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a b s t r a c t

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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1. Introduction

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
td. All rights reserved.
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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 sur-
face, which require antimicrobial protection. Commonly used
polymers for the development of antimicrobial film involves
polystyrene, polyvinylchloride, poly lactic acid or poly (lactide-co-
glycolic acid) and cellulose. Antimicrobial agents are usually sta-
bilized 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 biode-
gradability, biocompatibility, non toxicity, aesthetic appearance,
edibility, barrier properties and biofunctionality over other bio-
materials [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 im-
planted 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 anti-
microbial 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.
2. Materials and methods

2.1. Chemicals

Solvents, Streptomycin and Polysorbate 80 (Tween 80) surfac-
tant 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 synthe-
sized 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
magnetic stirrer until all the starch powder was completely dis-
solved to obtain a homogeneous starch solutions. Streptomycin
was loaded in situ onto starch nanocrystals as the starch nano-
crystals formed during the precipitation process. The solution was
centrifuged at 10,000 rpm for 5 min to collect pellet and the su-
pernatant. 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 su-
pernatant was measured at 195 nm in order to measure the con-
centration of unloaded Streptomycin.

2.2.2. Preparation of SS-NPs loaded chitosan film
The prepared streptomycin loaded starch nanoparticles (SS-

NPs) were then added to 1% chitosan solution. The chitosan so-
lution 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 ad-
dition 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 (3072 °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

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 shak-
ing at a speed of 120 rpm at room temperature (3072 °C) for 24 h.
The soaked pieces were then separated using filtration through
cheese cloth followed by oven drying at 50 °C till attaining con-
stant weight. Another experiment was conducted without shaking
under similar conditions to compare the effect of shaking on so-
lubility. Final weights of both samples were recorded and solubi-
lity 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



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

Table 1
Swelling index of SS-NPs embedded Chitosan-gelatin film.

Time (Minutes) Swelling index of SS-NPs embedded chitosan-gelatin film
(Si%)

1 17.470.17
5 21.270

10 21.3870.02
15 21.2570.02
20 19.970.1
25 19.5170.02
30 19.170.07
35 18.2670.01
40 18.2770.01
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index (Di) was calculated using Eq. (3)

=
−

×
( )

W
Degradation%

W
W

100
3

i f

f

where, Wi¼ initial weight of film, Wf¼final 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 cal-
culated using the following equation Eq. (4)

−
( )

M
Moisture content:

M
M

x100
4

i f

i

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
(λ¼1.54060) 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 spectro-
meter). 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
Fig. 1. Physical appearance of SS-NPs incorporated chitosan-gelatin film.
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 streptomy-
cin 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 Chit-
osan-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 3772 °C. The amount of Streptomycin released was
then measured at 60 min intervals using an UV–vis spectro-
photometer (Shimadzu –UV-1700 Pharma spec, Japan) at 195 nm.
3. Results

The chitosan film developed by the incorporation of strepto-
mycin loaded starch nanoparticles was transparent with slight
yellow color (Fig. 1). The films were tough, durable and flexible.



Fig. 3. (a) XRD of chitosan-gelatin film. (b) XRD of SS-NPs loaded chitosan-gelatin
film.

Fig. 4. (a) FTIR image of chitosan-gelatin film. (b) FTIR image of SS-NPs embedded
Chitosan-gelatin.

N. Hari, A.J. Nair / New Horizons in Translational Medicine 3 (2016) 22–29 25
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 3072 °C and swelling increases with in-
crease 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
(18.2770.01%) is less than the maximum recorded during the
hydration period (21.3870.02%) (Table 1). Here the addition of
starch nanoparticles helps to attain a controlled swelling beha-
viour as compared to that of native chitosan-gelatin film.

Chitosan-gelatin film showed water solubility of 35.770.01% at
3072 °C after dipping the film in deionized water for 24 h. While
the film, which under goes shaking showed an increased water
solubility of 40.0670.08%. For degradation experiments, the spe-
cimens 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
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 8.03707% of degradation for
20 mg/mL of trypsin. While 40 mg/mL of trypsin showed 11.470.2%
of degradation and 17.2570.3 and 28.870.0% 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 1.570.0%, 4.670.03%,9.9170.07% and
15.770.0% 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
46.5707%.

