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ENZYMATIC ACTIVITY OF ALKALINE PROTEASE FROM Bacillus cereus TD5B AND ITS APPLICATION AS SHEEP SKIN DEHAIRING AGENT
ABSTRACT. This study aims to determine the enzymatic activity of extracellular alkaline protease from Bacillus cereus TD5B and its potential
application as a sheep skin dehairing agent. The B. cereus TD5B was screened for extracellular alkaline protease production on skim milk
agar media, while its alkaline protease activity and the application were measured at 1%, 1.5%, and 2%. The application of alkaline
protease from B. cereus TD5B as a sheep skin dehairing agent was observed through histological examination and physical properties
measurement after chrome-tanning with lime and NazS as control. The study was conducted in a completely randomized design, and the
quantitative data were analyzed using Duncan’s Multiple Range Test. The results showed that a clear zone was seen surrounding B. cereus,
indicating the bacteria’s proteolytic activity. The protease activity measurement showed that 2% of alkaline protease had the highest
enzymatic activity at 144.75 U/mL/min. The highest tensile strength of sheep leather was obtained after dehairing at 1% alkaline protease
concentration (350.26 kg/cm?), even though the highest elongation was obtained at 2% (34.92%). In contrast, different concentrations
showed similar shrinkage temperatures at 90°C. This study concludes that the optimum alkaline protease concentration from Bacillus
cereus TD5B as a sheep dehairing agent was 2%.

KEYWORDS: Bacillus cereus TD5B, dehairing, alkaline protease, sheep skin

ACTIVITATEA ENZIMATICA A PROTEAZEI ALCALINE DIN Bacillus cereus TD5B S| APLICAREA ACESTEIA PE PIELEA DE OAIE CA AGENT DE
INDEPARTARE A PARULUI

REZUMAT. Acest studiu are ca scop determinarea activitatii enzimatice a proteazei alcaline extracelulare din Bacillus cereus TD5B si a
potentialei sale aplicatii ca agent de indepartare a parului de pe pielea de oaie. S-a selectat B. cereus TD5B pentru productia de proteaza
alcalind extracelulard pe mediu de agar din lapte degresat, masurandu-se activitatea proteazei alcaline si aplicarea acesteia in proportie de
1%, 1,5% si 2%. Aplicarea proteazei alcaline din B. cereus TD5B ca agent de indepartare a parului de pe pielea de oaie a fost observata prin
examinarea histologica si s-au determinat proprietatile fizice dupa tabdcirea in crom cu var si Na,S ca martor. Studiul a fost realizat intr-un
design complet randomizat, iar datele cantitative au fost analizate folosind testul Duncan cu raza multipla. Rezultatele au ardtat cd s-a
vazut o zona libera in jurul B. cereus, indicand activitatea proteolitica a bacteriei. Masurarea activitatii proteazei a aratat ca proportia de 2%
din proteaza alcalind a avut cea mai mare activitate enzimatica la 144,75 U/ml min. Cea mai mare rezistenta la tractiune a pielii de oaie a
fost obtinutd dupa indepartarea parului folosind proteazd alcalind la o concentratie de 1% (350,26 kg/cm?), chiar daca alungirea cea mai
mare a fost obtinuta la concentratia de 2% (34,92%). in schimb, concentratii diferite au aritat o temperatura de contractie similara la 90°C.
Acest studiu concluzioneaza ca concentratia optima de proteaza alcalina din B. cereus TD5B ca agent de indepartare a parului de pe pielea
de oaie a fost de 2%.

CUVINTE CHEIE: Bacillus cereus TD5B, agent de indepartare a parului, proteazad alcaling, piele de oaie

L’ACTIVITE ENZYMATIQUE DE LA PROTEASE ALCALINE DE Bacillus cereus TD5B ET SON APPLICATION COMME AGENT D'ELIMINATION
DES CHEVEUX POUR LA PEAU DE MOUTON
RESUME. Cette étude vise a déterminer I'activité enzymatique de la protéase alcaline extracellulaire de Bacillus cereus TDSB et son
application potentielle comme agent d’élimination des cheveux pour la peau de mouton. Le B. cereus TD5B a été sélectionné pour la
production de protéase alcaline extracellulaire sur milieu gélose au lait écrémé, tandis que I’activité de la protéase alcaline et I'application
ont été mesurées a 1%, 1,5% et 2%. L'application de protéase alcaline de B. cereus TD5B comme agent d’élimination des cheveux de la
peau de mouton a été observée par examen histologique et les propriétés physiques ont été mesurés apres tannage au chrome avec de la
chaux et du Na;S comme témoin. L'étude a été menée dans un plan complétement aléatoire et les données quantitatives ont été analysées
a I'aide du test a plages multiples de Duncan. Les résultats ont montré qu’une zone claire était observée autour de B. cereus, indiquant
Iactivité protéolytique de la bactérie. La mesure de I'activité protéase a montré que 2% de la protéase alcaline avait I'activité enzymatique
la plus élevée a 144,75 U/mL/min. La résistance a la traction la plus élevée du cuir de mouton a été obtenue aprés épilation a une
concentration de protéase alcaline de 1% (350,26 kg/cm?), méme si I'allongement le plus élevé a été obtenu a 2% (34,92%). En revanche,

