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Simple Summary: Chitosanase can be obtained from the results of microorganism culture, isolation from
fishery waste and commercial enzyme. Microorganisms were isolated from soil, marine and swamp sediments
and fishery waste. The crude enzyme from chitosanase can be applied to COS production to minimize costs.
Chitosanase, as a result of this isolation step, is capable of breaking glycosidic bonds, especially with the same
groups, for example, the bonds between glucosamine and N-acetylglucosamine. The degree of deacetylation is
the main factor for the resulting COS product, which is COS with the fully deacetylated COS (fdCOS) type of
chitosan with a high DD.

Abstract: COS is a product of enzymatic hydrolysis of chitosan using chitosanase. Enzymatic production of
COS requires a high cost, so there needs to be an effort to minimize it by using the crude enzyme chitosanase.
Fishery waste contains proteins, lipids, carbohydrates, minerals, vitamins, enzymes, chitin, and pigments. This
content shows that fishery waste can be increased through the production of COS. Fishery waste can be used
for chitin, chitosanase, and C/N. Chitosanase is obtained from bacteria, fungi, and fishery waste. Chitosanase
from bacteria is produced in an exponential phase for three days, faster than that of fungi, which is 7-14 days.
Production time was obtained by optimizing various sources of C/N, such as shrimp heads and shells, crab
shells, and squid pens. Chitosanase can also be extracted from fishery waste; the sugar reduction is optimized
to get the best concentration. Chitosanase has a medium molecular weight of 20-75 kDa, temperature of 40-
70°C and pH < 7. Crude enzyme chitosanase can break the glycosidic bonds of GlcNAc-GleN and GlcN-
GIcNAc, but the GIcN-GlcN bond progresses slowly. Crude enzyme chitosanase can still produce f{dCOS with
DP similar to pure chitosanase. PCOS with low molecular weight can be produced using chitosan with high
DD; conversely, if the DD is low, then paCOS with high molecular weight can be produced. The resulting
chitosanase affects the mechanism of chitosan hydrolysis in COS production. Chitosanase family GH46 works
with a reversal mechanism that changes the conformation of isomers in chitosan units.

Keywords: chitin; fishery waste; microorganism; oligomers; polysaccharides

1. Introduction

Chitosan is a chitin derivative consisting of glucosamine (GIcN) and N-acetyl glucosamine
(GlcNAc). In nature, there is more chitin than chitosan (found in the cell wall of the Zygomycetes).
Some organisms of source chitin are bacteria and fungi, insects, microalgae, crustaceans, mollusks,
and other aquatic commodities. The physicochemical characteristics of chitosan are a molecular
weight of 10-1000 kDa, a degree of deacetylation is 50-95%, and it has acetamido and amino groups
[1]. Chitosan dissolves in acidic solutions such as acetic, lactic, formic, citric, and several other
solvents. The solubility of chitosan can be increased in different solvents by modifying its chemical

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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and molecular structure [2]. This modification can be done through hydrolysis, producing chitosan
oligosaccharides (COS) [3].

COS is a homo or hetero-oligomer of GlcN and GlcNAc with glycosidic bonds [3]. COS has a
polymerization degree < 20, molecular weight less than 3900 Da, high solubility, good water
absorption and vital capacity, biocompatible, and others [4-6]. COS production can be carried out
chemically, enzymatically, physically, and electrochemically. Currently, the enzymatic method is
most widely applied because the reaction proceeds under more gentle conditions, the COS molecular
weight is more controlled, and it does not cause side products [5,6]. In addition, enzymatic
production is the application of green technology that is environmentally friendly and sustainable.

