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ABSTRACT
Three ciritosan (clS) compounds werb prepared by deacetylation (DA) of chitinisolated. from shrimp r;hell using different sequences of isolaiion process steps whichr includedeproteinization (Dr'), demineralization (DM) and decolorizaiion (DC). the chitosancompounds prodr:ced were DPMCA, DMPCA and DCMPA (the letter i.qu.,,.., inclicate thesequential processes uiied to prepare chitosan). The impact of alternate steps sequence throughchitin isolation p'rege53 on the physicochemical properties and biological activity of resultanrchitosans compared vrith a commercial chitosan compound was investigated. The resultsindicated that no' diff'erences in the solubility of the three chitosan compounds in Iilo aceticacicl' when the irsolal.ion process- started witti oc step, a chitosan with high a,/erage viscositymolecular weight of '1.26 x 105 Da and high oegrle of deacetylarionlolra; \1..2%o *u,obtained comparild with DMPCA and DPMCA. the antibacterial assessmr:nt of resultant

chitosan compournds rvere performed against corynebacrrium spp. and Erwinia amylovora
and the res;ults are e)i'l)ressed as a minimum inhibitory concentriiion (MIC). In gelr:ral, theresults indicated r:hat all chiitosan compounds have a good antibacteriaiactivir:y, lior.vever thebaclerium of Q6trynebactr'fum spp was more sensitive to chitosan compounds than Eamvlovora rvherc the MIC in average was 650 pg mr-r and2150 pgnrri;;.:;;;tivery. rhe
antifungaf assesstnent was irlso performed againsifungi of Fusarium 

"rlrrorr)^, Aspergillus
niger and Rizoclonia solani. The results ur" 

"*pr"rrid as an effective concentration that
inhi'bits 50!zo of nrycelia growth (ECso). The resuli demonstrated a good and closer antifungal
activity for the three 

.chitosan compounds, however, DCMPA chitosan has low antifungal
activity cornpared with other two chitosan compounds with EC56 values ranged betwer:n 2339
to 3430 pg ml-' for all testecl chitosan compounds.

INTRODUCTION
After cellulose, clhitin is the second most abundant natural biopolymer fbund in narure

(No er al., 1989).lt is linear homopolymer of B (l-4) linked 2-acetamidt-2-deoxy-D-gllucose.
It is mainly used as a rew materialto produce chitin-derived products, such as chitosln, chiro-
oligosaccharides and g lucosamine.

Chitosan is; a natural carbohydrate polymer derived by cleacetylation (DA) of chitin. It
is a non-toxic, bir:degradablle and biocompatible polymer li,tuzzareili, lg77). over rhe last
sevenal years, chitinout; pol'ymers, especially chitosan, has received attention as one of the
promising reneu'able poly'meric materials for their extensive applications such as
pharrnaceutical and biomedical industries in wastewater treatment, in food inc]ustries tiK.norr,
1984; Subramanietn, l'978). In agriculture, chitosan has been widely employe6. It 5;rs been
repofted to iinduce marlz deft:nse-related responses in plants (Cabrera et at., )006; El Chaouth
et_-a|., I992; Hof6;aarcl et al., 2005) and to possibly has a dual mode of ac:tion by direct
affecting fungal growth as rvell as inducing defense rilated mechanisms in plants (peter et (.t1.,
r 9e8).

Earlier studies by No et al., (2000); cho el al., (199g); wu and Bough (l97gr) have
demonstratcd that the physicochemical characteristics of chitosan affect its riunctional and
biological properties, which also differ due to crustacean species and preparzrtion rnr:thods.
Several procedures have, been developed and proposed by many researchers'over thc years for
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preparation of chitosan fronr dif{'erent crusl.acean shellwastes. Some of these formed the basis
of chemicaI processesi for indur;trial production of chitosan (Domard and Rirraudo, 1983 ;

Batista and Roberts, 1990).

