IOP Conference Series: Earth and Environmental Science

PAPER « OPEN ACCESS

Antifungal activity of chitosan oligomer prepared using chitosanase of
Aeromonas media KLU 11.16

To cite this article: Y N Fawzya et al 2019 IOP Conf. Ser.: Earth Environ. Sci. 278 012026

View the article online for updates and enhancements.

This content was downloaded from IP address 111.170.106.60 on 11/10/2019 at 20:57


https://doi.org/10.1088/1755-1315/278/1/012026

The 3rd EIW IOP Publishing
IOP Conf. Series: Earth and Environmental Science 278 (2019) 012026  doi:10.1088/1755-1315/278/1/012026

Antifungal activity of chitosan oligomer prepared using
chitosanase of Aeromonas media KLU 11.16

Y N Fawzya'", Trisdayanti’, S Wibowo" and N Noriko®

'Research Centre for Marine and Fisheries Product Processing and Biotechnology,
Jakarta, Indonesia
Al Azhar University of Indonesia, Jakarta, Indonesia

*E-mai l: nurifawzya@gmail.com

Abstract. Chitosan oligomer is a hydrolysis product of chitosan which can be prepared by
enzymatic method, including chitosanase that may be produced by bacteria. Previously,
chitosanase from Aeromonas media KLU 11.16 has been purified and characterized. The aim of
this study was to analyze the bioactivity of chitosan oligomer prepared by using Aeromonas
media KLU 11.16 chitosanase, as antifungal. Chitosan oligomer was prepared from shrimp
waste chitosan, and hydrolyzed by 8U chitosanase per gram chitosan. The reaction time was for
2, 3 and 4 hours at 30°C. The oligomer produced then determined their yields and viscosities;
and was identified by using a thin layer chromatography (TLC). Antifungal activity test against
Aspergilus flavus, A. niger, Eurotium amstelodami and Emericella nidulans was performed on
selected oligomers based on consideration of yield and TLC result, with oligomer concentrations
of 0; 50; 100 and 200 ppm. The result showed that hydrolysis chitosan by Aeromonas media
KLU 11.16 chitosanase for 4 hours reduced the viscosity from 187.5 to 13 cPs, and produced
oligomers 96.14% of yield. The oligomers identified by TLC were monomer (1 unit) to hexamer
(6 unit), and showed their antifungal activity against the four fungi tested. The best inhibition
was showed by 200 ppm of oligomer against A. flavus.
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1. Introduction

Chitosan oligomers are low molecular weight chitosans which have various bioactivities and potential
applications in the food, pharmaceutical, agricultural and environmental industries. One of the
bioactivities of chitosan oligomers is as antifungal, which can be used as a food preservative.

In Indonesia, food deterioration caused by fungal infestation is a common problem. The available
antifungal preservatives officially used for food are generally produced from chemicals or synthetic
preservatives. The use of natural preservatives for food is generally done traditionally based on
hereditary knowledge.

Chitosan oligomers are commonly produced for research purposes. They are prepared by enzymatic
method which involves chitinolytic enzymes. Over the past few years, our laboratory has explored
microbial chitinolytic enzymes, particularly chitosanases, to investigate the potential bioactivity of the
chitosan oligomers produced from the hydrolysis process of chitosan using these enzymes. One of the
potential chitinolytic enzyme was produced by isolate KLU 11.16. The isolate was identified as
Aeromonas media, and the chitosanase produced has been purified and characterized. However, the
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application of the enzyme to produce chitosan oligomers and the bioactivity of the product has not been
reported. This research was intended to study the potency of chitosan oligomers prepared by chitosanase
from A. media KLU 11.16 as antifungal against several molds which are detrimental to food or harm
for human.

Over the last few decades, chitosan oligomers have received an increasing interest due to their various
bioactivity for human health and potential applications in the food, pharmaceutical, agricultural and
environmental industries [1]. It is soluble in water and low molecular weight derivatives, exhibit an
enormously wide range of biological activities such as to be an antifungal [2-5], antitumor [6-10],
antimicrobial [11, 12] and anti-inflammatory agent [13, 14].

