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Abstract
This research was aimed at identifying a bacterium that can produce alkaline proteases. As a result,
bacteria that produce proteases were isolated from Batu tannery effluents, tested for protease synthesis
on skim milk agar plates, and validated with a protease assay. Microscopic and molecular phylogenetic
analyses identified Paenibacillus dendritiformis (BT7) as the bacterial isolate with the highest alkaline
protease production. The isolate's maximum enzyme production was obtained by 2% inoculum size, 40°C
temperature, 9.0 pH, and a 48-hour incubation time with production media components such as glucose,
casein, MgCl2, and 2% NaCl. The maximal enzyme activity was 270 U/mL under all optimum culture
conditions. Concentrated ammonium sulfate precipitation (75%) and dialysis were employed to obtain a
cell-free, partially purified protease. The specific activity of the dialysate, which accounts for 3% of the
enzyme yield, was discovered to be 134 U/mL. The partially purified protease was used for application in
blood stain removal. It was studied and found that the alkaline protease resistance under stringent
conditions is very stable with bleach detergent. Also, this enzyme could clean blood-stained fabrics. This
study shows that the alkaline protease from Paenibacillus dendritiformis - BT7 could be used in various
ways in the detergent industry that are good for the environment.
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Abstract
This research was aimed at identifying a bacterium that can produce alkaline proteases. As a result, bacteria that
produce proteases were isolated from Batu tannery efﬂuents, tested for protease synthesis on skim milk agar plates, and
validated with a protease assay. Microscopic and molecular phylogenetic analyses identiﬁed Paenibacillus dendritiformis
(BT7) as the bacterial isolate with the highest alkaline protease production. The isolate's maximum enzyme production
was obtained by 2% inoculum size, 40  C temperature, 9.0 pH, and a 48-h incubation time with production media
components such as glucose, casein, MgCl2, and 2% NaCl. The maximal enzyme activity was 270 U/mL under all optimum culture conditions. Concentrated ammonium sulfate precipitation (75%) and dialysis were employed to obtain a
cell-free, partially puriﬁed protease. The speciﬁc activity of the dialysate, which accounts for 3% of the enzyme yield, was
discovered to be 134 U/mL. The partially puriﬁed protease was used for application in blood stain removal. It was
studied and found that the alkaline protease resistance under stringent conditions is very stable with bleach detergent.
Also, this enzyme could clean blood-stained fabrics. This study shows that the alkaline protease from P. dendritiformis BT7 could be used in various ways in the detergent industry that are good for the environment.
Keywords: Alkaline protease, Bloodstain, Batu tannery, Detergent, Paenibacillus dendritiformis

1. Introduction

P

rotease is a protein-degrading enzyme that
catalyzes the breakdown of protein molecules
into peptides and amino acids [1,2]. Protease (EC:
3.4.21e24, 99) is one of the most versatile commercial enzymes, with around 2% of all genes in higher
organisms coding for proteases [2,3]. Protease is one
of the three main industrial enzyme families, accounting for 65% of global enzyme trade. It's
employed in a variety of ecologically favourable and
safe industrial products [4]. Proteases are essential
for cell growth and development and can be present
in all microorganisms. It's also being researched as a

