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Abstract

This study explored the isolation and characterization of tannase- producing bacteria from cowpea (Vigna
unguiculata) seeds collected in Epe, Lagos State, Nigeria. Sixteen pure bacterial isolates, including species of
Staphylococcus, Micrococcus, Pseudomonas, Enterococcus, and Bacillus, were recovered and biochemically
identified. Primary screening using tannic-acid agar revealed six tanninolytic isolates, with three (DVN 5,
DVN 8§, DVN 17A) demonstrating the largest zones of hydrolysis (up to 21 mm). Submerged fermentation over
5 days led to crude enzyme yields, with the top isolate (Al) exhibiting the highest tannase activity
(32.194 U/mL). The enzyme was optimal at 60 °C, pH 9.0, and 0.8% tannic acid concentration, with magnesium
(Mg?* at 1 mM) significantly enhancing activity. The study concludes that cowpea harbors diverse tanninolytic
bacteria suitable for industrial tannase production under alkaline and thermophilic conditions.

Keywords: Tannase, Tannic Acid, Cowpea (Vigna Unguiculata), Tannin-Degrading Bacteria, Enzyme Activity,
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INTRODUCTION cowpea (Vigna unguiculata) which may be exploited
Tannase or tannin acly hydrolase is an inducible for industrial production of tannase.

enzyme that catalyzes the hydrolysis of tannins to

release gallic acid and glucose (Banerjee and Methodology

Mabhapatra, 2012; Beluret al., 2010). Tannins are a Sample Collection

group of naturally occurring astringent plant phenolic A total of fifty Cowpea seeds were purchased from
compound distributed in different parts of vascular the Poka market in Epe, Lagos State. They were
plants (Belmarese? al., 2004). Tannins are the fourth transported in nylon bag to the Microbiology

most abundant plant constituents. Although they do Laboratory of Augustine University, Ilara-Epe, Lagos
not have an important role in plant metabolism, State (6°27'14.65" N 3°23'40.81" E).

however they provide antimicrobial protection to
plants (Mohapatra et al, 2006). Tannase has Sample Preparation

numerous uses in the industry, from making of tea  The Cowpea seeds were put in a sterile plastic
(Beluret al., 2010) to high-grade leather (Rodriguez-  container and dampened by sprinkling with drops of

Duran et al., 2011), however it is mostly imported,  sterile distilled water. The plastic container was
rather than locally produced. Importation of enzymes  gsealed and kept at room temperature to allow for
is very costly (Van de Lagemaater al., 2006), and the microbial growth. They samples were dampened for
ever-increasing need for tannase in industries, seven days at a 24h to promote the growth of

requires more of local production in other to reduce microorganisms according to a modified method of
the cost. Although most tannase producers are Ajayi et al. (2017).

principally fungi (Ajayi et al., 2017) butthe problem

with fungi resides in their slow tannin degradation Bacterial Isolation

and difficulty of genetic manipulation. Cowpea  The Cowpea seeds with the most observable
(Vigna unguiculata) is a member of the Leguminosae microbial growth were pounded using a mortar and
family. It has a relatively low-fat content and a total pestle. A total of 3.68g of the grounded seeds was
protein content that is two to four times greater than  dissolved in 10 ml of sterile distilled water to prepare
cereal and tuber crops, the protein in cowpea grain is  the stock sample solution. Serial dilution of 107! to
rich in amino acids, lysine and tryptophan, compared 10* was carried out. Dilutions (102 and 10*#) were
to cereal grains. Cowpea can be used at all stages of  chosen and inoculated into 4 sterile petri dishes
growth as a vegetable crop and the leaves contain  Jabelled DVN 1,2,3,4 containing Plate Count Agar
significant nutritional value (Ahenkora et al.,1998). (PCA). It was incubated at 37°C for 48h. After 48 h,
However,cowpea contains several anti-nutrients like eight more petri dishes were likewise inoculated,
proanthocyanidins, hemagglutinins, phytate (phytic  however, both PCA and Tryptone Soy Agar (TSA)
acid), oxalic acids, saponins and tannins(Gongalves et were used in pairs labelled; PCA 10-2A, PCA 10B,
al.,, 2016). This study was therefore carried out to PCA 10#A, PCA 10“B, TSA 102A, TSA 102B, TSA
isolate tannase producing bacterial isolatesfrom 10A, TSA 10*B and incubated for 24 h at 37°C.
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Selection of Pure Cultures

After the incubation periods, samples were further
sub-cultured to obtain pure cultures. Two series of
sub-culturing were carried out to obtain pure bacterial
isolates.