Traditional isolation of c,hitin fromr crustacean shells involves three seclue;ntial steps:
demineralization (DM, relrovin,g calcium carbonate/phosphate), deproteinization (DP), and
decoloriz:ation (DC, re)mo\/ing mainly astaxanthin) No et al., (1989).. Chitin is converted to
chitosan by deacerylation t'DA), Isolation steps may be shortened, depending on intended
applications of chitosan. We aim in this research to investigate the influcncr: of using
different sequences ol'chit n isolation procesS steps on the physicochemical propcrties and
biological activities o1'resultant chitosan after deacetylation of chitin

MATERTAI.,S AND METHODS

Materials and Instruments: T'he raw material used as chitin source was shrimp shcll wastes
obtained from seafood industriesi of Aler-andria city, Egypt.Afterseparation of tail and head
the shell rvere dried and ground to obtainr particles befween 20 to 40 mesh. Nutrieftt broth

0.{B) (5g peptone,3g beaf r:xtraot and lL sterile distilled water pH 5.9) were purchased frorn
loba chernical crr. Potato D,erxtros;e Agar (PDA) media were prepared in laboratory using 3009

of potato,es,20g of D3xtror;e and l5g of agar per lL. Hydrochloic acid, sodium hydro;:ide,
acetic acid, sodium hypoc;hloride and sodium chloride were obtained from y',lgomhoria

chemical co. Egypt and used without further purification For viscosity determination,
Ostwald viscometer rvas used to determ;ine the intrinsic viscosity. For lR-measurements,
Shimadzr.r FT-lR Prestige (Sihimadzu Corporation). was used.

Tested nricroorganisms: I'rvo tracteria species of Corynibacteriunt sp1t. and E. antylovora
were grown in N'B medium. And rthree fungi species F. culmorum , A. nige:r and R.so'lani grown

on PDA at 24oO in the dari<, All microorganisms were provided by Microbiology )-aboratory,

Department of Plant Patholol3y, Faculty of Agriculture, Alexandria University, Alexandria, Egypt.

Chitosans preparation : (lhitosan compounds were produced according to the tnethods of
No and Meyers (1995) anrJ No tzt al., (20(10). Depending upon the production sequence, The

following steps proce(lure rvere carried out, shells particle rvere demineralized with I N HCI

for 30 min at room temperature with con:;tant stirring at solid-to-solvent ratio of l:15 (rv/v)

and then filtered under: vac:uum. The residue was washed for 30 min with tap water and oven-

dried. Shells particle were deproteinized with 3.5% NaOH solution for 2 hr at 65"C with

constant stirring at a solicl to alkali solution ratio of 1:10 (w/v) and then filtered under

vacuum. The residue was rvashed for 30 min with tap water and oven-dried. Shells particle

were decolorized with acetone firr l0 min and dried for 2hr at ambient temperatur3, followed

by bleaching with 0.315 ozi (w/v)sodium hypochloride (NaOCl) solution for 5 nrin at ambient

remperature with a solid to solution ratio of 1:10 (w/v) and then filtered under va.cuum. The

residue rvas rvashed fcrr 30 min rvith tap water and oven-dried. Deacefylation was a.chieved by

autoclaving at a pressure of l:5 psi for 60 min at 121'C using 50% concentrutted NaOH

solution with a solid-to-solvent ratio of l:10 (w/v). The resulting chitosans u'erc collected,

washed as described previ,rusly.

Characlerization of chito's;an :

Viscosify measurement and molecular weight determination: Intrinsic viscosity of
chitosan in 0.lM acetic ac d - Cr.2 M sodium chloride as the solvent was measured using an

Ostrvald capillary Visoometer in, a constant-temperature water bath at 25 + 0. I C. A series of
dilutcd solutiqns viscos ities were measured for cach chitosan cotupoultds. l'licsc

measurenrents were rhen mathematically related to the intrinsic viscosities, [q], of each
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chitosan conipounds. Siince the relationship of averaged molecular weight (ll") ro intrinsic
visc<tsity has been established empirically, the average viscosity molecular vreight for each
chitosan compound u,its then calculated employing the equation of Mark-Hlouwink-Kuhn-
Sakurada (MHKS) M, = (h]/k;r/o, where constants of "k" and ,,o," are l.8lxl05lrnd 0.93.
respectivell, (Anthonse)1, €r ol., 1993; No et a1.,2003; Roberts & Domaszy, 1982).

