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ABSTRACT

Collagenases are among the most important hydrolytic enzymes which have great potential in various
industrial processes such as leather, detergent, textile, etc. Although many microorganisms produce this
enzyme, in the recent period the most commonly used for their industrial application are Aspergillus fungi.
Among media components, the carbon and nitrogen sources are the valuable nutritional factors for cost-
efficient enzyme production. The aim of the present study was the selection of suitable carbon and nitrogen
sources of Aspergillus awamori 16 and Aspergillus awamori 22 mixed cultures for maximal production of
extracellular protease. Sucrose (4.2 U/ml) and peptone (4.8 U/ml) were found as the best carbon and
nitrogen sources, respectively.
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INTRODUCTION

Collagenase is one of the most important
enzymes used for the processing of meat raw
materials (Guo-Yan et al., 2012; Purslow, 2018;
Marciniak et al., 2018).  Studies in the area of
production and use of collagenases are now
focused at searching for microorganisms that
are capable of intensive synthesis of these
enzymes (Rani and Pooja, 2018; Bhagwat and
Dandge, 2018). Collagenases from microbial
sources have dominated applications in
industrial sectors (Yi and Li, 2013; Sharma et
al., 2017; Pequeno et al., 2019). Despite the fact
that among microorganisms that produce
collagenase there are bacteria, fungi, and
actinomycetes, in the recent period
micromycetes got wide application. Among the
many advantages offered by the production of
enzymes by fungi are low material costs coupled
with high productivity, faster production and
the ease of enzymes modification. Besides,
fungal enzymes are commonly used in
industries due to the feasibility of obtaining
enzymes at high concentration in the
fermentation medium (Monteiro et al., 2015). 
Many widespread microorganisms secrete a
significant amount of biocatalysts into the
environment, which greatly facilitates the task

of their isolation and purification. The ability
to control the enzymes production through the
regulation of their biosynthesis and the
selection of nutrient media allows not only to
increase the yield of enzymes, but also to obtain
enzyme preparations with certain properties.
In enzyme production processes, even small
improvements have been significant for
commercial success (Reddy et al., 2008).
On industrial scale, the production of
collagenases has been affected by a variety of
physico-chemical factors, such as the
composition of the growth medium, the type of
strain, cell growth, methods of cultivation,
inoculum concentration, time of incubation,
pH, temperature, salinity, carbon, nitrogen and
mineral sources (Qureshi et al., 2011; Israel-
Roming et al., 2015; Pant et al., 2015). However,
composition of the cultivation medium (carbon
and nitrogen sources) plays significant role on
enzymes production.
On the other hand, in natural environments
microorganisms live in mixed populations,
while in laboratory conditions monocultures are
mainly used (Benoit-Gelber et al., 2017). Mixed
cultures of Aspergillus fungi have shown
interesting features for enzyme production. In
this research optimization of media components
(e. g. carbon and nitrogen sources) for growth



and production of extracellular protease by
Aspergillus awamori 16 and Aspergillus
awamori 22 mixed cultures was investigated.

