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At present, commercial chitosan is mainly produced from crustacean shell. However, there are still other potential
natural sources for production of chitosan, such as fungi and insects. In this study, chemical characteristic and
antibacterial activity of chitosan derived from Mucor spp., Rhizopus oryzae, and black soldier fly (Hermetia
illucens) larvae were examined and compared with a commercial chitosan from shrimp. Chitosan recovery obtained
from Mucor spp., R. oryzae, and H. illucens was 157.3 mg/g biomass, 133.1 mg/g biomass, 4.28 mg/g biomass,
respectively. The deacetylation degree (DD) of chitosan from Mucor spp., R. oryzae, and H. illucens was 80.09%,
80.92%, and 84.18%, respectively. The values resemble the DD of chitosan from commercial shrimp, 79.14%. The
results of this study showed that chemical properties in chitosan influence its antibacterial activity. The chitosan from
Mucor spp., R. oryzae, and H. illucens inhibits the growth of Staphylococcus aureus with an inhibition diameter
of 16.8 £ 0.4 mm, 20.9 + 0.1 mm, and 28.5 + 2.8 mm. In addition, the chitosan from Mucor spp., R. oryzae, and
H. illucens also inhibits the growth of Escherichia coli with an inhibition diameter of 12.8 £ 0.5 mm, 14.9 £ 0.5 mm,
and 25.2 + 1.9 mm, respectively. The findings of this study clearly show that Mucor spp., R. oryzae, and H. illucens

have great potential as alternative sources of bioactive material applied in the field of food and medicine.

1. INTRODUCTION

Recently, many researchers have focused on finding biomaterials
that have high bioactivity and environmentally friendly. One material
that has caught the attention of researchers is chitosan. Chitosan is a
derivative form of a naturally occurred cationic polymer, chitin, or
N-acetyl D-glucosamine. The physicochemical properties of chitosan
are the key reason for its versatility in wide range of applications [1].
Chitosan molecules have various functional groups that can interact
with other molecules. The molecular weight and deacetylation degree
(DD) of chitosan greatly determine its bioactivity [2] particularly
antibacterial, antioxidant, anti-inflammatory, anticancer activity, and
hemocompatibility [2,3]. Lately, chitosan has been used in a wide variety
of fields, such as agriculture, food, medicine, as well as for wastewater
treatment [4]. Chitosan is also attracting special attention in the medical
field due to its biocompatibility, non-toxicity, and biodegradability [5].

Commercial chitosan is commonly obtained from crustacean by-
products, namely, crab and shrimp’s unused shell due to its abundance
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and high chitin content. Nevertheless, there are still other sources
of chitin discovered in nature particularly the cell wall of fungi and
exoskeleton of insects that are mainly composed of chitin [6,7].
Therefore, recently chitosan from fungi and insects has gained more
attention due to the increasing demand for this polymer which leads to
the sought of non-crustacean alternative sources of chitosan [8].

Fungi known to contain chitin in their cell walls is Mucorales the largest
order of Zygomycetes that naturally produce chitosan, such as Mucor
spp., Absidia spp., and Rhizopus spp. Aspergillus niger and M. rouxii
have been reported to produce chitin [9]. Mucor spp. and R. oryzae are
commonly used in the fermentation process due to their fast-growing
ability and have a wide range of cultivation temperatures [10-12].
Chitosan yields from 4. niger and R. oryzae which have been reported to
be 11% and 14%, respectively [13]. Just like fungi, the main component
of their cell wall is chitin; insects also have chitin in an important part
of their body, which is contained in the exoskeleton.

Chitin in insects is known as the most abundant aminopolysaccharide
polymer as a building material that strengthen the exoskeleton of an
insect [14]. One of the insects that have chitin in its exoskeleton and
are interesting to study is Hermetia illucens or black soldier fly (BSF).
Recently, BSF larvae (BSFL) have attracted numerous attentions due
to its potential as an organic waste conversion agent as well as a great
source of protein, lipid as well as chitin and chitosan. The chitin content
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of BSF lies in the range of 8-24% depending on its lifecycle [15]. Chitin
from the BSFL can be converted into chitosan by removal of acetyl
group through enzymatic or chemical deacetylation process [14,16,17].
At present, production of high yield and physicochemical properties
of chitosan from fungi and insect is still being studied. Hence, this
study aims to investigate the synthesis chitosan from insect biomass of
BSFL, and fungal biomass of R. oryzae and Mucor spp., as well as their
antibacterial activity which may provide further information about the
potential application of chitosan in the field of food, feed, and medicine.

