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Abstract
The residual tannins discharged from tanning units of the leather industry have an adverse effect
on living organism and causes serious environmental pollution. Biological degradation is an important
mechanism of organic chemical removal in natural systems owing to its environmental compatibility.
But in extreme environment like high salinity of tannery eﬄuent, the eﬃciency of degradation by
microorganisms would be exceptionally low. Therefore halotolerant microbes would play a significant
role in biodegradation of tannins. This study aims at isolating and identifying strains of halotolerant cocultured bacteria able to degrade tannin from soil samples contaminated by tannery industry, in order
to use such bacteria for the bioremediation of contaminated sites. The bacterial isolates have been
characterized by biochemically and molecularly through 16S rRNA sequencing, and identified as Bacillus
amyloliquefaciens and Bacillus polyfermenticus, this latter being able to degrade 92% of tannin (200
mg/L) compared to B. amyloliquefaciens. The variables (salinity, carbon and nitrogen sources) affecting
the process of tannin degradation have been optimized.

proteins. However, they can also complex with other polymers

Introduction

such as alkaloids, cellulose, and pectins [7].

Tannery industry is one of the oldest industries in the world.
With the growth of population, the increasing requirement
of leather and its products led to the establishment of large
commercial tanneries [1]. Tanneries are typically characterized

Tannins

have

long

been

considered

toxic

to

the

microorganisms and this activity is mainly due to enzyme
inhibition and substrates deprivation, action on ion deprivation

as pollution intensive industrial complexes which generate

[8]. Nevertheless, some fungi, yeasts and bacteria are quite

varying high-strength wastewaters. Tanning industry is one

resistant to tannins and can also degrade them [9,10]. Amongst

of the highest toxic intensity per unit of output [2]. Tannery

bacterial species with the ability to degrade these polyphenolics

effluent is among one of the hazardous pollutants of industry.

are Citrobacter spp., Streptococci spp. and Cornybacterium spp [11].

Major problems are due to wastewater containing heavy
metals, toxic chemicals, chloride, lime with high dissolved and
suspended salts and other pollutants [3]. Tanneries generate
wastewater in the range of 30-35 Lkg-1 skin/hide processed
with variable pH and high concentrations of suspended solids,
BOD, COD, tannins including chromium [4].

Many conventional processes were carried out to treat
tannery wastewater, such as physical treatment, chemical
treatment and biological treatment [12-16]. Among these,
physical and chemical methods are considered very expensive
in terms of energy and reagents consumption and generation
of excessive sludge [17]. The main advantages of biological

secondary

treatment methods are they have low capital and operating

metabolites of higher plants which are either galloyl esters or

costs compared to alternatives such as chemical-oxidation

their derivatives. It is the second most abundant plant phenolic

processes. There will be true destruction of organics, versus

compound present after lignin [5]. At industrial scale tannin is

mere phase separation and oxidation of a wide variety of

used in leather production and wood staining [6]. After lignins,

organic compounds, removal of reduced inorganic compounds,

they are the second most abundant group of plant phenolics.

such a sulphides and ammonia. At the end of the treatment

Their tanning property is due to their capacity to combine with

there is reduction of aquatic toxicity [18]. One drawback of

Tannins

are

water

soluble

polyphenolic
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biological treatment is, it is time consuming and involves the
biological nature of the microbes for the degradation.
Normally existing neutrophilic bacteria can grow only with
normal pH and in salt content less than 3.5 %, increase in the
salinity will inhibit the growth of these microbes. Hence, it is
very difficult for the neutrophilic bacteria to remove tannin
using neutrophiles. In such places there is a need of Archae
group of bacteria which contains extremophilic organisms
which could be employed to remove the tannins. Halophiles
are group of extremophilic bacteria which can survive and
tolerate salinity. Veena Gayathri and Vasudevan [19] worked
on the degradation of tannin at high concentrations by a
bacterial consortium isolated from tannery effluent soil. The
tannin concentrations were up to 500 mg/L by the bacterial
consortium. The degradation of tannin was relatively toxic
at 500mg/L than other concentrations where the removal
efficiency lowered to 75%. Halophilic bacteria are a group of
archae bacteria which can survive in high salt content and also
has the capability to degrade xenobiotic compounds. Tannery
effluents are industrial effluents with high salt content and
higher chemical oxygen demand. There is a need for halophilic
microbes which could easily grow in those recalcitrant
compounds in the presence of salt. Halophilic microbes which
could grow well in the presence of NaCl have been employed
for the biodegradation which has proven effective as they
could grow well and degrade the pollutant [20]. Halophiles
are microbes which grow optimally in media containing salt
between 3% and 15% NaCl [21].
Hence in the present study, tannin degrading halotolerant
bacterial co-cultures were isolated from the tannery effluent
contaminated soil and their growth conditions were optimized
for efficient degradation of tannins. The bacterial strains
present in the co-cultures were biochemically characterized
and identified by 16S rRNA sequencing.

