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INTRODUCTION 

 

Mostly in the developing countries, the problem of pollution of water and soil 
from the tannin-rich systems is a serious environmental risk (Mohammed, 2016). 

Tannins, a group of naturally occurring polyphenols, which are widespread and 
copious in seeds, fruits, and leaves, and also in timber wood and bark of trees. 

They are the fourth most abundant plant constituents after cellulose, 

hemicellulose, and lignins; while tannin and lignin are the most abundant and 
widely distributed phenolic polymers of higher plants (Brooker et al., 1999; 

Mingshu et al., 2006). They widely occur in common foodstuffs such as tea, 

strawberry, grape, mango, walnut, and cashew nut (Clifford and Scalbert, 

2000).  Due to the fact that they play no direct role in plant metabolism, they are 

regarded as secondary metabolic compounds of plants. On the basis of their 

structural characteristics, tannins are divided into four major groups namely, 
gallotannins, ellagitannins, complex tannins and condensed tannins (Mingshu et 

al., 2006). Generally known gallotannins are gallic acid esters of glucose, such as 

tannic acid (TA), which appears in the form of a yellowish-white or pale brown 
powder usually obtained from twig galls of Rhus semialata. 

The inhibitory or toxic nutritional effects of tannins found in animals, particularly 

among the ruminants, results in reduction of feed intake, lowering the nutrient 
digestibility as well as protein availability (Van Soest, 1994; Lowry et al., 

1996). The reason for this fact is that tannins form complexes with protein, 

starch, and digestive enzymes, consequently reducing the digestibility and 
nutritional qualities of feeds (Chang et al., 1998; Aguilar and Gutierrez-

Sanchez, 2001). Tannins before now has been found toxic to microorganisms 

and this activity is mostly due to enzyme inhibition and substrate deprivation, 
action on membranes and metal ion deprivation (Reed, 1995). Despite these 

antimicrobial properties, many fungi, bacteria, and yeasts are resistant to tannins 

and have developed various mechanisms and pathways for their degradation in 
natural habitats (Scalbert, 1991; Mingshu et al., 2006). Pepi et al. (2010) for the 

first time described the aerobic degradation of gallotannins by an Achromobacter 

sp.; bacterial strains from Gram positive and Gram negative genera such as 
Bacillus, Staphylococcus, Klebsiella, Lactobacillus, Streptococcus, 

Pseudomonas, Pantoea, and Serratia have the ability to catabolize these 

polyphenolic compounds were also reported (Pepi et al., 2010; Jadhav et al., 

2011; Sivashanmugam and Jayaraman, 2011). Bacteria that grow in tannins 

presence are often regarded tannin-resistant, which is restricted not by species or 

geographical barriers (Pell et al., 2000).  
Tannase (tannin acyl hydrolase, EC 3.1.1.20) catalyzes the hydrolysis of ester 

and depside linkages in hydrolyzable tannins like tannic acid. The products of 

hydrolysis are glucose and gallic acid (Lekha and Lonsane, 1997; Mohapatra 

et al., 2009). Applications of Gallic acid (GA) could be in photography and 

printing inks, production of the anti-microbial drug trimethoprim, and in the 
manufacture of propyl gallate, which is used as an antioxidant in fats and oils. 

Additionally, gallic acid exhibits cytotoxic activity against cancer cells and 
possesses antibacterial, antiviral, and analgesic properties (Pourrat et al., 1987; 

Kar et al., 1999; Mondal et al., 2001; Trevino-Cueto et al., 2007; Bajpai and 

Patil, 2008). Besides gallic acid production, tannase is used extensively in the 
preparation of beer, wine, instant-tea, and coffee-flavoured soft drinks and as an 

additive for detannification of food. Tannase, its potential use can also be found 

in the treatment of wastewater contaminated with polyphenolic compounds such 
as tannic acids (Seth and Chand, 2000; Belmares et al., 2004; Mukherjee and 

Banerjee, 2006; Aguilar et al., 2007).   

Several studies have shown that contaminated environments harbor a wide range 
of pollutant-degrading bacteria that play a crucial role in the natural 

mineralization of pollutants present in the environment (Leahy and Colwell, 

1990; Van Hamme et al., 2003). Numerous polyphenolic compounds designated 
as high production volume chemicals (HPVCs) are frequently encountered 

constituents of wastewaters that end up in the sea or estuaries, and the disposal of 

tannin-rich woods results in leaching of tannin into the soil.  
The trans-boundary incursion of the water hyacinth (Eichorniea crassipes) into 

the Lagos lagoon from the neighboring creeks in Benin republic as well as plant 

litter from the mangrove forest also contributes significant amounts of tannins to 
the lagoon (Buraimoh et al., 2015). 

