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Tannase (EC 3.1.1.20) is an enzyme that hydrolyzes the ester and depside bonds of tan-
nic acid to gallic acid and glucose. In the production of foods and beverages, it contributes
to the removal of the undesirable effects of tannins. The aim of this study is to investigate
the potential of endophytic fungi isolated from jamun (Syzygium cumini (L.) Skeels) leaves,
and identified as Pestalotiopsis guepinii, in the production of tannase. Tannase was pro-
duced extracellularly by P. guepinii under submerged, slurry-state and solid-state fermen-
tations. The submerged fermentation was found to be the most promising (98.6 U/mL).
Response surface methodology was employed to evaluate the effect of variables (pH and
temperature), and the results showed that the best conditions for tannase activity were
pH=6.9 and 30 °C. K, was found to be 7.18-10~* mol/L and v,,,,=250.00 U/mL. The tannase
activity was the highest in the presence of Ca* at a concentration of 510 mol/L. Moreover,
the enzyme was not inhibited by the tested chelators and detergents. The stability of the
enzyme was also studied, and crude enzyme was evaluated in simulation of gastrointesti-
nal digestion of monogastric animals. The crude enzyme was highly stable under simulat-
ed conditions; it retained 87.3 % of its original activity after 6 h. The study contributes to
the identification of microbial species that produce tannase, with potential application in
biotechnology.

Key words: endophytic fungus, Pestalotiopsis guepinii, submerged fermentation, animal feed,
tannin acyl hydrolase (tannase)

Introduction

Jamun, also known as jambolan or purple olive, is a
plant species belonging to the family Myrtaceae. Native
to India, Ceylon, Malaysia and Australia (1), it has been
widely grown as an ornamental plant, mainly along the

coast, and it can be found in several Brazilian states such
as Minas Gerais, Rio de Janeiro and Sao Paulo (2). Several
studies have determined the presence of hydrolysable
tannins in the plant, particularly in the seeds, increasing
the chance of obtaining endophytic microorganisms that
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produce tannase (3-5). Tannins can also be found in the
sap, fruits, leaves, skin and root system (6). It is notewor-
thy that the level and type vary according to the climate
and geography of the environment, not only from one
plant to another but also from one part of the same plant
to another (7).

Tannin acyl hydrolase (TAH, EC 3.1.1.20), known as
tannase, is an intracellular or extracellular inducible en-
zyme produced in the presence of tannic acid by bacteria,
moulds and yeasts (6). In addition to these sources, it can
be produced by animals and tannin-rich plants (8,9). This
enzyme catalyzes the hydrolysis of ester and depside
bonds of hydrolysable tannins (10). Tannic acid, for ex-
ample, is a hydrolysable tannin, which can be hydrolyzed
by tannase to gallic acid and glucose. Among its applica-
tions are: preparation of instant tea (8), manufacture of
beverages (juices, beer and wine) (11), production of gal-
lic and ellagic acids (12), ester synthesis and effluent pro-
cessing (13), and as an additive for animal feed (14).

Tannase is applied for the treatment of tannin-rich
plants in the production of animal feed. If they are first
treated with tannase, tannin content is decreased and this
can then be used as complement in animal diet. Tannase
utilization can be carried out in two ways: direct contact
of enzymatic extracts with the material to hydrolyze the
polyphenols and avoid their unpleasant polymerization,
or growing tannase-producing fungal strains on tannin-
-rich materials, which are degraded to simpler compounds
(15).

The most important means for obtaining tannase is
the use of microorganisms, because they can produce en-
zymes continuously and in large quantities; in addition,
the enzymes thus obtained are more stable compared to
those obtained by other means (10). The main genera of
fungi known as producers of tannase are Aspergillus, Peni-
cillium, Fusarium and Trichoderma (16,17).

Endophytic fungi are those that spend part or all of
their life cycle colonizing inter- or intracellular spaces of
living tissues of a host plant, in which they have different
interactions without, however, causing negative effects
(18,19). The study of endophytes in tropical plants has re-
ceived much attention lately, possibly due to the diversity,
excellent source potential of new biologically active com-
pounds, and benefits they can provide to plants (20).

