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The production of tannases by Aspergillus tamarii was evaluated in submerged cultures using tannic 
acid and gallic acid as substrates. Two tannases, designated as TAH I and TAH II were produced in 
gallic acid submerged cultures. TAH I, responsible for 70% of the total tannase activity was purified to 
apparent electrophoretic homogeneity with 18.35% yield. The enzyme is a homodimeric protein with 
molecular mass of 180 kDa and 40.5% of its weight corresponds to carbohydrates. TAH I exhibited 
optimal activity at 30°C and pH 5.5 and was stable over a large pH range (3.0 to 9.0) and at temperatures 
up to 40°C. With methyl gallate as substrate, the enzyme presented a KM of 0.77 mM and a Vmax of 682.8 
U/mg proteins. The enzyme was inhibited by metal ions but showed relative resistance to organic 
solvents and surfactants. Since the enzyme is active over a wide range of pH and temperature, it is 
potentially useful in food and pharmaceutical industries.  
 
Key words: Aspergillus tamarii, enzyme purification, submerged culture, tannase.  

 
 
INTRODUCTION 
 
Enzymes involved in fungal degrading pathways of 
organic compounds have been the object of considerable 
attention due to their large industrial application spectra. 
Tannin acyl hydrolase (TAH, E.C.3.1.1.20), commonly 
called tannase, catalyzes the hydrolysis of ester and 
depside bonds into hydrolysable tannins, releasing glucose 
and gallic acid (Seth and Chand, 2000; Mahendran et al., 
2006). These enzymes are extensively used in food, 
feed, beverage, brewing, pharmaceutical and chemical 
industries (Belmares et al., 2004; Chavez-Gonzalez et 
al., 2011). The major commercial applications of tan-
nases consist in the elaboration of instantaneous tea and 
in the production of gallic acid (Belmares et al., 2004). 
Gallic  acid  is an important intermediary compound in the 
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synthesis of the antibacterial drug trimethroprim, used in 
the pharmaceutical industry (Sittig, 1988). It is also a 
substrate for the chemical or enzymatic synthesis of 
propyl gallate, a potent antioxidant (Aguilar and Gutiérres-
Sanchez, 2001; Banerjee et al., 2005; Sharma and 
Gupta, 2003). Tannases have also been used for the 
cleavage of polyphenolics present in the cell wall of 
plants which is essential for plant cell wall digestibility 
(Conesa et al., 2001; Mingshu et al., 2006). They might 
also find use in cosmetology to eliminate turbidity of plant 
extracts, and in the leather industry to homogenize tannin 
preparations for high grade leather tannins (Barthomeuf 
et al., 1994).  

Tannases are produced in the presence of tannins, 
especially by microorganisms. Among filamentous fungi, 
the Aspergillus and Penicillium genera are the main tan-
nase producers (Bajpai and Patil, 1997; Banerjee et al., 
2001;  Barthomeuf  et al., 1994; Batra and Saxena, 2005;  
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Bradoo et al., 1997; Chhokar et al., 2010; Enemuor and 
Odibo; 2010; Garcia-Conesa et al., 2001; Renovato et al., 
2011; Sabu et al., 2005; Seth and Chand 2000; van 
Diepeningen et al., 2004). Other tannase producers 
include yeast (Aoki et al., 1976) and bacteria 
(Sivashanmugam and Jayaraman, 2011; Mondal et al., 
2000, 2001; Sharma and John, 2011). Expression of a 
recombinant tannase has also been reported: a tannase 
from Aspergillus oryzae has been cloned and expressed 
in Pichia pastoris (Zhong et al., 2004).  

Studies on tannase production by Aspergillus spp. can 
be done by various methods such as liquid surface, 
submerged, modified solid-state cultures and solid state 
cultures (Belmares et al., 2004). Submerged cultures have 
advantages in process control and recovery easiness of 
extracellular enzymes while the main advantages of solid 
state cultures include simplicity, lower production costs, 
high enzyme yield and low wastewater output. Recently 
we described a new tannase producer, Aspergillus 
tamarii, able to produce extracellular tannases in sub-
merged cultures using tannic acid, methyl gallate and 
gallic acid as substrates (Costa et al., 2008). The 
objective of the present work was to purify and charac-
terize the main tannase produced by this fungus in 
submerged culture. 
 
