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Abstract

The ability of Aspergillus oryzae for the production of tannase by solid
state fermentation was investigated using cashew apple bagasse (CAB) as
substrate. The effect of initial water content was studied and maximum
enzyme production was obtained when 60 mL of water was added to 100.0 g
of CAB. The fungal strain was able to grow on CAB without any supple-
mentation but a low enzyme activity was obtained, 0.576 U/g of dry sub-
strate (g ). Optimization of process parameters such as supplementation
with tannic acid, phosphorous, and different organic and inorganic nitrogen
sources was studied. The addition of tannic acid affected the enzyme
production and maximum tannase activity (2.40 U/g,) was obtained with
2.5% (w/w) supplementation. Supplementation with ammonium nitrate,
peptone, and yeast extract exerted no influence on tannase production.
Ammonium sulphate improved the enzyme production in 3.75-fold com-
pared with control. Based on the experimental results, CAB is a promising
substrate for solid state fermentation, enabling A. oryzae growth and the
production of tannase, with a maximum activity of 3.42 U/g_ and enzyme
productivity of 128.5x102U - g, ~'-h™™.

Index Entries: Cashew apple bagasse; solid state fermentation; tannase;
Aspergillus oryzae; tannic acid; ammonium sulfate.

Introduction

In the north coast of Brazil, especially in the state of Ceard, the cashew
agroindustry has an outstanding role in the local economy. The cashew
apple, a pseudofruit or peduncle, is the part of the tree that connects it to
the cashew nut, the real fruit and a well-known product around the world.
The cashew apple is a hard, pear-shaped, small, and nonclimacteric fruit,
and is found in three colors: yellow, orange, and red. The most commonly
commercialized ones are the yellow and red fruits. The edible portion,
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Table 1
Physico-chemical Characterization of Natural Bagasses of Cashew
(Anacardium ocidentale L)

Parameters Natural cashew bagasse (CAB)
pH 4.01
Acidity (gram of citric acid/100.0 g of sample) 1.34
Soluble solids (Brix) 12.0
Reducing sugars (mg/100.0 g) 6.84
Total sugars (mg/100.0 g) 7.68
Proteins (%) 1.83
Lipids (%) 0.38
Fibers (%) 33.10
Moisture (%) 78.76
From ref. 7.

representing 90% of the fruit, is rich in vitamin C, flavor, and aroma.
Internal and external market consumption of cashew nut, in the year of
2004, was about 232,000 t. However, only 12% of the total peduncle is
consumed “in natura” or processed industrially to produce a wide range of
products from concentrated juice to desserts. The industrially processed
products are basically consumed by the local market and they do not play an
important role in the state or Brazil economy. Furthermore, the majority of the
cashew apple spoils in the soil (1-4). When peduncle is industrially pro-
cessed for the production of juice, 40% (w/w) of bagasse is produced,
which is not used for human consumption and is usually discarded by
the local industry. These facts, together with its composition (see Table 1),
turns cashew apple bagasse (CAB) into an interesting and inexpensive
(<$0.50/Kg) substrate for several potential applications (5—7), including the
production of microbial enzymes by solid state fermentation (SSF).

SSF has been defined as a bioprocess in which microorganisms are
grown on solid substances in the absence or near absence of free water (8).
Two types of substrates are used in SSF—one in which the solid substrate
itself is used by the microorganisms as the carbon and energy source and
other in which the substrate acts only as support. SSF mainly deals with
the utilization of agroindustrial residues as substrates. Application of such
residues as substrates is certainly economical and it also reduces environ-
mental pollution (9). In this work, CAB, a coproduct of cashew apple juice,
is investigated for the production of tannase through SSE.