The genus Pestalotiopsis is interesting not only as a
plant pathogen but also as a commonly isolated endo-
phyte (9). P. guepinii is a generic type of Pestalotiopsis sp.,
which is a plant pathogen that causes disease in impor-
tant crop plants (21). The genus has been investigated not
because of its pathogenic nature (22-24), but rather be-
cause its species produces many important secondary
metabolites (25,26) that may have medicinal, agricultural
and industrial applications (9). Among them are: bioac-
tive alkaloids, terpenoids, isocoumarin derivatives, cou-
marins, chromones, quinones, semiquinones, peptides,
xanthones, xanthone derivatives, phenols, phenolic acids,
and lactones with a range of antifungal, antimicrobial,
and antitumour activities (26). However, some research-
ers (27) have also shown the potential of Pestalotiopsis sp.
to produce enzymes such as cellulase, pectinase, xylanase
and protease.

In this study, we analyze the production, character-
ization and application of extracellular tannase from
Pestalotiopsis guepinii URM 7114, an endophytic fungus
isolated from jamun (Syzygium cumini (L.) Skeels) leaves.

Material and Methods

Reagents

Tannic acid, gallic acid, and rodhanine were pur-
chased from Sigma-Aldrich (Sigma Chemical Co., St.
Louis, MO, USA). All the other chemicals used were of
high quality analytical grade.

Microorganism and its maintenance

The fungus Pestalotiopsis guepinii isolated from the ja-
mun (Syzygium cumini (L.) Skeels) leaves obtained from
the Federal Institute of Education, Science and Technolo-
gy of Pernambuco, Campus Barreiros, Brazil, was pre-
served in a bottle containing sterile distilled water and
maintained on potato dextrose agar (PDA; HiMedia,
Mumbai, India) slants at 4 °C. Initially the fungus was
screened for its ability to degrade tannic acid. The fungus
was identified and deposited in Collection of Fungal Cul-
tures, Department of Mycology, Federal University of
Pernambuco, Brazil, under number URM 7114.

Tannin-rich agro residues

Pomegranate seeds (Punica granatum) were washed
twice with distilled water. Then they were dried at 60 °C
in hot air oven for 24 h and maintained at room tempera-
ture in a dry place. The fruits were purchased from local
supermarkets.

Influence of the type of fermentation on the production
of tannase by Pestalotiopsis guepinii URM 7114

Submerged fermentation

Pestalotiopsis guepinii URM 7114 was grown on PDA,
pH=6.8, for 11 days at 28 °C in biochemical oxygen de-
mand (BOD) incubator (Cienlab, Campinas, Brazil). The
production of the enzyme was done in 250-mL Erlenmey-
er flasks containing 50 mL of fermentation medium based
on Czapeck-Dox broth containing (in g/L): NaNO, 3, KCl
0.5, MgSO,7H,0 0.5, FeSO,7H,O 0.01, K,HPO,3H,0
1.301 and pomegranate seed 30. After cooling the flask to
room temperature, tannic acid (2 %, by mass per volume)
was added after sterilisation through a 0.22-um mem-
brane filter, the content was inoculated with three myce-
lial disks of P. guepinii (1.3 cm) and then incubated at 30
°C, under shaking (150xg) for 48 h.

At the end of incubation, the cell-free filtrate was ob-
tained by filtering through Whatman no. 1 filter paper.
The filtrate was centrifuged (Sorvall, Hanau, Germany) at
3400xg for 14 min at 4 °C and it served as a crude enzyme
preparation.

Solid-state fermentation

Pestalotiopsis guepinii URM 7114 was grown on PDA,
pH=6.8, for 11 days at 28 °C in BOD incubator (Cienlab).
A mass of 5 g of pomegranate seeds was added to 250-mL
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Erlenmeyer flasks and moistened with 5 mL of Czapeck-
-Dox medium. After cooling the flask to room tempera-
ture, tannic acid (2 %) was added through a 0.22-pm
membrane filter, the content was inoculated with three
mycelial disks of P. guepinii (1.3 cm) and then incubated at
30 °C for 48 h.

At the end of incubation, a suitable amount of the fer-
mented matter was thoroughly mixed with 10 mL of ci-
trate buffer (0.05 mol/L, pH=5.0) by keeping the flasks on
a rotary shaker for 1 h at 150xg. The mixture was filtered
through a muslin cloth, the filtrate was centrifuged (Sor-
vall) at 3400xg for 14 min at 4 °C and it served as crude
enzyme preparation.

