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Abstract

Modern trends in natural techniques research have been elevated recently to avoid the utilization of chemical
materials in agriculture which let to explore and use the biopolymers-reliant materials instead. Biopolymer
chitosan which exhibited high activity against plant pathogens is one of these certified bio-substances. The
mycelia of several fungi including Zygomycetes were used as an alternative source of chitin in large quantities
which transformed to chitosan by deactylation. The present work aimed to extract chitosan from fungal mycelium
by submerged fermentation and to study its antimicrobial activity. Six fungal strains were used for economical
production of chitosan. Firstly, the different fungal strains were screened for its growth rate and chitosan yield.
The obtained chitosan was characterized using the methods of vibrational spectroscopy in the infrared region and
molecular weight determination. Rhyzopus oryzea was found to produce the highest biomass (11.6 g 1) and
chitosan yield (670.0 mg I'*) among the tested fungi on Potato Dextrose Broth (PDB). The suitable medium for
myecelia growth and chitosan production by R. oryzae in shake-flask submerged culture was Cheng broth medium
with the highest chitosan yield (749.7 mg I'). Eight days of incubation in Cheng broth was the optimum time for
chitosan production (73.94 mg g biomass). Among the tested carbon/nitrogen (C/N) ratios during submerged
fermentation (SMF) of R. oryzae 9.0 C/N ratios was efficiently the best regarding to the fungal biomass (13.8 g I
1) and chitosan yield (1008.17 mg I1). Antimicrobial activity was carried out against five pathogenic bacteria and
six plant pathogenic fungi. At 5 mg ml! of fungal chitosan, the highest antibacterial activity was observed against
Escherichia coli with 10.7 mm inhibition zone, whereas the highest antifungal activity was 12.8 mm for
Penicillium verrucosum. The minimum inhibitory concentration (MIC) of chitosan extract for both bacteria and
fungi strains ranged from 0.067- 2.0 mg ml. The results revealed that fugal chitosan has multiple advantages as
plant protection against the infection with pathogens, and as a bio-preservative by extension the shelf life of food.
Keywords: chitin/chitosan; mycelia biomass, Zygomycetous fungi, fermentation, antimicrobial.

season in many countries [5]. Some of these
difficulties can be eliminated by culturing chitosan-

1. Introduction
Recently, chitosan has become one of the best

assuring biotech products which varied according to
the chemical shape and functional group. Chitosan, a
B.1, 4-linked glucosamine is formed by deacetylation
of chitin. It has a broad variety of functions from
farming to pharmaceutical products [1, 2]. Chitosan
commonly extracted from shrimp waste, shellfish,
crab, and lobster using strong alkali at excessive heat
for long period [3, 4].This procedure was found to
possess an adverse ecological balance influence
because of using huge amounts of strong base
solutions in the transformation process at high
temperatures. This causes variation in product
properties, affects chitosan quality, and increases
production costs. Industrial-scale isolation faces a
challenge of limitation the chitin supplies at same

producing fungi as novel fermentation technique [6,
7]. So, the culture of certain fungi can be considered
as an alternate source of chitin and chitosan. The
obtainment of chitin and chitosan from microbial
origins has attained enhanced recognition up-to-date.
Such chitosan is characterized by homogenous
polymer, high degree of deacetylation, length and
solubility over the current marine source. Choosing
the suitable  fermentation condition by
microorganisms  facilitate the culturing on
inexpensive nutrients. More over cell wall
component can be extracted by simple chemical
method [8]. The mycelia of various fungi including
Ascomycetes, Zygomycetes, Basidiomycetes and
Deutermoycetes are alternative sources of chitin and
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chitosan [9]. The advantages of using fungi are easy
comfortable harvesting, handling and controlling to
produce high-quality Chitosan [1]. Obtaining high
biomass of fungi, based on exploitation of residues
from the agro-industrial sector to produce microbial
chitosan gives advantages over that produced by
convenient crustaceous source leading to produce it
commercially. Chitosan becomes a beneficial
compound that acts as a fungicide and inducer of
plant defense mechanisms to control post-harvest
diseases of fruits and vegetables [10]. In addition to
its antibacterial and antifungal activities, chitosan is
effectively applied in plant as growth promoter,
enhancing the production of secondary metabolites
and in soil correction. So, it is used as a
bionematoeide, biocontrol agent, and potent fertilizer
[11, 12]. Multiple mechanisms of action have been
proposed; however, this process is not fully
understood. The different response of
phytopathogens and antagonists to chitosan presence
suggests the involvement of specific characteristics
which are not easily defined. In this regard,
Bautista-Bafios [13] reported that the strain,
molecular  weight, concentration, degree of
deacetylation and type of chitosan are among the
factors that affect the antimicrobial activity of the
chitosan.