 
MATERIALS AND METHODS 
 
Microorganism and inoculum 
 
Spores of A. tamarii were inoculated on potato dextrose agar using 
250 mL Erlenmeyer flasks and incubated at 28°C for 5 days. The 
fungal spore inoculum was prepared by adding 20 mL of sterile 
distilled water containing 0.01% Tween 80 to a fully sporulated 
culture. The spores were dislodged using a sterile inoculation loop 
under strict aseptic conditions and the number of viable spores in 
the suspension was determined using the plate count method.  
 
 
Enzyme production in submerged conditions 
 
Composition of the mineral medium was (in g/L): KH2PO4 1.0 g; 
MgSO4 .7H2O 2.0 g; CaCl2 1.0 g; NH4Cl 3.0 g; yeast extract 1 g. 
The filter-sterilized substrates glucose, starch, sucrose, xylan, 
tannic acid or gallic acids were added to the medium after its 
sterilization for 15 min at 127°C. Spore suspensions (5 x 10

9
 

spores) were added to 50 mL of culture medium in 250 ml 
Erlenmeyer flasks. Cultures were grown for up to 144 h at 120 rpm 
in shaker at 28°C. Samples were withdrawn at regular intervals of 
48 h. The mycelial biomass was separated by filtration through 
Whatman No. 1 filter paper. The cell free culture broth was assayed 
for extracellular tannase activity.  
 

 
Enzyme assay 
 
Tannase activity was estimated by the method of rhodanine 
(Sharma et al., 2000). The method is based on the formation of a 
chromogen between gallic acid (released by the action of tannase 
on  methyl  gallate)  and  rhodanine  (2  thio-4-ketothiazolidine). The  

 
 
 
 
pink color developed was read at 520 nm using a spectrophoto-
meter (Shimadzu UV-160A, Japan). The tannase activity was 
expressed in international units. One unit of tannase activity was 
defined as the amount of enzyme required to liberate one micro-
mole of gallic acid per minute under defined reaction conditions. 
 
 
Enzyme purification 
 
All operations were carried out at 4°C. The crude extracellular 
extract was dialyzed 24 h against water and concentrated by 
freeze-drying. The lyophilized sample was reconstituted with a 
minimum amount of water. The soluble proteins were applied to a 
Sephadex G-150 column (2 x 60 cm), previously equilibrated with 
10 mM acetate buffer, pH 5.0. The protein fractions (4.0 ml) were 
eluted at a flow rate of 2 ml/min. Active fractions were pooled, 
dialyzed against water and concentrated by freeze-drying. The 
concentrated fraction was then loaded onto a DEAE-Sephadex 
column (2 x 23 cm), pre-equilibrated with 20 mM phosphate buffer, 
pH 7.0. The column was washed with the same buffer to remove 
unbound proteins. The bound proteins were eluted by applying a 
linear gradient of NaCl (0 to 0.5 M). The protein fractions (10.0 mL) 
were eluted at a flow rate of 1 ml/min. The pooled active fractions 
were dialyzed against water, concentrated by freeze-drying and 
stored at -20°C. In both columns, each fraction was assayed for 
protein (A280 nm) and tannase activity. 
 
 
SDS-PAGE and molecular weight determination 
 
Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-
PAGE) was carried out to determine the purity of the enzyme and 
its molecular weight. The electrophoresis was run in a vertical slab 
gel apparatus. Acrylamide concentration was 4% for stacking gel 
and 8% for separation gel (Laemmli, 1970). The gel was run at 150 
V, 30 mA till the tracking dye bromophenol blue reached the other 
end of the gel. Staining of the gel was done by keeping it overnight 
at room temperature in a solution of Coomassie blue in ethanol: 
acetic acid: distilled water (5:1:5). The dye excess was removed by 
keeping it in a de-staining solution containing 10% acetic acid and 
35% ethanol till the gel became transparent. The 10 to 120 kDa 
proteins produced by partial cleavage of a 120 kDa protein 
(GIBCO-BRL Cat. n

o
 10064-012) were used as molecular markers.  

 
 
Molecular weight of native tannase 
 
The molecular weight of native tannase was determined by gel-
filtration chromatography using Sephadex G-200. The mixture of 
high non-denaturing molecular weight markers (2 mg) was loaded 
on Sephadex G-200 (2 x 70 cm) and eluted with 0.05 M acetate 
buffer plus 0.1 M NaCl at a flow rate of 1 ml/min. The void volume 
(Vo) of 65 ml was determined using Blue Dextran 2000. The 
samples containing proteins were collected at their elution volume 
(Ve) and Ve/Vo against the log of molecular weight (MW) was plotted 
for estimating the native molecular weight of tannase.  
 
