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Abstract
The antimicrobial potential of the synthesized ternary nanochitosan (NCS)/sodium alginate (SA)/microcrystalline 

cellulose (MC) (extracted from banana fiber) film in 4:16:1 ratio against Bascillus subtilis and E. coli are reported 
here. Initially the present work focuses on the synthesis and characterization of ternary nanochitosan (NCS)/sodium 
alginate (SA)/microcrystalline cellulose (MC) (extracted from banana fiber) film. The prepared NCS/SA/MC film sample 
was then characterized using advanced analytical techniques such as FT-IR, XRD, TGA, DSC and SEM studies. The 
obtained results of FT-IR studies clearly indicate that the nanochitosan gets effectively binded with the sodium alginate 
and the microcrystalline cellulose in the film form. The change in crystallinity and the increased thermal behavior was 
elucidated from XRD and TGA analysis respectively. The scanning electron microscopic (SEM) studies of NCS/SA/MC 
film showed that the prepared film has the improved rough surface morphology and fractured structure. The bactericidal 
action of NCS/SA/MC film determined using Muller Hinton Agar medium on two microbial strains (Escherichia coli and 
Bacillus subtilis) reveals that the prepared NCS/SA/MC film has the greater potential to kill the microorganisms to a 
greater extent and hence this NCS/SA/MC film was found to be suggested as the promising material for biomedical 
applications.
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Introduction
Pathogenic bacteria remain a major health concern especially 

since it is responsible for causing a large number of deaths and 
hospitalizations each year [1]. Recently one of the major issues and 
concern for governments around the globe were the antimicrobial 
resistance inside an extensive variety of infectious agents [2]. It is a 
public wellbeing menace that influences nations and various fields 
which, in turn, undermine to the achievements of modern medicine [3]. 
The synthesis and biocide mpacts of novel compounds were severely 
studied consequently [4]. In recent years, the risk of infection caused by 
microorganisms is of major concern in clinical, pharmaceutical areas 
(drugs, medical devices, odontology, hospital surfaces, etc.) and as well 
as in the food industries (food packaging, storage, fresh products, etc.). 
About two million peoples were affected by the bacterial infections in 
hospitals each year and this was reported according to the centers of 
disease control and prevention, Department of Health and Human 
Services, USA [5]. Gram-positive organism including Bacillus subtilis 
and gram negative bacteria including E. coli, were among the top 
10 most frequently isolated organisms which produces too many 
infectitious diseases to the humans, in severe cases lead to death too.

In order to improve the protection against pathogenic bateria it 
is ncecessary to introduce the new and effective/efficient antibacterial 
therapeutics and diagnostics which appears to be highly relevant in 
health care. At an alarming rate, eventhough we have current treatments 
such as antibiotics which proved as effective against multidrug-resistant 
bacteria, the pathogens evolved effective mechanisms to counter 
the biocidal action of antibiotics [6]. The emergence of resistance to 
conventional antimicrobials necessitates constant development of 
newer agents, which can inhibit the growth of resistant organisms. The 
use of substances with antimicrobial properties to treat the infections is 
known to have been common practice for at least 2000 years and so a 
large amount of intensive researches was made by various researchers 

recently leading to the formation of new materials, which would assure 
permanent bioactive effects together with complete safety for the 
people [7,8].

A large group of the studies includes the implementation of 
nanomaterials and nanotechnologies to create new antibacterial agents 
that increased effectiveness and efficiency [9,10]. Among the numerous 
materials having the antimicrobial feature, in the present research 
work, the three materials namely the nanochitosan, sodium alginate 
and cellulose extracted from the banana fiber can be highlighted. The 
biopolymeric chitosan N-deacetylated derivative of chitin isolated 
from shellfish, crab and shrimp has been reported to exhibit numerous 
health-related beneficial effects, including strong antimicrobial and 
antioxidative activities. The chitosan biopolymer has been chosen in 
this work due to its biodegradable, non antigenic, biocompatible, non 
toxic nature and the ability of transformation into gels, beads, fibers, 
colloids, films, flakes, powders, capsules [11,12]. The antibacterial 
activity of chitosan was mainly influenced by bacterial species, 
concentration, pH, solvent and molecular mass [13].

Recently, there have been significant scientific interests to scientists 
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for the chemical modifications of chitosan to increase its applications 
[14]. The modified chitosan have attracted lots of interest especially 
regarding its bactericidal property against several types of bacteria [15]. 