bioactive catalyst in biological processes that are
alive [5,6]. People who study proteases think about
the pH range in which they work best. Proteases can
be acidic, alkaline, or neutral [7].
Proteases are categorized as exo-peptidases or
endopeptidases depending on the site of action on
the polypeptide chain [8]. Exopeptidases catalyze
and cleave the terminal peptide bonds surrounding
the amino and carboxyl termini of the substrate only
at the end of the polypeptide chain. Exopeptidases
are enzymes that only operate on polypeptide
chains at their ends. Depending on whether they
function at the N or C terminus, they are classiﬁed
as amino (or) carboxypeptidases [9,10]. A protease
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known as an aminopeptidase separates individual
amino acids from a peptide's amino-terminal end.
Carboxyl-terminal peptidases, on the other hand,
are enzymes that cut peptide chains at their
carboxyl terminus [8].
Even though plants and animals generate proteases,
microbial sources are preferred because they can meet
the world's ever-increasing demand. Bacteria represent a promising source of protease enzymes for billions of dollars in international trade [2]. Microbial
proteases are known for their versatility in pH, temperature, and substrate type. Although proteases have
been studied in a variety of microorganisms, including
bacteria, fungi, and viruses, Bacillus species (bacteria)
constitute the most prevalent source for industrial
protease applications. [11,12]. Bacillus is an important
and relevant source of industrial alkaline proteases,
and it is likely the sole commercialized species for
alkaline protease synthesis [13]. Proteases must be
active and stable in industrial applications, including
extremes in temperature, pH, inhibitors, and oxidizing
agents [14]. If potential enzymes are used in industrial
applications, they must be processable and stable for
long periods [15].
Leather, textiles, food, medicines, detergents, and
the photographic ﬁlm industry are all industries that
use proteases [16]. The laundry detergent industry requires effective, environmentally sustainable, and
cost-effective techniques for undesired protein
breakdown [12,17]. Skin trimming keratin waste, ﬂesh
waste, chrome shaving waste, and bufﬁng trash are all
examples of proteinaceous solid waste generated by
the leather industry [18]. Proteinaceous stains such as
blood, food, and grass stains can be removed with
alkaline proteases included in detergent formulations.
Several fermentation factors, including medium, nitrogen, carbon sources, pH, temperature, inoculum
size, agitation, and incubation duration, can be tuned to
maximize the output of industrially essential enzymes
[17,19]. For future enzyme uses, new alkaline protease
enzymes must be developed. Also, bacteria-produced
enzymes found in efﬂuents increase the relevance of
converting industrial waste into valuable enzymes,
particularly alkaline proteases [20]. The purpose of this
research is to ﬁnd, screen, optimize, and characterize
alkaline protease-producing bacteria from leather industry efﬂuent that can be used in detergents.

