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A B S T R A C T   

Tannins are plant secondary metabolites and characterized as plant defensive molecules. They impose a barrier 
against phytopathogens invasion in plants and thus oppose diseases occurrence in them. Tannase is an enzyme 
known for its ability to degrade plant tannins. Important plant pathogens also possess tannase coding sequence in 
their genome. Researches on tannase are till date focused on its applications in animal nutrition, in bioreme
diation and in food industries etc. The information about tannase role with respect to pathogen’s virulence is 
very scanty or almost nil in scientific literature. The presence of tannase in pathogen’s genome is an adaptive 
feature which may be a part of its strategy to overcome the negative effects of plants tannins. The present review 
summarizes important aspects of tannase and its possible role in disease causing ability of pathogens in plants.   

1. Introduction 

Tannins are universally present in plants and represent the fourth 
most abundant group of secondary metabolites after cellulose, hemi
cellulose and lignins (Chowdhury et al., 2004). These are naturally 
occurring water soluble polyphenols and found in many parts of plants 
such as leaves, bark and wood etc. (Haslam, 1989). Besides above, these 
compounds also widely occur in common foodstuffs such as tea, 
strawberries, blackberries, grapes, mangoes, cashew nuts, hazelnuts and 
walnuts etc. (Clifford and Scalbert, 2000). They are unique among their 
contemporaries as they precipitate proteins, minerals, starch, cellulose 
etc. from solutions (Aguilar et al., 2001). 

Broadly tannins are classified into two major groups; hydrolysable 
and condensed tannins. Hydrolyzable tannins are esters of gallic acid 
(gallotannins) and ellagic acid (ellagitannins) with a sugar core (usually 
glucose) and are readily hydrolysed by the action of either enzymes or 
acids into their respective monomeric units. Condensed tannins are 
lacking in sugar core and are composed of flavonoids (flavan 3-ol or 
flavan 3, 4-diol) units. These are also commonly known as proantho
cyanidins. Some researchers classify tannins into four groups named as 
gallotannins, ellagitannins, complex tannins, and condensed tannins 
(Khanbabaee and Ree, 2001). In gallotannins, galloyl units are bound to 
diverse polyols, catechins or tri-terpenoid units. In ellagitanins at least 
two galloyl units are C–C coupled to each other, and do not contain 
glycosidically linked catechin units. The ellagitannins are not hydro
lysable, but they are nevertheless for historical reasons classified as 

hydrolyzable tannins (Zhang et al., 2001). In complex tannins, a cate
chin or epicatechin unit is bound glycosidically to a gallotannin or an 
ellagitannin unit to yield catechin or epicatechin and gallic acid or 
ellagic acid upon hydrolysis. The fourth categories of tannins are the 
condensed tannins. These are oligomeric and polymeric proanthocya
nidins formed by linkage of C-4 of one catechin with C-6 or C-8 of other 
catechin, and are more difficult to be hydrolysed (Hagerman, 1988). 

Tannins serve dual functions in plants. They protect plants against 
insects, pathogens and animal herbivory (Peters and Constabel, 2002; 
Barbehenn et al., 2005; Kumar et al., 2013). They also attract insects 
towards flowers and thus are helpful in cross pollination (Winkel-
Shirley, 2002; Bovy et al., 2007). On the other hand tannins slow down 
the process of soil humus formation by inhibiting the activity of various 
enzymes of the soil microorganisms. This is because of their ability to 
precipitate pectinase, amylase, lipase, protease, β-galactosidase and 
cellulase and other macromolecules by virtue of their functional groups 
(Mueller-Harvey et al., 1987; Scalbert, 1991; Chung et al., 1998). They 
also reduce food digestibility in animals by precipitating digestive en
zymes and thus are classified with anti-nutritive compounds (Makkar 
et al., 1988). These are also responsible to reduce quality of fruit juices, 
beer and wine during their low temperature storage owing to precipi
tation of proteins and carbohydrates present in them (Rout and Bane
rjee, 2006). 
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2. Tannase in last decade 

Tannase is now known to be a ubiquitous enzyme in the microbial 
world. The enzyme showed widespread occurrence in various fungi, 
bacteria and yeasts (Field and Lettinga, 1992). It catalyzes the hydrolysis 
of the ester bond formed between the glucose and gallic acid moiety, and 
the depside linkage formed between two galloyl residues of hydrolyz
able tannins (Mingshu et al., 2006). Tannase was discovered by Scheele 
in 1786 (Adachi et al., 1968). Initially it was characterized in plants by 
Madhavakrishna et al. (1960). Later on many studies were done on the 
source, assay, application, immobilization, purification and character
ization of tannase from various sources. In the last two decades there has 
been a strong focus on the production of tannase by microbial strains 
(Kumar et al., 1999; Mondal and Pati, 2000; Ayed and Hamadi, 2002). A 
number of investigations on microbial tannase illustrate that tannase of 
fungi, bacteria and yeast responds differently on tannins present in the 
environment. Yeast’s tannase is very much selective with reference to its 
substrates. It prefers to act on tannic acid only (Deschamps et al., 1983). 
In Arxula adeninivorans it is composed of 1764 nucleotides coding for 
587 amino acids. The active site contains glycine and serine residues 
(Boer et al., 2009). Fungal tannase is quite versatile and can efficiently 
degrade various types of tannins but shows a lower affinity for naturally 
occurring tannins. However bacterial tannase is very much responsive 
for natural tannins (Bhat et al., 1998). 

The most abundant group of bacteria able to degrade tannins are 
found in the gastrointestinal tract of ruminants. It is because of their 
adaptation to the forage tannins consumed by them in their diet (Rus
niok et al., 2010). These were subsequently isolated by various re
searchers from time to time. A few of them are Streptococcus caprinus 
from goat faeces (Brooker et al., 1995); Streptococcus bovis biotype I 
from the faeces of Koalas (Osawa et al., 2000) and Lactobacilli and 
S. lugdunensis from human intestine (Noguchi et al., 2007). In view of 
increasing evidences of tannase presence in gastrointestinal tract 
microflora, Noguchi et al. (2009) suggested the use of tannase as a 
biomarker to identify Staphylococcus lugdunensis in human intestine. 
Ruiz et al. (2010) used tannase along with other enzyme to characterize 
oenological starter culture responsible for alcoholic fermentation. Lac
tobacillus’s tannase is very well characterized among bacterial tannase 
and attempts were also made to explore reaction mechanism. Tannase 
gene is present on the chromosomal DNA (Reveron et al., 2017) of 
Lactobacillus. The enzyme displays α/β structure, featured by a large 
cap domain inserted into the classical serine hydrolase fold. Ser 163, His 
451, and Asp 419 are forming catalytic traid. During the binding of gallic 
acid, carboxyl group of the molecule forges hydrogen-bonding in
teractions with the catalytic triad of the enzyme while the three hy
droxyl groups make contacts with Asp 421, Lys 343, and Glu 357 to form 
another hydrogen-bonding network (Ren et al., 2013). Popularity of 
Lactobacillus’s tannase enforced Ueda et al. (2014) to compare tannase 
in three closely related species as Lactobacillus plantarum, 
L. paraplantarum, and L. pentosus and they found a difference in their 
substrate specificities. A tannic acid tolerant bacteria belonging to 
Klebsiella genus was isolated by Pepi et al. (2013). The bacteria can 
tolerate tannic acid concentration up to 20 g/l and thus suggested a 
promising one for bioremediation process of waste rich in tannic acid 
and other polyohenols. Hyper producer tannase of Streptococcus gal
lolyticus UCN34 was cloned and characterized by Jim�enez et al. (2014). 
The tannase enzyme from above study was found superior in many as
pects as compared to Lactobacillus plantarum. First time tannase pro
duction in gas lift bioreactor was reported by Aguilar-Zarate et al. 
(2014) at 1 L scale. At industrial scale solid and submerged fermentation 
are known for enzyme production. The enzyme produced by solid state 
fermentation is different in its property from the enzyme produced in 
submerged fermentation as the type of process affects the structure of 
the enzyme produced. Kumar et al. (2016) suggested the use of 
agro-residues as a potential substrate for tannase production with an aim 
to decrease the production costs so that the enzyme could be used 

proficiently for commercial purposes. It was observed that the enzyme 
produced by solid state fermentation is of superior quality (Renovato 
et al., 2011; Beena et al., 2011a; Mahmoud et al., 2018). 