Slurry-state fermentation

Pestalotiopsis guepinii URM 7114 was grown on PDA,
pH=6.8, for 11 days at 28 °C in BOD incubator (Cienlab).
A mass of 5 g of the pomegranate seeds was added to 250-
-mL Erlenmeyer flask and moistened with 45 mL of dis-
tilled water and 5 mL of Czapeck-Dox medium. After
cooling the flask to room temperature, tannic acid (2 %)
was added through a 0.22-um membrane filter, the con-
tent was inoculated with 3 mycelial disks of P. guepinii
(1.3 cm) and then incubated at 30 °C, under shaking at
150xg for 48 h. All tests were performed in triplicate.

At the end of incubation, a suitable amount of the fer-
mented matter was thoroughly mixed with 10 mL of ci-
trate buffer (0.05 mol/L, pH=5.0) by keeping the flasks on
a rotary shaker at 150xg for 1 h. The mixture was filtered
through a muslin cloth and the filtrate was centrifuged
(Sorvall, Hanau, Germany) at 3400xg for 14 min at 4 °C
and it served as crude enzyme preparation. All tests were
performed in triplicate and average values (which dif-
fered by <5 %) were calculated.

Tannase assay

The tannase activity was estimated by a modified
method using ethanolic rhodanine and tannic acid as sub-
strates in 0.05 mol/L of citrate buffer (pH=5.0) (28,29). The
tannase activity (U/mL) was defined as the amount of en-
zyme required to produce 1 pumol of gallic acid per min-
ute under the assay conditions. All tests were performed
in triplicate.

Response surface optimization of temperature and pH

Response surface modelling was applied to deter-
mine the optimum temperature and pH for the produc-
tion of tannase in submerged fermentation. The experi-
mental design with two variables (temperature and pH)
and three replicates at the centre of the domain leading to
a total of nine experiments was used to investigate the ef-
fect of temperature and pH on the tannase activity. The
pH was studied at three levels (6.5, 7.0 and 7.5), and tem-
perature at five levels (20, 25, 30, 35 and 40 °C). The ex-
perimental errors were evaluated from the replication of
the centre point.

Effect of metal ions, surfactants and chelator on
tannase activity
The effect of Na', K*, Ca?", Mg* and Mn?*" on tannase

activity was investigated. The following concentrations of
metal ions were used: 102 and 5-10 mol/L. The effects of

Tween 20, Tween 80 and sodium dodecyl sulphate (SDS)
at a volume fraction of 1 % and chelator ethylenediamine-
tetraacetic acid (EDTA) at a concentration of 10° mol/L
were studied. Tannase activity was determined using the
previously described assay (tannase assay). The activity
of the enzyme without any metal ions, surfactant or che-
lator treatment was taken as control and it was consid-
ered as 100 %.

Determination of kinetic parameters

To obtain the Michaelis-Menten kinetic parameters of
tannase for the hydrolysis of tannic acid, 250 pL of tannic
acid (from 1.8-:10* to 3.0-10* mol/L) were dissolved in 0.05
mol/L of citrate buffer (pH=5.0), added to 250 uL of tan-
nase and incubated at 30 °C for 5 min. The K, and v, for

tannic acid were determined using Lineweaver-Burk plots.

Thermal stability of tannase

To test the stability of the enzyme at high tempera-
tures, the samples of tannase in test tubes of uniform size
were incubated in water at different temperatures (30, 40,
50, 60, 70, 80 and 90 °C) and different amounts of time (0,
10, 20, 30, 40, 50 and 60 min). After heating, the tubes
were cooled in an ice bath, and the residual activity mea-
surement was carried out at pH=5.0 and 30 °C.

Effect of simulated upper monogastric digestive tract
conditions on tannase activity

The effect of simulated monogastric digestive tract
conditions was determined in vitro (30,31). In the first test,
residual tannase activity was determined after coincuba-
tion (100xg at 39 °C) of the P. guepinii enzyme with pepsin
(1 %, by mass per volume) at pH=2.5 for 2 h to simulate
gastric digestion. In the second test, pancreatin (1 %, by
mass per volume) and bile extract (1 %, by mass per vol-
ume) were used to simulate enteric digestion. The enzy-
matic extract was incubated under the same conditions as
in the previous test, but at pH=6.8 for 4 h. In the third test,
simulation of intestinal digestion, residual activity was
determined after coincubation, as described above, of the
P. guepinii enzyme with trypsin (1 %, by mass per volume)
and taurocholic acid (1 %, by mass per volume) for 4 h.
Total digestion was simulated by adding pepsin at pH=2.5
for 2 h, followed by incubation with pancreatin and bile
extract at pH=6.8 for 4 h, all together taking 6 h. Each test
had its respective controls, consisting only of water and
enzymatic extract.