This study, aimed to produce chitosan from different
zygomyecetes fungal strains and examine its physio-
chemical characters and its antimicrobial effect
compared with commercial chitosan.

Materials and Methods

All chemicals and media used in the present study,
commercial and/or analytical grade, were procured
from local companies. Standards of chitosan were
obtained from Sigma Company.

1. Screening and characterization of fungal
Cultures

Six strains belonging to Zygomycetes species were
examined for chitosan production including
Pencillium expansum, Aspergillus nigr, Aspergillus
terreus, Rhizopus oryaze, Mucor rouxii and Mucor
raceam. These strains were generously offered by the
department of Micro. SWERI/ARC. Giza, Egypt. All
strain was maintained on potato dextrose agar (PDA)
medium [14] and stored in a refrigerator at 4°C.

2. Medium and conditions for submerged
fermentation (SMF)
In triplicates, the concentrations of carbon and
nitrogen from synthetic media were measured
according to the experimental design described
below. The tested strains were grown, for chitosan
production, in the following culture media: Potato
dextrose broth (PDB) [14], Handerson and Anderson
medium (HA medium), Yeast Malt Extract Broth
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medium Merck (YMB), Cheng media [15] and
Glucose peptone yeast (GPY) medium [16].

3. Utilization of agro-industrial by-products
molasses and clarified corn steep liquor (CSL)
as cheap carbon and nitrogen source

To obtain an economic medium for the propagation

of the selected fungal strains (as the source for fungal

chitosan production) molasses and CSL were used as

a replacement of the expensive carbon and nitrogen

amounts in the synthetic media. A replacement was

generally carried out at a concentration equivalent in
carbon and nitrogen content, respectively.

Sugar cane molasses was diluted with distilled water

(1:1), pH was adjusted to 3.5- 4.0 using H2SOa, then

heated at 90°C for 60 minutes and left overnight at 40

C for precipitation. The supernatant was decanted

and total sugar content was determined (55.0 %) and

kept refrigerated until use [17]. Total sugar content of
sugarcane molasses was determined using phenol

sulfuric acid method [18].

Corn steep liquor kindly provided by Egyptian starch

and Glucose Manufacturing Company, 6 October

Street, Mostord, Cairo, Egypt. It was boiled for 10

min., cooled to room temperature, kept refrigerated at

4°C overnight and centrifuged at 4000 rpm to remove
precipitates. The clarified CSL was kept at 4°C until

use after determination of its nitrogen content (3.3%

w/v). Determination of CSL total nitrogen content of

clarified CSL was carried out using microkjeldahl

procedure [19].

4. Characterization of Chitosan

The obtained chitosan was characterized using the
methods of Vibrational Spectroscopy in the infrared
region to determine the deacetylation degree and
molecular weight.

Fourier - Transform Infrared
spectroscopy

The structure of extracted fungal chitosan was
confirmed by infrared spectroscopy using KBr pellet
method in FTIR (Perkin — Elmer Instruments,
Norwalk, CT). FTIR spectra were recorded in the
middle infrared (4000 cm™ to 400 cm™') with a
resolution of 4 cm™" in the absorbance mode for 16
scans at room temperature. Analyses were performed
by Micro Analytical Center, Faculty of Science,
Cairo University.

The myecelial chitosan samples were prepared by
grinding the dry mycelial chitosan powder with
powdered potassium bromide (KBr), in the ratio of
1:5 (sample: KBr), and then compressed to form KBr
pellet and subjected to FTIR analysis [20].

(FT-IR)

Deacetylation degree
According to  Stamford [21], Vibrational
Spectroscopy in the Infrared Region is a technique
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used to determine the degree of chitosan
deacetylation by the ratio between the absorbance at
wavelengths 1655 and 3450 cm. To measure the
absorbance in a spectrum of transmittance versus
wavelength, it is necessary to: 1) draw the baselines;
2) calculate the difference in transmittance; 3)
convert the transmittance values for absorbance (A =
log T1/T2), apply the values in the equation proposed
by Domzy and Roberts [22]. The equation aims to
calculate the degree of chitosan deacetylation
characteristics relating to the peaks of the amine
group and the acetamide heteropolymer.

DD % = 100 — [(A1655/A3450)] x 100/115 ---------
baseline

A1655 is the absorbance of wavelength 1655 cm
obtained using the baseline proposal for Domszy and
Roberts [22]. The A3450 is the absorption band at
wavelength 3450 cm™. The number 115 equals the
value of (A1655/A3450) found in pure chitosan.

5. Antimicrobial activity of extracted and
commercial chitosan.

Antimicrobial activity was carried out according to

the methods described by [23, 24].