Materials and Methods
Enrichment of Tannin degrading Bacterial consortium
Soil samples collected from contaminated site of tannery
industry situated in Pallavaram, Tamil nadu, India where raw
hides are processed for isolation of tannin degrading bacterial
strains. One gram of soil was added to 100ml mineral salts
medium containing tannin (0.1%) and incubated at 150C under
shaking (120 rpm). The bacterial co-cultures were enriched in
mineral salts medium (g/L) of NaCl 10.0 to 150.0, KH2PO4 0.25,
NH4Cl 1.0, Na2BO7 2.0, FeCl3 0.0125, CaCl2 0.06 and MgCl2
0.05. The medium was supplemented with a specified amount
of added NaCl and 10mg of yeast extract, adjusted to pH-7 [22].
The medium was autoclaved, cooled to room temperature and
was amended with tannin through a sterile filter (0.45micron)
in 250ml Erlenmeyer flasks. The chemicals and reagents used
in the study were analytical grade. The tannin containing
agar plates were inoculated with 0.1ml suspension from these
flasks. The isolated bacterial colonies were transferred to the
tannin containing mineral salts medium. The pure culture was
maintained on tannin containing mineral salts agar slants at
40C.
Growth of the bacterial strains on tannin was studied by
determining the colony forming units (CFU) per ml on nutrient

agar medium containing tannin. The mineral medium was
substituted with different concentrations of NaCl (50g/L to
70g/L), while the isolated co-cultured bacterial strains was
able to show an optimum degradation at 50mg/L. At 25 h
time interval, the culture was centrifuged at 10,000rpm for
15 minutes to remove the cells. The culture supernatant was
collected and used for the estimation of residual tannin.

Degradation of tannin
For the degradation study, mineral salts medium containing
tannin (50mg/L to 200mg/L) was inoculated with the bacterial
co-cultures. Experimental set up used for the degradation of
tannin were (i) medium + tannin + bacterial co-cultures (ii)
medium + tannin (iii) medium + bacterial cocultures, with (ii)
and (iii) serving as controls. The bacterial co-cultures were
added to the medium at concentrations of 104-105 cfu/ml. The
culture, in duplicate was incubated at 370C with shaking at
150rpm. The cell suspensions were clarified by centrifugation
at (10,000rpm for 15min at 60C). Biodegradation of tannin by
bacterial co-cultures were observed till the end of their growth
phase for 72h [21].

Effect of salt, carbon and nitrogen sources
Influence of salt on the degradation of tannin as studied
by changing the salt concentrations to 3% and 7% NaCl. To
study the effect of different carbon sources (0.5%), additional
carbon sources like glucose, fructose, sucrose was added in the
medium. The growth medium containing yeast extract was
replaced with alternate nitrogen sources such as ammonium
sulphate, potassium nitrate, ammonium nitrate, beef extract
to study the effect of different nitrogen sources.

Identiﬁcation of tannin degrading bacterial strains
The individual bacterial strains were separated from the
bacterial co-cultures, which was used in the degradation of
the tannin. The bacterial strains present in the consortium
were examined using conventional biochemical tests initially.
Molecular identification of the bacterial strains was done by
16S rRNA sequencing.

Biochemical characterization
The bacterial strains present in the consortium were
isolated and grown separately as pure cultures. Initially,
Gram staining and motility test were performed after which
biochemical characterization was done for different tests
(Motility, Triple sugar iron agar, Catalase, Urease, Indole
production, Methyl red, Voges Proskauer, Citrate utilization)
using 24h old culture. After 24h incubation at 370C, the colour
change observed was accounted for positive/negative result.
Genus level identification of the unknown bacterial strains
were accomplished by using Bergey’s Manual of Systematic
Biology [23] to ascertain the existence of variable biochemical
test results for each strain.

16S rRNA partial gene sequencing
Chromosomal DNA was isolated from pure strains of the
consortium by the standard phenol/chloroform extraction
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method (22). The 1.5 kb partial sequence of 16S rRNA gene was
amplified by the chromosomal DNA using poly-merase chain
reaction (PCR) with universal Eubacteria-specific primers 16F27
(5_-CCA GAG TTT GAT CMT GGC TCA G-3_) and 16R1525XP
(5_-TTCTGCAGT CTA GAA GGA GGT GWT CCAGCC-3_). The
PCR amplification conditions were: initial denaturation at 94C
for 2 min, followed by 35 cycles of denaturation at95C for 1
min, annealing at 55C for 1 min, extension at 72C for 1 min, and
a final extension at 72C for 10 min; and finally sequencing was
performed on an ABI310-automatedDNA sequencer using Big
Dye terminator kit (Applied Biosystems 3730xl DNA Analyzer).
The amplified 16S rRNA gene (PCR products) from these isolates
was directly sequenced after purification by precipitation with
polyethylene glycol and NaCl. The primers used to obtain
the complete sequence of 16S rRNA gene of the isolates were
the same as used for the PCR amplification (16F27N and
16R1525XP). Sequence analysis was performed using Chromas
Prosequence analysis software. The phylogenetic tree was
constructed by MEGA6 software.

