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The current study presents extracellular Aspartic protease production using low-cost agro-industrial waste with the
indigenously isolated novel strain Aspergillus terreus, and parameters that largely affect enzyme production, namely
fermentation time, pH, moistening solution, temperature, inoculum volume, and different solutions, were utilized
for enzyme extraction. The isolated fungus was identified as 4. terreus (registered as A. terreus SFHS in the gene
bank) by phenotypic and molecular characterization, showed the highest aspartic protease activity of 258.6 units/mL
and 272.2 units/mg using a solid-state fermentation technique during screening, and was further used for media
component screening and optimization studies. The study employed wheat bran as the preferred production medium
and casein as the nitrogen source. The fermentation process was conducted at a temperature of 30°C and a pH of 5.
The moistening solution to fermentation medium ratio was set at 3:1, while an inoculum volume of 2 mL (containing
1 x 106 spores/10 g solid) was used. Distilled water was selected as the most effective solution for extracting the
enzyme. It has been discovered that the locally isolated novel strain of A. terreus, SFH5, can efficiently produce a
substantial amount of aspartic protease by utilizing agro-industrial waste. This makes it a viable candidate for large-

scale optimized production of the enzyme to satisfy industrial requirements.

1. INTRODUCTION

Proteases, particularly those derived from microbial sources, have
gained significant popularity and dominance in the enzyme market,
accounting for 45-60% of total sales worldwide [1]. Microbial
proteases are preferred over animal and plant proteases due to their
versatility and wide range of applications. These enzymes can be
produced through various methods, with solid-state fermentation
(SSF) being one of the most effective approaches [2]. SSF is
advantageous as microbial proteases are typically extracellular,
meaning they are secreted outside the microbial cells. In addition,
this fermentation method is simple and utilizes readily available
agricultural and industrial residues [3].

Proteases function by hydrolyzing the peptide bonds in proteins,
breaking them down into peptides and amino acids. They are
categorized as endopeptidases, such as aspartic, serine, cysteine,
and threonine proteases, based on the amino acids present in
their active sites or their mineral requirements [4,5]. Proteases
can also be classified as endoproteases or exoproteases based on
their specific actions. In general, proteases can be acidic, basic,
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or neutral, with acid proteases being particularly important in
food processing. Fungi, including Aspergillus, Penicillium, and
Rhizopus, are known for producing acid proteases, with Aspergillus
producing aspergillopepsin (EC 3.4.23.18) and Rhizopus producing
rhizopuspepsin (EC 3.4.23.21) [6-8].

Another type of acid protease is a renin-like acid protease, produced
by molds such as Mucor, Rhizomucor, and Rhizopus. These
molds produce mucorpepsin (EC 3.4.23.23) and endothiapepsin
(EC 3.4.23.22) [9-11]. Acid proteases are widely used in the food
industry, including applications such as cheese making, meat
tenderization, protein analysis, and juice clarification. They exhibit
maximum effectiveness and stability at pH 2-5 but can also function
at pH 6 [12-15].

Microbial protease enzymes are favored as alternatives to animal
and plant enzymes due to their ease of cultivation, ability to
control production conditions, short production time, and the
utilization of local resources at lower costs, such as agricultural
and industrial residues like bran, husks, and waste products.
The broad applications and significance of these enzymes in the
food industry have led to an increased focus on their production.
Therefore, this study aimed to optimize the conditions for producing
aspartic proteases from locally isolated Aspergillus terreus molds,
with the goal of utilizing these enzymes in various applications,
including cheese manufacturing, protein hydrolyzates, and meat
tenderization.

