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Highlights
• A composite film is obtained from cassava starch and silver vein graphite composite.
• It shows antibacterial activity against Staphylococcus aureus and Escherichia coli.
• It is an eco-friendly, cost effective, antibacterial polymer composite.
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Abstract: Nowadays starch based natural polymers have been
received tremendous attention owing to their non-toxicity,
biodegradability, and biocompatibility. However, the applications
of starch-based films are restricted due to water sensitivity and
bacterial contaminations. To overcome these issues, a polymer
composite film was produced by solution casting using cassava
starch and silver vein graphite composite. The incorporation
of silver vein graphite composite into cassava starch showed
a reduction in water absorption capacity of the film. Polymer
composite film from cassava starch and SVG (SVG/C.St film)
showed excellent antibacterial activity against Staphylococcus
aureus (diameter of the inhibition zone, ±22 mm; positive control,
±24 mm) and moderate activity against Escherichia coli (diameter
of the inhibition zone, ±8 mm; positive control, ±23 mm).
Inhibition zones were not observed for any of those bacteria
species when C.St films were used. Therefore, SVG/C.St film
could be a promising material for many antibacterial applications.
Keywords: Vein graphite; Silver nanoparticles; Antibacterial
activity; Cassava starch.

INTRODUCTION
Due to the environmental impact of non-biodegradable
petroleum-based synthetic polymers, natural polymers
have received tremendous attention in recent years owing to
their non-toxicity, biodegradability, and biocompatibility.
Among the biodegradable polymers, starch has been
increasingly studied for the fabrication of biodegradable
films due to its low cost, renewability, nontoxicity and
availability (Shah et al., 2016). Cassava is one of the most
abundant sources of starch worldwide (Chisenga et al.,
2019). Films developed from cassava starch are described as
transparent, odorless, tasteless, and non-toxic (Chiumarelli
et al., 2010). However, the applications of starch-based
films are restricted by some of their characteristics such
as intractable nature, brittleness, water sensitivity, poor
mechanical strength and bacterial contaminations (Abreu
et al., 2015).
Some of these shortcomings can potentially be
solved with the addition of plasticizers and surfactants
(Santacruz et al., 2015). Commonly used plasticizers