Tannase (tannin-acyl-hydrolase, Enzyme Commission [EC], 3.1.1.20) cat-
alyzes the breakdown of hydrolysable tannis and gallic acid esters (10).
Hydrolysable tannins are present in most of the residues obtained from higher
plants, which is the case of CAB, and are polyphenolic compounds formed by
the association of sugars with ellagic acids through esters linkages (11). Tannase
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Table 2

Physico-chemical Characterization of the CAB
Parameters Natural cashew bagasse (CAB)
Proteins (% [w/w]) 16.7
Lipids (% [w/w]) 5.22
Glucose (% [w/w]) 0.25
Micronutrients (ppm)
Zn 14.92
Fe 49.72
Mn 14.82
Cu 18.31
Mg 8.13

CAB (A. ocidentale, L.) used in this work.

can be obtained from plant sources; the enzyme is present in tannin rich
vegetables, mainly in their fruits, leaves, branches, and barks of trees (10,12,13)
as well as in bovine intestine and other ruminant mucous (10). However, the
most important source of industrial tannase is microbial production, as these
enzymes are more stable than similar ones obtained from other sources (10).

Tannases are widely used in the food and pharmaceutical industry,
especially in tea clarification and also for the production of pharmaceutically
important compounds, such as gallic acid. Gallic acid, a tannin product, is
the substrate for chemical synthesis of propyl gallate and trimethoprim,
which are important in food and pharmaceutical industries, respectively.
Tannase is also used in the treatment of tannery effluents for the stabiliza-
tion of malt polyphenols, clarification of beer and fruit juices, for the
prevention of phenol-induced madeirization in wine and fruit juices, and for
the reduction of antinutritional effects of tannins in animal feed (14-16).
Therefore, the objective of this work was to study the potential of CAB for
the production of tannase, by SSF using Aspergillus oryzae.

Materials and Methods

Solid Substrate Preparation

CAB was used as a substrate and was kindly donated by the Kraft Foods
unit located in Aracati, State of Ceard, Brazil. Before storage, it was washed
three times with water and dried for 24 h at 50°C and characterized, because the
CAB composition varies depending on the fruit type and harvest. The
average composition of the CAB used in this work is described in Table 2.

Microorganism and Inoculum Preparation

A fungal strain of A. oryzae from the Embrapa Agroindustria Tropical,
Cear4, Brazil was used in this study. The microorganism was grown and

Applied Biochemistry and Biotechnology Vol. 136-140, 2007



678 Rodrigues et al.

maintained on Nutrient Agar slants at 32°C. Spore suspensions were
extracted with 10 mL of a sterile water solution containing 0.4% Tween 80.
Afterwards, 1 mL of spore suspension was placed in flasks, containing 10.0 g
of corn brain, 4 mL of a solution 1.7% (w/v) NaHPO, and 2.0% (w/v)
(NH,),SO,, and incubated at 30°C for 3 d. Viable spores were scraped with
40 mL of sterile 0.4% (w/v) Tween 80 solution and determined by plate
count technique.

Humidity Determination

Two gram of sample was analytically weighted and dried at 90°C for
24 h in an air circulation oven.

Water Activity Determination

Water activity (a ,) is defined as the relative humidity of the gaseous
atmosphere in equilibrium with the substrate. In SSF process, water activity
of the substrate quantitatively express water requirements for microbial
activity. Pure water has a , equal to 1.0, which diminishes with increase in
amounts of substrate (17). In this work, water activity was determined
using an Aqualab CX-2 (Decagon Devices, Pullman, WA) device at 30°C.

Preparation of SSF Medium for Inoculation

SSF was carried out in 500-mL conical flasks containing 40.0 g of
medium, CAB enriched or not with tannic acid and moistened with water.
Flasks were autoclaved at 121°C for 15 min, cooled to room temperature,
and inoculated with fungal spores (107 spores/g). The contents were mixed
thoroughly and incubated at 30°C for 96 h. Every 24 h, samples were with-
drawn by removing a single Erlenmeyer flask from the incubator.

Enzyme Extraction

Tannase was extracted from the fermented substrate by adding 100 mL
of acetate buffer (pH 5.0). The contents were incubated at 30°C for 60 min
and the crude enzyme was separated by filtration through Whatman No. 1
paper. The filtrate, here denominated as enzymatic extract, was colleted in
vials and preserved for further analysis.