3. Tannase in chemical industry 

Enzymes have to function in the presence of organic solvents for 
many industrial biotransformations. Immobilization is technique by 
which the negative effect of organic solvent on enzyme can be mini
mized. The effect of organic solvent on tannase of Aspergillus awamori 
MTCC 9299 showed that acetic acid, isoamylalcohol, chloroform, iso
propyl alcohol and ethanol inhibits the enzyme activity while butanol 
and benzene supports the enzyme function (Chhokar et al., 2010). Belur 
et al. (2010) produced tannase from Serratia fecaria DTC and advocated 
the use of isolate to carry out biotransformation’s in alkaline pH above 8. 
Curiel et al. (2010) and Mateo et al. (2013) suggested the use of covalent 
immobilization of tannase of Lactobacillus plantarum on glyoxyl 
agarose. Sodium alginate entrapped tannase of Aspergillus niger were 
found better in comparison to soluble enzyme preparation to reduce the 
tannin content of Phyllanthus emblica juice (Srivastava and Kar, 2010). 
The entrapment by sodium alginate also improved stability of Paecilo
myces variotii tannase to work in acidic conditions (Schons et al. 
(2011). Flores-Maltos et al. (2011) envisaged the application of immo
bilization for bioremediation purpose. Bacillus sphaericus was reported 
as highest tannase producer strain by Raghuwanshi et al. (2011) to 
synthyesize gallic acid. Beena et al., 2011b reported synthesis of propyl 
gallate using acidophilic tannase of Aspergillus awamori. Bioimprinting 
technique was also suggested to increase propyl gallate synthesis in 
non-aqueous medium (Nie et al., 2012). Taskin (2013) first time used 
immobilized cells of Rhodotorula glutinis MP-10 for co-production of 
tannase and pectinase. Wu et al. (2016) immobilized tannase on 
carboxyl-functionalized Fe3O4 nanoparticles (CMNPs) and improved its 
catalytic efficiency. The studies also suggested the use of nanotech
nology in conjugation with enzyme technology for industrial applica
tions of tannase (Choi et al., 2018; Li et al., 2018; Ong and Annuar, 
2018). Hasan et al. (2018) compared the property of free and immobi
lized tannase of marine fungus Aspergillus nomius and optimized cul
ture conditions for its production. In another study tannase from a 
marine fungus Aspergillus nomius GWA5 was purified, characterized 
and explored for its industrial applications by Farag et al. (2018). 

4. Tannase in food and nutrition 

Tannase treatment was suggested to improve quality of tea extract by 
increasing polyphenols content of it (Chandini et al., 2011; Hayashi 
et al., 2012). Castor bean and Sorghum residues were detoxified by the 
use of tannase and phytase of Paecilomyces varioti (Madeira et al., 
2011; Schons et al., 2012). Hong et al. (2012) suggested the application 
of tannase treated green tea extract in reducing the damage caused UV-B 
on mice skin. Tannase and pectinase both were applied to improve 
anti-oxidant and nutritional value of grape seed extract and grape 
pomace by releasing polyphenols and monosaccharides from them 
(Chamorro et al., 2012). Green tea biotransformation with tannase 
showed potential against cancer treatment (Macedo et al., 2012). Tannic 
acid biotransformation by tannase of Azotobacter was first time re
ported by Gauri et al. (2013). Sharma et al. (2014) used tannase of 
Aspergillus niger to increase the bioavailability of Vit C and minerals in 
guava juice by removing tannin present in it. 

Raghuwansi et al. (2014) emphasized on the importance of tannase 
to improve the nutritional content of cattle feed. Tannase along with 
other enzymes helps in the extraction of proanthocyanidins from grape 
seeds and skins which are found very effective in lowering cardiovas
cular risk (Fernandez et al., 2015). Similar study was also done by Ahr�en 
et al., 2015 in which tannase of Lactobacillus plantarum was used to 
ferment blueberries to increase their anti-hypertensive effects. Consid
ering the medicinal importance of flavanones, Madeira and Macedo 
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(2015) attempted extraction and biotransformation of citrus fruit resi
dues with the help of tannase enzyme to improve its antioxidant activ
ities. De-Queir�os et al. (2016) first time used tannase to increase soymilk 
isoflavones content and its antioxidant activity. In another study 
immobilized tannase was used to increase the anti-obesity and hypo
glycemic effects of tea (Roberto et al., 2016). Kanpiengjai et al. (2016) 
isolated tannin tolerant yeast in a fermented beverages prepared from 
tea leaf in Thailand. Similar study was also carried out by Chaikaew 
et al. (2017) to determine the diversity of tannin tolerant lactic acid 
bacteria in order to know their health beneficial effects. Sharma et al. 
(2017) showed that importance of Klebsiella’s tannase to detoxify the 
toxin euptox A in goat. Tannase producing Lactobacillus strains were 
found beneficial to improve amino acid availability and antioxidant 
activities of kidney bean’s sourdoughs (Saez et al., 2017). The direct 
suppressive effect of tannase on fat deposition in mice was observed 
when they were fed tannase treated ethanolic extract of Chrysan
themum indicum Linn�e (Lee et al., 2019). Tannase treatment of green 
tea extract was found good in increasing its therapeutic role in the 
treatment of atopic dermatitis (Hwang et al., 2019). 

5. Tannin in plant defense 

Tannins are classified under plant secondary metabolites which may 
be either constitutively stored as in inactive forms (phytoanticipins) or 
induced in response to the pathogen’s attack as phytoalexins (War et al., 
2102). The role of tannins in plant defense against various stresses has 
been studied in many plants (Barbehenn and Constabel, 2011). Miranda 
et al. (2007) and Mellway et al. (2009) found accumulation of proan
thocyanindins during herbivory, wounding and fungal attack in plants. 
Wang et al. (2012) compared proteins synthesis in groundnut upon 
infection of pathogenic and non-pathogenic strains of Aspergillus flavus 
and revealed that gene involved in condensed tannin synthesis were up 
regulated when pathogenic strains of Aspergillus infects host plants. The 
absence of polyphenols production in grapes resulted into infection of 
Xylella fastidiosa (Wallis and Chen, 2012). Strawberry plants accu
mulate ellagitannins in response to attack of Colletotrichum fragariae. 
The study of Mamani et al. (2012) revealed that plant tannins may be 
common plant defense responsive molecules capable of inducing path
ogen resistance in different plant species. Tannins modulate plant 
microbe and herbivore interaction above and below ground differently. 
Tuominen (2013) quantified various water-soluble phenolic compounds 
and measured their biological activity in G. sylvaticum. The study 
revealed that the plant allocates a significant amount of tannins in those 
plant parts which are important to the fitness of the plant and suscep
tible to natural enemies. He also suggested that pistil and leaf tannins 
protect plants against insects and herbivores while root tannins provide 
protection against soil pathogens. In Zebra Chip disease of potato caused 
by Candidatus liberibacter solanacearum, plant showed alteration in 
tannin metabolism. Wallis et al. (2015) found an increase in ellgitannins 
level with other defense related chemicals in infected plants. Hellen
brand et al. (2015) quantified proanthocyanidins in the reproductive 
organs of plant parts and suggested their role in plant defense system. 