2. Materials and methods
2.1. Sample collection and isolation of bacterial
strains
The soil and water samples were collected using
sterile plastic bags and bottles at the Batu tannery in
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Addis Ababa, Ethiopia. The samples were then
placed in an icebox and sent to Addis Ababa Science
and Technology University's industrial biotechnology laboratory. Finally, samples were maintained
in the refrigerator at 4  C until they were used. To
isolate bacteria, soil and wastewater samples were
serially diluted and dispersed on nutrient agar
supplemented with 1% casein and kept at 37  C
overnight at pH 9.0 [3,21,22]. Using sterile distilled
water containing 0.85% NaCl, serial dilutions up to
108 were conducted. After that, a glass spreader
was used to spread 0.1 mL of each dilution aseptically on nutrient agar plates. The plates were incubated overnight at 37  C in an incubator. Colonies
were evaluated after 24 hours of incubation, and
various growth patterns of bacteria were detected
on each plate.
2.2. Screening for protease-producing bacteria
On skimmed milk agar, the pure colonies were
tested (SMA). The fresh culture was spot injected on
skimmed milk agar (g/l) with pH 9.0 (using phosphate buffer) and incubated at 37  C for 24 hours.
[23,24].
2.3. Molecular identiﬁcation of potent proteolytic
bacterial isolates
16S rRNA gene sequencing was also used for
molecular identiﬁcation. Two universal primers for
16S rRNA gene ampliﬁcation were utilized to get
ampliﬁed PCR results. The forwarding primer 27F
had the sequence AGAGTTTGATCMTGGCTCAG,
while the reverse primer 1492R had the sequence
GGTTACCTTGTTACGACTT. An ABI 3730xl
sequencer was used to sequence the 16s rRNA
gene. In India, BioEdit7.2 was used to align the 16S
rRNA gene sequences. BLAST-NCBI was used to
analyze the sample sequences [6,25]. BLAST
(http://www.ncbi.nlm.nih.gov/BLAST/,
NCBI,
Bethesda, MD, USA) was used to match the sequences to 16S rRNA sequences accessible in
public databases, and the gene was identiﬁed at the
generic level. The CLUSTAL-X Multiple Sequence
Alignment Program was used to align the isolated
isolates' 16S rRNA sequences with sequences from
related species obtained from Gene-Bank (Strasburg, France). PHYLIP will be utilized for the
phylogenetic analysis, and phylogenetic trees were
generated using the neighbor-joining approach
with the Tree View tool. A bootstrap investigation
was used to ensure that the branching pattern was
constant [25].
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2.4. Optimization of cultural conditions for protease
production
On enzyme synthesis and protein content, the
impacts of various media nutrient composition and
physical variables were investigated. After 24 hours
of incubation in the culture medium at various
temperatures (i.e., 25, 30, 35, 40, 45, 50, 55, and
60  C), the inﬂuence of temperature on the generation of alkaline proteases was assessed. The medium
was prepared by adjusting the pH from 6.0 to 12.0 at
a 1.0 unit interval to optimize pH. Similarly, the
bacterial isolate BT7 was inoculated in the protease
production medium and incubated for 12, 24, 48, 72,
and 96 hours for an optimal incubation period. The
effect of changing the inoculum size from 0.5, 1.0,
1.5, 2.0, 2.5, and 3.0% v/v at a 0.5% v/v difference on
protease production was investigated [26].
Carbon sources include galactose, fructose, sucrose, starch, maltose, lactose, cellulose (0.5% w/v),
and nitrogen sources like NaNO3, NH4Cl, KNO3,
Casein, Yeast Extract, Peptone, and Ammonium
Acetate (1% w/v) were also studied. The cell-free
supernatants were used to detect the protease enzyme's speciﬁc activity after 24 hours of incubation
[7]. The effect of salt concentration, NaCl, on protease synthesis was investigated by adding various
concentrations of NaCl to the production media.
The experiment was conducted separately at 0.5, 1.0,
1.5, 2.0, 2.5, and 3.0% NaCl in the carbon and nitrogen sources, optimum basal medium injected
with 2% of 24 h culture broth [25]. Different metal
ions' inhibitory activity on protease synthesis was
also investigated. Zinc chloride, Calcium chloride,
Ferric chloride, Manganese sulphate, Mercuric
chloride, Magnesium chloride, Copper sulphate and
Zinc sulphate were among the metal ions used. Each
was added to an optimum basal medium, which
included hydrocarbon, carbon and nitrogen sources,
at a concentration of 0.2% while maintaining a pH of
9.0. After 48 hours of incubation, the effect was
assessed [26].
2.5. Production, extraction, and partial puriﬁcation
of crude enzyme
Bacterial cultures were inoculated in nutrient
broth and incubated at 37  C and 120 rpm for 48
hours. The basal medium was used to produce enzymes (glucose 10.0g, peptone 10.0g, K2HPO4 1.0g,
MgSO4 0.2g, Na2CO3 5.0g, distilled water 1000 ml).
0.1N NaOH and 0.1N HCl were used to alter the pH
of the medium to 9.0. The medium was autoclaved
for 15 minutes at 15 lbs/inch2 pressure (121  C) and
inoculated with 10 ml of overnight seed culture;

ﬂasks holding 1000 ml of medium were incubated at
37  C for 48 hours at 120 rpm in a rotary shaker
incubator [27]. After 48 hours, the culture is centrifuged at 10,000 rpm for 10 min. The clear supernatant was used as the crude enzyme. This crude
enzyme was precipitated with ammonium sulphate
precipitation (75% saturation), and the enzyme
precipitate obtained was centrifuged at 10,000 g for
10 min. The collected supernatant followed by
dialysis was utilized to get a partially pure cell-free
protease. Finally, crude enzyme and partially puriﬁed enzyme were analyzed to determine the protease activity and protein concentration.
2.6. Assay for proteolytic activity
The activity of alkaline proteases was determined
using a modiﬁed version of the method published
by Takami et al. [28]. According to this method,
equilibrium was attained by incubating 0.25 mL of
glycine (6.01 g): NaCl: NaOH buffer (50 mM, pH
10.5) with 2.5 ml of 0.6% of casein powder dissolved
in the same buffer at 30  C. A 0.25 mL aliquot of the
enzyme solution was added to this mixture and
incubated for 20 minutes. TCA solution (2.5 mL) was
added. After 10 minutes, the entire mixture was
centrifuged for 15 minutes at 5000 RPM. The supernatant was then combined with 2.5 ml of 0.5M
Na2CO3 and 0.5 ml of Folin-phenol Ciocalteu's solution after 30 minutes. The optical densities of the
solutions at 660 nm of the sample blanks were
measured using a spectrophotometer (Biochrom,
England). One unit of alkaline protease activity was
deﬁned as the enzyme quantity necessary to liberate
1 mg of tyrosine per minute under the experimental
conditions. A standard curve was generated by utilizing tyrosine solutions (0e100 g/ml). The results of
each enzyme test were done triplicate, and the mean
values were recorded [29,30].
2.7. Assay for total protein
Using Lowry's technique, the samples' total protein content was ascertained. Bovine Serum Albumin (BSA) (1 mg/ml) was the protein standard
utilized.
2.8. Blood stain removal
According to Aftab et al. [31], the protease activity
of an isolate as a detergent additive (555, Ethiopia)
was studied, and the image was analyzed using
image j software. As a result, six pieces of white
cotton cloth, each measuring 4 cm  4 cm, were
stained with blood, as shown below.
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Fig. 1. (a) Bacterial isolate subculture, (b) Isolate screening in 1% skimmed milk agar, and (c) Secondary screening for potential bacteria isolates (Zone
of protein hydrolysis).

