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Abstract A biochemical characterization of the tannases from Paecilomyces variorii (produced at Unicamp), Aspergillus
niger (purchased ii-om Industrial Kerry Bio-Science) and A. niger cnpat 001 (purchased from Embrapa Agroindustrial
'lI'opical-Brazil) was carried out. P. variotii is a new strain obtained from the screening of 500 fungi that were tested for their
production of tannase. The biochemical properties of this new tannase from R variatii were determined and compared with
those of two other tannase preparations. The tannase produced from R variotii showed optimum activity at pH 6.5. The
functional temperature range of the taruiases was from 20-70°C, with optima at 70°C for 1’. variotii and at 60°C for the
commercially obtained tannase, whereas A. niger cnpat 00l showed optimum activity at 40°C. The effects of l mM
preparations of cations and anions, inhibitors, surfactants, and chelators on the tannase activity fi'om R variorii were also
studied.
Keywords: Biochemical characterization, tannase, Paecilomyces variotii, residue, fermentation

Introduction
Tannase (tannin acyl hydrolasc, EC 3.l.l.20) is an
inducible enzyme that catalyses the breakdown of ester
linkages in hydrolysable tannins such as tannic acid,
resulting in glucose and gallic acid. Tannase is an extra
cellular enzyme produced in the presence of tannic acid by
fungi, bacteria, and yeast (l-4). The first step in the
development of microbial enzyme production is the
lineage selection. Extra cellular enzymes were preferred
because they are easily extracted and do not require
expensive extraction methods. Studies on the production
of tannase using solid, liquid, and submerged fermentation
have been reported. Solid-state fermentation provides
several advantages over conventional enzyme production
processes (5). Tarmic acid is a hydrolysable polyphenol
which is found, along with other condensed tannins. It is
most commonly found in the bark and fruits of many
plants, in several beverages such as red wine and green
tea, and has a structure consisting of many galloyl groups
(6 .

)The fermentation broth can use by-products such as
wheat bran, rice bran, sugar beet pulp, fiuit pulps, banana
waste, cassava waste and coflbe residues, adding taruiic
acid. The use of by products or residues rich in sources of
carbon for fermentation purposes is an altemative way of
solving pollution problems that can be caused by incorrect
disposal in the environment (7). In the present work, a
Paecilomyces variotii lineage obtained by fimgal isolation
procedures was used for the production of tannase using
coffee husk and wheat bran residues.

Tannases find widespread application in food and
beverage processing. The enzyme is extensively used in
wine, beer, and cofl"ee-flavored soil drinks or as an
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additive for food detanification. Gallic acid is also used in
the enzymatic synthesis of propyl gallate, which is mainly
used as an antioxidant in fats and oils, as well as in
beverages and trimethoprim in the pharmaceutical industry
(8. 9)-

There are several reports on the production of tannase
but there are few reports on the characterization, i.e., the
effect of additives such as metal ions, cations, anions,
surfactants, and chelators on the enzyme tannase. This
paper reports on the determinations ofpH and temperature
optima and stabilities of tannases from the newly isolated
strain R variotii, Aspergillus niger, and A. niger cnpat O01.
The effects of cations, anions, inhibitors, chelators, and
surfactants on the tannase activity of R variotii were also
determined

Material and Methods
Screening and microorganism Five hundred fungal
cultures were obtained fiom the departmental stock culture
collection of the Food Science Department-Unicamp and
were screened for their tannase producing ability. The best
tarmase producing fungus was identified as R variotii. The
tannin acyl hydrolases studied were obtained from the
three strains, 1-? variotii (produced at Unicamp), A. niger
(purchased tannase fi'om Kerry Bio-Science Rochester,
MN, USA — ii1J.S IS an enzyme system containing pectinase,
tannase, and esterase activities), A. niger cnpat 001

tannase from Embrapa Tropical Agroindustry,
razi .

Chemicals All the chemicals were of analytical grade.
Tannic acid was from N.V. Ajinomoto OmniChem SA.
(Lourain-la Neuve, Belgium).

Microorganism preservation and preparation of the
pre-inoculum A R variorii strain obtained using fungal



244

isolation procedures was used for the production of
tannase. The strain was maintained in potato dextrose agar
(PDA, Acuincdia Manufactures Inc., Lansing, Ml, USA)
slants, stored at 4°C. The lineage was replicated in PDA
containing 0.2%(w/v) of tannic acid and incubated at 30°C
for 72 hr. The pre-inoculum was prepared by adding 2.5
mL of distilled water to remove the spores, obtaining a
suspension containing 5.0><l07 spores/mL.

