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ABSTRACT

Mucor rouxii was selected due to the high biomass production and significant quantities of chitosan in its cell walls. M.
rouxii cultured in Potato dextrose Broth for 96 hrs. at 30 Ce in a shaking incubator at 150 rpm and 5.5 pH, then the fungal
mycelial were dried, grounded and weighted. Mycelial dry weight in total was 68.8g with a yield of 1.72 + 0.25 g/500ml, chitosan
was extracted using the classic chemical method followed by precipitation of chitosan by using sodium hydroxide. chitosan yield
was 2.13%, The degree of deacetylation of chitosan extracted from M. rouxii was 82.22% with low Molecular weight 63.67 kDa.
The Antimicrobial properties of extracted chitosan was studded on four pathogenic bacteria by MIC method the most resistant
strains which were S. aureus, whereas the most vulnerable strains were A. baumannii and E. coli. to produce natural chitosan
and replace old sources (crustaceans). The observed antimicrobial properties also indicate an acceptable effect of chitosan on

some strains that needs further study.

Keywords- Antibacterial, chitosan, mucor rouxii.

I. INTRODUCTION

Chitin is a polymer made from units N-acetyl-
D- Glucosamine which is the most abundant polymer
after cellulose It is obtained by the distillation of chitin
under alkaline conditions [1]. The unique properties of
chitosan make it widely in various industries, including
cosmetic, Food additives, antimicrobial activity and
water purification[2,3]. Chitosan commercially obtained
from waste from Crustaceans. But it's limited for
seasonal production and specific places also extraction
method in addition to complexity and the high cost has
many negative environmental impacts also due to the use
of severely acidic conditions in the extraction process
[4]. Potential benefits of use fungi as  sources of
chitosan because rapid grown harvesting and handling in
simple culture media, Easy product quality control and
ease of extraction, fungi have a high and wide ecological
distribution [5]. In addition, fungi have more identical
compounds and fewer mineral easy controlling the
effective parameters in cultivation the amount of
chitosan Controlled also the effect of time on chitosan

yield and other growth factors study [6]. Therefore,
according to the mentioned advantages Mucor chosen
for fungal chitosan production is investigated and finally
the antimicrobial properties of extracted chitosan is
examined.

Il. MATERIALS AND METHODS

Rhizopus isolation, identification and biomass
production

Soil samples were collected from south of
Baghdad city surface layer to a depth of 5¢cm, sample
was stored at 4 Ce over night until use. 1g soil is diluted
in 10ml of sterile distilled water depending on serial
dilution method6 1 ml of the dilution transferred into
potato dextrose agar plates were incubated at 28 Ce for 7
days. Also using Potato Dextrose Agar medium for
isolation and purification of M. rouxii from mixed
culture, in sterilized PDA plates until abundant growth
for further investigation [7]. Identification of M. rouxii
depend on microscopic morphology of hyphae and
colony features. Biomass production was done according

emr 1 his work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Journal for Research in Applied Sciences
and Biotechnology

WWW.jrash.com

ISSN: 2583-4053

Volume-1 Issue-5 || December 2022 || PP. 110-119

https://doi.org/10.55544/jrasb.1.5.12

to [8,9]. Mycelial cells of M. rouxii were inoculated in
PDB flasks were incubated in growth conditions chosen
consistent with prior researches for 96 hrs. at 30 Ce in a
shaking incubator at 150 rpm [10,11]. Following the
incubation time, the fungal biomass was collected by
vacuum filtration and washed twice with centrifugation
using sterile distilled deionized water at 4,000 rpm/min
for 5 minutes to neutrality. The resultant mycelia were
then dried to a consistent weight at 40 Ce for 24 hrs. the
dried mycelial mass was ground in the hood under sterile
conditions with a mortar and pestle. Finally, the fungal
mycelial mass was powdered and weighted for biomass
determination and chitosan extraction.
Extraction of fungal chitosan