(a). In Petri dishes, a blood-stained towel was
immersed in 10 ml of distilled water (Negative
Control)
(b). In Petri dishes, a blood-stained towel was dipped in 5 ml of distilled water and 5 ml of
enzymes.
(c). In Petri dishes, a blood-stained cloth was dipped in 2.5 mL distilled water and 7.5 mL isolated
enzyme solution.
(d). In Petri dishes, a blood-stained towel was
immersed in a 10 ml isolate enzyme solution.
(e). In Petri plates, a blood-stained cloth was dipped
in 5 ml of enzyme solution and 5 ml of
detergent.
(f). In Petri dishes, a blood-stained cloth was
immersed in 10 ccs of detergent (Positive
control).
The blood-stained clothing was then incubated in
Petri dishes for 10 minutes at 37  C. Finally, a bloodstained cloth was used as a control that had not been
subjected to these treatments [29].

3. Results and discussions
3.1. Isolation and screening of microorganisms that
produce alkaline proteases
Three separate tannery waste samples were obtained, and bacteria were isolated using serial
dilution and spread plate procedures. The samples
on nutrient agar yielded a total of 53 distinct bacterial strains. All isolates were primarily screened
for protease production on the skim milk agar plate
method shown in Fig. 1. Among 53 isolates, 20 isolates showed a signiﬁcant protein hydrolysis zone
(Table 1). Khan et al. [32] used soil samples to isolate
118 isolates with proteolytic activity on skim milk
agar plates. The results could be because the sample
came from a variety of places, including tanneries,
soap factories, garden soil, and soil compost. More
positive isolates are obtained as a result of larger
sample size and a larger number of sampling sites
[10]. Those isolates were subjected to secondary
screening, i.e., well-zone diffusion using culture

Table 1. Proteolytic isolates and their respective clear zones of protein hydrolysis in mm.
S. NO

Proteolytic isolates

Protein hydrolysis zone in mm

S. NO

Proteolytic isolates

Protein hydrolysis zone in mm

1
2
3
4
5
6
7
8
9
10

BT1
BT4
BT5
BT7
BT12
BT 14
BT 16
BT 18
BT 20
BT 23

25
24
17
30
19
17
18
20
21
15

11
12
13
14
15
16
17
18
19
20

BT 25
BT 28
BT 31
BT33
BT 34
BT 39
BT 42
BT 45
BT 48
BT 53

25
21
14
15
21
20
19
14
19
24
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Table 2. Proteolytic isolates and their Protease activity in U/ml.
S. No

Proteolytic isolates

Protease activity (U/ml)

1
2
3
4
5

BT1
BT4
BT7
BT25
BT53

180
172
220
182
185

±
±
±
±
±

0.36
0.42
0.18
0.74
0.08

supernatant, and, accordingly, ﬁve isolates showed
a signiﬁcant protein hydrolysis zone (BT1, BT4, BT7,
BT25, and BT53). Finally, we selected the BT7 isolate
due to the highest zone of protein hydrolysis

(30 mm) (Table 1) and protease activity (220 ± 0.18U/
ml) (Table 2) for further studies. Out of 188 bacterial
isolates, Hamza [33] evaluated 36 alkaline proteasepositive isolates, with ﬁve isolates with higher clear
zones being researched further.
3.2. Identiﬁcation of potent proteolytic bacterial
isolates
The maximum alkaline protease-producing strain
BT7 was selected depending on the highest zone of

Fig. 2. Phylogenetic tree of Paenibacillus dendritiformis -BT7.