Gallic Acid Assay

Gallic acid concentration in the enzymatic extract was determined
according to alcoholic rhodanine method that is based on the formation
of a chromogen. The developed color was read at 520 nm using a Cary
50 spectrophotometer (Varian, Melbourne, Australia) (18).

Tannase Assay

For tannase determination, the enzymatic extract was incubated with
buffered solution (acetate 20 mM, pH 5.0) of tannic acid 200 mg/L at 30°C
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for 5 min (19). The gallic acid released was quantified by alcoholic rhoda-
nine method (18). One unit of tannase activity was defined as the amount
of enzyme that catalyses the production of 1 pmol of gallic acid /min under
assay conditions.

Determination of Total Phenolics

Tannic acid concentration in the enzymatic extract was determined
with the method proposed by Folin and Denis (20).

Optimization of Process Parameters

SSF was carried out to study the effect of several parameters required
for the optimal production of tannase by A. oryzae. Initial amount of water
added to the substrate (40, 60, 80, and 100 mL for 100.0 g of dry CAB), incu-
bation time (0-96 h), supplementation with tannic acid (2.5, 5.0, 7.5, 10.0, and
12.5% [w/w] of tannic acid for 100.0 g of CAB), phosphorous (0.5, 1.0, 1.5,
and 2.0 % [w/v]), and different organic (peptone and yeast extract at 1%
[w/v]) and inorganic nitrogen sources (ammonium nitrate at 1% [w/v] and
ammonium sulfate from 0.5 to 4.0% [w/v]) were the studied parameters.

Tannase Productivity

In this work tannase productivity (Pg,,) is defined as the amount of
the desired product formed (tannase activity—Ag,) per reaction time
(t_.,) to achieve the highest enzyme activity (21), see Eq. 1.

max

Foy=— (1

Results and Discussion

Effect of Initial Water Content

Several studies have showed that initial water content is a critical
factor for growth and enzyme production and it is intimately related to the
definition of SSF because it is necessary for new cell synthesis (9,17,22-24).
Water is needed for cooling and also for incorporation into new microbial
cells. Moreover, some authors (25) observed that fungal growth could be
hampered by limited water availability. Therefore, in this work, the effect
of initial water content on tannase production was investigated and results
are pictured in Fig. 1.

It can be observed that maximum enzyme production was obtained
when 60 mL of water was added to 100.0 g of dry CAB and 0.576 U/g of dry
substrate (g,.). In this medium the humidity and water activity were 40.4%
and 0.978, respectively (Table 3). The increase in water content beyond 60 mL
inhibited enzyme production. With increasing water content, keeping
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Fig. 1. Effect of water content on tannase yield production by A. oryzae in SSF of
CAB (100.0 g) at 30°C.

Table 3
Humidity and Water Activity of the CAB Used in This Work
for Different Amounts of Added Water

Added volume (mL) Humidity (%) a,

40 31.6 0.965
60 40.4 0.978
80 47.2 0.983
100 51.8 0.993

substrate volume constant, the air content of the substrate occupied within
the interparticle space, decreases. Moreover, the scarcity or excess of water
affects the decomposition rate of the organic matter, which was found to
decrease, affecting enzyme production (9,24). Low substrate water content
may result in poor microbial growth and product formation owing to the
poor access to nutrients arising from reduced mass transfer of gas and solute
to the cells (26). Some experiments have showed the influence of water
content on the metabolism of microorganisms. The influence of water con-
tent on a solid substrate on growth rate and sporogenesis of filamentous
fungi was reported (27). Others authors (28) studied the influence of water
activity on enzyme biosynthesis and enzyme activities produced by fungi.
The water content of the medium is a fundamental parameter for mass
transfer of water and solutes across the cell membrane. The control of this
parameter could be used to modify the metabolic production or excretion of
a microorganism (17). Optimal water content allows the entry of nutrients
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Fig. 2. Gallic acid concentration during SSF of CAB supplemented with different
amounts of water.

through the cell walls, which enhances enzyme production. Any deviation
from optimal may decrease enzyme production owing to osmotic imbalance
inside the cells (29).