Powdered biomass of Mucor rouxii were
grounded and homogenized under sterile conditions in
the hood using mortar and pestle. and using the
procedure previously described by11, then subjecting to
a 2%(w/v) sodium hydroxide solution at a ratio of 1:30
(w/v) and autoclaved at 121 Ce, 15 pounds per square
inch for 30 min[11]. The mixture was then cooled then
washed with distilled deionized water and centrifugation
at (10000 rpm, 15 min, 4 °C) and repeating this process
several times until the pH became neutral. Also
repeating the base treatment as deacetylation with
changing only the concentration to 10% NaOH. then the
alkali-insoluble fraction obtained from the deacetylation
step was separated, then by using 10% acetic acid with a
ratio of 1:40 (w/v) and autoclaved at 121°C, 15 pounds
per square inch for 30 min, and centrifuged (10000 rpm,
15 min, 4 °C ). The supernatant was alkalinized to pH 10
with 4 M NaOH, allowed to stand overnight at 5 °C, then
centrifuged for chitosan precipitation at (10000 rpm, 15
min, 4°C ). Extracted chitosan was rinsed with distilled
deionized water and 95% ethanol (1: 20 w/v) before
being dried in a forced air oven at 50°C for 24 hrs [12] .
Characterization Of Chitosan
1. Chitosan yield

Yield was estimated by the following equation
[12].

yield of chitosan % = dry weight of chitosan yielded
(9)/ dry weight of fungal biomass (g)x 100% ... (1)

2. Fourier transform infrared (FTIR) spectroscopy
FTIR analyses were performed with FT-IR

spectrophotometer. A pellet of mixed chitosan powder
and anhydrous potassium bromide was formed in a mass
ratio of 1:100 to make the samples. Analyses were
performed at resolutions ranging from 400 to 4000 cm™,
with 100 scans averaged at 4 cm™ [13].
3. Degree of Deacetylation (DD%)

Determined using FTIR analysis of the produced
chitosan and the formula proposed by [13]’

DD% =100 - [31.92 ( &52) - 12.20]

Whereas A1320 absorption of band at 1320 cm-
1 is a distinctive band of the acetylated amide that
measures the amount of N-acetylation of chitosan,
Al1420 absorption of band at 1420 cm-1 is a peak
employed as the reference band.
4. Molecular weight of chitosan

The molecular weight of chitosan was
determined by the viscosity of the polymer according to
the procedure described by [14].
4.1. Determination of intrinsic viscosity of chitosan

The Ostwald viscometer with capillary (0.5
mm) was used to measure the viscosity. Before the first
measurement, the temperature of the water bath was
sustained at 250C and monitored for at least 10 minutes.
Then, using a glass pipette, 10 ml of filtered solvent
(acetic acid/ sodium acetate) was pipetted into the
Ostwald viscometer.

The following viscosities were determined
using the relevant formulae for each chitosan

concentration: relative viscosity ( fr), specific

viscosity ( Tsr), and reduced viscosity ( Mred).
S
= ..(3)
fep = 1r — 1 (4
— Tsp
Mred = = ...(5)
Where (t) is the flow time of chitosan

solution (chitosan + solvent system) and (to) is the
flow time of solvent (acetic acid and sodium acetate) in

seconds, and € is the chitosan concentration in g/dl.
After that, an extrapolation plot showing
reduced viscosity against chitosan concentration was
constructed using a trend line. The intrinsic viscosity
was defined as the Y intercept at zero concentration of
polymer solution [15].
4.2. Determination of Molecular Weight of Chitosan
Viscometrical data with an Ostwald capillary
viscometer were used to determine the viscosity-average
molecular weight. Mark-Houwink-Sakurada equation
was used to determine this value.

In] = KM*

Where K= 0.078 and a = 0.76, determined in
0.3M acetic acid solution and 0.2M sodium acetate at
25°C, based on a previous study [15].

Antimicrobial activity of fungal chitosan

Bacterial inoculum preparation of
Staphylococcus  aureus,  Escherichia coli, and
Acinetobacter baumannii Antibiotic susceptibility test of
Staphylococcaceae and  Enterobacteriaceae  using
VITEK® 2 System, after identification, bacteria were
maintained alive by transferring a single pure isolated
colony to brain heart infusion broth medium containing
15% glycerol. It was used to keep bacterial isolates for
an extended period of time at a temperature of 0 °C [16].
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Broth Microdilution Assay