Chitosan hydrolysis was carried out using the chitosanase enzyme, which belongs to the
glycoside hydrolase group. Chitosanase can be produced from bacteria and fungi isolated from soil,
marine sediments, and swamps. Chitosanase can also be extracted from fishery waste for application
in COS production. Fishery waste contains protein in every part, but its utilization still needs to be
improved and limited, such as fish meal, feed, fish oil, and others. Enzymes are proteins contained
in fishery waste, for example, chitosanase, which is extracted directly or from microorganisms
originating from fishery waste. However, applying chitosanase for COS production requires high
costs, especially for the purification and hydrolysis of chitosan. The cost of producing COS can be
reduced by using crude extracts. Chitosanase from Bacillus mojavensis SY1 (CsnBm) is stable at pH 4-
9 and temperature of 40-55°C. Its crude extract effectively produces COS with a DP of 1-6 at a
concentration of 9 U/mL [7]. Chitosanase crude extract from sea cucumber (Stichopus japonicus) has
an activity of 22.08 U (pH 6 and 45°C) capable of hydrolyzing chitosan into COS with a molecular
weight of 1260 Da [8]. These results indicate that the crude extract can be used to hydrolyze chitosan.
However, a review of the production of crude chitosanase extract and its mechanisms for COS
production is still limited. Based on this, the effectiveness of chitosanase crude extract needs to be
discussed to develop the enzymatic production of COS.

In this review, we look at the production of chitosanase and COS. First, we will review the
production of chitosanase crude extract starting from the source and the isolates produced —carbon
and nitrogen (C/N) sources in production focusing on using fishery waste. Fishery waste is a good
source of C/N, but different sources of waste will have different effects on the growth of
microorganisms. Therefore, the optimization of C/N sources needs to be reviewed to find out the
comparison. Characterizing the resulting chitosanase is very important to know for the needs of the
hydrolysis process. We will also review COS production starting from the purity level, enzyme
concentration, hydrolysis time, degree of deacetylation (DD) of chitosan, and the COS produced. This
review is essential to know the effectiveness and mechanism of chitosanase crude extract. We will
begin the review by discussing the sources of chitin, chitosan, and COS and their differences from
chitin oligosaccharides. Then, our review will explain the isolation and production of chitosanase and
the effectiveness and mechanism of the crude extract in hydrolyzing chitosan.

2. Methods

A literature search was performed on Science Direct, Pubmed, Springer, SAGE, and Nature
databases. The search focused on four keywords, namely "chitoooligosaccharides,” "chitosanase,"
"production,” and "enzyme." Search techniques are also performed using the "AND," "OR," or "NOT"
operators. The stage of the literature search begins with restrictions on the year of publication; the
articles taken from our research were conducted in the last ten years in the 2013-2022 range. In the
next stage, the articles obtained are limited to the scope of the topics to be studied and will produce
several articles. The article will then be reviewed based on the title, abstract, and the article as a whole
so that eligible articles are obtained. A literature search flow chart based on Preferred Reporting Items

for Systematic Reviews and Meta-analyses (PRISMA) is presented in Figure 1.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA).
3. Results and Discussion
3.1. Chitosan and Chitosan Oligosaccharides

3.1.1. Chitosan

Currently, most of the sources of chitin used as raw material for chitosan production are fishery
waste, such as shrimp, crabs and crabs, squid, clams, and fish (Figure 2). The chitin content in shrimp
reaches 30-40%, green mussels <3%, crabs and crabs 15-30%, and squid 20-40% [9,10]. It is the primary
consideration for getting chitosan according to the grade and large amount. The availability of raw
materials also needs to be reviewed if chitosan is to be produced on an industrial scale. Using fishery
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waste in chitosan is one of the solutions to overcome environmental problems, especially in the
fishing industry.
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Figure 2. Chitosan raw material from fishery waste.

The raw materials widely used to manufacture chitosan in the last ten years are squid pens and
shrimp shells. Squid pen contains low minerals such as Ca, K, Na, Mg, and Cl, so the demineralization
process is not carried out [11,12]. Chitosan from squid pen (Loligo formosa) has a molecular weight of
150 kDa with a yield of 54% [11]. Squid pen with low minerals produces chitosan according to
standards, and the energy required in the manufacturing process is lower because there is no
demineralization process. The squid pen's content allows chitosan production to be carried out
enzymatically by breaking down the protein and acetyl groups in chitin.