Consequently, tannins contribute to the aromatic burden of the Lagos lagoon. 

Although the pollutant degrading capabilities of Lagos lagoon and tropical 
mangrove forest soil bacteria are well known, the catabolism of tannins in the 

lagoon and the adjoining mangrove forest soil had received somewhat limited 

attention.  Hence, this study was undertaken to bridge the information gap. The 
isolation of two bacterial isolates that can utilize tannic acid (TA) and gallic acid 

(GA) aerobically as sole sources of carbon and energy from estuarine and 

mangrove forest samples from the Lagos lagoon highlights the metabolic 
versatility of bacteria present in this environment.  

 

 

 

 

 

 

 

Two bacterial strains designated as EO1 and EO2, were isolated by selective culture enrichment from Lagos lagoon water and mangrove 

soil samples. They were subsequently identified based on morphological and physiological characteristics as well as 16S rRNA gene 

sequence analysis as Klebsiella pneumoniae strain EO1 and Pantoea cypripedii strain EO2 with accession numbers KX355800 and 

KX355801. Microbial growth assessment was performed in triplicates under aerobic batch conditions. The two isolates were capable of 

utilizing tannic acid, gallic acid, glucose, succinate, benzoic acid, and protocatechuic acid as sole carbon sources. Growth experiments 

along with enzymatic studies indicated that the organisms hydrolyzed tannic acid through gallic acid and pyrogallol as metabolic 

intermediates. The organisms have potential for the elimination of polyphenolic pollutants such as gallotannins associated with wood 

residues in Nigerian estuarine environments. 
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MATERIALS AND METHODS 

 

Chemicals 

 

All chemicals used unless stated otherwise, were obtained from Merck 

(Germany) or Sigma-Aldrich (Germany) and were of the highest purity 
commercially available. 

 

Collection of water and soil samples 

 

The Lagos lagoon water samples laden with decomposing sawdust were obtained 
from a saw mill axis at Oko-Baba, Ebute-Metta, Lagos, Nigeria (Decimal degrees 

Co-ordinates: N6.4911; E3.3919) and soil samples, black in colour, from the 

mangrove forest zone located at the University of Lagos, Nigeria (Decimal 
degrees Co-ordinates: N6.5178; E3.4009). Soil was collected at 10 - 20 cm depth 

from topsoil. All samples were collected into properly labelled sterile glass 

bottles, transported to the laboratory on ice and processed within 12 h for the 
isolation of bacteria.  

 

Enrichment and isolation of tannin-degrading strains 

 

The selective enrichments were carried out using mineral salts medium (MSM) 

containing tannic (1% (w v-1)) or gallic acid (2.5 mM) as the sole source of 
carbon and energy. One millilitre (1 ml) of lagoon water collected from Oko-

Baba sawmill axis was aseptically transferred into 100ml Erlenmeyer flasks 

containing 30 ml enrichment medium (NaNO3 3 g L-1; KCl 0.5 g L-1; 
MgSO4.7H2O 0.5 g L-1; KH2PO4 1 g L-1; FeSO4.7H2O 10 mg L-1, adjusted to pH 

6.5 ± 0.2), with the selected carbon source added aseptically after the medium 

was sterilized at 121 oC for 15 minutes. The stock solution of tannic acid (10 g L-

1) was sterile filtrated using MS-Nylon syringe filters (30 mm diameter, 0.22 µm 

pore size, Millipore, USA). Enrichment cultures were incubated at 30 oC on a 

benchtop shaking incubator at 150 rpm for 24-48 h. Then 1 ml of enrichment 
cultures was sub-cultured into 40 ml of fresh sterile medium containing tannic 

acid or gallic acid for another 24-48 h. The same procedure was used for soil 

samples except that 1 g of soil sample was employed. After four rounds of 
transfer, samples (100 µL) from the enrichment cultures were streaked onto solid 

enrichment medium with either tannic acid or gallic acid as sole carbon source to 

isolate individual bacterial colonies.  
 

Screening for tannin degraders 

 

Selected colonies were screened further for tannic acid and gallic acid utilization 

by using the halo and FeCl3 reaction described by Pinto et al. (2001) and 

Sariozlu and Kivanc (2009). Strains that exhibited maximum zones of clearance 
were selected and further characterized microbiologically. Working cultures of 

isolates were maintained on nutrient agar (NA) slants at 4 oC.  