A susceptibility panel in 96-well microtiter
plates was prepared for the broth microdilution test by
pipetting 20 pl of chitosan stock solution with the
highest concentrations into the first column wells and
160 pl of Mueller hinton broth. Then, the first column's
two-fold serial dilution chitosan solution is welled into
the second-column, and the process is repeated to obtain
the final concentrations. Aliquots of 20 ul from every
bacterial cell suspension were injected into the microtiter
plate wells to achieve a final volume of 200 pl in each
well. The final two wells served as controls, one
negative and one positive, respectively. the negative
wells were left blank without inoculation, while the
positive control of chitosan free solution was inoculated
with bacterial suspension and 1% acetic acid solution.
The 96 microwell plates were sealed and incubated at 37
°C for 24 hrs [16].
Determination of Mnimum Inhibitory Concentration
(MIC) using Resazurin

The MICs for chitosan were determined as the
lowest concentration at which no viable cells were found
in the wells of 96-microwell plates after 24 hours of
incubation. and it's done by aliquots of 10 pl resazurin
was added to all wells and further incubated for 4 hrs.
for the observation of color change. The lowest
concentration of no color change from blue to pink (blue
resazurin color remained unchanged) was to be scored as
the MIC value [17].
Statistical Analysis

Two-way analysis of variance ANOVA, Least
Significant Difference (LSD) and correlation was
performed to test whether group variance was significant
or not (p < 0.01) Data were expressed as meant
Standard Deviation (SD) and statistical significance
were carried out using SPSS program version 26.

I11. RESULTS

Identification of mucor rouxii

Depends on fungal colony and aerial hyphae
morphology which developed white growth that
eventually turned to brownish to dark black patches,
which were sporangiophores. Mycelia of the fungal
expanded rapidly, with many stolons connecting clusters
of unbranched sporangiophores ranging in color from
hyaline to slightly gray. Sporangiophores terminate in a
huge, cylindrical columella. Sporangiophores feature a
single spherical sporangium that is cylindrical, round or
conical in shape, white to gray in color, and covered
with many angular, sub-globose, and ellipsoidal ridges.
Rhizoids were observed adjacent to the as shown in
figure (1). These  morphological  descriptions
corresponded to those given by [18].

» apsiophore f
= ] \LColume]la
Sporangium
Figure 1. M. rouxii in the current study
Magnefication power =40 X.

Microscopic Examination of Bacteria

Microscopical inspection of P. aeruginosa
isolates using the gram stain revealed cells with gram-
negative single rod shapes [19].

In the instance of S. aureus, Gram stain
revealed cocci that were organized in pairs or clusters
and were no spore forming [20].

Microscopy of E. coli revealed that it is a gram-
negative bacterium that is rod-shaped, aggregates singly
or in pairs, and does not produce spores [20].

Whereas A. baumannii isolates obtained from
MacConkey agar medium were identified using the
Gram stain, A. baumannii contained gram-negative
coccobacilli arranged in a diplococcic pattern [21]. As
shown in figure (2).
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Figure 2: a) S. aureus on Mannitol Salt agar, b) E.
coli on EMB, c¢) E. coli on MacConkey agar, d) A.
baumannii on MacConkey agar, and e) P. aeruginosa
on MacConkey agar.

Biochemical Examination of Bacteria

A variety of biochemical assays were
performed on P. aeruginosa, S. aureus, E. coli, and A.
baumannii isolates in order to characterize them, the
biochemical test results were compared to the bacteria's
characteristics as described by [21], the results of which
are summarized in (table 1). These results demonstrate
that gram negative bacteria were positive for catalase,
negative for oxidase with the exception of P.
aeruginosa, and non-lactose fermenters except for E.
coli, which appears to be lactose fermenter. while gram
positive bacteria S. aureus, was positive for catalase and
coagulase but negative for oxidase.

Table 1: Gram stain and Biochemical tests of
bacteria for the current study.

IV. DISCUSSION

Biomass yield

Mycelial biomass accumulation is an important
indicator of growth rate of fungal. Carbohydrate in PDB
medium is the main carbon source of heterotrophic
microorganism.  Carbohydrate absorption capacity
represents energy and material metabolism status of
fungal [22]. M. rouxii was cultivated in Potato dextrose
Broth for 96 hrs. at 30°C in a shaking incubator at 150
rpm and 5.5 pH, then the fungal mycelial were dried at
40 °C grounded and weighted. the result of mycelial dry
weight in total was 68.8g with a yield of 1.72 + 0.25
9/500ml. Another study was close to the current results
done by [23] who recorded biomass of M. rouxii
cultivated in PDB wusing shaking incubator was
0.79/100ml. Study by? recorded that biomass yield was
0.359 g /100ml from cultivation of Aspergillus
ochraceus in PDB.