Antifungals can be used as a food preservative. Fungi are the main cause of deterioration of food and
feedstuffs which lead to a lowering in yield, and a lowering in the quality and economic value of
agricultural products [15]. Fungi may produce mycotoxins, that are harm and capable of causing disease
and death in humans and animals, such as aflatoxin, ochratoxin, patulin, etc. [16]. Several toxigenic
fungi found in food as well as fish products [15-19]. They infest the food, produce their metabolites and
contaminate the foods. The most popular mycotoxigenic fungi is Aspergillus sp., mainly A. flavus.

Aspergillus flavus is well known as a aflatoxin producer, a harmful and poisonous toxin having
carcinogenic effects [16]. Other Aspergilluses which potentially can produce mycotoxins are
Aspergillus niger and Emericella nidulans, which was known previously as Aspergillus nidulans. Even
though A. niger has generally regarded as safe (GRAS) status and is frequently used in biotechnology
or industrial fermentation, it has the potential to produce two groups of potentially carcinogenic
mycotoxins: fumonisins and ochratoxins [20]. Meanwhile, E. nidulans produces sterigmatocystin, a
carcinogenic mycotoxin which is a precursor of the aflatoxins [21]. This fungus is commonly found in
cereals and cereal products.

In Indonesia, food deterioration caused by fungal infestation is a common problem. The available
antifungal preservatives officially used for food are generally produced from chemicals or synthetic
preservatives. The use of natural preservatives for food is generally done traditionally based on
hereditary knowledge. However, exploration of natural ingredients for food preservatives is widely
investigated to obtain the safe and effective one, including the use of plant extracts for fish preservation
[22], chitosan for fish and tofu preservation [23, 24] and determination the antibacterial activity of
various plant extracts [25] as well as marine and fisheries products, including chitosan or its derivatives
[26].

Chitosan oligomers can be prepared by enzymatic method which involves chitinolytic enzymes.
Exploration of microbial chitinolytic enzymes conducted by our laboratory showed that chitosan
oligomers produced by using the enzymes had various activities such as antibacterial and antitumor
[27] as well as antifungal [28]. We had another potential chitinolytic enzyme produced by Aeromonas
media KLU 11.16 [29, 30] which had been purified and characterized [31]. Thus, it should be further
studied on its applications and evaluation of their products bioactivities.

2. Materials and Methods

2.1. Materials

Materials used in this study were Aeromonas media KLU 11.16 isolated from shrimp waste, chitosan
from shrimp waste obtained from Bogor Agricultural University, fungi isolated from fish floss by
Indriati which was collected by Microbiology Laboratory at Research Center for Marine and Fisheries
Product Processing and Biotechnology, Jakarta, Indonesia. The fungi isolates were Aspergilus flavus,
A. niger, Eurotium amstelodami and Emericella nidulans.



The 3rd EIW IOP Publishing
IOP Conf. Series: Earth and Environmental Science 278 (2019) 012026  doi:10.1088/1755-1315/278/1/012026

2.2. Methods
The research steps consist of production of chitosanase in 5 L fermenters, preparation of soluble
chitosan, production of chitosan oligomers, identification of chitosan oligomers and antifungal assay.

2.3. Production of chitosanase

Chitosanase was produced following Chasanah et al [30] by cultivating Aeromonas media KLU 11.16
in a 5L-fermenter with a working volume of 1L of liquid Minimal Synthetic Medium (MSM) at 30°C,
100 rpm for 48 h. The MSM used contained 0.5% colloidal chitin prepared from the chitin (Sigma) by
method of Trudel and Asselin [32]; 0.1% K;HPOQO4; 0.01% MgSQO4.7H,0; 0.1% NaCl; 0.7% (NH,):SOs4;
0.05% yeast extract and 0.1% tryptone. The culture broth was then centrifuged at 9.820 x g, 4°C for
15 min., and the supernatant was collected as extracellular chitosanase. The enzyme was then
concentrated by 10X using an ultrafiltration with 10 kDa molecular weight cut off (MWCQO). Both
retentate and permeate as well as crude enzymes were assayed of their activity.

