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Abstract: The graft copolymer of indole with chitin and chitosan was prepared by two techniques,
chemically using potassium persulphate as an initiator. Evidence of grafting was obtained by FTIR.
The effects of initiator concentration, monomer concentration and temperature on the grafting
percentage were studied. The grafted samples show a higher chelation capacity towards cation ions
of Cu2+ Ni2+ and Co2+. The thermogravemitric analysis of grafted samples showed an improvement in
the thermal stability. The antimicrobial activity of the grafted samples was investigated using the agar-
disc diffusion method and the spectroscopic method. These two methods showed different effects
against a diverse range of organisms comprising some Gram-positive, Gram-negative bacteria and
fungi. The mechanism of antimicrobial activity of the grafted samples could make some of the tested
micro-organisms flocculate. Also a weak antimicrobial activity was shown against the other organisms.

Key words: Chitin, chitosan, indole, grafting, Thermal stability antimicrobial activity fungi bacteria
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INTRODUCTION

Chitin and chitosan are recommended as suitable functional materials because these natural polymers have
excellent properties (Majeti, & Ravi Kumar, 2000) such as biocompatibility, biodegradability, non-toxic and
adsorption.

The modification of natural polymers such as chitin or chitosan by grafting is considered the most
important method for preparing new materials.  

Considerable interest has been focused on chemical modification by grafting synthetic polymers onto chitin
and chitosan (longdi, & Seiichi, 1994; Singh, & Alok, 1994; Caner et al. 1998; Byung et al. 1999;  Abduel
Najjar et al. 2000; Mehrdad et al. 2000; EI-Tahlawy, & Hudson, 2007; Yinghai et al. 2002). Graft
copolymerization with several monomers (Singh, &  Ray, 1994; Tao et al. 2003; Casimiro et al. 2005; Mostafa
et al. 2005) such as, methylmethacrylate, acrylamide,2-hydroxyethylmethacrylate acrylonitrile,  methacrylic acid,
styrene and itaconic acid can be carried out with different initiator systems and by different mechanisms.  In
a comprehensive review, Jenkins and Hudson (David, & Samuel, 2001) have discussed the advances toward
controlling radical-based reactions of grafting chitin and chitosan with many acrylic and vinyl monomers under
different experimental conditions. Another review dealing with the metal complexation of chitosan and its
derivatives (Varma et al. 2004; El-Sherbiny, 2009) threw more light on the importance of chitosan and its
value.

Polyindol have received a significant share of attention in the past several years and may be good
candidates for application in various domains, like electronics, electro-catalyst anode materials in battery, anti-
corrosion coatings and pharmacology. Polyindole have advantages of fairly good thermal stability and high
redox-activity (Jingkun et al. 2005; Andrew et al. 1998).  

Grafting of chitin or chitosan with N-containing heteroaromatic organic molecules such as polyindole,
yields grafted copolymer that has good air and thermal stability, as well as, high potential in adsorbing metal
ions (Juang, & Shao, 2002;  Benguella, & Benaissa, 2002; Eric, 2004; Trimukhe A& Varma, 2009).

Several studies have demonstrated the antimicrobial and antifungal action of this polysaccharide (Moller
et al, 2004). Several chitosan derivatives are known by or from their antimicrobial activity. They are used in
agriculture, medicine, environment and food (Devlieghere et al. 2004). Much of the interest in the antimicrobial
properties of chitosan has focused on its possible role in plant protection. It has been reported that both soil
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and foliar plant pathogens fungal, bacterial and viral, may be controlled by chitosan application (Maher et al.
2008).

Moreover, the combined effect of the principal reaction variables for the grafting process was
systematically studied. A series of grafted and ungrafted chitin and chitosan with different concentrations were
prepared and used in vitro to control the growth of pathogenic fungus Fusarium oxysporum which is the causal
agent of one of the most important diseases “root rot”. These diseases affect the cultivation of many plants
with limited loss of the beneficial effect of plant growth promoting bacteria (PGPR) used in this work which
were: two isolates of Azospirillum spp., one isolate of Peanbacillus polymexa and two isolates of strepomycetes
(S. ochraceiscleroticus and S. chibaensis). 