Due to high aspect ratio and surface area, the nano-sized composites 
(nanoparticles, nanomaterials) are expected to be more effective 
in penetrating and disrupting bacterial cell membranes. Nano-size 
materials are able to enhance the physical properties of bulk materials 
[16]. The large surface area and the smaller size of the nanoparticles have 
interaction with microbes in a broad range and hence the nanochitosan 
were selected in this study. Alginate is a copolysaccharide extracted 
from brown algae consisting of D-mannuronic and L-guluronic 
acid monomers. By the preferential interaction of calcium ions with 
the G moieties, alginate forms 3-dimensional ionotropic hydrogel 
resulting in the production of an inhomogeneous gel [17]. Alginate 
based products were currently found to be the most popular fibrous 
products utilized in developing antimicrobial agents releasing systems 
or dressing materials [18].

Due to its unique colloidal properties such as suspending, 
thickening, film forming, stabilizing, gel producing, and emulsion 
stabilizing properties the alginate has a greater potential to form 
biopolymer film or coating component [19]. Since the alginate gels 
exhibit bacteriostatic properties against various microorganisms such 
as Gram-negative Escherichia coli, Gram-positive Staphylococcus aureus 
etc., the sodium alginate is utilized in film formation in the present 
study. The lignocellulosics contribute to their diversity in structure and 
property [20] and this was due to large number of reactive groups with 
the wide range of molecular weight, varying chemical composition. 
The Banana pseudostem has some special properties relating to various 
phenomena such as antioxidant, permanent staining of cloth and 
fibers, antimicrobial and antihemorrhagic properties [21]. In recent 
years the surface modification of fibers, either natural or synthetic, is 
highly desired [22-24].

During the last few decades, the microcrystalline cellulose extracted 
from the various lignocellulosic fibers has received much attention 
and interest due to its excellent properties such as renewability, 
biodegradability, biocompatibility, nontoxic and high surface area [25] 
suitable for antimicrobial behavior. A new class of soluble cellulose-
grafted hyperbranched polymers has been synthesized through facile 
“hypergrafting” reaction using bis(2-chloroethyl) amine and soluble 
cellulose tosylates by Deniz Demircan and Baozhong Zhang [26].. 
Results suggested that the obtained natural cellulosic materials can 
act as effective polymeric biocides, and may have great potential 
in various antimicrobial material applications. Hence based on the 
reports suggested by various authors, the microcrystalline cellulose 
was extracted from banana fiber and studied for its antimicrobial 
behavior in blended form in this work. This study addresses the ways 
of obtaining and using the blended form of nanochitosan and sodium 
alginate with microcrystalline cellulose extracted from the banana fiber 
in the form of film in 4:16:1 ratio as antimicrobial agents against gram 
positive bacteria Bacillus subtilis and gram negative bacteria E. coli due 
to the problem of resistance of many infectious agents to the usual 
treatments. The results were investigated.

Materials
Chemicals such as the sodium alginate, sodium hypochlorite, 

oxalic acid and sodium hydroxide were purchased from Nice 
chemicals Pvt Ltd, India and Central Drug House Pvt Ltd, New Delhi. 
The solvent glacial acetic acid were obtained from Sisco Research 
Laboratories Pvt Ltd, Mumbai and the crosslinking agents namely 

sodium tripolyphosphate, CaCl2.2H2O were procured from Finar 
chemicals Ltd, Ahmedabad, Nice chemicals PvtLtd, India respectively. 
In addition, the banana fiber was collected from local farms and the 
chitosan biopolymer (92% deacetylated) was procured from India Sea 
Foods, Cochin, Kerala. All the chemicals used in the present research 
work were of analytical grade.

Materials and Methods
Extraction of microcrystalline cellulose from banana fiber by 
steam explosion process

As per the procedure reported by Bibin Mathew cherian and his 
coworkers [27], the isolation of microcrystalline cellulose from the 
banana fiber was done using the steam explosion method. The complete 
extraction of microcrystalline cellulose from banana fiber was done by 
the combined chemical (acidic) and mechanical treatments. Initially 
the steam explosion of the chopped lignocellulosic banana fibers (30 
g) with 2% NaOH (fiber to liquor ratio 1:10) solution was carried out 
in anautoclave at a pressure of 20 lb for a period of 1 h. The steamed 
alkali treated fibers was then bleached using a mixture of acetic acid 
and sodium hypochlorite solution, further treated with oxalic acid 
and stirred mechanically well to extract the cellulose completely with 
different degrees of crystallinity. The photograph of the prepared four 
stages of fiber was represented in Figure 1.