 
Cultural and morphological characteristics of bacterial isolates 

 

Colony attributes of strains were observed visually on Nutrient agar (NA) plates 
and mineral salts agar with tannic acid as carbon source after incubation at 30 oC 

for 24 - 48 h. Cellular morphologies were analyzed using phase-contrast 

microscopy (Olympus BH2). 
 

Electron microscopy 

 
Cell morphologies were further verified by electron microscopy employing a 

transmission electron microscope (TEM) (Philips, CM120 Biotwin) using 

formvar-coated copper grids. Cells from an overnight culture grown in nutrient 
broth were stained with 2% uranyl acetate (Moxley and Schmidt, 2012). 

 

Biochemical characteristics of bacterial isolates 

 

Catalase reaction, oxidase test, nitrate reduction, starch hydrolysis, motility, 
Hydrogen sulfide production, citrate utilization, and sugar fermentation with acid 

production (MRVP) of isolates were assessed according to Holt et al. (1994). 

 
Amplification of the 16S rRNA gene 

 

Genomic DNA from isolates was extracted from a single colony grown on 
nutrient agar using the Jena Bioscience Bacteria DNA Preparation Kit.  The 

purity and concentration of the extracted DNA were evaluated using a Nanodrop 

(ND 1000) Spectrophotometer (Thermo Scientific, USA). All the samples 
showed a DNA yield between 200 – 400 ng, with an A260/A280 ratio between 

1.68-1.75.  

The PCR based amplification of the 16S rRNA genes of strains EO1 and EO2 
was done using the primer pair 27F and 1541R. The PCR reactions were carried 

out in 25 µl reactions containing 1x PCR Master mix (Solis Biodyne), 1.5 mM 

MgCl2, 200 µM of each dNTP (Solis Biodyne), 25 pmol of each primer 
(BIOMERS, Germany), 2 units of Hot FIREPol DNA polymerase (Solis 

Biodyne), 2µl of the extracted DNA, with nuclease free sterile distilled water 

(Solis Biodyne) used to make up the reaction mixture. The parameters for PCR-

based amplification were as follows: Thermal cycling was conducted in an 

Eppendorf Vapo protect thermal cycler (Nexus Series) for an initial denaturation 

of 95 °C for 5 minutes, followed by 35 amplification cycles of 30 seconds at 95 

°C (denaturation); 1 minute at 61 °C (an annealing) and 1 minute 30 Seconds at 
72 °C (elongation). This was followed by a final extension step of 10 minutes at 

72 °C. The amplification products were separated on 1.5% agarose gel, and 

electrophoresis was carried out at 80V for 1 hour 30 minutes. DNA bands were 
visualized by ethidium bromide staining. A molecular weight DNA ladder 

(100bp, Solis Biodyne) was used.  
 

Analyses of 16S rRNA gene sequences 

 
The 16S rRNA gene sequences of the two representative isolates selected were 

sequenced (GATC Biotech., Germany), and the sequences obtained were 

deposited at GenBank (NCBI) under accession numbers KX355800 and 
KX355801. Subsequently, these sequences were compared to matching 16S 

rRNA gene sequences present in GenBank using the Basic Local Alignment 

Search Tool (BLAST, www.ncbi.nlm.nhi.gov/BLAST/Blast.cgi). MEGA version 
X Software (Kumar et al., 2018) was employed to construct phylogenetic trees 

using the neighbor-joining algorithm (Saitsou and Nei, 1987) with re-sampling 

for over 500 replicates. The tree topology was verified by using additionally the 
maximum likelihood algorithm.  

 

Growth studies   

 

The isolates were routinely grown using the specified minimal salts medium with 

tannic acid or gallic acid added to a final concentration of 10 g L-1 or 2.5 mM. 
Cells were routinely grown for growth experiments in 250 ml Erlenmeyer flasks 

containing 100 ml of the tannic acid medium (TAM) or gallic acid medium 

(GAM) and incubated at 30 oC on a shaking incubator at 150 rpm. Cell growth 
was routinely monitored by measuring the optical density at 600 nm using a UV-

VIS spectrophotometer (UV-1800, Shimadzu). In addition, the total cell counts 

were obtained by light microscopy employing a Helber type bacterial counting 
chamber. The decrease in tannic acid concentrations over time was initially 

analyzed using UV-VIS spectroscopy at 600 nm in cell free medium samples. 

The utilization of these aromatic substrates was analytically verified by Gas 
Chromatography-Mass Spectrometry (GC-MS). Controls without aromatic 

compounds (tannic acid or gallic acid) as the utilizable carbon source served to 

demonstrate that biomass formation was dependent on the productive utilization 
of this compound, while inoculations with inactive cells (i.e. heat – inactivated 

cells (80 oC, 1h) served as abiotic controls. 