Chitosan extraction

Chitosan was produced from black bread mold
mucor rouxiia using the classic chemical method. In the
current study, alkaline treatment with a dilute sodium
hydroxide solution is the most important treatment step
because it removes proteins and other cell wall
components. After that deacetylation occur by arising
NaOH to 10%, next the solid phase corresponds to the
insoluble alkaline fraction, which is indicated by the
abbreviation AIM (alkaline insoluble material). AIM
was formerly separated from chitosan by dissolving it in
an acid solution and then separating the resultant
material into two components: the acid insoluble chitin
component and the soluble chitosan component, which
was precipitated with 4M sodium hydroxide [12].

The chitosan yield from mucor rouxii was
2.13%. which is higher than [25] who recorded that
chitosan yield was 1.9%.

A study done by [26] determined the yield % of
chitosan in the dry mass of cicada slough, grasshopper,
mealworm, and silkworm chrysalis, was to be 28.2 %,
5.7 %, 2.5 %, and 3.1 %, respectively [27]. reported that
Rhizomucor miehei and Mucor racemosus cultivated in
Sabouraod dextrose broth were 13.67%, and 11.72%,
respectively [12] reported that under optimum
conditions, chitosan yield from Aspergillus niger was
7%. Another study by?® showed the maximum yields of
chitosan from Saccharomyces cerevisiae using a culture
broth containing sodium acetate were 20.85 + 0.35 mg/g
dry biomass.

Characterization of chitosan
Fourier transform infrared (FTIR) spectroscopy

Infrared spectroscopy is a critical and
commonly used diagnostic method for determining the
functionality groups and the structural atomic molecules
[13]. The infrared spectrum of chitosan obtained from
mucor rouxii was described and matched to that of
standard chitosan using FTIR spectroscopy.

Result
Biochemica P A
| test . S. . .
aeruginos E. coli  baumanni
a aureus i
Gram Gram Gram Gram
Gram stain  negative  positive negative negative
rods cocci rods rods
t(éz;\:alase Positive Positive | Positive Positive
Oxidase test Positive Negativ el\legatlv Negative
:c_actose_ Negative  N/A Positive Negative
ermenting
Coagulase  \;A Positive N/A  N/A
test
113

emr 1 his work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Journal for Research in Applied Sciences
and Biotechnology

WWW.jrash.com

ISSN: 2583-4053

Volume-1 Issue-5 || December 2022 || PP. 110-119

https://doi.org/10.55544/jrasb.1.5.12

The FTIR spectra of the extracted chitosan's
from M. rouxii were: a broad band at 3423 and 3446 cm-
1 respectively assigned to hydrogen-bonded O-H
stretching vibrations that overlapped with the N-H
stretching band, as well as the intramolecular hydrogen
bonds and the absorption bands at 2935cm~ for the
extracted chitosan's showed C-H symmetric stretching
vibration in CH3 bonds. The third type of characteristic
absorption wavelength for chitosan groups is 1650 cm™,
which confirms the existence of a C=0 group on the
bond. (-NHCOCH:), the results of the current study were
1647 for the extracted chitosan.

The absorption bands at 1593 cm™ for the
extracted chitosan indicated the presence of a stretching
vibration consistent with amide IlI's N-H bending. The
appearance of bands at around 1427, and 1381cm
confirms the CH2 bending and CH3 symmetrical
deformations, respectively for the extracted chitosan.
The bands at 1321 c¢cm?, for the extracted chitosan's
correspond to C-N stretching in Amide 11 group.

The absorption band at 1156, 1080 cm™!, for the
extracted chitosan. attributed to asymmetric stretching of
the C-O-C bridge. the bands at 1029 cm™!, respectively
for the extracted chitosan correspond to C-O stretching
in secondary OH group. Pyranose ring skeletal
vibrations were at 889 cm™ for the extracted chitosan.