Degree of deacelylati,rn (DDA) :The FT-lR spectra were measured in KBr pellets in the
irans;mission moije in ihe range of 40G4000 cm-'using Shirna,Czu speciropliotoinctcr. The
DDA of chitosan comfaunct5 were calculated from the IR spectra according tc Brugneronoa
et al., (2001). Intensitv of thre bands at 1320 cm't and 1420 cm-' were chosen to measure rhe
DDA. As probe and in[ernal reference band respectively, The computation equation is given
beloiv:

DDA = 100 - [31.92x (A132e/A1a2s) -12.20) r:0.990
Solubility: Percentage of solubility of chitosan was determined at a 0,50lo chitosan
concentration in l% ilietic acid for 60 min with shaking at room temperalure. 1'hen, the
solution was imrnerseC in a boiling water bath for l5 minutes, cooled to room tenlperature
and centrifuged fi:r ltl min. The supernatant rvas decanted. The undisolved particles were
rvashed in distilled r.rater (25m1) then centrifuged. The supernatant was removed and
undirsolved pellets dried at 60 "C for 24hr. Finally, weighed the undisolved particles and
percentage of solubiliq/ wars calculated. Nitrogen content was estimated using the Kjedahl
method (A()AC 976.06, 1995). Ash content was determined using procedure 942.05, as
outlined by AOAC (19,!)5).

Antibacterial aclivi[r assay: The N{inimum Inhibitory concentration (MIC) of different
chitosan compounds were estimated according to Marques et al., (2008) by incubation the
tested bacteria in nutrit:nt broth (NB) media overnight. The bacterial culture was distribute
into screw-capped tube:; (3 replicates; 3 ml each) and mix with an aliquot a solution contain a
range of concentriation cf chitosan compounds prepared in 1o/o acetic acid ancl adjust the pH
to 5.9 before mixirrg. ll,re final volume was adjusted by sterilized nutrient broth and incubate
the rnixture at 37 oC 1i>r 24 h and detect the presence of turbidity, the concentration of the
polyrner was effe'ctive at irrhibiting growth will appear clear, The viable ce,ll in the clear
solution was tested by formation of colony on nutrient broth agar after incubati,on at 37 "C for
24 h. The minirnum inhibitory concentration (MIC) was the lowest concentration of
antlnricrobial required tc inhibitthe visible growth of the bacterium after incubation (Marques
et a|,,2008).

Antifungal activiti-y al;I;ay: 'fhe antifungal activity of chitosan samples was testcd using the
radial growth tech;nique method (Torgeson 1967). Chitosan compounds were dissolved in lYo
acetic acid and the pH rv'as adjusted to =5.9 before mix with media. Mycelial discs (5 mm) of
each pure culture were placed in the center of Petri plates (9 cm diameter) containing PDA
with different chitosan concentration. Control Petri plates contained lo/o acetic acid in PDA
rvith pH adjusts to =5.9. 

'l'he test plates were incubated in the dark at 25'C. Crowth
measureltlent was recorded rvhen the growth on the control rcaches the edge of the plate.
Inhibition percentage ol'mycelia growth was calculated as follows:

Myct:lia growth inhibition (%): [(DC- DT)/ DC] X 100

Whene DC and [)T are average diameters of fungal colony ol' control and treatment,
respectively. The ECso rviih its correspondingg5% confidence limits was estimated by probit
anall,sis (Finncy, ) 97 l'.1.
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Statistical analysis: Res,ults are depicted as mean * S.D. Iiom three meilsurements.

Significance between thc nrean values wa:; calculated using ANOVA one-way analysis. Mean

separations were perform,:C by Waller-Duncan K-ratio t Test (WDK) test. Probatrility values

p < 0.05 rvere considered significant. The log dose-response curves allowed dctermination of
the con,centration at which 50% of mycelial growth was reduced (.ECso) in an in vitro
antifungal assa'y were analvzed with probit analysis (Finney, I 97 I ) using ldp line softrvare.

RESULTS,{ND DISCUSSION

Chemical composition ollshrirnp shell. C-hemicalcomposition of shrimp shell on dry u'e ight

basis which used as il, source o1'chitin is:;hown in Table l. It is indicated that the shell is an

excellent sources of c,hitin rvhic,h form about 24.29 % the crude protein is27.42ot'o and ash is

45,32 "/'o of shrimp s;hell, No et al., (1989) reported that there were 16.90/o crude protein,

23.6% chitin, 63.6% ash, and 24.8% calcium in crawfish shells. Crustacean shell mainly

consists of 30-40% protein, 3rl-50ozir calcium carbonate, and 20-301o chitin (Jchnson and

Peniston 1982). Thesr: porlions vary with rspecies and season (Green anciMattick 1979).