Zhao et al. (2016) noted highest fluctuations in plant phenolics in 
Robinia pseudoacacia seedlings due to climate changes and suggested 
their role in plant adaptation to acclimatize aginst abiotic stresses. Cui 
et al. (2016) observed an increase in tannins concentration in tomato 
plants upon infection by Tomato yellow leaf curl virus and in the 
presence of high ozone concentration. Herbivory by ungulates affects 
forest regeneration process. Rhodes et al. (2017) studied the long term 
impact of it on tree functions and survival and observed that ungulate 
herbivory depute condensed tannins as a defense molecules in aspen 
plants. Tannins content is reduced in red alder (Alnus rubra) upon 
colonization by Frankia sp. and the plant became more susceptible for 
herbivory (Ballhorn et al., 2017). Foliar application of ellagitannins of 
strawberry leaves prior to inoculation with a virulent pathogen was 
found to increase in resistance in strawberry plants against 

Colletotrichum acutatum and against Xanthomonas citri subsp. citri 
infection in lemon plants (Martos et al., 2018). Shafique et al. (2018) 
suggested the role of tannins in making the chillies resistant to wilting 
disease caused by Fusarium infection. In order to determine marker 
traits in snapmelon (Cucumis melo var. momordica) and to make it 
more resistant against melon fly (Bactrocera cucurbitae) infection, 
Haldhar et al. (2018) observed a negative relationship between tannin 
content of the fruits and fruit infestation by the pest. The study also 
showed that as tannin content decreases, infection progresses. Tannin 
synthesis was found to be induced by mechanical defoliation in Quercus 
sp. by Gallardo et al., 2019. They also observed the infection of Phy
tophthora interferes with the regulatory process of tannin synthesis and 
makes the plant more susceptible for biotic stresses. Lazaro-Gonzalez 
et al. (2019) investigated the alteration of chemical defense molecules 
upon infection by parasites. They found the accumulation of phenols 
and tannin compounds in parasitized plant compared to less parasitized 
one and suggested their role in defense. 

6. Plant defense and pathogen’s hydrolytic enzymes 

Plant defense is an ability of a plant to resist disease onsets and 
progression. It is basically of two types: Constitutive and Induced. 
Constitutive (continuous) defense is provided by cell walls, waxy 
epidermal cuticles, and bark etc. The second type of defense is based 
upon detection of invading pathogens and to respond them by produc
tion of defense chemicals, pathogen-degrading enzymes, and deliberate 
cell suicide (Van Baarlen et al., 2007; Anderson et al., 2010). Plant cell 
wall and its components represent an important barrier against patho
gens. To initiate the process of infection all pathogens have to break this 
barrier. Among various mechanisms suggested by researchers in path
ogenic microorganisms to invade plant tissue, one is the use of enzymes 
to degrade plant cell wall and fruit wall barriers by cellulase, xylanase, 
and cellobiosidase, polygalacturonases, pectin esterases and pectate 
lyase etc. (Esquerre-Tugaye et al., 2000; Rajeshwari et al., 2005; Gudlur 
et al., 2009). Cellulase was found responsible for virulence in Magna
porthe oryzae causing rice blast disease (Van et al., 2012). Xia et al. 
(2016) identified the importance of endoglucanase for showing the 
complete virulence by Xanthomonas citri subsp. citri in citrus canker 
disease. The role of extracellular enzymes in root rot disease of soybean 
caused by Rhizoctonia bataticola was illustrated by Gawade et al. 
(2017). 

Tannins are plant defensive molecules. Tannase is also reported in 
various species of genus Agrobacterium (Goodner et al., 2001), 
Xanthmonas (Da Silva et al., 2002), Pseudomonas (Selwal et al., 2010), 
Erwinia (Muslim, 2015) etc. which are among the top ten bacterial 
pathogens (Mansfield et al., 2012), but literature is not available about 
the role microbial tannase in dilution of tannin based plant defense. A 
study conducted of Bernays and Chapman (2000) reported use of tan
nase in invasion of plant tissue by insects. They found that some 
polyphagous insect species tolerates tannins by hydrolysing them 
rapidly with tannase enzyme. Ishikawa et al. (2014) observed that 
suppression of tannin synthesis in plants by pathogens is essential to 
cause disease. Mason et al. (2016) studied the interaction between aspen 
defense chemicals and Acinetobacter and found that bacteria utilize 
condensed tannins as a sole source of carbon for their growth irre
spective of glucose and phenolic glycosides. The author also suggested 
that degradation of phenolic glycosides alleviates the cytotoxicity of 
these compounds. The study of Tahmourespour et al. (2016) revealed 
that microorganisms capable to grow in the presence of tannins degrade 
them with their tannase and utilize them as a sole source of carbon. 
Xanthomonas fragariae causes Bacterial Angular Leaf Spot Disease in 
strawberry. Kim et al. (2016) showed a decrease in the level of gallic 
acid and ellagitannins in infected leaves during the disease establish
ment as they might be utilized by the pathogen for its growth. The 
presence of tannase in an endophyte isolated from (Ailanthus excelsa 
(Roxb) suggested its role to extract energy by degrading tannin present 
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in plants (Roy et al., 2018) and it may be one of the strategies among 
others applied by microorganisms to cause infection. 

Till date research on tannase mediated tannin degradation is mainly 
focussed on to increase antioxidant activities of fruits juices, minimi
zation of its negative effects on ecosystem with reference to soil and 
water pollution and in reducing forage toxicity in herbivores. Tannins 
are important defense molecules and their degradation helps in disease 
onset and progression. The generation of tannase deficient mutants and 
its effect on their virulence will pave a path to understand the mecha
nism of tannin dilution and disease occurrence in plants. Thus there is 
need to characterize tannase of phytopathogens and to design its in
hibitors to understand tannase role in tannins degradation with refer
ence to plant’s defense response. 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.bcab.2019.101342. 

References 

Adachi, O., Watanabe, M., Yamada, H., 1968. Studies on fungal tannase Part II. Physico- 
chemical properties of the tannase of Aspergillus flavus. Agric. Biol. Chem. 32, 
1079–1085. 

Aguilar, C.N., Gutierrez-Sanchez, G., 2001. Review sources, properties, applications and 
potential uses of tannin acyl hydrolase. Food Sci. Technol. Int. 7, 373–382. 

Aguilar-Zarate, P., Cruz-Hernandez, M.A., Montanez, J.C., Belmares-Cerda, R.E., 
Aguilar, C.N., 2014. Enhancement of tannase production by Lactobacillus plantarum 
CIR1: validation in gas-lift bioreactor. Bioproc. Biosyst. Eng. 37, 2305–2316. 