C. Masi et al. / Karbala International Journal of Modern Science 8 (2022) 670e681

675

Fig. 3. (a) Effect of incubation time, and (b) Inoculum size on alkaline protease Production.

protein hydrolysis (30 mm) and protease activity (220
U/ml). This strain was selected for further use. Paenibacillus isolates BT7 produced medium colonies
with circular edges, convex elevation, and an entire
boundary (Bacillus spp). Endospore development and
the ability to grow and produce enzymes optimally at
elevated temperatures are two physiological and
phenotypic features. BT7 was also a rod-shaped
gram-positive bacterium [34]. Using a 1% agarose gel

and a 1.5 Kb DNA ladder, the ampliﬁed 16S rRNA
gave a 1500 bp DNA fragment an intact band. In
addition, the 16S rRNA gene analysis of isolate BT7
indicated the highest sequence similarity (99%) to the
genus Paenibacillus, indicating that it belongs to the
Bacillus species. Isolate BT7 has a high association
with Paenibacillus dendritiformis, according to phylogenetic relationship analysis using the neighborjoining method (Fig. 2), which is 99.9% identical.

Fig. 4. (a) Effect of temperature (b) pH on alkaline protease production.
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Fig. 5. (a) Effect of different carbon sources, (b) Different nitrogen sources on alkaline protease production.

The selected P. dendritiformis-BT7 for media optimization, mass production, and detergent industry
application is illustrated below:
3.3. Media optimization of protease production
conditions
Optimization factors such as incubation time,
inoculum size, temperature, pH, sodium chloride

concentration, different carbon sources, metal ions,
and nitrogen sources that may inﬂuence the production of protease enzyme were optimized in the
media for maximum activity of P. dendritiformis-BT7.
3.3.1. Effect of incubation time on alkaline protease
production
The effects of incubation time (12e96 h) on the
isolate P. dendritiformis - BT7's growth and protease

Fig. 6. (a) Effect of salt concentration; (b) Effect of metal ions on alkaline protease production.
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Table 3. Summary of the partial puriﬁcation of an alkaline protease.
Puriﬁcation technique

Volume
(mL)

Protein
(mg/mL)

Total protein
(mg)

Alkaline Protease
activity (U/mL)

Total activity
(U)

Speciﬁc activity
(U/mL)

Yield (%)

Culture supernatant
Ammonium Sulphate
precipitation
(75%) and dialysis

500
20

0.35
2.2

175
44

270
295

13500
5900

77.14
134

99
3%

production were investigated in this study. In this
investigation, 48 hours of incubation was the
optimal time for maximum protease production
(Fig. 3a). These results have shown a similar
observation to Chu [35]. He worked on a Bacillus sp.
strain that made a protease that could work for 48
hours at a time.
3.3.2. Effect of inoculum size on alkaline protease
production
The alkaline protease production was optimized
using different inoculum sizes ranging from 1% to
3% v/v of P. dendritiformis-BT7. At a 2% v/v inoculum

size, the protease activity in organisms increased to a
maximum of 240 ± 0.43 U/mL as the inoculum size
was raised (Fig. 3b). These results were the following:
Odu & Akujobi [36], reported that a 2% inoculum
size gives higher protease production. These ﬁndings
follow Nadeem et al. [37], who found that a 2% v/v
inoculum size of Bacillus licheniformis N-2 culture
resulted in the highest enzyme activity. The generation of alkaline protease decreased as the inoculum
size grew larger. There may be less food or enzymes
that break down when there are a lot of bacteria in
the mix. These results reveal less growth and production of alkaline protease [38,39].