Table 1: Chernical composition of shrimp shell.

a (n :4).Dry rveight base'sr.

bCrudc protein: (total niirogen - chitin nitrogen) x6.25.

Yicld of chitosan ,comt,ounds. The yield was calculated as the dry weight of chitosan

obtained from l00g gf drit:d shrimp shell powder inthree replicate in each process sequences,

as shown in Table 2. Chitosan yields ranged from 17.55 - 18.84 oh.T'he highest yields rvere

obtained from DCMIPA, follorved by DlvlPCA and DPMCA (conventional process sequence,

control'). Results indicatecl that there is no significance in the yield of the chitosan (DMPCA

and DPMCA) but they are significantly lower than the chitosan types (DCMPA') which has

the highest yield I 8.i34o1, compare to other chitosan compounds. Fernandez-Kim (2004) used

different modified procedure in isolation of chitin from crab shell and converts it to chitosarr

through deacetylation prccess. The yield of chitosan compounds were ranged from l6'8 -
lg.g % of initial cra6 she lanc'l the follow sequence DMPCA, DPMCA have the lorvest yield

16.7 and 16.8%, ret;pecr:ively, on other han,J, the DCMPA had yield about l8'3 % of initial

shrirnp shell.

[:-at*,"
I Crude protein

I A.sh c')ntent

[Chitin content

N{eans (%) * standard deviation

27.42 (+0 .06)

45.32 (*1.18)

24.29 (*0.45)
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Table (ll): Yield of shrimp chitc,san compounds using modified process during preparatiol

compounds

DMPCA
DPMCA O
DCMPA

" Means * standarc de'viation
differences at P<0.0-5, accr>rdin,g
@ Control (traditional method).

(n = 3), Means rvith different letters indicate signilicant
to Waller Duncan K-ratio t Test (WDK) test.

o DPlutc.A : (dcproreini:red + demineralized + dse6l6rized + Deacetylated);
DMPCA : (demineralized + 6gpr.1.irized + decolorized + De4cetylated)
DCMPA : (decolorized -t- denl:neralized + deproteinized + Deacetylated);

Characteristics of r:hitor;ans. The physicochemical characteristics of various chitosans
prepare<l under differ:ent isrolati,cn process;es were determined. Results are shown in Table 3.
The nitrogen contenl of ttre shrimp shell chitosan compounds were varied betwr:en i.3B %
and 7.43Yo on dry and as,r-free basis but no significantly difference between serquenccs of
production were ob:;erverl in nitrogen content. Only the commercial chitosan had the
significantly high value of nitrogen cr:ntent 7.59 % this may be explained by high
deacerylation value.

It is rvell knorvn thzrt chitosan is inr;oluble in watger at neutral and basic pH-values due
to the pr:esence of NI-12 group. The solubility of chitosan compounds ranged from 92.9 %o to
96.85 Yo, as shorvn in Tablt: 3.

Several researchers observed r:hanges in the nitrogen contents of chitosan from various
crustacean species. S,neptrt:rd e[ al., (1997) found squid pen chitosan and crawfish chitosan
have 7.ii % - 7.2 oZ of nitrogen content, respectively however Cho et al., (1998) found 7 %o

nitrogen content in sl'rrimp chitosan. Rout (2001) indicated that crarvfish chitosan hasl.3 ohof
nitrogen content. No and lley'ers'(1995) reported that the nitrogen content were'/.06 olt and
7.97 % in shrimp and crab shell chitosan, respectively.

Ash measurement is ;rn inrjicator of the effectiveness of the demineralization (Dlvl) step for
removal of calcium crtrbonate. 'fhe ash content in chitosan compounds wer€ rang,3d betrveen
0.28% to 0.351/o witfr on significantly difference befween difference production sequences
while tfre contmercii:rl ch:tosan has sigrrificantly higher ash content (0.74%) value than
prepared ones as shorvn in Tab,le 3. The ash content in chitosan is an importanl paranteter
some residual ash of'chitc,san :nay affectl its solubility, consequently contributing to lorver
viscosiq,, or can affe:ct c'ther more impclrtant characteristics of the linal product. A high
quality glade ol'chitos;an should have less rhan lo/o of ash content (I.Jo and Meyers, 1995).