2. MATERIALS AND METHODS

2.1. Materials

2.1.1. Chemicals

HCI, NaOH, n-hexane, distilled water, acetic acid, ethanol 96%,
acetone, nutrient agar (NA; peptone 5 g/L, HM peptone 1.5 g/L,
yeast extract 1.5 g/L, sodium chloride 5 g/L, agar 15 g/L), potato
dextrose agar (PDA; potato infusion 200 g/L, dextrose 20 g/L, and
agar 15 g/L), MgSO,, (NH,),SO,, BaCl,, H,SO,, yeast extract, and
NaCl were obtained from School of Life Science and Technology,
Institut Teknologi Bandung, Indonesia. Other chemicals such as
Muller Hinton broth (MHB; infusion from beef 300 g/L, casein acid
hydrolase 17.5 g/L, and starch 1.5 g/L) and agar (MHA; infusion B
from HM 300 g/L, acicase 17.5 g/L, starch 1.5 g/L, and agar 17 g/L),
chloramphenicol, commercial shrimp chitin, and chitosan were
obtained from local chemical suppliers in Bandung, Indonesia.

2.1.2. Black Soldier Fly Larvae

Dried BSFL biomass used in this study was obtained from biorefinery
society, a local startup company in Bandung, Indonesia. The larvae
were cultivated with a mixture of dried coconut endosperm waste
and mixture of agriculture residue every 3 days. The cultivation was
carried out in a dedicated place at Bandung with a temperature range of
21-31°C. After cultivation for 2 weeks, the BSFL were harvested and
inactivated in a microwave at 800 watt for 6 min.

2.1.3. Microbes

The fungal culture of Mucor spp. InaCC no. FO7 and R. oryzae InaCC
no. F149 used in this study was obtained from Indonesian Culture
Center of Indonesia Institute of Science, Cibinong, Indonesia. The
fungal cultures were grown in PDA medium until further use. The
bacterial culture of Escherichia coli and Staphylococcus aureus was
obtained from Microbial Collection of School of Life Sciences and
Technology, Institut Teknologi Bandung, Indonesia. The bacterial
cultures were grown in commercial NA medium until further use.

2.2. Cultivation of Mucor spp. and R. oryzae

Cultivation of Mucor spp. and R. oryzae to to produce chitosan was
based on the previous study by [18]. Mucor spp. and R. oryzae were
grown in a tailor-made medium which consists of sugarcane juice,
yeast extract 3 g/L, MgSO, 0.6 g/L, and (NH,),SO, 1.4 g/L dissolved
in distilled water until it reaches 250 mL in total volume. To produce
maximum biomass, Mucor spp. was cultivated in 25% sugarcane juice,
C: N ratio of 19.5, incubated at 28°C 150 rpm agitation speed for 4 days
while R. oryzae was cultivated in 75% sugarcane juice 25%, C: N ratio
of 21.5, incubated at 28°C 150 rpm agitation speed for 6 days before
being harvested [18].

2.3. Defatting of Dried BSFL

Before any further treatment, the dried BSFL were subjected to a
defatting process using a Soxhlet method procedures [19]. Briefly,

50 g of the dried BSFL were crushed using an electrical blender. After
that, the crushed sample was refluxed in a Soxhlet apparatus using
250 mL technical grade n-hexane at 70°C for 4 h until most of the fat
was separated from the sample.

2.4. Preparation of Chitosan from BSFL and Fungi

Chitosan from the biomass of Mucor spp., R. oryzae, and defatted
BSFL was prepared by removing protein content and extracted
using acetic acid [20]. The dried samples were deproteinized using
2% NaOH solution with a ratio of 30:1 volume to weight (v/w) with
respect to the samples at 90°C for 2 h. The mixture was then separated
using centrifugation at 4000 g for 15 min. After that, the pellet was
washed using neutralized water (pH 7) to stabilize the pH. Chitosan
extraction was carried out by refluxing the sample with 10% acetic
acid (ratio of 40:1 v/w to the sample) at 60°C for 6 h followed by
separation with centrifugation at 4000 g for 15 min. Two fractions
were obtained, chitosan in the supernatant and the remaining pellet
was chitin rich fraction. The chitosan solution was precipitated using
30% NaOH solution at room temperature (25°C) and then separated
using centrifugation at 4000 g for 15 min. The precipitated phase was
being washed using three solutions, respectively, (1) water, (2) ethanol
with a ratio of 20:1 v/w to the sample for 3 times, and (3) acetone with
a ratio of 20:1 v/w to the sample for 3 times to minimize impurities.
Finally, the chitosan obtained from the previous step was dried inside
an oven at 30°C.