Tested microorganisms:

Antibacterial assay was done against two gram-
positive pathogenic bacteria (Bacillus cereus
EMCC1080 and Staphylococcus aureus
ATCC13565) and three Gram-negative bacteria
Escherichia coli O157-H7ATCC51659, Salmonella
typhi ATCC15566, and Pseudomonas auruginosa
NRRLB- 272). The strains were grown on nutrient
agar plates at 37° C for 24 hr and kept in a
refrigerator at 4°C until use.

The antifungal assay was done against six
phytopathogenic fungi species including Aspergillus

flavuss NRRL 3357, Aspergillus parasiticus
SSWT2999,  Aspergillus  niger,  Aspergillus
ochraceous  ITAL14, Pencillim  verrecosum

ITEM10027, and Fusarium proliferatum MPVP328.
They were grown on potato dextrose agar (PDA)
dishes for 7 days at 28°C

Antibacterial assay

The assay was conducted using the disc diffusion
method on nutrient agar. The tested microorganisms
were inoculated to Tryptic soya broth tubes and
incubated at 37°C for 4 hr. The turbidity of these
cultures was adjusted by using 0.5 Mc-Farland. A
uniform bacterial lawn was developed by sterile
cotton swabs on the surface of solid nutrient agar
plates. Whatman filter paper no.l was used to
prepare discs 6 mm which impregnated with different
concentrations of each extracted and commercial
chitosan (5 and 10 mg ml?). The impregnated discs
were applied on the surface of streaked nutrient agar
plates. HCI 0.25 M was used as negative control
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while 1 mg mlI* Ceftriaxone was used as a positive
control. The triplicates plates were inverted and
incubated at 35°C for 16-18hr [23, 24].

Antifungal assay

The antifungal assay was conducted using the disc
diffusion technique on Potato Dextrose Agar (PDA)
media [24]. The spore suspension was prepared by
transferring a loopful of grown tested fungi to a test
tube containing 10 ml of 0.01% tween 80 solutions.
From spore suspension, 100 ul was spread on the
solidified Potato Dextrose Agar plates using a glass
rod, and the plates left to dry for half an hour. The
impregnated discs were applied to the surface of the
dry plates. HCL 0.25 M was used as negative control
while Miconazole (Sigma- Aldrich) with a
concentration of 1.0 mg ml!* was used as a positive
control. The plates were inverted and incubated at
28°C for 24- 48hr. After incubation, the inhibition
zones were measured including the diameter of the
disc. Zones are measured to the nearest millimeter
using a ruler which is held on the back of the inverted
petri plates, three replicates were averaged and the
results were expressed as mean +SE according to
[23].

Estimation of minimum inhibitory concentration
(MIC)

The determination of MIC was conducted using the
tube dilution method [25]. A 24 h culture of the
tested bacterial species was diluted in 10 ml of tryptic
soy broth (TSB) with reference to the 0.5 McFarland
standards to achieve inoculum of 108 CFU ml™. In
culture tube containing eleven concentrations of
chitosan extract and commercial one (5.0, 4.0, 3.0,
2.0, 15, 1.0, 0.75 0.5, 0.25, 0.1 and 0.05 mg mlt in
HCI 0.25 M) were prepared. Each tube was
inoculated with 100 pl of bacterial cell suspension
and incubated at 37 °C for 24h. The growth of the
inoculum in broth was measure by turbidity of the
broth and the lowest concentration which inhibited
the growth of the tested organism was taken as the
minimum inhibitory concentration (MIC).

MIC against fungi was performed by using the
technique of Sokmen [26]. The chitosan at different
concentrations was separately dissolved in 0.5 ml of
0.1% Tween 80 (Merck, Darmstadt, Germany), then
mixed with 9.5 ml of melting, 45 °C, PDA and
poured into Petri dish (6 cm). The prepared plates
were centrally inoculated with 3 pl of fungal
suspension (108 CFU ml*; 0.5 McFarland standards).
In triplicates, plates were incubated at 25 °C for 48h.
At the end of the incubation period, mycelial growth
was monitored and MIC was determined

Statistical analysis
Results were subjected to one-way analysis of
variance (ANOVA) of the general liner model
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(GLM) using SAS [27] statistical package. The
results were the average of three replicates (p < 0.05).

Result and Discussion

1. Screening of Different Fungal Strains

Screening for the efficiency of six fungal strains for
chitosan production in chitosan production under
submerged fermentation conditions on PDB are
presented in Table (1). At the same factors of
fermentation parameters, biomass of the strains
ranged from7.8 g I* for Mucor rouxii to 12.0 g I* for
Aspergillus niger. R. oryzae gave maximum
production of chitosan (670.0 mg I'Y) followed by A.
terreus (554.6 mg I'Y) and P. expansum (450.0 mgl?).
According to [28, 29 and 30], any common fungi
constituting the phylum Zygomycota, includes
chitosan as original parts of their cell wall. New and
stevens [31] reported that chitosan biosynthesis starts
with the reproduction of chitin by the conversion of
glucose into  N-acetylglucosamine-1-phosphate.
Consequently, the enzyme chitin syntheses transfer
the sugar dimer of N-acetyl glucose amine section
into the developed chitin polymer chain. Besides that
Zygomycetes, deacetylation of the rising chitin chain
happens through the activity of the enzyme chitin
deacetylase which occurs in the production of
mycelial chitosan. As shown above, Rhizopus oryzae
may be considered good candidates for use in
chitosan production and therefore used for further
optimization study.