 

Effect of pH and temperature on purified tannase activity and 
stability 
 
The activity of purified tannase was assayed at temperatures 
ranging from 20 to 60°C under standard conditions. For the 
determination of the optimum pH, the enzyme was assayed with 
McIlvaine’s buffer (pH 3.0 to 8.0). Thermal stability was investigated 
by  incubating  the  enzyme  at different temperatures for 30 and 60  
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Figure 1. Production of tannase and mycelial biomass by A. tamarii in submerged cultures using 2% (w/v) tannic acid (A) and 

2% gallic acid (B) as substrate. Cultures were grown for up to 144 h at 28°C and 130 rpm. (•) tannase activity in U/mL; (■) 

tannase activity in U/mg dry biomass; (○) dry mycelial biomass. Values are the mean ± SD of triplicate cultures. 
 
 
 
min. Immediately the enzyme was immersed in an ice bath and 
then the residual activity was tested under standard conditions. The 
pH stability was assayed by incubating the enzyme at different pH 
values (pH 3.0 to 8.0) for 2 h at 25°C. The remaining activities were 
measured under standard conditions. 
 
 
Determination of protein and sugar content 
 
Protein concentration was estimated using the Bradford method 
with crystalline bovine serum albumin (BSA) as standard (Bradford, 
1976). Protein concentrations in the fractions from the chromato-
graphy were determined from the absorbance values at 280 nm. 
The carbohydrate content of purified tannase was estimated by the 
phenol-sulfuric acid method using D-mannose as the standard 
(Dubois et al., 1956). 
 
 
Effect of different chemical compounds on tannase activity 
 
To study the effects of different chemical compounds on the activity 
of purified tannase, the enzyme was incubated for 15 min at 4°C in 
solutions of the following compounds: 1 mM metal ions, 0.01% of 
the surfactants SDS and Triton X-100, 1 mM of the chelating agent 
ethylene diamine tetraacetic acid disodium salt (EDTA), and 1 mM 
β-mercaptoethanol. In all cases, the residual tannase activity was 
assayed by the standard procedure.  
 
 
Data analysis 
 
All experiments were carried out in triplicate. The results were 
analyzed by the Graph Pad Prism Program®  

RESULTS AND DISCUSSION 
 
Effect of substrate on the production of tannase by A. 
tamarii in submerged cultures 
 
Good growth was observed but very low tannase activity 
(less than 1 U/ml) was found in the culture filtrates when 
glucose, starch, xylan and sucrose were used as carbon 
sources (data not shown). When 2% tannic acid or 2% 
gallic acid were used as substrates, Maximal tannase 
production was obtained at 48 h of cultivation, 14.8 U/ml 
(11.6 U/mg dry biomass) and 20.4 U/ml (15.9 U/mg dry 
biomass), respectively (Figure 1A and B). Analysis of the 
growth curves with both substrates suggests that the 
enzyme was produced during the exponential growth 
phase. The production of tannase during the primary 
phase of growth is found in several filamentous fungi, and 
has been reported for Penicillium chrysogenum 
(Rajakumar and Nandy, 1983), Aspergillus aculeatus 
(Banerjee et al., 2001) and Aspergillus niger (Darah et 
al., 2011). In general, tannase appears to be an induced 
enzyme, being produced at elevated amounts only when 
tannic acid is present (Aguilar and Gutièrrez-Sanchéz, 
2001). In the present study, gallic acid appears to be a 
more effective inducer than tannic acid. Due to the fact 
that tannase is an esterase and considering that gallic 
acid contains no ester linkage, it is surprising that gallic 
acid  acts  as  a  tannase inducer. There are indeed some  
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Figure 2. Chromatographic steps used in tannase purification; A: The crude filtrate was applied on Sephadex G-150; B: The 
fractions with high tannase activities eluted from Sephadex G-150 were pooled, dialyzed against water, concentrated by freeze-
drying and applied  on DEAE-Sephadex. (●) Tannase activity; (○) Absorbance at 280 nm. 