2.5. Characterization of Chitosan

Physicochemical analysis of chitosan produced from fungi and insects
was carried out by observing the functional groups of chitosan with
Fourier-transformation infrared spectroscopy (FT-IR). Determination
of the degree of deacetylation (DD) in this study was also based on
functional groups detected at certain wavelengths. This value can
provide an overview of the purity of the chitosan extract produced and
determine its correlation with bioactivity. Structural analysis of chitin
rich pellet, crude chitosan from BSFL, Mucor spp. and R. oryzae, as
well as commercial chitin and chitosan shrimp was determined using
a FT-IR Prestige 21 Shimadzu at Laboratory of Analytical Chemistry
at Faculty of Mathematic and Natural Sciences, Institute Technology
Bandung. DD of the chitosan was determined using Equation (1) [21].

DD% = 97.67-[26.486 (A, . ~A,,)] (1)

Where DD is DD (%), A
1655 cm™, and A

cm’.

1655 18 the absorption value at a wavelength of

1uso 18 the absorption value at a wavelength of 3450

2.6. Antibacterial Activity Assay of Chitosan

Antibacterial activity of chitosan was determined using a disk diffusion
test procedure [22]. In this study, S. aureus was used as a sample for
Gram-positive bacteria whereas E. coli was used to represent the
Gram-negative bacteria. The diffusion disks were immersed in the
chitosan obtained from fungi and BSFL dissolved in 0.2% v/v acetic
acid as a negative reference and 30 mg/mL of commercial antibiotic
chloramphenicol as a positive reference. The soaked disks were
arranged and placed on the spread Petri dish. After that, the samples
were incubated flipped side at 37°C for 2 days. The diameter of the
inhibition formed on the MHA inside the Petri dish was then measured.
The measurements were carried out twice and the average values were
reported.
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3. RESULTS AND DISCUSSION

3.1. Chitosan from Mucor spp., Rhizopus. Oryzae and
Hermetia illucens

Chitosan from fungal and BSFL biomass obtained in this study has
distinctive appearance in color. Chitosan from R. oryzae has a dark
brown color, while Mucor spp. and BSFL appear in brown to white
color. The mycelia of R. oryzae culture on PDA was initially white and
cottony and then became brown to gray color. The dark color appears
due to the presence of sporangia containing more spores as it grows.
The R. oryzae colonies grown on PDA were white cottony at first and
then become brownish-black with the appearance of sporangia that
contain thousands of brownish-black streaked sporangiospore [23].
The brown to white color also appears in Mucor spp. and BSFL
chitosan. Mycelia of Mucor spp. culture produce white to grey color,
not as dark as R. oryzae culture. The amount of pigment contained in
fungi results in a variety of chitosan colors.

The chitosan from all samples appears brown color because they still
contain unextracted pigments. One of the pigments that can be found in
fungi and insect is melanin. Melanin is a natural pigment produced by a
variety of fungus in the conidia and hyphae [24]. Nitrogen-containing
pigments melanin is a bioactive molecule synthesized by insect as
part of the cuticle, hemolymph, complex eye, intestine, fat body, and
determining its color [25]. The amount of melanin content of organism
may vary depending on many factors. The higher the melanin content,
the darker the color will appear. One of melanin which may give the

Table 1: Chitosan recovery form fungal and defatted BSFL biomass.

