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Production of tannase by Aspergillus species UCP1284 was studied using solid state fermentation and 
cashew bagasse as substrate. Amount of 35 strains of fungi species isolated from soil of Caatinga were 
used for qualitative selection of strains with potential for production of tannase. Through the selected 
fungi, a complex study was achieved about the influence of the variables: substrate amount, initial 
moisture content and tannic acid concentration on the production of tannase by solid state 
fermentation, using a factorial design (2

3
). The maximum activity was 12.26 U/g of dry substrate 

obtained at the time of 48 hours using 10.0 g of substrate with initial moisture content of 40% and using 
2.0% of tannic acid. This first design for enzyme production demonstrated the influence of the studied 
parameters, mainly, substrate amount on the enzyme yield, and its relevance in the process for the 
subsequent optimization protocol. 
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INTRODUCTION 
 
Tannin acyl hydrolase (CE 3.1.1.20) commonly known as 
tannase, catalyses ester bonds hydrolysis of hydrolysable 
tannins. The reaction produces glucose and gallic ácid as 
final products (Noha et al., 2014). Tannins are secondary 
metabolites of plants. Beside vegetable  source,  tannase 

can be obtained from animal source. However, the most 
important source is microbiological, since the enzymes 
obtained that way are more stable than others produced 
by alternative sources (Selwal and Selwal, 2011; Singh  
et al.,  2011).  Among  microorganisms  used  to  produce 
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tannase, others researchers highlight the importance of 
filamentous fungi, yeasts and bacteria (Renovato et al., 
2011). According to Aguilar et al. (2007), most of tannase 
producer microorganisms are from fungus of genus 
Penicillium and Aspergillus. 

Tannase applications are diversified among food, 
pharmaceuticals and rations industries. Other uses of 
tannase might include leather tanning, instant tea 
manufacturing and clarifying agent for juices, beers, 
some wines and sodas that have coffee as component 
(Selwal et al., 2011). 

There's ongoing search for new sources to produce 
tannase, with higher catalytic stability and lower 
production cost (Batra and Saxena, 2005). Solid State 
Fermentation (SSF) is one of the alternatives to lower 
cost production, which could be defined as a bioprocess 
held on absence or near absence of substrate free water 
(Viniegra-González et al., 2003). However, the substrate 
must contain enough moisture for microbian growth 
(Thomas et al., 2013). This process has as one of 
advantages, the high concentrated enzyme production 
using agro industrial residues (Manjit et al., 2008). 

The cashew (Anacardium occidentale L.) belongs to 
Anacardiadeae family. This fruit is native from South 
America and is cultivated on America (North, South and 
Central), Africa and Asia. In Brazil, cashew farming is 
highly concentrated on Northeastern region mainly on 
Ceará, Piauí and Rio Grande do Norte states. These 
locations are responsible for 97% of internal production 
(Carneiro et al., 2012). 

In Northeastern Brazil, cashew's agro industries occupy 
an important place on economic and social context. 
Cashew's nut is the main product for exportation. 
However, the pseudo fruit is commercialized as sweet 
creams, beverages and dehydrated forms. Also, they are 
consumed in natura. Paiva et al. (2000) estimate that 
juice production is the most representative usage of the 
fruit. 

Accordingly, FAO (2012) has estimated that the world 
production of cashew was 2.001.301 t. Brazil was 
responsible for 90.19% of the total, which demonstrates 
the importance of the country against the world market of 
these agro products. Fonteles et al. (2016) report that the 
cashew bagasse is the residue generated peduncle 
processing. Despite being rich in nutrients, bagasse is 
treated as waste. However, this disposal could be used 
as raw material in various industrial processes such as 
the production of ethanol as a substrate for solid 
fermentation in order to produce the enzymes. 

It is estimated that 20 to 25% of cashew's pseudo fruit 
turns to bagasse or residual fiber, being used on animal 
feeding or simply being discarded, which causes 
damages to environment (Abreu et al., 2013). Wrong 
disposal of agro industrial residues might represent one 
of the main causes of environmental pollution and also an  

 
 
 
 
important loss of biomass, which could be used to 
produce different high-valued compounds such as 
enzymes. 