Preparation of nanochitosan

In the present work, the nanochitosan was synthesized from 
the chitosan using sodium tripolyphosphate as a crosslinking agent 
by ionotropic gelation method as per the procedure reported by 
Govindarajan and his coworkers [28]. Initially in order to create the 
homogeneous chitosan solution, about 1 g of chitosan dissolved in 200 
ml of 2% acetic acid solution was kept under magnetic stirring process 
for about 20 min. Then to the above prepared chitosan solution, 0.8 
g of sodium tripolyphosphate dissolved in 107 ml of conductivity 
water was added drop wise and stirred well for about 30 min to reach 
equilibrium. A milky colored emulsion like appearance of chitosan 
nanoparticles were formed upon the ionic cross linking between 
the sodium tripolyphosphate and chitosan solution. After reaching 
equilibrium, the supersaturated solution was decanted and the thick 
emulsion of nanochitosan settled at the bottom of beaker was poured 
into the petri plates and it is allowed to dry for few hours. A photograph 
of the nanochitosan prepared from chitosan was shown in Figure 2.

Preparation of NCS/SA/MC (4:16:1) film

Ternary biopolymeric film was prepared by mixing the 
nanochitosan, sodium alginate and microcrystalline cellulose extracted 
from the banana fiber in certain ratio. Three solutions were prepared: 
(i) an aqueous 5% nanochitosan solution; (ii) aqueous 20 wt% alginate 
solution and (iii) aqueous 1.25 wt% micro-crystalline cellulose solution. 
An emulsion was formed by blending above prepared solutions at 500 

(i)           (ii)             (iii)      (iv)

Figure 1: Photograph of  i) Steam exploded fiber ii) Bleached fiber iii) Acidically 
treated fiber, iv) Mechanically treated fiber.

http://www.sciencedirect.com/science/article/pii/S0144861716313509
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rpm for about 30 min. After this process is over the above prepared 
emulsion was fabricated evenly onto the petri plates, allowed to dry for 
few hours and these dried films were then soaked in a 0.2 M calcium 
chloride solution for about 3 hours. Finally the NCS/SA/MC films were 
rinsed with double distilled water to remove any excess CaCl2 on the 
film and dried for 24 hours. A photograph of the prepared NCS/SA/
MC film was shown in Figure 3.

Characterization
Fourier transform infra red spectroscopy studies

The Perkin Elmer 200 FTIR spectrophotometer instrument was 
utilized in recording the FT-IR spectrum of the prepared samples in 
the wave number range from 4000 cm-1 to 450 cm-1 during 64 scans, 
with 2 cm-1 resolution.

X-Ray diffraction studies

The X-ray diffraction patterns of NCS/SA/MC film was measured 
using X-ray powder diffractometer (XRD- SHIMADUZ XD-D1) with 
Ni filter Cu Kα radiation source (λ=0.154 nm), set at scan rate=10°/
min, using a voltage of 40 kv and a current of 30 mA.

Thermogravimetric analysis

Thermogravimetric analysis of the prepared samples was performed 
using SDT Q600 V8.0 Build 95 instrument. The range of temperature 
used is between 30°C to 750°C with a heating rate of 10°C/min under 
nitrogen atmosphere.

Differential scanning calorimetric analysis

The DSC studies of the prepared samples were carried out using 
DSC Q10 V 9.0 Build 275 instrument in the temperature range between 
30°C to 350°C with the heating rate of 10°C/min.

Scanning electron microscopic studies

The surface morphology of the prepared samples was examined with 
the Scanning Electron Microscope (Zeiss EVO 40). The photographs 
of the various cross sectional morphologies of the NCS/SA/MC film 

samples were taken at different magnifications.

Antibacterial activity

Two bacterial strains namely Bacillus Subtilis - gram positive 
bacteria and Escherichia Coli-gram negative bacteria were utilized 
to investigate the antibacterial activity of the NCS/SA/MC film by 
diffusion method using Muller Hinton Agar (MHA) medium. The 
microorganisms Escherichia coli and Bascillus subtilis were inoculated 
initially on Muller Hinton Agar (MHA) medium and spread uniformly 
using sterile spreader in Petri plates. After solidification of the MHA 
medium, a small amount of the NCS/SA/MC film prepared in 4:16:1 
ratio were then placed on different cultured agar plates and the plates 
were incubated on individual racks for 24 h at 37°C. The evaluation 
of the antibacterial activities of the prepared samples was done by 
measuring the diameter of zone of inhibition grown around the 
samples against the test microorganisms using the ruler.