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



Fig. 5. (a) SEM image of Chitosan-gelatin film. (b) SEM image of SS-NPs loaded
Chitosan-gelatin film.

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 SS-
NPs. (b) Graph showing the growth of E.coli without the addition of Antimicrobial
film.
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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 char-
acteristic 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 over-
laps 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 C¼O stretching (amide I), and a peak at 2360 cm�1
suggested the presence of aldehydes group in the film. While the
peaks at 2881 cm�1and 1383 cm�1 corresponded to C-H and
N¼O stretching respectively, and the bands at 1419 cm�1 were
assigned to the nitro groups Fig. 4(a). The FTIR of SS-NPs em-
bedded 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
C¼O 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 nano-
particles Fig. 5(a) & (b). A comparatively smooth surface was ob-
served for chitosan-gelatin film Fig. 5(a), whereas agglomeration
of SS-NPs was observed on modified chitosan-gelatin film Fig. 5(b).



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 SS-
NPs. (b) Graph showing the growth of B.subtilis without the addition of Anti-
microbial film.

Fig. 8. Release profile of Streptomycin from starch nanoparticles incorporated in
chitosan gelatin film as a function of time.
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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 al-
most completely inhibited at a concentration of 600 μg/mL as
compared to that of control, which does not contain any anti-
microbial 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 filmmay 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

Chitosan based multifunctional antimicrobial film incorporat-
ing streptomycin loaded starch nanoparticles were developed by
Solvent casting method [28]. The developed antimicrobial film
were transparent with slight yellow color, homogenous and flex-
ible and they can be easily separated from the cast (teflon) plate.

Water sensitivity is one of the major problems of poly-
saccharide-based films, and is evaluated by different methods such
as monitoring moisture content, swelling nature, solubility, con-
tact 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 re-
sistance 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 tempera-
ture and relative humidity [15].

The moisture content study showed that modified anti-
microbial 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 de-
crease in the availability of hydroxyl and amino groups and lim-
iting 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 anti-
microbial film shows that the crystallinity of chitosan gelatin film
increases with the addition of SS-NPs. These results are in agree-
ment 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 crystal-
linity 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 en-
hanced 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 anti-
microbial 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 nano-
crystals in chitosan-gelatin complex filmwere observed to be high.
It was noted that, the release of streptomycin increased with in-
crease 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 re-
leased in a sustained manner, and the rate decreased for all chit-
osan based films with time. Such a release profile observed in the
hybrid films could provide a rapid delivery of drug to give anti-
inflammatory 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 per-
iod, 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 scaf-
fold 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.
5. Conclusion

Among the known biopolymers, chitosan is a multifunctional
polymer, which seems to be highly promising as additive for an-
timicrobial film preparation. In this research, chitosan based an-
timicrobial film was developed by incorporating streptomycin
loaded starch nanoparticles. The film incorporated with strepto-
mycin-loaded starch nanoparticles are identified as an ideal for-
mulation due to their high drug encapsulation efficiency, high
antibacterial efficacy at a low dose against different gram positive
and gram negative pathogenic organism. Moreover, it also showed
sustained release of streptomycin from the film for 10 days. So the
developed antimicrobial film can find many potential applications
in medical industry, mainly for developing wound dressing ma-
terial, scaffolds for tissue engineering, capsule material and also
for packaging material in food industry.
Executive summary
� Development of novel chitosan based antimicrobial film in-
corporating streptomycin loaded starch nanoparticles

� The characterization of the developed antimicrobial film reveals
the possible interactions between chitosan film and strepto-
mycin 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 nano-
particles seems to be aggregated on the surface of chitosan film.