 
 
 

reports that gallic acid represses the production of 
tannase when added to submerged cultures of A. niger 
Aa-20 (Aguilar and Gutièrrez-Sanchéz, 2001) and 
Aspergillus japonicus (Bradoo et al., 1997). However, 
there are also reports that phenolic compounds in 
general, including gallic acid, can act as tannase inducers 
(Bajpai and Patil, 1997; Belmares et al., 2004). Certainly 
more studies are necessary to understand the role of 
gallic acid in the regulatory mechanisms of the tannase 
synthesis.  
 
 
Enzyme purification and physico-chemical properties 
of purified tannase 
 
The experiments to purify extracellular tannase were 
conducted using the culture broth supernatants obtained 
at 48 h of cultivation with 2% gallic acid as substrate. The 
extracellular tannase was purified by using two 
chromatographic techniques, filtration chromatography in 
a Sephadex G-150 column, followed by ion exchange 
chromatography in a DEAE-Sephadex column (Figure 2A 
and B). The filtration column allowed the separation of 
the tannases from minor proteins and fungal pigments 
(Figure 2A), while the chromatography in DEAE 
Sephadex allowed the separation of two isoforms of 
tannases, designated as TAH I and TAH II (Figure 2B). 
Multiple tannase forms are uncommon among filamen-
tous fungi if one takes into account that not more than a 
single description of the phenomenon can be found 
(Kasieczka-Burnecka et al., 2007). TAH I was the pre-
dominant  isoenzyme found in culture filtrates of A. tamari 

under the growth conditions used in this study, being res-
ponsible for more than 70% of the total tannase activity.  

The fractions with high activity were pooled, dialyzed 
and concentrated by lyophilization. At the end of the 
process, TAH I was purified 7.17-fold with a specific 
activity of 1,350 U/mg protein and a yield of  18.35%, 
while TAH II was purified 1.11-fold with a specific activity 
of 209.26 U/mg protein and a yield of 3.84% (Table 1). 
TAH I appeared homogeneous in PAGE under non-
denaturing conditions while a few protein contaminations 
were present in the TAH II preparation (data not shown). 
For this reason, only TAH I was characterized in this 
study.  

The purified TAH I was eluted from gel filtration 
chromatography on a Sephadex-G-200 column with an 
apparent molecular mass of 180.0 kDa (data not shown). 
SDS-PAGE revealed the presence of one band with an 
apparent molecular mass of 90.0 kDa (Figure 3).  

 The carbohydrate content of tannase was estimated to 
be 40.5% by using the phenol-sulfuric acid method with 
D-mannose as the standard. These data allow us to 
conclude that the main tannase of A. tamarii, TAH I, is an 
oligomeric glycoprotein built of two sub-units with 
molecular masses of 90 kDa. Most of the purified tannase 
from filamentous fungi have a molecular mass in the 
range of

 
168 to

 
310 kDa (Ramirez-Coronel

 
et al.,

 
2003; 

Aguilar and Gutiérrez-Sanchez, 2001). According to 
Hatamoto et al. (1996) the tannase from A. oryzae has 
two subunits of 30 and 33 kDa, and the native tannase is 
a hetero-octamer with a molecular mass of 300 kDa. The 
molecular mass of A. niger MTCC 2425 tannase has 
been reported to be 185 kDa with two polypeptide chains  
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Table 1. Purification of tannase from A. tamarii. 
 

Purification step 
Volume 

(ml) 
Total Protein 

(mg) 
Total 

activity (U) 
Specific 

activity (U/mg) 

Purification 

(fold) 

Yield 

(%) 

Cell free extract 290 31.24 5,884.0 188.3 1.00 100.00 

After concentration by freeze-drying 1 28.00 4,155.2 148.4 0.79 70.62 

Sephadex G-150  36 4.12 2,976.0 722.3 3.84 50.58 

 

DEAE Sephadex       

TAH I 150 0.98 1.080,00 1.350 7.17 18.35 

TAH II 200 1.08 226.0 209.3 1.11 3.84 
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Figure 3. SDS-PAGE of A. tamarii TAH I. Lane 1: Molecular weight 
markers. Lanes 2 and 3: purified TAH I (10 and 25 µg protein).  
 
 
 

of  apparent  molecular   masses   of   102   and   83  kDa 
(Bhardwaj et al., 2003). Glycosylation of tannases is also 
very common among the filamentous fungi (Aguilar and 
Guitièrrez-Sánchez, 2001; Sharma et al., 2008). For 
example, the carbohydrate content of the A. niger tan-
nase is 43% (Barthomeuf et al., 1994), while the enzyme 
from A. awamorii Nakazawa comprises 14.5% of its mass 
in carbohydrates (Mahapatra et al., 2005). 