© 2024 Sadeq Hasnawi, ez al. This is an open access article distributed under the terms of the Creative Commons Attribution License -NonCommercial-
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2. MATERIALS AND METHODS

2.1. Isolation, Screening, and Diagnosis of A. terreus

In a previous investigation, a collection of molds was isolated from
various soil samples in the Basrah city region of Iraq using the potato
dextrose agar (PDA) medium (HiMedia, India). Following this, a
primary screening was conducted on the local isolates using the Skim
Milk Agar medium, and the plates were inoculated with 5 mm of
mycelia from the isolates. After incubation at 30°C for 2—5 days, the
plates were flooded with a solution of 10% trichloroacetic acid (TCA).
The clear zone around the fungal colony indicated the production
of protease [2]. The local isolate exhibited the highest enzyme
productivity during the secondary screening. The secondary screening
followed the method described by Mamo et al. [3]. 10 g of wheat bran
and 2 g of casein were moistened with 10 mL of a saline solution
(at pH 5) in a conical flask. The saline solution was prepared by
dissolving 2 g of potassium nitrate (KNO,), 0.5 g of magnesium sulfate
heptahydrate (MgSO,.7H,0), 1 g of dipotassium hydrogen phosphate
(K,HPO,), 0.439 g of zinc sulfate heptahydrate (ZnSO,.7H,0), 1.116 g
of iron sulfate heptahydrate (FeSO,.7H,0), and 0.203 g of manganese
sulfate heptahydrate (MnSO,.7H,0) in one litter of distilled water. The
flasks were then autoclaved for 15 min at 121°C. After sterilization,
the flasks were cooled and inoculated with 1 mL of suspensions
containing 1 x 10° spores/mL. It was incubated at 30°C for 7 days.
The most productive isolate was identified using genetic diagnosis,
which includes a brief, generally universal primer (standard) used for
internal transcribed spacer (ITS1 5.8S ITS2) sequence; genomic DNA
was extracted from conidia, and was detected by electrophoresis using
a 1.5% agarose gel. A polymerase chain reaction (PCR) technique was
used to amplify the ITS gene using the primers shown in Table 1 and
supplied by the integrated DNA Technologies Company in Canada.
The PCR products were subjected to electrophoresis in 1% agarose gel
and purified using the solution for the gel extraction kit, then sequenced
by the Genetic Analyzer System (ABI-310, Applied Biosystems). The
National Centre for Biotechnology Information (NCBI) database was
used to obtain the closest culture sequence based on the similarity
between sequences.

2.2. Preparation of Inoculum Size

The inoculum size was prepared by flooding the activated fungal
isolates present on the PDA slant medium with 10 mL of sterile
distilled water. The mixture was then stirred using a sterile loop to
obtain a spore suspension, which was subsequently transferred to a
sterile tube. The spore concentration was adjusted to 1 x 10¢ spores/mL
using the hemocytometer [3,4].

2.3. Enzyme Extraction

After 7 days of fermentation, 100 mL of distilled water and 1 mL
of Tween 80 were added to each flask of the fermented product and
stirred at 30°C for 1 h at 150 rpm. The extracellular aspartic solutions
were obtained by filtration using a cotton cloth, then centrifuged at
5000 rpm at 4°C for 10 min. After that, the supernatant was collected
and used as a crud enzyme [16].

2.4. Enzyme Activity Assay

The acid protease was assessed following the procedure described
by Hsiao et al. [17]. First, 50 uL of casein solution was mixed
with 190 uL of glycine HCI buffer solution (0.05 M) and pH 3.4.
Subsequently, 10 uL of the enzyme was added to the mixture, which
was then incubated in a water bath at 35°C for 30 min. The reaction

Table 1: The primers used in the interaction of gene ITS

Primer  Sequence Tm GC Product

©C) (%) size
Forward 5-TCCGTAGGTGAACCTGCGG-3' 603 50  500-650
5 TCCTCCGCTTATTGATATGC-3' 57.8 4]  basepair

ITS: Internal transcribed spacer

Reverse

was stopped by adding 250 uL of TCA 5% (w/v). For the control
sample, all the aforementioned components were mixed except for
the addition of TCA at the beginning. The enzyme was then added,
followed by incubation at 35°C for 30 min. The resulting mixture
underwent centrifugation at 12000 rpm for 10 min using a Damon/
IEC division centrifuge (USA). To estimate the absorption of the
filtrate, a UV-UV-2900 spectrophotometer (Biotech Engineering,
UK) was used at a wavelength of 280 nm. The hydrolytic activity of
the enzyme was determined by measuring the increase in absorbance
of 0.001 at a wavelength of 280 nm under the given reaction
conditions.