*
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différentes concentrations ont montré une température de retrait similaire a 90°C. Cette étude conclut que la concentration optimale de
protéase alcaline de B. cereus TD5B en tant qu’agent d’élimination des cheveux des moutons était de 2%.
MOTS CLES : Bacillus cereus TD5B, agent d’élimination des cheveux, protéase alcaline, peau de mouton

INTRODUCTION

The tannery industry is an animal by-
product processing industry that produces
flexible and durable leather from livestock
skins [1]. Due to the uniqueness and beauty of
the leather, the natural product is favoured by
consumers and preferred over synthetic
materials [2]. However, the leather processing
industries face challenges due to the
generated pollution, which harms the
environment. The commercial leather-making
process involves sequential stages: pre-
tanning, tanning, post-tanning, and finishing,
which uses and expels chemicals. Among the
pre-tanning stage operations, dehairing is an
important step to remove hair, epidermis,
non-collagenous proteins, and other
cementing substances from the skin [3]. The
conventional dehairing process uses saturated
lime and sodium sulfide at high
concentrations and contributes to 50-60% of
the total dissolved solids and chemical and
biochemical oxygen demand in the effluent
[4].

The negative impacts of the leather
processing waste on the environment and
increased consumers’ awareness encourage
the industry to adopt cleaner processing
methods. One of the more eco-friendly and
sustainable approaches in leather processing
is the use of enzymatic dehairing. Enzyme-
based dehairing processes utilize proteolytic
enzyme, or widely known as protease, which
leads to a reduction of effluent load and
toxicity. Also, improvement in leather quality
is a viable alternative to the conventional
chemical-based process [5].

Protease enzyme has represented
about 60-65% of the total industrial enzyme
market and could be obtained from various
resources, such as animals, plants, and
microorganisms [6]. Protease catalyzes the
protein hydrolysis to polypeptides and
oligopeptides to amino acids and is classified
depending on the pH and their active site

structure. The selection of enzyme sources
plays a key role in obtaining desirable
enzymes. Nowadays, Bacillus spp. strains are
favored as a protease source due to their wide
temperature and pH tolerance. Proteases
from Bacillus spp. are widely used in food,
pharmaceutical, detergent, leather industries,
waste treatment, synthesis of oligopeptides
[7, 8], and potential application for dehairing
without affecting the quality of produced
leather [9].

Bacillus cereus TD5B is protease-
producing bacteria isolated from a farm area
in Yogyakarta [10] and has shown increased
enzymatic activity through ammonium sulfate
purification [11]. Furthermore, B. cereus TD5B
has also been shown to hydrolyze duck meat
for angiotensin converting enzyme inhibitor
production [12] and producing keratinase for
poultry feather waste treatment [13]. In the
present study, the enzymatic activity of
extracellular alkaline protease from B. cereus
TD5B and its application as sheep skin
dehairing agents were observed to determine
its potential to be utilized in the leather
processing industry as an enzymatic dehairing
agent.

EXPERIMENTAL
Materials and Methods

Bacterial Isolation, Medium, and Culture

The strain is obtained initially from a
soil sample collected at ammonia high-
emitted chicken hen production area in
tropical country Indonesia. Soil samples (1.0 g)
collected from various spots in a most
odorous region were then suspended in 10 mL
pure, sterile water and diluted appropriately.
A portion of the cell suspension was spread on
a 1/100 nutrient agar plate with a high
concentration of (NH4),SOs as an organic
ammonium stressor (500 mg/L (NH4)2S0.).
Colonies appearing on the plate were then
picked and purified. Each purified colony was
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inoculated on an agar plate with and without
ammonium stressor. Microorganisms
displaying proper growth on the agar with
(NH4),SO; were selected as ammonium-
responsive microorganisms. Isolates were
then purified by plating on 1/100 nutrient
broth (0.01% meat extract, 0.01%
polypeptone, and 0.005% NaCl, pH-value
adjusted 7.2) supplemented with 500 mg/L
(NH4)2SO4 and continued by incubation at
30%C for 48 h in aerobic condition.

