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Nowadays, Chitosan has attained more attention due to its potential applications in food, agriculture and
pharmaceutics. The cationic nature of chitosan enhances the ﬁlm forming capacity of this polymer.
However, ﬁlms made only from chitosan lack water resistance and have reduced mechanical properties.
The functional properties of chitosan ﬁlms can be improved when chitosan ﬁlms are combined with
other ﬁlm forming materials. The objective of this study was to prepare chitosan based antimicrobial
ﬁlms by the incorporation of streptomycin loaded starch Nanocrystals. Different properties of this ﬁlm
such as swelling nature, moisture content, degradation nature and the antimicrobial activity of modiﬁed
chitosan ﬁlms were investigated. Drug releasing efﬁcacy of the ﬁlm was also studied. The addition of
streptomycin loaded Starch nanocrystals in chitosan-gelatin ﬁlm increased crystallinity of the ﬁlm,
lowered the swelling nature of the ﬁlm to a controlled manner. Moreover the Modiﬁed chitosan based
antimicrobial ﬁlm showed almost 90% of Escherichia coli inhibition and 80% of Bacillus subtilis inhibition
and also the ﬁlm showed a sustained release (60%) of streptomycin for 10 days.
Focal point:
 Benchside
Synthesis of streptomycin loaded starch nanoparticles (SS-NPs) using nanoprecipitation method and
the development of novel chitosan based antimicrobial ﬁlm by the incorporation of streptomycin
loaded starch nanoparticles using solvent casting technique
 Bedside
Development of potential multifunctional antimicrobial ﬁlm for medical, pharmaceutical and food
based applications due to its excellent ﬁlm forming ability, biocompatibility, biodegradability and
antimicrobial property
 Industry
The designed unique antimicrobial ﬁlm, if ﬁnely tuned, can be used both in biomedical ﬁelds for
developing scaffolds in tissue engineering, wound dressing material, capsule material for sustained
drug release and immobilization of enzyme and food industry as packaging material
 Government
Financial investment and support from government would help to develop new novel translational
tools which contribute for better health care and also help to reduces disease burden
 Regulatory
Stringent regulatory principles limit the clinical trials essential for validation of biomaterials which
might have turned in to a highly beneﬁcial multifunctional product such as antimicrobial ﬁlm potentially
useful both in biomedical and food industry.
& 2016 European Society for Translational Medicine. Published by Elsevier Ltd. All rights reserved.
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Organic ﬁlms and coatings, especially those of natural polymers
are very attractive as biomaterial coatings because they offer great
versatility in the chemical groups that can be incorporated at
surfaces of food items, biomedical devices, ﬁlters, and also used as
additives for antifouling paints [25]. The relative ease of processing
is another attraction for the extensive interest in organic polymer
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ﬁlms. Recently, increasing attention has been paid to develop
functional polymer ﬁlms with antimicrobial properties to use
them for medical packaging and also they are ideal for overlay
material that can be used to prevent bacteria growth on any surface, which require antimicrobial protection. Commonly used
polymers for the development of antimicrobial ﬁlm involves
polystyrene, polyvinylchloride, poly lactic acid or poly (lactide-coglycolic acid) and cellulose. Antimicrobial agents are usually stabilized by the addition of cyclodextrin inclusion compounds at
high polymer-processing temperature [26].
Among the known biopolymer, chitosan seems to be promising
material for the development of bioactive ﬁlms. Chitosan is natural