2.5. Determination of Protein Concentration

The protein concentration in all experiments was determined using the
method developed by Lowry ef al. [18]. A standard curve was created
using bovine serum albumin solution to accurately measure the protein
concentration in the enzymatic solution conditions for the production
of aspartic protease.

The optimal conditions for enzyme production were investigated based
on the study by Othman and Sebo, [19] with some modifications.

Firstly, the best medium for enzyme production was determined by
examining the effects of different media types, including wheat bran,
barley bran, rice hulls, corn groats, and soybean meal. Each medium
(10 g) was placed in a 250-mL conical flask, supplemented with casein,
moistened with a salt solution, and sterilized at 121°C for 15 min. After
cooling, inoculum was added, and the mixture was incubated at 30°C
for 7 days. The crud enzyme was extracted as previously described, and
the activity of protease was measured. The highest enzyme-produced
substrate was chosen and tested for further optimization.

Second, the optimal percentage of the moistening solution used for
enzyme production was determined. Different ratios of the moistening
solution to the production medium (1:1, 2:1, 3:1, 4:1, and 5:1) were
examined.

Thirdly, the best pH for enzyme production was investigated by
preparing the moistening solution at different pH levels (3, 3.5, 4, 4.5,
5, 5.5, 6, 6.5, and 7). The pH of the solution was adjusted with 0.1
M HCI or 0.1 M NaOH before incorporating it into the production
medium. Furthermore, different solutions were utilized for enzyme
extraction, including citrate buffer (0.2 M, pH 3 and pH 4), acetate
buffer (0.2 M, pH 5), sodium phosphate buffer (0.2 M, pH 6 and
pH 7), and distilled water. The aim was to determine the most effective
solution for enzyme extraction.

In addition, the optimal inoculum size for enzyme production was
determined using various sizes (1 mL, 2 mL, 3 mL, 4 mL, 5 mL, and
6 mL) to inoculate the fermentation medium.

The study also focused on identifying the best nitrogen source for
enzyme production. Different nitrogen sources, such as casein,
peptone, ammonium nitrate, ammonium sulfate, and yeast extract,
were added to the fermentation medium. Furthermore, the best
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incubation period for enzyme production was determined by
incubating the inoculated medium for varying periods ranging from
2 to 7 days. Finally, the optimal temperature for enzyme production
was investigated by incubating the inoculated medium at different
temperatures, with a 5°C difference between each temperature,
ranging from 20 to 45°C.

2.6. Statistical Analysis

Data analysis was performed using Genstat software, specifically
the 2012 Edition. In the analysis, the minimum significant difference
(L.S.D.) method was utilized at a probability level of 0.05.

3. RESULTS AND DISCUSSION

3.1. Isolation, Screening, and Diagnosis

The selection and isolation of microorganisms play a crucial role
in studies of this nature, as they determine various aspects of the
research [4]. In this study, 40 pure isolates were obtained and purified
from mold using PDA medium. Various sources were utilized, including
different types of rice available in local markets and soil samples
collected from different areas of Basrah Governorate. The isolates were
initially screened based on the formation of halos around colonies on
Skim Milk Agar medium and incubated at 30°C for 48 h [2].