Statistical analysis

The experimental data were processed using the STA-
TISTICA software, v. 7.0 (StatSoft, Inc., Tulsa, OK, USA) to
indicate the variables with statistically significant effects
(p<0.05), and the model fitted to the experimental data.
All the experiments were carried out in a random order.
To estimate the lack of fit of the model to the experimental
data, an analysis of variance (ANOVA) was performed.

Results and Discussion

Influence of different fermentations on tannase production

No previous studies could be found that describe the
production or characterization of a tannic acid degrading
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the enzyme from Pestalotiopsis guepinii and adopt differ-
ent fermentation protocols. The influence of the type of
fermentation on the production of tannase was examined
using submerged (SmF), solid-state (SSF) and slurry-state
fermentations (SLSF). Tannase activity was recorded in all
fermentation protocols. The highest enzyme yield was
registered in submerged fermentation compared to solid-
-state (production and productivity 11.40 times higher)
and slurry-state fermentation (Table 1). These disparities
in behaviour can be related to differences in aeration and
inoculum form.

Table 1. Tannase activity in different fermentation processes

Fermentation Tannase activity/(U/mL)
Submerged (98.6+0.2)°
Solid-state (8.6£0.9)°
Slurry-state (22.9+0.2)°

Mean values followed by different letters differ at a level of 5 %
of probability by Tukey’s test

Hamdy and Fawzy (32) measured tannase activity in
solid-state (9.14 U/mL), slurry-state (6.49 U/mL) and sub-
merged fermentations (9.02 U/mL) produced by A. niger.
Higher productivity of tannase was obtained in SSF than
SmF in research developed by Renovato et al. (33). On the
other hand, Srivastava and Kar (34) stated that extracellu-
lar tannase was optimally produced in submerged cul-
tures by A. niger.

Optimization of temperature and pH for tannase
production

Table 2 shows the Doehlert design applied for the op-
timization of temperature and pH for tannase production
by endophytic fungus Pestalotiopsis guepinii URM 7114.
The influence of temperature and pH on the activity of
the enzyme was investigated using response surface
methodology. The results are shown in Figs. 1 and 2.

Table 2. Results of the Doehlert design for the optimization of
temperature and pH for tannase activity from Pestalotiopsis
guepinii UMR 7114

Temperature  Experimental tannase activity
Run pH
°C U/mL
1 7.5 25 41.2+#1.3
2 7.5 35 50.54+0.00
3 7.0 20 45.53+0.00
4 7.0 30 57.3+1.0
5 7.0 30 57.7+1.0
6 7.0 30 57.44+0.09
7 7.0 40 51.15+0.00
8 6.5 25 53.6+2.0
9 6.5 35 50.2#1.2

The regression model provided for the enzyme activ-
ity in relation to pH and temperature in the experimental
design is expressed by Eq. 1:
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Fig. 1. Response surface plot for tannase activity from Pestaloti-
opsis guepinii URM 7114 according to the experimental design
and model in Table 2. The three-dimensional plot shows the in-
fluence of incubation temperature and pH on tannase produc-
tion
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Fig. 2. Isoresponse contour plot of pH and temperature for tan-
nase activity from Pestalotiopsis guepinii URM 7114
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(+0.51)-3.22-X, (+0.28)-0.091-X,2 (+0.0017)+  /1/
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where Y is the predicted response (tannase activity), X, is
the pH and X, the temperature.

The temperature and pH affect many metabolic pro-
cesses such as protein denaturation, enzyme inhibition,
promotion or inhibition of a particular metabolite, cell
death, efc. (4). Eq. 1 illustrates the relationship of these
two variables with the enzyme activity. Through the deri-
vation of this equation, the points of maximum enzymatic
activity can be obtained. According to this method, the
optimal pH and temperature values were 6.9 and 30.87
°C, respectively.

Similar values were found by Qiu et al. (35), Riul et al.
(36) and da Costa et al. (37), who studied tannase from
Penicillium herquei, Aspergillus phoenicis and Aspergillus
tamarii respectively, relative to temperature. Battestin and
Macedo (11) determined that optimum pH was between
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4.5 and 6.0 for tannase production by Paecilomyces variotii.
Selwal and Selwal (38) studied Penicillium atramentosum
tannase and found that the enzyme exhibits optimal ac-
tivity at pH=7.5.