2.4. Chitosanase and protein assay

The chitosanase activity was assayed [31]. One unit of activity was defined as the formation of 1 pmoL
D-glucosamine per minute under the assay conditions. The enzyme activity was presented as U/mL
enzyme volume or U/mg protein for specific activity. Protein content was determined based on the
Lowry method with bovine serum albumin as the standard [33].

2.5. Production of chitosan oligomers

Chitosan oligomers were produced enzymatically by reacting 2% soluble chitosan prepared previously
using shrimp waste chitosan with a degree of deacetylation (DD) 51.44%. The concentration of
chitosanase used was 8U per g chitosan in the total volume of 50 mL. Hydrolysis was carried out at
30°C as optimal temperature for working enzyme [3] for 2; 3and 4 h. The hydrolysate produced at the
2; 3and 4-h was measured their viscosities using a viscometer (Brookfield Synchro-lectric). The initial
soluble chitosan viscosity as well as 4h-hydrolysate without enzyme addition was presented as controls.
The reaction was stopped by addition NaOH 0.25 M until pH 7. The solution was then centrifuged at
153 g, room temperature for 20 min., followed by freeze drying the supernatant containing chitosan
oligomer. ldentification of the chitosan oligomer was carried out using thin layer chromatography
(TLC) with 2 standards used, i.e. chitosan oligomer solution containing 1-6 unit from Seikagaku Corp.
and D-glucosamine HCI from Sigma.

2.6. ldentification of chitosan oligomer

Chitosan oligomer was identified using TLC [34]. The mobile phase of TLC containing of 1-propanol,
aquadest and 25% ammonia (20:7:3) was prepared, then 10 puL samples as well as standards with the
concentration of 1% were spotted on a Silicagel 60 Fzs4 (Merck) plate. The spot of TLC was visualized
by spraying solution of 0.1% ninhydrine in 1-butanol prior to drying at 105°C for 10 min.

2.7. Antifungal assay

Antifungal activity of chitosan oligomers was carried out against Aspergilus flavus, A. niger, Eurotium
amstelodami and Emericella nidulans using agar diffusion method [35]. The isolates were sub-cultured
on malt extract agar (MEA) slants for 5-7 days. Composition of MEA medium was including malt
extract, yeast extract, neutralized bacteriological peptone, agar bacteriological, and artificial salt water
containing NaCl, KCI, Na,SO4, MgCl,6H,0, and CaCl,, Fresh cultures were inoculated on semi solid
agar containing 0.2% bacteriological agar and 0.05% tween 80 [36]. The fungal spores agar was spotted
on MEA medium which was added aseptically with 3 concentration of chitosan oligomers (50 ppm,
100 ppm, dan 200 ppm) in a different petri dish. The dishes were incubated at 28°C for 4-7 days and
diameters of growth zones were measured (3 replicates for each treatment).

2.8. Statistical analysis

The statistical significance of the difference between mean values in each treatment was determined by
a single factor ANOVA (analysis of variance) followed by the student’s t-test for determining which
treatments resulting in a significant effect. P-values less than 0.05 were considered as significant values.
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3. Results and Discussion

3.1. Production of enzyme and chitosan oligomer

Activity of chitosanase produced by A.media KLU 11.16 is presented in table 1. Concentration of crude
enzyme by using ultrafiltration (10 kDa MWCO) increased the enzyme specific activity about 1.7 times.
This was due to separation of enzymes from small molecules of protein by ultrafiltration. Similar results
were reported [31] that ultrafiltration (10 kDa MWCO) of chitosanase from Stenotrophomonas
maltophilia KPU 2123 MWCO) increased the enzyme specific activity by 1.76 times. However, the
different result was occurred in other study using chitosanase from Stenotrophomonas maltophilia KPU
2123 [37]. The increase of chitosanase specific activity after ultrafiltration reached 5.6 times.
Concentration process by ultrafiltration is affected by condition of process, such as pH, enzyme
concentration, temperature; the characteristics of the equipment; and the type and pre-treatment of
membranes [38].

Table 1. Activity of chitosanase produced by A.media KLU 11.16.