Figure 1 shows the primary screening process, which showed a clear
halo, which indicates the ability of the isolate to produce the protease
enzyme. After that, the assay of the enzyme produced from the SSF
process was measured, which showed a high ability of the local
isolate to produce the enzyme (258.6 units/mL and 272.2 units/mg).
The isolate was further characterized visually, microscopically, and
genetically. DNA was extracted from the fungal isolate, and the purity
of the extract was confirmed by electrophoresis results using agarose
gel at a concentration of 1.5% [Figure 2] and after amplifying the ITS
gene in a PCR device, the products were separated by electrophoresis
using agarose at a concentration of 2%. The results showed the
appearance of clear bands with a size of 600 base pairs [Figure 3].
The results of the PCR technology were sent to the Korean company
(Macrogen) for the purpose of determining the genetic sequence
(the sequence of nitrogenous bases), and then these sequences were
adopted in the homology search using the basic local alignment
search tool program to identify the type of isolate and match it with
the strains available in NCBI. Genetic analysis confirmed a 100%
match with A. terreus, which has been deposited in the gene bank
with the name A. ferreus SFHS (available at https://blast.ncbi.nlm.
nih.gov/Blast.cgi).

This study aligns with previous research that emphasizes the use of
soil as a primary source for isolating different species of Aspergillus.
For instance, Chimbekujwo et al. [16] isolated Aspergillus brasiliensis
BCW?2 from soil, and Maitig ez al. [20] also employed soil as a source
for isolating Aspergillus spp.

3.2. Determining the Optimal Parameters for Aspartic Protease
Production

3.2.1. Optimal medium for enzyme production

To assess the efficiency of A. terreus SFHS isolate in producing aspartic
protease using SSF, various culture media, including wheat bran, barley
bran, rice hulls, corn groats, and soybean meal, were employed to
determine the most suitable medium for enzyme production. Statistical
analysis revealed significant differences between the different media
at P <0.05. Among the tested media, wheat bran exhibited the highest

Figure 1: Primary screening based on halo formation around
isolated colonies.

SFE1 SFE2 SFH3 SFrza SFEHS

Figure 2: Genomic DNA bands extraction from local isolate on 1%

agarose gel.

SiZer™-100

SFH1 SFH2SFH3 SFH4 SFHs SFH1 SFH2 SFH3 SFH4 SFHS

Forward

Reverse

1.5% Agarose

Figure 3: Agarose gel (1.5%) electrophoresis of the products amplified with
polymerase chain reaction (PCR) at 5 volt/cm?. 1x TBE buffer for 1:30 h.
N: left side is DNA ladder (1500 bp), PCR product the band size 600 bp.

enzymatic activity, measuring 258.6 units/mL with a specific activity
0f 272.2 units/mg. On the other hand, corn groats displayed the lowest
enzyme activity among the agricultural media, with an enzymatic
activity of 100 units/mL and a specific activity of 104.1 units/mg, as
illustrated in [Figure 4].

The disparity in enzyme production across different culture media can
be attributed to the varying organic and mineral composition of the
nutrient medium, which can impact enzyme production, activity, and
stability. Corn groats’ reduced ability to absorb water and separate the
moisturizing solution from the particles may hinder mold growth and
enzyme production. Conversely, wheat bran’s water retention capacity
and suitable composition allow for sufficient air entry, making it a
commonly used medium for enzyme production.

Several studies align with the findings of this research, highlighting
the use of wheat bran as an optimal medium for protease enzyme
production by various Aspergillus [16] employed wheat bran for
protease enzyme production from A. brasiliensis BCW2, while [21]
identified wheat bran as the superior solid fermentation medium for
protease enzyme production from Aspergillus oryzae MTCC 5341.
Similarly, Novelli ef al. [1] and da Silva et al. [22] reported wheat
bran as the best culture medium for protease enzyme production from
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Figure 4: Effect of different agro-industrial for medium on protease enzyme

production from Aspergillus terreus SFHS.

Aspergillus. Overall, these findings underscore the significance of
selecting the appropriate culture medium, with wheat bran emerging
as the optimal choice for protease enzyme production in SSFs.