The Pareto chart (Fig. 3) shows that the temperature
and pH variables, both linear and quadratic terms, are
significant for the tannase activity because their p-value is
less than 0.05.

Temperature/°C (Q) -53.66-

/////////////

p—O 05 ]
Standardized effect estimate (absolute value)

pH (Q) -47.45

1Lby2L 31 75

(1) pH (L) .2979

(2) Temperature/°C (L) 2495

Fig. 3. Pareto chart showing the significance of variables tem-
perature and pH for tannase activity from Pestalotiopsis guepinii
URM 7114. L=linear, Q=quadratic term

ANOVA was applied using the experimental data to
evaluate the fit of the quadratic model (Table 3). A test
based on the Fisher distribution (F-test) indicated that the
fitted equation is statistically significant (F=892.82>9.01).
A lack-of-fit sum of squares (F=2.57<18.51) indicates that
there is a good agreement between the model’s predicted
response and the experimental values studied for each
variable.

Effect of metal ions and other chemicals

The effect of cations, chelator and detergents on tan-
nase activity was investigated and shown in Table 4.
Studying the influence of monovalent cations on the ac-
tivity of the tannase showed that K* had an activating ef-
fect that was greater than that seen with Na* cations at a
concentration of 510 mol/L. Similar results were report-
ed by Sabu et al. (39), who found that tannase from Asper-
gillus niger ATCC 16620 was activated by K*ions.

Tannase was only marginally inhibited by certain cat-
ions, including Mg* and Mn?, at a concentration of 5-10-
and 10 mol/L, respectively. However, the enzyme was

Table 4. Effect of metal ions, surfactants and chelator on tannase
activity

Compound Relative activity/%
c(metal ion)/(mol/L) 103 5107
Control 100 100
NaCl 77.8+0.5 72.6+0.2
KCl1 68.1+2.3 98.8+1.6
CaCl, 136.7+0.9 143.5+0.2
MgCl, 103.6+4.2 95.66+0.00
MnCl, 75.0£1.6 138.66+0.08
@(surfactant)=1 %

Control 100
Tween 20 157.3+0.2
Tween 80 162.9+3.0
SDS 149.743.6
¢(chelator)=10" mol/L

Control 100
EDTA 146.5+5.5

activated by Ca® ions. Our results were similar to those
observed by other researchers (40) who reported small
loss in residual activity using Mg? and Mn*" at the same
concentrations. On the other hand, Ca? inhibited the ac-
tivity of Penicillium verrucosum tannase (41).

Many enzymes, such as xylose isomerase or a-amy-
lases, require metal ion activators in order to achieve full
catalytic efficiency. On the other hand, some enzymes are
inhibited by metal ions and several other organic com-
pounds (37,42,43). It seems thus that these metal ions are
necessary for the catalytic activity of tannase.

The activity was found to increase with the addition
of Tween 20, Tween 80, sodium dodecyl sulphate (SDS)
and ethylenediaminetetraacetic acid (EDTA) (Table 4). No
inhibition by EDTA was observed in the case of the tan-
nase from Aspergillus flavus (44) and yeast tannase (45).
The SDS and Tween 80 had no effect on tannase activity
in research by Igbal and Kapoor (46).

In contrast, tannase produced by Aspergillus ochraceus
was inhibited by EDTA at a concentration of 10 mol/L
(47). The presence of chelator EDTA and surfactants also
inhibited the tannase from Paecilomyces variotii and Asper-
Qillus aculeatus (11,48). Considering that the use of certain
compounds can be advantageous in various industrial en-
zymatic processes, the resistance of enzymes to this kind
of compounds is desirable (37).

Table 3. Analysis of variance (ANOVA) for the quadratic model fitted to the data from Table 2

Variation source Sum of squares  Degree of freedom Mean square F Tabulated F (IC=95 %) R?
Regression 278.56 5 55.712 892.82 9.01
Residual 0.19 3 0.0624
Lack-of-fit 0.11 1 0.1053 2,57 18.51 0.9993
Pure error 0.08 2 0.0410
Total 278.75 8
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Determination of Michaelis—Menten constants

To see the effect of substrate concentration on tannase
activity, an assay was performed at various concentra-
tions of tannic acid. The Lineweaver-Burk plot showed
that the K, and v,,, values of tannase were 7.18-10~* mol/L
and 250.00 U/mL, respectively (Fig. 4).