Fermentation media For the fermentation process, a
250 mL conical flask was used containing the following
constituents: 5 g of wheat bran and 5 g of coffee husk, l0
mL of distilled water and l0%(w/w) of tannic acid. The
cultwe medium (pH 5.7) was sterilized at 120°C for 20
min and the relative humidity of the medium afier
sterilization remained at 60%(w.b.). Alter sterilization, the
flasks were inoculated with 2.5 mL of the pre-inoculiun
suspension and incubated at 30°C for 120 hr. After
fermentation, 80 mL of 20 rnM acetate buffer, pH 5.0
were added and shaken at 200 rpm for 1 hr. The solution
was filtered and centrifuged at 9,650xg for 30 min at 4°C
(Centrifuge Beckmari J2-21; Beckinari-Coulter Inc.,
Fullerton, CA, USA). The supematant was then treated
with solid ammonium sulphate (80% saturation) and
allowed to stand ovemight at 4°C. The precipitate was
collected by centrifugation (9,650xg, 30 min), dissolved in
distilled water and dialysed (using cellulose dialysis tubing
- size 43x27 mm, D9527-30 m; Sigma-Aldrich, St. Louis,
MO, USA) against distilled water. The dialysed prepara-
tion was used as crude tannase.

Determination of tannase activity A colorimetric assay
was used to determine tannase activity, based on
measuring the residual tannic acid content afier the
enzymatic reaction (10). The reaction mixture consisted of
0.3 mL of the substrate tannic acid (0.7%, w/v) in 0.2 M
acetate butfer at pH 5.5) and 0.5 mL of the enzyme
extract, incubating at 60°C for 10 min. The enzymatic
reaction was paralysed by the addition of 3 mL of a bovine
senim albumin solution (BSA, I mg/mL), leading to the
precipitation of the remaining tannic acid. The tubes were
then centrifuged at 9,650xg for 15 min at 4°C and the
precipitate dissolved in 3 rnL of SDS-triethanolamine,
followed by the addition of l n1L of FeCl3 reagent and
holding for 15 min for colour stabilization. The absor-
bance was measured at 530 nm and the enzyme activity
calculated from the change in absorbance at 530 inn. One
unit of tannase activity was defined as the amount of
tannic acid hydrolysed by l mL of enzyme per min of
reaction): Absm = Abs,,,,,,m, - Abs,,,,.

Biochemical characterisation of the tannases The
deterrninations of the pH and temperature optima, and
stabilities were used for the biochemical characterisations
of the tannase from R variotii, the commercially obtained
tarmase from A. niger and the tannase fi-om A. niger cnpat
001. The effects of cations, anions, inhibitors, chelators,
and surfactants on the tannase activity of R varioiii were
also detemiined.

pH optimum The optimum and the pH range for
tannase activity were determined by testing the enzyme
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activity in different buffers for a pH range from 3.5 to 9.0.
Acetate buffer (0.2 M) was used for the range from 3.5 to
5.5, phosphate buffer (0.2 M) for pH 6.0 to 8.0 and Tris-
l-ICl buffer (0.2 M) for pH 8.5 to 9.0 for l0 min.

Temperature optlinum The optimum temperature and
the temperature range for tarmase activity were determined
by carrying out the reaction at different temperatures
ranging from 20 to 90°C (at regular intervals of 10°C).

pH stability The stability of the enzyme was examined
at diiferent pH values by incubating the enzyme in buffers
at different pH values ranging fiom 3.5 to 9.0 for 24 hr at
30°C. The residual activity was estimated and expressed as
a percentage of the relative tannase activity.

Temperature stability The heat stability of the enzymes
was examined by incubating the test sample at different
temperatures ranging from 20 to 100°C for 30 min.
Residual activity was estimated and expressed as a
percentage of the relative tannase activity. All the above
tests were carried out in duplicate.