Results and Discussion
FT-IR spectral analysis

Fourier transform infrared spectroscopic (FTIR) analysis mainly 
provides information about the functional properties which correlate 
functional group and structure of composite blended film [29].

The FT-IR spectral details of chitosan and nanochitosan was 
represented in Table 1 and Figure 4. The FT-IR spectral details of 
pure chitosan (Figure 4a) showed that the hydroxyl (OH) peaks can 
be assigned at 3454.75 cm-1 and alkyl C–H stretching vibration were 
identified as doublets at 2923.08/2830.05 cm-1 respectively [30,31]. 
Strong peaks observed at 1628.87 cm-1, 1540.02 cm-1 and 1421.52 cm-1 
showing the presence of C=O stretching (amide-I band) [32], N-H 
bending and C-H deformation respectively.

Figure 2: Photograph of the nanochitosan prepared from chitosan.

Figure 3: Photograph of the prepared NCS/SA/MC film (2:8:1).

Figure 4: FT-IR spectrum of (a) pure chitosan (b) Nanochitosan.

Responsible groups Chitosan 
Wavenumbers (cm-1)

Nanochitosan 
Wavenumbers (cm-1)

OH stretching and NH stretching 3454.75 3385.92
Aliphatic CH stretching in CH2 2923.08 2920.57
C=O in 2° Amide 1628.87 1635.20
NH Bending 1540.02 1510.05
P=O stretching --- 1219.00
P-O stretching --- 1038.87

Table 1: FT-IR spectral details of chitosan and nanochitosan.
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Figure 4b represents the FT-IR spectral details of nanochitosan 
prepared from the chitosan using ionotropic gelation method. The 
absorption band obtained at 3385.92 cm-1 attributed to –NH group in 
chitosan was broadened by the physical interactions with TPP [33]. 
Strong peaks obtained at 2920.57 cm-1, 2908.57 cm-1, 1635.23 cm-

1, 1510.05 cm-1, 1376.80 cm-1 and 1219.00 cm-1 indicate the presence 
of asymmetrical and symmetrical stretching in CH2 group, NH3

+ 
stretching, C=O stretching in amides, NH bending, OH in plane 
bending in alcohols and P=O stretching [34]. The peak obtained 
at 1163.38 cm−1 indicated the overlapping peak of C–O stretching 
in polysaccharide and formation of chitosan nanoparticles due to 
the interaction of ammonium ion and phosphate ion in chitosan 
nanoparticle molecules [35].

When compared to pure chitosan, the nanochitosan obtained 
by ionotropic gelation method showed different bands. The shift of 
the peak observed at 3454.75 cm-1 corresponding to the presence of 
NH, OH stretching in chitosan to lower wavenumber (3385.92 cm-

1) in nanochitosan sample indicate that crosslinking had taken place 
effectively between the sodium tripolyphosphate and the chitosan. 
This observed results showed that the amide group and NH2 group 
of chitosan are both slightly crosslinked with a TPP molecule. Also in 
addition to this, in case of nanochitosan the appearance of some new 
peaks (1210.00 cm-1 due to P=O stretching) proves the formation of 
nanoparticles from the chitosan by ionotropic gelation method.

The nanochitosan/sodium alginate/microcrystalline cellulose 
(4:16:1) ternary film thus prepared were characterized by FTIR spectral 
studies. Table 2 and Figure 5 represent the FT-IR spectral details of 
NCS/SA/MC film prepared in 4:16:1 ratio.

The FTIR spectrum of NCS/SA/MC film (Figure 5) shows a broad 
adsorption band at 3583.74 – 3275.13 cm-1 corresponding to the 
overlapping of –OH stretching and –NH stretching bands [36]. The 

appearance of peak at 2924.09 cm-1 indicates the presence of aliphatic 
asymmetrical C-H stretching in methylenic group respectively [37]. 
The prominent peaks observed at various wave numbers such as 
2854.65 cm-1 , 1612.49 cm-1, 1423.47 cm-1, 1153.43 cm-1, 1033.85 cm-

1, 893.04 cm-1 and 821.68 cm-1 was attributed toNH3
+ stretching, 

carbonyl stretching in carboxylate ion, weak band due to carboxylate 
ion, P=O stretching , C-O-C linkage, C-C stretching and NH wagging 
respectively.