Sample Protein (mg/mL) Activity (U/mL) Specific activity
(U/mg)
Crude enzyme 0.167 0.1294 0.775
Rentetate of utrafiltration 0.782 1.0223 1.307
Permeate 0.189 0.1256 0.663

Hydrolysis process of chitosan produced hydrolysate that was low in viscosity (table 2). The highest
decrease in viscosity occurred in the first 2-h hydrolysis, reached about 86%. At 4-h enzymatically
hydrolysis, the viscosity of hydrolysate produced was 13.00 cPs (~6.9 % of initial viscosity), while
viscosity of control (treatment without enzyme addition) was 133.35 cPs (~71.1% of initial viscosity).
This result showed that the enzyme had an important role in decreasing the viscosity. The enzyme may
contain chitinase, chitosanase or other chitinolytic enzymes, since it was used as the crude enzyme.
Meanwhile, the hydrolysate contained at least 1-6 chitooligosaccharides as shown in TLC result (figure
1).

Specification of chitosan oligomer produced by enzymatic hydrolysis is affected by factors, including:
chitosan degree of deacetylation, enzyme activity and ratio enzyme to substrate, hydrolysis process
condition, etc. Hydrolyzing chitosan by crude chitosanase from Stenotrophomonas maltophilia KPU
2123 (activity of 1.004 U/ml or 1.4 U/mg protein) reduced the viscosity of chitosan hydrolysate up to
95% in 4 h of hydrolysis time [3]. Meanwhile, higher viscosity reduction of chitosan (up to 99.5%) on
16-h hydrolysis using the similar enzyme (activity of 0.459 U/mL) in a larger scale (10-15 times
capacity) [39]. Hydrolysis of chitosan (DD 74.6%) using pepsin decreased 86% of viscosity after 1 h
[40].

Yield of chitosan oligomer tended to increase with the increasing of reaction time, showing that the
enzyme was still working to degrade chitosan until the end of observation time (table 3). However, the
rate of increase in yield is slower which may be caused by a decrease in enzyme activity. Hydrolysis of
swollen chitin by Aeromonas sp. GJ-18 crude enzyme produced about 78% mixed of GIcNAc and
(GIcNAC). , identified by HPLC [41]. Whereas, 64~77% GIcNAc was produced in hydrolysis process
of chitin by A. hydrophila H-2330 crude enzyme [42]. The lower yield later mentioned was related to
the HPLC used to separate and identify oligomer produced which was more accurately compared to
determination of yield conducted in this research.
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Table 2. Viscosity of chitosan hydrolysate during hydrolysis.

Hydrolysis time (h) Viscosity (cPs)
2 26.00+0.70
3 17.75+0.35
4 13.00+0.70
Control (4 hrs without enzyme) 133.35+0.21
Soluble chitosan 2% 187.5

Table 3. Yields of chitosan oligomer during hydrolysis.

Hydrolysis time (h) Yields (%)
2 82.17+0.21
3 90.26+0.16
4 96.14+0.06

3.2. ldentification of chitosan oligomer

Identification of hydrolysate by Thin Layer Chromatography indicated that the hydrolysis products was
predicted contained di- to tetrachitooligosaccharide (figure 1). The figure showed clear spots on the
standard, but not for the sample. The sample’s spots look slightly blurry and unclear. This is probably
due to the purity of the standard compared to the samples. Some factors may affect the product purity,
including the purity of the ingredients used, and the presence of other products resulting from the
reaction. In this case, we used crude enzyme for producing chitosan oligomers. This enzyme might
contain salts derived from medium. Another ingredient was soluble chitosan which was prepared by
using a buffer or salt solution. Thus, chitosan oligomers produced contained salts that interfered on TLC
visualization. Better quality of chitosan oligomers might be acquired through the use of purified enzyme
as well as purifying chitosan oligomer produced.

| =

Monomer .

Dimer ' ' '
Trimer \ i
Tetramer » 4 = w

Pentamer t
Heksamer ¥
is - : : o x |

S Gl 2 3 4

Figure 1. TLC profiles of chitosan oligomer produced in the hydrolysis of soluble chitosan by crude
chitosanase from A. media KLU 11.16, S = Chitosan oligomers standard (Seikagaku
Corp), Gl = lucosamine, 2; 3; 4 = visualization results of chitosan oligomers containing
dimer — tetramer.