are glycerol, sorbitol and polyethylene glycol. They can
overcome the brittleness of starch films and improve their
flexibility and extensibility. Surfactants and solubilizers
are also important in starch film formation (Santacruz et
al., 2015). Acetic acid can function as a surfactant and
solubilizer. It can strengthen the possible interactions
between the surfactant and polymer molecules, which
reduces the flexibility of polymer chains during the film
formation and may lead to thicker films (Hema Prabha and
Ranganathan, 2018).
Bacterial contamination is the major problem
associated with biodegradable starch films (Abreu et
al., 2015). Therefore, the incorporation of antimicrobial
nanocomposites as fillers in starch-based polymeric
films has great attention because they can overcome the
above drawback by controlling the growth of harmful
microorganisms (Galstyan et al., 2018). At the same
time the addition of nanoparticles into biodegradable
matirals leads to better usage of them in a wide range of
applications, including antimicrobial applications such
as food packaging and health care products (Souza et al.,
2018).
Silver is an effective antibacterial agent for
many harmful microorganisms and it can act against a
much broader spectrum of microbial species including
gram-positive and gram-negative bacteria (Vimbela et
al., 2017). But, in the practical applications of silver
nanoparticles (AgNPs), it may lose antibacterial activity
due to aggregation among particles (Arugutte et al., 2013).
However, it can be prevented by loading AgNPs onto some
supporting materials including graphene-based materials
(Song et al., 2016).
Graphene-based materials like graphite oxide,
reduced graphene oxide and silver graphene oxide
composites have been investigated to load silver nano
particles (Song et al., 2016; Rathnayake et al., 2018).
Specially, graphene oxide is regarded as a favorable matrix
for silver nanoparticle loading. This is because abundant
surface functional groups (–OH, C–O–C, and –COOH) on
graphene oxide can provide reactive sites for the nucleation
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and binding of metal nanoparticles (Song et al., 2016). But
the synthesis of graphene oxide is a complex and expensive
process that needs expensive hazardous chemicals.
Graphite can also be used for the preparation of composite
materials (Wu et al., 2002). Therefore, Silver vein graphite
composite can be developed as a loading material.
However, to make a silver vein graphite composite,
the properties of graphite should be enhanced by
modification. Many different studies have so far been
reported on modifying the surface of the vein graphite
structure (Amaraweera et al., 2018). Among them, mild
oxidation by thermal and chemical treatments has been
identified as a successful method for surface modification
(Amaraweera et al., 2018). Moreover after modifying, the
surface of natural graphite is covered with a dense layer
of oxides containing a wide variety of functional groups
such as hydroxyl, phenol, ether, ester, and carbonyl groups
(Amaraweera et al., 2018). Surface modified vein graphite
has oxygen-containing functional groups, and hence Ag
nanoparticles can strongly attach to the graphite surface
to obtain AgNPs-loaded vein graphite composite (Kumari
et al., 2019). This novel silver vein graphite composite
showed higher antibacterial efficiency against Escherichia
coli and Staphylococcus aureus (Kumari et al., 2019). This
silver vein graphite composite may have the potential to be
used in antibacterial applications.
The incorporation of AgNPs into the starch film
can improve antibacterial activity as well as mechanical
properties and barrier properties of the films (Cano et
al., 2016). The corn starch films incorporating silver
nanoparticles obtained using short glucan chains as a food
packaging material have been reported (Ji et al., 2016).
The incorporation of AgNPs into packaging materials can
improve mechanical strength, water vapor barrier property,
and water contact angle of nanocomposite films (Ji et al.,
2016).
Eventhough, siver-graphene composites based
fillers are used to develop antibacterial polymer
composites, studies are not reported related to silver vein
graphite composites. Siver vein graphite composite is
directly synthesized from vein graphite without conversion
to the graphene. Therefore, due to this replacement,
production cost and time of the antibacterial material can
be significantly reduced. In the present work, the polymer
composite films from cassava starch and silver vein
graphite composite (SVG/C.St film) were prepared by
the solution casting procedure using silver vein graphite
composite as a filler for cassava starch-based polymer
matrix. This polymer composite can be applied as a cost
effective antibacterial film in a range of technological
fields including the biomedical industry and antibacterial
packaging. The combination of the biodegradability of the
cassava starch based polymer matrix and effiencent anti
bacterial activity of SVG will be a promossing alternative
for the very expensive, synthetic, non-biodegradable
polymer based films.
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MATERIALS AND METHODS
Materials
Cassava were collected locally. Vein graphite was collected
from the Kahatagaha mine in Sri Lanka. All the chemicals
Glycerol, Acetic acid, 69% Nitric acid, 5% Hydrochloric
acid, Silver nitrate, Trisodium citrate, Eosin methylene
blue agar, Nutrient agar and Nutrient broth used for this
study were purchased from Sigma-Aldrich. Gentamicin
was obtained from Tabrane Pharmaceuticals (Pvt) Ltd, Sri
Lanka.
Preparation of films
Preparation of silver vein graphite composite
The samples were powdered using a vibratory disk mill.
The particle size fraction of < 53 μm was separated and
collected by mechanical sieving. Graphite purification was
done by using the acid leaching method while the surface
was modified by a mild oxidation method (Amaraweera
et al., 2018). Silver vein graphite (from here onwards
silver vein graphite is reffered as SVG) composites were
synthesized using 0.002 M of AgNO3 and trisodium citrate
as a reducing agent (Amaraweera et al., 2020).
Extraction of cassava starch
Cassava Starch was extracted using a wet extraction
method (Benesi et al., 2004). One kilogram of cassava was
washed thoroughly, peeled, and sliced. Sliced cassava was
blended with distilled water using a blender and filtered
using a nylon cloth. The filtrate was then allowed to
settle for approximately 2 hours. After the sedimentation,
the supernatant was removed to obtain wet starch. It was
washed several times with distilled water to remove any
impurities present. The purified wet starch was dried at
40 °C for 24 hours and crushed into a fine powder.
Preparation of control film from cassava starch
Polymer film from cassava starch (from here onwards
polymer film from cassava starch is reffered as C.St film)
was prepared using a method adapted from a previous
study conducted by Mohan and co-workers with some
modifications (Mohan et al., 2017). Cassava starch powder
(3 g) was dissolved in 25 mL of distilled water. Then, 3 mL
of 5% acetic acid and 2 mL of glycerol were added to the
solution. The solution was maintained at 80 °C and stirred
at 700 rpm using a temperature-controlled magnetic stirrer
for 20 min. After the gelatinization, the mixture was kept
at the same temperature for 10 minutes. The solution was
then cast into petri dishes and left at room temperature for
4 days for drying. Dried films were hand-peeled from the
molds and placed on a desiccator for 1 day to remove the
moisture.
Preparation of polymer composite film from cassava starch
and SVG
Cassava starch powder (3 g) was dissolved in 25 mL of
distilled water. Then, 3 mL of 5% acetic acid and 2 mL of
glycerol were added to the solution. Thereafter, silver vein

