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The main objective of this study was to optimize the conditions for protease production by Aspergillus
niger under solid state fermentation using locally available agricultural substrates. Fifty one fungal
isolates were recovered from different sources. The isolates have shown typical A. niger characteristics
and they were screened for the production of protease enzyme. Screening was done qualitatively using
the Agar Plate Assay and the isolates that gave the widest hydrolysis zone diameters were
quantitatively screened in submerged culture using the shake flask method. A.niger isolate that showed
the highest production value in the shake flask assay was tested for protease production potential in
solid state fermentation using five different agro-waste substrates moistened either with water or with a
salt solution. The culture conditions that affect production capacity were then investigated. Results
showed that 30 of the fungal isolates have shown typical A.niger characteristics. Of these, 16 have
shown clear zones of casein hydrolysis on skimmed milk agar. The maximum activity of the produced
protease (15.42U/ml) was recorded for isolate NAF6ii while the minimum (6.45U/ml) was recorded for
isolate NAF7i. Therefore, A.niger isolate NAF6ii has been selected for production of protease by solid
state fermentation using the five agro-materials as substrates. NAF6ii recorded the maximum protease
activity (12.60U/ml) when Mesquite (Prosopis juliflora) fruit powder has been moisturized either with salt
solution or with water (11.46U/ml). Results also showed that the optimum conditions for protease
enzyme production were: 3.0% of spores’ inoculum (16.80U/ml), pH 7.0 (18.19U/ml), 5.0% of NH4NO3 as
a nitrogen source (13.28U/ml), 3.0% of fructose as a carbon source (11.38U/ml) during 96hrs incubation
period. These results indicate the potentiality of this fungus as a source for protease production. In
addition, the proteases produced from the treatment of local agro-waste could be used in a variety of
industrial applications.
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INTRODUCTION

Proteases are enzymes that hydrolyze peptide bonds of protein into peptides and amino acids. It constitute one of
the most important groups of industrial enzymes
accounting for about 60% of the total worldwide enzyme

*Corresponding Author’'s Email: marmarelsiddig@hotmail.com market because of their various applications in many
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industries such as detergent, food, leather, silk, dairy and
pharmaceutical industry (Tunga et al., 2003). The use of
proteases has been increased remarkably in various
industrial processes such as animal feed, cheese and food
processing, and X-ray films (Gupta et al., 2002; Kumar et
al.,, 2002). The proteases market has grown rapidly in the
last few years and is estimated to reach a value of $2.21
billion in 2021 at a CAGR of 6% from 2016 to 2021
propelled by the pharmaceuticals segment which is the
fastest growing application in the proteases market (Market
Reports Hub, 2016). The total market for enzymes used for
detergent purposes account for approximately $652.1
million in 2015 and $1.0 billion by 2020 (MicroMarket
Monitor, 2016). Proteases have also an important role in
baking, brewing and in the production of various oriental
foods such as soy sauce, miso, meat tenderization and
cheese manufacture (Kirk et al., 2002).

The sources of proteases are plants, animal tissues and
microorganisms but due to the low production of proteases
from the two former sources, they are mainly produced by
microorganisms (Mukhtar and Haqg, 2009). A variety of
microorganisms such as bacteria, fungi, yeast and
Actinomycetes are known to produce protease enzymes
(Madan et al., 2002). Molds of the genera Aspergillus,
Penicillium and Rhizopus are especially useful for
producing proteases, as several species of these genera
are generally regarded as safe (Sandhya et al., 2005; Devi
et al., 2008). Microbial proteases can be produced by both
submerged (Sm) and solid-state fermentation (SSF)
technigues. Among the various groups of microorganisms
used in SSF, filamentous fungi are most widely exploited
because of their ability to grow on complex solid substrates
and production of wide range of extracellular enzymes
(Lekha and Lonsane, 1994). SSF for fungal enzyme
production has some advantages over SmF including
simplicity, lower production costs, high enzyme yields and
low wastewater output (Pandey, 2003; Wang et al., 2005).

The use of natural products particularly agricultural
residues, offers the advantage of combining the use of a
cheap substrate and an interesting way of upgrading the
value of these residues. Of the agro-industries by-products
that have been commonly used as substrates are
sugarcane bagasse, brans and straw from wheat and rice,
sugar beet pulp and coffee pulp (Zheng and Shetty, 2000).
Commercial wheat and rice brans have been found to be a
suitable substrate for producing of mold proteases by SSF
in many Asian countries (Sandhya et al., 2005). Other
agro-industrial wastes that are used in enzymes production
constitute spent grain, cocoa husk, chickpea bran, sawdust
and other agricultural waste.