Aeromonas sp. was reported as chitinolytic bacteria producing chitinase [43, 44], chitosanase [30, 45].
However, publication related to the application of these enzymes for hydrolyzing chitin/chitosan is still
limited. Aeromonas hydrophila chitinase was more specific toward the N-acetyl-p-D-glucosaminidic
bonds in partially N-acetylated chitosan [43].



The 3rd EIW IOP Publishing
IOP Conf. Series: Earth and Environmental Science 278 (2019) 012026  doi:10.1088/1755-1315/278/1/012026

3.3. Anti-fungal activity of chitosan oligomer

Antifungal activity of chitosan oligomers against A. flavus, A. niger, E. amstelodami and E. nidulans is
shown in figure 2. It was found that concentration of chitosan oligomers gave a significant fungal
inhibition rate (p<0.05), except for E. nidulans at the concentration of 100 and 200 ppm. Higher
concentrations of oligomers expressed a higher rate of inhibition; with the highest inhibition rate
occurring on A. flavus at 200 ppm, which reached around 92%. It indicated that chitosan oligomers
inhibited those fungi growth in a concentration-dependent manner. However, the effectiveness of
inhibition chitosan oligomers against each fungus was not compared, because we did not quantify the
fungi growth or determine minimum inhibitory concentration (MIC) of the chitooligosaccharides.

100 -+
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Inhibition rate (%)
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amstelodami nidulans

Figure 2. Inhibition rate of chitosan oligomers against A. flavus, A. niger, E. amstelodami and E.
nidulans at various concentrations, ©50ppm & 100 ppm 0200 ppm,

Low molecular weight chitosan (LMWC) has potential for the antifungal agent. The anti-fungal effect
of LMWC was due to the interaction of chitosan with lipids in the plasma membrane. Chitosan increased
intracellular oxidative stress, then passed through the plasma membrane and killed cells in an energy-
dependent manner. Thus, the composition of the fungal plasma-membrane affected the sensitivity
against chitosan [46]. They also investigated that fungi with a higher content of polyunsaturated fatty
acids might be more sensitive to chitosan. Effects of molecular weight and concentration of chitosan on
antifungal activity against A. niger, that the antifungal activity of chitosan is mainly due to the inhibition
of DNA transcription to RNA [47]. Other factors that may influence the effectiveness of chitosan
oligomers as antifungals were the chitosan type and degree of polymerization, target microorganism,
nutrient composition of substrates or broth, and environmental conditions [48].

Antifungal effects of chitosan oligomer on some deteriorative fungi of fishery products [28]. They found
that chitosan oligomer inhibited the growth of A. niger, A. flavus, fungus isolates B12 and C13.
Meanwhile, growth inhibition of the dermatophyte Trichophyton rubrum caused by chitosan oligomers
was investigated [4], and they found that chitosan oligomers inhibited the growth of Botrytis cinerea,
also known as gray mold, a necrotrophic fungus in numerous fruit and vegetable crops [49].

4, Conclusion

Preparation of chitosan oligomer by using chitosanase from Aeromonas media KLU 11.16 produced
hydrolysate containing at least a mixture of chitosan monomer to hexamer. The chitosan oligomer
inhibited the growth of A. flavus, A. niger, Eurotium amstelodami and Emericella nidulans. The
inhibition of fungi growth was a concentration-dependent manner with the rate of inhibition reaching
more than 80% at 200 ppm.