This arrangement of absorption bands was
identical to that observed in the standard chitosan
spectra, particularly at wavenumbers 3394, 2924, 1650,
1560, 1423, 1370, 1251, 1153, 1076, 1026, and 864cm™
figure(3) and table (2). except for the band of (C-N) of
amide 111 it maybe overlapped by other bands near it in
the extracted chitosan. Based on an infrared spectrum
study in comparison to standard chitosan. The existence
of the primary spectrum in particular wavelength areas
suggests the presence of a significant functional group,
indicating that the chemically extracted molecule is
chitosan. Also, the result of the current study was in
agreement with previous studies [29].

@sulMAnzu
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Figure 3: FTIR spectra and absorption bands of
chitosan in the current study. A) chitosan standard,
B) chitosan from M. rouxii.

Table 2. FTIR absorption band and assignment for
chitosan in the current
Standard

) M. rouxii
chitosan

NO. Assignment
Wavenumber cm!

(NH2) association in
primary amines

1. overlapping with (OH) 3394 3423
association in pyranose
ring

2. (C-H) stretching band 2924 2935
(C=0) in NHCOCH3

3 Amide | band 1650 1647
(NH2) in NHCOCH3

4 Amide Il band 1560 1593

5. (CH2) in CH20H group 1423 1427

6. (CH3) in NHCOCH3 1370 1381

Amide I11 band
7. (C-N) of amide 11 Not found 1321

Complex vibrations of

8. NHCO group (Amide 1251 1257
111 band)

9. (C-O-C)(glycosidic 1153 1156
linkage)

109, (G-0-C) (glycosidic 1076 1080
linkage)

11. (C-0) in Pyranose ring 1026 1029

12.  Pyranose ring skeletal 864 889

Degree of deacetylation of chitosan

The characteristic that strengthens and
confirmed the product in the current study was chitosan
is characterized by the appearance of wave absorption
bands compared with standard chitosan, Additionally,
the loss of the methyl (CHs) group linked to the amide
may be seen in the reduction of absorption at
wavenumbers 2935 cm-1. And the loss of group COO in
amide is determined by the absence of absorption bands
at 1647 cm [30].

FTIR spectroscopy was used to analyze
chitosan derived from the fungal biomass of M. rouxii.
The data acquired enabled recognition of the extracted
chitosan as well as determination of the degree of
deacetylation, a critical characteristic affecting the
biopolymer's physiochemical and biological
characteristics.

The degree of deacetylation of chitosan
extracted from M. rouxii was 82.22%. At 1647,1593 cm"
1 the amide | and amine bands of chitosan extracted
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from M. rouxii were detected. The bands at 1593 cm™ of
the extracted chitosan were rather intense when
compared to the standard chitosan, indicating sustained
deacetylation in the fungal chitosan extracted in the
current study, as seen in Figure(3).

Deacetylation decreases the intensity of the
amide | band while increases the intensity of the amide
Il band, suggesting the presence of NH» groups [311].
When the spectrum between 1500 and 1700 cm™ is
narrowed, an intensification occurs, suggesting the
existence of effective deacetylation. chitosan from M.
rouxii which has small absorption intensity at 1647 cm
and medium intensity at 1593 cm™. As a result of
protonation of the -NH. function on the C2 position of
the repeating unit D-glucosamine, the degree of
deacetylation rises as the number of acetyl groups
decreases, producing high-quality chitosan [27].

Chitin and chitosan are produced in relatively
significant amounts by zygomycetes and
basidiomycetes, it found in the inner layer of the cell
wall adjacent to the plasma membrane and is responsible
for the cell wall's structure, strength, and integrity [32].
Water, proteins, and a NaOH-insoluble fraction
including chitin as well as a little amount of chitosan, are
the primary components of mycelium [33]. So, using
deproteinization step to discard cell wall component as
alkali soluble material and yield chitin and chitosan as
alkali insoluble material.