Shrimp waste is different from squid pen in that waste there are organs other than shells. Shrimp
commodity produces waste in the form of cephalothorax and shell; if cleaned, it will produce
carapace. Shell waste produces 3.12 more chitosan than cephalothorax because other organs exist,
such as antennae, pereopods, maxillipeds, and others [13]. The shell part is better in quality and
quantity in producing chitin and chitosan, for example, in Penaeus kerathurus shell waste. The waste
contains 19.5 + 0.5% chitin and produces chitosan with a DD of 92.4 + 0.5% [14].

The content of fishery waste needs to be known to facilitate the chitosan production process. For
example, green mussel shells contain CaCOs, MgCOs, (Al, Fe)20s, 5i0z, CasP20s, CaSOs, proteins,
polysaccharides, and others. Crustacean shells also contain CaCOs and protein in smaller amounts
but contain more chitin [9,15]. The production of chitosan from green mussels can be carried out, but
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the extraction process requires much energy, and the grade is lower than that of other raw materials.
The grade of chitosan can be increased by combining it with other raw materials.

Figure 2 shows that the raw material for chitosan production can be obtained from fish waste,
namely the scales. Fish scales consist of organic and inorganic components. Organic components (40-
55%) include collagen, fat, vitamins, scleroprotein, lecithin, and others. Inorganic components (7-
25%) include hydroxyapatite and calcium phosphate [16]. Fish scales also contain chitin which is
found in goblet cells (on the periphery) and club cells (distributed throughout) [17]. Chitosan from
Labeo rohita fish scales has a molecular weight of 5,201 Da and DD 75%; the product has characteristics
like chitosan from Crangon crangon [18]. Other research results show that chitosan from tilapia scales
has a DD of 92.23%, a molecular weight of 11.58 kDa, and a solubility of up to 78.65% [19]. Fish scales
can be used as an alternative raw material for chitosan, but it is necessary to facilitate the production
process, especially collagen associated with chitin [20]. The breakdown of chitin from collagen can be
done through hot water pre-treatment [21].

3.1.2. Chitosan Oligosaccharide

Chitooligosaccharides are products of the degradation of chitin and chitosan consisting of GlcN
and GlcNAc with (3-(1-4) glycosidic bonds. These products have different acetylation fractions (FA)
and GIcN/GIcNAc sequences. If the product consists only of GIcN or GlcNAc, then it is a
homochitooligosaccharide, while the product consisting of GlcN and GlcNAc is called a
heterochitooligosaccharide [2]. Chitin hydrolysis produces oligosaccharide chitin, a
homochitooligosaccharide, because it only consists of GIcNAc and is classified as a fully acetylated
chitooligosaccharide (faCOS) group. The product of chitosan hydrolysis consists of only GlcN or
GIcN and GlcNAc (homo/hetero-oligosaccharide), which are classified as fully deacetylated
chitooligosaccharide (fdCOS) or partially acetylated chitooligosaccharide (paCOS) group.

The production of environmentally friendly COS with standard-compliant products is carried
out enzymatically. Sources of enzymes that can be used are fishery waste and chitinase or
chitosanase-producing microorganisms. Enzymes from Alternaria alternata can hydrolyze chitosan
into paCOS; this enzyme is active in moderate DD chitosan by cleaving GlcN-GlcNAc [22].
Deacetylated chitin from Saccharomyces cerevisiae (scCDAZ2) is also effective in producing paCOS with
DP 4 [23]. These results indicate that the enzymatic production of COS can be carried out using
specific and non-specific enzymes (chitosanase and chitinase). COS production can also occur in two
stages: chemical hydrolysis and chitosanase. The COS produced includes fdCOS (63%) and can
inhibit Escherichia coli and Listeria monocytogenes [24]. COS production is affected by DD chitosan; for
example, f{dCOS is produced from the hydrolysis of chitosan (DD > 90%) with the neutralize enzyme,
while paCOS are obtained through the hydrolysis of chitosan (DD 81-90%) with chitinase enzymes
[25].