53

Yield I

17.67" (+0.09)

17.55b (+0.09)

I 8.84', (*0, l0)



From..lcademiu to

Dept. of Pesti<:ide chemisl

PesliciCe Induslry Conference, 24-25 l\{arch 2010

ry & Technology, Fac. of Agric. Alexandria LJniv. Egypt

Table 3: Physicochemical characterization of chitosan products prepared under various stcp
sequence.

(DD,\) s MW (x l0
Da)d

96.85' (*1.86)
95.63" (+1.75)
92.9C^ (+2.48)
94.1C" G2.35

Means t standard deviation (n.= 3).Means with different letters within columns indicate signilicant diff'ercnces
at p<0.05. accordins to \Valler-Duncan K-ratio t Test (WDK) test .

o 
*.orrr.,, in ( l70 acetic u,iO os u solv,:nt at 0.5 04 conc.

o 
molecula,: u'eights ,leduce:d fronr intrinsic viscosit,l using (K=l.8lxl0'and o = 0.93) as MHKS constant

8 
deternrincd by IR N{ethod accor,ling to Brugerotto et at., (2001)

' DPMCA = (deproteinizecl + dellineralized + degolorized + Degcetylated);
DMPCA = (demineralizerJ + dr:l2roteinized + decolorized'r De4cetylated)
DCMPA = (degolorized +'demireralized + deprot,:inized + Deacetylated);
Across = commer,rial chitosan.

The. result show no :;ignificantly differences between various chitosans and c,rmmercial
chitosan. The same observilLion was obtained by Fernandez-Kim S (2004) which found that
chitosan compounds produced from crab shell using alternative prociess sequence have

solubility ranged betvveen 93.3 to 94.39'o with no significance differences in solubility
between different modified l)rocess sequences.

The average viscosity molec:ular weights o1'chitosan compounds ranged trom 3.29:<105 Da to

4.26 xl0i' Da rvhile, comnl,lrcial chitosan sample has a Mw of 3.56 xl0) Da. The chitosan
prepared from the shrirnp shell shorv variations in their average viscosity molecular weight
that seem to be relateii io alternating process sequences during isolation, since the condition
of every step DC, DP a.nd DM through isolation were constant. Beginning of isolation process

by DC step also showed allect on the Mrv of chitosan compared to chitosan sample obtained

by DC step applied after Dl\{ and DP steps.

The DDr\ of chitosan sarnples obtained through modified step sequences in th,: isolation

process fiom shrimp shell rvas ranged betr,veen 85% to 87% while, the commcrciill chitosan

has DDA of 90o/0. Al:;o thrr; beginning of isolation process by DC step gives final chitosan

rvith high DDA (87%). The sarne observiltion has been repofted by Fernandez-K.irn (2004)

who obtains a chitosan with high DDA wlhen isolation process began with D(l cotnpared to

beginning rvith DP or DM steps.

Antibacterial activitl' of chitosan compounds. The antibacterial activity of chitosrln samples

rvas exarnined in vitro against two plant pathogenic bacteria Corynibacteriwn spp- and .8.

ontltleyor.o and the result rlas expressed as MIC as shown in Table 4. The results indicated

that atl of chitosan cornpounds exhibited higher activity toward Corynibacteriutrt s,o. than E.

anrytls1,6,-o . Alt chitosan compounds erxhibited a good antibacterial potency against

Cotrynibacteriurn spp. wittr MIC values ranged between 650 and 700 pg ml- but the

antibacterial activity of all chitosan compounds against E. antylovora were lower (|"41C values

ranged between 2050 and 11.250 pg ml-').

87
85

87
90

3.81
3.29
L+.ZO

3.56

CS compound' Ash o% u

DMPC,A
DPMC,A
DCMP.A.
Acros

7.38 " (*0.025)
't 37b e0.022)
',t 39b eQ.027)
-t.59^ G0.02

0.28b (+0.I0)
0.350 (+0. l2)
0.74^ GA.t0
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Table 4: The MIC (pg ml- ) of chitosan cr)mpounds against E. am.ylovoraand
Coryneltactriunr spp.

" DPMCA : (deproteiniaed + Jemineralized + decolorized + Deacetylated).

D|"lPCA = ( dem i ncral i zed * deprolei nized + decolorized + Deacetylated),

DCMPA = (decolorized + demineralized + dep,roteinized + Deacetylated).