Bacterial Screening

Colony from the selected strain was
then identified based on the potency as
proteolytic bacteria. The strains were
screened for extracellular protease production
using skim milk agar media containing (w/v):
0.5% peptone; 0.25% NaCl; 2% agar powder;
0.5% meat extract; and 1.5% skim milk,
diluted on 100 mL distilled water. Positive
results are shown in a clear zone of hydrolysis
around the colonies [15]. Microorganisms
showing a clear zone of skim hydrolyzed
around their colonies were picked up for
further identification, based on the
morphological and molecular characteristics.
Molecular characterization was further done
by the 16S rRNA gene sequencing method.

Observation of the Strain Morphology

The morphological characteristic was
observed by scanning electron microscopy
(SEM) [14]. The SEM sample was prepared by
transferring the biomass of selected microbial
strain harvested after 48 h incubation to a
clean Eppendorf tube containing
approximately 1.5 mL of 3.5% glutaraldehyde
solution. Then, the culture was incubated for
4 h at room temperature, followed by a wash
with phosphate buffer (100 mM, pH 7.2). The
culture is dehydrated through a series of 50%
to 100% ethanol solutions. The filter was
mounted on the stub, coated with gold, and
examined under a scanning electron
microscope (JEOL JSM-6510LA, Hitachi
Limited, Japan).

Identification of 16S rRNA Gene Sequencing
and Phylogenetic Analysis

The molecular characteristics were
done by the 16S rRNA gene sequencing
method. The 16S rRNA was amplified by PCR
using universal primers. The purified PCR
product was then sequenced using BigDye
Terminator v3.1 Cycle Sequencing Kit from
Applied Biosystems, USA with the ABI Prism
310 Genetic Analyzer (Applied Biosystems)
and analyzed using the BLAST version 2.2.18
(BLASTN) to compare with the public database
of DDBIJ (http://blast.ddbj.nig.ac.jp).
Molecular  taxonomy, sequencing, and
phylogenetic analysis of DNA were isolated
from the biomass selected bacteria harvested
at 48 h. Genomic DNA of the bacterium was
extracted by standard methods. The PCR was
carried out to amplify about 1500 bp fragment
of the 16S rRNA gene using primers designed
based on the conserved region of the 16S
rRNA gene for bacteria. A combination of
forward primers 16S forward (5-
AGAGTTTGATCCTGGCTCAG-3) and 16S
reverse (5-GGYTACCTTGTTACGACTT-3) was
applied to amplify the 16S rRNA sequence of
bacteria. The PCR was performed using PCR
thermal cycler (Applied Biosystem, USA). The
PCR conditions and the methodology for
sequencing were followed as per procedure
[10]. The purified DNA was sequenced using a
DNA analyzer (Applied Biosystems), and the
sequences were aligned and assembled using
the sequencher 4.7 program (GENE CODES).
The 16S rRNA partial gene sequence
similarities were studied using the National
Center for Biotechnology Information-BLAST
search. The high similarity sequences
deposited in the DNA database and isolates’
identities were calculated by the highest score
(> 98%). The phylogenetic tree was
constructed with a neighbor-joining algorithm
method performed using Clustal W and
viewed using FigTree v1.4.0.

Bacterial Growth and Cultivation

The selected isolate was first cultivated
into pre-culture by incubating the isolate on
pH 7.0 stock solution (1 g meat extract, 1 g
biological peptone, 0.5 g NaCl, and 70 ml
distilled water) for 24-h 27°C with continuous
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shaking (120 rpm). The culture media for
Bacillus cereus TD5B protease production was
composed of 1 g meat extract, 1 g peptone,
0.5 mL NaCl, 2 g skim milk agar, and distilled
water reached 100 mL. The culture solution
was set at pH 7.2 and inoculated with 1 mL
pre-culture and incubated on a rotary shaker
(120 rpm) for 24-h at 27°C. The culture was
centrifuged at 6000 rpm (4°C) for 10 minutes,
and the supernatant was used for proteolytic
activity assay.