On comparing the FT-IR spectral details of NCS/SA/MC film with 
nanochitosan it was observed that after the reaction of nanochitosan 
with alginate and microcrystalline cellulose in ternary NCS/SA/MC 
film, the stretching vibration of -OH and -NH2 observed at 3385.92 
cm-1 in nanochitosan was shifted to 3334.92 cm-1 and becomes broad , 
the asymmetrical stretching of NH3

+ groups was shifted from 2908.57 
cm-1 to 2854.65 cm-1 cm-1 and also a new peak was appeared at 1612.49 
cm-1 corresponding to the presence of C=O stretching in carboxylate 
ion. These observed shifts in the frequencies and the appearance of 
new peak confirms that the nanochitosan and sodium alginate were 
effectively binded with the cellulose extracted from banana fiber in the 
prepared film.

X-ray diffraction studies (XRD)

XRD analysis helps in describing the physical properties of samples 
in terms of crystalline structure and in addition it also assesses the 
compatibility of each component material present in the blended films 
[38]. Table 3, Figure 6a and 6b shows the X-ray diffractogram details 
and patterns of pure chitosan and nanochitosan.

The X-ray diffractogram of chitosan (Figure 6a) had a semi 
crystalline nature with two main diffraction peaks at around 2θ=10° 
and 20°. The semi crystalline nature of pure chitosan was confirmed 
from the appearance of the diffraction peak centered at diffraction 
angle 2θ-10° and sharp diffraction peak at 20° which are indicative 
of high degree of crystalline morphology [39]. The chitosan molecule 
easily form the crystalline regions and this may be due to the presence 
of plenty of -OH and -NH2 groups in the chitosan structure, which 
could form stronger inter and intramolecular hydrogen bonds [40].

The X-ray diffraction pattern of nanochitosan obtained using ionic 
gelation technique is shown in Figure 6b. The X ray diffractogram of 
nanochitosan shows a broad peak at around 2=28°. The broadening 
of the peaks is due to the deformation of the crystalline regions by 
the increased packing of chitosan chains by ionic crosslinking [41]. 
The structure of chitosan molecules has certain regularity and as a 
result of this the chitosan molecules could form crystalline regions 
very easily but after crosslinking with tripolyphosphate it shows a 
decrease in crystallinity of chitosan. This could be attributed due to 
the deformation of the hydrogen bond in original chitosan by the 
substitution of hydroxyl and amino groups [42], which efficiently 
destroyed the regularity of the packing of the original chitosan chains 
resulting in the formation of amorphous nanochitosan.

From the nature of the broad peak obtained it was concluded that 
nanochitosan was found to be more amorphous than the pure chitosan. 
The comparison of XRD results of nanochitosan with pure chitosan 
reveals that there was a significant shift in the diffraction pattern with 

Figure 5: FTIR spectrum of NCS/SA/MC film (4:16:1).

Wave number (cm-1) Responsible Groups
3334.92 O-H stretching in alcohols (Intermolecular H bonded)
3275.13 N-H stretching in amines
2924.09 Asymmetrical CH stretching in CH2 group
1612.49 C=O stretching in carboxylate ion
 1423.47  Weak band due to carboxylate ion group
1153.43 P=O stretching
1033.85 C-O-C linkage
893.04 C-C stretching
821.68 N-H deformation

Table 2: FT-IR spectral details of NCS/SA/MC film.

Sample 2θ values Degree of crystallinity 
(%)

Chitosan 10˚, 20˚ 7.18
Nanochitosan 28˚ (broad 20˚- 40˚) 4.64

Table 3: XRD details of chitosan and nanochitosan.
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a broad amorphous peak in nanochitosan and the obtained results 
indicated that there was an effective crosslinking, molecular miscibility 
and also certain interaction takes place between the chitosan with the 
ionic crosslinking agent. The X-ray diffractogram details of NCS/SA/
MC film prepared in 4:16:1 ratio was represented in Figure 7 and Table 4.

The X- ray diffractogram details of NCS/SA/MC film (Figure 
7) shows peaks at various 2θ values such as 14.963°, 30.098° and 
87.103°. Due to the dispersion of the polymer matrix in the NCS/
SA/MC film, certain changes in the degree of crystallinity have been 
occurred. The less intense peak and less crystalline entity (broad 
nature-more amorphous) obtained in NCS/SA/MC film might be 

due to the destruction of the packing of the polymers by the strong 
interaction which occurred between the nanochitosan, sodium 
alginate and microcrystalline cellulose polymers [43]. On comparing 
the XRD details of NCS/SA/MC film with chitosan and nanochitosan, 
it was observed that the calculated lower degree of crystallinity values 
suggests that the prepared NCS/SA/MC film has highly amorphous 
nature suitable for a variety of applications.