Sample Method

Mucor spp. Defatting: n-hexane, deproteination: 2% NaOH 90°C,

R. oryzae deacgylation: 10% acetic acid 60°C, precipitation:
alkali

F. pinicola Acid pretreatment: 2 M HCI, demineralization:
distilled water, deproteination: 2 M NaOH,
decolorization: chloroform, methanol, water (1:2:4)

C. elegans Deproteination: 1 M NaOH, chitosan extraction: 2%

R. arrhizus acetic acid, precipitation chitosan: alkali

M. circinelloides Deproteination: 2% NaOH, chitosan extraction:
10% acetic acid, precipitation: 4 M NaOH, washing:

distilled water, ethanol, acetone

Defatted BSFL Defatting: n-hexane, deproteination: 2% NaOH 90°C,
deacetylation: 10% acetic acid 60°C, precipitation:

alkali

B. portentosus Deproteination: 1 M NaOH, demineralization: 1 g/L
oxalic acid, decolorization: 1% NaClO. deacetylation:

50% NaOH

Defatting: CHCL,:CH,0OH 20°C, demineralization:
2% HCI 20°C, deproteinization: 5% NaOH 50°C,
deacetylation: 50% NaOH 100°C, purification:
1% CH,COOH, precipitation: 1 M NaOH, dialysis
MWCO membrane

Hermetia illucens

BSFL Demineralization: 1 M HCI 70°C, deproteinization: 1
M NaOH 80°C, decolorization: acetone (100 mg/mL),
deacetylation: 50% NaOH 65°C, purification: 0.1 M

acetic acid 60°C

Demineralization: 0.5 M formic acid, deproteinization:
2 M NaOH 80°C, deacetylation: 10 M NaOH 4°C

BSFL exoskeleton

fungi black or dark brown color found in nature is eumelanins and
for yellow or red color are pheomelanins [26]. To produce high purity
chitosan, melanin pigment can be removed by decolorization step.

3.2. Chitin, Chitosan, and Other Byproducts Recovery
from R. oryzae, Mucor spp., and BSFL

The recovery of chitosan from selected fungi and insects is presented
in Table 1 and the schematic diagram of chitin and chitosan production
from Mucor spp. R. oryzae, and BSFL is shown in Figure 1. Chitosan
from Mucor spp. biomass has the highest recovery (157.3 mg/g
biomass) while chitosan from defatted BSFL has the lowest recovery
(4.282 mg/g biomass). The reason behind the high chitosan recovery
in fungi, especially Mucoraceae family may be due to the relatively
high chitin content that can contribute up to 50% w of its total biomass
composition [27]. In addition, chitosan from R. oryzae also shows a
promising result which yielded up to 133.1 mg/g biomass. Chitosan
in fungal cells are not only bound to glucan in membrane materials
but also as free chitosan [28] During exponential growth phase, the
amount of free chitosan molecules is relatively high due to active
formation of the building blocks of cells [29]. Therefore, the formation
of more cell walls results to the higher amount of chitin and chitosan.
When the yield of biomass and chitosan is compared, the yield of
R. oryzae biomass (1.307 g/100 mL) is higher than the Mucor spp.
(0.554 g/100 mL), but the chitosan yield is the opposite. Extractable
chitin and chitosan yield depends on species, culture condition, age or
cultivation time, and extraction method [29, 30].

Chitin content Chitosan content Deacetylation Reference
(%) of biomass (%) of biomass degree (%)
50.94 15.73 80.09 This study
48.99 13.31 80.92
30.11 21.60 73.1 [7]
7.229 3.31 25 [27]
8.32 4.93 82
50.0 6.4 83 [29]
3.59 0.43 84.18 This study
43-7.1 24-58 80.05 [34]
7% 0.26 90 [31]
9.2 8.5 82.05 [37]
28 14-16 34-72 [47]

BSFL: Black soldier fly larvae, R. oryzae: Rhizopus oryzae, F. pinicola: Fomitopsis pinicola, C. elegans: Cunninghamella elegans, R. arrhizus: Rhizopus arrhizus, M. circinelloides:

Mucor circinelloides, B. portentosus: Brachytrupes portentosus.
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Figure 1: Schematic diagram of chitin and chitosan production from Mucor spp. (a), Rhizopus oryzae (b), and black soldier fly larvae (c).

The yield of chitosan from BSFL is relatively higher than the reported
value 0.26% [31]. The small recovery of chitosan from BSFL in
this study may be due to small amount of insoluble dry matter from
the deproteinization process (19.48% w) that still contains other
components, such as unreacted chitin and ashes as impurities. From
21.64 g defatted sample that was deproteinated, only 5.24 g of pellet
chitin rich was produced. Thus, the losses of chitosan recovery
during the BSFL processing are relatively high with more than
50% of the component not being recovered. Chitin in insects binds
with other molecules such as melanin, minerals, and others to form
complex molecules which hinder the extraction and purification
processes [32]. Recovery of chitin and chitosan may be different
depending on sources, species, cultivation condition, time, and the
method of extraction, isolation, and purification [33,34].