cationic polysaccharides, formed by the deacetylation of chitin, a
major exoskeleton component of crustaceans such as crabs and
shrimps [11,35]. Chitosan has many advantages such as biodegradability, biocompatibility, non toxicity, aesthetic appearance,
edibility, barrier properties and biofunctionality over other biomaterials [36] Chitosan and its derivatives also possess biological
activities such as broad spectrum antimicrobial activity
[17,19,20,3] wound healing activity and drug delivery [1,4]. These
properties make chitosan highly important in many ﬁelds like
cosmetics, pharmacy, food, agriculture, biomedical, and material
science [14,18,22,32,33]. The cationic property of chitosan allows
electrostatic interactions with other compounds, which have been
widely used for the development of bioactive ﬁlms [24]. Cationic
antimicrobial polymers, can prevent bacterial infection of implanted devices such as catheters [37]. In the present scenario,
improving functional properties of chitosan ﬁlms by incorporation
of antimicrobial agents can be highly advantageous.
Cagri et al., [6] reported the incorporation of different antimicrobial agents such as benzoic acid, streptomycin, lysozyme,
nisin, propionic acid, lactic acid, tetracycline, rifampicin etc to
polymer ﬁlms, which helps to enhance antimicrobial activity. They
also reveal that the addition of antimicrobial agents in the ﬁlms
helps to target post processing contaminants on the food surfaces.
The present study was aimed to develop chitosan based ﬁlms
incorporated with streptomycin loaded starch nanoparticles. We
studied different properties such as swelling nature, degradation
property and moisture content of the ﬁlm and also investigated
the antibacterial activity of the developed ﬁlm.
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magnetic stirrer until all the starch powder was completely dissolved to obtain a homogeneous starch solutions. Streptomycin
was loaded in situ onto starch nanocrystals as the starch nanocrystals formed during the precipitation process. The solution was
centrifuged at 10,000 rpm for 5 min to collect pellet and the supernatant. Subsequently, the collected pellet were washed with
absolute ethanol for 3 times and dried at 40 °C for 12 h and stored
in sealed containers prior to their use. The absorbance of its supernatant was measured at 195 nm in order to measure the concentration of unloaded Streptomycin.
2.2.2. Preparation of SS-NPs loaded chitosan ﬁlm
The prepared streptomycin loaded starch nanoparticles (SSNPs) were then added to 1% chitosan solution. The chitosan solution was prepared by dissolving crab shell chitosan (  400 kDa,
76% deacetylated) in an aqueous solution (1% v/v) of glacial acetic
acid ( Sisco Research Laboratories pvt. Ltd.). Followed by the addition of gelatin (1%) The resultant chitosan-gelatin solution was
ﬁltered through a Whatmann No. 3 ﬁlter paper and stored. The
solutions were casted on Teﬂon coated plate by solvent casting
technique and placed in oven at 40 °C for 24 h. The ﬁlms were
peeled off and stored in air tight containers.
2.3. 2.3. Swelling study of SS-NPs embedded Chitosan-gelatin ﬁlm
The swelling study of SS-NPs embedded Chitosan-gelatin was
evaluated by immersing each preweighted (8 mg, 1  1 cm2) test
ﬁlm in 10 mL of 0.1 M 1X phosphate buffer (pH 7.4) at room
temperature (30 72 °C) under static conditions. Phosphate buffer
(10X) was prepared as stock, which contains 1370 mM NaCl,
27 mM KCl, 100 mM Na2HPO4, and 20 mM KH2PO4. Then the stock
was diluted, to 1X working concentration and used for the study.
At every 10 min, the swollen test ﬁlms were taken out, blotted
with a ﬁlter paper to remove surface water and the weight of the
ﬁlms were recorded. Swelling capacity (or swelling ratio) (%) was
calculated using the Eq. (1)