The kinetic properties of TAH I were investigated using 
methyl gallate as substrate. The graphical analysis of the 

effect of the substrate concentration on the tannase 
activity yielded a KM of 0.77 mM and a Vmax of 682.8 µmol 

min−1 
mg−1

 protein at the optimum pH of 5.5 and at the 
temperature of 30°C. The KM values for tannases from A. 
flavus, Selenomonas ruminantium, Cryphonectria parasitica 
and A. niger ATCC 16620 using methyl gallate as 
substrate have been found to be 0.86 mM (Yamada et al. 
1968), 1.6 mM (Skene and Broker, 1995), 7.49 mM and 
1.03 mM (Farias et al., 1994) respectively. This means 
that the tannase from A. tamarii has a higher affinity for 
methyl gallate than most of the hitherto reported enzymes.  
 
 
Effect of temperature and pH on the activity and 
stability of TAH I 
 
The effect of pH on the TAH I activity and stability was 
examined at pH values ranging from 3.0 to 8.0. The 
enzyme was stable over a large pH range and presented 
optimal activities at pH 5.0-6.0 (Figure 4A). Substantial 
activities were detected at pH values ranging from 4.0 to 
7.0. Fungal tannases are generally acidic enzymes. 
There are reports of optimal pH values of 5.0 for the 
tannase from Aspergillus awamori (Mahapatra et al., 
2005), pH of 5.5 for the tannase from Aspergillus flavus 
and A. oryzae (Batra and Saxena, 2005) and Aspergillus 
heteromorphus MTCC 8818 (Chhokar et al., 2010), pH of 
6.0 for the enzyme from A, niger (Barthomeuf et al., 
1994; Renovato et al., 2011; Sabu et al., 2005), and pH 
from 5.0 to 7.0 for the enzyme from Paecilomyces variotii 
(Mahendran et al., 2006).  

The optimal temperature for the activity of TAH I was in 
the range between 30 and 35°C and the activity at 40°C 
was still above 90% of the maximal activity (Figure 4B). 
The enzyme was stable at low temperatures (5 to 25°C) 
for several hours (data not shown) and at temperatures 
up to 40°C for 1 h (Figure 4B). After 1 h at 45 and 50°C, 
the residual activities of the enzyme were 76 and 50%, 
respectively. Similar thermal stabilities were reported for 
tannases from several other fungal species including A. 
oryzae (Beverini and Metche, 1990), A. awamorii Naka-
zawa (Mahapatra et al., 2005), and A. niger  (Barthomeuf  
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Figure 4. Effect of pH (A) and temperature (B) on the activity (●) and stability (○) of A. tamarii purified tannase I. 

 
 
 
Table 2. Effects of metal ions and other chemicals on the activity of 
purified A. tamari TAH I. 
 

Compound 
Residual activity 

(%) 

None 100.0±4.3 

1.0 mM MgCl2 104.0±4.3 

1.0 mM CaCl2 53.5±5.0 

1.0 mM CoCl2 63.6±3.7 

1.0 mM FeSO4 43.8±1.7 

1.0 mM CuSO4 31.5±2.7 

1.0 mM HgCl2 13.8±1.8 

1.0 mM ZnCl2 35.4±1.6 

1 mM EDTA 73.5±4.8 

1 mM β-mercaptoethanol 43.0±2.7 

5.0% propanol 97.0±2.0 

10.0% propanol  79.5±5.0 

5.0% ethanol 98.5±1.5 

10.0% ethanol 67.9±2.0 

0.01% SDS 83.1±4.8 

0.01% Triton X-100 76.4±5.1 
 
 
 

et  al.,  1994).  On  the other hand, some fungal tannases 
are thermally more stable than the enzyme described in 
the present study, namely the tannases from A. flavus 
(Yamada et al., 1968; Pourrat et al., 1985), A. niger van 
Tieghem (Sharma et al., 1999) and Penicillium variable 
(Sharma et al., 2008). An extracellular tannase obtained 
by SSF from A. niger Aa20 using polyurethane foam 
presented  an   optimum   temperature   of   60   to   70°C  

(Ramirez-Coronel et al., 2003).  

