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Abstract: Tannase is a hydrolytic enzyme, known as tannin acyl hydrolase, that acts on the ester bonds of hydrolyzable 

tannins to produce gallic acid. Tannase enzymes are obtained from various sources. Tannase from microbial sources, 

especially fungi, such as Aspergillus spp., has been used in the food, brewing, and pharmaceutical industries. Tannin acyl 

hydrolase activities of Actinomycetes are seldom reported, though they are known to produce a wide range of industrial 

enzymes. This communication deals with the tannase activity of a Streptomyces isolate from the shola forests of Munnar 

in the Western Ghats of Kerala, India. The isolate is identified as S. mirabilis TBGS10 based on morphological characters 

and the 16s rDNA homology. The isolate showed promising tannase activity in plate assays and under submerged and 

solid-state fermentation conditions. High-pressure liquid chromatography was used to determine the industrially 

important intermediate gallic acid produced through solid-state fermentation using cashew apple bagasse as the substrate. 

The extract was observed to have a gallic acid content of 142.624 g/mL with a retention time of 2.506 min. The tannase 

gene of the strain TBGS10 was PCR-amplified using specific primers designed based on similar Streptomyces sequences 

available in the NCBI-GenBank. 
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1. Introduction 
Tannin acyl hydrolase, commonly known as tannase (TAH, EC. 3.1.1.20), is an alluring biocatalyst used 

to degrade tannin[1]. These versatile enzymes are widely used in the food industry, cosmetics, pharmaceuticals, 
tanneries, animal feeds, and environmental pollution control[2]. Tannase use is widespread in producing instant 
tea, fruit juices, beers, and acorn liquors[3]. Tannins are naturally occurring polyphenol compounds in many 
plants and foodstuffs, such as tea, fruits, nuts, etc. This enzyme catalyzes the hydrolysis of ester and depside 
bonds in complex tannins, gallotannins, ellagitannins, and gallic acid esters, and this reaction releases gallic 
acid and glucose as by-products. Gallic acid has a wide variety of applications, such as a developer in 
photography and printing inks, as a precursor molecule for the commercial production of an anti-microbial 
drug called trimethoprim, and as a food preservative. In addition, gallic acid possesses a wide range of 
biological activities, such as antioxidant, antibacterial, antiviral, and analgesic[4]. The tremendous biocatalytic 
potential of the tannase enzyme is mainly used in producing gallic acid, which has an industrial demand 
estimated at 8000 t per annum[5]. 
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The tannase enzyme is widely used in the food industry to produce instant tea and improve the taste and 
appearance of beverages such as fruit juices, beer, and wine. The bitterness and haze formation of fruit juices 
can be reduced by tannase application. De-tannification of feeds by this enzyme can improve the quality of 
animal feeds. Recently, lactic acid bacteria have been used to produce tannases using agricultural wastes rich 
in polyphenolic compounds as a source of nutrients and energy in submerged fermentation[6]. Utilizing these 
bioresources for tannase production has potential applications in the food industry[7]. For the cost-effective 
production of tannase by fermentation, the substrate is the most essential factor to be considered. Cashew apple 
bagasse is one of the most prevalent agricultural wastes in tropical regions and can be utilized as a cheaper 
substrate for tannase production. 

Tannase is primarily produced from microorganisms through solid-state fermentation (SSF) or submerged 
fermentation (SmF). SSF is preferred over submerged fermentation because of its low cost, better yield, high 
enzymatic activity, easy operation, and lower water consumption[8]. Low-value agro-industrial wastes are 
widely used as the substrate for tannase production. Due to the easy downstream process and consistency in 
enzyme production, microorganisms are used for the industrial production of tannase more than other sources[9]. 
Tannase is a salient enzyme, but it has not been explored much yet due to a lack of adequate knowledge about 
the production medium, substrate utilization, and downstream processing. Identifying potential tannase-
producing microorganisms and cost-effective substrates will reduce the cost of enzymes in the market. Among 
all other microbes, fungi are the most prominent producers of this enzyme, especially Aspergillus spp. and 
Penicillium spp.[10]. Besides fungi, many bacterial species have been reported to produce this enzyme, but 
tannase-producing actinomycetes have rarely been reported. The present study emphasized the tannase-
producing Streptomyces isolated from the shola forests of Munnar, Kerala, India. 

