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ABSTRACT

Chitosan, a natural biopolymer is one of the most important derivatives of chitin, which is one of
the major structural elements, that forms the exoskeleton of crustacean shrimps. The objective of
the present study was to extract the chitosan from shrimp shells waste and then it was characterized
by the Fourier Transform Infrared Spectroscopy, X-ray diffraction pattern, Scanning electron
microscope analysis, the thermal properties, the degree of deacetylation and molecular weight was
measured. Antifungal activity of chitosan was tested by the poisoned food technique against some
phytopathogenic fungi. The results indicated that the percentage inhibition of mycelial growth increase
with increasing concentrations of chitosan for all tested dtrains. It was clear that Macrophomina
phaseolina; Fusarium oxysporum and Phytophthra sp showed strong sensitivity to chitosan and the
ECs, values were 430.63, 566.23 and 677.22 ppm, respectively. Meanwhile, it displayed moderate high
antifungal activity against the others. Chitosan could be used as a potential antifungal agent for the
control of fungal plant diseases.
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INTRODUCTION

Phytopathogenic organisms cause a wide spectrurdisgfases in plants and include fungi,
nematodes, bacteria, and viruses (Montesinos, 20@ant pathogenic fungi can cause severe
reducing yields, lowering product quality or deieg nutritional value of crops, and, sometimes,
contaminating food with toxic compounds, which fesun such dramatic economic losses in
agriculture. (Kusuma et al., 2005; Bajapi et aDp2, Wilson and Talbot, 2009; Gautam et al.,
2011). Synthetic chemicals such as fungicides Hmen used for a long time and have greatly
contributed in management of such losses (SpadatcGallino, 2004). The application of such
chemicals has led to a number of environmentalteadth problems due to their residual toxicity,
carcinogenicity, hormonal imbalance and spermatoityx (Kumar et al., 2007). Because of
indiscriminate use, some microorganisms have deeeloesistance to most widely used synthetic
fungitoxicants rendering them out of date (Wilsdrake, 1997). Hence, there is a need to develop
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new fungicides with improved performance as welkasfriendly in nature. (Ben-Yeohshua and
Mercier, 2005; Meng et al., 2008). At presentréasing interest is being devoted to the use of
natural substances such as bioactive chitosan got/nChitosan is one of the most important
derivatives of chitin, which is the second mostratant natural biopolymer found on earth after
cellulose (No and Meyers 1989) and is a major carepb of the shells of crustaceans such as
crabs and shrimps. Chitosan can be obtained byadetg@ation of chitin. (Muzzarelli, 2009;
Jayakumar et al., 2010). One of the most attracteatures of chitosan is its antibacterial,
antiviral, antifungal activity, antitumour and immerenhancing effects. (Lin et al., 2009; Zhang
et al., 2011). Recently the utilization of chitosaa food preservative (Kumar, 2000), textile (El
Tahlawy et al., 2005), waste water treatment (@l @heng, 2006), paper finishing, photographic
paper (Kumar, 2000) or adjuvant in agriculture totect or stimulate the defense of different
crops has increased. (Zhang et al. 2011; Jayakeatradr 2011). Chitosan is Generally Recognized
As Safe (GRAS) by the US FDA (2001). The main aifmthe present study was to prepare
chitosan from shrimp shells waste which are hazad toxic for environment and evaluate the
antifungal activity of the prepared chitosan agagsmne economically important phytopathogenic
fungi.

MATERIALSAND METHODS

Materials

Acetic acid, hydrochloric acid, oxalic acid, tassium permanganates, sodium chloride,
potassium hydroxide, methanol, acetone and sodidrokide were purchased from Merck KGaA
Darmstadt, Germany, and were used without furtheifipation. Agar and Dextrose used in the
biological activity test are products of ElI NasraRhaceutical Chemicals Co., Cairo, Egypt.
Streptomycin Antibiotic is a product of EI Nil Ctor Pharm. and Chem. Ind, Cairo, Egypt. Water
used in all preparations obtained from water digtly LABCONCO water PRY' PS
LABCONCO Corporation, KANSAS City, Missouri 6413294.

Raw material

The shrimp shells were collected from seadfsbops and washed under running water to
remove soluble organics, adherent proteins and atigurities. Then it dried in oven at 70°C for
24 h or longer until completely dried shells webdained.

