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We previously produced tannin acyl hydrolase (tannase) from Aspergillus niger isolated from cacao pod. In the present
study the enzyme was subjected to fractionation by ammonium sulphate followed by dialysis process. The saturation level
of ammonium sulphate used was 30-80% where the best enzyme activity was obtained at the saturation level of 60%.
Compared to that of crude enzyme, specific activity of tannase after dialysis was four folds. Characterization results
showed that optimum activity was at 35-50°C and pH 6. Tannase was activated by K* and Na* at concentration of 0.01 and
0.05M respectively. M g? wasfound activatetannaseonly at 0.01 M. Addition of metal ionslike Zn?, Cu?, Ca*, Mn? and
Fe* inhibited the enzyme activity. Kinetics analysis of various substrates tested showed that the K _ value of tannic acid
and gallotannin was 0.401 and 6.611 mM respectively. V__ value of tannic acid was 10.804 U/ml and of gallotannin was
12.406 U/ml. Based on Michaelis-Menten constant (K| ), the tannase obtained in the present study was more active in

hydrolysing depside bonds rather than ester bonds.
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INTRODUCTION

Tannin acyl hydrolase, commonly referred to as tannase
(EC 3.1.1.20) isan enzymethat cleaves ester bonds of tannins
such astannic acid releasing glucose and gallic acid. Tannase
is extensively used in the manufacture of instant tea and
production of gallic acid, and substrate for chemical synthesis
of propy! gallate and trimethoprim which have applicationin
the food and pharmaceutical industries. Tannaseis also used
infruit juiceand wine making and in reduction of antinutritional
effects of tanninsin animal feed. In Brazil, tannaseisused to
reduce astringency of cashew applejuice (Pinto et al. 2001).

Tannase is an extracellular enzyme produced in the
presence of tannic acid by various filamentous fungi,
principally Aspergillus and Penicillium. Other microbes
tannase producers are bacteriaand yeast. Tannase production
in plants has also been reported (Ramirez-Coronel et al. 2003;
Battestin & Macedo 2007).

Purnama (2004) found that Aspergillusniger isolated from
cacao pod is able to reduce tannin level up to 79.28%. This
fungus was used by Anwar et al. (2007) to produce tannase
in solid substrate using wheat flour as carbon source and
tannic acid as an inducer.

Fungal tannase is glycoprotein with molecular mass
between 165-310 kDa. The enzyme has optimum pH of 5-6 and
stability pH of around 3.5-8. Optimum temperature of tannase
isaround 30-40 °C with stability temperature between 30 and
60 °C. There are some tannases with higher optimum
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temperature (50to 70 °C). Tannaseisinhibited by existence of
metal ionslike Cu?, Zn?, Fe?*, Mn?*, and Mg*, but the enzyme
isactivated by K*. Compoundslike O-phenantroline, EDTA,
2-mercaptoethanol, sodium thioglycolate, magnesium
sulphate, calcium chloride, and magnesium chloride inhibit
the activity of tannase (Sabu et al. 2005; Wright 2005).
Previous research reported that tannase has been purified
from plant and microbial sources. Hadam and Stangroom (1966)
purified tannase from Aspergillus niger by acetone
precipitation followed by alumina chromatography. Sabu et
al. (2005) reported that specific activity of tannase from
ammonium sulphate precipitation at saturation level of 40-
60% was higher than that of crude enzyme. Paranthaman et
al. (2008) found that 60% of ammonium sulphate is suitable
for tannase purification to maintain maximum tannase activity.
By using ultrafiltration, anion-exchange chromatography, and
gel filtration, Marco et al. (2009) produced pure tannase with
aspecificactivity of 238 1U/mg protein. Fromthiscombination
techniquethey achieved apurification fold of 46. The present
study aimed to fractionate and characterize tannase produced
by Aspergillus niger isolated from cacao pod.

MATERIALSAND METHODS

Maintenanceof Culture. A strain of A. niger isolated from
cacao pod was obtained from stock collection of Engineering
and Bioprocess Laboratory, Bogor Agricultural University.
Potato dextrose agar (PDA) slantswere used for maintenance
of A. niger withincubation at 28 °C for 6 days. Fully sporulated
slants not in used were stored at 4 °C in arefrigerator. The
slants were subcultured routinely once every three weeks.
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Preparation of Sporelnoculum. Fungal sporeinoculum
was prepared by adding 10 ml of sterile distilled water
containing 0.1% Tween 80 to afully sporulated culture. The
spores were dislodged using a sterile inoculation loop under
strict aseptic condition and then vortexed with slant position.
The volume of 1 ml of the prepared spore suspension was
used as inoculum with concentration of 3.107 spores.

Production of Tannaseunder Solid State Fermentation.
A massof 5 g of wheat flour wastaken in 125 ml Erlenmeyer
flask and moistened with 5 ml Czapeck medium containing
tannic acid. The composition of Czapeck medium was
NaNO,g/l, KCl 0.5¢/l, MgSO,-3H,00.348 g/l, FeSO,- 7H,0
0.019g/l, K,HPO,-3H,0 1.301 ¢/l, and tannic acid 50 g/l. The
contentswere sterilized by autoclaving at 121 °C for 15 min.
After cooling the sterilized solid substrate was inoculated
with 1 ml of the spore inoculum. The spore inoculum and
medium were mixed properly and incubated at 28 °C for 72 h.