2. Materials and methods 

2.1. Screening for tannase production 

Soil samples were collected from different sites of the shola forest in Munnar, Kerala, India. 
Actinomycetes were isolated from a soil sample via serial dilution and the spread plate method using an ISP2 
medium. The isolated cultures were screened for tannin acyl hydrolase activity on starch casein agar (SCA) 
media containing 1% tannic acid as a substrate. The culture was incubated at 28 ± 2 ℃ for five days[11]. An 
induced inoculum was prepared using spore suspension (1 × 108 spores/mL) of cultures grown for five days 
on starch casein agar slants with 1% tannic acid and inoculated into 200 mL of a starch casein broth (SCB) 
containing 1% tannic acid for the evaluation of tannase production under submerged batch fermentation. The 
cultures in flasks were incubated for seven days at 28 ± 2 ℃ with constant agitation at 120 rpm. Samples of 1 
mL were withdrawn at regular intervals of 24 h, and the cell-free supernatant was obtained via centrifugation 
at 10,000 rpm for 15 min at 4 ℃. The extracellular tannase activity was determined using the rhodamine 
spectrophotometric method[12]. 

2.2. Identification of bacterial isolate 

The isolated strain TBGS10 was identified based on cellular morphology, spore orientation, cultural 
characters, biochemical analysis, and 16S rDNA homology analysis. Colony characters and carbohydrate 
utilization were carried out on the ISP media: ISP1, ISP2, ISP3, ISP4, ISP5, ISP6, YEME, oatmeal agar, and 
peptone-yeast-iron agar[13]. The spore orientation of the strain was analyzed using scanning electron 
microscopy. The images were recorded using a Carl Zeiss EVO 18 scanning electron microscope at 4600 times 
magnification with an accelerating voltage of 5 kV. Spore chain morphology was examined using the inclined 
cover slip culture method[14] and observed under a Nikon Optiphot inverted phase contrast microscope. The 
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16S rDNA gene was amplified with universal primers 8-27F and 1495R for molecular identification using 
genomic DNA as a template. Genomic DNA was extracted using the phenol-chloroform method described by 
Murray and Thomson in 1980[15]. The amplified genes were purified and sequenced. The sequence similarity 
was searched in NCBI with the BLAST search program. Similar sequences were retrieved from Genbank and 
aligned using Clustal W. The maximum likelihood method was used to analyze the phylogenetic relationships 
based on the Poisson correction model[16] using the MEGA6 software[17]. The reliability of a particular clade 
in the phylogenetic tree was determined using bootstrap analysis with 1000 replicates. 

2.3. Amplification of the tannase gene 

Tannase gene sequences from Streptomyces spp. were retrieved from the NCBI database; specific primers 
were picked from conserved regions and synthesized by outsourcing to Integrated DNA Technologies. Four 
primers were designed to amplify the tannase gene (Table 1). PCR was performed using a Bio-Rad S1000™ 
thermal cycler with the following protocol: 98 ℃ for 1 min, 35 cycles of 98 ℃ for 10 s, 60 ℃ for 30 s, and 
72 ℃ for 90 s, and a final extension of 72 ℃ for 10 min. The amplified product was resolved in 1% EtBr-
agarose gel. The PCR product was purified using a Macherey-Nagel NucleoSpin PCR clean-up kit according 
to manufacturer instructions and sequenced using the same PCR primers following Sanger sequencing 
protocols on an ABI Prism DNA analyzer. The nucleotide sequences were translated using the ExPASy 
translate tool (https://web.expasy.org/translate/). The phylogenic relations were analyzed as described. 

Table 1. List of forward and reverse primers designed with Primer3 software. 