Fig. 7. The compatibility of alkaline protease with commercial detergents and its efﬁcacy in blood stain removal (a) Negative control water (10 mL),
(b) Water (5 mL) with Enzyme (5 mL), (c) Water (2.5 mL) with Enzymes (7.5 mL), (d) Enzymes (10 mL), (e) Enzymes (5 mL) with Detergent (5 mL), (f)
Positive control Detergents (10 mL).
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3.3.3. Effect of temperature on alkaline protease
production
The temperature has been identiﬁed as one of the
most important parameters inﬂuencing bacteria's
growth and ability to produce alkaline protease
enzymes. As a result, isolate BT7 was grown under
different conditions (25, 30, 35, 40, 45, 50, 55, and
60  C). P. dendritiformis-BT7produce protease best at
35e45  C in this study (Fig. 4a), with the maximum
growth at 40  C (242 ± 0.32 U/mL). In addition, Fig. 5
shows that protease enzyme production occurred
between 35  C and 45  C, with a maximal activity of
220 ± 0.14 U/mL and 222 ± 0.38 U/mL, respectively.
Results that agreed with earlier ﬁndings were reported for other proteases. For protease from Bacillus pumilus D3 [39], Bacillus cereus SU12 [40], and
Bacillus sp. For example, in SSR1 [13], the optimal
temperature was 40  C.
3.3.4. Effect of pH on alkaline protease production
All enzymatic processes and the movement of
various components through the cell membrane are
affected by the pH of the culture. The molecular
basis of pH altering bacterial metabolism in the
culture broth, on the other hand, is unknown.
Because the medium pH value affects the proton
motive force in chemiosmosis, relative metabolic
efﬁciency may be high in the optimum pH range
[16]. Changes in pH signiﬁcantly affected the bacteria isolate's growth and activity. The pH change
was found to play an important role in the bacteria's
growth and protease activity. At pH 9, the greatest
growth and protease production were seen (Fig. 4b).
Similar results were reported with Bacillus cereus
strain AT [41]; Bacillus subtilis [42]; Bacillus sp. SP-5
[43]; Bacillus sp. Cab44 [33]; Bacillus sp. [44]; Bacillus
sp [45]. and Bacillus subtilis [46].
3.3.5. Effect of carbon sources on alkaline protease
production
Glucose, sucrose, lactose, fructose, maltose, cellulose, starch, and galactose were used to examine the
effects of various carbon sources on cell growth and
protease production. Isolate Paenibacillusdendritiformis-BT7 grew well on most of the carbon sources used in this study. Glucose has the highest
protease activity among the carbon sources, with

248 ± 0.72 U/mL, followed by sucrose with 228U/ml
(Fig. 5a). Bacillus circulans and Bacillus licheniformis N-2
both make the most protease when fed glucose [47,48].
3.3.6. Effect of nitrogen sources on alkaline protease
production
The growth and protease production of isolate P.
dendritiformis-BT7 were studied using several nitrogen sources such as NaNO3, NH4Cl, KNO3, casein,
yeast extract, peptone, and ammonium acetate.
Isolate BT7 grew the fastest and produced the most
protease (258 ± 0.78 U/mL) when casein was used as
a nitrogen source, followed by yeast extract (Fig. 5b).
For growth and metabolism, various organisms
require various nitrogen supplies. Suleiman et al. [7]
found that supplementing bacteria with 1% (w/v)
casein enhanced their protease output. Protease
production was increased by adding 1% (w/v) casein
in Bacillus sp. Y. [49]. At 34.57 U/mg, Bacillus pseudoﬁrmus SVB1 makes more alkaline protease when
casein is present [50].
3.3.7. Effect of salt concentrations on alkaline protease
production
Figure 6a indicates that the isolate P. dendritiformis-BT7 could grow in a wide range of NaCl
concentrations from 0.5 to 4%, with optimum
growth and protease production activity (248 ± 0.32
U/mL) at 2% NaCl (Fig. 6a). and appreciable activity
at 1.5 and 2.5%. The result was in line with Divakar
et al. [51] reports, with the maximum protease production
of
2%
(NaCl)
by
Thermoactino
mycesthalpophilus.
3.3.8. Effect of metal ion concentrations on alkaline
protease production
For the isolate P. dendritiformis-BT7, the highest
level of protease production (245 ± 0.54 U/mL) was
observed in the presence of Mg2þ (Fig. 6b). Hg2þ,
Zn2þ, and Ca2þ won't affect enzyme production, but
the other metal ions tested exhibited a decrease in
protease production with a complete absence in the
presence of Zn2þ. According to Jellouli et al. [52],
adding Mg2þ to the protease from Bacillus licheniformis MP1 increased enzyme activity by about
13%. Magnesium deﬁciency in the culture broth
decreases glycolysis because several glycolytic