Fungal strains used.

Phytopathogenic fungi were used in this stufysarium Solani (F.Solani); Fusarium
oxysporum (F.oxysporum); Phytophthra sp; macrophomina phaseolina (M. phaseolina);
Alternaria Solani (A.Solani); phoma sp and Remularia sp. They were provided by Fungicides,
Bactericides and Nematicides Department, CentralicAljural Pesticides Laboratory (CAPL),
Dokki, Giza, Egypt. The Fungi were regularly mainé on dextrose agar (PDA) media (200 g
grated potato, 20 g dextrose, 15 g agar) (AtlaS851L9

Methods

Preparation of Chitosan.

The chitinous material (shells of the shrimp) wasalcificated with 1.0 M HCI (3.0%w=v) at
room temperature with constant stirring for 1.5 dso0’he decalcified product was filtered, washed
and dried, then deproteinized with 4% NaOH solu@rb0C with constant stirring for 5 hours.
The deproteinized chitin was filtered and washecd wdé-ionized distilled water until the pH
became neutral. It was dehydrated twice with mathaand once with acetone, and dried. The
dried chitin was added to boiling 0.1% potassiumm@ganate solution to remove the odor and
to 15% oxalic acid solution to remove the coloreTproduct chitin was filtered, washed with
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distilled water and dried. The chitosan was pregpéneadding the dried chitin into a three-necked
flask containing a solution of 40% KOH. It was re#ldxunder nitrogen atmosphere at 135-C40
for 2 hours. The deacetylated chitin (chitosan) filteeyed, washed with distilled water, and dried.
(Abdeen, 2011; Abdeen, 2005).

CH4# OH CH40H CHOH CH4OH

A0 0 0 0
\K\iﬁ\o 50 % Boiling NaO ©
0OH OH d OH OH
|
hl’l-lCDCH;, HHCOCH: HH- HH4
CHITIN CHITOSAN

Fig 1: The preparation of chitosan by deactylation of chitin

Physicochemical characterization of prepared chitosan.
Degr ee of Deacetylation

The degree of deacetylation (D.D.) of theppred chitosan was determined by using a Ati
Mattson Fourier Transform Infra Red (FTIR) instrurnavith frequency of 4000-400¢h The
deacetylated chitin (chitosan) was subjected toarefli spectroscopy to calculate the degree of
deactylation (D.D) %, by the relationship:

D.D =100 - [(A1660/A3450) x100 / 1.3%}), (1)

Where, A= absolute height of the absorpticand of the amide group and hydroxyl group
respectively (Moore and Roberts, 1980 ).

Molecular Weight Deter mination

Molecular weight is one of the significant charastes that control the functional properties of

chitosan. Viscosity is one of the simple techniqines is widely used for estimation of the molecula

weights of polymers. The viscosity-average molecwaight was calculated using Mark-Houwink
equation relating to intrinsic viscosity [Blairait, 1987)

[n] = Km M (2)

where K, = 8.93 x 1d and a = 0.716 at 2& are the empirical viscometer constants thatjzeeific
for a given polymer, solvent and temperature.

Degree of Swelling.
Swelling is the most significant characteristic hydrogels and it reflects the affinity of the
chemical structure of hydrogels for water and otherounding fluids.

Preparation of Chitosan Gel Film.

Gel was prepared by dissolving 2 % (w/v) ckato in1% (v/v) aqueous acetic acid with
constant stirring at room temperature. The vicisolution prepared was filtered through a cheese
cloth to remove any impurities and cast in petshdio dry forming thin film. A known weight of
the chitosan films was immersed in solutions ofedént pH (4,7) at 2& and 37C until the
swelling equilibrium was reached. The films wermoeed, dried with absorbent paper to get rid of
excess water and then weighed. The degree of sgeili these samples was calculated with the
following equation:
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DS=(m-m")/m' 3)
Where m and m' denote the weights of hydrogel sarapt dried hydrogel sample, respectively
(Ferrus and Pages, 1977).
X-ray diffraction (XRD) Study.

The prepared chitosan was characterized bwyxdiffraction (XRD) using an x-ray
diffractomete Siemens (Berlin, Germany) D500 ddtocameter with a back monochromator and a
Cu anticathode.