 
 
Effect of metal ions and other chemicals on TAH I 
activity 
 
Except Mg

2+
, A. tamarii TAH I was inhibited by all metal 

ions tested (Table 2). Tannase was inhibited maximally 
by Hg

2+
, followed by Cu

2+
, Zn

2+
, Fe

2+
, Ca

2+
 and Co

2+
. 

Many enzymes require metal ion activators in order to 
achieve full catalytic efficiency. On the other hand, 
several enzymes are inhibited by metal ions and several 
other organic compounds. It seems thus that these metal 
ions are not necessary for the catalytic activity of tannase. 
The decrease in tannase activity in the presence of 
divalent cations could be due to nonspecific binding or 
aggregation of the enzyme. The inhibition of fungal 
tannases by metal ions is a common phenomenon. The 
activity of tannase from P. chrysogenum was inhibited by 
Cu

2+
 (53%), followed by Zn

2+
 and Fe

3+
 (45%) and Mg

2+
 

(Rajakumar and Nandy, 1983). The purified tannase from 
A. niger ATCC 16620 was inhibited by Zn

2+
, Mn

2+
, Cu

2+
, 

Mg
2+

 and Fe
2+

, and only K
+
 enhanced its activity (Sabu et 

al., 2005). On the other hand, a recent purified tannase 
from Aspergillus heteromorphus MTCC 8818 was only 
marginally inhibited by several cations, including Hg

2+
, 

Ag
+
, Fe

2+
 and Cu

2+
 (Chhokar et al., 2010).  

The effect of common chemicals on purified A. tamarii 
tannase was also tested. The enzyme was inhibited by β-
mercaptoethanol but only partially inhibited by EDTA. 
These results suggest the presence of sulfur-containing 
amino acids at the enzyme active site. The  enzyme  was  



 

 
 
 
 
resistant to the organic solvents propanol and ethanol 
and to the surfactants SDS and Triton X-100 (Table 2). 
Most  fungal  tannases  are  total  or  partially inhibited by  
these compounds (Belmares et al., 2004). Considering 
that the use of organic solvents can be advantageous in 
various industrial enzymatic processes, the resistance of 
enzymes to this kind of solvents is desirable. 

In conclusion, the purified A. tamari tannase presents 
some qualities that are desirable for industrial applica-
tions. These qualities are low KM value activities over a 
wide range of pH and at temperatures up to 40°C, and 
resistance to denaturation in organic solvents and surfac-
tant agents. These characteristics are considered to be 
especially favourable for applications in the food-processing 
industry.  
 
 

ACKNOWLEDGEMENTS 
 
This work was supported by grants from Conselho 
Nacional de Desenvolvimento Científico e Tecnológico 
(CNPq), Fundo Paraná and Fundação Araucária. R. M. 
Peralta and A. Bracht are research fellows of CNPq. The 
authors thank M. A. F. Costa for her technical assistance. 
 
 
REFERENCES 
 
Aguilar CN, Gutièrrez-Sanchéz G (2001). Review: sources, properties, 

applications and potential uses of tannin acyl hydrolase. Food Sci. 
Technol. Int. 7: 373-382. 

Aoki KS, Hinke R, Nishira H (1976).Purification and some properties of 
yeast tannase. Agric. Biol. Chem. 40: 79-85. 

Bajpai B, Patil S (1997).Induction of tannin acyl hydrolase (EC 3.1.1.20) 
activity in some members of fungi imperfecti. Enzyme Microb. 
Technol. 20: 612-614. 

Banerjee D, Mondal KC, Pati BR (2001).Production and 
characterization of extracellular and intracellular tannase from newly 
isolated Aspergillus aculeatus DBF 9. J. Basic. Microbiol. 41: 313-
318. 

Banerjee R, Mukherjee G, Patra KC (2005). Microbial transformation of 
tannin-rich substrate to gallic acid through co-culture method. Biores. 
Technol. 96: 949-953 

Barthomeuf C, Regerat F, Pourrat H (1994). Production, purification and 
characterization of a tannase from Aspergillus niger LCF 8. J. 
Ferment. Bioeng. 3: 320-323. 

Batra A, Saxena RK (2005). Potential tannase producers from the 
genera Aspergillus and Penicillium, Proc. Biochem. 40: 1553-1557. 