The 3rd EIW IOP Publishing

IOP Conf. Series: Earth and Environmental Science 278 (2019) 012026  doi:10.1088/1755-1315/278/1/012026

References

[1]
2]

[3]

[4]

[5]
[6]

[7]

[8]
9]

[10]

[11]

[12]

[13]

[14]
[15]
[16]
[17]
[18]

[19]

[20]

Liagat F and Eltem R 2018 Chitooligosaccharides and their biological activities: A
comprehensive review Carbohydrate Pol. 184 243-259

Palma-Guerrero J, Lopez-Jimenez J A, Pérez-Berna A J, Huang I-C, Jansson H-B, Salinas J,
Villalain J, Read N D and Lopez-Llorca, L V 2010 Membrane fluidity determines sensitivity
of filamentous fungi to chitosan Mol. Microbiol. 75 1021-32

Chasanah E, Riviyanti T A and Noriko N 2011a Production of chitosan oligomer enzymatically
and its bioactivity on molds isolated from fisheries products (in Indonesian) J. Pascapanen dan
Bioteknologi Kelautan dan Perikanan 6 139-145.

Mei Y X, Dai XY, Yang W, Xu, X W and Liang Y X 2015 Antifungal activity of
chitooligosaccharides against the dermatophyte Trichophyton rubrum Int. J. Biol. Macromol.
77 330-5

Lopez-Moya F and Lopez-Llorca L V 2016 Review omics for investigating chitosan as an
antifungal and gene modulator J. Fungi 2 11

Park J K, Chung M J, Choi H N and Park Y | 2011 Effects of the molecular weight and the
degree of deacetylation of chitosan oligosaccharides on antitumor activity Int. J. Mol. Sci. 12
266-277

Wang Z, Zheng L, Yang S, Niu R, Chu E and Lin X 2007 N-acetylchitooligosaccharide is a
potent angiogenic inhibitor both in vivo and in vitro Biochem. Biophys. Res. Commun. 357 26—
31

Wu H, Yao Z, Bai X, Du Y and Lin B 2008 Anti-angiogenic activities of chitooligosaccharides
Carbohydr. Polym. 73 105-110

Han F S, Cui B H, You X F, Xing Y F and Sun X W 2015 Anti-proliferation and
radiosensitization effects of chitooligosaccharides on human lung cancer line HepG2 Asian
Pac. J. Trop. Med. 8 757761

Ryu B, KimnSY, Vo, TS, KimW S, KimD G and Kim S K 2017 Characterization of the in
vitro effects of gallic acid-grafted-chitooligosaccharides in the suppression of AGS human
gastric cancer cell proliferation RSC Adv.7 24561

Joaoc F, Frenik T, Joséc S, Oscars R, Mjoao M, Manuelae P and Fxavier M 2008 Antimicrobial
effects of chitosans and chitooligosaccharides upon Staphylococcus aureus and Escherichia
coli in food model systems Food Microbiol. 25 922-928

Sanchez A, Mengibar M, Rivera-Rodriguez G, Moerchbacher B, Acosta N and Heras A 2017
The effect of preparation processes on the physicochemical characteristics and antibacterial
activity of chitooligosaccharides Carbohydrate Pol. 157 251-257

Santosmoriano P, Fernandezarrojo L, Mengibar M, Belmontereche E, Pefialver P, Acosta F N,
Ballesteros A O, Morales J C, Kidibule P and Fernandezlobato M 2018 Enzymatic production
of fully deacetylated chitooligosaccharides and their neuroprotective and anti-inflammatory
properties Biocatal. Biotransf. 35 57-67

Liang T W, Chen W T, Lin Z H, Kuo K H, Nguyen A D, Pan P S and Wang S L 2016 An
amphiprotic novel chitosanase from Bacillus mycoides and its application in the production of
chitooligomers with their antioxidant and anti-inflammatory evaluation Int. J. Mol. Sci. 17 1302
Adeyeye S A O 2016 Fungal mycotoxins in foods: A review. Cogent. Food & Agric. 21213127
Alshannag A and Yu J-H 2017 Occurrence, toxicity and analysis of major mycotoxins in food
Int. J. of Environ. Res. and Public Health 14 632

Bui-Klimke T R and Wu F 2015 Ochratoxin A and human health risk: A review of the evidence.
Crit. Rev. Food Sci. Nutr. 55 1860-1869

Sam F J, Jeyasanta | K and Edward P J K 2015 Aflatoxins investigation on dried fishes of
Tuticorin, South East Coast of India J. Foodborne and Zoonotic Diseases 3 49-62