Across = comrrrercial critosan

Chitosan inhibits the grorvth of a wide variery of bacteria (Lim and Hudson 2003 and No el.

al.,20C12 ). N{oreover, r:ritos:rn has several advantages over other type of clisinfectants
because it posr;esses a higher antibacterial activity, a broader spectrum of activity, a higher
killing rate, and a lower toxicity torvarcl mammalian cells (Franklin and Snor,r', l98l and

Takemc,no, et a|.,1989)

The extent of chitosan antimicrobial action is influenced by several intrinsic (associated rvith
the constitution of the mac:romolecule) arLd external factors such as: molecular weight, DD{,
pH, temperature, target microorganism, concentration and chitosan batch, for e>lample Lim
and Hudson (2003);J.lo et a/., (2002); and No et al., (2006) reported that the MIC of chitosan
ranged from 5 to l00rng [, 'depending on the species of bacteria and Mw of chitosan samples.
The antimicrobial activitl, of native chitosan is higher at around pH=6 (compared to at

pH=7.5), rvhen most amirur groups remain protonated (Stossel and Leuba, 1984)

Chitosan shorved relativr:ly stronger bactericidal effects for granr-positive bacteria than for
gram-negative bacteria in the prresence of 0.1% chitosan, as observed by Jeon et al., (2000)
and No et al., (2002). This finding is in agreement with our result since Coryniba<:teritttn sp1t.

consider Gram-positive bil:terium and E atnylovora consider gram-negative bacterium.

Antifungal activity of chitosan compounds.

The antifungal activ;ity o1' chilosan compounds rvas in vitro examined against three plant
pathogenic fungi F. t'ulmorunt, A. niger a,nd R. solani, The result was expressed in terrn. Thc
Mediunr Effective Concentration (8C56), 'which is the effective concentration that inhibit 509/o

of mycelia growth, E,Cso of different chilosan compounds against the three plant pathogenic
fungi are shown in Table 5.

The ECso value differed rvith the use of different sequence through preparation of chitosan
through isolation prc)cessi. The experimental result indicated that DPMCA has the highest
antifungal activity wirerear; the DCMPA chitosan has the lowest activity as shown in Table 5.

The result matches rvith .(u et al., (2007) which investigate in vitro antifungal activity of
oligochitosan against nine phytopathogenic fungi Phytophthora capsici, Verticilliunt cluhlia,

A. solani, Botr.vtis cinerea, ColIetotrichunr orbiculare, Exserohilnr lurcicum, F. ox.yspot'unt, F.

gramincctrurl arrd P.ltric:u'luriu oryzae. They found that oligochitosans wcrc ntorc cl'lective
than original chitosan in inhibiting mycelia growth of P.capsici.

MIC (pg ml-r)
CS compounds ''

Corynettactriunr spp.

DMPCA
DPMCA
DCMPA
Acros

700
700
6s0
600

2250
2200
2050
2100
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Table 5: -fhe antifungalactirrity of chitosan compounds against F' culnnrunt, '4' rtigcr

and R. solani,

CS r:ompounds a

EC5e (pg ml-')

F. culmornt A.niger R.Solani

DMPCA
DPMCA
DCMPA

Acro:;

l)t5
2339
3430
2"748

2727
2375
3350
2540

2682
2480
3tt2
284(l

DPMCA, = (deproteinized + deminer'alized + decolorized + Deacetylated)'

DMPCA, = (demineralizcd + clt:proteinized + decolorized + Deacetylated)'

DClvlPA = (decc,lorized + derninerali zed + deproteinized + Deacetylated)'

Across =' commerclal chrtossll.

Several authors have been studiecl the antifungal activity of chitosarr compounds

against a rvide range of plant pathogenir: fungi. Benhamou et ul', (1994) indicatqd that

chitosan derived from cratr shell at concentration of 500 and 1000 mg L-r was effective in

reducing disease inciclence caused by F.o.xysporum f. sp' Radici'slycopersici' At the same

manner El-Ghouth et al., (1994) revealed that chitosan was effective in inhibitirrg mycelia

growth c>f P. aphanijerntutum completely at a concentration of 400 mg L-' while' at

aconcentration of I00 mg L'r it cause a75 %oreduction of the mycelia dry weight' Our result

in agreernent with El-Ghouth et al.,(1992) rvhich found that with increasing in thre chitosan

concentration (750-6000 rrrg. L'l) the radial growth of A.alternata, B.cinereq, Co'lletotricum

gleosporioicles and Rizopus stolonifer were decreased'
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