Ernest et al. (2003) reports that after antibiotics, 
enzymes are the main product explores by 
biotechnological industries, once they are used on a large 
scale. Filamentous fungi have an important role on 
enzyme production, because of their fast growth on many 
substrates, easy handling and the ability to produce a lot 
of biotechnological applicable metabolites. 

The aim of this study was to evaluate the production of 
tannase by Aspergillus species UCP1284 in solid-state 
fermentation (SSF) using cashew bagasse (A. 
occidentale L.) as a substrate and to evaluate the 
influence of variables on the enzyme production. 

 
 
MATERIALS AND METHODS 

 
Microorganisms  

 
The 35 strains of filamentous fungi among the genera Aspergillus, 
Penicillium and some species of the group of Zygomycota were part 
of the Project Network North East of filamentous fungi in soils of 
Caatinga and Amazonia (RENNORFUN) collection and were kindly 
provided by Profª. Drª. Galba Maria de Campos Takaki. The culture 
medium used for the maintenance of the fungi was Malt Extract 
Agar and for the sporulation of the culture Potato Dextrose Agar 
(PDA) or Czapek were used. 

 
 
Chemical reagents 

 
The reagents tannic acid and methanolic rhodanina were 
purchased from Sigma (St. Louis, Mo, USA). Sodium phosphate 
and sodium hydroxide were purchased from Merck (Darmstad, 
Germany). All the other reagents were in analytical grade. 

 
 
Screening of tannase producing fungi 

 
The species of fungi were subjected to a screening in solid medium, 
in order to select strains with higher potential for tannic acid 
degradation. For selection, fragments of the culture with seven days 
of growth in malt extract Agar (Klich, 2002) were transferred to the 
center of the culture medium proposed by Murugan et al. (2007) 
containing agar Czapek Dox minimal medium using as substrate 
0.5% tannic acid solution (in sterile Millipore filter, 0.22 µm) as the 
only one carbon source. The plates were incubated on Biochemical 
Oxygen Demand (BOD TECNAL TE-401) at 30°C for 72 h. The 
potential for tannic acid degradation were evidenced by the 
formation of halo around the colony. The potential was determined 
according to the methodology described by Teather and Wood 
(1982) and adapted to the enzyme studied. The Tannase Index (TI) 
was determined and expressed by the ratio of the diameter of the 
halo of degradation (mm) and the diameter growth of the colony 
(mm).The fungi that exhibited potential for tannase index equal to or 
greater than 1.8 mm and showed no potential for mycotoxin 
production were selected for solid state fermentation. 



 
 

 

 
 
 
 
Table 1.  Variables levels used in  factorial design (23) for tannase 
production  by Solid state fermentation (SSF). 
 

Variable 
Levels 

Lower (-1) Central (0) High (+1) 

Sa (g)
a
 5.0 7.5 10.0 

Im (%)
b
 40 50 60 

Ta (%)
c
 0 1 2 

 
a
Sa: Substrate amount (g); 

b
Im: initial moisture (%), 

c
 Ta: Tannic acid. 

 
 
 

Detection of mycotoxins 
 
The fluorescence technique described by Lin and Dianese (1976) 
using the coconut agar (MAC) was used. Fungi were centrally 
peaked in Petri dishes containing the MAC medium with pH 
adjusted to 6.9 and incubated in the dark at 30°C for six days. The 
potential for mycotoxin production was verified by observing the 
presence of a halo of bluish violet fluorescent color on the reverse 
of the colony, when exposed to long (365 nm) wave ultraviolet light 
in the darkroom. 
 
 
Substrate fermentation 
 
The agro industrial substrate cashew used in the fermentation was 
kindly provided by Natural Pulp, which was washed and kept for an 
hour in a solution of sodium hypochlorite 2%, then washed and 
dried at 65°C to constant weight and then stored in sealed plastic 
containers. 
 