In the current study deacetylation of chitosan
were carried out by NaOH 10% of AIM, and due to the
fact that deacetylation of chitosan needed the
nucleophilic breakage of the C-N bond, a particular
activation energy was required, which could be provided
by the autoclave's high temperature and pressure. Then
treating the product by acetic acid 10% to solubilize and
separate chitosan from chitin which is insoluble in
acids®. The degree of deacetylation depends on method
of extraction method, incubation time and temperature,
and source. A study done by [34] determined the DD of
chitosan from shrimp waste was 88%. another study
done by*® who recorded DD of chitosan from
Penicillium chrysogenum was 82.4%.

The results of the current study were higher
than the results done by [35]who recorded the DD of M.
rouxii CTS1551n was 77.3%.

Chitosan's molecular weight

Molecular weight of chitosan extracted from M.
rouxiia y using the Mark-Houwink-Sakurada equation
was 63.67 kDa. The curves plotting of reduced viscosity
of chitosan extracted from M. rouxiia persus chitosan
concentrations as shown in Figure (4) demonstrate that
all experimental points are fairly well matched along
straight lines (R2-0.93). The viscosity measurements on
M. rouxiia extracted chitosan enabled the estimation of
the intrinsic viscosity and viscosity average molecular
weights.

1000 * R. stolonifer

)

=
E

&

0.001 0.002 0.003 0.004 0.005

c gfml

Figure 4: Curves of reduced viscosity (nred) against
concentrations of chitosan extracted from M. rouxii

When the concentration approaches zero, the
polymer molecules become dissociated and interact
exclusively with the solvent molecules. However,
because this condition is seldom achievable in actuality,
it is necessary to address minute polymer interactions,
this scattered viscosity data may imply that the produced
chitosan is polydisperse in nature [36].

As a result of the interaction of the acid
carboxyl groups with the hydroxyl groups of chitosan,
glycosidic linkages are broken, resulting in the
breakdown of chitosan molecules [37].

Because chitosan is insoluble in water, the
production of complex ions from amine on chitosan and
acetic acid improves solubility and works in a way as
catalytic. The entangle of the nucleophilic amine with
the glycosidic bond occurs at high reaction temperatures.
Due to an increased mobility generated by the
autoclave's high temperature, the probability of
encountering and entangling the protonated amine with
the glycosidic bond increased. Following the initial
phase of encounter and entanglement, the next stage is
protonation of the glycosidic oxygen atom, which may
be accomplished through stereo configuration inference.
When the exocyclic O-5 to C-1 link is heterolyzed to
generate a cyclic oxocarbenium ion, which most likely
occurs in the half chair conformation with C-2, C-1, O-5,
and C-5 in a plane, the stereo configuration is smaller
and hence desirable [37]. The last step is the reaction
with water, which produces the reducing sugar. As a
result, chitosan acid depolymerizes. However, in this
work, the DD of the extracted chitosan was 82.22%,
therefore the difference in hydrolysis rate between the
glycosidic linkage following an N- deacetylated unit and
that following a N-acetylated unit was only of small
relevance.

Molecular weight of M. rouxii was 63.67kDa.
which was deemed to be rather low. It has been found
that chitosan produced from fungal mycelia has a low to
medium molecular weight (10-120 kDa), but chitosan
derived from crustaceans has a high molecular weight
about 1.510° kDa [38].

115
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Antibacterial activity of chitosan

The antibacterial activity of isolated chitosan
from M. rouxii towards tested bacterial strains Table (3)
is summarized in Table (4). After treating it with
chitosan extracted from M. rouxii, all of the investigated

bacterial strains shown a range of sensitivities. As
indicated in figure (4), the most resistant bacteria that
required the highest MIC values were S. aureus, whereas
the most sensitive strains were A. baumannii and E. coli.

Table 3: Basic features of bacterial strains used in the current study.

microbial strain gram stain origin

A. baumannii G- clinical
E. coli G- clinical
P. aeruginosa G- clinical
S. aureus G+ clinical

Table 4: Minimal inhibitory concentrations (ug/ml)
of chitosan from M. rouxii types against examined
bacterial strains

Descriptive Statistics

Bacteria Mean+SD N

A. baumannii 250 +.0° 3

E. coli 250 +.0° 3

P. aeruginosa 333.33 £144.33° 3

S. aureus 500 +.02 3
The different letter = high significant difference at p <

0.01
The similar letter = non-significant at p > 0.01

Comparison of MIC

A. baumannii P. aeruginosa S. aureus

Figure 4: comparison of MIC (ug/ml) between the
chitosan extracted from M. rouxii