In this work, the graft copolymerization of indole onto chitin or chitosan with potassium persulphate as
an initiator focused on the controlled grafted copolymerization conditions such as the effect of monomer
concentrations and initiator concentrations.

MATERIAL AND METHODS

Experimental:
     Chitosan and chitin were kindly supplied by prof. Dr. Furuhata of Tokyo Institute of Technology (T.L.T),
Indole, EDTA and eriohrom blackT Initiators (potassium persulfate) were analytical grade reagents from Merck
chemicals and were used as received. All solvents from Aldrich were purified according to the conventional
methods.  

Microbial Strains and Culture Conditions:
Potato dextrose agar medium (PDA) was used in the cultivation of pathogenic fungus Fusarium Oxysporm

(ATTC, (1992),  Peanbacillus Polymyxa was cultivated on nutrient agar medium (Dawson, 1957), both were
obtained from the department of Microbiology, soil water and Environmental Research Institute (SWERI),
Agricultural Research Center (ARC), Giza, Egypt. Other bacteria were obtained from the collection of Botany
department, Women's college, Ain Shams University: the Gram negative bacteria Azospirillum sp.1 and 2 were
maintained on nitrogen – free agar medium (NFB) containing malate (5g L-1) (Krieg, & Dobereiner, 1984 ),
Gram positive filamentous bacteria Streptomyces ochraceiscleroticus and Streptomyces chibeansis were locally
isolated from Toushka's Egyptian soil and characterized by (Hewedy, 2003), all bacteria are local isolates and
used as plant growth promoting bacteria (PGPR).

Graft Copolymerization Procedure:
Chemically Induced Graft Copolymerization:

0.1 g of chitosan or chitin was mixed in 50 ml stopper round-bottomed flask with water –dioxane mixture
(1:1) followed by the addition of indole (monomer) and initiator in the required order with constant stirring.
After the desired time interval, the product  was filtered and washed thoroughly with hot water to remove the
unreacted monomer (There is no homopolymer formation), and then dried in an air oven at 60 oC till constant
weight was achieved.

The percentage of grafting was calculated based on the following equation:

%Gr =  (W1 -Wo) x 100/Wo

Where Wo is the weight of chitosan or chitin before grafting, and W1 is the weight of chitosan or chitin
after grafting.

Metals Uptake: 
0.1 g of grafted chitosan or chitin was mixed with 50 ml of metal solution (0.1 M) in a (100 ml) flask

agitated vigorously by magnetic stirrer. The above mixture was subjected to stirring overnight. In all cases,
the working pH was that of the solution and was not controlled. At appropriate time intervals, stirring was
briefly interrupted. The chitosan / metal or chitin / metal complexes were then filtered, washed with distilled
water and dried in an oven at 60 oC. The absorbed amount of metal ion was calculated by analyzing the
residual metal concentration in the aqueous solution. This was done by complexmetric titration using EDTA
and eriochrome black T as an initiator at pH= 10.  
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FTIR Spectroscopy:
FTIR spectra were taken using FTIR spectrometer Bruker Vector 22 Germany in the range between 400

and 4000 cm-1.

Thermal Analysis:
Thermogravimetric TGA analysis was carried out using shimadzu TGA -50H at a heating rate of 10 oC

/ min. under nitrogen atmosphere.

Evaluation of Antimicrobial Activity:
Antifungal Activity:

The effect of the four treatments (C1, C1 -g- Ind, C2 and C2 –g- Ind) on the growth of fungus was studied
using two methods: The first, 1.0 ml of different concentrations (0.5% and 1.5%) of the four treatments was
placed onto the center of a PDA plate seeded with I ml of fungal spore suspension. The plates were prepared
in triplicates and incubated at 32 oC for 72 hrs until they reached their maximum diameter. The inhibition zone
was measured in mm. by using radial growth measurement (Roller, & Covill, 1999). In the second method,
the substrate mycelium of fungus was weighed in the same plates in grams.