The aim of this study was to optimize the conditions for
protease production by Aspergillus niger in solid state
fermentation using locally available agricultural substrates.

MATERIALS AND METHODS

Isolation of Aspergillus niger

Fifty one Aspergillus niger isolates were recovered from
different soil samples and other sources including air and
air-contaminated dishes, plants’ seeds, fruits, vegetables,
and bread.

Isolation from soil was done by suspending 1.0 g of soll
in 100 ml sterilized distilled water, shaken thoroughly and
left to stand for one hour. A volume of 100ul of soil
suspension was transferred to and spread onto the surface
of Potato Dextrose Agar (PDA) medium in Petri plates.
PDA medium was prepared by suspending 39.1 g of the
medium in a liter of distilled water, boiled until completely
dissolved and then autoclaved. The cooled medium was
aseptically poured in sterile Petri dishes which were stored
inverted at room temperature. Clean uncontaminated
dishes were used for inoculation by samples. The
inoculated Petri-plates were placed in an incubator at 28°C
for 4 — 6 days till culture development. Typical A.niger
colonies which appeared in the incubated plates were
repeatedly sub-cultured for purification, considered as
presumptive A. niger and preserved onto PDA slants.

For isolation of A. niger from air, the sterilized plates
were left open in the lab for few hours then covered and
incubated as above.

Seeds and sliced bread and surface sterilized fruits and
vegetables (1cm?2 pieces) showing symptoms of diseases
were plated onto sterilized PDA in Petri dishes in three
replicates. The plates were incubated at 26-30°C for 4-6
days.

Identification of Aspergillus niger isolates

The presumptive A.niger isolates were identified by
microscopical and cultural characteristics according to
Onion et al. (1986). Characteristics of the isolates were
determined by growing them on three differential media
(Pitt, 1973) namely Czapek Yeast Extract Agar (CYA),
Czapek Yeast Extract Agar with 20 % sucrose (CYA20S)
and Malt extract Agar (MEA). Cultural and microscopical
characteristics on each medium were recorded and
compared to those given for A. niger by Moubasher (1993).

Screening of A. niger isolates for protease production
The isolates that showed typical A.niger characteristics

were screened for protease production qualitatively using
the agar plate method (Ellaiah et al., 2002) and



guantitatively in submerged culture using the shake flask
method (Coral et al., 2003).

Agar Plate Assay

A.niger isolates were screened for protease production
using skimmed milk agar (Ellaiah et al., 2002). Each isolate
was inoculated in the center of a Petri plate containing a
medium consisting of the following ingredients: KH2PO4
1.0 g; KCI, 0.5 g; Mg S04.7H20; 0.2 g, glucose; 10.0 g,
agar; 15.0 g, skimmed milk; 25.0 ml dissolved in a liter of
distiled water. The inoculated plates were incubated at
30°C for 96 hrs, and then observed for the zone of
clearance (Vermelho et al., 1996).

Shake flask method

Ten A.niger isolates that had the largest zones in the ager
plate assay screening were selected and screened for
protease production by submerged fermentation in 250 ml

Erlenmeyer flasks containing the production medium,
according to Coral et al. (2003) with slight lab modification.
The medium contained the following ingredients (g/L):
glucose; 5.0g, casein; 5.0g, MgSO, .7H,O ; 0.2g, yeast
extract; 5.0g, KH PO ; 1.0g, NaCl; 0.5¢g dissolved in
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distilled water. The medium pH was adjusted to 8 and then
each flask containing 50 ml of this medium was inoculated
by 1.0 ml of the conidial spores’ suspension of the isolate.
The inoculated flasks were incubated at 30°C for 96 hrs in
an orbital shaker operating at 170 rpm. Later the content of
each flask was filtered using Whatman No.1 filter paper
and the filtrate was used for enzyme extraction and assay.

Preparation of spore suspension

The conidial suspension was prepared by adding 10 ml of
sterilized distilled water to a 3 — 5 days old slants culture of
A. niger having profuse conidial growth on its surface. A
sterile inoculation needle was gently used to break the
conidial clumps and then the slant was shaken vigorously
to make a homogenous suspension (Sharma, 1989) that
has been poured in the flasks containing the production
medium.