Identification of Bacterial Isolates

Macroscopic Examination

All isolates were inoculated into freshly prepared
nutrient-agarplates by streaking and incubated at
37°C for 24h. The appearance of the isolates on
nutrient-agar plates was observed.

Biochemical Tests

The bacterial isolates were subjected to various
biochemical tests; Gram stain, catalase test, sugar
fermentation test, citrate utilization, mannitol salt
agar test (MSA), indole test, Methyl Red Voges
Proskauer test (MRVP), skimmed milk test, motility
test, indole,urease, starch hydrolysis and Tryptophan
deaminase test. The results obtained were compared
with the Bergey’s manual of systematic bacteriology
in order to identify the organisms.Bacterial
identification of Gram-positive cocci was carried
using the online application 'Microrao'
(http://microrao.com/gpc_ident.htm).

Screening of Isolates for Tannase Production
Screening of tannic acid bacteria was carried out
according to the method of Nadaf and Ghosh (2011),
whereby pure isolates were inoculated into a defined
medium containing 0.1% tannic acid as the main
carbon source. Tannase producing isolates were
identified based on clear zones of hydrolysis around
the colonies on the agar plates. Three isolates with
the highest zone of hydrolysis was employed for
further studies.

Tannase Production

Tannase production was carried out by submerged
fermentation with the following media composition
(g/L): Tannic acid 5.0; Peptic digests of animal tissue
5.0; Sodium chloride 5.0; Beef extract 1.50 and Yeast
extract 1.50 prepared in an Erlenmeyerflask.The pH
was adjusted to 7.5(+/-0.2) and sterilized by
autoclaving. The medium contained 0.5% (W/v)
tannic acid as sole source of carbon and acted as
substrate for tannase producing bacteria (Brahmbhatt
and Modi,2015). A 48-h-old culture of bacterial
isolates grown in nutrient broth was used. A total of
2% (v/v) inoculum was inoculated in the
fermentation broth for enzyme production.The flasks
inoculated with different isolates were incubated at
37°C for 5 days and were kept in a rotatory shaker
(SEARCHTECH INSTRUMENTS, ZHP-100) at 120

rpm.
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Enzyme Recovery

The crude enzyme was collected at a 24 h interval,
bringing a total of fifteen crude enzyme solutions,
five solutions for each of the three bacterial isolates
chosen. The crude enzyme broth was aseptically
removed from the flask and filtered through
Whatman filterNo .4 paper. Following filtration, 1.5
mL of culture filtrate was collected and subjectedto
centrifugation using a refrigerated centrifuge
(SEARCHTECH INSTRUMENTS, TGL-16R) at
12,000 rpm for 10 min at 4°C. The supernatant was
collected as crude enzyme and used for enzyme
assays.

Tannase Assay

Tannase activity was determined by estimating the
reduced glucose liberated using 3, 5-dinitrosalicylic
acid reagent (Miller, 1959). Standard curve was
studied by preparing dilutions up to 1200 g/mL of
glucose solution. The activity was determined by
using the supernatant obtained after centrifugation
and pre-incubating it with 0.1 M acetate buffer (pH
5.0) containing 0.5% tannic acid as substrate. One
mL of crude enzyme was reacted with the equal
amount of substrate which was dissolved in the buffer
and incubated for 30 min at 37°C followed by the
incubation in boiling water bath for another 15 min to
deactivate the enzyme- substrate activity. From this 2
mL system, 1 mL was withdrawn and reacted with 3,
5- dinitrosalicylic acid reagent (DNSA) and finally
the system was diluted by adding 10 mL sterile
distilled water and absorbance was measured at 540

nm on spectrophotometer (Model VIS-723N).
Enzyme activity (U/mL) was calculated as
Microgramof glucose produced

VxT

Where microgram of glucose can be obtained from
the standard graph, V is the aliquot of enzyme sample
and T is the time of hydrolysis (Brahmbhatt and
Modi, 2015). Static as well as shaking conditions
were studied by employing the Miller (1959) method.
One One unit of tannase activity was defined as the
amount of enzyme releasing 1umol of glucose per
minute under the assay conditions."

