant (S)

Table-5:  Effect of salt concentration on Tannase production

Salt conc. Average OD Relative activity (U/ml)

1M 0.013333 0.1057

2M 0.006667 0.0528

3M 0.003333 0.0262

4M 0.000000 0.0000

5M 0.000000 0.0000

6M 0.000000 0.0000

7M 0.000000 0.0000

8M 0.000000 0.0000

9M 0.000000 0.0000

10M 0.000000 0.0000

F
cal

 = 1.988 < F (5%) = 2.408; Non-significant (NS)

The optimum temperature was found to be 35°C (Table-3)

with activity of 0.2109 U/ml when the effect of temperature (20-

65°C) on enzyme activity was studied. There was an increase in

enzyme activity with an increase in temperature upto 35°C, and a

subsequent decrease. At 65°C zero activity was recorded. The

tannase activity in the present study was markedly reduced above

35°C. In more previous researches optimum temperature around

Table-6:  Effect of different carbon sources on tannase production.

Carbon Glucose Fructose Sucrose Maltose

Source Relative Relative Relative Relative

activity activity activity activity

(U/ml) (U/ml) (U/ml) (U/ml)

1 % 0.0793 0.0264 0.1586 0.1586
2 % 0.0793 0.0264 0.1322 0.1586

3 % 0.1057 0.0793 0.1057 0.1057
4 % 0.0793 0.0529 0.1322 0.0793

5 % 0.0264 0.0529 0.1057 0.1057

6 % 0.0264 0.0264 0.0793 0.0529
7 % 0.0000 0.0264 0.0529 0.0264

8 % 0.0000 0.0000 0.0264 0.0000
9 % 0.0000 0.0000 0.0000 0.0000

10% 0.0000 0.0000 0.0000 0.0000

S.S. due to carbon sources, F
cal

 = 8.22 > F (5%) = 2.96; Significant (S)

S.S. due to different conc., F
cal 

= 11.07 > F (5%) = 2.25; Significant (S)

(C.D. = 0.0204)
Table-7:  Effect of nitrogen source on tannase production

Nitrogen NH
4
NO

3
NH

4
Cl KNO

3
Urea

Source Relative Relative Relative Relative

activity activity activity activity

(U/ml) (U/ml) (U/ml) (U/ml)

0.5% 0.1321 0.1321 0.0793 0.1321

1 % 0.0793 0.1057 0.0528 0.1057

1.5% 0.1057 0.1057 0.0264 0.0793
2 % 0.0528 0.0528 0.0264 0.0264

2.5% 0.0528 0.0793 0.0000 0.0000
3 % 0.0264 0.1586 0.0000 0.0000

3.5% 0.0000 0.0528 0.0000 0.0000
4 % 0.0000 0.0000 0.0000 0.0000

4.5% 0.0000 0.0000 0.0000 0.0000

5 % 0.0000 0.0000 0.0000 0.0000

S.S. due to nitrogen sources, F
cal

 = 1.414 > F (5%) = 2.96; Non Significant

(NS); S.S. due to different conc., F
cal 

= 0.572 > F (5%) = 2.25; Non
Significant (NS) (C.D. = 0.0425)

Table-8: Growth profile of Bacillus cereus for optimized tannase production

Time pH Tannase Cellmass Glucose

(hrs.) (U/ml) (U/ml) (U/ml)

0 4.5 0 0 0

1 4.4 0 0.1 0.0793

2 4.1 0 0.12 0.0793
3 4.0 0.0528 0.15 0.1057

4 3.8 0.1057 0.25 0.0793
5 3.9 0.1321 0.31 0.0264

6 3.9 0.1586 0.32 0.0264
7 3.7 0.0793 0.32 0

8 3.6 0.0528 0.31 0

9 3.5 0.0264 0.3 0
10 3.5 0.0264 0.3 0
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35°C with enzyme activity 23.52 U/ml was reported in case of

Aspergillus niger by Lokeswari & Raju (2007). This indicated that

the rate of protein enzyme denaturation increased at higher

temperature leading to the loss of enzyme activity. With a rise in

incubation period, the tannase production increased and optimum

activity was recorded at 48 h (Table-4) with 0.1850 U/ml of activity

which gradually decreases upto 72 h and 0 activity was recorded

from 84-120 h. The results were in agreement with the findings of

Hota et al. (2007) and Bradoos et al. (1997). Decrease in the

enzyme production on further incubation may be due to depletion of

nutrients and feedback inhibition due to the production of gallic acid

from tannic acid present in the medium.

The maximum enzyme activity 0.1057 U/ml was observed

at 1M conc. (Table-5) which gradually decreases upto 3M conc.

and 0 enzyme activity was recorded from 4-10M salt conc. The

statistical analysis revealed the result to be non-significant (P>0.05).

Similar result was reported by Mondal et al. (2001) according to

which enzyme was stable upto 2M and retains 82% activity at 3M of

NaCl. Mohapatra et al. (2006) reported that both growth of the

organism and enzyme production increased two-fold when it was

grown in salt containing crude tannin extract rather than enriched

pure tannin acid medium. Maximum tannase production was

observed at 1% conc. of sucrose and 1 & 2% conc. of maltose

(Table-6) with enzyme activity of 0.1586 U/ml. After that a decline

was observed in activity and 0 activity was recorded from 9-10%

conc. Srivastava and Kar, (2009) reported tannase activity 30.8 U/

ml with 0.5% of glucose whereas the activity decreased at 0.75% of

glucose.  The addition of carbon sources such as glucose, sucrose,

fructose, maltose and arabinose to the culture medium at initial conc.

from 10 to 30 g/l improved the production of tannase by A.niger

(Belmares et al., 2004). This shows that carbon source at higher

conc. repressed tannase synthesis while the lower conc. was not

repressive as it is one of the products of tannic degradation hence

in higher conc. it perhaps show feed- inhibition.

The maximum tannase production was observed at 3% conc.

of NH
4
Cl with activity of 0.1586 U/ml and 0 activity was reported from

4 to 5% conc. in all nitrogen sources (Table-7). Paranthaman et al.

(2009b) observed the maximum activity in all substrates when used

ammonium nitrate and ammonium chloride at 1.5% conc. as a nitrogen

source. The presence of additional nitrogen sources along with

nitrogenous compounds present in the substrate promotes enhanced

growth and consequent enzyme production (Chandrasekaran et al.,

1991). The tannase production was found to increase gradually from

4 hrs of the fermentation period when the growth of the microorganism

reached the early exponential phase which shows that the tannase

production was growth associated product (Table 8). The maximum

tannase activity was found in the mid-exponential phase and early

stationary phase of B. cereus. Similar result was reported in case of

Lactobacillus plantarum by Ayed and Hamdi (2002).

Bacillus cereus is very suitable for tannase production

because it can grow easily and produce a huge amount of tannase

within a short period. The novelty of this enzyme is that it is salt-

tolerant as well as stable over a wide pH range. These features

make the strain promising for industrial exploitation in various fields.

Various reports on microbial production of tannase revealed that
the fermentation parameters namely culture condition, culture
composition, and substrate concentration had significant effect on
production of tannase and biomass. In addition to its environmental
importance, the tannin degrading organism may also be useful as a
microbial cell and may be utilized for effective conversion of wastes
in tannery effluent to wealth. Further works can be conducted on
widespread prospective application of tannase producers in
bioremediation and it could also be very valuable in industry for the
production of tannase and also of the detoxification of the bark
content of animal feed. Moreover, tannase producers may find its
application in food and pharmaceutical industries.
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