Ahr�en, I.L., Xu, J., Onning, G., Olsson, C., Ahrne, S., Molin, G., 2015. Antihypertensive 
activity of blueberries fermented by Lactobacillus plantarum DSM 15313 and effects 
on the gut microbiota in healthy rats. Clin. Nutr. 34, 719–726. 

Anderson, J.P., Gleason, C.A., Foley, R.C., Thrall, P.H., Burdon, J.B., Singh, K.B., 2010. 
Plants versus pathogens: an evolutionary arms race. Funct. Plant Biol. 37, 499–512. 

Ayed, L., Hamdi, M., 2002. Culture condition of tannase production by Lactobacillus 
plantarum. Biotechol. Lett. 24, 1763–1765. 

Ballhorn, D.J., Elias, J.D., Balkan, M.A., Fordyce, R.F., Kennedy, P.G., 2017. Colonization 
by nitrogen-fixing Frankia bacteria causes short-term increases in herbivore 
susceptibility in red alder (Alnus rubra) seedlings. Oecologia 184, 497–506. 

Barbehenn, R.V., Constabel, P.C., 2011. Tannins in plant-herbivore interactions. 
Phytochemistry (Oxf.) 72, 1551–1565. 

Barbehenn, R.V., Cheek, S., Gasperut, A., Lister, E., Maben, R., 2005. Phenolic 
compounds in red oak and sugar maple leaves have prooxidant activities in the 
midguts of Malacosoma disstria and Orgyia leucostigma caterpillars. J. Chem. Ecol. 31, 
969–988. 

Beena, S.P., Basheer, S.M., Bhat, S.G., Bahkali, A.H., Chandrasekaran, M., 2011(a). 
Propyl gallate synthesis using acidophilic tannase and simultaneous production of 
tannase and gallic acid by marine Aspergillus awamorii BTMFW032. Appl. Biochem. 
Biotechnol. 164, 612–628. 

Beena, S.P., Basheer, S.M., Bhat, S.G., Chandrasekaran, M., 2011(b). Garcina cambogia 
leaf and sea water for tannase production by marine Aspergillus awamorri BTMFW032 
under slurry state fermentation. Nat. Prod. Commun. 6, 1933–1938. 

Belur, P.D., Gopal, M., Nirmala, K.R., Basavaraj, N., 2010. Production of novel cell- 
associated tannase from newly isolated Serratia ficaria DTC. J. Microbiol. Biotechnol. 
20, 732–736. 

Bernays, E.A., Chapman, R.F., 2000. Plant secondary compounds and grasshoppers: 
beyond plant defenses. J. Chem. Ecol. 26, 1773–1793. 

Bhat, T.K., Singh, B., Sharma, O.P., 1998. Microbial degradation of tannins – a current 
perspective. Biodegradation 9, 343–357. 

Boer, E., Bode, R., Mock, H.P., Piontek, M., Kunze, G., 2009. Atan1p-an extracellular 
tannase from the dimorphic yeast Arxula adeninivorans: molecular cloning of the 
ATAN1 gene and characterization of the recombinant enzyme. Yeast 26, 323–337. 

Bovy, A., Schijlen, E., Hall, R.D., 2007. Metabolic engineering of flavonoids in tomato 
(Solanum lycopersicum): the potential for metabolomics. Metabolomics 3, 399–412. 

Brooker, J.D., Lum, D.K., Miller, S., Skene, I., O’Donovan, L., 1995. Rumen 
microorganisms as providers of high quality protein. Livest. Res. Rural Dev. 6, 3. 

Chaikaew, S., Baipong, S., Sone, T., Kanpiengjai, A., Chui-Chai, N., Asano, K., 
Khanongnuch, C., 2017. Diversity of lactic acid bacteria from Miang, a traditional 
fermented tea leaf in northern Thailand and their tannin-tolerant ability in tea 
extract. J. Microbiol. 55, 720–729. 

Chamorro, S., Viveros, A., Alvarez, I., Vega, E., Brenes, A., 2012. Changes in polyphenol 
and polysaccharide content of grape seed extract and grape pomace after enzymatic 
treatment. Food Chem. 133, 308–314. 

Chandini, S.K., Rao, L.J., Gowthaman, M., Haware, D., Subramanian, R., 2011. 
Enzymatic treatment to improve the quality of black tea extracts. Food Chem. 127, 
1039–1045. 

Chhokar, V., Seema, B.V., Salar, R., Nehra, K., Kumar, A., Rana, J., 2010. Purification and 
characterization of extracellular tannin acyl hydrolase from Aspergillus heteromorphus 
MTCC 8818. Biotechnol. Bioproc. Eng. 15, 793–799. 

Choi, D., Heo, J., Hong, J., 2018. Controllable drug release from nano-layered hollow 
carrier by non-human enzyme. Nanoscale 10, 18228–18237. 

Chowdhury, S.P., Khanna, S., Verma, S.C., Tripathi, A.K., 2004. Molecular diversity of 
tannic acid degrading bacteria isolated from tannery soil. J. Appl. Microbiol. 97, 
1210–1219. 

Chung, K.T., Wei, C.I., M, G., 1998. Are tannins a double-edged sword in biology and 
health. Trends Food Sci. Technol. 9, 168–175. 

Clifford, M.N., Scalbert, A., 2000. Ellagitannins – nature, occurrence and dietary burden. 
J. Sci. Food Agric. 80, 1118–1125. 

Cui, H., Sun, Y., Chen, F., Zhang, Y., Ge, F., 2016. Elevated O3 and TYLCV infection 
reduce the suitability of tomato as a host for the whitefly Bemisia tabaci. Int. J. Mol. 
Sci. 17, 1964. 

Curiel, J.A., Betancor, L., de las Rivas, B., Munoz, R., Guisan, J.M., Fernandez- 
Lorente, G., 2010. Hydrolysis of tannic acid catalyzed by immobilized� stabilized 
derivatives of tannase from Lactobacillus plantarum. J. Agric. Food Chem. 58, 
6403–6409. 

Da Silva, A.C., Ferro, J.A., Reinach, F.C., Farah, C.S., Furlan, L.R., Quaggio, R.B., et al., 
2002. Comparison of the genomes of two Xanthomonas pathogens with differing host 
specificities. Nature 417, 459–463. 

De Queir�os, L.D., Macedo, J.A., Macedo, G.A., 2016. A new biotechnological process to 
enhance the soymilk bioactivity. Food Sci. Biotechnol. 25, 763–770. 

Deschamps, A.M., Otuk, G., Lebeault, J.M., 1983. Production of tannase and degradation 
of chestnut tannins by bacteria. J. Ferment. Technol. 61, 55–59. 

Esquerre-Tugaye, M.T., Boudart, G., Dumas, B., 2000. Cell wall degrading enzymes, 
inhibitory proteins, and oligosaccharides participate in the molecular dialogue 
between plants pathogens. Plant Physiol. Biochem. 38, 157–163. 

Farag, A.M., Hassan, S.W., El-Says, A.M., Ghanem, K.M., 2018. Purification, 
characterization and application of Tannase enzyme isolated from marine Aspergillus 
nomius GWA5. J. Pure Appl. Microbiol. 12, 1939–1949. 

Fern�andez, K., Vega, M., Asp�e, E., 2015. An enzymatic extraction of proanthocyanidins 
from País grape seeds and skins. Food Chem. 168, 7–13. 