Tannase production is a response of an induction process (10).
However, in this stage no inducer was added to the culture media, but
tannase activity was detected. The analysis of fermentation extracts
showed that phenolic compounds were presented in all fermentation
media, from 0.50 to 0.55 mg/g (data not shown). Specifically, gallic acid, a
pointed tannase inducer, was observed as a natural component of culture
media from 0.35 to 0.43 mg/g (Fig. 2). In fermentation process, the gallic
acid content decreased, probably as a result of microorganism consump-
tion (Fig. 2). Based on the obtained results, all the subsequent fermenta-
tions were performed using 60 mL of initial water content.

Effect of Addition With Tannic Acid

The supplementation of CAB with different amounts of tannic acid was
investigated and the results are presented in Fig. 3. It can be observed that
addition of tannic acid affected the enzyme production and maximum
tannase activity (2.40 U/g,) was obtained with 2.5% (w/w) supplementa-
tion. Moreover, the addition of 2.5% of tannic acid stimulated tannase pro-
duction about 4.2-fold, when compared with the results presented in Section
Effect of Initial Water Content. Other authors observed an improvement in
tannase production when tannic acid was added to the culture media (9,24).
An increase in tannic acid concentration over 2.5%, did not correspond to
more tannase production. These results are similar to those observed by
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Fig. 3. Effect of tannic acid supplementation (% [w/w]) on tannase production
by SSF at 30°C, 40.4% humidity, 40.0 g of CAB, and 48 h of incubation period.
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Fig. 4. Gallic acid concentration during SSF of 40.0 g of CAB supplemented with
2.5% (w/w) tannic acid at 30°C, 40.4% humidity, and 48 h of incubation period.

Lekha and Lonsane (10,30). For high concentrations of tannic acid, ranging
from 4 to 20%, tannase production by A. niger PKL104 and A. oryzae were
negatively affected. The authors suggested that a growth inhibition, and con-
sequently less enzyme synthesis, was related to high tannin concentration.
Figure 4 presents gallic acid profile in culture media. In all media sup-
plemented with tannic acid, a gallic acid accumulation until 48 h was
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Fig. 5. Effect of supplementation of different nitrogen sources (1% [w/v]) on
tannase production by A. oryzae in SSF of 40.0 g of CAB supplemented with 2.5%
(w/w) tannic acid at 30°C and 40.4% humidity.

observed. The relation between the presence of high amounts of this com-
pound and enzyme activity is not clear. Some authors (10, 31-33), showed
that gallic acid acts as inductor of synthesis. In opposite way, other authors
(34,35) point gallic acid out as a great feedback repressor. Based on the
obtained results, all the subsequent fermentation media were supple-
mented with 2.5% (w/w) of tannic acid.

Effect of Supplementation of Nitrogen Sources

The effect of supplementation of different organic (peptone and yeast
extract) and inorganic (ammonium nitrate and ammonium sulfate) nitrogen
sources on tannase production was evaluated and results are shown in
Fig. 5. It can be observed that ammonium nitrate, peptone, and yeast
extract exerted no influence on tannase production. These results were
similar to those obtained by other authors studying the production of tan-
nase by A. niger 3T5B8 in wheat straw (33). These authors point the distinct
assimilation of inorganic ions and the possibility of complex formation
between tannins and proteic structures of yeast extract and peptone.
Ammonium sulphate, at a concentration of 1%, on the other hand,
improved the enzyme production in 1.43-fold compared with control
(fermentation in the absence of nitrogen sources). Nitrogen can be an
important limiting factor in the microbial production of enzymes. The
presence of an additional nitrogen source in the substrate may have
promoted cell growth and enzyme production (9).
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Fig. 6. Effect of ammonium sulphate concentration on tannase production by
A. oryzae in SSF of 40.0 g of CAB supplemented with 2.5% (w/w) tannic acid at 30°C
and 40.4% humidity.