Results and Discussion

studied at 50mg/L to 200 mg/L (50mg/L, 100mg/L, 125mg/L,
150mg/L, 175mg/L, 200mg/L) of tannin. Tannin at 50mg/L of
concentration showed minimum degradation i.e. up to 55% by
the end of 24h and final degradation being 80 % by the end of
96 h. Maximum growth was observed in 50 mg/L concentration
of tannin during 48 to 72 h of incubation. This was followed by
100 mg/L of tannin concentration showing degradation up to
87% by the end of 96 h. The batch experiments were repeated
for other concentrations of tannin. When the concentration was
increased to 200mg/L, the degradation was maximum of about
95% by 96 h and there was gradual decrease in the growth of
organism. Therefore bacterial cocultures used in the present
study could utilize tannin up to a concentration of 200mg/L
with showed the optimum degradation (Figure 4).

Degradation of different concentrations of tannin by
the individual bacterial strains
Bacterial strains present in the co-cultures were studied
individually for the degradation of tannin at the optimum
concentration 200 mg/L of tannin. TAN2 showed maximum

Isolation and characterization of Tannin degrading
bacterial consortium
Bacterial strains isolated from the soil samples were
screened on tannin containing agar plates. During isolation
period, several bacterial strains co-existed in the consortium
which could degrade tannin (50mg/L) under saline conditions
(Figure 1). After successive transfer during enrichment period,
two bacterial strain were isolated (TAN1, TAN2) which could
survive and degrade tannin as a sole source of carbon and
energy. The Figure 2 shows that there was an increase in viable
cell count till 24h and by the end of 72 h, there was decrease
in viable cell count indicating that bacterial co-cultures could
not survive after 96h. Hence all the further experiments, the
growth and degradation of tannin were monitored up to 96 h.
The bacterial co-cultures were gram positive. The biochemical
characteristics of two bacterial strains showed that they belong
to the phyla Firmicutes. These groups of bacteria are commonly
present in the contaminant soil, water and wastewater. Table
1 summarizes the results on the biochemical tests of the
isolated bacterial strains. The two bacterial strains showed
round colony morphology in the mineral salts agar plates.
TAN 1 showed translucent raised colony with irregular edges.
TAN 2 was small transparent flat colony with smooth edges
and was big yellow mucoid colony with smooth edges. The
both the bacterial isolates belongs to firmicutes in the order of
Bacillales and the genus Bacillus based on the Bergys manual
of classification.Through 16S rRNA sequencing results, the
strains were identified as B. amyloliquefaciens strain (TAN 1),
B. polyfermenticus strain (TAN 2). Phylogenetic tree analysis of
the co-cultures strains was constructed from 16s r DNA and the
evolutionary history was inferred using the Neighbor-joining
method. The evolutionary distances were computed using the
Kimura 2-parameter method. The phylo tree with the sum of
branch length = 0.18268090 is shown in the Figure 3.

Figure 1: Bacterial isolates on Mineral salt Medium containing Tannin.

Figure 2: Phylogenetic tree analysis of the co-cultured strains.

Degradation of Tannin at different concentrations by
bacterial co-cultures
The ability of co-culture bacterial strains which could
utilize tannin as a sole carbon source and energy was

Figure 3: Growth of the bacterial co-cultures during enrichment period on the
degradation of tannin.
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degradation of tannin (200 mg/L) up to 92% by the end of
96h, when compared to TAN1 showing degradation up to 80%
respectively. Viable cell in case of TAN2 increased from 0h
218x10-6 CFU/ml to 24h and there was subsequent decrease in
cell count to 52x10-6 CFU/ml by the end of 72h (Figure 5)

Effect of Salt, Carbon and Nitrogen sources on tannin
degradation
Salinity plays an important role in the metabolism of
halophilic bacteria. The bacterial co-cultures were studied
at different NaCl concentrations from 3% to 10%, while
the cultures were able to survive only upto 7%. Hence the
degradation experiments were carried out at 3% & 7%
concentration at 200mg/L of tannin. Maximum degradation of
95% was observed at 3%NaCl and there was also simultaneous
increase in the growth showing maximum growth (Figure 6) in
48 h of incubation. At 7% NaCl degradation reached up to 90%.
Figure 7 showed that, almost all the carbon sources were
able to enhance the degradation of tannin. A great advantage
for this degradation ability was particularly observed in the
presence of glucose as carbon source showing degradation up
to 91.4%. This was followed by sucrose and lactose having 90
and 84.7% of degradation respectively. Maximum growth was
observed in glucose supplemented media followed by lactose
and sucrose. Fructose didn’t play an important role in improving
the degradation as only 69% of degradation was observed.
Even the growth of organism in fructose supplemented media
was less when compared to other carbon sources used.