Primer Sequence 

STANF1 5′-ACACCTCCTTCTTCGATGGG-3′ 

STANR1 5′-GTAACTGCACAGGTCGCG-3′ 

STANF2 5′-ATGGGAAAGCAATGAGACGG-3′ 

STANR2 5′-CGGCTGTAGGTGATCTTCGA-3′ 

STANF3 5′-GGAAAGCAATGAGACGGCCT-3′ 

STANR3 5′-CTGGGTGGGGATGTACTGG-3′ 

2.4. Solid-state fermentation of cashew apple bagasse for tannase production 

Dried and powdered cashew apple bagasse of 5 g was placed in 250-mL Erlenmeyer flasks and moistened 
with a mineral salt solution (0.5% w/v NH4Cl, 0.1% w/v MgSO4.7H2O, and 0.1% w/v NaNO3) at an initial pH 
of 5. The substrate in the flask was sterilized using an autoclave at 121 ℃ for 20 min and then cooled to room 
temperature. The seed inoculum of S. mirabilis TBGS10 (a spore suspension of 1 × 107 spores/mL) was added 
to the substrate and incubated at 30 ℃ for five days. 

2.5. Detection of tannase using high-pressure liquid chromatography 

The efficiency of S. mirabilis TBGS10 in gallic acid production from cashew apple bagasse was analyzed 
using high-pressure liquid chromatography (HPLC). The sample for HPLC analysis was prepared according 
to El Sohafy et al[18]. The fermented cashew apple bagasse was filtered to separate the mycelia, boiled for 5 
min, and treated with 5 mL of 25% HCl in a water bath for 25 min. The mixture was extracted using n-butanol, 
dried under reduced pressure, and dissolved in methanol[18]. A standard Sigma-Aldrich gallic acid solution was 
prepared in methanol at 1 mg/mL[19]. Gallic acid was quantified using a Shimadzu HPLC system attached to a 
Prominence SPD-M20A diode array UV/VIS detector. Data acquisition and instrumental control were 
performed using the Shimadzu LabSolution version 5.73 software. The compounds were separated on a 
general-purpose Shimadzu C-18 column (250 × 4.6 mm, 5μm particle size). The mobile phase comprised 70:30 
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water and 1 mL/min (Spectrochem, India, HPLC grade). The flow rate was 1 mL/min, and the injection volume 
was 10 μL. The pump consisted of a Shimadzu CBM-20A LC-6AD system interface and a high-pressure 
adjustable volume dynamic mixer. The analysis was performed at room temperature (25 °C), and the 
compound was detected at 280 nm. The samples for analysis were separately filtered using a 0.22 μm Millipore 
filter before injection. At the same retention time as that for the standard gallic acid, the peak area of the 
samples was measured. 

3. Results 

3.1. Screening for crude tannase production 

A total of 105 actinomycetes were isolated from the soil sample using the spread plate method on the 
ISP2 medium. On screening for the tannase enzyme, the formation of a clear zone around the colony of the 
isolate TBGS10 on starch casein agar plates with 1% tannic acid indicated positive tannase production due to 
the hydrolysis of tannic acid (Figure 1). Incubation time plays a vital role in the production of extracellular 
tannase. The time course observation of tannase production revealed that the strain TBGS10 produced the 
maximum amount of tannase at 48 h of incubation (7.26 U/mL), where one unit is defined as the quantity of 
enzyme required to liberate one μM of gallic acid /min under specified conditions (Figure 2). The maximum 
enzyme production was observed during the exponential growth phase of the organism. 

 
Figure 1. SCA plate showing zone of hydrolysis around the colony. 

 
Figure 2. Extracellular tannase production by isolate TBGS10 under submerged batch fermentation. 

The cultures in the flasks were incubated at 28 ± 2 ℃ for seven days with constant agitation at 120 rpm, 
and 1 mL of the sample was withdrawn at regular intervals of 24 h and assayed for tannase activity. 

3.2. Identification of actinomycete isolate 

The micro-morphological observation revealed that the organism was a gram-positive, spore-bearing 
actinobacteria. The morphological and biochemical characteristics of strain TBGS10 are shown in Table 2. 
Spore chain morphology was observed using the inclined-cover-slip culture method under the inverted phase 
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contrast microscope and shown in Figure 3A. The scanning electron microscopy image of the spore chain was 
in spirals, with more than 20 spores in a chain, and the spore surface was smooth (Figure 3B). In most of the 
ISP media, the aerial mass color appeared greyish-to-greyish brown (Figure 3C) and the reverse-side colony 
color was greyish yellow, while the oatmeal agar showed dark brown colonies. The isolate produced melanoid 
pigments in peptone-yeast-iron agar. The isolate utilized carbohydrates, such as D-glucose, L-arabinose, D-
fructose, meso-inositol, D-mannitol, and sucrose, but only a trace of growth was observed in cellulose, L-
rhamnose, and D-xylose. The isolate produced melanoid pigments in peptone-yeast-iron agar. The 16s rDNA 
sequencing resulted in 1417 bp of nucleotides and was deposited in GenBank (Accession No. OK445685.1). 
A BLAST similarity search showed 99.15% to 99.88% homology with different Streptomyces mirabilis strains. 
The phylogenetic tree constructed using the maximum likelihood method and the Tamura-Nei model via the 
MEGA6 software is illustrated in Figure 4. Based on the polyphasic approach, the isolate was identified as 
Streptomyces mirabilis. 