3.2.2. Determining the optimal moistening solution percentage
for enzyme production

Significant variations were observed among different ratios of the
moisturizing solution at P < 0.05. The optimal ratio was determined
to be (3:1), which corresponds to the usage of 30 g of saline solution
with 10 g of wheat bran as the production medium. This ratio resulted
in an enzymatic activity of 273.3 units/mL and a specific activity of
303.6 units/mg. Conversely, the ratio of the moisturizing solution
(5:1) exhibited lower activity, with an enzymatic activity of 40 units/
mL and a specific activity of 42.1 units/mg. [Figure 5] illustrates the
gradual increase in enzymatic activity until reaching its peak at the
(3:1) ratio of the moisturizing solution, followed by a gradual decline.
This effect in SSFs can be attributed to the growth and metabolism of
microorganisms. An increase in the moisture level to a certain level
may inhibit enzyme production. This decrease in enzyme production
at higher humidity levels may be due to poor oxygen supply with
increasing humidity levels [23].

The selection of mineral salts can significantly impact the
microorganism’s performance [9]. Differences in protease activity are
influenced by variations in the chemical composition and particle size,
which affect porosity [2]. When the ratio of moisturizing decreases,
the surface tension increases, resulting in reduced nutrient dissolution
and an unfavorable environment for mold growth. Conversely, a high
moisturizing ratio leads to anaerobic conditions, decreased oxygen
diffusion, increased particle adhesion, and the agglomeration of wheat
bran, ultimately leading to reduced enzyme productivity [23,24].

3.2.3. Optimization of pH for maximizing enzyme production

[Figure 6] illustrates the impact of pH on the production of the aspartic
protease enzyme from the isolated 4. ferreus SFHS. Statistical analysis
revealed significant differences between various pH values at P < 0.05.
The optimal pH for enzyme production was pH 5, resulting in an
enzymatic activity of 273.3 units/mL and a specific activity of 303.6
units/mg. It is notable that enzyme productivity gradually increased
within the acidic pH range of 2 to 5, but declined thereafter. The lowest
enzyme activity and specific activity were observed at pH 7, measuring
78.6 units/mL and 82.7 units/mg, respectively. The influence of acidic
pH on enzyme production may be attributed to its effects on the
medium’s properties, such as component solubility, transferability,
and ionization of vital compounds [4]. Changes in the ionic state of

L.S.D=0.01715 ® enzymatic activity (units / ml)
B specific activity (units/ mg )
400
300
2
>
2 200 -
]
<
100 -

11 2:1 3:1 4:1 5:1
moisturizing solution ratio

Figure 5: Impact of moisturizing solution ratio on protease enzyme
production from Aspergillus terreus SFHS.
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Figure 6: Effect of different initial pH on protease enzyme production from
local isolate Aspergillus terreus SFHS.

the substrate can lead to the formation of charged particles that may
not align with the enzyme’s active ionic sites, hindering the mold’s
access to the substrate [19]. These findings align with the work of
Mamo et al. [3], who produced acid protease enzyme from 4. oryzae
DRDFS13 isolate at pH 5, as well as the findings of Radha et al. [25],
who produced protease enzyme from Aspergillus ssp. isolate.

3.2.4. Optimization of enzyme extraction methods for maximum
yield

Investigating the optimal extraction solution for protease enzyme
from A. terreus SFHS Isolate. Through rigorous statistical analysis,
notable differences were observed among various enzyme extraction
solutions at a significance level of P < 0.05. It was determined that
distilled water emerged as the most effective solution for enzyme
extraction, exhibiting an enzymatic activity of 280.6 units/mL and
a specific activity of 311.7 units/mg. Conversely, the citrate buffer
at pH 3 displayed the lowest activity, with an enzymatic activity of
126.6 units/mL and a specific activity of 137.6 units/mg, as depicted in
[Figure 7]. The selection of an appropriate extraction solution plays a
crucial role in maintaining enzyme activity and preventing interference
in its estimation by ensuring optimal pH values. The superiority
of distilled water as an extraction solution stems from its ability to
dissolve substances without hindering enzyme function or binding to
minerals essential for enzyme effectiveness. Conversely, the varying
efficacy of buffer solutions in enzyme extraction can be attributed to
differences in ionic strength and enzyme properties such as electrical
neutralization point and pH stability [23]. These findings align with
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Figure 7: Effect of buffer solutions on protease enzyme production from local
isolate Aspergillus terreus SFHS.

the results of previous studies, including Chimbekujwo ez a/. [16] and
Mamo et al., [3] who utilized a distilled water solution in a ratio of
10:1 for protease enzyme extraction from 4. oryzae DRDFS13 and
A. brasiliensis BCW?2 isolates, respectively.