Figure 6: X-ray diffractogram of (a) pure chitosan and (b) nanochitosan.

Figure 7: X-ray diffractogram of NCS/SA/MC film (4:16:1).

Sample 2θ values Degree of crystallinity (%)
NCS/SA/MC film (4:16:1) 14.963˚, 30.098˚, 87.103˚ 4.44

Table 4: XRD details of NCS/SA/MC film.
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Thermogravimetric analysis (TGA)

Thermogravimetric analysis (TGA) is a method of thermal analysis 
in which changes in physical and chemical properties of materials 
were measured as a function of increasing temperature (with constant 
heating rate) or as a function of time [44]. The TGA thermogram 
details of chitosan was represented in Figure 8.

The TGA thermogram of chitosan presented in Figure 8 shows 
mainly two major weight losses one before 200° C and another after 
270°C in polymer mass. The first one is due to the elimination of water 
molecules bound to the two polar groups in chitosan and the second 
one is due to the dehydration of saccharide rings, depolymerisation and 
decomposition of volatile products [45]. Maximum weight loss occurs 
at the temperature range of 217°C – 450°C and the residual temperature 
was found to be 850°C. At the end of the experiment around 69.933% 
of the chitosan gets disintegrated within 840°C leaving behind 30.067% 
of the sample as residue showing higher thermal stability.

The TGA thermogram details of nanochitosan (Figure 9) indicate 
that the first thermal event occurs at temperature range 50-150°C and is 
accompanied by the weight loss ranging from 8% to 10% which may be 
due to the loss of residual water present in the sample. The maximum 
weight loss occuring in nanochitosan after 150°C may be due to the 
decomposition of polymer matrix [46]. At the end of the experiment 
nearly 45.63% of the sample remained as residue showing the higher 
thermal stability of nanochitosan. The increased thermal stability 
indicates the formation of stronger and stiffer hydrogel network as a 
result of crosslinking.

Figure 1 shows the TGA thermo gram details of NCS/SA/MC 
film prepared in 4:16:1 ratio. The TGA curve shows that the weight 
loss occurs mainly in two stages. The first stage weight loss was mainly 
due to loss of water because the polysaccharides usually have strong 
affinity of water and hence may be easily hydrated [47]. The second 
stage weight loss corresponds to the thermal decomposition of main 
chain of nanochitosan, sodium alginate and microcrystalline cellulose, 
vaporization and elimination of volatile product. From Figure 7, 
it was evident that around 65% of the sample gets disintegrated in 
the temperature range of 400°C and the linear shallow decrease in 
weight was observed in the temperature range of 250-400°C. The 
residual temperature of the sample was found to be 750°C and the 
amount of sample remained as a residue at the end of the experiment 
was observed to be 21.11%. The obtained higher amount of residue 
indicates the highly stable thermal behavior. The comparison of TGA 
thermogram details of NCS/SA/MC film with pure chitosan and 
nanochitosan indicate that the NCS/SA/MC film was also found to 
be thermally more stable and this was confirmed from the observed 
higher decxomposition termperature and the higher amount of residue 
remained at the end of the experiment.

Differential scanning calorimtery (DSC) studies

Differential scanning calorimetry (DSC) monitors heat effects 
associated with phase transitions and chemical reactions as a function 
of temperature. The DSC thermogram of pure chitosan was shown in 
Figure 8.

In Figure 8, the broad endothermic peak obtained at 89.04°C 
and a sharp exothermic peak at 312.26°C showing the crystallization 
and the melting process of polymer at different temperatures. A wide 
endothermic peak obtained at 89.04°C is attributed to the elimination 
of absorbed water and a sharp exothermic peak at 312.26°C is due 
to the decomposition of chitosan chains [48]. The glass transition 
temperature of the polymer is observed at 203°C and an exothermic 
peak obtained at 313.26°C indicating that certain chemical changes had 
taken place in this temperature range.

The DSC thermogram details of nanochitosan prepared from 
chitosan by utilizing the ionotropic gelation method was shown in 
Figure 9. A broad enothermic peak obtained below 80°C is due to the 
removal of absorbed water and a sharp endothermic peak at 217°C is 
associated with the breakage of chitosan phosphoric acid cross linkage. 
The glass transition temperature of the nanochitosan was found to be 
205°C and the higher value of glass transition temperature is due to the 
presence of crosslinking agent [49].