Extraction of crude enzyme

A volume of 50ml of 5%Tween80 in distilled water was
added to each flask and these were shaken on a rotary
shaker for one hour at 200 rpm. After that, the contents of
the flasks were filtered using Whattman No. 44 filter
papers, and the filtrates were used for enzyme assay.

Estimation of protease activity

To each enzyme extract (1ml each) in a test tube, 2.0 ml of
0.5% casein solution was added and the tubes were
incubated at 35°C for 10 min. The residual protein was
precipitated by adding 3.0ml of 10% ice trichloroacetic acid.
The precipitates were allowed to settle for one hour and
then centrifuged at 5000 rpm for 5 min. One milliliter of
each supernatant was mixed with 5 ml of 1M sodium
carbonate. After 20 min, 0.5ml of Folin and Ciocalteu’s
phenol reagent was added. The concentration of liberated
tyrosine in filtrate was measured at 660 nm against a
reagent blank using tyrosine standard (Lowry et al., 1951).
Standard curve was prepared using following concentration
range of tyrosine: 27.5, 55, 110, 220 and 275 pM. One
protease unit was defined as the amount of enzyme
required to releases 1 uM of tyrosine per minute per ml
(Mohapatra et al., 2003). All the experiments were done in
triplicates and mean values are presented. The enzyme
activity (U/ml) was calculated by following formula:

Enzyme activity pmole tyrosine equivalent releases x total
(U/ml)= volume of assay

volume of enzyme taken x incubation time
X measured sample volume

Protease production by solid state fermentation

The A.niger isolate that showed the highest production
value in the shake flask assay was selected to test its
production capacity using the solid state fermentation
assay (Lowry et al., 1951). Conditions that affect protease
production by this technique were determined.

Effect of different substrates on protease production

Five different agro-waste substrates were used for solid
state fermentation viz., wheat bran, Mesquite plant
(Prosopis juliflora) fruit powder, sorghum flour, sensitive
plant (Mimosa pudica) pods powder and groundnut fruit
peel. Five grams of each substrate were weighed and
hydrated with 10 ml of basal salt solution containing (g):
NaCl; 0.5g, MgS04.7H20; 0.2g, KH2POg4; 1.0g, NH4NOg3;
0.5g dissolved in 100ml of distilled water (Coral et al.,
2003). Flasks containing fermentation medium were
autoclaved, cooled and inoculated with 1.0ml of A.niger
isolate spore suspension prepared as previously described,
incubated for 96 hrs at 30°C. Later, 50 ml of distilled water
was added to each flask and these were shaken on a
rotary shaker for one hour at 150 rpm. After that the
content of the flasks were filtered using Whatman No.44
filter paper and the filtrate was used for enzyme assay.



Effect of initial medium pH

The effect of initial pH on protease production was studied
by changing the initial growth medium pH from 2-8 with 1N
HCI/NaOH before sterilization at 121°C for 15 min.

Effect of incubation period

The culture medium was incubated for varying periods of
time (24, 48, 72, 96 and 120hrs) to test the optimum time
required for maximum enzyme production.

Effect of the inoculum size

The influence of the inoculum size on protease production
was studied by testing the production capacity when each
of 0.5, 1.0, 1.5, 2.0, 2.0, 3.0, 4.0, 5.0 and 6.0 ml of the
inoculum was added, separately, to 100ml of the
fermentation medium. Protease production in cell free
supernatant was determined as described previously.

Effect of supplementary nitrogen sources

Whether the addition of supplementary nitrogen sources
could enhance the production of protease was tested by
supplying an organic nitrogen source (yeast extract,
peptone water or urea) or an inorganic hitrogen source
(NaNO3 or NH 4NO3) at a level of 1% w/w in the medium.
The flasks were then incubated for 3 days at room
temperature. At the end of the incubation period, protease
production in cell free supernatant was determined.
Further, the best carbon source was optimized with
different concentrations [0.5, 1.0, 2.0, 3.0, 4.0 and 5.0%
(wWhv)].

Effect of carbon sources

The effect of carbon sources on enzyme production was
investigated by supplementing the basal salt solution, pH 7,
with 0.1% (w/v) of different carbon sources, viz., glucose,
maltose, fructose, starch and sucrose. The flasks were
then incubated for 3 days at room temperature. At the end
of the incubation period, protease production in cell free
supernatant was determined. Further, the best carbon
source was optimized with various concentration range of:
0.5, 1.0, 2.0, 3.0, 4.0 and 5.0% (w/v).