 
Utilization of tannic acid medium (TAM) and gallic acid medium (GAM) 

 

TAM and GAM - grown cells of isolates EO1 and EO2 were harvested from 40 
ml culture liquid by centrifugation ((5,000 x g, 10 min) and after being suspended 

in sterile saline solution (0.85%), inoculated into 250 ml Erlenmeyer flasks 

containing 70 ml sterile MSM supplemented with TA (250 mg L-1) and GA 
(approx. 300 mg L-1) respectively. Non-inoculated TAM and GAM flasks served 

as abiotic controls. Samples were collected (1 ml) sequentially at intervals of 12 h 

and the experimental flasks were incubated at 30 oC on a shaking incubator at 
150 rpm. Culture and control samples were stored at -20 oC prior to intermediate 

analysis.  

 
Analytical Methods 

 

Thin Layer Chromatography (TLC) 

 

Thin layer chromatography was done according to Singh et al. (1999) with slight 

modifications. Briefly, gallic acid and glucose were estimated in aliquots of the 
bacterial cultures withdrawn and centrifuged at 8000 x g for 20 minutes at 15 oC 

and 10 µl of the supernatant samples were spotted on thin layer chromatography 
plate (F254nm-Merck KGaA, DC Kieselgel, Darmstadt, Germany). A mixture of 

n-butanol: acetic acid: water (4:1:5) was used as mobile phase and the 

components on the TLC plate were visualized using UV light and additionally by 
heating after spraying with ferric chloride (0.1 g) in 30% methanol (Mondal et 

al., 2001). 

 

Gas Chromatography-Mass Spectrometry (GC-MS)  

 

Metabolites were extracted from cell free culture supernatants with diethyl ether, 
the ether extracts of the degradation products were dissolved in 0.5 ml of 

pyridine. The mixture was then silylated by addition of N, O-bistrimethylsilyl 

trifluoroacetamide (BSTFA) and 1% trimethylchlorosilane (TMCS) for GC-MS 
analysis. The sample solution (2 µl) was injected into a GC-MS system 

(Shimadzu QP2010 SE Quadrupole MS) (Japan) with an SGA BPX5 bonded 

phase, fused silica column (30 m x 0.25 mm inner diameter, 0.25 µm film 
thickness). The temperature profile for GC operation was isothermal at 80 °C for 
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two minutes, followed by a 5 °C minute-1 temperature gradient to 200 °C and a 

15 °C minute-1 gradient to 280 °C and isothermal period at 280 °C for 10 

minutes. The MS conditions were electron ionization (70 eV) and scanning rate 

of 60 scans minute-1. The chromatograms were recorded and metabolites were 

identified by comparison of their retention times and fragmentation patterns with 

those of authentic samples and using the internal library. 
 

Carbon source assimilation 

 
The following substrates were tested for utilization by the isolates using the 

method of Schmidt and Fornagel (1998); benzoate, protocatechuate, p-
hydroxybenzoate, catechol, tannic acid, gallic acid, gallic acid methyl ester, 

glucose, resorcinol, 3-methoxybenzoate, succinate, salicylate and tartrate. 

Abilities of the isolates for the consumption of the tested aromatic compounds 
were further analyzed spectrophotometrically (Chowdhury et al., 2004).     

 

Plate assay for utilization of tannic acid 

 

The abilities of bacterial isolates to utilize tannic acid as a sole carbon source 

were verified using semisolid minimal medium agar containing tannic acid 
(0.05%) as sole carbon source and triphenyl tetrazolium chloride (0.5%). Equal 

amounts of log-phase cells of the strains were harvested by centrifugation, 

washed 2 times using sterile saline, and pellets were resuspended in saline and 20 
µl placed at the centre of each plate. The plate was then incubated at 30 oC for 

48-72 h (Chowdhury et al., 2004). 

 

Estimation of residual tannic acid 

 

Tannic acid was estimated spectrophotometrically (Hagerman and Butler, 

1978; Kumar et al., 1999). Cells were grown overnight in minimal medium 

containing 0.2% tannic acid. To 1 ml of culture filtrate, 2 ml of bovine serum 

albumin (BSA) (1 mg ml-1) and 0.17 mol-1 NaCl in 0.2 M acetate buffer, pH 5.0 
was added. After 10 minutes incubation, samples were centrifuged at 2200 g for 

10 minutes. The pellet was washed with acetate buffer and 4 ml of SDS TEA 

solution (1% sodium dodecyl sulfate, w v-1 and 5% triethanolamine, v v-1) and 1 
ml of FeCl3 (0.01 mol-1 FeCl3 in 0.01 N HCl) was added. The tubes were then 

incubated at 30 oC for 15 minutes and absorbance was recorded at 510 nm in a 

spectrophotometer (UV mini-1240, Shimadzu). 
 

