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Abstract

The increase of crab meat export activities in Indonesia leads to the accumulation of crab shell waste in a massive
amount that can naturally degrade and causing bad odor. Naturally, microorganisms will degrade this waste through
fermentation and enzymatic reaction, including protease and chitinase due to its high content of chitin and protein.
Bacillus is the most potential bacteria to degrade crab shell waste, and indigenous Bacillus from this waste can increase
the degradation rates. The aims of this study were to evaluate the proteolytic and chitinolytic activities of indigenous
Bacillus species from crab shell waste. Bacillus cereus BP14 and Bacillus licheniformis CK20 as the chitinolytic bacteria,
and Bacillus subtilis AP9 and Bacillus licheniformis AP5 as the proteolytic bacteria were isolated from crab shell waste
and identified based on the 16S rDNA sequences. The bacterial isolates were grown in skim milk broth for proteolytic
characterization and colloidal chitin broth for chitinolytic characterization. The growth rates of each bacteria were
determined through the growth curves. The enzymatic activities were determined based on the international standard
for protease and chitinase enzyme activities together with growth curve sampling to determine the best incubation
time for obtaining the highest enzymatic activities. From the shortest to the longest generation times of the Bacillus
species obtained were B. subtilis AP9, B. licheniformis CK20, B. cereus BP14, and B. licheniformis AP5, respectively. The
best incubation time for producing the highest enzymatic activity varied among species. However, the end of the
logarithmic phase was similar. All of the Bacillus species obtained from this study exhibited chitinolytic and proteolytic
activity. Therefore, it can be used as promising candidates of biodegradation agents inenhancing the degradation rates
of crab shell wastes.
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INTRODUCTION

The high demand for crab meat export in
Indonesia causes the accumulation of crab shell
wastes in the environment. One of the third most
valuable marine commodities for export is blue
swimming crab (BSC) or locally named as
Rajungan crab (Portunuspelagicus) [1]. The effort
to improve the BSC stock in Indonesia’s fisheries
are also developed in recent years so that the
demand for its export can be fulfilled [2].
However, it is not followed by the improvement
of waste management, including shell waste.

In Indonesia, the crab shell wastes are usually
left on the open-terrain without processing. It
will next naturally fermented by microorganisms
and causing the bad odor, which pollutes the air
in the environment. Thus, the research on the
utilization of this waste in recent years is
developed. Crab shell waste can be used to
produce natural flavor powder [3], while this
shell waste along with shrimp waste, can be used
to produce N-Acetylglucosamine by chitinolytic
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soil Streptomyces sp. SIKP9 [4]. The utilization of
this waste can improve the economic value of
waste. However, due to the high cost of this
processing management, it cannot be applied in
Indonesia, especially in the marine fishery
regions which the economy is middle to low and
the technology is still poor.

Because of this reason, the possible effort to
manage the crab shell wastes left in the fishery
regions is by enhancing its degradation rates, so
the time needed for the fermentation or
degradation can be reduced. It can be done by
inoculating  microorganisms, especially the
indigenous microorganism, which can produce
protease and chitinase enzymes with high activity
for crab shell wastes degradation. The crab shell
waste can be used as the resource of chitin that
can be utilized by microorganisms to grow and
produce chitosan, including water-soluble
chitosan [5], that can be further used in the
biomedical and pharmaceutical application [6].
This study aimed to determine the proteolytic
and chitinolytic activity of indigenous Bacillus
species from crab shell wastes for obtaining
promising candidate inoculums to enhance the
degradation rates.
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MATERIAL AND METHOD
Bacterial Isolates

The bacterial isolates used in this study were
Bacillus subtilis AP9 and B. licheniformis AP5 as
proteolytic bacteria, while B. cereus BP14 and B.
licheniformis CK20 as chitinolytic bacteria. All
strains were isolated from blue swimming crab
shell wastes using skim milk agar (casein 0.5%,
yeast extract 0.25%, dextrose 0.1%, skim milk
2.8%, agar 1.5%) [7] and colloidal chitin agar
medium (bacto agar 1.5%, yeast extract 0.5%,
NH,Cl 0.6%, Na,HPO, 0.6%, KH,PO, 0.3%, NaCl
0.1%, colloidal chitin 0.5%.
Growth Curves Preparation and Extracellular
Enzymes Production