0.025
y=0.0287x + 0.004

0.02 R?=0.9721
0.015 /

0.01

(1V)(UimL)

0.005

0 0.1 0.2 0.3 0.4 0.5 0.6
(1/c(tannic acid))/(107 mol/L)

Fig. 4. Lineweaver-Burk plots of the hydrolysis of tannic acid
by tannase from Pestalotiopsis guepinii URM 7114

The values of kinetic constants (K, and v,,,,) depend
on the particular substrate used and the enzyme source
(49). In this work, v,,,, value of 250.00 U/mL was higher
than that reported by other authors, 17.09 U/mL (50). The
K., value for tannase from Aspergillus niger using tannic
acid as substrate was found to be 0.40-10° mol/L (51).
Moreover, tannase produced by Emericella nidulans has a
K., value of 14.01-10° mol/L (52). This implies that tannase
produced by Pestalotiopsis guepinii URM 7114 has higher
affinity for tannic acid.

Tannase thermal stability

Thermal stability is an important characteristic of
many enzymes with biotechnological application. The
crude extract of tannase from Pestalotiopsis guepinii URM
7114 was stable in a temperature range from 30 to 90 °C
(Fig. 5). In this work, the tannase retained 93.5 and 91.4 %
of its original activity after 60 min of incubation at 30 and
90 °C, respectively. Moreover, the enzyme was more sta-
ble at 50 °C throughout the period, ranging between 100
and 129.20 % residual activity.

Similar thermal stabilities of tannase from several
other fungal species have been reported. The crude tan-
nase from Paecilomyces variotii was stable in a temperature
range from 20 to 50 °C, in which it retained 99 and 96 %
residual activity at 20 and 50 °C, respectively (13). The

1404 Temperature/°C
- 30
2 120 = 10
2 100 gp—=—" 50
= 60
S 804 70
— -@- 80
g 604 ~—90
S
‘®» 40
4
20
0
0 10 20 30 40 50 60 70

Time/min

Fig. 5. Effect of temperature on the stability of tannase from
Pestalotiopsis guepinii URM 7114. All reactions were carried out
in 0.05 mol/L of citrate buffer (pH=5.0) in the range of 30-90 °C
for 5 min. The percentage of residual tannase activity was de-
termined under standard assay conditions

thermal stability profile of crude tannase from Penicillium
notatum NCIM 923 revealed that above 95 % was retained
at 40 °C (53). On the other hand, the tannases from A. ni-
ger AUMC 4301 and Aspergillus flavus (54,55) were ther-
mally less stable than the enzyme described in the present
study. The thermal stability of Pestalotiopsis guepinii URM
7114 is quite interesting, since some processes that use
tannase need to be performed at elevated temperatures.

Simulation of in vitro digestion

Tannase produced in this study showed satisfactory
residual activity in the presence of digestive enzymes
from monogastric animals. After the in vitro exposure to
simulated gastric conditions, pH=2.5 for 2 h, the tannase
retained 141.4 %, while in the second test, which simulat-
ed enteric digestion, the enzyme exhibited 120.3 % of its
original activity. The influence of tripsin and total diges-
tion were also evaluated (Table 5).

Table 5. Residual activity of the enzyme produced by Pestaloti-
opsis guepinii URM 7114 under in vitro simulation of gastrointes-
tinal digestion of monogastric animals

Assay Residual activity/%
Pepsin+HCI (2 h) 141.4+3.9
Pancreatin and bile extract (4 h) 120.3+1.2
Tripsinttaurocholic acid (4 h) 133.2+5.3
Total digestion (6 h) 87.3+4.7

When the tannase produced by Pestalotiopsis guepinii
URM 7114 was evaluated in vitro, it was noticed that the
lower activity of 87.3 % was found in the assay of total
digestion. All other simulated tests potentiated tannase
activity above 100 %. These results suggest that the tan-
nase produced by P. guepinii can be appplied for the treat-
ment of plants rich in tannins used as food for monogas-
tric animals, since the digestive enzymes did not prevent
enzymatic activity. Moreover, some researchers claim that
the presence of digestive components in vivo can improve
the performance of the enzyme (30).

The evaluation of simulation of in vitro digestion in
the literature is extremely scarce. However, it was report-
ed that the phytase produced by Mucor hiemalis had 77 %
of its original activity after the use of pepsin and 83 % af-
ter the use of pancreatin and bile extract (30). In the study
developed by Gomes et al. (31), phytase retained 66.98 %
stability under in vitro simulation of digestion using trip-
sin. In that work the influence of total digestion was not
evaluated, as was done in the present work.