� The modified antimicrobial film shows a controlled swelling
(21.38%70.02 during hydration period) nature and Streptomy-
cin 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 devel-
oped 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.
Conflict of interests

The authors confirm that there are no known conflicts of in-
terest associated with this publication and there has been no
significant financial support for this work that could have influ-
enced its outcome.
Ethics statement

This is to state that the experiments related to this work was
carried out by in the Department of Biotechnology, University of
Kerala do not have any ethical issues and so does not need ethical
clearance, as the experiments does not involve any live animal
experiments or Human subjects.
Funding Source statement

This research did not receive any specific grant from funding
agencies in the public commercial or not-for-profit sectors. The
Funding for carrying out the experiments related to topic is in the
form of a fellowship to Ms. Neethu Hari as a Junior Research Fel-
lowship by the University of Kerala.
Acknowledgements

The authors are thankful to Dr. M. Abdul Khadar, Director,
Centre for Nanoscience and Nanotechnology, University of Kerala
for providing facilities for FTIR analysis, NIIST for XRD analysis and
also to STIC, Cochin University, Kerala for SEM Analysis.
References

[1] E.S. Abdou, K.S.A. Nagy, M.Z. Elsabee, Extraction and characterization of chitin
and chitosan from local sources, Bioresour. Technol. 99 (5) (2008) 1359–1367.

[2] M. Aider, Chitosan applications for active bio-based films production and
potential in the food industry: review, LWT – Food Sci. Technol. 43 (6) (2008)
837–842.

[3] C.R. Allan, L.A. Hardwiger, The fungicidal effect of chitosan on fungi of varying
cell wall composition, Exp. Mycol. 3 (3) (1979) 285–287.

http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref1
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref1
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref1
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref2
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref2
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref2
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref2
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref3
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref3
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref3


N. Hari, A.J. Nair / New Horizons in Translational Medicine 3 (2016) 22–29 29
[4] F.A. Al Sagheer, M.A. Al-Sughayer, S. Muslim, M.Z. Elsabee, Extraction and
characterization of chitin and chitosan from marine sources in Arabian Gulf,
Carbohydr. Polym. 77 (2) (2009) 410–419.

[5] A.B. Aziz, S. Grossman, I. Ascarelli, P. Budowski, Carotene-bleaching activities
of lipoxygenase and haeme proteins as studied by a direct spectrophotometric
method, Phyto. Chem. 10 (7) (1971) 1445–1452.

[6] A. Cagri, Z. Ustunol, E.T. Ryser, Antimicrobial edible films and coatings, J. Food
Prot. 67 (4) (2004) 833–848.

[7] Y. Chen, V.J. Mohanraj, J.E. Parkin, Chitosan-dextran sulfate nanoparticles for
delivery of an anti-angiogenesis peptide, Lett. Pept. Sci. 10 (2003) 627.

[8] S.F. Chin, S.N.A.M. Yazid, S.C. Pang, Preparation and characterization of starch
nanoparticles for controlled release of curcumin, Int. J. Polym. Sci. 2014 (2014) 8.

[9] Y. Danmi, X. Suyao, T. Chunyi, C. Lin, L. Xuanming, Dialdehyde starch nano-
particles: preparation and application in drug carrier, Chin. Sci. Bull. 52 (21)
(2007) 2913–2918.

[10] E.B. Denkbas, M. Seyyal, E. Piskin, Implantable 5-fluorouracil loaded chitosan
scaffolds prepared by wet spinning, J. Membr. Sci. 172 (1–2) (2000) 33–38.

[11] P.K. Dutta, S. Tripathi, G.K. Mehrotra, J. Dutta, Perspectives for chitosan based
antimicrobial films in food applications, Food Chem. 114 (4) (2009) 1173–1182.

[12] M.J. Fabra, P. Talens, A. Chiralt, Water sorption isotherms and phase transitions
of sodium caseinatee lipid films as affected by lipid interactions, Food Hy-
drocolloid 24 (4) (2010) 384–391.

[13] S. Galus, J. Kadzinska, Whey protein edible films modified with almond and
walnut oils, Food Hydrocolloid 52 (2016) 78–86.

[14] C. Gartner, C. Pelaez, B.L. Lopez, Characterization of chitin and chitosan ex-
tracted from shrimp shells by two methods, e-Polym. 10 (1) (2010) 1–16.

[15] H. Gocho, H. Shimizu, A. Tanioka, T.J. Chou, T. Nakajima, Effect of polymer
chain end on sorption isotherm of water by chitosan, Carbohydr. Polym. 41
(2000) 87–90.

[16] S. Guilbert, A. Giannakopoulo, J.C. Cheftel, Diffusivity of sorbic acid in food gels
at high and intermediate water activities, Prop. Water Foods 90 (1985)
343–356.