RESULTS AND DISCUSSION
Isolation and identification of Aspergillus niger
Fifty one fungal isolates were recovered from soil samples

and other sources. These isolates were given code
numbers prefixed with NAF. Thirty of these isolates have

shown morphological and microscopical characteristics
typical to those given for Aspergillus niger by Moubasher
(1993). Cultural characteristics of the presumptive A.niger
isolates were studied on three different media according to
the qguidelines given by Pitt (1973). Growth and
development of A.niger on these differentiation media was
resulted as fellow: On CYA, colonies were floccose with a
diameter of 52 — 55mm; stipes vary in length; mycelium
white to dull yellow; conidial area dark to black; reverse
yellow. On CY20S, colonies diameter were 58 — 75 mm in
diameter; obverse black; stipes vary in length; conidia dark
to black; mycelium white to dull yellow; reverse yellow to
brown. On MEA, colonies were granular to floccose with a
diameter of 40 — 48 mm; conidial area black; mycelium
white; reverse colorless. The use of these three differential
media was a simple and reliable method for identification of
Aspergillus species. The obtained results are similar to the
descriptions given for Aspergillus niger by various
investigators (Webster, 1980; Moubasher, 1993).

Screening of Aspergillus niger isolates for protease
production

Agar Plate Assay

The thirty A. niger isolates were screened for protease
production using plate assay; the clear zones around the
colonies were measured. Sixteen isolates (53.3%) have
shown clear zones of casein hydrolysis, with different zone
diameters on skimmed milk agar. Casein or skimmed milk
agar plate assays allow principally for qualitative
determinations of protease activity, the hydrolysis zone
produced on the agar could be related to the amount of
protease produced by the fungus (Vermelho et al., 1996;
Benazir et al., 2011; Gnanadoss et al., 2011). Therefore,
isolates that gave the widest hydrolysis zone diameters
(n=8) were selected for further screening using shake flask
method.

Shake flask method

Results of protease production screening by submerged
fermentation are presented in Figure. 1. The maximum
activity of the produced protease (15.42U/ml) was recorded
for isolate NAF6ii followed by isolate NAF7m (10.14U/ml),
while the minimum activity (6.45U/ml) was recorded for
isolate NAF7i. Therefore, A.niger isolate NAF6ii had been
selected for production of protease by solid state
fermentation using five agro-materials as substrates.

Protease production by solid state fermentation
The production of proteases by A.niger NAF6ii was

investigated using five different agro materials that have
been moistened either with water or with a salt solution
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Figure 1: Protease production by A. niger isolate using shake flask fermentation

Fratease activity (1 ml)

Fratease activity (1 ml)

(B

[
[ 998

™

[

Figure 2: Protease production by A.niger isolate using different substrates moistened with water and salt solution

(Figure. 2). With the exception of the case of groundnut
fruit peel, the activity of the produced enzymes was higher
in salt solution than in water. Results showed that NAF®6ii
recorded the maximum protease activity when mesquite
fruit powder moisturized with water (11.46UU/ml) and with
salt solution (12.60U/ml). Mulimani and Patiil (1999) used

different substrates such as So ybean meal, Cotton seed
meal, Sunflower meal for the prooduction of protease using
Aspergillus flavus. Of all these suubstrates examined,
cotton seed meal gave maximum enzymme activity.
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Figure 3: Effect of differeent pH values on protease production by NAF6ii

Optimization of fermentation conditions for protease
production by NAFG6ii

Different culture conditions that may affect production of
protease from A.niger NAF6ii isolate were optimized as
follows:

The inoculum size

The effect of spores’ inoculum size on the production of
protease by A. niger NAF6ii was determined using different
inoculum volumes. Results indicated that the maximum
enzyme activity (16.80U/ml) was produced when 3.0% of the
spores’ inoculum was added to the fermentation medium. An
appropriate inoculum size is essential for optimum growth and
enzyme producttion by the microorganism. Highest yield at
certain inoculum size lies in the fact that a sufficient quantity of
mycelium was formed, which produced optimum level growt h
of the mould and subsequently maximum enzyme
produuction. As the amount of mycelium was increased, it rapi
dly consumed majority of the substrate for growth purpposes,
hence enzyme synthesis was decreased (Carlile et al., 2001).