Table 1. Screening of six different fungal strains for
mycelial growth production of chitosan in shake flask
submerged culture using potato dextrose broth (PDB)

(Cheng) and Glucose peptone yeast (GPY) media gl
were observed for 7 days at 35°C. Cheng, YMB, and
GPY salt broth media gave the highest mycelial
biomass (12.2, 11.4, and 11.0 g I, respectively).
This is in agreement with [15, 16]. On the other hand,
Cheng (CH) broth media exhibited also the highest
production of chitosan (749.7 mg IY). These findings
are in consistence with those reported by Cheng,
[15]. Contrary to the expected, the growth of R.
oryzae in Handerson and Anderson (HA) was very
slow with minimal biomass.

Table 2. The effect of different media on mycelial
growth and chitosan production by Rhizopus oryzae.

Chitosan
meom @90 (s
PDB 10.5+0.212 610.5+ 2.86° 55.5+ 1.85°
HA 7.8+0.49° 377.5+£5.62¢ 48.4% 1.09¢
YMB 11.4+ 0.56° 684.0+ 4.96° 60,0+ 1.21%
Cheng 12.2+0.62° 749.7+2.47% 73.5+2.13%
GPY 11.0+0.87° 682.0+ 2.91° 62.0% 2.40°

for 7 days.
Fungi Biomass Chitosan
(9/L) (mg/L) (mglg
biomass)

Rhizopus oryzae  11.6+0.44®  670.0+5.44%°  57.8+0.20°
P. expansum 9.0+0.46"  450.0+0.34° 50.0+0.17"
A. niger 12.0£0.25°  393.6+3.94%  32.8+0.34¢
A. terreus 11.8£0.61°  554.6+3.18°  47.0+0.40°
Mucor rouxii 7.8+044>  210.6+1.88"  27.0+0.25°
Mucor raceama 8.1+0.31°  230.9+3.01°  28.5%0.36°

Means with the same letter in the same column are not
significantly different (Mean + SE)

2. Examination of different media with submerged
fermentation for chitosan production
To select the most favorable medium for chitosan
production using submerged conditions, the selected
fungus, Rhizopus oryzae was cultured on five media
in shake flask submerged culture. The results of
mycelial dry weight and chitosan biomass production
are shown in Table (2). The growth of R. oryzae on
five different media Potato dextrose broth (PDB),
Handerson and Anderson medium (HA), Yeast Malt
Extract Broth medium Merck(YMB), Cheng media
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Means with the same letter in the same column are not
significantly different (Mean + SE)

3. Selection of the optimum incubation period

At this point, the study was carried out to select the
optimum incubation period under submerged
cultivation (Table 3). The maximum value of fungal
chitosan was 861.9 mg I'* in fermented medium after
8 days of inoculation. After the edge of the
exponential stage, the mass of mycelial chitosan
decreased gently. Such products were comparable to
those obtained by other research taking into
consideration the difference between the condition
and the used fungi [8, 32]. In contrast, the production
of fungal biomass started to increase from 4™ day.
Viccini [33] attributed that to the consuming chitin
and chitosan biopolymers by the microorganism as
nutrients and an increment in biomass, followed by
an increase in enzymatic activity, hydrolysis of
polymers by hydrolytic enzymes, and the presence of
the hydrolyzed components. Obviously, at the edge
of the exponential stage, the cell walls accumulated
extra chitin than chitosan, as indicated by the yield of
chitin resumed in biomass. In solid-state cultures, the
rate of alkali-insoluble material can be realized as a
fungal growth factor because it has been reviewed to
be mainly constituted by the maximum concentration
of chitosan was obtained after 8 days the cell wall
and the rate of insoluble alkaline substances constant
in the early stages of growth. After 9 days it
gradually decreased and this finding is in agreement
with that observed by Maghsoodi [34].
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Table 3. The effect of incubation period on mycelial
growth and chitosan production by R. oryza on the
suitable selected medium (CH).