Indriati N, Hermana |, Hidayah | and Rahayu E S 2017 Prevalence of aflatoxin Bl in
commercial dried fish from some regions of Java Squalen Bull. of Mar. and Fish. Postharvest
and Biotech. 12 107-115

Frisvad J C, Larsen T O, Thrane U, Meijer M, Varga J, Samson R A and Nielsen K F 2011
Fumonisin and ochratoxin production in industrial Aspergillus niger strains PLoS ONE 6
e23496



The 3rd EIW IOP Publishing

IOP Conf. Series: Earth and Environmental Science 278 (2019) 012026  doi:10.1088/1755-1315/278/1/012026

[21]

[22]
[23]
[24]

[25]

[26]
[27]
[28]
[28]
[29]
[30]
[31]
[32]

[33]

[34]
[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Németh Z, Molnar A P, Fejes B, Novak L, Karaffa L, Kller N P and Fekete E 2016 Growth-
phase Sterigmatocystin formation on lactose is mediated via low specific growth rates in
Aspergillus nidulans Toxins 8 1-14

Ariyani F, Murtini J T, Gunawan and Hermana | 2012 The use of guava leaf water extract as
natural antioxidant in the processing of dried salted catfish (in Indonesian) JPBKP. 7 49-60
Damayanti W, Rochima E and Hasan Z 2016 Application of chitosan as antibacterial for
Pangasius fillet at low temperature storage JPHPI. 19 321-328.

Rohim M, Destiarti, L and Zaharah T A 2015 Sensory evaluation of tofu coated with edible
chitosan JKK. 4 54-58

Mubarak Z, Chismirina S and Qamari C A 2016 Antibacterial activity of cinnamon
(Cinnamomum burmannii) extract against the growth of Enterococcus faecalis. Cakradonya
Dent J. 8 1-10

Kurniasih M and Kartika D 2009 Antibacterial activity of chitosan on Staphylococcus aureus
Molekul 4 1-5

Fawzya Y N, Pratitis A and Chasanah E 2009 Characterization of chitosanase from bacterial
isolate KPU 2123 and its application to produce chitosan oligomer JPBKP. 4 69-78.

Chasanah E, Fawzya Y N, Ariani F K and Maruli S 2013 Bioactivity of chitooligosaccharide
produced by chitosan using Microminospora T5al chitosanase as anti fungal JPBKP. 8 65-72
Chasanah E, lImi M and Mangunwardoyo W 2009 Screening of chitinolytic bacteria from
processing shrimp waste JPBKP. 4 59-68

Chasanah E, Ali M and Ilmi M 2012 Identification and partial characterization of crude
extracellular enzymes from bacteria isolated from shrimp waste processing Squalen 7 11-18
Chasanah E, Gintung P, Zilda D S, Ali M and Risjani Y 2011. Purification and characterization
of Aeromonas media KLU 11.16 chitosanase isolated from shrimp waste J. of Coastal
Development 15 104-114.

Trudel J and Asselin A 1989 Detection of chitinases after polyacrilamide gel electrophoresis.
Analytical Biochemistry 178 302—306.

Bollag D M and Edelstein S J 1991 Protein Methods (New York : Wiley-L.iss)

Choi Y C, Kim E J and Shin Y C 2004 Purification and characterization of chitosanase from
Bacillus sp. strain KCTC 0377 BP and application for the production of chitosan
oligosaccharides Appl. Environ. Microbiol. 70 22-31.

Xu H, JianK Z, Guan Q, Ye F, and Ly M 2007 Antifungal activity of some diaryl ethers Chem.
Pharm. Bull. 55 1755 — 1757

Pitt J I and Hocking A D, 1985 Fungi and food spoilage. food science and technology (Sydney:
Academic Press)

Martosuyono P, Pratitis A, Prasetya A and Prabawati E K 2014 Desalination of
chitooligosaccharides using gel filtration and ultrafiltration Squalen Bull. of Mar. and Fish.
Postharvest and Biotech. 9 127-136

Gottschalk L M F, Bom E P S and Nobrega R 2008 Lignin peroxidase from T7A: enzyme
concentration using ultrafiltration Appl Biochem. Biotechnol. 147 23-32.