 
Solid state fermentation (SSF) 
 
For tannase production, the bagasse cashew was used as a 
substrate with a particle size between 3.0 and 8.0 mm to provide 
improved absorption and porosity to facilitate transport of oxygen as 
well as nutrients during SSF (Spier et al., 2008). The fermentation 
was performed in 250 ml Erlenmeyer flasks sterilized, containing 5 
g of cashew substrate, initially sterilized at 60°C for 120 min and 
then in the ultraviolet (UV) light for 120 min. The inoculum was 
prepared by suspending the spores present on the malt extract 
agar plates in sodium phosphate buffer (10 mM, pH 5.5). The 
number of spores was determined in a Neubauer counting chamber 
and the inoculum of 107 spores per gram and nutrient solution 
containing 0.5% yeast extract and 1% dextrose in sodium 
phosphate buffer (10 mM, pH 5.5) containing 0.5% of tannic acid, 
was inoculated in the substrate used for SSF. The initial moisture of 
40% the substrate was determined in accordance with the 
standards of the Institute Adolfo Lutz (2005). The flasks were 
incubated at 30°C in Biochemical Oxygen Demand (BOD) 
(TECNAL TE401). The fermentation was carried out for 48 h. 
 
 
Experimental design to tannase production 
 
In order to evaluate the amount of substrate influence over, initial 
moisture content and the concentration of tannic acid was 
performed full factorial design (23) (Table 1). All statistical analyses 
were carried out using Statistica 8.0 software (2008). The SSF 
utilized for planning is described in earlier. 
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Extraction of enzyme 
 

The time of fermentation for the experiment was 96 h. The contents 
of the flasks were harvested at regular intervals (24 h). A mass of 
3.0 g of the fermented mixture was mixed with 18 ml of sodium 
phosphate buffer (10 mM, pH 5.5). After maceration, extraction was 
performed with filter paper (Whatman no. 1) under vacuum. The 
extract was clarified by filtration and centrifugation at 2000 rpm for 
10 min. The supernatant was used as an enzymatic extract for 
subsequent analytical determinations. 
 
 

Tannase activity 
 

The tannase activity was determined according to the methodology 
proposed by Sharma et al. (2000) and modified by Ordonez et al. 
(2011). The activity was performed using 100 µl of the enzyme 
extract and 100 µl of tannic acid solution (0.3 mM) in sodium 
phosphate buffer (10 mM, pH 5.5), incubated for 30 min at 30°C. 
Then were added 300 µl of solution of methanolic rhodanina 
(0.667% w/v) and 100 µl of sodium hydroxide (500 mM) for sample 
dilution was added 900 μl of distilled water, after incubation for 10 
min at 30°C and the color was measured at 520 nm. One unit of 
enzyme activity was defined as the amount of enzyme required to 
catalyze the production of 1 µmol of gallic acid per minute on these 
conditions. The enzyme activity was expressed in units per gram of 
substrate in dry basis (gds). 

 
 

RESULTS AND DISCUSSION 
 

From the 35 fungal cultures isolated from Caatinga's soil, 
64.57% were acknowledged as potential producers of 
tannase, while 31.42% did not grow (Table 2). The fungi 
growth absence in all Zygomycota species, in medium 
containing tannic acid, this could be due to sensibility or 
incapacity to use such substance as nutritive font. On 
similar screening, Pinto et al. (2001) worked with 30 
species of Aspergillus. The authors report that the direct 
measurement of colony diameter is a good capacity index 
of degradation of tannic acid as sole source of carbon. 
After 72 h of growth, the best results attained by 
degradation index were from Aspergillus spp. UCP1284, 
UCP1290 and Penicillium species UCP1285. Darah et al. 
(2011) report that Aspergillus, Penicillium, Paecilomyces 
and Rhizopus species are widely studied for tannase 
production, obtained a good enzyme activity. In our 
study, the presence of halo was observed using 0.5% 
(w/v) of tannic acid. This value is similar to others 
published by literature (Purohit et al., 2006; Murugan, 
2007; Ordoñez et al., 2011). 