Enzyme Assay

The supernatant (3 ml) was mixed with
1 ml of casein dissolved in 0.2 M phosphate
buffer (pH 8.0) and was incubated at 37°C for
30 min. The reaction was stopped by the
addition of 5 ml of 5% trichloroacetic acid. The
blank was also prepared by adding TCA before
the enzyme addition and incubated at the
same condition. The sample test and the blank
test solutions were then filtered through a
Whatman No. 1 filter paper. For 1.5 ml of the
filtrate, 5 ml of 0.4 M Na,COs and 1 ml of 0.5
N Folin Ciocalteu reagent were added and
mixed thoroughly. The absorbance was
measured at 578 nm by the UV Visible
spectrophotometer. One unit of protease
activity is defined as the amount of enzyme
which liberated 1 pmol of tyrosine per min at
37°C.

Sheep Skin Dehairing Application

Wet salted sheep skins were used for
the dehairing application. Before dehairing,
the sheep skins were cut into 10 x 10 cm,
washed, and soaked by water and 0.5% (w/v)
detergent for 30 min in a mini cylindrical
rotating drum. Alkaline protease enzyme was
then added at 1%, 1.5%, and 2% (w/v) and left
for 18-h at room temperature and then
dehaired by rubbing. Depilated sheep skins
were cut at 0.75 x 0.5 cm for histological
examination, while the rest were processed
into leather for physical properties
measurement.

Leather Processing

The dehaired sheep skin was processed
into the leather by chrome tanning (8%) for 60
to 120 min, followed by bating for seven times

with 1% (w/v) formic acid and 1.75% (w/v)
sodium bicarbonate for 15 minutes each, re-
tanning with 150% (w/v) water, 0.5% formic
acid, and 0.3% wetting agent for 30 to 60 min,
and washing with 200% (w/v) water and 0.5%
(w/v) formic acid for 20 min.

Histological Examination

Dehaired sheep skin pelts were cut into
0.75 x 0.5 cm, washed, and fixed in 10%
formic acid (w/v) to be used as a sample. To
analyze the histology feature, samples were
then embedded in paraffin block with
haematoxylin and eosin (H&E) staining [17].

Leather Physical Properties Measurement

The physical measurement of this study
has included tensile strength, elongation, and
shrinkage temperature. The tensile strength
and elongation of sheep leather were
measured as per standard International Union
for Physical testing for Leather IUP methods
EN ISO 3376 (IULTCS/IUP 6, 2011) [18] and EN
ISO 17236 (IULTCS/IUP 43, 2016) [19]. The
tanned leather’s shrinkage temperature was
analyzed following 1SO 3380:2015 (IULTCS/IUP
16) [20]. The leather samples were all
completely vertically immersed in glycerine at
20£2°C, and the heating rate was 2+0.2°C-min*

Statistical Analysis

The study was conducted in a
completely randomized design. All the
experiments were carried out in triplicates,
and the mean * standard deviation has been
plotted. The bacterial screening and
histological examination were analyzed
descriptively. Other quantitative data were
analyzed statistically using Duncan’s Multiple
Range Test (DMRT) with the significant value
set at P<0.05.

RESULTS AND DISCUSSIONS
Screening Bacillus cereus TD5B

B. cereus TD5B was isolated from soil at
odorous layer hen farm in Yogyakarta,
Indonesia [10]. The strain was initially plated
on Skim Milk Agar (SMA) at pH 7.2. Growing
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on SMA medium for 24-h at 30°C has shown a
clear zone formation surrounding the colonies
(Figure 1). The formation of a clear zone
indicates the strain’s proteolytic activity, while
its activity on pH 7.2 indicates alkaline
protease production by the bacteria.

The formation of a clear zone in SMA
medium was due to the skim milk protein
hydrolysis, which has been catalyzed by the
bacteria’s extracellular protease. Thus, a clear
zone would be formed surrounding the
bacteria colony. The clear zone formation on
SMA medium has been a widely utilized
method to determine bacterial screening for
proteolytic activity, especially for Bacillus

strain [9]. Bacillus strains have been known to
possess the alkaline proteolytic activity and
are described in many papers for their
applications, mainly directed to detergents
[22] and the tannery industry [23]. The study
by Kasana and Yadaf [24] also used this
method to screen alkaline protease
production of psychotropic Exiguobacterium
sp. SPKB5, while [25] used the clear zone
formation method to determine de-hairing
protease production on B. cereus strain AT
from cow dung. The clear zone formation in
the SMA medium in this study confirmed that
B. cereus TD5B could produce an alkaline
protease enzyme.