Chitin and chitosan oligosaccharides (COS) have different physical and chemical characteristics
(Table 1). COS consists of three active functional groups, namely amino/acetyl at position C-2,
primary hydroxyl, and secondary hydroxyl (C-2, C-3, and C-6). The functional group of the chitin
oligosaccharide at the C-2 position is acetyl; this group distinguishes it from COS [26]. The content of
acetyl groups in chitin oligosaccharides causes a high degree of acetylation (DA). The deacetylation
stage in COS production causes an increase in amino groups so that DA decreases. The solubility of
COS in water is affected by the chain length and amino groups on GlcN, which are identified from
the degree of polymerization (DP) and DA [2,27]. In contrast to COS, which is easily soluble in water,
chitin oligosaccharide is water soluble at low DP (2-6); if> 6, it is difficult to dissolve, and its
application is limited [26].
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Table 1. Characteristics of chitin and chitosan oligosaccharides.

Chitin Chitosan
No Category Oligosaccharides Oligosaccharides
Source Chitin Chitosan
Group Acetyl Amino or acetyl
Degree 100% 0%
Acetylation
4 Solubility DP 2-6 DP <20

3.2. Chitosanase

3.2.1. Source of Chitosanase

Chitosanase belongs to the glycoside hydrolase family, divided into three classes, and chitosan
is the substrate. Class I can hydrolyze GlcNAc-GlcN and GIcN-GIcN, class II can only hydrolyze
GIcN-GIcN, while class III can hydrolyze GlcN-GlcNAc and GlcN-GIcN [5]. Chitosanase can be
obtained from bacteria and fungi successfully isolated from soil, sediment, and fishery waste (Table
2). Soil microorganisms have chitinase and chitosanase activities, which act as biocontrol agents for
plant diseases and defense against vesicular-arbuscular mycorrhizal infections in roots [28,29].
Ecological diversity contains different numbers and types of microorganisms, including chitosanase
producers. For example, 46 isolates were reported to have chitosanase activity isolated from the soil
around fish waste [30].
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Table 2. Isolation, characteristics and activity of chitosanase.

Incubation (Days; °C) Characterization
No Source Isolate h i
a b c d e f g
1 Soil Penicillium janthinellum D4 14; 28 6; 30 - 25-50 7-11 60 79 5330mU/mg [3
2 Soil Bacillus cereus TKU031 2;30 5; 37 43 20-50 5-9 50 5 2.44 U/mL [3
3 Soil Bacillus cereus TKUO033 2;30 3;37 43 <40 5-7 50 5 0.05 U/mg [3
4 Soil Bacillus cereus TKU034 2: 30 4; 37 43 <50 45-7.5 50 7 57.33 U/mg [3
5 Soil Bacillus mycoides TKUO038 3,37 3,37 48 25-50 4-10 50 610 2081U/mg [3
6 Soil Aspergillus fumigatus 11T-004 7,28 7,28 64 <50 <7.5 40 5.5 13 U/mg [3
6 Soil Chitiniphilus sp. LZ32 - 3;30 27.02  30-40 5-9 40 7 4.30 U/mg [3
7 - Alternaria alternata - - - - - 60-70 4 180 U/mg [2
8 Soil Paenibacillus macerans TKU029 3; 37 3; 37 63 <50 3-8 60 7 2419 U/mg [3
9 Soil Paenibacillus mucilaginosus TKU032 3;37 3,37 59 <70 4-8 70 6 6.03 U/mg [3
10 Soil Bacillus licheniformis GA11 5;30 10; 30 - 50-70 3-8 65 5 70 U/g [1
11 Shrimp Shells Powder (SSP) Bacillus cereus SSW1 - 2;30 - - - 65 5 34.16 U/g (4
12 Soil Paenibacillus sp. TKU047 5,37 4; 37 23 <40 6-9 60 7 0.60U/mL [4
13 Yellow Sea sediment Pseudoalteromonas sp. SY39 3;25 3;25 28 <45  5.83-7.92 40 59 39320U/mg [4
14 Soil Bacillus toyonensis - - - 30-70 5-7 55 6 50 U/g (4
15 Terasi Bacillus cereus HMRSC30 7:37 1;37 41 30-50 4-6 55 55 81.09 U/mg [4
16 Digestive tract of Channa striata - - - - 30-80 3-7 70 7 00395U/mL [4
17 JellyFig - - - 20.5 - - 50 45 23.3U/g (4
18 Blue crab viscera of Portunus segnis - - - - 20-90 5-10 60 4 100 U/g [14