Scanning electron microscopy testing

Phase morphology was studied using a JSM-TEDL, Tokyo, Japan) scanning electron
microscope (SEM). For scanning electron observatithre surface of the sample was mounted on a
standard specimen stub. A thin coating (¥ &) of gold was deposited into the sample surfack an
attached to the stub prior to SEM examination i@ mhicroscope to avoid electrostatic charging
during examination
Thermal properties

Thermo-gravimetric analysis (TGA)

A thermal weight change analysis instrumer@AJ was used to measure the amount and rate of
change in weight of the material as a function rafreasing temperature or time, in a controlled
atmosphere. All TGA spectra were recorded undeitragen atmosphere up to 6AQ0using a
programmed rate of IQ/min. The percentage of weight loss was plottginst temperature.

Preparation of Chitosan Gel.

Gel was prepared by dissolving @) chitosan in 1 % (v/v) aqueous acetic acidhwit
constant stirring at room temperature. The visamlgtion prepared was filtered through a cheese
cloth to remove any impurities

Antifungal activity assay of prepared Chitosan.

Anti-fungal activity of prepared chitosan was saablin vitro by a poisoned food technique (Singh et
al., 2008). The Erlenmeyer flasks containing medkeeveterilized in an autoclave at a pressure of 15
Ib/sg inch and the temperature 12for 15 min. The prepared chitosan was addedetdiztd media,
cooled to 4%C, and shaken thoroughly. To avoid bacterial coimtation we added Streptomycin to the
media before pouring into Petri dishes (90 mm diameThe final concentrations of chitosan were, 125
250, 500, 1000, 2000 and 4000 ppm. The media \Weregoured into a set of three petri dishes (three
replicates) under aseptic conditions in a laminew fchamber with filter (Labconco Corporation,
Kansas City, Missouri 6432). After partial soliddion of the media in the plate, a disc (4 mm
diameter) of the fungal species was cut from 1-wadkculture with the help of a cork borer was
inoculated to the center of the poured petri plafégeatments.

RESULT AND DISCUSSION

FTIR Spectra of Chitosan

The structure of the prepared chitosan wasirooed by FTIR analysis. The spectra of chitosan
figure (2) showed broad band absorption aroundbatéd to —NH and -OH stretching vibration, as
well as inter and intra molecular hydrogen bondmghitosan molecules. The band observed at 2920
and 2864 corresponds to asymmetric stretching of &td CH in the prepared chitosan (Guo et al.
2005). The intensive peak around 1652*coorresponds to bending vibration of Nkvhich is a
characteristic feature of chitosan polysaccharide also indicates the occurrence of deacetylation
(Zhang et al. 2011). The spectra also shows thkspaund 1427 &1450 crhcontributing to —
CH,COOH group, moderate peaks at 1652& 1597 craferred to C=0O group of acetyl groups.
The NH stretch of amide groups & GHtretch, C-CH C-O and NH out-of-plane, all these peaks
are at 2920, 1427, 1090 and 640 tnespectively.
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Fig 2: FTIR Spectra of prepared Chitosan.

Degree of N-deacetylation of prepared chitosan.

The degree of N-deacetylation of preparedoshn refers to the percentage of primary amino
groups in the total glycosaminoglycans after thengbal or enzymatic N-deacetylation of natural
chitin. It is one of the most significant chaeaistics that affect the functional properties qlaaticular
chitosan. As the N-deacetylation % increases, ¢itesmlubility, the metal ion uptake capacity ahd t
over all reactivity of chitosan increases. Thidug to the higher reactivity of the amino groupdRHs
one of the best tools to quantify the N-deacetylat¥o of chitosan from FTIR, figure 2, the N-
deacetylation % of the chitosan, used in this studg found to be 61.67 %.

Average molecular weight of prepared chitosan.