Results and Discussion
pH optima and stability The tannase produced by R
variotii showed optimum activity at pH 6.5, whereas A.
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Fig. 1. pH optima (a) and pH stability (b) of tannase: from
Paecilomyces variotli, Aspeigillus niger, and Aspergillus niger
cnpat 001.
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Fig. 2. Temperatlire optima (a) and temperature stability (b)
of tannases from Paecilomycm variorii, Aspeigillus niger; and
Aspagillus niga cnpat 001.

niga, and A. niger cnpat 001 showed pH optima at 4.0
and 5.5 (Fig. 1). These results are in agreement with
earlier reports in which a pH optimum of 5.0—6.0 was
reported for A niger (11), Penicilliun chrysogenum (12),
and Aspergillus caespitosum, Penicillium crustosum, and
Penicillium variable (3). The tannases produced by
Amergillus va'silcol0r, Aspergillus flavus, Aspergillus
firmigatus, and Penicillium restricticum showed optimal
tannase activity at pH 5.0 (3). Tanriase from R variorii
showed 100% stability at pH 6.5 and 88 and 86% stability,
respectively, at pH 4.0 and 7.5 alter 24 hr of incubation.
This enzyme showed a wide range of pH stability, was
moderately active at an alkaline pH of 8.0 (retaining 77%
activity) and at an acidic pH of 3.5 (retaining 67%
activity). In contrast, the tannase produced by the
commercially obtained A. niger and that produced by A.
niga cnpat 001 showed 100% activity at pH 5.5 and 4.0
respectively. These enzymes were active at an acidic pH
3.5 (retaining 88 and 95% activity) and at an alkaline pH
of 8.0 (retaining 16 and 8.0% activity respectively) (Fig.
1). Similar results were reported for A. niger LCF 8 (ll),
Candida sp. (13), A. oryzae (14), and R nestricticum (3),
where the tannases were found to be stable in the pH range
tiom 3.5 to 8.0 for 16 and 24 hr. On the other hand,
tarinases produced by A. flavus IFO5839 (15), R
chwwsemlm (12). A. flavus and Penicillium charlesii (3)
W°'°_°"1Y stable in a narrow pH range of fi'om 5.0-5.5 and
8 Wider pH range of 4.5-6.0, 3.0-6.0, and 4.0-5.0
respectively, for 30-60 min.
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Temperature optima and stability The fi.lI1CUOI:8l
temperature range of the tannases produced was 20-70 C
with optima at 70°C for R variotii, 60°C for the tamiase
obtained commercially (produced from A. niger) and 40°C
for that fiom A. niger cnpat 001 (Fig. 2). These results are
also in agreement with previous reports concerning A.
flavus (15), A. niger van Tieghem (16), and A. PKL 104
(5), where the temperature optima were 50, 60, and 70°C,
respectively. However, lower temperature optima of 40°C
have also been reported for A. caespitosum, R charlesii, R
cruslosum, and R restrictum (3), and of 30°C for A. oryzae
(14), A. niger (11), and R chrysogenum (12).

The tannase from R variotii was stable in a temperatine
range from 20-70°C where it retained 96 and 99% residual
activity at 20 and 90°C respectively, with maximum
stability at 60°C, retaining 100% activity afler 30 min. The
tannase obtained commercially (produced fi'om A. niger)
showed maximum stability at 20°C, but 81 and 32%
residual activity was observed at 40 and 50°C. This
tannase was relatively less stable at higher temperatines.
The tannase from A. niger cnpat 001 was stable in a
temperature range of 20-60°C, showed 100% stability at
30°C, and 65 and 88% residual activity was observed at 20
and 60°C respectively (Fig. 2). Similarly, the tarinases
from A. niger (15) and A. fiimigatus (3) have been reported
to be stable at 60°C for 30 and 60 min respectively.
Tannases tiom R charlesii and R crustosum retained
100% activity at 40 and 50°C respectively. A. caespitosum
tannase retained 100 and 92% residual activity at 40 and
50°C, but retained only 46 and 18% residual activity at 60
and 70°C, respectively (3).

The expernnental properties of the commercial tannase
preparation were m agreement with the manufacturer’s
specifications: pH stability between 4.0-5.0; temperature
pptigifiraround 40-50°C and maximum stability at 30-50°C
or .

Etfect of monovalent and divalent cations on tannase
activity The influence of various compounds, including
Bach. Cficlz. MgS04_ ZnSO4_ M11804, K;SO4_ AgNO3,
NaQH, CaCO;, and Na;S;O3 on tannase activity was
studied (Fig. 3). _Samples of 0.12%(v/v) solutions of the
enzyme containing 1 mM of the compounds were
incubated at 60“C for 10 min. The tannase assays were
then carried out following the procedure described by
Mondal et al. (10).