[17] A.V. Ilyina, V.E. Tikhonov, A.I. Albulov, V.P. Varlamov, Enzymatic preparation of
acid-free-water-soluble chitosan, Process. Biochem. 35 (2000) 563–568.

[18] R. Jayakumar, M. Prabaharan, S.V. Nair, S. Tokura, H. Tamura, N. Selvamurugan,
Novel carboxymethyl derivatives of chitin and chitosan materials and their
biomedical applications, Prog. Mater. Sci. 55 (7) (2010) 675–709.

[19] Z. Jia, D. Shen, W. Xu, Synthesis and antibacterial activities of quaternary
ammonium salt of chitosan, Carbohydr. Res. 333 (1) (2001) 1–6.

[20] C. Jo, J.W. Lee, K.H. Lee, M.W. Byun, Quality properties of pork sausage pre-
pared with water-soluble chitosan oligomer, Meat. Sci. 59 (4) (2001) 369–375.

[21] M. Kacurakova, M. Mathlouthi, FTIR and laser-Raman spectra of oligo-
saccharides in water: characterization of the glycosidic bond, Carbohydr. Res.
284 (2) (1996) 145–157.

[22] K. Kurita, Chitin and chitosan: functional biopolymers from marine crusta-
ceans, Mar. Biotechnol. 8 (3) (2006) 203–226.
[23] M.A. Lago, R. Sendon, A. Rodriguez-Bernaldo de Quiros, A. Sanches-Silva, H.
S. Costa, D.I. Sanchez-Machado, H. Soto Valdez, I. Angulo, G.P. Aurrekoetxea,
E. Torrieri, J. Lopez-Cervantes, P. Paseiro, Preparation and characterization of
antimicrobial films based on chitosan for active food packaging applications,
Food Bioprocess. Technol. 7 (10) (2014) 2932–2941.

[24] J.T. Martins, M.A. Cerqueira, A.A. Vicente, Influence of α-tocopherol on phy-
sicochemical properties of chitosan-based films, Food Hydrocolloid 27 (1)
(2012) 220–227.

[25] N. Meng, N.L. Zhou, S.Q. Zhang, J. Shen, Synthesis and antimicrobial activities
of polymer/montmorillonite - chlorhexidine acetate nanocomposite films,
Appl. Clay Sci. 42 (2009) 667–670.

[26] A. Munoz-Bonilla, M. Fernandez-Garcia, Polymeric materials with anti-
microbial activity, Prog. Polym. Sci. 37 (2) (2012) 281–339.

[27] A.M. Nafchi, A.K. Alias, S. Mahmud, M. Robal, Antimicrobial, rheological and
physicochemical properties of sago starch films filled with nanorod-rich zinc
oxide, J. Food Eng. 113 (4) (2012) 511–519.

[28] S.M. Ojagh, M. Rezaei, S.H. Razavi, S.M.H. Hosseini, Development and eva-
luation of a novel biodegradable film made from chitosan and cinnamon es-
sential oil with low affinity toward water, Food Chem. 122 (1) (2010) 161–166.

[29] B. Oliva, A. O’neill, J.M. wilson, P.J. Ohanlon, I. Chopra, Antimicrobial properties
and mode of action of the pyrrothine holomycin, Antimicrob. Agents Che-
mother. 45 (2) (2001) 532–539.

[30] S.I. Park, Y. Zhao, Incorporation of a high concentration of mineral or vitamin
into chitosan-Based films, J. Agric. Food Chem. 52 (7) (2004) 1933–1939.

[31] K.R. Rajisha, H.J. Maria, L.A. Pothan, A. Zakiah, S. Thomas, Preparation and
characterization of potato starch nanocrystal reinforced natural rubber na-
nocomposites, Int. J. Biol. Macromol. 67 (2014) 147–153.

[32] M. Rinaudo, Main properties and current applications of some polysaccharides
as biomaterials, Polym. Int. 57 (3) (2008) 397–430.

[33] M. Rinaudo, Chitin and chitosan: properties and applications, Prog. Polym. Sci.
31 (7) (2006) 603–622.