In;létrJia;t(ijon Biomass Chitosan
(days) (g/L) (mg/L) biomass (mg/g)
2 3.5+ 0.23¢ 119.8+3.2° 34.23+1.26°
4 5.5+ 0.51° 312.7+ 2.0¢ 56.85+ 0.99°
6 9.5+ 0.64° 689.3+ 1.47° 70.34% 0.97°
8 11.8+0.26° 861.9+1.32° 73.94+ 1.47°
10 13.2+0.45° 620.0+ 7.4° 47.00+ 0.54¢

Means with the same letter in the same column are not
significantly different (Mean + SE)

4. Utilization of agro-industrial byproducts as a
source of carbon and nitrogen
Submerged fermentation (SMF)
Agriculture-based industries produce remarkable
amounts and varieties of agro-industrial by-product
like glucose syrup, sugarcane molasses, sugar beet
molasses and corn steep liquor. Carbon and nitrogen
obtained from Agro- industrial by-products (AlIP) can
be reprocessed as raw materials in the agro-based
industries, which can decrease the total production
cost.

As shown in Table (4), molasses and corn steep
liquor gave the highest value of mycelial chitosan.
These findings are commensurate with the findings
of Cardoso [35] who used molasses and Corn steep
liquor as a cheap agro-industrial waste that contained
high amount of carbon and nitrogen. So, there is a
modern trend for replacement of highly cost nitrogen
and carbon source with another cheap one [36].
According to Abasian [37], a nitrogen source
existing in the production medium was the most
significant factor for the growth of microorganisms.
However, the carbon source doesn’t only acts as a
chief element for the formation of cellular material,
but it is also a significant source of energy [38].
Chitosan production from R. oryzae in sugarcane
molasses (940.0 mg IY) and corn steep liquor (943.8
mg 1) at moisture 35% and pH 5.0 is shown in
Table (4).

Nitrogen and carbon content and the type of
microorganism played an important role in the
biomass yield and fungal chitosan production. . In
SMF, the C: N ratio was a primary parameter to
control the production because the influence of
carbon concentration and C: N ratio on fungal growth
and sporulation are contingent; therefore,
consideration of nutritional requirements is essential
to improve yields of fungal growth.

The pH of the medium eternally impacts the
physiology of a microorganism by influencing
nutrient value, enzyme activity, oxidative-reductive
reactions, and the morphology of the cell membrane.
The initial pH range of 3 - 6 was the most common
[39]. In the present study the mycelia was grown on
the SMF medium, in the initial pH of 5.0.These are in
agreement with [40] who stated that this might be
because the pH ranging from 4.5 to 5.5 favored the
production of enzyme chitin deacetylase, required to
convert chitin to chitosan in the fungal cell wall. As
shown in Table (4), corn steep liquor and molasses
were in numerous amounts to the medium to evaluate
the effect of the nitrogen and carbon concentration on
the production of the amount of fungal chitosan. A
replacement was generally carried out at a
concentration equivalent in carbon and nitrogen
content respectively. Data obtained in Table (5)
illustrate that the lowest ratio gave the lowest yield of
fungal biomass of R. orayzae strain (4.53gl%).
Although, the fungal strain R. oryzae grown on the
medium at C: N ratio of 9 and 12, had no difference
regarding to the fungal biomass (13.80 and 13.0 g I,
respectively).

C: N ratio 9 gave the highest yield of fungal Chitosan
(1008.17 mg I) followed by C: N ratio 12 which
was very close to control (930.73 and 989.82 mg I,
respectively). So, the nine C: N ratio was the more
convenient for submerged fermentation for fungal
chitosan production. While 3, 6 and 15 C: N ratios
gave the lowest value (218.34, 708.00 and 658.04 mg
I, respectively).

Table 4. Utilization of some agro-industrial by-products for mycellial growth and chitosan production by R.

oryzae in shake flask submerged culture

Agro-industrial by-products(AIP)

Biomass (g/l)

Chitosan Yield

(mg/L) (mg/g biomass)
Glucose Syrup 9.0+ 0.35° 606.6+ 2.01¢ 67.4+0.26°
Carbon source Sugar Cane Molasses 12.2+0.35° 940.0% 2.71° 75.2+ 0.28°
Sugar beet Molasses 11.0+ 0.40° 712.8+ 1.84° 64.8+0.21¢
Soybean Cake 10.0+ 0.50 625.0+ 2.82° 62.5+0.17¢
Nitrogen source Corn Steep Liquor 13.0£0.322 943.8+ 3.212 72.6%0.30°
Gluten 9.2+ 0.40° 510.0+ 1.68 60.0+ 0.23
Control* 9.5+ 0.17° 558.6+ 2.14° 58.6+ 0.359

*Medium containing glucose (275 gl™) as carbon source and (NH,), HPO,4(40 gl) as nitrogen source; Means with the same letter in the same

column are not significantly different (Mean + SE)
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Table 5. Mycelial chitosan production during growth R. oryzea on selective media with different C: N ratios.