*a: screening; b: production; c: BM (kDa); d: temperature (°C); e: pH; f: temperature (°C) optimum; g: pH optimum; h: specific activity; i: reference.
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Fishery waste in the form of shrimp shells can be used as a source of chitosanase-producing
microorganism isolates. Providencia stuartii was successfully isolated from the shell of Penaeus
monodon and had the highest chitosanolitic activity compared to 16 other isolates [47]. Table 2 shows
that chitosanase can be produced directly from fishery waste as offal, such as snakehead fish (Channa
striata) and blue swimming crab (Portunus segnis). The part used for the isolation of chitosanase is the
digestive tract, especially those that are carnivorous. The enzyme is synthesized in the glandular
tissue of the digestive system [48].

3.2.2. Production Chitosanase

Chitosanase production can be carried out directly at the source, such as the offal of snakehead
fish (Channa striata) and blue swimming crab (Portunus segnis). Chitosanase can also be produced
from microorganisms isolated from soil, sediment, and fishery waste. Bacteria and fungi are types of
chitosanase-producing microorganisms that have been isolated from their sources, especially soil.
Table 2 shows that screening for bacteria is carried out in less than seven days, faster than fungi (7-
14 days). The difference in screening time occurs due to different growth patterns. The isolates
obtained were optimized to determine the best production time under optimum conditions in
producing chitosanase. Chitosanase-producing bacteria (Table 2) experience an exponential phase
for three days on average; after the third day of growth, they enter a stationary phase. Thus,
chitosanase production is carried out for three days or more. Soil samples from eastern Taiwan were
used to isolate TKU031, which has the potential to produce chitosanase enzymes. The isolates
included gram-positive bacteria in the form of bacilli and were identified as Bacillus cereus TKUO31.
B. cereus was produced for five days (37°C), and the highest chitosanase activity was on the second
day (exponential phase) [32].

Aspergillus fumigatus 11T-004 is a fungus that is produced for seven days, but this fungus can be
harvested from the third day, to be exact, from the logarithmic phase to the sixth day (stationary
phase). The highest chitosanase activity was 6 U/mL on the third day, and the activity value was
relatively stable until the end of production [36]. Penicillium janthelium D4 had the highest chitosanase
activity compared to 34 Dak Lak, Vietnam isolates. P. janthelium D4 began to be harvested after nine
days with a chitosanase activity of 2.2 mU/mg [31]. Chitosanase from bacteria and fungi belongs to
the extracellular type obtained from the supernatant, which is separated from the biomass.

The production of chitosanase from microorganisms requires media, one of which is a source of
carbon and nitrogen (C/N), which can be obtained from chitin. A practical source of C/N, unlimited
availability, and low cost can be obtained from fishery waste such as shrimp heads and shells, crab
shells, and squid pens (Figure 3). Fishery waste contains proteins, lipids, minerals, enzymes, chitin,
and other compounds according to the characteristics of the commodity. This content indicates that
fishery waste can be used as a source of C/N for microorganism growth media.
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Figure 3. The source of C/N used in the production of chitosanase-producing microorganisms.

Paenibacillus macerans TKU029 and Paenibacillus sp. TKU047 has the highest activity in squid pen
powder compared to other sources of chitin. Chitosanase activity of Paenibacillus macerans TKU029
and Paenibacillus sp. TKU047 in squid pen powder was 0.448 + 0.022 U/mL and 0.35 + 0.02 U/mL
[38,41]. The chitin content in the culture media can encourage the synthesis of chitosanase by
microorganisms. The ratio of chitin, protein, and minerals in the media also influences the synthesis
and activity of chitosanase. Squid pen powder is a material from fisheries waste considered the best
source of C/N [39,41]. It is due to the high chitin and low mineral content [11].