[34] G.C. Ritthidej, T. Phaechamud, T. Koizumi, Moist heat treatment on physico-
chemical change of Chitosan SALT films, Int. J. Pharm. 232 (1–2) (2002) 11–22.

[35] V.E. Tikhonov, E.A. Stepnova, V.G. Babak, I.A. Yamskov, J. Palma-Guerrero, H.
B. Jansson, L.V. Lopez-Llorca, J. Salinas, D.V. Gerasimenko, I.D. Avdienko, V.
P. Varlamov, Bactericidal and antifungal activities of a low molecular weight
chitosan and its N-/2(3)-(dodec-2-enyl) succinoyl/-derivatives, Carbohydr.
Polym. 64 (1) (2006) 66–72.

[36] M.B. Vasconez, S.K. Flores, C.A. Campos, J. Alvarado, L.N. Gerschenson, Anti-
microbial activity and physical properties of chitosan-tapioca starch based
edible films and coatings, Food Res. Int. 42 (7) (2009) 762–769.

[37] H. Weickmann, J.C. Tiller, R. Thomann, R. Mulhaupt, Metallized organoclays as
new intermediates for aqueous nanohybrid dispersions, nanohybrid catalysts
and antimicrobial polymer hybrid nanocomposites, Macromol. Mater. Eng.
290 (9) (2005) 875–883.

http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref4
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref4
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref4
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref4
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref5
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref5
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref5
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref5
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref6
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref6
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref6
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref7
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref7
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref8
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref8
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref9
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref9
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref9
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref9
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref10
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref10
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref10
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref11
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref11
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref11
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref12
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref12
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref12
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref12
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref13
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref13
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref13
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref14
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref14
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref14
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref15
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref15
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref15
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref15
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref16
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref16
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref16
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref16
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref17
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref17
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref17
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref18
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref18
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref18
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref18
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref19
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref19
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref19
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref20
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref20
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref20
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref21
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref21
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref21
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref21
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref22
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref22
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref22
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref23
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref23
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref23
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref23
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref23
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref23
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref24
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref24
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref24
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref24
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref24
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref24
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref25
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref25
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref25
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref25
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref26
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref26
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref26
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref27
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref27
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref27
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref27
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref28
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref28
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref28
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref28
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref29
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref29
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref29
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref29
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref30
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref30
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref30
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref31
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref31
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref31
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref31
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref32
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref32
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref32
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref33
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref33
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref33
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref34
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref34
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref34
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref35
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref35
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref35
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref35
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref35
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref35
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref36
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref36
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref36
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref36
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref37
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref37
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref37
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref37
http://refhub.elsevier.com/S2307-5023(16)30005-4/sbref37

	Development and characterization of chitosan-based antimicrobial films incorporated with streptomycin loaded starch...
	Introduction
	Materials and methods
	Chemicals
	Synthesis of streptomycin loaded starch nanoparticles (SS-NPs) embedded Chitosan-gelatin film
	Synthesis of Streptomycin loaded starch nanoparticles
	Preparation of SS-NPs loaded chitosan film

	2.3. Swelling study of SS-NPs embedded Chitosan-gelatin film
	Solubility of SS-NPs embedded Chitosan-gelatin film in Water
	Degradation ability of SS-NPs embedded Chitosan-gelatin film
	Moisture content study of SS-NPs embedded Chitosan-gelatin film
	Characterization of SS-NPs embedded Chitosan-gelatin film
	X-ray diffraction
	FTIR
	Scanning Electron Microscopy (SEM)

	Antibacterial activity
	Study of release of Streptomycin from SS-NPs embedded Chitosan-gelatin film

	Results
	Characterization of SS-NPs embedded chitosan gelatin film
	Antibacterial activity
	Drug release of SS-NPs embedded Chitosan- gelatin film

	Discussion
	Conclusion
	Executive summary
	Conflict of interests
	Ethics statement
	Funding Source statement
	Acknowledgements
	References