Belmares R, Contreras-Esquivel JC, Rodriguez-Herrera R, Coronel AR, 
Aguilar CN (2004). Microbial production of tannase: an enzyme with 
potential use in food industry. Lebensm.-Wiss. U. Technol. 37: 857-
864. 

Beverini M, Metche M (1990). Identification, purification, physiochemical 
properties of tannase from Aspergillus oryzae. Science des Aliments 
10: 807-816. 

Bhardwaj R, Singh B, Bhat TK (2003). Purification and characterization 
of tannin acyl hydrolase from Aspergillus niger MTCC 2425. J. Basic 
Microbiol. 43: 449-461. 

Bradford MA (1976). Rapid and sensitive method for the quantification 
of microgram quantities of protein utilizing the principle of protein dye 
binding. Anal. Biochem. 72: 248-254. 

Bradoo S, Gupta R, Saxena RK (1997). Parametric optimization and 
biochemical regulation of extracellular tannase from Aspergillus 
japonicus. Proc. Biochem. 32: 135-139. 

Costa et al.       397 
 
 
 
Chavez-Gonzalez M, Rodrigues-Durán LV, Balagurusamy N, Prado-

Barragán A, Rodrigues R, Conheras JC, Aguilar GN (2011). 
Biotechnological advances and challenges of tannase: an overview. 
Food Bioprocess Technol in press Doi 10.1007/s11947-011-0608-5. 

Chhokar V, Seema, Beniwal V, Salar RK, Nehra KS, Kumar A, Rana JS 
(2010). Purification and characterization of extracellular tannin acyl 
hydrolase from Aspergillus heteromorphus MTCC 8818. Biotechnol. 
Bioproc. Eng. 15: 793-799 

Conesa MT, Ostergaard P, Kauppineu S, Williamson G (2001). 
Hydrolysis of diethyl diferulates by a tannase from Aspergillus oryzae. 
Carbohydr. Polym. 44: 319-324 

Costa AM, Ribeiro WX, Kato E, Monteiro ARG, Peralta RM (2008). 
Production of tannase by Aspergillus tamarii in submerged cultures. 
Braz. Arch. Biol. Technol. 51: 399-404 

Darah I, Sumathi G, Jain K, Hong LS (2011). Involvement of physical 
parameters in medium improvement for tannase production by 
Aspergillus niger FETL FT3 in submerged fermentation. Biotechnol. 
Res. Int. doi:10.4061/2011/897931 

Dubois MK, Gilles KA, Hamilton JK, Rebers PA, Smith F (1956). 
Colorimetric methods for determination of sugars and related 
substances. Anal. Chem. 28: 350-356 

Enemuor SC, Odibo FJC (2010). Partial purification and 
characterization of Aspergillus tamarii IMI1388810 (B) tannin acyl 
hydrolase. Arch. Appl. Sci. Res. 2: 290-299 

Farias GM, Gorbea C, Elkins JR, Griffin GJ (1994). Purification, 
characterization, and substrate relationships of the tannase from 
Cryphonectria parasitica. Physiol. Mol. Plant Path. 44: 51-63. 

Garcia-Conesa MT, Ostergaard P, Kauppinen S, Wiliamson G (2001). 
Hydrolysis of diethyl diferulates by a tannase from Aspergillus oryzae. 
Carbohydr. Polymers, 44: 319-324. 

Hatamoto O, Watarai T, Kikuchi M, Mizusawa K, Sekine H (1996). 
Cloning and sequencing of the gene encoding tannase and a 
structural study of the tannase subunit from Aspergillus oryzae. 
Gene, 175: 215-221 

Kasieczka-Burnecka M, Kue K, Kalinowska H, Knap M, Turkiewicz M 
(2007) Purification and characterization of two cold-adapted 
extracellular tannin acyl hydrolases from an Antarctic strain 
Verticillium sp P9. Appl. Microbiol. Biotechnol. 77: 77-89 

Laemmli UK (1970). Cleavage of structural proteins during the 
assembly of the head of bacteriophage T4. Nature, 227: 680-684 

Mahapatra K, Nanda RK, Bag SS, Banerjee R, Pandey A, Szakacs G 
(2005). Purification, characterization and some studies on secondary 
structure of tannase from Aspergillus awamorii Nakazawa. Proc. 
Biochem. 40: 3251-3254. 

Mahendran B, Raman N, Kim DJ (2006). Purification and 
characterization of tannase from Paecilomyces variotii: hydrolysis of 

tannic acid using immobilized tannase. Appl. Microbiol. Biotechnol. 
70: 444-450.  