Optimum pH

Production of the enzymes by mould c ulture mostly
depends on the medium pH. Therefore, the effect of
different pH values on the production of prrotease by A.
niger NAF6ii was studied. Production of the protease has
increased with the increment in pH value, reaching the
maximum (18.19U/ml) at pH 7.0 (Figure. 3). This result
indicates that A. niger NAF6ii was capable of producing
alkaline protease. Similar finding was alsoo reported by

Dubey et al. (2010). Generallyy, protease production by
microorganism depends on the extracellular pH because
culture pH strongly influences many enzymatic processes
and transport of various com ponents across the cell
membranes, which in turn suppport the cell growth and
product production (Paranthaman et al., 2009). Changes in
the pH may also cause denatura tion of enzyme resulting in
loss of catalytic activity. It may also cause change in the
ionic state of substrate which maay result in the formation
of charged particles which may nott correspond with the
ionic active sites of enzyme. Thus enzyme substrate
complex will not be formed and the substrate will become
unavailable to the microorganis m (Karuna and Ayyanna,
1993).

Effect of different nitrogen souurces

The effect of different organicc and inorganic nitrogen sources
on the protease production by NAF®6ii isolate was also tested.
Results (Figure. 4)) showed that ammonium nitrate was the
best nitrogen soource giving the maximum enzyme activity
(13.28U/ml). A mong the various organic and inorganic
nitrogen sourcess, the maximum enzyme activity was
obtained with ammmonium nitrate followed by ammonium,
ammonium citratee and potassium nitrate (Nascimento and
Martins, 2004). Some other inorganic nitrogen sources that
gave betteer enzyme production were reported by many
investigators. Shumi et al. (2004) have reported that
Aspergillus funiculosus produced maximum protease when
supplemented with potassium nitrate. The best nitrogen
source for proteasse production recorded by El-Safey and

Abdul-Raouf (2004) was (NH4)2SO4. In contrast, Mukhtar and
Haqg (2009) reported that peptone
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Figure 5: Protease acttivity in different carbon sources

was the best nitrogen source for protease production by
Rhizopus oligosporous.

Effect of different concentrations of the nitrogen
source

The effect of the concentration of NH4NO3 onn the protease

production was studied using NH4NO 3 in the range of 0.05-
5.0%. A gradual increase in protease activity was observed
with the increment of NH4NO3 concentration.

Effect of different carbon sour ces

Results in Figure. 5 indicate that the highest protease
activity (11.38U/ml) was obtained when fructose was used
as a carbon source while the least protease activity
(6.41U/ml) was produced when sucrose was used. These
results are in accordance with those reported by Sutar et
al. (1992) who found that fructose acted as a best carbon
source for the production of alkaline protease from
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Figure 6: Effect of incubation period on protease production by NAF6ii

Conidiobolus coronoatus. It has also been repported that
the absence of a proper carbohydrate (C-soource) in the
production medium results in a dramatic decrease in
enzyme production (Gajju et al., 1996). In conntrast,
Madzak et al. (2000) recorded that sucrose was a g ood
substrate for production of extracellular proteases. Glucose
was found to be the optimum carbon source for protease
activity by four Bacillus isolates followed by sucrose,
fructose, maltose, starch and cellulose (Boo minadhan and
Rajakumar, 2009). However, other investigaators reported
that glucose has drastically inhibited protea se production
(Fukushima et al., 1989; Puri et al., 2002) whhile El-Hadj-
Ali et al. (2007) has reported an opposite result. In a study
by Johnvesly and Naik (2001) starch caused high level of
enzyme expression in Bacillus species while Shafee et al.
(2005) reported that maltose, starch and celloobiose
caused low protease production.

Effect of the carbon source concentration

The highest protease activity (12.69U/ml) waas recorded in
3% fructose and the lowest activity (8.83U/mg) was
recorded in 5% fructose.

Effect of the incubation period

The effect of the incubation period on proteasses production
was tested during 7 days; results are shownn in Figure. 6.

As clear in this figure, the production activity was
increasing gradually during the first four days (96hrs) then
a sharp decrease was observed in day 7.

CONCLUSION

In this study, the conditions foor protease production by
A.niger in solid state fermentation medium were optimized.
A.niger may be considered as a potential source of
protease enzyme using Mesquuite pods as a promising
substrate under solid state fer mentation conditions. The
optimum conditions for protease production were: 3.0% of

spores’ inoculum, pH 7.0, 5% of NH4NO3 as a nitrogen
source, 3% of fructose as a caarbon source during 96hrs
incubation period. Efforts are needed to isolate more
A.niger isolates and to screen them for protease
production.
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