Enzyme Assays 

 
Tannase activities of the isolates were tested following the spectrophotometric 

and visual reading methods described by Osawa and Walsh (1993). 

 
RESULTS 

 

Cultural, morphological, biochemical and genotypic characteristics of 

bacterial isolates 

 

Selective enrichment resulted in the isolation of two bacterial strains designated 
as EO1 and EO2, which utilized tannic acid as sole source of carbon and energy 

as evidenced by production of clear zones on tannic acid containing mineral salts 

medium.            
Strain EO1, isolated from lagoon water, was a Gram-negative non spore forming 

and non-motile isolate, oxidase negative and catalase-positive with cells mostly 

appearing as rod-shaped (about 1.9 x 0.8 µm) in the logarithmic phase of growth, 
frequently occurring in pairs (Figure 1). The organism fermented most of the 

carbohydrates tested such as arabinose, lactose, sorbitol, and sucrose. The strain 

was negative in the methyl red test and did not produce H2S but formed acetoin 
(VP test) and utilized citrate. Strain EO2, isolated from mangrove soil, was Gram 

negative, produced round, cream-coloured colonies of 2 mm in diameter on 

nutrient agar, with motile cells (1.6 x 0.6 µm) showing peritrichous flagella 
(Figure 2). EO2 was catalase-positive, oxidase-negative, and exhibited 

fermentative growth on glucose. It produced acid from arabinose, fructose, 
galactose, glucose, trehalose, and N-acetylglucosamine, while no gas was 

produced from glucose. It lacked urease, arginine dihydrolase, lysine 

decarboxylase, and gelatinase, and did not produce H2S.  
The PCR products obtained for the 16S rRNA genes of strains EO1 and EO2 

(1700 bp) are shown in Figure 3. Comparison to sequences deposited in GenBank 

showed that the partial 16S rRNA gene sequence of strains EO1 and EO2 showed 
the highest similarities (≥99%) to type strain sequences of Klebsiella pneumoniae 

subsp. rhinoscleromatis ATCC 13884(T) ACZD01000038 and Pantoea 

cypripedii LMG 2657(T) MLJI01000002 respectively. These results were 
confirmed by phylogenetic analyses depicting close relationships between the 

isolated strains EO1 and K. pneumoniae and EO2 and P. cypripedii  (Figure 4 

and Figure 5). 
 

 
Figure 1 Transmission electron micrograph (TEM) of a typical single cell of 

Klebsiella pneumoniae strain EO1 from an exponentially growing culture using 

tannic acid as sole carbon source.  
 

 
Figure 2 Transmission electron micrograph (TEM) of a typical single cell of 

Pantoea cypripedii strain EO2 from an exponentially growing culture using 
tannic acid as sole carbon source. 

 

 
Figure 3 Gel electrophoresis of the amplified 16S rRNA genes of strains EO1 
and EO2. Lane1, molecular marker; lane 2-4, EO1; lane 5-7, EO2 and lane 8, 

control. 
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Figure 4 Phylogenetic tree constructed by the neighbour-joining method based 

on 16S rRNA gene sequences of strain EO1 and related Klebsiella species 

retrieved from NCBI GenBank. Bootstrap values are given at branching points. 
Bar represents 0.01 nucleotide substitutions per nucleotide position. The 16S 

rRNA gene sequence of Escherichia coli was used as an out-group. 

 

 
Figure 5 Phylogenetic tree constructed by the neighbour-joining method based 
on 16S rRNA gene sequences of strain EO2 and related Pantoea species. 

Bootstrap values are given at branching points. Bar represents 0.01 nucleotide 

substitutions per nucleotide position. The 16S rRNA gene sequence of 
Escherichia coli was used as an out-group. 

 

Microbial growth  

 

The abilities of Klebsiella pneumoniae strain EO1 and Pantoea cypripedii strain 

EO2 to grow on tannic acid as the only source of carbon and energy were 
demonstrated by the increase in biomass (OD600) and cell numbers over time. In 

the absence of tannic acid, no growth was detected in cultures. Growth of the 

bacteria expressed as the increase in optical density at 600 nm was tightly 
correlated to the removal of tannic acid from liquid cultures. Abiotic (cell free 

cultures) and heat inactivated cells (incubated for 1 h at 80 oC) used as controls 

showed no decrease in tannic acid over time, thus verifying that the loss of tannic 
acid in cultures was due to microbial metabolism. 