Table 2. Morphological and biochemical characters of isolate TBGS10. 

Morphological characteristic  

Colonies Grey rough colonies 

Aerial mass color Greyish-to-greyish brown 

Reverse colony color Greyish-yellow 

Melanin pigments Positive 

Spore chain Spirals with more than 20 spores 

Spore surface morphology Smooth 

Biochemical characteristic  

Gram staining Gram-positive 

Carbohydrate utilization  

D-glucose +++ 

L-arabinose +++ 

D-fructose ++ 

Meso-inositol +++ 

D-mannitol +++ 

Sucrose +++ 

Cellulose + 

L-rhamnose + 

D-xylose + 

 
Figure 3. Microscopic and cultural characteristics of Streptomyces mirabilis TBGS10: (A) microphotograph showing spore chain 
morphology of S. mirabilis TBGS10, (B) scanning electron microscopy showing spore surface morphology, and (C) growth (7 days) 
on ISP medium. 
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Figure 4. Phylogenetic tree based on 16S rRNA gene sequences, showing relationships of isolate TBGS10 (constructed on 30 August 2023). 

The evolutionary history was inferred using the maximum likelihood method and the Tamura-Nei 
model[20]. The tree with the highest log likelihood (−3049.3097) is shown. The percentage of trees where the 
associated taxa cluster together is displayed next to the branches. The initial trees for the heuristic search were 
obtained automatically by applying the Neighbor-Join and BioNJ algorithms to a matrix of pairwise distances 
estimated using the maximum composite likelihood (MCL) approach and selecting the topology with a 
superior log likelihood value. The tree was drawn to scale, with branch lengths measured in the number of 
substitutions per site. The analysis involved 23 nucleotide sequences. The tree was rooted with S. megasporus 
strain NBRC 14749 (NR_041165.1). All positions containing gaps and missing data were eliminated. There 
were a total of 1392 positions in the final dataset. Evolutionary analyses were conducted in MEGA6[17]. 

3.3. Amplification and identification of tannase gene 

Primers STANF1 5′-ATGAGACGACTTCTGACTGTCCT-3′ and STANR1 5′-
TCAGTGCCGGGACGGGG-3′ gave better amplification in the PCR reaction, and the amplicon was 
sequenced. The resulting nucleotide sequences (1404 bp) were translated (Figure 5), and a homology search 
was performed. Streptomyces mirabilis TBGS10 tannase showed high similarities of 99.78% with the 
tannase/feruloyl esterase family alpha/beta hydrolase of S. mirabilis strain NBC_01472 (GenBank: 
MCX4615223.1) and 99.56% with that of Streptomyces sp. S1D4-20 (GenBank: QDN54811.1). These 
tannases also clustered with S. mirabilis strain TBGS10 in the phylogenetic tree constructed using the 
maximum likelihood method (Figure 6). 

 
Figure 5. Translated amino-acid sequences of Streptomyces mirabilis TBGS10 tannase. 