Swelling ratio = weight of swollen Film
–dry weight/dry weight of film

(1)

2.4. Solubility of SS-NPs embedded Chitosan-gelatin ﬁlm in Water
2. Materials and methods
2.1. Chemicals
Solvents, Streptomycin and Polysorbate 80 (Tween 80) surfactant were purchased from Himedia Laboratories Pvt Ltd., Mumbai,
India. Chitosan were provided by Nitta Gelatin India Ltd. Native
sago was obtained from a local grocery store.
2.2. Synthesis of streptomycin loaded starch nanoparticles (SS-NPs)
embedded Chitosan-gelatin ﬁlm
Chitosan-gelatin ﬁlm incorporated with SS-NPs was synthesized by a modiﬁed method of solvent casting [5].
2.2.1. Synthesis of Streptomycin loaded starch nanoparticles
The procedure was done as follows: 0.081 g of Streptomycin
was added to 30 mL of absolute ethanol containing 0.01 M Tween
80. To this suspension, 5 mL of cyclohexane was added and the
solutions were stirred continuously for 1 h followed by addition of
1 mL of 1% starch solution. Starch solution was prepared by the
dissolution of 10 g sago powder in 25 mL of 0.8% NaOH solution
and 25 mL of 1% urea solution. These solutions were cooled at
20 °C for 1 h and 50 mL of this solution was stirred for 1 h using