Table 4. Bloodstain removal of protease activity.
Stain

Blood

Control Water
(10 ml)

Water (5 ml) þ enzymes
(5 ml)

Water (2.5 ml) þ enzymes
(7.5 ml)

Enzymes
(10 ml)

Enzymes (5 ml) þ Detergent
(5 ml)

Detergent
(10 ml)

(a)
*

(b)
**

(c)
***

(d)
****

(e)
**

(f)
***

* ¼ Poor removal of the blood stain; ** ¼ Good removal of the blood stain.
*** ¼ Very good removal of the blood stain; **** ¼ Excellent removal of the blood stain.
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enzymes require it as a cofactor [37]. In addition, the
cations protect the enzyme from being damaged by
heat and are important for keeping the enzyme in
an active state at high temperatures [14].
3.4. Partial puriﬁcation of alkaline protease
The alkaline protease was produced in 1000 mL
conical ﬂasks containing the basal medium with
media-optimized parameters. The pH of the medium
was adjusted to 9.0 after 48 hours at 37  C. The crude
protease sample was precipitated with 75% saturated
ammonium sulphate followed by dialysis. In the
crude extract, the enzyme activity (protease) was
270 ± 0.18 U/mL and 175 mg/mL. After ammonium
sulphate and dialysis (partially puriﬁed enzyme), the
enzyme activity (protease) was 295 ± 0.45 U/mL, and
44 mg/mL (below Table 3). According to Hakim et al.
[11], the partially puriﬁed protease of bacterial isolates was signiﬁcantly active over 7.0e12.0 pH, with
the highest activity at pH 9. Temiz et al. [53] studied
the 20e40% ammonium sulphate precipitate for
partial puriﬁcation of alkaline protease, which gave
the maximum speciﬁc activity.
3.5. The effectiveness of alkaline protease in
removing blood stains and its compatibility with
commercial detergents
In terms of potential industrial applications, we
looked at the enzyme's compatibility with common
detergents. With the commercial laundry detergents
tested, the isolated protease showed substantial action. The enzyme was incubated for 1 hour with
industrial laundry detergents, and it was shown that
it retained up to 85e99% of its activity under these
harsh circumstances [30,54]. While the protease
alone was efﬁcient in removing blood spots from
fabrics, the best results were obtained when the
protease was used in conjunction with a commercial
laundry detergent (Fig. 7 and Table 4).
Because detergent enzymes must act on protein
substrates bound to solid surfaces, this key feature
makes them appealing as hard surface cleaner additives. Proteinaceous stains, common in laundry, may
also beneﬁt from their use. Alkaline proteases' effectiveness in removing blood stains from cotton cloth
[34,38]. Proteases can be used in detergents to help cut
down on the amount of detergent used, which can
help cut down on global pollution levels [55].

4. Conclusion
The current study found that P. dendritiformis
(BT7), a bacterium isolated from the Batu tannery, is
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a good source of enzymes for a variety of industrial
uses. In the current research, P. dendritiformis (BT7)
alkaline protease was isolated, screened, identiﬁed,
optimized, characterized, and puriﬁed. At pH 9.0,
2% inoculum volume, 40  C temperature, and 48
hours of incubation, this alkaline protease displayed
maximum activity. Furthermore, after being
partially puriﬁed, the alkaline protease showed the
highest enzyme activity. As a result, P. dendritiformis
BT7's alkaline protease could be a suitable enzyme
for ecologically friendly detergents. As a result, it
was recommended that the detergent industry use
these microorganisms.
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