 NR_112356.1:16-1433 S. olivochromogenes strain NBRC 13067

 NR_025664.1:1-1407 S. olivochromogenes strain DSM 40451

 NR_112483.1:18-1435 S. olivochromogenes strain NBRC 3178

 MN795642.1:49-1466 S. fagopyri strain QMT-28

 NR_180995.1:47-1464 S. fagopyri strain QMT-28

 NR_108867.1:18-1435 S. kaempferi strain I37

 NR_114494.1:49-1465 S. mirabilis strain ATCC 27447

 MT760571.1:1-1406 S. mirabilis strain JCM 4551

 OK445685.1 S. mirabilis strain TBGS10

 NR_041137.1:19-1436 S. mirabilis strain NBRC 13450

 NR_115357.1:1-1407 S. mirabilis strain CSSP107

 NR_041086.1:18-1435 S. griseoruber strain NBRC 12873

 NR_115370.1:2-1419 S. griseoruber strain CSSP408

 LC497890.1:12-1426 S. justiciae 3R004

 NR_170501.1:48-1465 S. cyaneochromogenes strain MK-45

 NR_164920.1:21-1437 S. lutosisoli strain NEAU-QTH3-11

 NR_151948.1:28-1444 S. rhizosphaerihabitans strain JR-35

 NR_043228.2:30-1447 S. alboniger strain DSM 40043

 NR_112253.1:4-1417 S. alboniger strain NBRC 12738

 AY845349.1:30-1447 S. alboniger

 NR_115382.1:4-1419 S. alboniger strain CSSP432

 NR_178491.1:47-1464 S. hundungensis strain MBRL 251

 NR_041165.1 S. megasporus strain NBRC 14749
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Figure 6. Maximum likelihood tree showing phylogenetic amino acid sequences of different tannases similar to S. mirabilis TBGS10 
(constructed on 30 August 2023). 

The evolutionary history was inferred using the maximum likelihood method based on the Poisson 
correction model[16]. The tree with the highest log likelihood (−2690.2172) is shown. The percentage of trees 
where the associated taxa cluster together is displayed next to the branches. The initial trees for the heuristic 
search were obtained automatically by applying the Neighbor-Join and BioNJ algorithms to a matrix of 
pairwise distances estimated using a JTT model and then selecting the topology with a superior log likelihood 
value. The tree was drawn to scale, with branch lengths measured in the number of substitutions per site. The 
analysis involved 12 amino acid sequences. All positions containing gaps and missing data were eliminated. 
There were a total of 447 positions in the final dataset. Evolutionary analyses were conducted in MEGA6[17]. 

3.4. Detection of tannase using high-pressure liquid chromatography 

The HPLC analysis showed a good separation under the conditions described, and well-resolved peaks 
were observed in the standard gallic acid (GA). The ethanol extracts of the fermented cashew apple bagasse 
were analyzed and compared with the standard. It was found that the extract contained GA of 142.624 µg/mL 
(retention time of 2.506 min) compared with 1000 µg/mL in the standard (retention time of 2.506 min). The 
chromatogram of GA is shown in Figure 7. The results confirmed the efficiency of the S. mirabilis TBGS10 
culture in producing gallic acid from dried cashew apple bagasse. 

 
Figure 7. HPLC analysis of standard gallic acid and ethanol extracts of fermented cashew apple bagasse. 

 QDN54811.1 tannase/feruloyl esterase family alpha/beta hydrolase Streptomyces sp. S1D4-20

 Tannase S. mirabilis TBGS10

 MCX4615223.1 tannase/feruloyl esterase family alpha/beta hydrolase S. mirabilis

 QDO37403.1 tannase/feruloyl esterase family alpha/beta hydrolase Streptomyces sp. RLB3-17

 SOE24266.1 feruloyl esterase Streptomyces sp. OK228

 QDN75311.1 tannase/feruloyl esterase family alpha/beta hydrolase Streptomyces sp. S1A1-7

 GGN91203.1 tannase S. albiflavescens

 WKX13840.1 tannase/feruloyl esterase family alpha/beta hydrolase Kutzneria buriramensis

 GEC02723.1 tannase S. spinoverrucosus

 MBZ9645573.1 tannase/feruloyl esterase family alpha/beta hydrolase Streptomyces sp. PSKA30

 KUM84658.1 tannase S. pseudovenezuelae

 KUM67630.1 tannase S. griseorubiginosus100
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4. Discussion 
Tannins are polyphenolic secondary metabolites synthesized by plants, where they play a crucial role in 

plant growth regulation and defense against insect, microbe, and mite attacks[21]. However, tannase delays soil 
humus formation because it precipitates soil enzymes[22]. It is also an anti-nutritional factor that slows animal 
food digestibility[23]. Tannase is an enzyme belonging to the esterase family that catalyzes the hydrolysis of 
the galloyl ester bond of tannins and produces gallic acid as a significant by-product. GA is widely used in 
food to synthesize food preservatives and in the pharmaceutical industry to synthesize antibacterial drugs[24]. 