Protein Estimation

Protein estimation of the enzyme samples was carried
out according to Lowryet al.(1951). Absorbance was
taken at 750nm.

Tannase Characterization

The enzyme that showed the highest activity was
subjected to various characterization tests to ascertain
both the effects of various abiotic factors and to
determine the optimum factors for maximum
enzymatic activity
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Effect of Temperature

The effect of temperature was studied on the selected
enzyme, with incubation temperatures ranging from
30°C to 75°C. Tannase activity was measured by
standard assay as described above.

Effect of pH

The effect of pH was studied on the selected enzyme
with acetate buffer, pH ranged from 4.0 to 9.0.
Tannase activity was measured by the enzyme assay
as described above.

Effect of Substrate (tannic acid) Concentration
The effect of varied tannic acid concentration was
studied on the selected enzyme, with tannic acid
concentrations ranging from 0.2% to 2.0%. Tannase
activity was measured as described above.

Effect of Cations

The effect of various cations at ImM concentrations
were studied using watersoluble salts. The cations
were Cu?*, K*, Mg?" and Ca?". The soluble salts of
each cation were Copper (II) Sulphate, Potassium
Nitrate, Magnesium Sulphate heptahydrate and
Calcium Chloride respectively. Tannase activity was
measured by the enzyme assay as described above.

Effect of Cation Concentration
The cation with the highest positive impact on

Concentrations were varied from 2mM to10mM, with
ImM used as a relative value. Tannase activity was
measured by the enzyme assay as described above.

RESULTS

The result of this investigation revealed 16 pure
bacterial isolates from the Cowpea (Vigna
unguiculatal. Walp). Macroscopic and biochemical
characterization  suggested the presence of
Staphylococcus, micrococcus, pseudomonas and
Bacillussp (Tables1-4). After 2 days of incubation at
37°C, six isolates were selected as capable of
degrading tannic acid based on the zones of
hydrolysis observed (Table 5). Isolates 5, 8 and 17A
were chosen for the secondary screening due to
higher zones of hydrolysis. Ten bacterial isolates did
not produce tannase when screened on the tannic acid
agar medium. Of the fifteen enzyme solutions
obtained after 120 h of submerged fermentation at
37°C and 120rpm, enzyme Al showed the highest
activity with a total activity of 32.194 U/mL and a
specific activity of 0.004349365 (Table 6) and was
subsequently chosen for further characterization
assays. Optimum conditions were ascertained at 60°C,
9.0, 0.8% for temperature, pH and substrate
concentration respectively (Figures 1-3). Optimum
tannase activity was observed with Mg?*at 1 mM
concentration (Figure 4).

tannase from the cation concentration test.
Table 1: Morphology and Gram’s reaction
S/N « . “
n = ; Z E Q

72} = = Z. = = - <

= & &z o = o B

3 %5 = Z 2 3= S = =

o G& Z 1= O % = s 7
1 DVN2 Negative Bacilli Single Round Cream Opaque Smooth
2 DVN 3B Positive Bacilli Single Round Cream Opaque Smooth
3 DVN 5 Positive Cocci Single Round Cream Translucent Smooth
4 DVN 6 Positive Cocci Single Filamentous Cream Opaque Rough
5 DVN 8 Positive Cocci Single Irregular Cream Translucent Smooth
6 DVN9A Positive Cocci Groups/T  Round Cream Opaque Smooth

wos

7 DVN 9B Positive Bacilli Chains Round Cream Translucent Mucoid
8 DVN 10B Positive Cocci Single Round Cream Translucent Mucoid
9 DVN 11 Positive Bacilli Twos Round Cream Opaque Smooth
10 DVN 13A Positive Bacilli Chains Round Cream Opaque Smooth
11 DVN 13B Positive Cocci Single Round Cream Transparent Smooth
12 DVN 14B Positive Cocci Single Filamentous Cream Opaque Rough
13 DVN 15 Positive Cocci Clusters Round Cream Opaque Rough
14 DVN 17A Positive Cocci Single Round Cream Translucent Smooth
15 DVN 21 Positive Cocci Single Round Cream Opaque Smooth
16 DVN 22 Positive Cocci Tetrad Round Yellow Opaque Smooth
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Table 2: Sugar fermentation test