279

M.A.S.R. Senevirathna et al.
graphite composite (0.1 g) was added to the heating mixture.
Then the procedure for preparing C.St film (section 2.2.3)
was followed in preparing polymer composite film from
cassava starch and SVG (from here onwards polymer
composite film from cassava starch and SVG is reffered as
SVG/C.St film).
Characterization
Fourier transform infrared spectroscopy (FTIR)
The IR spectra for all the films were obtained with
FTIR spectrophotometer (Bruker-Alpha) equipped with
a Platinum ATR device in attenuated total reflectance
mode (ATR). The measurements were recorded between
4000-500 cm-1 with the resolution of 4 cm-1 and 64 scans.
Film thickness
The thicknesses of the SVG/C.St film and C.St film were
measured using a digital micrometer (Mitutoya Digimatic
Micrometre MDC-1 SXF Model). Thickness was
determined by the average of five random measurements
on each film.
Water Vapor Permeability Test (WVP)

Swelling properties
Swelling properties were determined according to the
method described by Lalnunthari and team with some
modifications (Lalnunthari et al., 2019). Each film was
cut into 1×2 cm in size and weight (W1) was taken and it
was immersed in deionized water for 4 min. Wet samples
were wiped with Whatman filter paper to remove excess
liquid and the weight of the film was measured (W2). The
swelling percentage was calculated by the equation 3.
							
(3)
Analyses were carried out in triplicate for each sample.
Solubility in water
Solubility of the films were measured following the method
described in literature (Wang et al. 2017). Each film was
cut into 3 × 2 cm in size and weight (W1) was taken. They
were immersed in 30 mL of deionized water at 25 °C for
24 hours. Undissolved portions were filtered out and dried
in an oven at 40 °C and final weight (W2) was measured
(This step was repeated for the samples immersed for
7 days).

The water vapor permeability is a measure of the passage of
water vapor through the material. The property was tested
for both films according to the ASTM E96 (Standard)
method with some modifications (Lalnunthari et al., 2019).
Circular film samples were mounted and sealed on the open
mouth of cylindrical jars containing 50 g of anhydrous
calcium chloride (0% RH). The assembly was placed in
a desiccator at 25 °C containing a saturated solution of
sodium chloride (75% RH). Six weight measurements
were taken over 6 h. Changes in the weight of the jars were
recorded to the nearest 0.0001 g and plotted as a function of
time and the slope of the line was calculated.

The film solubility (%) was calculated by the equation 4,

Water Vapor Transmission Rate (WVTR) was calculated
from equation 1.

Antibacterial activities

							
(4)
Analyses were carried out in triplicate for each
sample and the mean value was taken.
Thermal properties
The DSC thermograms were acquired by (TA Instruments
Q200) equipment. The samples were heated from -20 °C to
300 °C at a rate of 10 °C / min under a nitrogen atmosphere.

Antibacterial tests of films were conducted by the disk
diffusion method using E. coli and S. aureus (supplied by
(1)
the Medical Research Institute, Sri Lanka) as representative
							
of gram-negative and gram-positive bacteria respectively
where,
and both bacteria cause food and water contamination
∆𝑚/∆𝑡 is the weight of moisture gain per unit time (g/h), A resulting health hazards. The tests were conducted under
is the area of the exposed film surface (m2).
sterile conditions and were run in triplicates. The films
After the permeation tests, the Water Vapor Permeability (C.St and SVG/C.St film) were cut into disk-like pieces
(WVP) (g Pa-1 h-1 m-1) was calculated using the equation 2; with a diameter of 6 mm and were sterilized using a UV
light for 1 h. Pure colonies from fresh grown E. coli and
							