The present work employed resazurin to
determine the MIC of chitosan, as seen in figure(5), and
table (5), After a period of incubation, the bacteria were

growth media Growth temperature

Nutrient agar 37°C
Nutrient agar 37°C
Nutrient agar 37°C
Nutrient agar 37°C

treated with the resazurin dye. Row G verifies that there
was no contamination during the plate preparation
process. Row H, a positive control, demonstrated a
change in the color of resazurin from its native state
(blue) to its reduced state (pink), showing that the 1%
acetic acid solution promotes bacteria growth in another
word acetic acid didn’t show effect on bacterial growth.
The highest concentration inserted onto the plate is 1000
pg/ml, while the lowest concentration obtained after
twofold serial dilution is 31.25 pg/ml.

The MIC values of chitosan concentrations in
the wells were between 250-500 pg/ml depends on the
different bacteria and the sources of extracted chitosan
as shown in figure(4).

S T S

9,0,0,0.0,0,0

Figure 5: Resazurin color change as identification of
MIC of bacteria of M. rouxii chitosan, whereas blue
color represents absent growth of bacteria, while

pink color represents growth of bacteria.

Table 5: Schematic representation of the 96-well plate and the MIC of chitosan extracted from M. rouxii.

+

Bacteria S. aureus E. coli
Concentration pg/ml 1 2 3 4

A 1000 + + + +

B 500 MIC +

C 250 - - - MIC
D 125 - - - -

E 62.5 - - - -

F 31.25 - - - -

G -V. Control + o+ + +

H +V. Control - - - -

(-) bacterial growth, (+) absent bacterial growth

P. aeruginosa A. baumannii
6 7 8 9 10 11 12
+ + + + + + +
+ + + MIC + + +
MIC - MIC
+ + + + + + +
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The availability chitosan in a variety of
molecular weights, deacetylation degrees, and modified
forms for a variety of applications. As a result,
biomedical applications require the antibacterial
capabilities of a certain chitosan and its modified form.
In our daily lives, P. aeruginosa, E. coli, A. baumannii,
S. aureus, and a variety of other important bacterial
pathogens are frequently responsible for nosocomial
infections. These pathogens are vulnerable to developing
resistance to a range of antibiotics used in preventative
treatment. As a consequence, it was determined that
resistance developed as a result of multiple antibiotics'
ineffectiveness [39]. Thus, the two primary goals in the
development of new antimicrobial drugs are to improve
the efficacy of antibiotics and reduce their toxicity.

In the current study, significant MIC of the
tested bacteria by the extracted chitosan was observed;
however, the MIC were different with the difference of
chitosan source, molecular wight, and degree of
deacetylation.[40] The particular processes behind
chitosan's and its derivatives' antibacterial action are not
fully defined, while numerous processes have been
postulated. Several hypothesized pathways all require
some form of cell membrane damage or interactions.
The most suited interaction is between positively
charged chitosan molecules and negatively charged
microbial cell membranes. In this concept, the contact is
mediated by electrostatic interactions between the
protonated amino groups and the negative residues
Probably through contesting for electronegative regions
on the membrane surface with Ca?* [41].

In the current study, the results of MIC of the
extracted chitosan from M. rouxii in the case of gram-
negative bacteria were more effective than gram-positive
bacteria. In terms of surface polarity, the outer
membrane of gram-negative bacteria is mostly formed of
lipopolysaccharides  containing phosphate  and
pyrophosphate groups, which provide the surface a
higher density of negative charges than gram-positive
bacteria which it membrane composed by peptidoglycan
associated to polysaccharides and teichoic acids [42].

The results of the current study was lower than
a study done by* recorded the MIC of the extracted
from P. ostreatus towards E.coli was 0.65 mg/ml.
Another study done by* recorded MIC of 78- 625 pg/ml
for the bacteria in his study.

V. CONCLUSIONS

Chitosan was effectively produced through the
cultivation of M. rouxiia on PDB as carbon source. This
study concloed that the cultivation of M. rouxii extract
has high potential for chitosan production as an eco-
friendly method. Mod of chitosan action is attachment
to the bacterial cell wall and the most resist bacteria was
S. aureus.
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