Of the monovalent and divalent cations studied Ba",
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42 +Ca »_Z1i’._ Mn". and Ag‘ actcd as inhibitors of the
};'"':*>° activity i>r<>duc_ed_ by P. variorii. Kar (17) and
“f,° (|§) T°P°I1¢§l _Suiiilar results, where Ba 2, Ca”,

Zn_ . Mn . and Ag inhibited tannase activity at concen-
trations of l mM and 0.2% respectively. In contrast, Mg”
stimulated the maximum tannase activity at concentrations
of l and 5 mM (17, 19). The inhibitory effect of metal ions
1S well documented in the literature. It is known that
mmull’ ions react with protein thiol groups (convening
them to mercaptides) and also react with histidirie and
lfyplcphan residues. Moreover the disulphide bond can
also be hydrolytically degraded by the action of silver and
mercury. Furthemiore, the decreased activity in the
presence of divalent cations could be due to the non-
specific binding or aggregation of the enzyme (17). The
tarmases fi'0m oryzae (14) and R chrysoigenum (12)
were greatly inhibited by Zn’ ,Cu", and Fe‘ .

Eflect of monovalent and divalent anions on tannase
activity /hnions also play an important role in inducing
enzyme aptivity. Figure 3 shows the efl"ect of OH‘, C03‘ ,
and S203‘ on tannase activity. Of these anions, only S2052
induced tannase activity at a concentration of 1 mM. Kar
er al. (17) observed similar results, with S203‘: enhancing
tannase activity and C052 inhibiting tannase activity at a
concentration of l mM. At a concentration of 10 mM,
CO3‘: inhibited about 70% of D-sorbitol dehydrogenase
activity (20). Inhibition studies primarily provide an
insight into the nature of the enzymes, their cofactor
requirements and the nature of the active enzyme (17).

Etfect of inhibitors on tannase activity In the enzyme
industry, the main importance of inhibitors is that they
reduce the efliciency of the enzyme reaction (17). The
inhibitors evaluated for their effects on tannase activity
were sodium bisulphite, iodoacetamide, 2-mercaptoethanol,
4-aininobenzoic acid, sodium azide, n-bromosuccinimide
and cysteine. Taimase activity was inhibited by sodium
bisulphite, 2-mercaptoethanol, 4-arriinobenzoic acid,
sodium azide, n-bromosuccinimide and cysteine at a
concentration of 1 mM (Fig. 4). The tannase from A. niger
was reported to be inactivated by 2-mercaptoethanol (11,
21). N-Bromosuccinimide strongly inhibited the enzyme
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Fig. 4. Effect of inhibitors on tannase activity. 0) Control; 1)
sodium bisulphite; 2) iodoacetamidc; 3) 2-mercaptoethanol; 4) 4-
aminobcnzoic acid; S) sodium azide; 6) n-bromosuccinimide; 7)
cysteine.
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activity of the 5-Oxo-L-prolinase from Alcaligenes sp. F-
137 .(19). Sodium azide completely lrihibited tannase
activity (17) but, in contrast, it increased the enzyme
activity of the sorbitol dehydrogenase produced by
Candida boidlnli (20). When added to the reaction
medium, cysteine lnliibited the tarmase activity of R
variotii. The inhibition of tannase activity by cysteine and
2-mercaptoethanol suggests the present of sulphur
containing amino acids at the active site of the enzyme.
Inhibition by n-bromosuccinimide indicated that tryptophan
residues played an important role in maintaining the active
conformation of the enzyme (22, 23). Inhibition studies
primarily provide an insight into the nature of the enzyme,
its cofactor requirements and the nature of the active
enzyme (24).

Etiect of chelator on tannase activity The chelator
ethylene diamirie tetra acetic acid disodiurn salt (EDTA
disodium salt) at a concentration 1 mM, inhibited the
tannase from 1’. variotii (Table 1). The tannase fiom A.
niger was inactivated by EDTA (11, 17) and the tannase
from A. orjaae was completely inactivated by EDTA (14),
whereas no inhibition by EDTA was observed in the case
of the tannase fiom A. /Iavus (15). Yeast tannase was also
not inhibited by EDTA (13). On the other hand, this
chelator has been ShOW1'l to enhance the protopectinase
activity from Bacillus sublilis at a concentration of 1 mM
(25). The decrease detected in the presence of EDTA
could be due to its influence on the interfacial area
between the substrate and enzyme (26, 27).