Field, J.A., Lettinga, G., 1992. Toxicity of tannic compounds to microorganisms. In: 
Hemingway, R.W., Laks, E. (Eds.), Plant Polyphenols: Synthesis, Properties, 
Significance. Plenum Press, New York, pp. 673–692. 

Flores-Maltos, A., Rodríguez-Dur�an, L.V., Renovato, J., Contreras, J.C., Rodríguez, R., 
Aguilar, C.N., 2011. Catalytical properties of free and immobilized Aspergillus niger 
tannase. Enzym. Res. 1, 1–6. 

Gallardo, A., Morcuende, D., Solla, A., Moreno, G., Pulido, F., Quesada, A., 2019. 
Regulation by biotic stress of tannins biosynthesis in Quercus ilex: crosstalk between 
defoliation and Phytophthora cinnamomi infection. Physiol. Plant. 165, 319–329. 

Gauri, S.S., Mandal, S.M., Atta, S., Dey, S., Pati, B.R., 2013. Novel route of tannic acid 
biotransformation and their effect on major biopolymer synthesis in Azotobacter sp. 
SSB81. J. Appl. Microbiol. 114, 84–95. 

Gawade, D.B., Perane, R.R., Surywanshi, A.P., Deokar, C.D., 2017. Extracellular enzymes 
activity determining the virulence of Rhizoctonia bataticola, causing root rot in 
soybean. Physiol. Mol. Plant Pathol. 100, 49–56. 

Goodner, B., Hinkle, G., Gattung, S., Miller, N., Blanchard, M., Qurollo, B., Goldman, B. 
S., Cao, Y., Askenazi, M., Halling, C., Mullin, L., Houmiel, K., Gordon, J., Vaudin, M., 
Iartchouk, O., Epp, A., Liu, F., Wollam, C., Allinger, M., Doughty, D., Scott, C., 
Lappas, C., Markelz, B., Flanagan, C., Crowell, C., Gurson, J., Lomo, C., Sear, C., 
Strub, G., Cielo, C., Slater, S., 2001. Genome sequence of the plant pathogen and 
biotechnology agent Agrobacterium tumefaciens C58. Science 294, 2323–2328. 

Gudlur, A., Chatterjee, A., Sonti, R.V., Sankaranarayanan, R., 2009. A cell 
wall–degrading esterase of Xanthomonas oryzae requires a unique substrate 
recognition module for pathogenesis on rice. The Plant Cell 21, 1860–1873. 

Hagerman, A.E., 1988. Extraction of tannin from fresh and preserved leaves. J. Chem. 
Ecol. 14, 453–461. 

Haldhar, S.M., Samadia, D.K., Bhargava, R., Choudhary, B.R., Singh, D., 2018. Host plant 
accessions determine bottom-up effect of snapmelon (Cucumis melo var. momordica) 
against melon fly (Bactrocera cucurbitae(Coquillett). Breed Sci. 68, 499–507. 

Hassan, S.W.M., Ghanem, K.M., El-Shahat, A.F., El-Says, A.M.I., 2018. Production of 
Tannase by free and immobilized marine Aspergillus nomius under optimized culture 
conditions. Res. J. Pharm. Biol. Chem. Sci. 9, 30–44. 

Haslam, E., 1989. Plant Polyphenols-Vegetable Tannins Revisited. Cambridge University 
Press, Cambridge.  

Hayashi, T., Ueda, S., Tsuruta, H., Kuwahara, H., Osawa, R., 2012. Complexing of green 
tea catechins with food constituents and degradation of the complexes by 
Lactobacillus plantarum. Biosci. Microbiota. Food Health. 31, 27–36, 2012.  

Hellenbrand, N., Sendker, J., Lechtenberg, M., Petereit, F., Hensel, A., 2015. Isolation 
and quantification of oligomeric and polymeric procyanidins in leaves and flowers of 
hawthorn (Crataegus spp.). Fitoterapia 104, 14–22. 

Hong, Y.H., Jung, E.Y., Shin, K.S., Kim, T.Y., Yu, K.W., Chang, U.J., Suh, H.J., 2012. 
Photoprotective effects of a formulation containing tannase-converted green tea 
extract against UVB-induced oxidative stress in hairless mice. Appl. Biochem. 
Biotechnol. 166, 165–175. 

Hwang, Y., Chang, B., Kim, T., Kim, S., 2019. Ameliorative effects of green tea extract 
from tannase digests on house dust mite antigen-induced atopic dermatitis-like 
lesions in NC/Nga mice. Arch. Dermatol. Res. 311, 109–120. 

Ishikawa, K., Yamaguchi, K., Sakamoto, K., Yoshimuri, S., Inoue, K., Tsuge, S., 
Kojima, C., Kawasaki, T., 2014. Bacterial effector modulation of host E3 ligase 
activity suppresses PAMP-triggered immunity in rice. Nat. Commun. 5, 5430. 

Jim�enez, N., Barcenilla, J.M., L�opez, D.F.F., De las, R.B., Mu~noz, R., 2014. 
Characterization of a bacterial tannase from Streptococcus gallolyticus UCN34 613 
suitable for tannin degradation. Appl. Microbiol. Biotechnol. 98, 6329–6337. 

Kanpiengjai, A., Chui-Chai, N., Chaikaew, S., Khanongnuch, C., 2016. Distribution of 
tannin-‘tolerant yeasts isolated from Miang, a traditional fermented tea leaf 

K.P. Sharma                                                                                                                                                                                                                                     

https://doi.org/10.1016/j.bcab.2019.101342
https://doi.org/10.1016/j.bcab.2019.101342
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref1
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref1
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref1
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref2
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref2
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref3
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref3
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref3
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref4
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref4
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref4
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref5
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref5
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref6
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref6
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref7
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref7
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref7
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref8
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref8
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref9
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref9
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref9
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref9
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref10
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref10
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref10
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref10
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref11
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref11
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref11
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref12
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref12
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref12
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref13
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref13
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref14
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref14
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref15
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref15
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref15
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref16
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref16
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref17
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref17
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref18
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref18
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref18
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref18
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref19
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref19
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref19
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref20
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref20
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref20
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref21
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref21
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref21
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref22
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref22
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref23
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref23
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref23
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref24
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref24
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref25
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref25
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref26
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref26
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref26
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref27
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref27
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref27
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref27
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref28
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref28
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref28
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref29
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref29
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref30
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref30
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref31
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref31
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref31
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref32
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref32
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref32
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref33
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref33
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref34
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref34
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref34
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref35
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref35
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref35
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref36
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref36
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref36
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref37
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref37
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref37
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref38
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref38
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref38
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref39
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref39
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref39
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref39
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref39
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref39
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref40
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref40
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref40
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref41
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref41
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref42
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref42
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref42
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref43
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref43
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref43
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref44
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref44
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref45
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref45
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref45
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref46
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref46
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref46
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref47
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref47
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref47
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref47
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref48
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref48
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref48
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref49
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref49
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref49
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref50
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref50
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref50
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref51
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref51


Biocatalysis and Agricultural Biotechnology 21 (2019) 101342

5

(Camellia sinensis var. assamica) in northern Thailand. Int. J. Food Microbiol. 238, 
121–131. 