The chitosanase activity of Paenibacillus mucilaginosus TKU032 was highest in shrimp head meal
with a value of 0.53 U/mL. These sources have high protein and minerals with low chitin [39]. So,
C/N sources must be tested, especially from fishery waste, to determine the best media. The
combination of fishery waste can also be used as a medium, even as a source of chitosanase-
producing microorganisms. The mold Aspergillus fumigatus 11T-004 was successfully isolated from
soil from trash cans at fish markets using a combination of shrimp and crab shell waste as the
medium. The mold produces chitosanase with a specific activity of 13 U/mg, 64 kDa at 40°C and pH
5.5 [30,36].

3.2.3. Characterization of Chitosanase

Chitosanase from bacteria, fungi, and fishery waste is characterized to be used optimally.
Parameters observed included molecular weight, temperature, pH, and specific activity. The lowest
molecular weight of chitosanase was 20.5 kDa, sourced from jelly fig sap, while the highest was
obtained from Aspergillus fumigatus 11T-004 of 64 kDa. Chitosanase has a medium molecular weight
of 20-75 kDa [34]. Chitosanase from the Bacillus strain has an average molecular weight of 20 kDa or
40 kDa, while that of the Paenibacillus strain is in the range of 30-70 kDa [32,41].

On average, the optimum temperature for chitosanase is 40-70°C, while the optimum pH is <7
(acid). The stability of chitosanase against high temperatures occurs because the substrate can prevent
the thermal inactivation of chitosanase activity. Based on Table 2, chitosanase has optimum activity
in acidic conditions, but the enzyme has stability over a wide pH range from acidic to primary
conditions. However, under too acidic (< 4) or alkaline (>9) conditions, chitosanase activity decreased
due to protein instability. Chitosanase activity from microorganisms and fishery waste has various
values; these data are essential for applying these enzymes, primarily to determine the concentration
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in the chitosan hydrolysis process. However, other factors such as pH, temperature, substrate, and
enzyme inhibitors are also important.

3.3. Chitosan Hydrolisis

Enzymatic hydrolysis of chitosan uses chitosanase from microorganisms and fishery waste. The
enzymatic method was chosen because it is environmentally friendly, and the final product can be
controlled but requires high costs [5]. The hydrolysis process can be minimized using the crude
enzyme chitosanase so that COS production costs are also low. COS production using the crude
enzyme chitosanase is presented in Table 3. Table 3 shows that the use of crude enzymes has often
been applied, especially extracellular chitosanase from bacteria and molds. The purity of the enzymes
used in the chitosan hydrolysis process affects the COS produced. Chitosanase can break the
glycosidic bonds in GIcNAc-GIcN, GleN-GlcNAc, and GleN-GIcN, but crude enzyme hydrolysis is
slow in the GlcN-GIcN bonds [38,49]. These conditions do not inhibit the crude enzymes from
producing fdCOS products with DP similar to pure chitosanase. Applying crude enzymes can benefit
the industry without going through a purification process, but the risks posed by contaminants must
be considered [50].
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Q

10 Paenibacillus sp. TKU047 Crude 100% 24 98 2-9 2-9 - - FdCOS <1500 [41] -
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The concentration of crude enzyme used for hydrolysis of chitosan is based on the specific
activity of chitosanase, mainly from bacteria and fungi. Hydrolysis is carried out based on the
production time with the best activity value, usually in the logarithmic phase. Chitosanase from
fishery waste needs to be optimized to get the best concentration through the sugar reduction process.
Crude enzyme chitosanase from blue crab (Portunus segnis) reduced the highest sugar at a
concentration of 100 U/g with a hydrolysis time of 48 hours [14].

Chitosan in COS production must have a high DD so that the hydrolysis process becomes
optimal. Hydrolysis with a longer incubation time aims to maximize polymerization. Crude enzyme
chitosanase from Bacillus cereus TKU 034 and 038 cultures hydrolyzed chitosan for six days [34,35],
while Bacillus cereus TKU 027 and Penicillium janthinellum D4 cultures took 72 and 48 hours [31,52].
The resulting COS products had DP and molecular weights that did not differ significantly with
different polymer compositions. However, the chitosan used has a different DD of 60% and 90%,
respectively. The acetyl group in the polymer is related to the degree of deacetylation of chitosan [3].