MATERIALS  AND  METHODS

Association of mixed fungi A. awamori 16 and
A. awamori 22 (own collection) was used in this
study. The microorganisms were maintained
on potato dextrose agar at 4ºC. For inoculum
preparation, 25 ml of sterile distilled water was
added to the 5-day-old culture grown on potato
dextrose agar plate and scraped aseptically with
inoculating loop. This suspension with spore
concentration of 1.3 x 107 cells/ml was used
as inoculum for the fungal cultivation.
Collagenase production was quantified using
a standard Czapek-Dox medium. This basic
medium already contained balanced levels of
nutrients for the enzyme production. The
standard Czapek-Dox production medium
containing (g/l) : NaNO3 – 5.0, KH2PO4 – 1.0;
MgSO4 – 0.5; KCL – 0.5 and FeSO4 – 0.01 was
supplemented with different carbon sources
like sucrose, glucose, fructose, galactose,
maltose, lactose and starch. Each source was
used at concentration of 10 g/l. Liquid broth
was inoculated with fungal suspension at
concentration of 1.3 x 107 spores/ml in 250 ml
Erlenmeyer flasks with a working volume of
50 ml and incubated in a rotary shaker (210
rpm) for 72 h at 30°C.
The production medium containing (g/l)
: KH2PO4 – 1.0; MgSO4 – 0.5; KCL – 0.5; FeSO4
– 0.01 and sucrose – 10.0 was supplemented
with different organic and inorganic nitrogen
sources like (NH4)2SO4, (NH4)2HPO4, NH4NO3,
KNO3, yeast extract, peptone, casein
hydrolysate and gelatin in concentration of 5.0
g/l. The 250 ml Erlenmeyer flasks (50 ml per
flask) were inoculated with fungal suspension
at concentration of 1.3 x 107 spores/ml and
incubated at 30°C on a rotary shaker at
210 rpm for 72 h.
Collagenase activity was determined by
spectrophotometric method. To 20 mg collagen
from bovine tendon (Sigma) suspended in 3.8
ml Tris buffer (0.02 M Tris, 0.005 M CaCl2, pH
7.4) was added 200 µl collagenase solution (1
mg/ml in Tris buffer) to make a total volume of
4.0 ml. The mixture was incubated at 40°C for
3 h or 70°C for 30 min. The reaction mixtures
were centrifuged in a microfuge for 10 min at
14,000 rpm. 1.5 ml of supernatant was mixed

with 4.5 ml of 5 N HCl and kept in a drying
oven at 110°C for 16 h (overnight) for complete
hydrolysis of soluble peptides. The hydrolysate
was then analyzed for hydroxyproline content
as follows : the hydrolysate was diluted 25 times
with distilled water. To 1.00 ml of diluted
hydrolysate 1.00 ml of chloramine-T solution
was added and the mixture was allowed to
stand at room temperature for 20 min. 1.00
ml of colour reagent was added after this period
and the reaction mixture was transferred to a
60°C. water bath and incubated for 15 min.
Tubes were removed and allowed to cool down
to room temperature. Absorbance at 600 nm
was measured. The experiments were carried
out in triplicates and standard deviation was
determined. To determine the significance, the
data were analyzed using Microsoft excel
software 2010.

RESULTS  AND  DISCUSSION

Various carbon sources were supplemented in
the production medium to study their effect
on extracellular collagenase production. The
collagenase activity ranged from 1.2 to 6.8 U/
ml. Among the carbon sources, sucrose
supported moderate growth and collagenase
production in A. awamori 16 and A. awamori
22 mixed cultures with enzymatic activity of
4.2 U/ml (Table 1).

Table 1.Effect of carbon sources on collagenase production
in A. awamori 16 and A. awamori 22 mixed cultures

Carbon source pH Collagenase activity (U/ml)

Sucrose 6.2 6.8±0.9
Glucose 5.9 3.2±0.6
Fructose 6.0 1.9±0.3
Galactose 6.5 1.2±0.4
Maltose 6.1 4.0±0.7
Lactose 6.0 1.6±0.6
Starch 6.5 1.5±0.6

As can be seen from data presented in Table 1
all other carbon sources used had less effect
on collagenase production. All other
monosaccharides and disaccharides used had
a little effect on collagenase production. It is
known that disaccharides contain a higher
content of carbon atoms (4.21 mol/l) than
monosaccharides when used in the same
concentrations. However, none of the
disaccharides used, except of sucrose, did not
affect collagenase activity. The reason for this
may be that the α-D-glucopyranolyl-β-D-
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fructofuranoside bond in sucrose makes carbon
atoms more accessible to the fungus than other
sugars.
Thus, all data obtained indicate that sucrose
is the most efficient source for collagenase
production by fungal association of A. awamori
16 and A. awamori 22 mixed culture. Screening
of nitrogen sources allowing the maximum
collagenase production was performed in
nutrient medium with 10 g/l sucrose as a
carbon source.
Nitrogen is very important in metabolism of
microorganisms especially in the synthesis of
enzymes and other proteins. So, nitrogen has
been always one of the important components
of fermentation substrate/media. Sodium
nitrate was replaced with various inorganic
(ammonium sulfate, ammonium hydrogen
phosphate, ammonium nitrate, potassium
nitrate) and organic (yeast extract, peptone,
casein hydrolysate, gelatin) nitrogen sources
at equivalent nitrogen concentration.
Peptone was found to be the best nitrogen
source giving maximum enzyme activity (7.1
U/ml), while other nitrogen sources had less
effect on collagenase production (Table 2).
Table 2. Effect of nitrogen sources on collagenase

production in A. awamori 16 and A. awamori 22
mixed cultures

Nitrogen source pH Collagenase activity (U/ml)