3.3. Physicochemical Properties of Chitin

Chitin obtained BSFL was subjected to FT-IR analysis and compared
with crude chitin obtained from the deproteinization process as
well with commercial chitin derived from shrimp [Figure 2]. The
IR spectra from chitin BSFL, chitin shrimp, and deproteinized
BSFL are almost identical which confirms that the product has a
high purity. The functional group of the samples was compared
with the peaks [Table 2]. All samples have two visible peaks in the
range of 2000—1500 cm', more precisely at 1657 and 1564 cm! for
deproteinized BSFL, 1659 and 1560 cm for chitin derived from
BSFL, and 1657 and 1557 cm! for chitin derived from shrimp. The
peaks near 1650, 1620, and 1550 cm™! correspond to C = O amide
band of the a-chitin [35].

——Deproteinized BSFL BSFL chitin ——shrimp chitin

. M

500

3000 2500 2000
wavenumbers (cm1)

4500 4000 3500 1500 1000

Figure 2: Fourier-transformation infrared spectra of deproteinized black
soldier fly larvae (BSFL), chitin derived from BSFL, and commercial chitin
derived from shrimp.

In this study, a sharp amide peak is observed at a wavenumber near
1650 cm '. This result agrees with the previous study that observed
a peak at 1660 cm’ for B-chitin [36]. The other significant peaks
observed for distinguishing the o~ and B-chitin are N-H bending
and C-N stretching, N-H stretching, O-H stretching, asymmetric
CH, stretching, C-H stretching, C-O-C asymmetric stretching, and
C-O-C symmetric stretching [35, 37]. The peak at 896-897 cm! is a
sign of B-glycosidic bond presence which can be used as a reference
for determining ct-chitin [38]. The peaks are found in deproteinized
BSFL, chitin derived from BSFL, and chitin derived from shrimp, as
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Table 2: Fourier-transformation infrared peaks of deproteinized BSFL, chitin derived from BSFL, and commercial chitin derived from shrimp.

Functional group and vibration modes

Wavenumber (cm™)

Deproteinized Chitin BSFL* Chitin Chitin Chitin B.
BSFL* Shrimp? BSFL" portentosus®
O-H stretching 3447 3447 3445 3443 3433
N-H stretching 3269-3111 32713111 3269-3107 3269-3107 3103-3257
CH, sym. and CH, asym. Stretching (Aliphatic compounds) 2922 2926 2932 2926 2881
C-H asym. Stretching (Aliphatic compounds) 2852 - 2887 2891 -
C=0 secondary amide stretching (Amide I) 1657 1659 1657 1659 1653
C=0 secondary amide stretching (Amide I) - - - 1626 1622
N-H bending and C-N stretching (Amide IT) 1564 1560 1557 1559 1554
CH, bending and CH, deformation 1418 - 1420 1430 1423
C-H bending and sym. CH, deformation 1381 1379 1377 1378 1375
CH, wagging (Amide II, components of protein) 1321 1315 1314 1315 1311
Asym. bridge oxygen stretching 1157 1157 1157 1158 1153
Asym. in-plane ring stretching 1117 1115 1117 1116 1112
C-O-C asym. stretching in phase ring (Saccharide rings) 1076 1072 1074 1073 1066
C-O asym. in phase ring 1028 1028 1028 1028 1014
CH, wagging (Along chain) 953 951 951 953 952
CH ring stretching (Saccharide rings) 874 897 897 896 896
*References: *Current study, ®[25], ¢[15], BSFL: Black soldier fly larvae, FTIR: Fourier transformation infrared spectroscopy.
shown in Table 2. It was found that the peaks of chitin derived from  wcor e s orse B — i

BSFL, and shrimp examined in this study resembles the spectra of a
a-chitin as reported in the previous studies [31, 34-37, 39, 40].