S. aureus were isolated and transferred from the plates
			
(2) into tubes with sterile normal saline solution. The tubes
were vortexed to form homogenous suspensions. After
adjusting the turbidity to 0.5 McFarland standard units, the
where,
P is the saturation vapor pressures of water (Pa) at the test suspensions were poured over the plates of Mueller–Hinton
temperature (25 °C), R1 is the RH in the desiccator, R2 is agar (MHA) and sterile disks of the films (with a diameter
the RH in the cylindrical jar and X is the film thickness (m). of 6 mm) were placed over these plates. The sterile filter
Under these conditions, the driving force [P (R1 – R2)] is paper disks (with a diameter of 6 mm) were impregnated
3073.93 Pa. Analyses were carried out in triplicate for each with the positive control (Gentamicin, 40 mg/mL) and
negative control (C.St film) were also placed in the plates.
sample.
Finally, the plates were incubated at 37 °C for 24 hours.
The inhibition zones were measured in millimeters.
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RESULTS AND DISCUSSION
C.St film was colorless and transparent. With the addition of
silver vein graphite, the light transmittance of the SVG/C.
St film has decreased due to the graphite in the film and
become ash in color. Both films were odorless. Average
thickness of the C.St film was 0.558(±0.007) mm while
that of SVG/C.St film was 0.392(±0.008) mm.
FTIR analysis
The interactions between silver vein graphite composite and
the cassava starch in the composite films were identified by
FTIR spectroscopy. The FTIR spectra of SVG, C.St film
and SVG/C.St film are shown in Figure 1.
The broad band at 3300-3400 cm-1 appearing in
both samples implies the presence of the O–H stretching
band. The bands at 2931 cm-1 are characteristic of the C-H
stretching vibration. Vibrational bands corresponding to
the O–H bending of the absorbed water at 1645 cm-1 is
present in both spectra. The band at 1149 cm-1 is due to
C-O-C asymmetric stretch vibration. Further, the presence
of absorption bands at around 1020 and 848 cm-1 in the two
spectra indicated that both films possess C-O and C-O-C
functional groups, respectively (Wua et al., 2021). FTIR
spectra of C.St and SVG/C.St films are almost identical

and show characteristic peaks corresponding to starch
molecules (Figure 1). This implies that SVG does not
interfere with the chemical structure of the polymer matrix.
Therefore, silver vein graphite composite may act as a filler
for the polymer composite but not chemically bonded to
the polymer matrix.
Water Vapor Permeability (WVP), swelling and
solubility
The control of water vapor transmission rate is an
important factor in most polymer film applications. As
shown in Table 1, C.St film has a high WVP value due to
the hydrophilicity of starch. The WVP value of SVG/C.St
film has decreased with the presence of silver vein graphite
composite in the dispersed phase of the cassava starch
matrix. Since silver vein graphite formed better interactions
with the cassava starch matrix, there are fewer paths for
water molecules to pass through in SVG/C.St film. This
path blocking has retarded the water vapor permeation
through the film. The composite films based on plasticized
starch and graphene oxide/reduced graphene oxide have
also reported similar results (Ma et al., 2013).
Water resistance is an important characteristic of
polymeric materials which can be indicated by swelling
and solubility percentages. Swelling and solubility are

Figure 1: FTIR spectra of silver vein graphite composite (SVG), C.St film and SVG/C.St film.

Table 1: Water vapor permeability, Swelling, and Solubility of the film obatained from cassava starch (C.St film) and polymer
composite film from cassava starch and SVG (SVG/C.St film).
Parameter

C.St film

SVG/C.St film

Water Vapor Permeability (WVP) (gPa-1h-1m-1)

3.71(±0.39) x 10-7

1.46(±0.23) x 10-7

Swelling (%)

37.04(±0.72)

17.73(±0.25)

Solubility ( after 24 hours) (%)

41.30(±0.85)

30.55(±0.66)

Solubility (after 7 days) (%)

97.08(±0.74)

47.89(±0.18)
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interrelated in such a way that the swelling initiates the
interaction between solvent molecules and polymer
chains which leads to solvation (Sienkiewicz et al.,
2017). During the swelling process, solvent molecules
are located in sterically available inner spaces of the
polymer matrix (Sienkiewicz et al., 2017). This adsorption
of solvent molecules leads to varying the pore geometry
and elongation of the polymer matrix which increase the
volume of polymeric material (Sienkiewicz et al., 2017).
When the fillers are introduced, sterically available free
spaces are reduced and accoringly, the interactions among
filler-polymer molecules retard the elongation process.
Subsequently, the extend of swelling and the solvation are
reduced due to the retardation of solvent intake (Ismail et
al., 2003). Due to the presence of hydroxyl groups, cassava
starch has a very hydrophilic character and its water
resistance is very poor (Bodirlau et al., 2013). It is indicated
by the calculated swelling and solubility percentages
shown in Table 1. After incorporation of the filler, SVG,
SVG/C.St film showed relatively low swelling degree and
solubility compared to C.St film (Table 1). Similar results
were reported in the use of graphene in the starch matrix
(Gürler and Torğut, 2021).
DSC analysis
DSC results showed that both films start to melt above
160 oC and melting temperature (Tm) of SVG/C.St film
is slightly higher than that of C.St film. This may be
due to the heat absorbance by the graphite which retards
the heating of polymer molecules and subsequently the
melting. Therefore these composite films can be used in
applications which work (or operates) below 160 oC.
Antibacterial activity of films
Figure 2 shows antibacterial activity of SVG/C.St film,
C.St film (negative control) and antibiotic - Gentamicin
(positive control) against Staphylococcus aureus and
Escherichia coli.
The exhibited inhibition zone for S. aureus by the
SVG/C.St film was ± 22 mm (Figure 2a) which is almost
similar to the results obtained for the positive control
(± 24 mm, Figure 2b). The value received for the E. coli
was ± 8 mm (Figure 2d) (for positive control ± 23 mm,