Extraction of Crude Enzyme. Tannasewasextracted from
the fermented substrate by adding 50 ml of distilled water
containing 0.01% Tween 80. Content was mixed well using a
magnetic stirrer. Crude enzyme was separated from fermented
matter by centrifugation (Beckman J2-21 rotor) at 8,000 rpm,
and 4 °Cfor 20 min. The supernatant was separated by filtration
through Whatman no. 1 paper and thefiltrate was collected in
bottles for further studies.

Tannase assay was performed by the method of Rgjakumar
and Nandy (1983). Enzyme activity was expressed in
international units (IU). One unit of tannase activity was
defined as the amount of enzyme required to release 1 umol
galic acid per minute under standard reaction conditions.
Total soluble protein was determined by the method of
Bradford (1976) and was expressed in mg/ml.

Ammonium Sulphate Fractionation and Dialysis. Crude
enzyme was fractionated by ammonium sulphate at various
saturation levels(30, 35, 40, 45, 50, 55, 60, 65, 70, 75, and 80%).
The addition of ammonium sulphate to crude enzyme was
done under constant stirring at 4 °C until well mixed. The
mixturewaskept for 3h at 4 °C. Proteinswere precipitated and
then separated by centrifugation at 8,000 rpm, and 4 °C for
20 min. The separated proteinswerethen dissolvedin 0.05 M
citrate buffer pH 5. Each treatment was carried out in triplicate.

Enzyme resulted from ammonium sul phate fractionation
was subjected to dialysis against citrate buffer 0.05M pH 5.
Beforedialysis, strips of cellophanes were boiled twicein
109/l Na,CO, containing 1 mM EDTA for 10 min. Cellophanes
werestoredin 0.05 M citrate buffer (pH 5) at 4 °C. Prior to use,
the inside and outside parts of the cellophanes were rinsed
with distilled water or buffer (Pingoud et al. 2002). Dialysis
was conducted overnight and the buffer was changed several
times until citrate buffer did not react with Nessler reagent.

Enzyme Char acterization. Tannase characterization was
performed by the method of Sabu et al. (2005). Effect of
temperature, pH, substrate type, substrate concentration, and
metal ions on dialyzed enzyme activity was studied. TheK _
andV __ werealso determined. Each treatment was conducted
intriplicate.

Effect of Temperature. Enzyme, substrate solution (tannic
acid) and citrate buffer wereincubated at different temperature
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ranging from 30to 85 °C. The enzyme assay was performed as
described earlier to determinethe optimal incubation temperature.

Effect of pH. The substrate tannic acid was dissolved in
buffer solutionsof varying pH. 0.05 M citrate buffer for pH 3-
6, 0.05 M phosphate buffer for pH 7-8, and 0.05 M Tris-HCI
for pH 9. Tannase activity assay was performed as described
earlier to determined the optimal medium pH.

Effect of Substrate Type. Tannic acid and gallotanninwere
tested as tannase substrates for tannase activity. Each
substrate was diluted in 0.05 M citrate buffer pH 6 to afinal
concentration of 0.01 M. Tannase assay was performed as
described earlier.

Effect of Substrate Concentration. Substrates sol ution of
different concentration (0.001 to 0.01 M) were prepared in
0.05 M pH 6 citrate buffer and the effect of substrate
concentration on tannase activity were determined.

Effect of Metal lons. To elucidate effect of metal ionon
tannase activity, different metal ionslike Mg?*, Cu?, Fe?*, K*,
Na', Ce?*, Zn*, and Mn?" were dissolved in 0.05 M citrate
buffer (pH 6) at aconcentration of 0.01 and 0.05 M. Tannase
assay was performed using this buffer and the effect of metal
ions on tannase activity was studied.

Determination of K_and V__. K _and V__ were
determined by plotting velocity against substrate
concentration. K is equal to substrate concentration when
initial velocity isequal to %2V __. K isa property of ES
complex that does not depend on the concentration of enzyme
or substrate.

RESULTS

Fractionation of Tannase. Crudetannase wasfractionatied
by ammonium sulphate at various saturation levels (30, 35,
40, 45, 50, 55, 60, 65, 70, 75, and 80%). The best tannase activity
(4.110%) was obtai ned at ammonium sul phate saturation level
of 60% (Figure 1).