(NH4)2SO4 5.8 6.6±0.6
(NH4)2HPO4 5.5 5.8±1.6
NH4NO3 4.9 3.5±1.4
KNO3 5.8 1.9±0.8
Yeast extract 5.0 3.8±1.1
Peptone 5.6 7.1±0.6
Casein hydrolysate 5.1 5.8±0.6
Gelatin 4.8 3.3±0.4

For the selection of optimal concentrations of
carbon and nitrogen sources for collagenase
production 64 nutrient media with different
concentration of sucrose and peptone were
used (Table 3).
The highest enzyme activity (8.1 U/ml) was
observed in variant with sucrose and peptone
at concentration of 2.0 and 1.0%, respectively.
In other variants, collagenase activity ranged
from 2.1 to 7.9 U/ml.

CONCLUSION

Among various carbon and nitrogen sources
examined, 2% sucrose and 1% peptone were
found to show maximum collagenase activity.

Table 3. Effect of various concentrations of sucrose and
peptone on collagenase biosynthesis in A.
awamori 22 and A. awamori 16

Sucrose Peptone Collagenase activity
(%) (%) (U/ml)

0.25 0.25 2.2±0.8
0.5 2.1±1.5

0.75 3.3±1.2
1.0 2.9±1.3

1.25 3.3±1.6
1.5 2.5±1.1

1.75 3.1±1.2
2.0 3.2±0.9

0.5 0.25 3.3±1.8
0.5 2.9±0.7

0.75 3.2±0.5
1.0 3.7±0.6

1.25 3.8±1.5
1.5 2.9±1.2

1.75 3.6±1.1
2.0 4.0±0.9

0.75 0.25 4.2±0.9
0.5 4.9±0.7

0.75 4.5±1.5
1.0 5.5±1.3

1.25 5.6±1.2
1.5 5.3±0.8

1.75 6.0±0.4
2.0 4.8±1.1

1.0 0.25 5.9±1.4
0.5 4.9±0.8

0.75 5.5±1.7
1.0 5.5±1.8

1.25 4.2±0.6
1.5 5.3±1.1

1.75 5.0±0.4
2.0 5.4±1.1

1.25 0.25 4.5±1.0
0.5 5.5±1.8

0.75 4.9±0.6
1.0 5.0±0.7

1.25 5.1±0.5
1.5 4.8±0.5

1.75 5.3±0.9
2.0 4.9±1.1

1.5 0.25 5.5±1.3
0.5 4.7±1.1

0.75 5.2±1.0
1.0 5.0±0.8

1.25 4.6±1.0
1.5 5.9±0.9

1.75 6.7±0.5
2.0 7.1±0.6

1.75 0.25 6.8±0.7
0.5 6.2±0.4

0.75 6.4±0.5
1.0 7.9±1.0

1.25 7.2±1.8
1.5 7.4±1.2

1.75 6.9±1.1
2.0 8.1±1.2

2.0 0.25 6.8±0.9
0.5 7.2±0.4

0.75 6.9±0.4
1.0 8.1±0.6

1.25 7.7±1.2
1.5 7.5±1.1

1.75 7.3±1.5
2.0 7.9±0.9
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The optimal fermentation medium for the
production of protease by A. awamori 16 and
A. awamori 22 mixed cultures in submerged
cultivation was as follows (g/l) : sucrose – 10.0;
KH2PO4 – 1.0; MgSO4 – 0.5; KCL – 0.5; FeSO4 –
0.01 and peptone – 5.0. The results presented
in this work, therefore, suggest the possibility
of secretion of collagenase by A. awamori 16
and A. awamori 22 mixed cultures using locally
available substrates as carbon and nitrogen
sources and its subsequent application in
industries.
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