The highest biomass yield of strains EO1 and EO2 were obtained at tannic acid 

concentrations of 5.0 g L-1 (Figure 6) and 2.5 g L-1 (Figure 7) and 10 mM (Figure 
8) and 2.5 mM (Figure 9) for TA and GA respectively. This is not unexpected on 

physicochemical grounds as the half-life for tannins in the aquatic environment is 

expected to be rather long due to the limited tendency for volatilization. The 
doubling times of the bacterial strains EO1 and EO2 during the exponential 

growth phase at 30 oC were determined as 10 h and 9 h (Figure 10 and Figure 

11).  
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Figure 6 Growth of Klebsiella pnuemoniae strain EO1 measured as a function of 
optical density at 600 nm for 72 h of incubation at 30 oC and 150 rpm at different 

tannic acid concentrations. 
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Figure 7 Growth of Pantoea cypripedii strain EO2 measured as a function of 

optical density at 600 nm for 72 h of incubation at 30 oC and 150 rpm at different 
tannic acid concentrations. 
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Figure 8 Growth of Klebsiella pnuemoniae strain EO1 measured as a function of 

optical density at 600 nm over 120 h of incubation at 30 oC and 150 rpm at 
different gallic acid concentrations.  
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Figure 9 Growth of Pantoea cypripedii strain EO2 measured as a function of 

optical density at 600 nm over 120 h of incubation at 30 oC and 150 rpm at 

different gallic acid concentrations. 
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Figure 10 Growth of Klebsiella pneumoniae strain EO1 with 2.5mM tannic acid 

as sole source of carbon and energy. Growth parameters (OD600 =●, cell count = 

▲) plotted against time together with control in the absence of tannic acid (OD600 
= ■).  
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Figure 11 Growth of Pantoea cypripedii strain EO2 with 2.5mM tannic acid as 
sole source of carbon and energy. Growth parameters (OD600 =●, cell count = ▲) 

plotted against time together with control in the absence of tannic acid (OD600 = 

■).  
 

Differences in lag periods were observed as the concentration of tannic acid (TA) 

in the medium was increased. For strain EO1, growth in 0.25 g L-1 TA was 
preceded by a lag period of about 18 h, whereas strain EO2 grew with mean lag 

phase of 12 h for same TA concentration and 6 h for TA concentrations of 1, 2, 
2.5 and 5 g L-1 respectively. Inoculation of fresh medium containing 1 g L-1 TA 

with overnight TA cultures of strain EO2 decreased the lag time, although there 

was no change in the maximum tolerable level of tannin. No lag phase was 
observed at different concentrations of gallic acid in cultures of strains EO1 

(Figure 8) and EO2 (Figure 9) respectively.   

The utilization of tannic acid by the strains was also demonstrated using the 

spectrophotometric analysis of residual tannic acid in the medium after 24 h 

growth of the isolates. Incubation of medium in the absence of cells as control 

under the same conditions showed that a small part of tannic acid also underwent 
autoxidation and formed a precipitate. Strain EO2 showed appreciable utilization 

of tannic acid (about 42%) while strain EO1 showed about 30% utilization of 

tannic acid after 24 h of growth. This is shown in Figure 12. 
 

 

 
 

 
Figure 12 Utilization of tannic acid by the strains estimated in terms of residual 

tannic acid (mM) after 24 h of growth. 

 
Carbon source assimilation 

 

Strains EO1 and EO2 were able to utilize tannic acid, gallic acid, glucose, 
succinate, benzoic acid and protocatechuic acid but not catechol or β -

hydroxybenzoic acid. However, strain EO2 utilized benzoic acid by 74.44%, 

while strain EO1 only by 22.95% at 24 h of growth. The fact that none of the 
strains utilized catechol or p-hydroxybenzoic acid, indicating that neither acted as 

intermediate in the pathway of degradation of tannic acid/gallic acid. Gallotannin 
(tannic acid) degradation products, namely glucose and gallic acid and pyrogallol 

were detected in the culture filtrates of these microorganisms by TLC (not 

shown) and GC-MS (Figure 13) respectively. 

 
 

Figure 13 GC/MS detection of the metabolite benzene-1,2,3-triol (Pyrogallol) 

formed by the strains EO1 and EO2 during tannin degradation 

 

Enzymatic activity for tannic acid hydrolysis 

 
Tannase activity was detected in strains EO1 and EO2 grown on tannic acid. 