Figure 5: Growth and degradation of 200 mg/L tannin by the individual strains.

Figure 8 shows that ammonium sulphate, ammonium
nitrate and potassium nitrate played an important role in
enhancing the growth and degradation of tannin, ammonium
sulphate being the maximum showing degradation up to 98%

Figure 6: Effect of NaCl concentrations on the degradation of tannin by co-cultures.

by the end of 96 h. This was followed by ammonium nitrate
and potassium nitrate showing 96 and 92% of degradation
respectively by the end of 96 h.
Maximum growth was observed in the ammonium sulphate
supplemented media. Beef extract didn’t play an important role
in enhancing the degradation as only 77.6% of degradation of
tannin was observed

Discussion
The residual tannins discharged from tanning units of
Figure 4: Growth and degradation of different concentrations of tannin by the cocultures.

the leather industry have adverse effects on living organisms
and causing serious pollution to the environment. Tannins
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The degradation study of Tannin by a novel tannase enzyme
present in some Lactobacillus plantarum strains by Jimenez et
al. (2014), provided the advantage for the initial degradation of
complex tannins present in plant environments [27].
Optimizing the condition for the biodegradation is very
important for the efficient degradation of the compound.
Parameters like pH, temperature, addition of carbon and
nitrogen source and salinity in case of halophilic organism play
an important role in optimization of the condition.

Figure 7: Effect of Carbon sources on the degradation of tannin by the co-cultures.

Salinity plays an important role in the metabolism of
halophilic bacteria. At 3% NaCl concentration maximum
degradation was obtained up to 95%. At 5% NaCl concentration
degradation decreased 91%, followed by 7% at 200 mg/L
tannin. Nitiema et al. [28], isolated Streptococcus species from
anaerobic Shea cake digester, reported that optimum NaCl
concentration for growth and degradation of tannic acid at 1
g/L concentration was 5 g/L and range for growth was 0 – 20
g/L. Carbon and nitrogen source also play an important role in
the optimizing the conditions for degradation. The two strains
TAN 1, TAN 2 could grow their be and degrade tannin up to
91.4% in the media supplemented with 0.5% of glucose. Umesh
et al. [29], reported that glucose in the concentration of 1% in
Bushnell and Hans’s medium could enhance the growth and
degradation of tannin by Klebsialla spp.
Among nitrogen sources used in the present study for the
optimization, ammonium sulphate could enhance the growth
of the organism and the degradation reached maximum upto
98.5% followed by ammonium nitrate and potassium nitrate
showing degradation upto 96 and 92%. Umesh et al. [29], used
ammonium sulphate, peptone, ammonium persulphate, beef
extract, malt extract, and tryptone to enhance the degradation
of tannin and he reported that all nitrogen sources produced
improvements in tannin biodegradation and ammonium
sulfate in particular produced maximum tannin degradation
upto 98%. Karthikeyan et al. [24], who worked with Klebsiella
pneumonia, reported that among the nitrogen source tested
in their study, inclusion ammonium nitrate resulted in the
highest enzyme production which plays an important role in
degradation of tannin.

Figure 8: Effect of nitrogen sources on growth and degradation of tannin by the
bacterial co-cultures.

have long been considered toxic to microorganisms and this
activity is mainly due to enzyme inhibition and substrate
deprivation, action on membranes and metal ion deprivation
[24]. Many authors reported microorganisms which are able to
degrade tannins and to use them as carbon and energy source
[25]. In the present study, the isolated bacterial consortium
consisting of two bacterial strains, which could survive and
degrade tannin up to 200 mg/L at 7% NaCl concentration was
identified as B. amyloliquefaciens strain (TAN 1), B. fermenticus
strain (TAN 2) through biochemical characterization and 16S
rRNA sequencing.
Karthikeyan et al. [26], reported that the strain Klebsiella
pneumonia could degrade tannin at 1% (w/v) and said that the
optimum temperature for the tannase production is 35 °C ± 2.

Conclusion
In the present study, the halophilic bacterial consortium
isolated from the polluted soil of tannery industry resulted in
an effective biodegradation process in under saline conditions.
The knowledge of substrate concentrations, effect of carbon,
nitrogen and salt concentration on growth profiles, is needed
in order to select strains with the required properties for
biodegradation of tannins in saline environments. Hence
the nutritive parameters were optimized for the efficient
degradation of tannins under saline conditions. Such
promising the halotolerant bacterial co-cultures could be used
in the treatment of tannery effluent or to bioremediate tannery
effluent contaminated soil.
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