Figure 2e) which is comparatively low compared to S.
aureus. The negative control (C.St film) did not form an
inhibition zone for either type of bacterial strains (Figure 2c
and 3f). Results implies that SVG/C.St film has shown very
strong antibacterial activity against S. aureus and moderate
antibacterial activity against E. coli.
Different antibacterial agents show different
mechanisms to control the bacteria. Out of them some
mechanisms involve the disruption of bacterial cell
wall. Gram-negative bacteria have a outer impermeable
membrane which protects the cell wall peptidoglycans
(Wimmerstedt and Kahlmeter, 2008). Consequently, Gram
negative bacteria such as E. coli show more resistance
towards silver nano particles compared to Gram positive
bacteria such as S. aureus.
Previous studies also reported a similar trend when
compare the activity aginst Gram positive and Gram
negative bacteria (Ji et al., 2016; Srikhao et al., 2020).
A study showed that the film based on cassava starch/
polyvinyl alcohol containing silver nanoparticles was
effective against both E. coli and S. aureus where the
effect was higher for S. aureus (Srikhao et al., 2020). Their
results showed an inhibition zone of 0.87-1.87 mm for
E. coli and 8.06-9.15 mm for S. aureus. A study based on
Corn starch/AgNPs composite films showed the diameter
of the inhibition zone against S. aureus (13.2 mm) and
E. coli (11.6 mm) (Ji et al., 2016). However, compared to
their studies, SVG/C.St film had shown better antibacterial
activity
Graphene oxide is commonly used as the loading
material for silver nanoparticles to avoid the agglomerations
during anti bacterial starch - AgNP composite preparation
(Usman et al., 2016). These studies used the modified
hummers method for the synthesis of graphene oxide. These
methods are not eco-friendly due to the use of hazardous
chemicals. However, in the present study surface modified
vein graphite was used to load the silver nano particles.
Surface modification of vein graphite is eco friendly and
non-hazardous compared to synthesis of graphene oxide.
The SVG/C.St film which was synthesized using
cassava starch, silver nanoparticles and surface modified

Table 2: Comparison of antibacterial activities of polymer composite films based on starch and silver nano particles.

Antibacterial film

Antibacterial activity

References

Tested Strains

Inhibition zone (mm)

Polymer composite film from Cassava starch and
SVG

Escherichia coli
Staphylococcus aureus

±8
± 22

Current Study

Bionanocomposite film based on polyvinyl alcohol
/cassava starch, containing AgNPs

Escherichia coli
Staphylococcus aureus

0.87-1.87
8.06 -9.15

(Srikhao et al., 2020)

Corn starch films incorporating silver nanoparticles
obtained using short glucan chains

Escherichia coli
Staphylococcus aureus

11.6
13.2

(Ji et al., 2016)
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Figure 2: Antibacterial activity of (a) SVG/C.St film, (b) Antibiotic - Gentamicin (positive control) and (c) C.St film (negative
control) against Staphylococcus aureus and (d) SVG/C.St film, (e) Antibiotic - Gentamicin (positive control) and (f) C.St film
(negative control) against Escherichia coli (g) The relationship between inhibition zone of SVG/C.St film, C.St film (negative control)
and positive control Antibiotic - Gentamicin (positive control) against Escherichia coli and Staphylococcus aureus, by disc diffusion
method.

vein graphite showed good water resistance properties and
antibacterial activity. Due to the abudance of raw materials
it is more cost effective. Therefore, SVG/C.St films with
promising antibacterial activity and improved physical
properties have a high potential for industrial applications.
CONCLUSION
Cassava starch films with silver vein graphite composite
(SVG/C.St film) were obtained via the solution casting
method. SVG act as a filler in the polymer composite.
Preparation of SVG composite is eco-friendly and cost
effective. Further, cassava is readily available renewable

starch source which can be used to develop biodegradble
polymers. The SVG/C.St film showed a reduction in water
sensitivity compared to that of cassava starch film (C.St
film). These SVG/C.St films showed excellent antibacterial
activity against S. aureus (Inhibition zone, ±22 mm)
and moderate activity against E. coli (Inhibition zone,
±8mm). Hence it can be concluded that, the SVG/C.St film
developed in this study is a promising, cost effective and
eco friendly material for many antibacterial applications.
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