The solubility of SS-NPs embedded Chitosan-gelatin ﬁlm was
determined according to the method by Nafchi et al. [27] with
slight modiﬁcation. The test ﬁlms were cut into 1  1 cm2 size and
approximately 0.8 g weight was used for the study. Each ﬁlm was
immersed in 25 mL distilled water in a beaker and kept for shaking at a speed of 120 rpm at room temperature (30 72 °C) for 24 h.
The soaked pieces were then separated using ﬁltration through
cheese cloth followed by oven drying at 50 °C till attaining constant weight. Another experiment was conducted without shaking
under similar conditions to compare the effect of shaking on solubility. Final weights of both samples were recorded and solubility calculated using Eq. (2)

Solubility=[(initial weight−final weight)/initial weight] × 100% (2)
2.5. Degradation ability of SS-NPs embedded Chitosan-gelatin ﬁlm
The initial weight (Wi) of dried samples (0.8 g) were taken. The
samples were then immersed in different concentration
(20 mg/mL, 40 mg/mL, 60 mg/mL and 100 mg/mL) of enzymes
(trypsin and lysozyme), 1X PBS (pH 7.4), 0.1 M HCl and 0.1 M NaOH
for 60 min interval. After the incubation period ﬁnal weight (Wf)
of samples was analyzed as described previously and degradation
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index (Di) was calculated using Eq. (3)

Degradation% =

Wi −Wf
× 100
Wf

(3)

where, Wi ¼ initial weight of ﬁlm, Wf ¼ﬁnal weight of ﬁlm.
2.6. Moisture content study of SS-NPs embedded Chitosan-gelatin
ﬁlm
Moisture content of SS-NPs embedded Chitosan-gelatin ﬁlms
was determined by measuring weight loss of ﬁlms, upon drying in
an oven at 100 °C for approximately 1 h, until a constant weight
was obtained (dry sample weight) and moisture content was calculated using the following equation Eq. (4)

Moisture content:

Mi −Mf
x100
Mi

Fig. 2. Swelling behaviour of SS-NPs embedded chitosan-gelatin ﬁlm.

(4)

where, Mi and Mf are the masses of initial and dried samples,
respectively.
2.7. Characterization of SS-NPs embedded Chitosan-gelatin ﬁlm
The developed SS-NPs embedded Chitosan-gelatin ﬁlm were
characterized using analytical methods such as XRD, FTIR and
SEM.
2.7.1. X-ray diffraction
XRD patterns of Chitosan-gelatin ﬁlm and SS-NPs embedded
Chitosan-gelatin ﬁlm were recorded with Cu Kα radiation
(λ ¼1.54060) over 2θ range of 5–90° using an X-ray diffractometer
(XPERT-PRO diffractometer) with a step size of 0.017°/min.
2.7.2. FTIR
FTIR spectra of Chitosan-gelatin ﬁlm and SS-NPs embedded
Chitosan-gelatin ﬁlms were recorded from wave number 400–
4000 cm  1 by a spectrometer (Shimadzu IR afﬁnity FTIR spectrometer). For each spectrum, 16 scans at a resolution of 4 cm  1 were
obtained.
2.7.3. Scanning Electron Microscopy (SEM)
The morphology of the ﬁlm samples was investigated by
scanning electron microscopy (SEM) (Nova Nanosem 450). The
ﬁlm samples were sputtered with a thin layer of gold in an ion

Table 1
Swelling index of SS-NPs embedded Chitosan-gelatin ﬁlm.
Time (Minutes) Swelling index of SS-NPs embedded chitosan-gelatin ﬁlm
(Si%)
1
5
10
15
20
25
30
35
40