Figure 10 represents the DSC thermo gram details of NCS/SA/
MC film prepared in 4:16:1 ratio. Two broad endothermic peaks were 
observed in the temperature range of 80-100°C and 210-260°C. The 
glass transistion temperature was found to be 145°C. The observation 
of a single glass transition in the DSC heating curves indicates that 
nanochitosan, sodium alginate and microcrystalline cellulose are highly 
compatible. The higher onset temperatures are associated with higher 
thermal stability [50]. From the obtained higher onset temperature and 
higher value of glass transition temperature, it was concluded that the 
NCS/SA/MC film prepared in 4:16:1 ratio was also found to be highly 
thermally stable.

Scanning electron microscopic (SEM) studies

The scanning electron microscopy (SEM) gives information 
about the topography, surfaces, structures, morphologies, and forms 
of materials and composition of the studied material [51]. The SEM 

Figure 8: TGA thermo gram of Chitosan.

Figure 9: TGA thermo gram of nanochitosan.
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micrograph details of the pure chitosan and nanaochitosan was 
represented in Figures 11 and 12.

The SEM micrograph obtained for the pure chitosan (Figure 11) 

revealed that the texture is plain without pores having smooth, compact 
and homogeneous even surface structure with no gross effects [52].

The SEM micrograph of nanochitosan (Figure 12) revealed 

Figure 10: TGA thermo gram of NCS/SA/MC film (4:16:1).

Figure 11: DSC thermogram of pure chitosan.

Figure 12: DSC thermogram of nanochitosan.
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the rough surface morphology. The SEM picture of nanochitosan 
demonstrates the good dispersion of the nanoparticles which are 
entangled one on the other with a larger exposed surface making the 
material very suitable for adsorption. Several authors reported that 
the nanochitosan prepared from chitosan was found to be having 
the spherical shape [53], whereas the obtained image reveals that the 
formation of nanoparticles is not spherical shaped but they are in the 
rod shaped structure which is a peculiar structure. On comparing the 
SEM micrograph details of nanochitosan with pure chitosan it was 
observed that the nanochitosan has relatively rougher surface with 
uneven structure which exhibited highly amorphous feature.

The surface and cross-sectional morphology of the NCS/SA/MC 
film prepared in 4:16:1 ratio was shown in Figure 13. The scanning 
electron micrograph of NCS/SA/MC film prepared in 4:16:1 ratio 
(Figure 13) shows that the cellulose and nanochitosan were coated 
uniformly with alginate and also it dispersed in the alginate matrix 
effectively resulting in a very good rough texture and the interfacial 
adhesion was evidenced between nanochitosan, sodium alginate and 
microcrystalline cellulose extracted from the banana fiber. The NCS/
SA/MC film prepared in 4:16:1 ratio showed dense structure at lower 
magnification and some porosity was detected, although these pores 
were seen to be closed.

Antibacterial activity

The bioefficacy of the NCS/SA/MC films prepared in 4:16:1 ratio 
were tested against bacterial strains such as Bascillus subtilis a Gram 
positive model bacterium and E. coli a Gram negative model bacterium. 
The zone of inhibition values of the prepared ternary polymeric 
film against the growth of selected bacteria are given in Table 5 and 
Figure 14a and 14b. The antibacterial activities of the prepared ternary 
polymeric NCS/SA/MC film samples prepared in various ratios are 
predicted from the diameter of zone of inhibhition values measured 
in mm.

Cationic polyelectrolytes, as well as other molecules with a net 
positive charge are capable of killing microorganisms [54]. Chitosan 

is a polycationic material composed of N-acetyl glucosamine and 
glucosamine units which has antibacterial activity against both gram 
positive and gram negative bacterial species [55]. The disruption of 
microbial cell wall by the binding of cationic sites of chitosan to anionic 
surfaces mainly leads to the cell death [56].

In recent years, various biological activities of chitosan 
nanoparticles including immunoenhancing effects [57], antitumoral, 
antifungal, and antimicrobial activities [58] have been reported. 
The chitosan nanoparticles are successfully being exploited as 
antimicrobial agents. LiFeng Qi and his coworkers [59] reported that 
the nanochitosan exhibited higher antibacterial activity than chitosan 
itself. Based on the special character of the nanoparticles, the chitosan 
nanoparticles exhibit higher antibacterial activity than chitosan. The 
chitosan nanoparticles could be well distributed in bacterial suspension 
after a slight shock for a nice dispersion and hence the bacteria can 
adhere to the surface of nanochitosan significantly in short time and 
thus nanochitosan exhibit antibacterial activity.