Fawzya Y N, Rahmawati A and Patantis G 2018 Physicochemical properties of
chitooligosaccharide prepared by using chitosanase from Stenotrophomonas maltophilia KPU
2123 The 2" Int Symp. on Marine and Fisheries Res. IOP Conf. Series: Earth and
Environmental Science 139 012045

Gohi B F C A, Zeng, H Y and Pan A D 2016 Optimization and characterization of
chitosan enzymolysis by pepsin Bioengineering 3 17

Kuk J H, Jung W J,Jo G H, Kim Y C, Kim K Y and Park R D 2005 Production of N-acetyl-p-
D-glucosamine from chitin by Aeromonas sp. GJ-18 crude enzyme Appl. Microbiol. Biotechnol.
68 384-389

Sashiwa H, Fujishima S, Yamano N, Kawasaki N, Nakayama A, Muraki E, Hiraga K, Oda K
and Aiba S 2002 Production of N-acetyl-D-glucosamine from alpha-chitin by crude enzymes
from Aeromonas hydrophila H-2330 Carbohydrate Res. 337 761-763

Mitsutomi M, Ohtakara A and Fukamizo T 1990 Action pattern of Aeromonas hydrophila
chitinase on partially N-acetylated chitosan Agric. Biol. Chem. 54 871-877

8


https://www.ncbi.nlm.nih.gov/pubmed/?term=Zeng%20HY%5BAuthor%5D&cauthor=true&cauthor_uid=28952579
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pan%20AD%5BAuthor%5D&cauthor=true&cauthor_uid=28952579
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5597186/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sashiwa%20H%5BAuthor%5D&cauthor=true&cauthor_uid=11950472
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fujishima%20S%5BAuthor%5D&cauthor=true&cauthor_uid=11950472
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yamano%20N%5BAuthor%5D&cauthor=true&cauthor_uid=11950472
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kawasaki%20N%5BAuthor%5D&cauthor=true&cauthor_uid=11950472
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nakayama%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11950472
https://www.ncbi.nlm.nih.gov/pubmed/?term=Muraki%20E%5BAuthor%5D&cauthor=true&cauthor_uid=11950472
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hiraga%20K%5BAuthor%5D&cauthor=true&cauthor_uid=11950472
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oda%20K%5BAuthor%5D&cauthor=true&cauthor_uid=11950472
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aiba%20S%5BAuthor%5D&cauthor=true&cauthor_uid=11950472
https://www.ncbi.nlm.nih.gov/pubmed/11950472

The 3rd EIW IOP Publishing

IOP Conf. Series: Earth and Environmental Science 278 (2019) 012026  doi:10.1088/1755-1315/278/1/012026

[43]

[44]

[45]

[46]
[47]

[48]

Saima M, Kuddus, Roohi | Z and Ahmad 2013 Isolation of novel chitinolytic bacteria and
production optimization of extracellular chitinase J. Genetic Engineering and Biotechnology.
11 39-46

Sun Y, Zhang J and Wang S 2009 Purification and characterization of the chitosanase from
Aeromonas sp. HG08 African J. Biotechnology. 8 2830-2834

Palma-Guerrero J. Huang | C, Jansson H B, Salinas J, Lopez-Llorca L V and Read N D 2009
Chitosan permeabilizes the plasma membrane and kills cells of Neurospora crassa in an energy
dependent manner Fungal Genet. Biol. 46 585-594

Li X F, Feng X Q, Wang T P and Su Z X 2008. Effects of molecular weight and concentration
of chitosan on antifungal activity against Aspergillus niger Iran Polym J. 17 843-852

Rabea E |, Badawy M E T, Stevens CV, Smagghe G and Steurbaut W 2003 Chitosan as
antimicrobial agent: Applications and mode of action Biomacromolecules 4 1457-1465
Rahman M H, Shovan L R, Hjeljord L G, Aam B B, Eijsink V G H, Sgrlie M and Tronsmo A
2014 Inhibition of fungal plant pathogens by synergistic action of chitooligosaccharides and
commercially available fungicides PLoS ONE 9 €93192.