In 42.85% of cultures grown in MAC medium screening 
to detect mycotoxin showed production potential, while 
57.14% were producers. Yazdani et al. (2010) state that 
HPLC and TLC tests are the most precise for mycotoxin 
detection. Although, other tests, as used in the present 
study, can be used as a preliminary detection indicator of 
mycotoxin. Aspergillius spp. UCP1284 produced the best 
solid  state  fermentation  result  (6.77 U/mL),  for   fungal 
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Table 2. Result of screening for tannase potential on solid medium and potential producers of mycotoxins. 
 

Access number
1
 Culture Øh Øc Ti Access number

1
 Culture Øh Øc Ti 

UCP1266 Lichtheimia hyalospora Nc - - UCP1284 Aspergillus spp. 9 5 1.8 

UCP1267 Lichtheimia hyalospora Nc - - UCP1285 Penicillium spp. 10 4 2.5 

UCP1268* Aspergillus spp. 15 10 1.50 UCP1286* Penicillium spp. 14 11 1.27 

UCP1269* Aspergillus spp. 13 9 1.44 UCP1287* Aspergillus spp. 12 7 1.71 

UCP1270* Aspergillus spp. 23 10 2.30 UCP1288* Penicillium spp. 13 9 1.44 

UCP1271 Aspergillus spp. 12 10 1.25 UCP1289 Penicillium spp. 11 8 1.37 

UCP1272* Aspergillus spp. 11 7 1.57 UCP1290 Aspergillus spp. 19 10 2.00 

UCP1273* Aspergillus spp. 10 4 2.50 UCP 1291 Penicillium spp. 11 9 1.22 

UCP1274* Aspergillus spp. 22 17 1.30 UCP 1292 Penicillium spp. 10 8 1.25 

UCP1275 Aspergillus spp. Nc - - UCP 1293 Fennellomyces heterothallicus Nc - - 

UCP1276 Aspergillus spp. 17 12 1.41 UCP 1294* Apophysomyces elegans Nc - - 

UCP1277* Aspergillus spp. 12 7 1.71 UCP 1295 Rhizopus arthizus var. arthizus Nc - - 

UCP1278* Aspergillus spp. 11 6 1.83 UCP 1296 Rhizopus microsporus var. chinensis Nc - - 

UCP1279 Aspergillus spp. 23 18 1.27 UCP 1297 Mucor prayagensis Nc - - 

UCP1280 Aspergillus spp. 21 15 1.40 UCP 1298 Lichtheimia corymbifera Nc - - 

UCP1281 Aspergillus spp. 21 12 1.75 UCP 1299* Cunninghamella echinulata var. achinulata Nc - - 

UCP1282* Aspergillus spp. 12 8 1.50 UCP 1300 Rhizopus stolonifer Nc - - 

UCP1283* Aspergillus spp. 15 12 1.25 - - - -  
 

¹Access number in the Cultures Collection of Environmental Science Nucleus, Catholic University of Pernambuco; 
2
(Ti): Tannase index = ratio between the (Øh) ring diameter (mm)/(Øc) of the 

colony diameter (mm). (Nc) = did not grow (*) potential mycotoxin producer. 
 
 
 

selection. In fermentation using experimental 
design, 12.26 (U/gds) maximum of tannase was 
achieved after 48 h of fermentation, using 10 g of 
cashew substrate, 40% of initial moisture and 2% 
of tannic acid (Table 3). 

In a study using apple cashew bagasse as 
substrate for solid state fermentation, Rodrigues 
et al. (2008) evaluated the effects of inoculum 
concentration, temperature and supplementation 
of the medium using other carbon sources, in the 
tannase production. The previous authors worked 
with Aspergillus oryzae and obtained  a  maximum 

activity of 4.63 (U/gds) after 48 h of fermentation 
using 10

7 
(spores/g) of inoculum, 30°C of 

temperature, 40% of initial moisture, 1% (p/v) of 
saccharose supplementation, 2.5% tannic acid 
addition and 40 g of substrate. 

Some authors reported different tannase 
production time. Chhokar et al. (2010) reported 
that maximum production of tannase was 
achieved after 48 h of fermentation using 
Aspergillus heteromorphus MTCC 8818. 
However, Selwal et al. (2011) observed maximum 
production    only     after    98 h    using     Penicillium 

atramentosum. Some works from literature related 
that the tannase production time ranges between 
24 and 120 h and depend of microorganism and 
substrate used, which corroborate with our 
results. 