The target site of the polycation is the negatively charged surface 
of the bacterial cell. The polycationic nanochitosan with higher 
surface charge density interact with the bacteria to a greater degree 
than chitosan itself. The negatively charged surface of the bacterial 
cell wall interacts effectively to a greater degree with the polycationic 
nanochitosan (NH3

+) and hinders the growth of the microorganism 
[60]. Chitosan nano-particles provide higher affinity with bacteria cells 
for a quantum-size effect, due to the larger surface area of the chitosan 
nanoparticles, which could be tightly adsorbed onto the surface of the 
bacteria cells to disrupt the membrane, which would lead to the leakage 
of intracellular components, thus killing the bacteria cells [61,62].

The potential of chitosan nanoparticles of different sizes evaluated 
against Escherichia coli (Gram-negative) and Staphylococcus aureus 
(Gram-positive) by Aakriti Tyagi and her coworkers concludes that the 
size heterogeneity of chitosan nanoparticles exhibit potent bacteriocidal 
activity but does not show cytotoxicity on mammalian cells [63].

In addition to this it is also identified that the sodium alginate and 
cellulosic fibers has higher antibacterial activity. Cellulose fibres were 
found be an ideal matrix for the design of bioactive, biocompatible, 
and intelligent materials [64] due to their molecular structure and a 
large active surface area. Hence based on the reports the NCS/SA/
MC mixture was prepared in the form of film in 4:16:1 ratio and it 
was tested for the antibacterial activity against two model bacteria 

Figure 13: DSC thermogram of NCS/SA/MC film (4:16:1).

Organism 
(Bacteria)

Diameter of zone of Inhibition (mm)
NCS/SA/MC film (4:16:1) Control Ciproflaxicin

Bascillus subtilis 15 17.0 ± 0.6
E. coli 14 15.4 ± 0.6

Table 5: Antibacterial activity details of NCS/SA/MC film.

Figure 14: SEM micrograph of chitosan.
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namely Bascillus subtilis and E. coli. From the observed higher zone 
of inhibhition values of NCS/SA/MC film presented in Table 5 and 
Figures 15-17, it was identified that NCS/SA/MC film prepared in 
4:16:1 ratio have higher antibacterial activity towards both Bascillus 
Subtilis and E. coli. When compared to the gram negative bacteria (E. 
coli), the NCS/SA/MC film exhibits higher antibacterial activity against 
Gram-positive bacteria (Bacillus subtilis) and this was due to their 
different cell walls. In case of gram positive bacterium, the cell wall is 
fully composed of peptide polyglycogen and since the peptidoglycan 
layer is composed of networks with plenty of pores it allows the foreign 
molecules to come into the cell without difficulty. But in case of gram-
negative bacterium, since the cell wall is made up of a thin membrane 
of peptide polyglycogen and an outer membrane constituted of 
lipopolysaccharide, lipoprotein and phospholipids which is a bilayer, 
it acts as a potential barrier against foreign molecules to enter into cell 
wall [65-68].

According to the standard antibacterial test “SNV 195920-1992”, 
specimens showing more than 1 mm microbial zone inhibition can be 
considered as good antibacterial agents [69]. In the present study since 
the NCS/SA/MC film prepared in all ratios shows the inhibitory zone 
greater than 1 mm it was concluded that NCS/SA/MC film prepared in 
4:16:1 ratio acts as good antibacterial agent and effective in killing the 
microbes.

Conclusion
The strong interaction had taken place effectively between the 

molecular chains of nanochitosan, sodium alginate and microcrystalline 
cellulose which may lead to the miscibility at specific ratios of the three 
components. From FT-IR results it was evident that, in the prepared 
ternary NCS/SA/MC film, the peaks were observed due to the various 
functional groups (OH, COO-, NH) present in three added polymeric 
components. The XRD studies elucidate the highly amorphous nature 
of the NCS/SA/MC film. The TGA and DSC studies clearly indicate 
that the prepared film was found to be highly thermally stable and the 
rough surface morphology was identified from the SEM studies. The 
results of this study showed the potent anti-microbial effect of NCS/
SA/MC film against Bacillus subtilis and E. coli and hence the NCS/SA/
MC film can be used for future application in antimicrobial therapy.
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