Antibacterial Activity: 
One loop full of each isolate of bacteria was inoculated into 10 ml of its specific media and incubated

at 32oC for 24hrs for Peanbacillus Polymyxa and 48hrs for Azospirillum and Streptomyces. Each bacterial
solution was diluted to 10-5 cells/ml and the surviving bacteria were determined by pour plate method by
measuring the clear zone which surrounds the hole containing 1.0 ml of each treatment (Park et al. 1998). 
Moreover, the susceptibility of each organism to each compound was estimated by measuring it
spectroscopically at 610 mm at spectronic 21D also, some morphological characters were examined.

RESULTS AND DISCUSSION

Graft copolymer based on chitin (C1) or chitosan (C2) was synthesized by grafting indole (Ind) onto a
polysaccharide molecule using free radical initiation in H2O. This technique enables the production of new
polymer materials with desired properties. The effect of monomer concentration, initiator concentration, and
temperature on the grafting percentage was studied. 

Effect of Initiator Concentration:   
When chemical initiation is used, the effect of initiator concentration was changed from 0.05 – 0.6 keeping

other reaction conditions constant at 60oC.
The results in Fig.1 indicated that, the percentage of grafting increases with increasing the initiator

concentration for both the grafted indole onto chitin and chitosan. The sulphat radical SO4
+2 is known to be

a strong redox initiator that can oxidize the polysaccharide with the production of a free radical on the ring.
This higher concentration of SO4

+2 is expected to activate more sites at the systems in study.

Effect of Monomer Concentration:
Fig. (2) showed the effect of concentration of indole on graft copolymerization. The %gr increased with

increasing the concentration of indole reaching a maximum value when the concentration of indole was 1.5
mol /L when grafted with chitin and 2.0 mol/Lwhen grafted with chitosan, and then decreased. This behavior
could be explained by the fact that an increase in monomer concentration led to the accumulation of monomer
molecules in close proximity to the polymer backbone. The possibility of a large number of couplings may
result in cyclic structures (Andrew, & Alastair, 1998). These are undesired side products of polymerization and
they decrease the graft polymerization efficiency.

The grafting of indole in the back-bone of the polymer does not occur through the nitrogen species in
indole. Thus and the polymerization takes place at the C2-C3 positions (Talbi  et al. 1998; Koleli  et al. 2002).
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Effect of Reaction Temperature: 
       The effect of  temperature  was studied by changing the reaction temperature (50 -70 oC) and keeping
other reaction conditions constant, as shown in Fig.(3). The % Gr reached its maximum at 60 oC. At low
temperature, the amount of the radical generated was small and the % Gr was low. With the increase in
temperature, the collision chance of chitin or chitosan and indole increased and resulted in the increase of
chitin or chitosan macroradicals which enhanced the % Gr. The percentage grafting showed a decrease above
this optimum temperature, which should be related to the following fact: At a higher reaction temperature, the
thermal decomposition rate of persulfate increased the mobility of the macroradical, which led to increasing
the termination rate.

\

Fig. 1: Effect of initiator concentration (K2S2O8) on the % graft at 60�C.

Fig. 2: Effect of monomer concentration on the % graft at 60�C and [K2S2O8] =0.002 mol/l

 
Characterization of the Grafted Copolymers: 
FTIR Analysis 

The FTIR analysis was based on the identification of adsorption bands concerned with the vibrations of
functional groups present in the molecules. Moreover, the spectrums confirm and assure the grafting processes.
The infra – red spectra has proved the formation of a new absorption band at 1378.3 cm-1 and 1377.5 cm-1 ,
corresponding to C-N stretching vibration in indole on grafting with chitin and chitosan respectively.
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Fig. 3: Effect of temperature on the % graft, themonomer concentration= mole and  [K2S2O8] =0.002 mol/l.

The appearance of these bands and the band at 767 - 748 cm-1 in grafted chitin and 747 cm-1 of grafted
chitosan indicate that the benzene ring is not affected during the polymerization. The band located at 1455 cm-1

was assigned to the stretching of the benzene ring. The strong and broad Peak at 3409 Cm-1 was a
characteristic adsorption of the N-H. This band together with the band at 1560 Cm-1 can be ascribed to the
stretching and deformation vibration of N-H bond. This proves that the nitrogen could not have been the
polymerization site and the polymerization should have happened at the C2 - C3 positions.