= = = =
fQ = %) -l 17 = =
= 2 S 2 w = D S 9 ) 2z 8 2
2 S £ ¢ &8 g € 2z % & £ £ %Z © &7
g > 2 2 2 & © % = = & = = <
z 8 = =2 < Z S < Z : = I~ < > =2 .
@ O = O = 7 - = a ©) = a > - <
1 DVN 2 - - A - A + - A+ - - _ _ _ A+
2 DVN3B - - - - - A - A+ - - - A+ - A+
3 DVN 5 A A A - + - A+ A+ A+ A+ - A+ A+ A+
4 DVN 6 + - - A A A - A+ A+ - - A+ A+ A+
5 DVN 8 + + - A + A A+ A+ A+ A+ - A+ - A+
6 DVN 9A + + - - A A A+ A+ A+ - - A+ - A+
7 DVN 9B + + A - A - A+ A+ A+ A+ - A+ A+ A+
8 DVN10B - - - + - - A+ - . _ A+ ) }
9 DVN 11 - - - - - + - A+ - - A+ A+ A+ A+
10 DVNI3A -  + - A - - - A+ A+ - A+ At A+ Ax
11 DVN 13B - - A - - + - A+ - - - - - A+
12 DVN14B + - y - - A - . ) At AL Ar Ar Ax
13 DVNIS - - A - - A - A+ - - - A+ - A+
14 DVNI17A + A - - A - A+ A+ A+ A+ - - A+ A+
15 DVN 21 + A A A A A - A+ - A+ A+ A+ A+ A+
16 DVN 22 - - - A - + - A+ A+ - - A+ A+ A+

KEYS - = Neither Acid nor Gas, A = Acid produced only, A+ =Acid produced (Durham tubes absent) and + = Acid and Gas

Table 3: Biochemical test

wn

g z : Izg 5 .

2 = = 2 g3 g S EZ 2% z £

a Zzo<4 & 2 =8 > < = 0o Ea E

zZz O IZz0 2 g = = = ¥ Z < S Hm =
P o Su< = < nZZd S =<a U > 2 O
1 DVN 2 G/-ve + - + - - + + - +
2 DVN 3B G/+ve + - + + - + + - +
3 DVN 5 G/+ve - - - - - + + - +
4 DVN 6 G/-ve + - + - + - - +
5 DVN 8 G/+ve + - + - - + + - +
6 DVN 9A G/+ve + - - - - + + - +
7 DVN 9B G/+ve + + + + + + - - +
8 DVN 10B G/-ve + + + + - + + - +
9 DVN 11 G/-ve - - + - - + + - +
10 DVN 13A G/-ve - - - - - + + - +
11 DVN 13B G/+ve + - - - - + - - +
12 DVN 14B G/-ve - - + - + + - +
13 DVN 15 G/-ve - - + - - + + - +
14 DVN 17A G/+ve + - - - - + + - +
15 DVN 21 G/-ve - - - + - + - - +
16 DVN22 G/-ve N.D - - + ND + - - +

KEYS = Negative, + = Positive, G/-ve = Growth without mannitol fermentation, G/+ve= Growth with mannitol fermentation, N.D = Not
Determined
Table 4: Most probable genus and specie of bacterial isolates

S/N CODES MOST PROBABLE IDENTIFICATION
1 DVN 2 Pseudomonas aeruginosa

2 DVN 3B Staphylococcus sp.

3 DVN 5 Enterococcus faecalis

4 DVN 6 Staphylococcus haemolyticus

5 DVN 8 Enterococcus faecalis

6 DVN 9A Enterococcus faecalis

7 DVN 9B Bacillus sp

8 DVN 10B Micrococcus luteus

9 DVN 11 Bacillus sp.

10 DVN 13A Bacillus sp.

11 DVN 13B Micrococcus sp.

12 DVN 14B Micrococcus sp.

13 DVN 15 Micrococcus sp.

14 DVN 17A Staphylococcus sp.

15 DVN 21 Staphylococcus saphrophyticus
16 DVN 22 Micrococcus sp.
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Table 5: Zone diameters of tannic acid hydrolysis