3.2.5. Optimizing inoculum size for enhanced enzyme production
Significant variations were observed among different inoculum sizes
during the statistical analysis (P < 0.05 [Figure 8]. illustrates the results
obtained from wheat bran medium inoculated with varying levels of
inoculum sizes. The maximum production of protease enzyme from
A. terreus SFH5 was achieved when using an inoculum volume of
2mL (1 x 10¢ spores/10 g solid). This resulted in an enzymatic activity
of 300 units/mL and a specific activity of 333.3 units/mg. Conversely,
enzyme productivity decreased to its lowest levels with an inoculum
size of 7 mL, where enzymatic activity dropped to 80 units/mL and
specific activity reached 86.9 units/mg.

The decrease in enzyme productivity with a lower inoculum volume
can be attributed to suboptimal utilization of medium components,
adversely affecting the activity of metabolic materials, including
enzymes. Conversely, increasing the inoculum size beyond the optimal
level leads to reduced dissolved oxygen, increased competition for
nutrients, cell agglomeration, and subsequently, a decline in enzyme
production [26]. These findings align with previous studies conducted
by [26], who recommended an inoculum volume of 1 mL for protease
production from microbial isolates. Similar results were also reported
by [16], where an inoculum volume of 1 mL was utilized for protease
production from A. brasiliensis.

3.2.6. Optimization of nitrogen sources for engyme production

Investigation of the impact of organic and inorganic nitrogen sources
on aspartic protease enzyme production from locally isolated A. terreus
SFHS. In this study, the researchers examined the influence of
different organic and inorganic nitrogenous sources on the production
of the aspartic protease enzyme from the isolated 4. terreus SFHS.
The findings presented in [Figure 9] and supported by statistical
analysis, revealed significant variations among the nitrogen sources
at a significance level of P < 0.05. Notably, the organic nitrogen
source, casein, exhibited the highest enzymatic activity, reaching
300 units/mL, with a specific activity of 333.3 units/mg. Conversely,
the utilization of other nitrogen sources such as peptone, ammonium
nitrate, ammonium sulfate, and yeast extract led to a gradual decline
in enzyme production, with enzymatic activities recorded as (253.3,
173.3, 56.6, 42) units/mL and specific activities measured as (287.8,

LSD =0.01482 ® ( Enzymatic activity units /ml)

B (specific activity units/m
- (sp y /mg)

300

250

200

Activity

150

100

50

1ml 2ml 3ml 4 ml 5ml 6 ml 7 ml
inoculum size

Figure 8: Optimizing inoculum sizes for protease enzyme production from
local isolate Aspergillus terreus SFHS.
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Figure 9: Variation in protease production from local isolation of Aspergillus
terreus SFH5 using different nitrogen sources.

192.5, 69.8, 46.6) units/mg, respectively. Nitrogen plays a fundamental
role in all fermentation processes, serving as a crucial component for
the genetic structure of microorganisms. Its availability is, therefore,
a vital factor influencing the growth of living organisms and the
synthesis of enzymes [19]. In addition, the superior production of the
protease enzyme observed when employing the organic nitrogenous
source (casein) can be attributed to the nature of amino acids and
peptides derived from the process of protein degradation [27]. These
results align with the findings of Asha and Palaniswamy [28], who
identified casein as the optimal nitrogen source for protease enzyme
production from the bacterial strain Bacillus cereus FT, surpassing
both organic and inorganic alternatives with an enzymatic activity of
up to 151 units/mL. Similarly, Othman and Sebo [19] concluded that
casein serves as the most effective nitrogenous source for protease
enzyme production. Overall, this study highlights the significance
of selecting the appropriate nitrogen source for enhancing aspartic
protease enzyme production, with casein demonstrating exceptional
performance in this context.