In addition, the bands at 1075 cm-1 or at 1078 cm-1 and 1026.5 cm-1 in grafted chitin or chitosan are
characteristics for the saccharide structure.

Thermogravimetric Analysis: 
To evaluate the thermal properties of the grafted copolymer, the samples were characterized by TGA. Fig.

(4) shows the weight loss curves of grafted chitin and grafted chitosan with indole.
It was observed that the C1 –g –Ind exhibits two distinct stages. The first stage ranges between 41-117

oC and is associated with the loss of adsorbed and bound water. This stage shows 10% weight loss. The end
stage of the weight loss starts at 314 oC and continues up till it reaches 450 oC with maximum decomposition
rate at 377 oC. These stages show that 56 % of weight loss is due to the bulk decomposition of the polymer
residue.

Also, the TGA of the C2–g–Ind observed the same behavior with some changes in the 3 rd stage. It started
decomposing from 280 oC until 468 oC with two peaks at 292 oC and 377 oC. The weight loss reached 55.6
% at 600 oC. This indicates that the C2– g– Ind is more stable than C1-g –Ind.

Metal Uptake: 
By considering the nature of the functional groups present in the chitin or chitosan grafted copolymers,

a preliminary exploration on the adsorption of these grafted chitin or chitosan copolymers for Cu2+, Ni2+ and
Co2+ ions were investigated.

The metals uptake was calculated by the determination of the residual metal concentration in the aqueous
solution. This was done by complex mature titration using EDTA and ereachrom  black T as indicator at pH
10 and the metal uptake g (mg ion metal /g chitin or chitosan)  was determined as follows :

q= (C2 – C1) V / M 
Where C1 and C2 are the initial and final metal ion concentration ( mg /L) respectively, V is the volume of
solution ( ml ) and M is the chitin or chitosan weight (g). The amount of metals uptake are listed in Table(1).

It is obvious from the obtained results that the chitin or chitosan modified copolymer has a great affinity
for Cu2+, Ni2+ and Co2+ metal ions compared with ungrafted  chitin or chitosan. 

Chitin and chitosan exhibit various interesting biological activities, which have made these polysaccharides
and their derivatives increasingly important.
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In our experiments, the influence of the four compounds C1, C1-g-Ind, C2 and C2-g-Ind was investigated
separately. Their antimicrobial activity has been observed against Fusarium oxysporum, which caused disease
and a major limiting factor in the productivity of legumes in all Nile Valley. They are also tested against some
plant growth promoting rhizobacteria (PGPRs) (Oplinger et al. 1997; El-Sayed, & Saood, 2007). 

Fig. 4: Thermogravimetric analysis (TGA) and diffrential thermal analysis (DTGA) for ungrafted and grafted
samples

Table 1: The amounts of metal up-take in mg/g of grafted and ungrafted samples
Samples Cu2+ Co2+ Ni2+

C1 4.0 8.0 3.0
C1-g- Ind 81.5 62.0 73.0
C2 6.0 10.0 35.0
C2 – g - Ind 82.6 90.0 70.0

Antimicrobial Assessments:
Antifungal Activity:

F. oxysporum was determined by two methods: the first method recorded the inhibition zone by using
radial growth measurement over a period of 72 hrs at 32°. The fungus showed no discernible sensitivity when
exposed to PDA agar medium supplemented with chitin (C1), while grafted chitin with indole (C1-g-Ind)
showed a very slightly inhibition (Fig 5 and 6). In case of chitosan (C2) and the grafted chitosan (C2 –g-Ind),
a clear inhibition zone was observed of about 40 and 50 mm, respectively (Fig 5 and 6). In the second
method, the substrate mycelium of fungus was weighed in each treatment at different concentrations (0.5% and
1.5%). The weight of F. oxysporum was a little lower than the average in case of C1 and C2. On the other
hand, C1 –g- Ind and C2 –g-Ind were more active, and the weight of fungus was statically lighter compared
with the untreated media (Table2).