As previously mentioned, besides the application un-
der simulated gastric conditions, the enzyme can be used
in instant tea, which provides a reduction of turbidity and
increases the concentration of volatile phenolic com-
pounds, promoting the quality of both hot and cold tea
(66). In some fruit juices, tannase is used to remove phe-
nolic compounds and prevent their complexation and
precipitation (57,58). Besides reduced stringency, which
improves the acceptance of a beverage, the use of the en-
zyme retards the oxidation of vitamin C, thus increasing
its antioxidant properties (34,59). Other potential applica-
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tions of tannase are found as an additive in the manufac-
ture of laundry detergents (60).

However, there are some limitations such as recovery,
reuse and continuous use of free tannase, and several at-
tempts have been made to immobilize the enzyme on a
suitable matrix. Alginate beads are reported to be one of
the most popular carriers for enzyme immobilization. Im-
mobilization of tannase from Aspergillus heteromorphus
was studied on DEAE-Sephadex A-50 and calcium algi-
nate by Chhokar ef al. (61) for commercial use in food in-
dustries. In a research by Srivastava and Kar (62), tannase
produced by Aspergillus niger was immobilized on sodi-
um alginate beads and applied for tannin removal from
myrobalan (Phyllanthus emblica) juice, while Su et al. (63)
immobilized tannase from Aspergillus ficuum to investi-
gate its haze-removing effect from tea beverage. Gallic
acid was isolated from tannase produced by Aspergillus
niger by entrapment in sodium alginate, and used in the
production of an antibacterial drug Trimethoprim (64).

Improvement in productivity of tannase can be done
by manipulating the nutritional and physical parameters
in the fermentation, such as pH, incubation temperature,
inducers and agitation. Tannase is reported to be an induc-
ible enzyme produced in the presence of tannic acid. How-
ever, other compounds such as gallic acid, ethyl gallate,
isoamyl gallate, propyl gallate and methyl gallate have
also been reported to possess inductive properties. How-
ever, inhibition of the formation of tannase by catabolite
repression or feedback inhibition can be observed (15,65).

The use of different statistical models for the optimi-
zation of enzyme production has been successfully em-
ployed and proven to be a powerful tool in optimizing
the variables for bioprocess improvements. However, tan-
nase production processes have been carried out mainly
using shake flasks in both submerged and solid-state fer-
mentations. Fewer laboratory studies have been carried
out in laboratory-scale fermentors. The optimization of
tannase production by A. niger was carried out in packed-
-bed bioreactors using polyurethane. The use of Box-
-Behnken design helped to increase the enzyme activity
about 1.97-fold, from 4.03 to 7.96 U/L (66). The optimiza-
tion of tannase production by Lactobacillus plantarum CIR1
was carried out following the Taguchi method. Tannase
production was further carried out in an airlift bioreactor.
A 5.17- and 8.08-fold increase in the enzyme production
was observed by Aguilar-Zarate et al. (67). Moreover, the
conditions for obtaining the maximal production of the
enzyme depend on two factors: the system utilized and
the source of the enzyme.

Literature data suggest that regulatory mechanisms
and optimal conditions for tannase production can vary
considerably depending on the microorganism, cultiva-
tion conditions, type of fermentation, free or immobilized
enzyme and experimental process. Consequently, these
findings can lead to the development of a fermentation
system that is able to produce large amounts of tannase
by Pestalotiopsis guepinii URM 7114 in economical, com-
pact, and scalable reactors.

Conclusions

In the present work, we report for the first time the
production of tannase by Pestalotiopsis guepinii URM 7114.

This study revealed differences in tannase produced un-
der submerged, solid-state and slurry-state fermenta-
tions. Submerged fermentation was found to be the most
promising. The study of endophytic fungi isolated from
Syzygium cumini contributed to the identification of new
microbial species that produces tannase. The results pre-
sented in this work show that P. guepinii tannase has inter-
esting and attractive properties (low K, thermostability,
resistance to metal ions, chelators and detergents) for in-
dustrial applications such as preparation of instant tea,
manufacture of laundry detergents, beverages like juices,
and additives for feed industry. These results provide a
basis for further study of large-scale fermentation for the
production of tannase by P. guepinii.
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