3.2.7. Enhancing enzyme production by identifying the optimal
incubation period

[Figure 10] demonstrates that the optimal incubation period for
producing aspartic protease enzyme from the local isolation of
A. terreus SFHS is 6 days. During this period, the enzymatic activity
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reached 306.6 units/mL, with a specific activity of 348.4 units/mg.
The enzyme production showed an increasing trend starting from
the 2™ day, gradually reaching enzymatic activities of 51.3, 40, 95.3,
and 130.6 units/mL, and specific activities of 16.6, 45.4, 116.26, and
167.4 units/mg, respectively. However, on the 7% day of incubation,
a decrease in enzyme production was observed. This decline may
be attributed to increased metabolites and nutrient depletion in
the medium, resulting in reduced fungal growth and subsequent
enzyme secretion outside the cell [29]. Statistical analysis confirmed
significant differences among the various incubation periods at a
significance level of P < 0.05. These findings align with the research
of Usman et al. [2], who also determined that the optimal incubation
period for acid protease production from filamentous fungi was 120 h.
Similarly, [30] reported that the best incubation duration for enzyme
activity was 120 h, with an enzymatic activity of 181 units/mL.

3.2.8. Optimization of temperature

[Figure 11] illustrates the impact of different temperatures on
aspartic protease production from the A. terreus SFHS isolate.
Statistical analysis revealed significant temperature-dependent
differences at a significance level of P < 0.05. The optimal
temperature for enzyme production was determined to be 30°C,
with enzymatic activity recorded at 306.6 units/mL and specific
activity at 348.4 units/mg. At other temperatures (20°C, 25°C,
35°C, 40°C, and 45°C), the enzymatic activity and specific
activity were observed to be 213.3, 253.3, 240, 174.6, 146.6
units/mL, and 250.9, 284.6, 266.6, 223.8, and 183.25 units/mg,
respectively. However, exceeding the optimal temperature resulted
in decreased enzyme productivity due to the elevated temperature
and dryness of the fermentation medium, leading to reduced water

LSD =0.01453 ® ( Enzymatic activity units /ml)
B ( specific activity units/mg)
400
350
300
> 250
% 200
< 150
100
50 -
0 -
2 days 3 days 4 days 5 days 6 days 7 days
Incubation periods

Figure 10: Effect of the different incubation periods on protease
production from local isolate of Aspergillus terreus SFHS.
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Figure 11: Producing protease enzyme from locally isolated
Aspergillus terreus SFH5 at varied temperatures.

activity (aw), limited ventilation, nutrient depletion, and impaired
microbial growth. In addition, high temperatures could cause
protein denaturation and enzyme inhibition. These findings are
consistent with the observations of Usman et al. [2] on the optimum
temperature for acid protease enzyme production and are also in line
with the optimum temperature reported by Aljammas et al. [9] for
protease enzyme production from Aspergillus niger FFB1 isolate.
Muazu [29] similarly identified 30°C as the optimum temperature
for acid protease enzyme production from Aspergillus spp. Mold.

4. CONCLUSION

The A. terreus SFH5 mold, isolated from various soil sample locations
within Basrah Governorate in southern Iraq, demonstrated the capacity
to produce the aspartic protease enzyme through SSF. By optimizing
the isolation and growth processes, the study successfully increased
the production of the enzyme. Notably, local agricultural residues
were utilized as a growth medium, which significantly contributed
to the enhancement of enzyme production. The results obtained from
this research indicate the potential utility of local fungal isolations
for the production of the aspartic protease enzyme. This enzyme can
be beneficially employed in diverse food applications, such as meat
tenderization, protein analysis, and natural juice clarification, among
others, in the future.
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