The proteolytic bacterial strains were grown
in skim milk broth (5 g.L™" casein, 2.5 g.L™" yeast
extract, 1 g.L™ glucose, 1 g.L™ skim milk) [8] for
48 h of incubation in a rotary shaker incubator at
room temperature. Meanwhile, the chitinolytic
bacterial strains were grown in colloidal chitin
broth for 48 h of incubation in rotary shaker
incubator at room temperature. The sampling
was conducted every 4 h by taking 3 mL of
culture and storing it in the sterile tubes. It was
then 1 mL used for enumerating the cell number
using a haemocytometer to determine the
generation times and growth phases. While the
rest volume (2 mL) was centrifuged on 10.000
rom at 4°C for 10 min and the pellets were
discarded. The supernatant was assumed as the
crude extracellular enzyme for both protease and
chitinase. The crude extracellular enzymes were
stored on the 4°C for further assay.

Proteolytic and Chitinolytic Assay

The crude enzymes were evaluated for the
chitinolytic and proteolytic activities using
standard methods. For proteolytic
characterization, 1% casein solution was used as
the substrate for protease activity that follows
the standard procedure of Sigma [9] with few
modifications. The crude was reacted with 1%
casein solution and incubated at 37°C for 20 min,
and the reaction was stopped by the addition of
110 mM Trichloroacetic acid (TCA), and the result
was measured using UV-Vis spectrophotometer
(Thermo Spectronic, New York, AS) at 540 nm.
The L-tyrosine standard curve was also prepared
to determine the enzymatic activity (U mL™). One
unit of protease enzyme activity is defined as the
amount of enzyme used to hydrolyze 1 pg
substrate per min [9].

For chitinolytic characterization, the crude
enzyme was reacted with 1% colloidal chitin as a

J.Exp. Life Sci. Vol. 10 No. 1, 2020

substrate and incubated at 30°C for 2 h [10]. The
mixture was added with 3,5-dinitrosalicylic acid
(DNS) reagent then heated at 100°C for 5 min
before measured using UV-Vis
spectrophotometer at 540 nm. The N-
acetylglucosamine standard curve was also
prepared to determine the chitinolytic activity.
One unit chitinase enzyme activity is assumed as
the total of the enzyme for hydrolyzing 1 pg
substrate per h [10].

Data analysis

Data of growth were analyzed based on One
Way Analysis of Variance (ANOVA). Data of
proteolytic and chitinolytic activity were
completed randomized design analyzed with
Multivariate Analysis of Variance (MANOVA)
using SPSS 16.0 application for windows with p
value £ 0.05.

RESULTS AND DISCUSSION
Growth curves and generation times

A total of 20 proteolytic bacteria isolates and
22 chitinolytic bacteria isolates were successfully
isolated from the samples and have the potential
to produce protease and chitinase enzymes. The
results showed that the growth phases of each
potential bacteria strain were varied. However,
all of the strains achieved their logarithmic phase
(log) on 32 h of incubation time (Fig. 1) and then
followed by a constant growth (also called
stationary phase) until 48 h. Based on the growth
phases obtained from this study, the generation
time of each Bacillus strain can be determined.
The generation time from the fastest to slowest
were 4.04 h, 6.77 h, 9.45 h, and 11.88 h of B.
subtilis AP9, B. licheniformis CK20, B. cereus
BP14, and B. licheniformis AP5, respectively
(Table 1).
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Figure 1. Growth curves of Bacillus species
Table 1. The generation times of Bacillus species
No. Strains Generation time (h)
1. Bacillus subtilis AP9 4.04
2. Bacillus licheniformisCK20 6.77
3. Bacillus cereus BP14 9.45
4. Bacillus licheniformisAP5 11.88
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In a normal condition with high nutritious
medium content, Bacillus species generation
time is 20-30 min [11], while in the lack of
nutrients, the generation time is varied from 1-14
h. For example, B. amyloliquefaciens BSM-1 was
4.66 h and B. amyloliquefaciens BSM-2 was 5.25
h in medium supplemented with low-density
polyethylene (LDPE) for biodegradation purpose
[12]. The variation of generation times can be
caused by the nutrition contents in the growth
medium. Interestingly, the generation time of B.
licheniformis CK20 and B. cereus BP14, which
were grown in colloidal chitin broth medium that
contained complex energy source (chitin), was
faster than of B. licheniformis AP5 which was
grown in skim milk broth medium. It indicated
that B. licheniformis CK20 and B. cereus BP14 are
potential candidates for crab shell wastes
degradation due to their ability to degrade and
utilize chitin in a short period. Microorganism
requires nutrients to grow and maintain their life.
The most microorganism will metabolize simple
and complex sugars, including cellulose [13].
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Protease and Chitinase Activity of Bacillus
Species