Molecular weight is also one of the significaharacteristics that control the functional ertips of
chitosan. Viscosity is one of the simple techniqines is widely used for estimation of the molecula
weights of polymersThe viscosity-average molecular weight,jJ\Mf the prepared chitosan sample
was determined by using an Ostwald viscometer & 2% 0.3M acetic acid and 0.2M sodium
acetate buffer solution and were calculated bygusguation [2]. AS shown in the figure (3), the
intrinsic viscositie f}] of the prepared chitosan CH sample, are =3.5alifd) the viscosity-average
molecular weight (Mv) was 99,998 Da.
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Fig 3: Thereduced viscosity of chitosan vs. concentration at 25°

Degree of Swelling
Swelling is the most significant characterist hydrogels and it reflects the affinity of thisemical
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structure of hydrogels for water and other surraugndluids. It is evident from the results of the
swelling properties represented in the Figure l§4]},tthey are affected by the, pH and temperature.
The chitosan polymer contains more amino groupsz;:NWhich posses a high degree of
deactylation, easily protonated to form more sNbroups in acidic solution (acetic acid). The high
swelling properties is due to the strong electtastateraction between the -NH groups of
chitosan and hydroxyl group of water. These prigpedecreased at pH = 4, but increased at pH=7
at 25C and pH=7 at 3T. These results are attributed to the increaséhénmobility of the
molecules with increase of temperature; this ldadscrease in the porosity of the surface of the
chitosan molecules and increase in its swellinggriies. At pH<7, the decrease in the ratio of —
OH groups leads to decrease in the swelling priggerThe chitosan polymer which contains more
amide groups can not be easily protonated in addiations. Since the electron withdrawal by
carbonyl groups makes the nitrogen of the amidegg@ much poorer source of electrons than that
of the amino groups, and so the electrons arealetable for sharing with hydrogen ions.

30

pH=4 at 25°
5 .

0 T

0 100 200
Time (min.)

Fig 4. The degree of swelling of chitosan samples, (at different pH & temperatures)
at timeintervals.
X-ray diffraction (XRD) study.
The XRD pattern of chitosan prepared from sprghells waste at Figure (5) exhibits the weak
diffraction peaks centered at diffraction angbe=21.9° and sharp diffraction peaks at=20° are
indicative of the high degree of crystallinity mbgdogy of chitosan.
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Fig 5: The XRD diffraction pattern of chitosan
Scanning electron microscopy (SEM).
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Figure (6) shows the SEM (scanning electraorascopy) micrograph of prepared chitosan
from shrimp shells. As it is known, SEM is one lo¢ tmost widely used surface diagnostic tools. In
the present study, it is visible from micrographattthe chitosan sample have smooth surface.

Fig 6: The SEM of chitosan film, magnification of 200 times

Thermal properties

Thermogravimetric analysis (TGA)

The previous investigations have shown thatdecomposition of chitosan has 2 endothermic
processes, the first one around@@or water evaporation, and the second one séaoisnd 225C

and reaches a maximum 260 Thermal degradation of pure chitosan, as shean,have charred
residue of up to 39% at 4%D.Figure (7).
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Fig 7: Thermogravimetric analysis of prepared chitosan.

Antifungal activity of the prepared chitosan.
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Fungal infections have emerged as a majorecafisplant morbidity. The use of synthetic
chemicals as antimicrobials has greatly contributed management of such losses, but
indiscriminate application of chemicals has ledatmumber of ecological and health associated
problems due to residual toxicity, carcinogenicityeratogenicity, hormonal imbalance,
spermatotoxicity, etc. (Kumar et al., 2007). Moregwvith the increasing incidence of strains of
fungi with multiple antibiotic resistances and tpersistence of fungal infections, it is of great
importance to find effective treatments of infectibg fungi and other microbial pathogens.
Studies on novel, broad-spectrum and biodegradabtéungal agents might give crop better
protection, avoiding infection by fungal pathogens.

Effect of the prepared chitosan on thelinear growth of tested phytopathogenic fungi.

The result of antifungal assays of prepared chitasasshown in Table (1We have calculated
growth percentage inhibition due to treatment agatontrol, using the following formula (Cakir ét, a
2004).