Total soluble protein at ammonium sulphate saturation
level of 55% was higher than saturation level of 60% (Figure
2). The maximum protein obtained at anmonium sul phate
saturation level of 55 and 60% was 0.514 and 0.477 mg/ml,
respectively.
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Figure 1. Tannase activity at different saturation levels of ammonium
sulphate.
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Tannase Char acterization. The optimum temperature and Kineticsanalysisshowedthat K _andV __ vaueof tannic
pH for tannase activity were determined. Under our assay acidwas 0.401 mM and 10.804 U/ml respectively. Gallotannin
conditionsthe tannase showed activity at all thetemperatures  yielded K _and V _ value of 6.611 mM and 12.406 U/ml
tested (30-85 °C), although activity was markedly reduced respectively (Figure5).

above 55 °C. Activity was highest at 35-50 °C (5.125 U/ml) Tannase was activated by K* and Na* with concentration
(Figure 3). Thetannase was active over abroad pH range (3- of 0.01 and 0.05 M. Mg* ion only activated tannase at
9) with an optimum at pH 6 (10.633 U/ml) (Figure 4). concentration of 0.01 M while at 0.05 M it inhibited tannase

activity. Addition of metal ions like Cu?*, Zn?, CaZ*, Mn#,

06 - and Fe?* inhibited the enzyme activity (Figure 6).
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Table 1. Characteristics of microbial tannase from different sources

Microorganism Molecular mass (kDa) Optimum pH Optimum temperature (°C) References
Aspergillus flavus 194 5.0-5.5 50-60 Adachi et al. 1968
Aspergillus flavus 80-85 6 70 Yamada et al. 1967
Aspergillus niger - 5.5 60 Lekha and Lonsane 1994
Aspergillus niger 90, 180 6 60-70 Ramirez-Coronel et al. 2003
Aspergillus niger ATCC 16620 168 6 30-40 Sabu et al. 2005

Aspergillus niger LCF 8 186 6 35 Barthomeuf et al. 1994
Aspergillus niger van Tieghem - 6 60 Sharma et al. 1999
Aspergillus niger 6 35-50 Present report

DISCUSSION

Tannase was produced extracellularly by A. niger isolated
from cacao pod in asolid state fermentation using wheat flour
as a substrate. The enzyme obtained was crude enzyme. In
order to obtain pure enzyme, tannase was fractionatied by
ammonium sulphate and then followed by dialysis process.
The highest tannase activity (4.110 U/ml) was obtained at
ammonium sulphate saturation level of 60%. However, the
tannase activity between saturation level of 55, 60, and 65%
was not significantly different.

After dialysis of the 60% fraction, a specific activity of
8.607 U/mg was obtained, which wasafour fol ds enhancement
in activity compared to the crude enzyme. Similar result was
reported by Sabu et al. (2005) where maximum specific activity
obtained was at 40-60% saturation of ammonium sulphate.
Rajakumar and Nandy (1983) purified tannase from
Penicillium chrysogenum using ammonium sulphate with
saturation level of 100%. Difference in saturation level of
ammonium sulphate used for precipitating proteinsisrelated
to the amount of the enzyme hydrophilic amino acids. Protein
with relatively more hydrophilic amino acids require higher
concentration of ammonium sul phate than protein with few
hydrophilic amino acids (Scopes 1987).

The optimum temperature for tannase activity was found
to be 35 to 50 °C. Similar data were reported by Sabu et al.
(2005) and Mahendrar et al. (2006). Theresult of the present
study, however, was different from that reported by Ramirez-
Coronel et al. (2003) where the highest tannase activity was
obtained at 60 to 70 °C. The tannase activity in the present
study was markedly reduced above 55 °C. Thisindicated that
the rate of protein enzyme denaturation increased at higher
temperature leading to loss of tannase activity.

Tannase activity was found to increase with the increase
of medium pH and the optimum activity wasachieved at pH 6
(10.633 U/ml). Similar resultswerereported by Sharmaet al.
(1999) and Sabu et al. (2005) for tannase from A. niger. The
effect of pH on enzyme activity isdetermined by the nature of
amino acids at the active site, which undergoes protonation
and deprotonation, and by the conformational changes
induced by the ionization of other amino acids.

Based on the Michaelis-Menten constant (K ), the
tannase obtained was more active in degrading tannic acid
rather than gallotannin. Tannic acid has one depside bond
with no ester bond, and gallotannin have five depside bonds
withfive ester bonds. TheK valueindicated that the tannase
obtained has relatively lower activity for ester bonds than

depside bonds. Haslam and Stangroom (1966) suggested that
tannase has independent esterase and depsidase activities
with different affinities for substrates containing ester bonds
and depside bonds. Growth of A. niger on depside-free media,
gavetannase with marginal increase of the esterase/depsidase
ratio compared with tannase of A. niger grown on ester-free
media

Metal ions like Zn?*, Cu®, Ca*, Mn?, dan Fe** with
concentration of 0.01 and 0.05 M inhibited the activity of
tannase. Tannase was found to be activated by Na“ dan K*
with concentration of 0.01 and 0.05 M, while Mg? ion could
activateonly at 0.01 M. Similar resultswerereported previoudy
by Sabu et al. (2005) and Rajakumar and Nandy (1983). Table
1 givesacomparative description of characteristics of tannase
produced from different sources and that of tannase from the
present study. Based on the present study, purification
methods to obtain tannase of optimal activity can further be
developed.
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