Mingshu L, Kai Y, Qiang H, Dongying J (2006). Review. Biodegradation 
of gallotannins and ellagitannins. J. Basic Microbiol. 46: 68-84. 

Mondal KC, Banerjee D, Banerjee R, Pati BR (2001). Production and 
characterization of tannase from Bacillus cereus KBR 9. J. Gen. Appl. 

Microbiol. 47: 263-267.  
Mondal KC, Banerjee R, Pati BR (2000). Tannase production by 

Bacillus licheniformis. Biotechnol. Let. 22: 767-769.  

Pourrat H, Regerat F, Pourrat A, Jean D (1985). Production of gallic 
acid from tara tannin by a strain of A. niger. J. Ferm. Technol. 63: 
401-403 

Rajakumar GS, Nandy SC (1983). Isolation, purification, and some 
properties of Penicillium chrysogenum tannase. Appl. Environm. 
Microbiol. 46: 525-527. 

Ramirez-Coronel MA, Viniegra-Gonzalez G, Darvill A, Augur C (2003). 
A novel tannase from Aspergillus niger with α-glucosidase activity. 
Microbiology, 149: 2941-2946 

Renovato J, Gutiérrez-Sánchez G, Rodríguez-Durán LV, Bergman C, 
Rodríguez R, Aguilar CN (2011). Differential properties of Aspergillus 
niger tannase produced under solid-state and submerged 
fermentations. Appl. Biochem. Biotechnol. 165: 382-395  

Sabu A, Kiran S, Pandey A (2005). Purification and characterization of 
tannin  acyl hydrolase  from  Aspergillus  niger  ATCC   16620.   Food  



 

398      Afr. J. Biotechnol. 
 
 
 
Technol. Biotechnol. 43: 133-138 

Sharma KP, John PJ (2011). Purification and characterization of 
tannase and tannase gene from Enterobacter sp. Proc. Biochem. 46: 

240-244 
Seth M, Chand S (2000). Biosynthesis of tannase and hydrolysis of 

tannins to gallic acid by Aspergillus awamori – optimization of 

process parameters. Proc. Biochem. 36: 39-44. 
Sharma S, Agarwal L, Saxena RK (2008). Purification, immobilization 

and characterization of tannase from Penicillium variable. Biores. 

Technol. 99: 2544-2551  
 Sharma S, Bhat T K, Dawra RK (2000). A spectrophotometric method 

for assay of tannase using rhodanine. Anal. Biochem. 279: 85-89. 
Sharma S, Bhat TK, Dawra RK (1999). Isolation, purification and 

properties of tannase from Aspergillus niger van Tieghem. World J. 
Microbiol. Biotechnol. 15: 673-677 

Sharma S, Gupta MN (2003). Synthesis of antioxidant propyl gallate 
using tannase from Aspergilus niger van Teighem in nonaqueous 
media. Bioorg. Med. Chem. Let. 13: 395-397.  

Sivashanmugam K, Jayaraman G (2011). Production and partial 
purification of extracellular tannase by Klebsiella pneumoniae MTCC 
7162 isolated from tannery effluent. Afr. J. Biotechnol. 10: 1364-1374 

Skene IK, Brooker JD (1995). Characterization of tannin acylhydrolase 
activity in the ruminal bacterium Selenomonas ruminantium. 
Anaerobe 1: 321-327. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Sittig M (1988) Trimethoprim. In: M. A. Sittig (Ed.) Pharmaceutical 

manufacturing encyclopedia. New Jersey: William Andrew 
Publishing/Noyes, pp. 282-284 

Van Diepeningen AD, Debets AJM, Van Der Gaag M, Swart K, 
Hoeskstra RF (2004). Efficient degradation of tannic acid by black 
Aspergillus species. Mycol. Res. 108: 919-925. 

Yamada K, Iibucuchi S, Minoda Y (1968). Studies on tannin acyl 
hydrolase of microorganisms. Isolation and identification of producing 
molds and studies on the conditions of cultivation. Agric. Bio. Chem. 
45: 233-240 

Zhong X, Peng L, Zheng S, Sun Z, Ren Y, Dong M, Xu A (2004). 
Secretion, purification, and characterization of a recombinant 
Aspergillus oryzae tannase in Pichia pastoris. Protein Express. Purif. 
36: 165-169.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