Fungal chitin also forms a-crystal as indicated by the peaks around
1650, 1620, and 1550 cm™ [7]. The IR spectrum of chitin from
R. arrhizus showed the presence of two amide I peaks (1652 and
1654 cm™) and amide II peaks (1546 and 1564 cm™). Other major
peaks in the IR spectra are CH, (1311 and 1313 cm™), amide II (1146
and 1171 ecm™), C-O stretching of the -CH,-OH (1371 and 1377 cm™),
axial deformation of amide C-N (1411 and 1453 cm™), C-H stretching
(2933 and 2917 cm™), and axial deformation of O-H (3441 and 3430
cm™). The presence of these peaks suggests that the chitin examined
in this study belongs to the a-form [27]. In another study, the chitin
derived from Mucor circinelloides showed the presence of peaks in the
amide I region at 1665, 1555, and 1313 cm' that may corresponds to
the C = O stretching, N-H deformation in CONH plane and CN bond
stretching, and CH, wagging [29].

3.4. Physicochemical Properties of Fungal and Insect Chitosan

The IR spectra of chitosan derived from Mucor spp., R. oryzae, and
BSFL are compared to the commercial chitosan derived from shrimp,
as shown in Figure 3. All samples reveal sharp peak at 3431, 3431,
3412, and 3447 cm’, respectively, due to vibration of NH, in the
primary amines association with vibration of OH in pyranose ring
[Figure 3 and Table 3]. Amide I peak is present in all samples at 1639,
1637, 1655, and 1659 cm™, respectively [Table 3]. However, amide 11
peak is present at 1564, 1574, and 1595 cm™ only for chitosan derived
from Mucor spp., R. oryzae, and shrimp. The presence of these peaks
indicates the characteristic functional group of chitosan. However, only
amide I was found at 1655 cm! for chitosan derived from BSFL. Other
chitosan samples derived from R. arrhizus also show similar peaks
at 1312—1311, 1453-1408 cm™, with a sharp peak at 1654—1655 cm’!
and disappears at 1550 cm™ due to the N-deacetylation process [27].
Similar findings have also been reported that sharp peaks were

M

Abs

M”

4500 4000 3500 3000 2500 2000 1500 1000 500
wavenumbers (cm™)

Figure 3: Fourier-transformation infrared spectra of chitosan derived from
Mucor spp., Rhizopus oryzae, and black soldier fly larvae and commercial
shrimp.

observed at 1658 and 1597 cm! for chitosan derived whereas amide
peaks were observed at 1620 and 1556 cm! for chitosan derived from
Brachytrupes portentosus [34, 37]. The IR spectrum of fungal-based
chitosan with amide peaks shows that the chitin was not completely
deacetylated to chitosan [27].

One of the most important physicochemical properties of chitosan
is its DD that contributes to its bioactivity. The value of DD can be
determined by IR spectroscopy analysis to confirm the purity [31].
The percentage of free amine group (-NH2) in chitosan based on
the relationship between absorbance values at 1655 and 3450 cm’!
represents amine and hydroxyl groups. The chitosan derived from
BSFL (84.18%) has the highest DD value compared to other samples.
The chitosan derived from R. oryzae and Mucor spp. also has high
DD values of 80.92 % and 80.09%, respectively. The DD values were
slightly higher compared to the chitosan derived from commercial
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Table 3: FT-IR peaks of chitosan derived from BSFL, and commercial chitosan derived from shrimp.

Vibration modes

Wavenumber (cm™)

Chitosan Chitosan Chitosan Chitosan Chitosan Chitosan B.

Mucor spp.* R. oryzae® BSFL* Shrimp* BSFL® portentosus®
v (NH,) assoc. in primary amines and 3431 3431 3412 3447 3441 3263-3421
v (OH) assoc. in pyranose ring
v, (CH,) in CH,OH group - 2937 2930 2920 - 2920
v (C-H) in pyranose ring - 2785 - 2881 2852 2885
v (C=0) in NHCOCH, group (Amide I) 1639 1637 1655 1659 1658 1620
v (NH,) in NHCOCH, group (Amide II) 1564 1574 - 1595 1597 1556
8(CH,) in CH,OH group 1413 1414 1417 1422 1422 1425
3, (CH,) in NHCOCH, group - - - 1379 1380 1375
8(C-H) in pyranose group - - - - 1323 1303
v, (C-0-C) glycosidic linkage 1151 1152 1153 1153 1155 1153
v, (C-0-C) glycosidic linkage - 1045 1078 1080 1090 1066
v (C-0) in secondary OH group 1020 1016 1026 1032 - 1016
v (C-0O) in primary OH group 925 925 - - - 900
Pyranose skeletal ring vibrations 806 808 866 897 895 830

*References: *Current study, °[25], [15], BSFL: Black soldier fly larvae, B. portentosus: Brachytrupes portentosus, R. oryzae: Rhizopus oryzae.

shrimp analyzed in this study (79.14%). Those results are comparable
with the previous DD value of chitosan derived from M. rouxii
(80,3%) [41]. Another study reported that the DD value of chitosan
derived from fungi lies in the range of 65-95% [42].