Visual evaluation of the enzymatic tests showed positive results for both strains 
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as confirmed by the visible colour change in media from green to brown on 

exposure to atmosphere (Table 1). The activity of both strains was clearly higher 

than that of the control. 

 

 

Table 1 Spectrophotometric detection of tannase activity 

Bacterial strains                                                         Tannase activity (Abs440nm)                           Colour change from green to brown 

Klebsiella pneumoniae EO1                                           0.060 ± 0.002                                                     + + + 

Pantoea  cypripedii EO2                                                0.069 ± 0.003                                                     + + + 

Control                                                                            0.022 ± 0.005                                                       -                    

Data are mean of triplicate measurements ± standard deviations 

 

DISCUSSION 

 

Tannins (condensed or hydrolyzable) have a superfluity of hydroxyl groups to 

constitute hydrogen bonds with proteins and amino acids and to form complexes 
with metals. They are well known to hold strongly to proteins in vitro and form 

tannin-protein complexes (T-PC), which are quite resistant to degradation by 

enzymes (Chowdhury et al., 2004). This enabling power to complex with 
proteins and amino acids causes the inhibition of organic matter degradation in 

the environment. Besides complexing bacterial or fungal exoenzymes and 

directly slowing down biodegradation, tannins can also sequestrate particular 
type of nitrogen sources that are used by bacteria with tannins as substrate for 

their growth (Jadhav et al., 2011). The discharged of residual tannins associated 

with sawmill wastes into the Lagos lagoon water may therefore have detrimental 
effects on living organisms, which eventually can result to serious pollution of 

the environment (Chowdhury et al., 2004). Notwithstanding the fact that tannin-

utilizing microorganisms that use tannins as carbon and energy sources had been 
isolated by several authors (Bhat et al., 1998; Franco et al., 2005; Pepi et al., 

2010). 

The two bacterial isolates used in this study (designated as strains EO1 and EO2) 
were selected due to their tannin degrading capabilities and apparent  tannase and 

gallic acid decarboxylase (GAD) activities. These strains produced clear halo 

zones on agar plates containing tannic acid and black blue colouration with 1% 
FeCl3 solution after growth with gallic acid which are considered indicators for 

tannase and GAD producers (Sharma et al., 2000; Osawa et al., 2006; 

Murugan et al., 2007; Sariozlu and Kivanc, 2009). The isolation and 
characterization of tannic acid degrading species of Klebsiella and Pantoea were 

similarly reported by other authors (Jadhav et al., 2011; Chávez-González et 

al., 2012). Furthermore, a mesophilic bacterium designated M24 that degraded 

83% tannic acid in 5 days was also isolated (Jadhav et al., 2011). Tannins 

utilization by Escherichia coli, Azotobacter vinelandii, and Pseudomonas 
fluorescens as sole carbon source was reported by Basaraba (1966), while 

Deschamps et al. (1983) reported the degradation of 1% (w v-1) gallotannin by 

Corynebacterium sp., Bacillus polymyxa, Bacillus pumilus, and Klebsiella 
pneumoniae. A maximum of 1% tannic acid was utilized by K. pneumoniae 

(Mingshu et al., 2006). Bacterial strains of the genus Pantoea were previously 

isolated from fecal material, plants and soil (Andersson et al., 1999), because of 
their nature as either pathogens or commensals (Pepi et al., 2010). However, so 

far the utilization of tannic acid by members of this genus was not reported. Both 

Klebsiella pneumoniae strain EO1 and Pantoea cypripedii strain EO2 isolated in 
the present study grew in minimal media containing tannic acid at a concentration 

above 10 g L-1. Hence, they can tolerate higher concentrations of tannic acid (25 

g L-1), which is an advantage in highly polluted environments and a unique 

feature of these two strains. 

Growth studies illustrated that the bacterial strains (Klebsiella pneumoniae and 

Pantoea cypripedii) were initially inhibited by the presence of tannic acid in the 
media indicated by an extended lag phase of 18 h for EO1 and 12 h for EO2 

strains at a concentration of 0.25 g L-1. The lag phase for strain EO2 was 

decreased to about 6 h at a tannic acid concentration of 1 g L-1 while strain EO1 
showed no lag phase at this concentration. Similarly, the cell counts 

demonstrated that strain EO1 but not EO2 was slightly inhibited by the presence 

of tannin (2.5 mM) in the medium. These data indicated that at high tannin 
concentrations, both strains were inhibited and that adaptation by metabolic 

transformation or enzyme induction of the tannin molecule is needful. The fact 

that the tannin-concentration dependent of the lag period indicates that growth in 
the presence of tannins may be at least partly dependent on the metabolic 

transformation of the tannin molecule to less toxic intermediates as no lag phases 

were evident at the tested concentrations of gallic acid in growth experiments of 
strains EO1 and EO2. However, resistance to tannins was less likely to be due to 

acid hydrolysis of tannin–protein complexes. A reduction in or disappearance of 

the lag period after re-inoculation of tannin-grown strains EO1 and EO2 supports 

the view that adaptation is associated with a time-dependent event such as 

enzyme induction. 