CODES Hydrolysis Zone Diameter
DVN 5 21mm

DVN 8 20mm

DVN 10B 8mm

DVN 11 11mm

DVN 17A 13mm

DVN 21 10.5mm

Table 6: Tannase assay results

Total

Code Actey CURL) Cmgprotein
Al 32.194 7402 0.0043
A2 20.831 6556 0.0032
A3 9.164 5617 0.0016
A4 13.247 6317 0.0021
A5 12.219 6321 0.0019
Bl 22.442 7214 0.0031
B2 16.664 7026 0.0024
B3 11.414 6979 0.0016
B4 12.497 6080 0.0021
B5 25.136 8812 0.0029
Cl1 19.303 7496 0.0026
C2 22.636 7684 0.0029
C3 12.636 6885 0.0018
C4 10.247 8107 0.0013
C5 11.525 6368 0.0018

AI-A5 (DVN5, DAY 1-5), B1-B5 (DVNS, DAY 1-5),
C1-C5 (DVN13, DAY 1-5)

0.25

= o5
= = =
[ = ~

Tannase activity (U/mL)

=
=
>

10 20 30 40

Temperature

50 60 70 80

Figure 1: Effect of temperature on tannase activity
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Figure 2: Effect of pH on tannase activity
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Figure 3: Effect of substrate concentration on tannase

activity
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I+

Tannase activity (U/mn1)
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Cations {1mM)
Figure 4: Effect of cations on tannase activity

DISCUSSION

The result of this investigation revealed that bacterial
isolates from Cowpea produced tannase. Tannase
production was observed after 120 h incubation. This
is supported by Schons, et al (2012) who also
reported tannase production after 120 h. Enzyme
isolates ‘A’ and ‘C’ showed maximum tannase
activity within 24-72h whereas ‘B’ showed maximum
activity at 24 and 120 h. Brahmbhatter al. (2014)
reported maximum tannase production within 72-96
hours. The optimum temperature for tannase in this
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study was at 60°C. Previous reports on temperature
optima for tannase were between 20-60°C depending
on the microbial source (Sharma, et al.1999; Mondal
et al. 2001; Kaziecka-Burneckaet al. 2007). However,
Brahmbhatter al. (2014) reported tanase optima at
37°C. The optimum pH for tannase in this study was
at 9.0 showing a preference for alkaline
environment.Beluet al. (2010) reported optimum
tannase activity at pH 8.9, while Iwamoto, et al
(2008) reported optimum tannase activity at 8.0,
however, generally, tannase exhibits optimum
activity at acidic pH (Yao et al., 2014), and several
investigations have found tannase to be optimum at
acidic pH range (Sharmaet al 1999; Sharma and
John,2011: Mondalet a/ 2000). The optimum tannic
acid concentration for the enzyme in this study was
0.8%. The effects of four cations; Mg?*, K*, Cu?" and
Ca®" using their soluble salts (MgS04.7H20, KNO3,
CuSO4 and CaCl; respectively) on the crude enzyme
were estimated, and Mg?" was shown to stimulate
tannase activity the most. K'stimulated tannase
activity whereas Ca?" and Cu?' inhibited it. Ca®" has
been reported as a tannase stimulator(Beniwaler al.
2013). This contradicts this investigation. Calcium
Chloride (CaClz) which was the soluble salt used in
this study has been reported as a tannase inhibitor
alongside Cu?* which supports this study (Sabu et al
2005; Wright, 2005), which might explain why the
enzyme was inhibited despite the presence of the
calcium cation. K* has been reported to stimulate
tannase activity (Sabu et al 2005; Wright 2005).
Magnesium was shown to have the maximum effect
at ImM concentration in this investigation.

CONCLUSION

This research work has established the fact that
Cowpea (Vigna unguiculatal.. Walp) is host to a
number of tannase-producing bacteria from which the
enzyme can be produced commercially. The optimum
condition from the tannase has been determined as
0.8%, 60°C, pH 9.0, ImM Mg?>" for substrate
concentration, temperature, pH and cation addition
respectively.Preliminary biochemical testing showed
the most probable classification of some bacterial
isolates down to species level wusing online
bacteriology identification engines.
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