3.5. Antibacterial Activity of Chitosan

Antibacterial activity assay of chitosan derived from fungal and BSFL
biomass was determined using disk diffusion test and the diameter of
the inhibition zone is shown in Table 4. All samples can inhibit both
Gram-negative (E. coli) and Gram-positive (S. aureus) bacteria as
shown by the clear area around the disks which indicate that there was
no colony-forming activity within the magnitude.

The diameter of the inhibition zone varies among all the chitosan samples.
The chitosan derived from BSFL shows the highest diameter of inhibition
zone among all samples, particularly 28.5 mm against S. aureus and
25.2 mm against E. coli. This diameter size is nearly comparable to that
commercial antibiotic, chloramphenicol, with the same concentration
inhibited 28.8-38.5 mm against S. aureus and 20.3-40.5 mm against
E. coli as reported by [43]. The larger diameter size of inhibition zone is
not always linearly correlated to the higher activity of antibacterial agent.
The inhibition zone does not indicate that the chitosan has killed the
bacteria but only prevent their growth. The previous study also reported
that 20% chitosan resulted in 3 mm diameter of inhibition zone against
both of S. aureus and E. coli, but the percentage of bacterial reduction
was lower for E. coli (88.84%) as compared to S. aureus (95.75%) [43].
Nevertheless, the antibacterial activity demonstrated by the samples
indicates the capability of inhibiting bacterial grow.

The chitosan has positive charges that bind to the negative charges
on cell membrane and causes bacterial lysis. The density of positive
charge is associated with DD% of chitosan or its derivative [44].
Therefore, the higher percentage of DD as well as concentration
of chitosan will lead to more positive charges that can bind to the
negative charges of the cell membrane and inhibit bacterial growth.
In this study, the diameter of the inhibition zone for chitosan derived
from BSFL is larger than the Mucor spp. and R. oryzae which may be
due to the higher percentage of DD. The chitosan can act as a chelating

Table 4: Inhibition zone diameter of chitosan derived from fungal and
BSFL biomass.

Inhibition zone
diameter (mm)

Source of chitosan

S. aureus E. coli
Mucor spp. 16.8+0.4 12.8+0.5
R. oryzae 20.9+0.1 14.9+0.5
Defatted BSFL (30 mg/mL)* 28.5+2.8 25.2+1.9
(a) Chloramphenicol (30 mg/mL) 28.8+0.3 20.3+0.4
(b) Chloramphenicol (30 mg/mL) 38.5+4.0 40.5+1.8

Acetic acid (0.2%) - -

*Same batch alongside antibacterial activity assay of chitosan from fungal biomass
(a), and BSFL biomass (b), BSFL: Black soldier fly larvae, S. aureus: Staphylococcus
aureus, E. coli: Escherichia coli, R. oryzae: Rhizopus oryzae.

agent to bind metal ions and inhibit microorganism growth and its
product formation [45]. In addition, at lower concentration, chitosan
is polycationic that can bind the negative charge on bacterial surface,
causing lysis, while at higher concentration; a large amount chitosan
forms a net of positive charge to trap microbes [46].

4. CONCLUSION

In brief, this study successfully determined chemical characteristic
and antimicrobial activity of chitosan obtained from fungi Mucor spp.,
R. Oryzae, and H. illucens. The chitosan derived from Mucor spp.
biomass has the highest recovery (157.3 mg/g biomass), followed by
R. oryzae (133.1 mg/g biomass) and H. illucens (4.28 mg/g biomass).
However, the chitosan derived from H. illucens has the highest DD
(84.18%) followed by R. oryzae (80.92%) and Mucor spp (80.09%).
All the chitosan samples can inhibit the Gram-negative (S. aureus) and
Gram-positive (E. coli) bacteria.
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