17.4 7 0.17
21.2 7 0
21.38 7 0.02
21.25 7 0.02
19.9 7 0.1
19.517 0.02
19.17 0.07
18.26 7 0.01
18.277 0.01

sputter coater (QUORUM- Q150R ES, UK) and placed into SEM
chamber to observe the surface of the ﬁlms.
2.8. Antibacterial activity
Gram positive strain Bacillus subtilis (MTCC 121) and Gram
negative bacteria Escherichia coli (MTCC 40) were used in this
study. Antibacterial activities of chitosan based antimicrobial ﬁlms
were studied according to the method of Oliva et al., [29] with
slight modiﬁcations. Bacterial concentrations were analyzed in
presence of SS-NPs ﬁlms containing different concentration
(200 mg/mL, 400 mg/mL and 600 mg/mL) of 5  10  3 M streptomycin loaded starch nanoparticles by measuring the OD at 600 nm
for 24 h at every two hours interval followed by 30 s of agitation.
Antibacterial kinetics was analyzed graphically as a plot of contact
time versus OD600.
2.9. Study of release of Streptomycin from SS-NPs embedded Chitosan-gelatin ﬁlm
To measure the amount of Streptomycin in SS-NPs embedded
Chitosan-gelatin ﬁlm, 0.8 g of ﬁlm was dipped in 10 mL of 1 X PBS
(pH 7.4) at 37 72 °C. The amount of Streptomycin released was
then measured at 60 min intervals using an UV–vis spectrophotometer (Shimadzu –UV-1700 Pharma spec, Japan) at 195 nm.

3. Results

Fig. 1. Physical appearance of SS-NPs incorporated chitosan-gelatin ﬁlm.

The chitosan ﬁlm developed by the incorporation of streptomycin loaded starch nanoparticles was transparent with slight
yellow color (Fig. 1). The ﬁlms were tough, durable and ﬂexible.
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Fig. 3. (a) XRD of chitosan-gelatin ﬁlm. (b) XRD of SS-NPs loaded chitosan-gelatin
ﬁlm.

Swelling study of SS-NPs embedded Chitosan-gelatin ﬁlm shows
that the developed ﬁlm undergoes swelling when immersed in 1X
PBS (pH 7.4) buffer at 30 72 °C and swelling increases with increase in time but after hydration period, the rate of swelling
slightly decreased and then it attained an equilibrium state (Fig. 2).
The results also show that the ﬁnal value of the swelling index
(18.27 70.01%) is less than the maximum recorded during the
hydration period (21.38 70.02%) (Table 1). Here the addition of
starch nanoparticles helps to attain a controlled swelling behaviour as compared to that of native chitosan-gelatin ﬁlm.
Chitosan-gelatin ﬁlm showed water solubility of 35.7 70.01% at
30 72 °C after dipping the ﬁlm in deionized water for 24 h. While
the ﬁlm, which under goes shaking showed an increased water
solubility of 40.067 0.08%. For degradation experiments, the specimens of the ﬁlms were soaked in 1X PBS (pH-7.4), HCl (0.1 M),
NaOH (0.1 M) and different concentration (20 mg/mL, 40 mg/mL,
60 mg/mL and 100 mg/mL) of various enzymes (lysozyme and
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Fig. 4. (a) FTIR image of chitosan-gelatin ﬁlm. (b) FTIR image of SS-NPs embedded
Chitosan-gelatin.