Khanbabaee, K., Ree, T.V., 2001. Tannins: classification and definition. Nat. Prod. Rep. 
18, 641–649. 

Kim, M.S., Jin, J.S., Kwak, Y.S., Hwang, G.S., 2016. Metabolic response of strawberry 
(Fragaria x ananassa) leaves exposed to the angular leaf spot bacterium 
(Xanthomonas fragariae). J. Agric. Food Chem. 64, 1889–1898. 

Kumar, M., Singh, A., Beniwal, V., Salar, R.K., 2016. Improved production of tannase by 
Klebsiella pneumoniae. Amb. Express 6, 1–11. 

Kumar, R.A., Gunasekaran, P., Lakshmann, M., 1999. Biodegradation of tannic acid by 
Citrobacter freundii isolated from a tannery effluent. J. Basic Microbiol. 39, 161–168. 

Kumar, V., Nadda, G., Kumar, S., Yadav, S.K., 2013. Transgenic tobacco overexpressing 
Tea cDNA encoding dihydroflavonol 4-reductase and anthocyanidin reductase 
induces early flowering and provides biotic stress Tolerance. PLOS 8, 65535–65545. 

Lazaro-Gonzalez, A., Jodar, J.A., Zamora, R., 2019. Mistletoe versus host pine needles: 
does increased parasite load alter the host chemical profile? J. Chem. Ecol. 45, 
95–105. 

Lee, J.H., Moon, J.M., Kim, Y.H., Lee, B., Choi, S.Y., Song, B.J., Kim, D.K., Lee, Y.M., 
2019. Effect of enzymatic Treatment of Chrysanthemum indicum Linn�e extracts on 
lipid accumulation and adipogenesis in high-fat-diet-induced obese male mice. 
Nutrients 11, 269. 

Li, R., Fu, F.G., Liu, C., Wan, Y., Wang, S., Liu, T., 2018. Tannase immobilisation by 
amino-functionalised magnetic Fe3O4-chitosan nanoparticles and its application in 
tea infusion. Int. J. Biol. Macromol. 114, 1134–1143. 

Macedo, J.A., Ferreira, L.R., Camara, L.E., Santos, J.C., Gambero, A., Macedo, G.A., 
Ribeiro, M.L., 2012. Chemopreventive potential of the tannase-mediated 
biotransformation of green tea. Food Chem. 133, 358–365. 

Madeira Jr., J.V., Macedo, J.A., Macedo, G.A., 2011. Detoxification of castor bean 
residues and the simultaneous production of tannase and phytase by solid-state 
fermentation using Paecilomyces variotii. Bioresour. Technol. 102, 7343–7348. 

Madeira, J.V., Macedo, G.A., 2015. Simultaneous extraction and biotransformation 
process to obtain high bioactivity phenolic compounds from Brazilian citrus 
residues. Biotechnol. Prog. 31, 1273–1279. 

Madhavakrishna, W., Bose, S.M., Nayudamma, Y., 1960. Estimation of tannase and 
certain oxidising enzymes in Indian vegetables tanstuffs. Bull. Cent. Leath. Res. 
Instit. 7, 1–11. 

Mahmoud, A.E., Fathy, S.A., Rashad, M.M., Ezz, M.K., Mohammed, A.T., 2018. 
Purification and characterization of a novel tannase produced by Kluyveromyces 
marxianus using olive pomace as solid support, and its promising role in gallic acid 
production. Int. J. Biol. Macromol. 107, 2342–2350. 

Makkar, H.P.S., Singh, B., Dawra, R.K., 1988. Effect of tannin-rich leaves of Oak (Quercus 
incana) on various microbial enzyme activities of the bovine rumen. Br. J. Nutr. 60, 
287–296. 

Mamani, A., Filippone, M.P., Grellet Bournonville, C.F., Welin, B., Castagnaro, A.P., 
Ricci, J.C.D., 2012. Pathogen-induced accumulation of an ellagitannin elicits the 
plant defense response. Mol. Plant Microbe Interact. 25, 1430–1439. 

Mansfield, J., Genin, S., Magori, S., Citovsky, V., Sriariyanam, M., Ronald, P., Dow, M., 
Verdier, V., Beer, S.V., Machado, M.A., Toth, I., Salmond, G., Foster, G.D., 2012. Top 
10 plant pathogenic bacteria in molecular plant pathology. Mol. Plant Pathol. 13, 
614–629. 

Martos, G.G., Mamani, A., Filippone, M.P., Castagnaro, A.P., Díaz Ricci, J.C., 2018. The 
ellagitannin HeT induces electrolyte leakage, calcium influx and the accumulation of 
nitric oxide and hydrogen peroxide in strawberry. Plant Physiol. Biochem. 123, 
400–405. 

Mason, C.J., Lowe-Power, T.M., Rubert-Nason, K.F., Lindroth, R.L., Raffa, K.F.N., 2016. 
Interactions between bacteria and aspen defense chemicals at the phyllosphere- 
Herbivore interface. J. Chem. Ecol. 42, 193–201. 

Mateo, C., Bolivar, J.M., Godoy, C.A., Rocha-Martin, J., Pessela, B.C., Curiel, J.A., 
Munoz, R., Guisan, J.M., Fern�andez-Lorente, G., 2013. Improvement of enzyme 
properties with a two-step immobilizaton process on novel heterofunctional 
supports. Biomacromolecules 11, 3112–3117. 

Mellway, R.D., Tran, L.T., Prouse, M.B., Campbell, M.M., Constabel, C.P., 2009. The 
wound-, pathogen, and ultraviolet B-responsive MYB134 gene encodes an R2R3 MYB 
transcription factor that regulates proanthocyanidin synthesis in poplar. Plant 
Physiol. 150, 924–941. 

Mingshu, L., Kai, Y., Qiang, H., Dongying, J., 2006. Biodegradation of gallotannins and 
ellagitannins. J. Basic Microbiol. 46, 68–84. 

Miranda, M., Ralph, S.G., Mellway, R., White, R., Heath, M.C., Bohlmann, J., 
Constabel, C.P., 2007. The transcriptional response of hybrid poplar (Populus 
trichocarpa X P. deltoides) to infection by Melampsora medusae leaf rust involves 
induction of flavonoid pathway genes leading to the accumulation of 
proanthocyanidins. Mol. Plant Microbe Interact. 20, 816–831. 

Mondal, K.C., Pati, B.R., 2000. Studies on the extracellular tannase from newly isolated 
Bacillus licheniformis KBR 6. J. Basic Microbiol. 40, 223–232. 

Mueller-Harvey, I., Reed, J.D., Hartley, R.D., 1987. Characterization of phenolic 
compounds, including tannins of ten Ethiopian browse species by high performance 
liquid chromatography. J. Sci. Food Agric. 39, 1–14. 

Muslim, N.S., 2015. Detection of the optimal conditions for Tannase productivity and 
activity by Erwinia carotovora. J. Med. Biol. Eng. 4, 198–205. 

Nie, G.J., Zheng, Z.M., Gong, G.H., Zhao, G., Liu, Y., Song, J., Dai, J., 2012. 
Characterization of bioimprinted tannase and its kinetic and thermodynamics 
properties in synthesis of propyl gallate by transesterification in anhydrous medium. 
Appl. Biochem. Biotechnol. 167, 2305–2317. 