Figure 1. Proteolytic activity of B. cereus TD5B on SMA medium. A = clear zone; B = bacteria colony

Identification and Characterization of Bacillus
cereus TD5B

Scanning Electron Microscope (SEM)
was used to identify the strain’s
morphological properties (Figure 2). The strain
was found to be aerobic, motile, spore-
forming, and rod-shaped. The 16S rRNA partial

gene sequence of strain TD5B showed
sequence similarity with the published 16S
rRNA gene sequences of B. cereus. The
phylogenetic tree (Figure 3) was constructed
by the neighbor-joining method using Clustal
W software [21].
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x5,000 © 5um
Figure 2. SEM image of B. cereus TD5B

Bacillus cereus NC7401T (AP007209)
Bacillus samanii GMA167T (AB738788)
Bacillus pseudomycoides GMA165T (AB738782)
— Bacillis mycoides GMA030T (AB738786)
Bacillus cyvtotoxicis 08CEB44BACT(IN790694)
Bacillus megaterium NBRC 15308T (AB271751)
| Bacillus thermoalkalophilus DSM 6866T (Z26931)
Bacillus methanolicus NCIMB 13113TT (AB112727)
Bacillus alkalidiazotrophicus MS 6T (EU143680)
_r Bacillus acidicola TCCC27037T (EU231617)
Bacillus sporothermodurans JR3-2T (1Q229693)

Bacillus oleronius W19T (KC441831)

Bacillus aquimaris TCCC11049T (EU231632)

Figure 3. The relationships between Bacillus cereus TD5B and members of Bacillus strains on rooted
neighbor-joining tree based on 16S rRNA sequences

Enzymatic Activity

The extracellular alkaline protease of B.
cereus TD5B was extracted and measured for
its proteolytic activity under different
concentration levels (1%, 1.5%, and 2%). The

different concentration levels measurement
was aimed to understand its activity before
applying it for sheep skin dehairing. The result
of alkaline protease activity of B. cereus TD5B
measurement at different concentration
levels in this study is presented in Figure 4.
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Figure 4. Alkaline protease activity of B. cereus TD5B

The results showed that alkaline
protease of B. cereus TD5B concentration
positively correlates with enzymatic activity;
higher alkaline protease concentration
application has shown higher enzymatic
activity. In this study, we found that 1%
alkaline protease of B. cereus TD5B had
enzymatic activity at 111+4.22 U/ml, while at
1.5% and 2% concentration the enzymatic
activity was at 120.994#5.15 U/ml and
144.75+4.80 u/ml, respectively. The
enzymatic activity of alkaline protease from B.
cereus TD5B in this study was higher
compared to crude alkaline protease from
Bacillus sp. SB12, which was at 114 U/mg [9].

In this study, the alkaline protease from
B. cereus TD5B was produced at 27°C and pH
7.2. At a similar temperature, another
researcher [24] showed that the alkaline
protease activity of Streptomyces sp. Al-Dhabi-
82 was at 48+2.8 U/ml, significantly lower
than B. cereus TD58 in all different
concentration levels in this study. Research
has shown that the microbial enzymatic
activity is affected by various factors, such as
temperature, pH, fermentation period, carbon

and nitrogen source, and used substrates [9,
25, 26]. Investigations on the effect of
temperature revealed that 37°C was the
optimum value for maximum protease
production by Bacillus species [27].
Furthermore, research on Bacillus
licheniformis RKK-04 [28] and Bacillus subtilis
RTSBAG6 [29] showed that both strains had a
protease thermal stability range of 25°C to
50°C. Aside from pH and temperature, the
media’s carbon and nitrogen sources also
affect alkaline protease activity [25, 30].
However, the study on different
environmental conditions towards protease
production of B. cereus TD5B has not been
done in this study. Thus, an approach to
further optimize the proteolytic activity of B.
cereus is possible by modifying the
environmental condition of the media.

Enzymatic Sheep Skin Dehairing Application

The histological examination of
dehaired sheep skin was observed using a
photomicrograph (Figure 5).
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()
Figure 5. Histological examination of dehaired sheep skin. A = 1% alkaline protease; B = 1.5% alkaline
protease; C = 2% alkaline protease; D = lime and Na.S; x = dermal papillae; y = reticular papillae; z = hair.