trypsin). Addition of trypsin showed different rates of degradation
based on the concentration of enzyme added and it was found that
the SS-NPs ﬁlm showed only 8.037 07% of degradation for
20 mg/mL of trypsin. While 40 mg/mL of trypsin showed 11.470.2%
of degradation and 17.25 70.3 and 28.8 70.0% for 60 mg/mL and
100 mg/mL respectively. The degradation increase slightly with
increase in concentration of trypsin. In case of lysozyme, the
modiﬁed ﬁlm showed 1.5 70.0%, 4.6 7 0.03%,9.91 70.07% and
15.7 7 0.0% of degradation for 20 mg/mL, 40 mg/mL, 60 mg/mL and
100 mg/mL respectively. Here also, ﬁlm degraded with increase in
concentration of enzyme. But the ﬁlm shows resistance at acidic
and basic condition (0.1 M HCl and 0.1 M NaOH) i. e. it does not
shows any notable degradation in HCl and NaOH. While in 1X PBS
(pH-7.4), the ﬁlm showed an enhanced degradation rate of
46.5 707%.
In the case of Moisture study, the addition of streptomycin
loaded starch nanoparticles to chitosan gelatin ﬁlm leads to a
slight decrease in moisture content of the ﬁlm. It was also noticed
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Fig. 5. (a) SEM image of Chitosan-gelatin ﬁlm. (b) SEM image of SS-NPs loaded
Chitosan-gelatin ﬁlm.

that, at ﬁrst the ﬁlm shows a reduction of 40% in the moisture
content on incubation in hot air oven (at 10 min interval for 1 h) at
100 °C. It was followed by a slight increase in moisture content
after a speciﬁc period. This observation is in agreement with a
previous report by Martins et al. [24].
3.1. Characterization of SS-NPs embedded chitosan gelatin ﬁlm
X-ray diffractogram of chitosan (1% w/v)-gelatin (1% v/v) ﬁlm
and chitosan ﬁlm modiﬁed with SS-NPs was given in Fig. 3(a) &
(b) respectively. The modiﬁed ﬁlm showed 2θ value at 28.6° Fig. 2
(b), while native chitosan-gelatin ﬁlm does not show that characteristic peak. The XRD diffraction pattern of chitosan-gelatin
shows an almost amorphous nature Fig. 3(a). The prominent peak
in the diffractogram of SS-NPs embedded chitosan-gelatin ﬁlm
may represents the enhanced crystalline nature of the ﬁlm Fig. 3
(b).
FTIR of chitosan-gelatin ﬁlm shows broad band at 3614 cm  1
and 3734 cm  1 and it was due to the OH stretching, which overlaps the NH stretching in the same region. The band at 1541 cm  1
was due to N-O asymmetric stretch. A small peak near 1697 cm  1
represents the C ¼O stretching (amide I), and a peak at 2360 cm  1

Fig. 6. (a) Antibacterial activity of modiﬁed chitosan ﬁlm against Escherichia coli at
different concentration (100 mg/mL, 200 mg/mL, 400 mg/mL and 600 mg/mL) of SSNPs. (b) Graph showing the growth of E.coli without the addition of Antimicrobial
ﬁlm.

suggested the presence of aldehydes group in the ﬁlm. While the
peaks at 2881 cm  1and 1383 cm  1 corresponded to C-H and
N¼ O stretching respectively, and the bands at 1419 cm  1 were
assigned to the nitro groups Fig. 4(a). The FTIR of SS-NPs embedded chitosan gelatin ﬁlm reveals that the addition of starch
nanoparticles results in the shift of some existing bands. Here the
bands at 3323 cm  1 represents –C≡C–H: C–H stretch and the band
at 2360 cm  1 was corresponding to C≡N stretch, While peaks at
1670 cm  1, 1450 cm  1 and 1361 cm  1 shows the presence of
C¼ O stretch, C-H bend and N-O symmetric stretch respectively.
The small peak at 1118 cm  1was due to C-N stretch Fig. 4(b). The
FTIR study of this ﬁlm also shows a change in the peak ascribed to
C-O-H group, when streptomycin was added to the ﬁlm; it can be
related to the amount of the water molecules absorbed in the
chitosan ﬁlm [21].
Scanning electron microscope images of chitosan-gelatin ﬁlm
and SS-NPs loaded chitosan-gelatin ﬁlm were shown in Fig. 5(a) &
(b) respectively.. Surface morphology of chitosan-gelatin ﬁlm was
modiﬁed by the addition of streptomycin loaded starch nanoparticles Fig. 5(a) & (b). A comparatively smooth surface was observed for chitosan-gelatin ﬁlm Fig. 5(a), whereas agglomeration
of SS-NPs was observed on modiﬁed chitosan-gelatin ﬁlm Fig. 5(b).
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compared to that of control, which does not contain any antimicrobial ﬁlm Fig. 6(a) and (b). But growth of Bacillus subtilis is
slightly inhibited by SS-NPs nanoparticles in Chitosan-gelatin ﬁlm.
It was found that Bacillus subtilis are inhibited up to 70% by
5  10  3 SS-NPs at 100 μg/mL and up to 80% at a concentration of
600 μg/mL of 5  10  3 M SS-NPs present in Chitosan-gelatin ﬁlm
as compared to the growth of its control.Fig. 7(a) and (b).
3.3. Drug release of SS-NPs embedded Chitosan- gelatin ﬁlm
The rates of release of Streptomycin from the ﬁlm were measured
in the 1X PBS (pH-7.4) solutions at 3772 °C using UV spectrometer at
different time interval (Fig. 8) [16]. In the present study, the polymer
precipitation process was used as a means to entrap streptomycin
inside the starch nanoparticles. The ﬁlm showed a sustained release
(60%) of streptomycin for 10 days (Fig. 8) and this sustained release of
streptomycin from SS-NPs ﬁlm may be due to its self –biodegradability
[9]. In the initial stage it shows comparatively high rate of release
(75%). The release rate of loaded streptomycin at pH 7.4 and 3772 °C
may be controlled by starch nanoparticle in the ﬁlm.