Proteolytic and  chitinolytic  activities
produced by each potential isolate have different
variations at different incubation times (Fig. 2
and 3). Each potential isolate was able to
produce proteolytic and chitinolytic enzymes
simultaneously. Based on the results of the
completed randomized design analysis, it was
shown that proteolytic and chitinolytic activity
significantly associated with incubation time and
potential isolates (p < 0.05).

The AP9 isolate had the highest activity (32.03
+0.47 Unit.mL™) compared to other isolates with
an incubation time of 44 hours. Meanwhile, the
highest protease activity of AP5 and BP14
isolates produced at 44 hours incubation time
was 26.24 + 0.26 Unit.mL" and 17.94 + 1.18
Unit.mL™" of enzymes per minute, respectively.
The isolate of CK20 produced the highest
protease activity by 24.62 + 1.05 Unit.mL™" of
enzymes per minute at 48 hours of incubation.
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Figure 2. Proteolytic activity of potential isolates
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Figure 3. Chitinolytic activity of potential isolates
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The best chitinase activity was shown by BP14
isolate with the chitinolytic activity of 0.813 +
0.10 Unit.mL " of enzymes per hour at 32 hours of
incubation compared to other potential isolates.
The highest chitinase AP5 isolate activity
produced at 32 hours incubation time was 0.526
+0.08 Unit.mL" enzyme per hour, AP9 isolate the
highest chitinase activity at 24 hours of
incubation was 0.463 * 0.05 Unit.mL™ enzyme
per hour, and CK20 isolate has the highest
chitinase activity at 32hours of incubation,
amounting to 0.763 + 0.08 Unit.mL™" of enzymes
per hour.

The highest enzymatic activities of both
protease and chitinase were produced after 30
hours of incubation time, which is a phase of
bacterial growth ending the logarithmic phase. In
the stationary growth phase, the activity of the
enzymes produced is the same and not
significantly different due to small and equal cell
growth (p > 0.05). It indicated the highest
enzymatic activity of Bacillus strains used in this
study was reached at the end of the log phase or
at the initial of the stationary phase. Protease
enzyme of bacteria is produced during the
beginning of the stationary phase to the middle
of the stationary phase [14]. Meanwhile, the
chitinase enzyme is produced during the middle
of the log phase to the stationary phase [15].

Protease enzymes are secreted in the early
bacterial growth phase entering stationary until
the middle of the stationary phase [14], while the
chitinase enzyme is produced in the mid-
logarithmic phase until the stationary phase [15].
Protease and chitinase enzymes are the results of
primary metabolites by bacteria, so the protease
and chitinase enzymes produced are used by
bacteria for their growth, which are supported by
a large number of cells in the final logarithmic
phase and the stationary phase of bacterial
growth.

In this study, the optimization of pH and
temperature to obtain the best enzymatic
activity was not conducted yet. The proteolytic
activity was categorized lower than the previous
study. Bacillus subtilis can produce protease
enzyme activity up to 243.28 Unit.mL" enzymes
per h at 36 h incubation time on 45°C which has
pH 10 [16]. The chitinolytic activity was
categorized higher than the previous study.
Acinetobacter  johnsonii  PBK2  and B.
amyloliquefaciens SA1.2 have an activity of 0.213
mL" units at pH 7 at a temperature of 30°C [17].
Thus, it is necessary to determine the pH and
temperature optimum conditions for obtaining
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the best enzymatic activity before applying it
directly in the environment. By combining
protease and chitinase enzymes, the degradation
rates of chitin fibers and protein in crab shell
wastes can be enhanced.

Bacillus species used in this study are
potential candidates for biodegradation agents.
In addition, these strains can be used to produce
extracellular protease enzymes and chitinase for
industrial-scale by degrading waste, which can
improve the economic value. However, further
study to optimization activity and
characterization enzyme is still needed.

CONCLUSION

Indigenous Bacillus species from crab shell
wastes were potential biodegradation agents due
to their ability to produce high enzymatic
activities, especially for the proteolytic and
chitinolytic. This ability is still can be enhanced by
the optimization for pH and temperature on their
growth medium conditions.
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