The bacterial strains isolated in this work showed tannase activity. Although 
tannase activity has been widely reported in plants and animals, microorganisms 

(bacteria, yeasts, and fungi) typically show the highest activity of tannase 

(Aguilar et al., 2007). The two strains EO1 and EO2 showed tannase activities 
similar to those reported for other bacterial strains isolated from food related 

materials (Vaquero et al., 2004). Evidence of tannase activity was also reported 

by Osawa and Walsh (1993) for Enterobacteriaceae and Streptococcus bovis 
isolated from feces of koalas. Additionally, Klebsiella planticola and Klebsiella 

pneumoniae (Deschamps et al., 1983) as well as Enterococcus faecalis (Goel et 

al., 2005) were reported as tannase producers. 
Based on the 16S rRNA gene sequence similarity and phylogenetic analysis, 

strains EO1 and EO2 were assigned to the genera Klebsiella and Pantoea. 

Klebsiella species with the ability of tannic acid degradation were previously 
isolated from garden soil (Jadhav et al., 2011), from tannery effluent in the 

presence of tannic acid (Sivashanmugam and Jayaraman, 2011), from oil mill 

wastes (Pepi et al., 2013), and from goat feces (Tahmourespour et al., 2016).  
The hydrolysis of tannic acid was confirmed by the detection of tannase activity 

and the hydrolysis products, gallic acid and glucose, as previously shown by 

Mingshu et al. (2006) in cultures of three bacterial strains. The gallic acid can be 
decarboxylated by gallate decarboxylase to yield pyrogallol, as was demonstrated 

in a number of bacterial species (Krumholz and Bryant, 1986; Brune and 

Schink, 1992). In fact, Deschamps et al. (1980, 1983) grew strains of Klebsiella 
pneumoniae and K. planticola on tannins, which utilized gallic acid as a carbon 

source.  

The two isolates obtained in this study brought about the aerobic utilization of 
tannic acid giving rise to pyrogallol with a proposed metabolic scheme (Figure 

14), which was observed in the bacterial catabolism of tannic acid previously 

(Kumar et al., 1999; Mingshu et al., 2006). The possible product of ortho-
cleavage of pyrogallol is 2-hydroxymuconic acid (Kumar et al., 1999), which 

could undergo further catabolism to form pyruvate and acetaldehyde. These two 
microorganisms could therefore be potentially used for the treatment of tannin-

rich polluted environments. The strains (EO1 and EO2) might also be a 

promising source for the enzymes tannase (Lekha and Lonsane, 1997) and 
gallate decarboxylase (Zeida, 1998), which have widespread applications in food 

processing, brewing, pharmaceuticals, medicine, textiles and detergents 

industries. 
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Figure 14 Proposed catabolic routes of tannic acid degradation by Klebsiella 

pneumoniae strain EO1 and Pantoea cypripedii strain EO2 
 

CONCLUSION 

 

The taxonomic profiles of tannic acid-degrading bacteria obtained in this study 

indicated that they are members of the genera Klebsiella and Pantoea. These new 

isolates could positively contribute to the elimination of polyphenolic pollutants 
in the estuarine and soil environments of their origin. 
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SUPPLEMENTARY INFORMATIONS 

 

Appendices 

 

The optimum absorbency of tannic acid with resulting calibration curve of tannic acid in minimal salts medium at 278 nm was demonstrated (Figure A.1). The linear 
range of the curve was 0.0004 - 0.04 mM ( r2 = 0.99). 

 
 

Figure A.1 The resulting calibration curve of tannic acid standard in Minimal Salts Medium at 278 nm 

 
 

 
Figure B.1 TA agar plate screening for tannase/GAD producing bacteria: Klebsiella pneumoniae strain EO1 (A) and Pantoea cypripedii strain EO2 (B) showing zone 

of clearance indicating tannic acid utilization. Strains EO1 and EO2 showing blue-black colour reactions indicating gallic acid utilization (C), the inserted C, control 
(without bacterial cells).
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