] Chitosan ]
C: N (ratio) Biomass (g/L) (mg/L) (mglg biomass) Final pH
3 453+ 0.42° 218.34+ 2.90° 48.20+ 0.28° 55
6 11.00+ 0.44° 708.00+ 4.71¢ 64.36+ 0.57¢ 5.9
9 13.80+ 0.55° 1008.17+0.74% 73.06+ 1.04% 7.8
12 13.00+£ 0.40° 930.73+ 1.48° 71.60+ 0.58° 8.1
15 10.80+ 0.50° 658.04+ 3.28° 60.93+ 0.35¢ 7.3
Control* 13.40+ 0.76° 989.82+ 2.60° 73.87+0.38% 7.9

* Selected medium Chang, pH = 5.0, C: N ratio = 12.9; Means with the same letter in the same column are not significantly different (Mean

+ SE).

Finally, our results revealed that carbon and nitrogen
source was a significant factor used to optimize for
mycelial chitosan production. Chitosan is a nitrogen-
containing biopolymer, which is deacetylated from
chitin. Fungi need organic or inorganic N source as a
nutrient to synthesize the chitin and chitosan for their
cell wall. Therefore, the N source is one of the most
important factors for the production of chitosan by
fungi [31]. This information had been confirmed by
Vaingankar and Juvekar [41].

5. Chitosan characterization:

Fourier — Transform Infrared (FT-IR) spectroscopy
The FTIR spectrum of mycelial chitosan from R.
oryzea recovered from submerged fermentation
compared with standard chitosan (Sigma) is
presented in Fig. (1). Infrared spectroscopy has been
used by scientists for many years for the gross
characterization of extracted chitosan from
widely differing origins. It can provide information
concerning the presence of specific entities within the
molecule mainly their functional groups, the degree
of acetylation/ deacetylation, and impurities [12, 42].
The optical density of some functional groups of the
extracted fungal chitosan samples were illustrated in
Fig. 1. Occurrence of many bands had been
suggested as internal reference bands of chitosan: the
OH stretching band at 3450 cm™'; the C-H stretching
bands within 2870 - 2880 cm’!; the skeletal
vibrations involving the C-O-C stretching band at
1030 - 1070 cm!; the -CH, bending centered at 1420
cm™'; the anti-symmetric stretching of the C-O-C
bridge around 1160 cm; 1315 - 1320 cm™' (amide
111 bands); 1620 - 1630 cm™! (-NH bending of NH>);
and 890 — 900 cm? (C-O-C bridge as well as
glucosidic linkage) [43]. In the current study, our
results were similar to those stated by Khan [44] and
similar to that of mycelial chitosan obtained from M.
rouxii [39]. The most significant parts of these
spectra were those showing functional groups
including hydroxyl stretching band at 3445cm™!,
amide | band at 1641, primary amine band at 1638 -
1561 ¢cm! amide 11 band at 1561 cm™. The band at
897 cm! was referenced as a glycosidic linkage of B-
anomer. These finding are in agreement with [15, 32
and 45].

Quality of the extracted fungal chitosan prepared
from different species of fungi

The quality parameters of chitosan which extracted
from R. oryzea strain were evaluated in comparison
with standard chitosan (Table 6). The percentage of
those parameters in purified fungal chitosan was very
close to that of the standard one. Moreover, it
contained lower ash as an indication of the good
quality. The color was developed from brownish
white in chitin to bright off-white in chitosan. The
pH was 7.8 referring to well solubility in 1% acetic
acid.

Degree of deactylation

Infrared spectroscopy of fungal chitosan obtained
from R. oryzae is presented in table (6). It had been
performed to investigate the degree of deacetylation
(DD). The degree of deacetylation is considered one
of the principal parameters in the chitosan
characterization. It is defined as the number of
amines related to the number of amide groups in the
polymer chain. The degree of deacetylation of fungal
chitosan was around 87%, observed in a table (6),
where the presence of the amide band (1423 cm™)
and amide | (1642 cm™) bands which characterized
the chitosan chemical structure.
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Fig. 1. The FTIR spectrum of standard chitosan (sigma)
(A) was compared with mycelial chitosan from R. oryzea
obtained from submerged fermentation (B).
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The degree of deacetylation for mycelial chitosan
extracted from R. oryzae gave slightly less value
86.9% than the commercial chitosan (Sigma) which
extracted from crap shell give (87.6%). These results
suggested that this variation was certainly due to the
difference of chitosan source and the method of
extraction. This is in agreement with [46, 47] who
confirmed that fungal chitosan with a magnificent
degree of deacetylation has large positive charges,
and it is more conventional for food application as
coagulation or chelating agent and a clarifying agent
or antimicrobial agent. The products were kept
airtight at ambient temperature for 12 months and no
changes were found in the quality in terms of
solubility, pH, and reabsorption capability.