Noguchi, N., Goto, K., Ro, T., Narui, K., Ko, M., Nasu, Y., Utsumi, K., Takazawa, K., 
Moriyasu, F., Sasatsu, M., 2009. Using the tannase gene to rapidly and simply 
identify Staphylococcus lugdunensis. Diagn. Microbiol. Infect. Dis. 66, 120–123. 

Noguchi, N., Ohashi, T., Shiratori, T., Narui, K., Hagiwara, T., Ko, M., Watanabe, K., 
Miyahara, T., Taira, S., Moriyasu, F., Sasatsu, M., 2007. Association of tannase- 
producing Staphylococcus lugdunensis with colon cancer and characterization of a 
novel tannase gene. J. Gastroenterol. 42, 346–351. 

Ong, C.B., Annuar, M.S.M., 2018. Immobilization of cross-linked tannase enzyme on 
multiwalled carbon nanotubes and its catalytic behaviour. Prep. Biochem. Biotehnol. 
48, 181–187. 

Osawa, R., Kuroiso, K., Goto, S., Shimizu, A., 2000. Isolation of tannin-degrading 
Lactobacilli from humans and fermented foods. Appl. Environ. Microbiol. 66, 
3093–3097. 

Pepi, M., Cappelli, S., Hachicho, N., Perra, G., Renzi, M., Tarabelli, A., Altieri, R., 
Esposito, A., Focardi, S.E., Heipieper, H.J., 2013. Klebsiella sp. strain C2A isolated 
from olive oil mill waste is able to tolerate and degrade tannic acid in very high 
concentrations. FEMS Microbiol. Lett. 343, 105–111. 

Peters, D.J., Constabel, C.P., 2002. Molecular analysis of herbivore-induced condensed 
tannin synthesis: cloning and Expression of dihydroflavonol reductase from 
trembling aspen (Populus tremuloides). Plant J. 32, 701–712. 

Raghuwanshi, S., Dutt, K., Gupta, P., Misra, S., Saxena, R.K., 2011. Bacillus sphaericus: 
The highest bacterial tannase producer with potential for gallic acid synthesis. 
J. Biosci. Bioeng. 111, 635–640. 

Raghuwanshi, S., Misra, S., Saxena, R.K., 2014. Treatment of wheat straw using tannase 
and white-rot fungus to improve feed utilization by ruminants. J. Anim. Sci. 
Biotechnol. 5, 1–8. 

Rajeshwari, R., Jha, G., Sonti, R.V., 2005. Role of an in Planta –Expressed Xylanase of 
Xanthomonas oryzae pv. oryzae in promoting virulence on rice. Mol. Plant Microbe 
Interact. 18, 830–837. 

Ren, B., Wu, M., Wang, Q., Peng, X., Wen, H., McKinstry, W.J., Chen, Q., 2013. Crystal 
structure of tannase from Lactobacillus plantarum. J. Mol. Biol. 425, 2737–275.  

Renovato, J., Guti�errez-S�anchez, G., Rodríguez-Dur�an, L.V., Bergman, C., Rodríguez, R., 
Aguilar, C.N., 2011. Differential properties of Aspergillus niger tannase produced 
under solid-state and submerged fermentations. Appl. Biochem. Biotechnol. 165, 
382–395. 

Reveron, I., Jimenez, N., Curiel, J.A., Penas, E., Lopez de Felipe, F., de las Rivas, B., 
Munoz, R., Dozois, C.M., 2017. Differential gene expression by Lactobacillus 
plantarum WCFS1 in response to phenolic compounds reveals new genes Involved in 
tannin degradation. Appl. Environ. Microbiol. 83 e03387–e03316.  

Rhodes, A.C., Anderson, V., St Clair, S.B., 2017. Ungulate herbivory alters leaf functional 
traits and recruitment of regenerating aspen. Tree Physiol. 37, 402–413. 

Roberto, B.S., Macedo, G.A., Macedo, J.A., Martins, I.M., Nakajima, V.M., Allwood, J.W., 
Stewart, D., McDougall, G.J., 2016. Immobilized tannase treatment alters 
polyphenolic composition in teas and their potential anti-obesity and hypoglycemic 
activities in vitro. Food Funct 7, 3920–3932. 

Rout, S., Banerjee, R., 2006. Production of tannase under mSSF and its application in 
fruit juice debittering. Indian J. Biotechnol. 5, 351–356. 

Roy, S., Parvin, R., Ghosh, S., Bhattacharya, S., Maity, S., Banerjee, D., 2018. Occurrence 
of a novel tannase (tan BLP) in endophytic Streptomyces sp. AL1L from the leaf of 
Ailanthus excelsa. Roxb.). 3 Biotech. 8, 33. 

Ruiz, P., Izquierdo, P.M., Sese~na, S., Palop, M.L., 2010. Selection of autochthonous 
Oenococcus oeni strains according to their oenological properties and vinification 
results. Int. J. Food Microbiol. 137, 230–235. 

Rusniok, C., Couve, E., Da Cunha, V., El Gana, R., Zidane, N., Bouchier, C., Poyart, C., 
Leclercq, R., Trieu-Cuot, P., Glaser, P., 2010. Genome sequence of Streptococcus 
gallolyticus: insights into its adaptation to the bovine rumen and its ability to cause 
endocarditis. J. Bacteriol. 192, 2266–2276. 

S�aez, G.D., H�ebert, E.M., Saavedra, L., Z�arate, G., 2017. Molecular identification and 
technological characterization of lactic acid bacteria isolated from fermented kidney 
beans flours (Phaseolus vulgaris L. and P. coccineus) in northwestern Argentina. Food 
Res. Int. 102, 605–615. 

Scalbert, A., 1991. Antimicrobial properties of tannins. Phytochemistry (Oxf.) 30, 
3875–3883. 

Schons, P.F., Lopes, F.C.R., Battestin, V., Macedo, G.A., 2011. Immobilization of 
Paecilomyces variotii tannase and properties of the immobilized enzyme. 
Microencapsul 28, 211–219. 

Schons, P.F., Battestin, V., Macedo, G.A., 2012. Fermentation and enzyme treatments for 
sorghum. Braz. J. Microbiol. 43, 89–97. 

Selwal, M.K., Yadav, A., Selwal, K.K., Aggarwal, N.K., Gupta, R., Gautam, S.K., 2010. 
Optimization of cultural conditions for tannase production by Pseudomonas 
aeruginosa IIIB 8914 under submerged fermentation. World J. Microbiol. Biotechnol. 
26, 599–605. 

Shafique, S., Shafique, S., Ahmad, A., 2018. Biochemical and molecular screening of 
varieties of chili plants that are resistant against Fusarium wilt infection. Eur. J. 
Microbiol. Immunol. 8, 12–19. 

Sharma, D., Mal, G., Kannan, A., Bhar, R., Sharma, R., Singh, B., 2017. Degradation of 
euptox A by tannase-producing rumen bacteria from migratory goats. J. Appl. 
Microbiol. 123, 1194–1202. 

Sharma, N.K., Beniwal, V., Kumar, N., Kumar, S., Pathera, A.K., Ray, A., 2014. 
Production of tannase under solid-state fermentation and its application in 
detannification of guava juice. Prep. Biochem. Biotechnol. 44, 281–290. 