Media supplementation with different amounts of ammonium sulfate
was investigated and the results are presented in Fig. 6. It can be observed
that increasing ammonium sulfate concentration exerted no influence on
the amount of tannase produced; however, it has influenced the kinetics of
enzyme production. Table 4 shows enzyme activity and productivity of
tannase obtained in this work (SSF using A. oryzae and CAB supplemented
with 2.5% (w/w) of tannic acid and ammonium sulphate) and by other
authors (9,24) using different substrates and microorganisms.

Results pictured in Fig. 7 show an acceleration of the microbial
metabolism when more than 2.0% (w/v) of ammonium sulphate was added
to CAB, and consequently, better tannase productivities (128.5 x 1073
U - gy~ '+ h™!) were achieved, see also Table 4. These productivity results,
compared with other authors’ results, indicate that CAB is a promising
substrate for tannase production.

Effect Phosphorous Supplementation

The effect of supplementation of CAB, enriched with 1% (w/v)
of ammonium sulphate, with NaH,PO, - H,O on tannase production
was evaluated and results are shown in Fig. 8. It can be observed that
NaH,PO, - H,0O exerted no influence on tannase production. Pinto (33)
observed that the addition of phosphorus to the fermentation media (wheat
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Fig. 7. Effect of ammonium sulphate concentration on tannase productivity by A.
oryzae in SSF of 40.0 g of CAB supplemented with 2.5% (w/w) tannic acid at 30°C and

40.4% humidity.

Table 4

Tannase Activity (U/g,.) and Productivity (U - g, ~*- h™!) in SSF Using Different

Microorganisms and Culture Media

Tannase
Tannase productivity
Substrate Microorganism  activity (U/g,) X 10° (U-g,.~"h™)
CAB supplemented A. oryzae 3.42 71.3
with 2.5% (w/w) tannic
acid and 1% (w/v)
ammonium sulphate
CAB supplemented A. oryzae 3.08 128.5
with 2.5% (w/w) tannic
acid and 2.5% (w/v)
ammonium sulphate
Coffee husk (24) Lactobacillus sp. 0.70 14.5
Tamarind seed Lactobacillus sp. 0.65 13.5
power (24)
Palm kernel cake (9) A. niger 13.03 135.7
ATCC16620

In this work, A. oryzae was able to grow in 40.0 g of CAB supplemented with 2.5% (w/w)

tannic acid and ammonium sulphate at 30°C and 40.4% humidity.
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Fig. 8. Effect of sodium phosphate supplementation on tannase production by A.
oryzae in SSF of 40.0 g of CAB supplemented with 2.5% (w/w) tannic acid and 1% (w/v)
ammonium sulphate at 30°C and 40.4% humidity.

straw) promoted an increase in enzyme yield and productivity, which was
not the observed in this work.

Effect of Incubation Period

Maximum amount of tannase activity was obtained after 48 h or 24 h
of fermentation (Figs. 1, 5, 6, and 8) for all conditions studied in this work.
A decrease in enzyme yield with further increase of incubation time was
also observed. This behavior could be owing to the reduced nutrient level
of the media, affecting the enzyme synthesis. Some authors claim that tan-
nase is produced during the primary phase of growth, and therefore, the
activity decreases either because of decrease in production or because of
enzyme degradation (9). The consumption of gallic acid (Fig. 2) may con-
tribute to a decrease in the level of induction. Nevertheless, the increase of
ammonium sulphate concentration in culture media improved enzyme
productivity (Figs. 6 and 7), allowing to produce almost the same amount
of enzyme in 24 h of fermentation.

Conclusions

Results obtained in this work showed that CAB was a promising
substrate, enabling A. oryzae growth and the production of tannase. The
physico-chemical parameters that influenced the enzyme production were:
water content (60 mL), supplementation with tannic acid (2.5% [w/w]), and
supplementation with nitrogen source (2.5% [w/v] ammonium sulphate).
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The increase in ammonium sulphate concentration in the media improved
enzyme productivity to 128.5x 102 U - g, ' - h™!, when 2.5% was added.
Supplementation of the medium with phosphorous (NaH,PO,-H,O),
ammonium nitrate, peptone and yeast extract exerted no influence on
tannase production.
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