Percentagétiition = (C = T Jxloo N

where C is the average of three replicates g@hhaly extension (mm) of control, and T is the
average of three replicates of hyphal extension )nofn plates treated with tested material
(chitosan). Eg values were determined by the linear regressiéid (ine Computer Program) of
the probit of the tested fungus percentage inlibitvs. logs the concentrations (ppm) of the
prepared chitosan. The Efhotation used to indicate the effective concemnafppm) that causes
50% growth inhibition. In essence, the lower theigaof EGy is the higher the efficacy of prepared
chitosan in the test under consideration. The wiffevalues of E€ for prepared chitosan tested
against different fungi are compiled in Table (hfdigures (8). The antifungal activity of chitosan
prepared from shrimp shells waste at the conc@arigatranged from 125 to 4000 ppm. The results
showed that the percentage inhibition of myceli@wgh increase with increasing concentrations of
prepared chitosan for all tested strains in a desener. These results were consistent with the wirk
Liu et al., (2006) who had demonstrated that with increase of concentrations, the antibacterial
activity of chitosan enhanced. The half inhibitegncentration of antifungal activity is expressad
EGso. It was clear thaM.phaseolina; F.oxysporum and Phytophthra sp showed strong sensitivity to
chitosan. The Ef; values were 430.63, 566.23 and 677.22 ppm, resplgctWhereas it displayed
moderate high antifungal activity agairRémularia sp, F.solani, phoma sp and A.solani. The EGo
values were 930.93, 1054.2, 1069.22 and 1426.56 mspectively. The exact mechanism of the
antimicrobial action of chitosan is still unknowlut different mechanisms have been proposed.
Helander, (2001) reported that the dissolve watsoluble chitosan increased the permeability of
cell membrane, and ultimately disrupted cell memesawith the release of cellular contents.
Rhodes et al., (2006), proposed that water-inselghltosan molecules could precipitate and stack
on the microbial cell surface, thereby forming axpervious layer around the cell. Such a layer can
be expected to prevent the transport of essemnlates and may also destabilize the cell wall
beyond repair thereby causing several leakagelb€aestituents and ultimately cell death. In this
work, the possible reason for the antifungal agtief prepared chitosan was supposed as follows:
chitosan could bind on the microbial cell surfagddrm a film around the cell, so the transport of
nutrient into the cell was disturbed. Also, thenatt of chitosan has been explained as being based
on the electrostatic interaction of the chargednangroups of chitosan with negatively charged
cell wall surface of the targeted microorganismbijclw can lead to the disruption of the cell wall
and therefore to the death of the cell. Anothersfmlgty for antifungal activity of chitosan
accounts for its chains to cross the cell membmahibiting the cell growing from inside (Guo et
al., 2007).
Table (1). Fungicidal activity of prepared Chitosan on some phytopathogenic fungi.
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% inhibition at different concentrations ( ppm )
Tested Fungi

125 250 500 1000 2000 4000 ECs

M. phaseolina | 10.74 53.71 60.74 66.30 74.07 100 430.63
F oxysporum | 14.82 25.55 30.37 73.33 83.33 100 566.23
Phytophthrasp | 15.93 32.22 37.41 60.77 73.71 100 677.22

Remularia sp 0.0 27.41 36.33 54.07 6292 100 930.93

F.solani 0.0 1518 31.48 36.30 75.55 100 1054.26
phoma sp 0.0 518 44.07 55.18 57.41 100 1069.22
A.solani 0.0 10.37 23.71 41.85 59.63 75.20 1426.56

Fig 8: The antifungal effects of chitosan from shrimp shells waste against Macrophomina.
Phaseolina (A), Fusarium oxysporum (B), Phytophthra sp (C), Remularia sp (D), F.solani ( E),
phoma sp (F) and A.solani ( G ) at different concentrations, CK represented negative control (
without chitosan added).

CONCLUSION
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In conclusion, the present study demonstrttatichitosan had been successfully prepared from
shrimp shells waste. The preparation of chitosamfishrimp processing waste (Shells) would
minimize the environmental pollutants. It was fouhdt, chitosan is an effective antifungal agent
against F.solani; F.oxysporum; Phytophthra sp; macrophomina phaseolina; Alternaria solani;
phoma sp and Remularia sp. The antifungal activity of prepared chitosan hathtionship to its
concentration and the higher concentration resutigaigher antifungal activity. Chitosan may be
considered as a potential alternative to syntHatigicides because it is a low mammalian toxicity,
biodegradable and do not persist in the environntéotvever, further studies could be performed
on the formulation of chitosan in the form of hygeb and also compare the activity of prepared
chitosan formulation with the commercial fungicides
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