Table 6. Characteristic of Purified Extracted Fungal
Chitosan in the Laboratory

Composition(%) on a dry weight basis  R. oryzae Sigma

Moisture 7.9 7.6
Ash 0.5 0.9
Protein Null Null
Lipid Null Null
Color Off white  Off
white
Solubility in 1% acetic acid 99.8 98.8
PH 7.8 8.0
Degree of Deacetylation (%) 86.917 87.6

6) Antimicrobial activity of fungal and
commercial chitosan:

The biological activity of chitosan has been well
documented both in vitro and in-situ studies. The
level of inhibition of pathogenic microorganisms is
highly correlated with chitosan concentration. The
polycationic nature of chitosan is the key to its
antimicrobial properties and the length of the
polymer chain improves its activity. As a natural
elicitor and antifungal agent, chitosan is a talented
alternative for the management of postharvest plant
diseases. The two concentration of extracted and

commercial of chitosan 5 and 10 mg ml* were
screened against different strains of foodborne
pathogenic bacteria (Table 7). The two concentration
of different chitosan showed the antibacterial activity
against all tested bacteria. Extracted chitosan showed
degree of inhibition closed to that developed by
commercial one (sigma). It recorded maximum
antibacterial activity against gram negative bacteria
from 8.0 to 10.67 mm at 5 mg ml*and from 8.0 to
12.0 mm at 10 mg ml*. E. coli showed more
sensitivity to the extracted chitosan (10.67 and 12.0
mm) than commercial chitosan (9.7 and 11.3 mm)
using 5, 10 mg ml?, respectively. However,
commercial chitosan has more effective on S. typhi
(10.3 and 12.33 mm) than extracted chitosan.
Whereas, extracted chitosan had a lower effect on
gram positive bacteria B. cereus and S. aureus (8.33
and 8.0 mm) than commercial chitosan (12.33 mm)
at 10 mg ml. The negative control (HCI 0.25 M)
showed no inhibition whereas, positive control
(antibiotics ceftriaxone at concentration 1mg ml?
showed an inhibition of 14.67 mm in B. cereus, 15.33
mm in S. aureus, 24.33 mm in E. coli, 16.33 mm in
S. typhi and 17.67 mm in P. areugnosa.

Table (8) shows the antifungal activity of fungal
chitosan and commercial one against different strains
of mycotoxigenic fungi. These concentrations can
reduce the in vitro growth of several fungi except
which have chitosan as a component of their cell
walls [48]. Generally, these findings are harmonious
with those reported by many investigators [49, 50].
Extracted chitosan had an effect on all tested fungi
ranged from 9.3 to 12.8 mm at 5 mg ml* and 10 to
14.5 mm at 10 mg ml-. These values were very close
to those of commercial chitosan (10.3 to 14 .8 mm at
5 mg mlt and 10.7 to 16.3 mm at 10 mg ml). The
highest inhibition zone was shown against P.
verecossum at both concentrations recording 12.8 and
14.5 mm for fungal chitosan and 14.8 and 16.3mm
for commercial chitosan. The lowest activity was
observed against A. ochraceaus at 5 mg ml? of
fungal and commercial chitosan (9.3 and 10.3 mm,
respectively).

Table 7. Antibacterial activity of extracted and commercial Chitosan.

Inhibition zone diameter in mm (Mean * SE)

Sample ID - -
B. cereus Staph. aureus E. coli S. typhi Ps. areugnosa

1 8.33+0.33¢ 8.00+0.0° 10.67+0.67" 9.33+0.67¢ 8.00+0.0°

2 8.33+0.33¢ 8.00+0.0° 12.00+0.58° 9.33+0.67¢ 8.00+0.0°

3 10.00+0.0¢ 9.0+0.58° 9.740.33¢ 10.3+1.2b¢ 9.3+0.67¢

4 12.33+0.33" 12.33+0.67" 11.33+0.88"  12.33%0.67°  11.67+0.33"
Negative control 0.00+0.0¢ 0.00+0.0¢ 0.00+0.0¢ 0.00+0.0¢ 0.00+0.0¢
Positive control 14.67+0.88? 15.33+0.33? 24.33+0.67*  16.33+0.33% 17.67+0.33?

Means with the same letter in the same column are not significantly different; Sample ID (1): 5mg/ml of extracted chitosan; (2): 10 mg/ml of
extracted chitosan, (3): 5mg/ml of commercial chitosan (sigma); (4): 10mg/ml of commercial chitosan (sigma)
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The positive control meconazole at 1 mg ml* showed
an inhibition zone of 16.7, 20.3, 16.0, 18.0, 15.2 and
21.8 mm against A. flavus, A. parasiticus, A. niger,
A.ochraceous, F. proliferitum and P. verecossum,
respectively. Benhamou, [51] reported that chitosan
as a biomaterial reduced of soil-borne pathogens.
Many possible elucidations have been suggested for
antimicrobial  activity.  Polycationic  chitosan
molecule interacts with the lipopolysaccharides and
proteins which consider main anionic cell wall
components of the microorganism. These results in
the escape of intracellular components due to
disruption in permeability barrier; preventing
nutrients from entering the cell. Upon entry into the
cell, it can bind to DNA, and thus inhibits RNA and
protein  synthesis; binds through hydrophobic
interactions, etc. Chitosan shows wide spectrum of
antimicrobial activity against both gram-positive and
gram-negative bacteria and fungi [12, 38, 46, and
47].