Srivastava, A., Kar, R., 2010. Application of immobilized tannase from Aspergillus niger 
for the removal of tannin from myrobalan juice. Indian J. Microbiol. 50, 46–51. 

Tahmourespour, A., Tabatabaee, N., Khalkhali, H., Amini, I., 2016. Tannic acid 
degradation by Klebsiella strains isolated from goat feces. Iran. J. Microbiol. 8, 
14–20. 

Taskin, M., 2013. Co-production of tannase and pectinase by free and immobilized cells 
of the yeast Rhodotorula glutinis MP-10 isolated from tannin-rich persimmon 
(Diospyros kaki L.) fruits. Bioproc. Biosyst. Eng. 36, 165–172. 

K.P. Sharma                                                                                                                                                                                                                                     

http://refhub.elsevier.com/S1878-8181(19)30555-9/sref51
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref51
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref52
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref52
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref53
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref53
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref53
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref54
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref54
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref55
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref55
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref56
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref56
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref56
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref57
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref57
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref57
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref58
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref58
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref58
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref58
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref59
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref59
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref59
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref60
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref60
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref60
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref61
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref61
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref61
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref62
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref62
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref62
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref63
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref63
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref63
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref64
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref64
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref64
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref64
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref65
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref65
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref65
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref66
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref66
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref66
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref67
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref67
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref67
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref67
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref68
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref68
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref68
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref68
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref69
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref69
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref69
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref70
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref70
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref70
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref70
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref71
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref71
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref71
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref71
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref72
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref72
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref73
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref73
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref73
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref73
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref73
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref74
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref74
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref75
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref75
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref75
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref76
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref76
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref77
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref77
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref77
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref77
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref78
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref78
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref78
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref79
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref79
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref79
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref79
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref80
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref80
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref80
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref81
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref81
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref81
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref82
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref82
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref82
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref82
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref83
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref83
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref83
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref84
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref84
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref84
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref85
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref85
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref85
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref86
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref86
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref86
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref87
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref87
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref88
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref88
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref88
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref88
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref89
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref89
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref89
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref89
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref90
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref90
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref91
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref91
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref91
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref91
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref92
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref92
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref93
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref93
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref93
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref94
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref94
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref94
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref95
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref95
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref95
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref95
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref96
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref96
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref96
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref96
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref97
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref97
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref98
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref98
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref98
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref99
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref99
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref100
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref100
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref100
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref100
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref101
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref101
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref101
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref102
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref102
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref102
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref103
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref103
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref103
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref104
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref104
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref105
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref105
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref105
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref106
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref106
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref106


Biocatalysis and Agricultural Biotechnology 21 (2019) 101342

6

Tuominen, A., 2013. Defensive strategies in Geranium sylvaticum, Part 2: roles of water- 
soluble tannins, flavonoids and phenolic acids against natural enemies. 
Phytochemistry (Oxf.) 95, 408–420. 

Ueda, S., Nomoto, R., Yoshida, K., Osawa, R., 2014. Comparison of three tannases cloned 
from closely related Lactobacillus species: L. plantarum, L. paraplantarum and 
L. pentosus. BMC Microbiol. 14, 87–95. 

Van Baarlen, P., Van Belkum, A., Summerbell, R.C., Crous, P.W., Thomma, B., 2007. 
Molecular mechanisms of pathogenicity: how do pathogenic microorganisms 
develop cross-kingdom host jumps? FEMS Microbiol. Rev. 31, 239–277. 

Van, Vu, B., Itoh, K., Nguyen, Q.B., Tosa, Y., Nakayashiki, H., 2012. Cellulases belonging 
to glycoside hydrolase families 6 and 7 contribute to the virulence of Magnaporthe 
oryzae. Mol. Plant Microbe Interact. 25, 1135–1141. 

Wallis, C.M., Rashed, A., Chen, J., Paetzold, L., Workneh, F., Rush, C.M., 2015. Effects of 
potato-psyllid-vectored ‘Candidatus liberibacter solanacearum’ infection on potato leaf 
and stem physiology. Phytopathology 105, 189–198. 

Wallis, C.M., Chen, J.C., 2012. Grapevine phenolic compounds in xylem sap and tissues 
are significantly altered during infection by Xylella fastidiosa. Phytopathology 102, 
816–826. 

Wang, Z., Yan, S., Liu, C., Chen, F., Wang, T., 2012. Proteomic analysis reveals an 
aflatoxin-triggered immune response in cotyledons of Arachis hypogaea infected with 
Aspergillus flavus. J. Proteome 11, 2739–2753. 

War, A.R., Paulraj, M.G., Ahmad, T., Buhroo, A.A., Hussain, B., Ignacimuthu, S., 
Sharma, H.C., 2012. Mechanisms of plant defense against insect herbivores. Plant 
Signal. Behav. 7, 1306–1320. 

Winkel-Shirley, B., 2002. Biosynthesis of flavonoids and effects of stress. Curr. Opin. 
Plant Biol. 5, 218–223. 

Wu, C., Xu, C., Ni, H., Yang, Q., Cai, H., Xiao, A., 2016. Preparation and characterization 
of Tannase immobilized onto carboxyl-functionalized superparamagnetic ferroferric 
oxide nanoparticles. Bioresour. Technol. 205, 67–74. 

Xia, T., Li, Y., Sun, D., Zhuo, T., Fan, X., Zou, H., 2016. Identification of an extracellular 
endoglucanase that is required for full virulence in Xanthomonas citri subsp. citri. 
PLoS One 11, e0151017. 

Zhang, Y.A.T., Tanaka, T., Yang, C.R., Kouno, I., 2001. Phyllanemblinins A–F, new 
ellagitannins from Phyllanthus emblica. J. Nat. Prod. 64, 1527–1532. 

Zhao, Y.H., Jia, X., Wang, W.K., Liub, T., Huang, S.P., Yang, M.Y., 2016. Growth under 
elevated air temperature alters secondary metabolites in Robinia pseudoacacia L. 
seedlings in Cd- and Pb-contaminated soils. Sci. Total Environ. 565, 586–594. 

K.P. Sharma                                                                                                                                                                                                                                     

http://refhub.elsevier.com/S1878-8181(19)30555-9/sref107
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref107
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref107
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref108
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref108
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref108
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref109
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref109
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref109
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref110
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref110
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref110
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref111
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref111
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref111
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref112
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref112
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref112
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref113
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref113
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref113
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref114
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref114
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref114
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref115
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref115
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref116
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref116
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref116
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref117
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref117
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref117
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref118
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref118
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref119
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref119
http://refhub.elsevier.com/S1878-8181(19)30555-9/sref119

	Tannin degradation by phytopathogen’s tannase: A Plant’s defense perspective
	1 Introduction
	2 Tannase in last decade
	3 Tannase in chemical industry
	4 Tannase in food and nutrition
	5 Tannin in plant defense
	6 Plant defense and pathogen’s hydrolytic enzymes
	Appendix A Supplementary data
	References