Efiect of surfactants on crude tannase activity The
effects of chemical substances on the activity of an
enzyme are ofien precise and specific. in the present study,
surfactants and chelators were chosen for an evaluation of
their efiects on tannase activity. The efiects of Tween 80,
Tween 20, and Triton X-100 (0.25-1%, v/v) were studied,
using enzyme solutions containing 0.12%(v/v) and the
above chemical substances at the concentrations mentioned.

Tween 80 and Tween 20 caused a decrease in tannase
activity at concentrations of 0.025, 0.5, and 1°/>(v/v) (Table
2). Tween 80 is predominantly composed of oleic acid (70
%). Tween 20 consists of lauric acid. Due to the predo-
minance of oleic acid and lauric acid in Tween 80 and
Tween 20, they cause a decrease in tannase activity.
Similarly, Tween 80 (1%, v/v) caused an inhibition of the
lipase activity from Pseudomonas sp. KWI-56 (28), and
Tween 60 at 0.05-1 .0°/>(v/v) and another anionic surfactant,
SLS, at 0.05-0.7%, caused inhibition of tannase activity
(17). This inhibition may be the result of a combined
efiect of factors such as the reduction in the hydrophobic
interactions that play a crucial role in holding together the
tertiary protein structure, and a direct interaction with the
protein molecule (17).

Triton X-100 caused a decrease in tannase activity at

'Ilible 1. Effect of chelator on tannase activity
Chelator Concentration Relative activity (%)
Control - 10012-67
EDTA 1 mM 6213.59
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Table 2. Ettect of Tween 80, Tween 20, and ‘Ii-lion X-100 on
tannase activity

’\°<"fi”°s Concsnmon (%, v/v) Relative activity (%)
C°“"°' - r00:0.64
Wren 80 0.25 8511.83

0.s 7711.53
1-0 70il.84

0-25 8112.12
0-5 75:l:2.44
1-0 66=t0.91

Tween 20

Triton X-100 0.25 96¢o,31
0.5 93.t0.61
l .0 87=t=0.62

concentrations of 0.5 and 1%(v/v). These results are in
agreement with those of Kar er al. (I7), who used Triton
X-I00 at concentrations of 0.03-0.5%(v/v) and showed a
reduction in tannase activity. Triton X-I00 at a
concentration of 0.l%(v/v) had a significant efi‘ect on the
lipase activity of Pseudomonas sp. KWI-56 (28). l.n
contrast, Triton X-100 did not significantly affect the oi-
amylase activity of the Bacillus strain GM 8901 (29). The
extent of stimulation by surfactants varies for the different
enzymes (30).

In most countries where the economy is largely based
on agricultrn-e and where farming practice is very
intensive, accumulation of agricultural residues is a serious
problem. The presence of tannins and their derivatives in
agro residues is a major hurdle in their utilization as feed
material. Solid-state fermentation technology using non-
pathogenic microorganisms that can produce hydrolytic
enzymes such as tannases would be advantageous for the
proper utilization of these residues. Our isolate, identified
as R variotii, was able to grow in media containing a
mixed substrate including cotfec husk and wheat bran
residues. Wheat bran is a good substrate for tannase
production and coffee husk is a highly available, economi-
cally viable agro-industrial residue in Brazil.

The biotechnological use of agricultural residues is
becoming more and more significant, with the dual goal of
waste disposal and value addition. Since microbial activity,
especially fimgal activity, is the key aspect in this area,
there is enormous opportunity for the cost effective
production of tannase. So far, few reports are available on
tannase production fiom R variorii. Many organisms have
been reported to be capable of degrading tannins, but their
efficiency was low and they could only use low tannin
concentrations.

This work allowed for a better understanding of the
effects of temperature, pH, cations, anions, and inhibitors
on the tannase activity of R variotii, presenting important
data fi'_om a newly-isolated fungus that produces an
interesting tannase. The biochemical properties of this new
tannase produced by R variorii were detennined and
compared with those of two other tannase preparations.
The tannase from I’. variorii was shown to be more stable
under extreme values of pH and temperature. Since the
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last decades many enzymes have gained great attention
because they are capable of catalyzing reactions wider
extreme conditions of high temperature (31). The tannase
produced was functional at a wide range of temperature
and pH values. Our inhibitory reagent studies suggest the
presence of sulphur containing amino acids at the active
site and also tryptophan residues. These properties can be
further exploited in developing tannase for a wider range
of applications in the pharmaceutical, f00d, fwd, and
leather industries and thus their production at higher levels
should be sought for. Therefore, F.’ variotii would provide
a new source for the efiicient production of tannase for
industrial applications.
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