Microbes are the most crucial source of tannase because they consistently produce stable enzymes. Fungi, 
such as Penicillium[25] and Aspergillus[26], are proven potential sources of tannase. Most screening programs 
for microorganisms with tannase activity have been restricted mainly to fungi for years. The search for new 
and different tannase-degrading organisms has increased. Actinomycetes are a well-known source of enzyme 
production. Recently, the possibility of obtaining high yields of commercially valuable tannase from 
actinomycetes has attracted researchers’ attention; however, few investigations have been reported. In the 
present study, Streptomyces mirabilis TBGS10 isolated from the shola forests of Munnar is a potent source of 
the tannase enzyme. The maximum enzyme production at the exponential growth phase is highly advantageous. 
The earlier report of tannase production by an endophytic Streptomyces sp. AL1L was 6.96 U/mL at 48 h of 
incubation[21], almost similar to this study’s results. While Streptomyces sp. SKA1 produced 8.50 U/mL 
tannase on the fifth day of incubation[9], Streptomyces sp. AT13 produced 18.12 U/mL on the fifth day under 
optimized conditions using statistical experimental designs[27]. Tannase is an inducible enzyme; the 
characteristics of tannase may vary depending on the source of isolation, species, and substrate used for its 
production. Post-translational modifications are limited to bacterial tannase, but glycosylation occurs in fungi 
and yeast. The characteristics of tannase produced by microorganisms vary depending on cultural 
circumstances and glycosylation patterns[28]. 

Waste products from the agro-industrial sector can be used as a biosynthesis medium for various 
medicinal and industrially applicable enzymes[29]. Selecting suitable biomass for the production of the tannase 
enzyme is critical. In the scenario of Kerala, the cashew agroindustry has a significant role in the local economy. 
Most cashew apples deteriorate in the ground, and the beverage industry discards 40% (w/w) of the cashew 
apple bagasse as the end product[30], an inexpensive substrate source for solid-state fermentation. The selected 
agro-waste was supplemented with and without various mineral sources for enzyme production. Only a 
negligible amount of enzyme was produced in the experiment without the supplement. Adding minerals 
provides additional moisture content to a solid medium, which is also essential in controlling enzyme 
production. The effect of ions and co-factors on tannase activity has been reported previously. The divalent 
metal ions enhance the tannase activity of Rhizopus oryzae, as reported by Kar et al.[31] in 2003. 

Gallic acid is an industrially important intermediate produced by the hydrolysis of tannic acid by 
tannase[32]. Previous reports showed that Aspergillus spp. has been widely utilized to hydrolyze tannic acid 
into gallic acid[33]. Bacteria, such as Klebsiella pneumoniae and Corynebacterium sp., are well documented as 
producers of gallic acid from the crude extract of tara-gallotannin[34]. This study determined tannase production 
through solid-state fermentation using a selective and indirect method, which was HPLC[35]. Tannic acid was 
used as the substrate to inject into HPLC, and it was found to contain 142.624 µg/mL of GA. The hydrolyzed 
GA from tannic acid must equal the GA corresponding to the tannase activity. 

The tannase gene of S. mirabilis TBGS10 shows similarity with the tannase/feruloyl esterase family alpha 
beta hydrolase of other strains of Streptomyces. Genomic data of the tannase gene of Streptomyces is rarely 
reported, and there has been heed for it. The insight of molecular analysis of the tannase gene opens up a 
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gateway to molecular cloning and large-scale production of tannase. It could help direct tannase application 
and serve as the underpinning theory for gene modification. 

5. Conclusion 
The present study’s results indicate that Streptomyces mirabilis TBGS10 is a potent source of the tannase 

enzyme. Under optimal culture conditions, the strain produced the enzyme substantially. Determining tannase 
by measuring the intermediate gallic acid was straightforward and successful. Purifying the tannase enzyme 
using existing technology is tedious and energy-consuming; hence, the enzyme has not yet been fully explored. 
Cashew apple bagasse is a suitable and cheaply available substrate for producing tannase enzymes through 
solid-state fermentation. 
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