From our results, chitosan (C2) and grafted chitosan (C2-g-Ind) indicated an inhibitory effect on fungal
growth; the inhibition zone diameter is an indication of the untifungal capacity of the polymer, the bigger the

3273



Aust. J. Basic & Appl. Sci., 4(8): 3268-3279, 2010

zone the stronger the capacity, 1.5% concentration of C2-g-Ind was enough to cause a significant retardation
of the weighing growth of fungus followed by C2. Generally, the grafting of indole to C1 and C2 enhances their
antifungal activity. Numerous reports indicated that chitosan effectively delays the infection of fungi and slows
down the infection process. In general, the reduction of rots increases with the increase in chitosan
concentration (Bautista – Banos  et al. 2006; Xiooying et al. 2006).

Fig. 5: Antimicrobial activity of C1, C1-g-Ind, C2 and C2-g-Ind on the growth of P. polymyxa, S.
ocraceischeroticus, S. Chibaensis and F. oxysporum after 72 h of incubation  at 28oC by a pour plate
method (mean values of the diameter on the inhibition zones in mm).

C1 C1-g-Ind

C2 C2-g-Ind

Fig. 6. Effect of  C1, C1-g-Ind, C2 and C2-g-Ind on the mycelia growth of F. oxysporum

Table 2: Growth of Gram +ve and Gram –ve bacteria in traditional growth media with 0.5% and 1.5% concentrations of C C1-g-Ind, C2
and C2-g-Ind at 32oC measured spectrophotometrically at 610 nm.

Microorganisms Concentrations (mg/L) LSD at5%
--------------------------------------------------------------------------------------------------------------------------
Cont. C1 C1-g-Ind C2 C2-g-Ind

------------------ --------------------- --------------------- ---------------------
0.5 1.5 0.5 1.5 0.5 1.5 0.5 1.5%

P. polymyxa 0.235a 0.23a 0.146c 0.162 b 0.038d 0.011e 0 e 0.14 c 0.028 d 0.015
S. ocraceischeroticus 0.022f 0.164d 0.176d 0.384a 0.331b 0.155d 0.176d 0.11e 0.272c 0.042
S. Chibaensis 0.27e 0.645d 0.764c 0.862b 0.996a 0.818b 0.844b 0.808b 0.972a 0.095
Azospirillum Sp.1 N.D N.D N.D N.D N.D N.D N.D N.D N.D -
Azospirillum Sp.2 N.D N.D N.D N.D N.D N.D N.D N.D N.D -
Means in the same raw with the same letter non-significant

Antibacterial Activity:
The absence of colonies was taken as a sign for total inhibition at different concentrations for Azospirillum

spp. (Fig. 7A&B). The inhibition zone of gram- positive, Peanbacillus polymyxa was not detectable except for
C2 and C2-g-Ind which has a clear zone of 25 mm and 20 mm, respectively
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C1 C1-g-Ind

C2 C2-g-Ind

Fig. 7A: Effect of  C1, C1-g-Ind, C2 and C2-g-Ind on the growth of Azospirillum sp.1

C1 C1-g-Ind

C2 C2-g-Ind

Fig. 7B: Effect of  C1, C1-g-Ind, C2 and C2-g-Ind on the growth of Azospirillum sp.2

(Fig. 5& 9 A&B). Spectrometrically, at 620 mm C2 –g-Ind has the lowest statistic effect of inhibition than
C2 at 1.5% and 0.5% concentration. Both of the G-positive filamentous bacteria S. ochraceiscleroticus and S.
chibaensis gave clear zones which elaborates that S. ochiaceisclenoticus is more resistant (Fig.5, 8 &9).
Spectroscopically, the results suggested that these four substances may have stimulated the growth of the two
streptomyces, C1-g-Ind and C2-g-Ind at 1.5% concentration (Table 3).