Minimum inhibitory concentration (MIC) values
Figure (2) represents the minimum inhibitory
concentration of extracted and commercial chitosan
against of pathogenic bacteria. The highest activity
was recorded against S. aureus by either fungal
chitosan (0.067 mg ml?) or commercial (0.042 mg
ml1) chitosan, followed by B. cereus and E. coli with
MIC values with 0.2 by fungal chitosan for each or
with 0.07 and 0.15 mg ml? by commercial one,
respectively. Whereas, the lowest activity with MIC
of extracted chitosan was showed against S. typhi
(0.33mg ml?), and against P. aeruginosa with MIC
of commercial chitosan was 0.2 mg ml?®. These
findings are harmonious with those reported by
Hassan [12] who found that chitosan had a highly
effect on gram positive more than gram negative
bacteria

Regarding to the tested fungi (Fig. 3), the lowest
MIC of extracted chitosan was recorded against A.
parasitcus with MIC of 0.6 mg mI and 0.67 mg ml*

for P. verrucosum , whereas the commercial chitosan
had more activity against P. verrucosum (0.33 mg
ml?) followed by A. ochraceous (0.58 mg ml?) and
F.
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Fig. 2. Minimum inhibitory concentration of extracted and
commercial chitosan for tested bacteria.

proliferatum (0.6 mg ml?). The highest MIC of
extracted chitosan was recorded against A. flavus (2.0
mg mlt) followed by A. niger (1.17 mg ml%) and A.
ochraceous (1.15 mg ml). Whereas, lower MIC for
commercial chitosan was required against A. flavus
(1.7 mg mlI) followed by A. parasiticus (1.08 mg ml-
). Fungal chitosan had an inhibition activity against
both Gram positive and Gram negative bacteria [12,
52, 53 and 54] and different pathogenic fungi as
reported by Nguyen [55]. This property is useful in
food preservation, food protection and plant diseases
control. Those investigations confirmed the data
related to the antifungal influence of chitosan on the
mycelial growth of R. solani [56] and several plant
pathogenic fungi, such as Fusarium solani [57]. The
use of chitosan in agricultural products can be
recommended as a suitable substitutional to
fungicides to control post-harvest diseases, moreover
to maintain the quality of the fruits.

Table 8. Antifungal activity of extracted and commercial Chitosan (Mean+ SE)

Inhibition zone diameter in mm (Mean £SE)

Sample A. A A P P. verecossum

ID Flavus Parasiticus Ochracious  Proliferitum

1 10.8+0.16° 9.5+0.29¢ 10.2+0.16° 9.3+0.73° 10.7+0.16° 12.8+1.0¢

2 10.8+0.44>  10.0+0.58° 11.2+0.44P 10.8+0.16° 10.7+0.33° 14.5+0.29¢

3 11.5+0.5° 11.8+0.44° 11.5+0.50P 10.3+0.73° 10.5+0.76° 14.8+0.44°¢

4 11.8+0.73P 12+0.29° 11.8+0.60P 11.2+1.0P 10.7+0.67° 16.3+0.6°
Negative control ~ 0.0£0.0¢ 0.0+0.0¢ 0.0+0.0¢ 0.0+0.0° 0.0+0.0° 0.0+0.0¢
Positive control ~ 16.7+1.02 20.3+0.88? 16.0+1.0% 18.0+0.29? 15.2+0.732 21.8+0.442

Means with the same letter in the same column are not significantly different, 1: 5mg/ml of extracted chitosan; 2: 10 mg/ml of extracted
chitosan, 3: 5mg/ml of commercial chitosan (sigma); 4: 10mg/ml of commercial chitosan (sigma)
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Fig 3. Minimum inhibitory concentration of extracted and
commercial chitosan for tested fungi.

Conclusion

The use of submerged fermentation gave high-quality
fungal chitosan by Rhizopus oryzae pencillium
expanisum, and Aspergillus terreus. This technique
provides an efficient and economical production
which can be used in large-scale to get high-quality
chitosan with high antimicrobial activity against
several phyto pathogenic microorganisms. The
complexity of nutrient demands is crucial for raising
yields of fungal growth. As a non-toxic
biodegradable material, as well as an elicitor,
chitosan has the potential to suit a new class of plant
protection and support towards the aim of sustainable
agriculture and has shown notable activity against
pathogenic bacteria and fungi strains.
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