The dehairing process aims to remove
the skin epidermis and hair by removing
epidermal keratins without damaging the
dermal collagen fibers. The result showed that
protease B. cereus TD5B has a non-
collagenolytic effect on the hide and a non-
keratinolytic effect on the hair. Other research
[31] showed that dehairing proteases result in
the degradation of the cells in the Malpighi’s
layer and the hair bulb’s basal cells. In Figure
5, it can be seen that alkaline protease of B.
cereus TD5B at all concentration levels did less
damage to the sheep skin than the usage of
lime and Na,S. Other reports showed that
proteolytic enzymes destroyed the soft
keratin tissues during dehairing, which is
sufficient to remove the hair without
damaging the collagen dermal fibers [32]. It
showed that the enzymatic dehairing of
alkaline protease from B. cereus TD5B yields
better sheep skin quality than lime and Na,S
to be further processed into leather. However,

(B)

(D)

the histological examination showed that
enzymatic dehairing of sheep skin at 1% and
1.5% concentration level in this study still left
several hairs intact to the skin. In comparison,
at 2% concentration levels, the sheep hair was
fully dehaired from the skin.

Leather Physical Properties

The physical properties of enzymatic
dehaired sheep skin by using alkaline protease
from B. cereus TD5B at different
concentration levels (P1 = 1%; P2 = 1.5%; and
P3 = 2%) was observed and compared to the
conventional dehairing by using lime and NaS
(PO) to understand the potential application of
B. cereus TD5B in the leather industry. In this
study, sheep leather’s physical properties
were observed by measuring the tensile
strength, elongation, and shrinkage
temperature. Different alkaline protease
concentration levels in this study showed
significant differences (P<0.05) in the tensile

Leather and Footwear Journal 21 (2021) 2
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strength (Figure 6). The highest tensile
strength was found on 1% alkaline protease
dehairing, which was at 34.35+0.33 N/mm?.
The tensile strength measurement also
showed that enzymatic dehairing of sheep

40,00 T~
35,00 A
27.65+0.362
30,00 A
25,00 A
20,00 A
15,00 A

10,00 A

Tensile strength (N/mm?)

5,00 -~

PO P1

34.35+0.33¢

leather by using B. cereus TD5B yields better
tensile strength than the conventional
dehairing, except at a 1.5% concentration
level.

29.97+0.88P
26.81+0.732

P2 P3

Treatments

Figure 6. Tensile strength of sheep leather dehaired with different agents. PO = 0.5% lime and 3%
NasS; P1 = 1% alkaline protease; P2 = 1.5% alkaline protease; P3 = 2% alkaline protease. Different
superscripts indicate significant difference (P<0.05).

The elongation at break measurement
of sheep leather in this study showed a
significant difference between each treatment
(P<0.05), with the enzymatic dehairing of
sheep skin, showed higher elongation
compared to conventional dehairing except at
1.5% alkaline protease concentration (Figure
7). Research has shown that enzymatic
dehairing using alkaline protease from Bacillus
strain produced leather with better tensile
strength and elongation, which was 2816

N/mm? 39+1.3%, respectively, on goat leather
[9]. Other research [33] showed that goat
dehairing by alkaline protease yields leather
with elongation at 49.01+2.61% and tensile
strength at 25.78+1.02 N/mm?, both being
higher compared to the conventional
dehairing by using lime and sulfide. In
addition, other research on goat skin
dehairing by using bacterial alkaline protease
also showed similar results [34].
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This study’s shrinkage temperature
measurement showed similar results between
leather with conventional dehairing and
enzymatic dehairing at different alkaline
protease concentration levels. In the process
of leather tanning, the fibers were
strengthened by chemical cross-linking bonds
formation among molecular collagen chains
[35]. Tanned leather’s shrinkage temperature
is an important index for hydrothermal
stability, especially for leather intended for
outwear manufacturing subjected to hot
temperature. Research showed that the
shrinkage temperature of sheep skin tanned
using syntan containing active chlorine group
was 81.6°C, lower than found in this study
[36]. Another research found that the use of
epoxy resin as a sole tanning agent showed
leather shrinkage temperature at 85°C [37]. In
this study, the tanning of sheep skin was done
using chrome, and the obtained shrinkage
temperature was found at 90°C. This showed
the enzymatic dehairing of sheep skin by using
alkaline protease from B. cereus TD5B yield
matching the shrinkage temperature to that
of conventionally dehaired leather.

CONCLUSIONS

The extracellular alkaline protease
enzyme from Bacillus cereus TD5B was
detected and showed the potential to be used
as an alternative for lime-sulfide dehairing for
sheep skin. The optimum alkaline protease
concentration of B. cereus TD5B was found at
the highest concentration of the study, which
was at 2%, thus indicating better dehairing at
a higher concentration.
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