According to Banerjee and Pati (2007), the 
tannase is produced during the first phase of the 
growth process, wherein the tannic acid does not 
penetrate cell membranes due to its high 
molecular weight; however, the microorganisms 
producing of tannase are able to hydrolyze tannic 
acid in the gallic acid and  glucose.  The  available 
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Table 3. Experimental design results 23 for tannase production at 96 h of SSF by Aspergillus spp. SIS19. 
 

Run Sa (g)
a
 Im (%)

b
 Ta (%)

d
 

Tannase (U/gds) 

24 h 48 h 72 h 96 h 

1 5.0 40 0.0 0.63 1.12 7.18 4.24 

2 10.0 40 0.0 0.53 5.94 7.07 5.71 

3 5.0 60 0.0 0.48 5.59 5.68 4.10 

4 10.0 60 0.0 0.40 6.32 6.16 4.39 

5 5.0 40 2.0 1.84 6.40 8.68 5.65 

6 10.0 40 2.0 1.02 12.26 8.09 4.39 

7 5.0 60 2.0 2.22 10.00 9.48 4.76 

8 10.0 60 2.0 1.23 10.86 7.15 3.64 

9
(c)

 7.5 50 1.0 2.38 6.58 7.35 5.78 

10
(c)

 7.5 50 1.0 1.82 7.06 9.30 4.52 

11
(c)

 7.5 50 1.0 1.14 5.79 6.50 5.99 

12
(c)

 7.5 50 1.0 1.20 7.42 6.38 5.31 
 

For the tannase cultivation time is given in hours. 
a
As: Substrate amount (g), 

b
Im: initial mousture (%), 

d
Ta: tannic acid and (C): central points. 

 
 
 

 
 

Figure 1. Pareto chart of main effects, with the response variable tannase activity (U/gds) at 48 
h of SSF, using factorial design (23). The meanings of the symbols sorted in the figure are: (1) 
the quantity of substrate (g), (2) the initial moisture (%), (3) Tannic acid (%). 

 
 
 
glucose is assimilated when glucose concentration falls 
and the gallic acid is also consumed in parallel. These 
concentrations might vary according to the species of 
microorganism and the type of substrate used. 

The variable that most influenced positively tannase 
production was tannic  acid  concentration.  Thus,  higher 

tannase activities were obtained when higher 
concentrations of tannic acid were used. The initial 
moisture and substrate amount were also influenced 
significantly, both in isolated and combined variables as 
shown in Figure 1. 

Several  studies  report  inductive  effects   of   different 
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tannic acid concentrations for tannase maximum 
production. Chhokar et al. (2010) reports a yield of 
19.29% when purified derived from 1% concentration of 
tannic acid while using A. heteromorphus MTCC 8818. 
Raaman et al. (2010) used a tannic acid concentration of 
1.5% (89 U/mL) along with Paecilomyces variotii. Abdel-
Nabey et al. (2011) report production using 2% (p/v) of 
tannic acid as inductor. These same authors worked with 
A. oryzae and Aspergillus japonicus and achieved 23.7 
and 14.6 U/mL, respectively. Higher values than 2.5% 
were reported by Madeira Jr. et al. (2011), whom 
obtained maximum production (2.292 U/g) using 6% of 
tannic acid. Even though tannase production might occur 
on tannic acid absence, some species of Aspergillus can 
tolerate higher concentrations than 20% without showing 
any deleterious effect neither over growth nor for enzyme 
production (Cruz-Hernández et al., 2006). 

Prommajak et al. (2014) report using cashew as sole 
substrate, with different types of microorganisms and 
processing conditions, it can be obtain a wide 
biomolecular spectrum with pectinase and tannase 
enzymes amongst them. 

The results obtained with this study show promising 
potential for Aspergillus spp. UCP1284, isolated from 
Caatinga's soil, to produce tannase using cashew 
bagasse as substrate. This current work also shows ideal 
circumstances to further studies for tannase production 
optimization. 
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