Our results showed that the effects of antibacterial activity of the four compounds varied greatly. The
diameter of a clear zone varied according to the active group in the copolymer and also the tested bacteria.
The two Gram – negative Azospirillun sp. seemed to be very sensitive for all treatments. All concentrations
could kill all of the two azospirillum isolates, though it had limited effect against Gram-positive bacteria P.
polymyxa especially at 0.5% concentration of C1 > C1-g-Ind > C2-g-Ind > C2, respectively, this showed that
the antibacterial activity had

a relationship with concentration. In accordance  with us, (Devlieghere et al. 2004). said that Gram -ve
bacteria seemed to be very sensitive against chitosan, while G +ve bacteria varied greatly. On the other hand 
(Xiooying et al. 2006) had an opposite opinion. By contrast, the optical absorption at 610 mm showed a
stimulation growth of Gram–positive filamentous bacteria more than the control set. A clear zone was observed
in case of solid media. This  observation may be due to the chitinase enzyme produced by the 2 streptomyces
isolates which reduced chitin and its derivatives with good efficiency and also the limited inhibitation of P.
polymyxa which can produce chitinase enzyme with moderate efficiency (Hewedy, 2003; El- Tahlawy, 2006).
This enzyme can reduce the four compounds to more simple materials that can be easily used as soluble
nutrients. In addition, the antibacterial activity of chitosan strongly suggested that chitin and chitosan induced
a series of defense reactions correlated with enzymatic activities. This was in harmony with some authors who
indicated that the concentrations of 50 and 100 ppm could promote the growth of E. coli (Maher et al.  2008;
Saito et al, 2007; Nan Liu, 2006).

Some Morphological Characters of PGPBRS Bacteria:
Morphologically, the surface of Peanbacillus polymyxa transferred from cream color to a very faint pink

one, while the color of the substrate mycelium and aerial spore mass of streptomyces were varied from dark
grey color to light grey (Fig. 9A&B). All treatments inhibit the diffusible brown pigment produced by S.
chibaensis (Fig. 10). and species dependency (Moller et al. 2004).
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Table 3: Growth of F. oxysporum in traditional growth media with 0.5% and 1.5% concentrations of C1-g-Ind, C2 and C2 C2-g-Ind at
32oC (Growth weight (g)).

Microorganism  Growth weight (g) LSD at 5%
--------------------------------------------------------------------------------------------------------------------------
Cont. C1 C1-g-Ind C2 C2-g-Ind

---------------- ------------------ ------------------- --------------------
0.5 1.5 0.5 1.5 0.5 1.5 0.5 1.5%

F. oxysporum 14.88a 12.25b 9.29c 11.5b 8.35c 9.05c 6.31ef 7.95ce 5.29f 1.82

C1 C1-g-Ind

C2 C2-g-Ind

Fig. 8: Effect of C1, C1-g-Ind, C2 and C2-g-Ind on the growth of P. Polymyxa

C1 C1-g-Ind

C2 C2-g-Ind

Fig. 9A: Effect of C1, C1-g-Ind, C2 and C2-g-Ind on the growth of S. ochracaiscleroticus

C1 C1-g-Ind

C2 C2-g-Ind

Fig. 9B: Effect of C1, C1-g-Ind, C2 and C2-g-Ind on the growth of S. Chibaensis

Fig. 10: Effect of C1(c),C1-g-Ind(d),C2(c) and C2-g-Ind(f)a,control,b.untreated media seeded with St.chibaensis
on the melanin production of S. chibaensis
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It can be concluded that comparing the antimicrobial activity of different chitin and chitosan studies is
difficult because of possible differences in (1) characteristics (deacetylation and polymerization degree) of chitin
and chitosan used in these studies, (2) type of solvents in which they were dissolved in, (3) experimental
conditions (incubation time, temperature and pH value), (4) Strain  and species dependency (Chung et al., 2003
and Devlieghere et al. 2004).

Conclusion:
Polyindole could be grafted onto chitin or chitosan by using potassium persulfate as chemical initiator. The

percent graft was controlled by varying the monomer concentration, initiator concentration and temperature.
Thermal analyses have indicated that the grafted chitin or chitosan is more thermally stable than the ungrafted
samples. Grafted chitin or chitosan enhancement of the metal complexes and the extent of metal ions uptake
of Co2+ ,Cu2+ and Ni2+ were determined. 

C1-g-Ind and C2-g-Ind have reduced the antifungal activity  and they have limited the antibacterial effect
against PGPRs. This study helps to obtain a clean and economic system of cultivation with limited loss of the
beneficial effect of plant growth promoting rhizobacteria (PGPRs).
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