4. Discussion

Fig. 7. (a) Antibacterial activity of modiﬁed chitosan ﬁlm against Bacillus subtilis at
different concentration (100 mg/mL. 200 mg/mL, 400 mg/mL and 600 mg/mL) of SSNPs. (b) Graph showing the growth of B.subtilis without the addition of Antimicrobial ﬁlm.

Fig. 8. Release proﬁle of Streptomycin from starch nanoparticles incorporated in
chitosan gelatin ﬁlm as a function of time.

3.2. Antibacterial activity
Antibacterial activity increased with increase in concentration
of SS-NPs nanoparticles in Chitosan-gelatin ﬁlm. In this study
growth rate of two pathogenic organisms (Escherichia coli and
Bacillus subtilis) have been studied. Growth of Escherichia coli are
inhibited up to 80% by 5  10  3 M SS-NPs at 100 μg/mL and almost completely inhibited at a concentration of 600 μg/mL as

Chitosan based multifunctional antimicrobial ﬁlm incorporating streptomycin loaded starch nanoparticles were developed by
Solvent casting method [28]. The developed antimicrobial ﬁlm
were transparent with slight yellow color, homogenous and ﬂexible and they can be easily separated from the cast (teﬂon) plate.
Water sensitivity is one of the major problems of polysaccharide-based ﬁlms, and is evaluated by different methods such
as monitoring moisture content, swelling nature, solubility, contact angles and through the measurement of the water vapor
permeability [12]. It was reported that the swelling capacity of
ﬁlms are important, when products coated with these ﬁlms comes
in contact with water [13]. Swelling property also play a crucial
role in drug release from the ﬁlm. Here the swelling study of the
chitosan-gelatin ﬁlm reveals that the ﬁlm in deionized water can
absorb water quickly and resulted in swelling. While the addition
of SS-NPs to chitosan-gelatin ﬁlm helps to maintain the swelling
nature of chitosan ﬁlm in a controlled manner. The water resistance of ﬁlms measured in terms of the swelling index depends
on the type of materials used in their preparation. Previous reports
also shows that the hygroscopic nature of chitosan enhances the
formation of hydrogen bond (formed with both hydroxyl and
amino groups) with water compared to chitin and the amount of
absorbed water depends on the initial moisture content as well as
on the storage conditions, especially the environmental temperature and relative humidity [15].
The moisture content study showed that modiﬁed antimicrobial ﬁlm shows a signiﬁcant reduction in moisture content
by the addition of SS-NPs. This may be due to the formation of
covalent bonds between the functional groups of chitosan chains
and Streptomycin loaded starch nanoparticles, leading to a decrease in the availability of hydroxyl and amino groups and limiting polysaccharide water interactions by hydrogen bonding and
resulting in a decrease of moisture content value of chitosan ﬁlms
this was in agreement with previous studies [30].
The X-Ray diffraction analysis of the newly developed antimicrobial ﬁlm shows that the crystallinity of chitosan gelatin ﬁlm
increases with the addition of SS-NPs. These results are in agreement with previous reports, which also reveals that the addition of
starch nanocrystals, results in a stronger peaks corresponding to
A-type amylose allomorph, results in an increase of the crystallinity of the developed material [31]. FTIR spectroscopy was used
to examine the interactions between chitosan-gelatin ﬁlm and
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streptomycin loaded starch nanoparticles. While the spectrum of
native chitosan-gelatin ﬁlm was similar to previous reports [34].
From SEM image it was clear that streptomycin loaded starch
nanoparticles were entrapped in the continuous polysaccharide
network. It could be due to the attraction forces induced by the
chitosan network during solvent evaporation.
The modiﬁed chitosan based antimicrobial ﬁlms shows enhanced antibacterial activity (against gram negative E.coli and
gram positive Bacillus subtilis bacteria) due to incorporation of
streptomycin loaded starch nanoparticles. Several studies showed
that chitosan itself is characterized by an antimicrobial activity
against a wide range of target microorganisms [2]. Chitosan antimicrobial activity varies considerably with the type of chitosan;
particularly the degree of deacetylation, molecular weight, the
target organism and the conditions of the medium in which it is
applied; especially pH, ionic strength and presence of solutes
susceptible to react with chitosan through electrostatic interaction
and/or covalent binding [23].
The release of streptomycin from ﬁlm was checked for 10 days.
The initial rates of release of streptomycin from the Starch nanocrystals in chitosan-gelatin complex ﬁlm were observed to be high.
It was noted that, the release of streptomycin increased with increase in time (upto ﬁrst six hours). Later the Streptomycin shows
a controlled release. The initial abrupt release was due to the free
drug remaining at the surface without entrapped efﬁciently within
the polymer matrix [7]. After this initial burst the drug was released in a sustained manner, and the rate decreased for all chitosan based ﬁlms with time. Such a release proﬁle observed in the
hybrid ﬁlms could provide a rapid delivery of drug to give antiinﬂammatory effects at the wound site and a further sustained
release to aid long-term healing.
It seems that release obeys a swelling-controlled mechanism
[8], especially at the initial period of release. After the initial period, in which the equilibrium water uptake is achieved, the release
is most probably followed by a diffusion-controlled mechanism.
This is an expected behaviour found in the case of chitosan scaffold during drug release studies; ﬁrst a hydration followed by
polymer chain relaxation takes place by water penetration into the
matrix. During this process, high release rates occur because of the
presence of the drug at and near the surface. After forming the gel
structure the release continues with the diffusion mechanism
through the matrix by a much slower release rate [10]. This typical
phenomenon is the same in the case of drug release from SS-NPs
embedded chitosan-gelatin ﬁlm.

Executive summary

 Development of novel chitosan based antimicrobial ﬁlm incorporating streptomycin loaded starch nanoparticles

 The characterization of the developed antimicrobial ﬁlm reveals





the possible interactions between chitosan ﬁlm and streptomycin loaded starch nanoparticle. It was also noticed that
crystallinity of the ﬁlm was enhanced by the addition of
streptomycin loaded starch nanoparticles and the starch nanoparticles seems to be aggregated on the surface of chitosan ﬁlm.
The modiﬁed antimicrobial ﬁlm shows a controlled swelling
(21.38% 7 0.02 during hydration period) nature and Streptomycin was observed to release out from ﬁlm in a sustained way
under physiological pH over a period of 10 days
The developed antimicrobial ﬁlm can ﬁnd potential application
in medical and food industry. In medical industry, the developed ﬁlm can be used as wound dressing material, scaffolds for
tissue Engineering, capsule material for sustained drug release
and immobilization of enzyme etc whereas it can be widely
used as food packaging material in food industry which requires
sterile condition.
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