Based on Figure 4, the strategy for COS production is carried out using chitosan with a high DD
to produce fdCOS, which has a low BM,; if the DD of chitosan is low, then the paCOS produced with
a high BM. The paCOS type is often generated because there is still an acetyl group shown from DD
chitosan. Chitosan with DD 90% is best as a substrate for COS production compared to DD 70-80%.
The resulting COS still contains less number of acetyl groups (two or more) [53]. Pacos have a
heteropolymer; if the substrate has a DD > 85%, it can have a homopolymer containing only amine
and no acetyl groups. The food and medical industries use chitosan with a DD >85%. In COS
production, substrates with a DD of 98% produce fdCOS with a DP of 2-9, and the COS has a DD of
100%, which was analyzed using MALDI-TOF with a comparison of COS with food grade standards

[41].
CHITIN
vHITIN DEACETYLASE
CHITOSAN W CHITOSAN OLIGOSACCHARIDE (COS) J
DD
P — tunt:locootylcu:cos(fdcos);wwuw J
E }
[}
1
] OH NH, oM NH, oH NH,
1
]
50% b CHITOSANASE J fdCOS - HIGH MW OR pacOS - LOW MW J

partially acetylated COS (pacOS) - HIGH MW ]

0%

g
E%.
°
—

Figure 4. Hydrolysis of chitosan and the type of COS produced.

The type of chitosanase affects the enzyme's action mechanism on COS production—for
example, the chitosanase family GH46 which is often found in groups of bacteria. Residues in the
critical gap play an essential role in the interaction between the enzyme and the substrate, as well as
the interaction between the pyranose ring and the binding of the substrate. Chitosanase from the
GH46 family works with a reversal mechanism that changes the isomeric conformation of the
chitosan unit (Figure 5). In this mechanism, the enzyme's binding to the substrate is assisted by the
carbohydrate-binding module (CBM), which can increase the concentration of the enzyme near the
substrate [54].
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Figure 5. Reversal mechanism of chitosanase from the GH46 family.

4. Conclusions

Hydrolysis of chitosan in COS production can be carried out with crude enzyme chitosanase.
The sources of chitosanase used were bacteria, molds, and fishery waste. Bacteria and mold were
isolated from fishery waste and soil, especially around chitin-containing land such as fishery waste,
marine sediments, and swamps. Fishery waste can be a source of extracellular chitosanase, especially
in the shells and viscera of fish and crustaceans.

Crude enzyme chitosanase can be applied to COS production to reduce costs, but the COS
produced has characteristics according to standards. The chitosan hydrolysis process with crude
enzyme chitosanase is more effective in glycosidic bonds with the same group. The resulting polymer
belongs to the paCOS type, which still contains acetyl groups. The chitosan must have a high DD so
that the hydrolysis is more optimal and can produce fdCOS-type polymers. Currently, research on
COS production using the crude enzyme chitosanase is still limited to the preparation process. The
biological activity of COS studied is still limited to its activity value, such as antibacterial, antioxidant,
anticancer, and others. The mechanism for inhibiting COS produced using crude enzymes on
microorganisms, free radicals, and others is still limited. In addition, the source of the chitosanase
enzyme from fishery waste is still limited. If viewed based on its potential, fishery waste can be used
as an alternative source of chitosanase, especially the use of crude enzymes in COS production. Based
on this description, research directions regarding COS include:

a. Production and mechanism of crude enzyme chitosanase from fishery waste in COS production
b. Relationship between chitosan parameters and COS characteristics produced through
hydrolysis process using crude enzyme chitosanase
c.  Chitosan polymerization into COS by preparation of crude enzyme chitosanase
Biological activity and inhibition mechanism of COS produced with crude enzyme chitosanase
e. The application and effectiveness of COS resulted from crude enzyme chitosanase preparation
in the food, medical, agricultural, fishery, and other industries.
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