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ABSTRACT

Antimicrobial (AM) packaging is one of the most promising active packaging systems.
Increase demand in food safety, quality, convenience and environmental concerns associated
with the handling of plastic waste has emphasized the importance in developing
biodegradable and edible films from natural polymers, such as starch. Starch-based film is
considered an economical material for antimicrobial packaging. This study aimed at the
development of food packaging based on wheat starch incorporated with chitosan and lauric
acid as antimicrobial agents. Chitosan has a widely been used in antimicrobial films, to
provide edible protective coating, dipping and spraying for the food products due to its
antimicrobial properties. Incorporation of chitosan and lauric acid as antimicrobial agent into
starch-based film enhance physical and mechanical properties of starch-based film. The
starch-based film also having antimicrobial properties that can extend shelf-life of the food
packed. The antimicrobial effect of antimicrobial starch-based (AM) film was tested on B.
substilis and E. coli. Inhibition of bacterial growth was examined using two methods, i.e. zone
of inhibition test on solid media and liquid culture test (optical density measurements). The
control (pure wheat starch) and AM film (incorporated with chitosan and lauric acid) were
produced by casting method. From the observations, AM films exhibited inhibitory zones.
Interestingly, a wide clear zone on solid media was observed for B. substilis growth inhibition
whereas inhibition for E. coli was not as effective as B. substilis. From the liquid culture test,
the AM films clearly demonstrated a better inhibition against B. substilis than E. coli.
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1. INTRODUCTION

There has been growing interest in films made from natural biopolymers such as starch and
chitosan as an alternative to solve waste disposal and undegraded polymers cause from
synthetic polymers. Therefore, the use of agricultural biopolymers that are easily
biodegradable not only would solve these problems, but would also provide a potential new
use for surplus farm production.]'3 Because of the environmental concerns and technological
problems such as denaturing effects of thermal polymer processing methods, extrusion and
injection molding, the incorporation of bi(i%reservatives into biodegradable films is more

suitable than incorporation into plastic films.



Antimicrobial packaging has been touted as a major focus in the next generation of ‘active’
packaging.” Antimicrobial packaging is the packaging system that is able to kill or inhibit
spoilage and pathogenic microorganisms that are contaminating foods. The new antimicrobial
function can be achieved by adding antimicrobial agents in the packaging system and/or using
antimicrobial polymers that satisfy conventional packaging requirements. When the
packaging system acquires antimicrobial activity, the packaging system (or material) limits or
prevents microbial growth by extending the lag period and reducing the growth rate or
decreases live counts of microorganisms.” Antimicrobial packaging can extend the food shelf-
life, thus improving the quality of the food.

In the food packaging sector, starch-based material has received great attention owing to its
biodegradability, edible, wide availability as agricultural surplus raw material, abundant, can
be produced at low cost and at large scale, nonallergic, easy to use and thermoprocessable.
Several studies are concentrated on the development of starch-based materials for the above-
mentioned reasons. ° Starches are polymers that naturally occur in a variety of botanical
sources such as wheat, corn, potatoes and tapioca. It is a renewable resource widely available
and can be obtained from different left over of harvesting and raw material industrialization. °
Besides, the preponderance of amylose in starch gives rise to stronger films. However,
biodegradable products based on starch, possess many disadvantages, mainly attributed to the
water solubility, brittle nature of starch films'® and poor mechanical properties. ' In order to
improve mechanical properties and water resistance, starch can be modified by several
methods such as blending with Syntheticw’ 1213 or natural polymers. %15 One of the effective
strategies to overcome the poor mechanical properties, while preserving the biodegradability
of the materials, is to associate starch with chitosan.

The scope of films made with starch combined with other polysaccharides was widened to
include chitosan for several reasons. '® First, chitosan is a biopolymer, cationic
polysaccharide, produced by the partial deacetylation of chitin isolated from naturalle
occurring crustacean shells is one of the most abundant naturally occurring polysaccharide. !
It is commercially available from a stable renewable source, that is, shellfish waste (shrimp
and crab shells) of the sea-food industry. Second, chitosan forms good films and membranes.
Chitosan films that were clean, though, flexible and good oxygen barmriers were formed by
solution casting. '* Some of these films contained glycerol and had good tensile strength. They
were readily biodegradable either in sea water or in soil. Third, the cationic properties of
chitosan offer the film-maker an opg)ortunity to take advantage of electrostatic interactions
with other anionic polysaccharides. % In addition chitosan possess immense potential as a
ackaging material owing to its biodegradability, biocompatibility and antimicrobial activity,
® and non-toxicity leading to extensively use over a wide range of applications. Besides,
chitosan film has a potential to be employed as packaging, particularly as an edible packaging.
Although chitosan films are highly impermeable to oxygen, they have relatively poor water
vapor barrier characteristics. 2% Antimicrobials, antioxidants, nutrients, colorants and flavors
can be possibly carried by chitosan-based films and released in a controlled manner. Chitosan
can inhibit the growth of a wide variety of fungi, yeasts and bacteria. 2128 For example,
biodegradable and edible chitosan films were produced to protect foods from fungal decay
and modify the atmospheres of fresh fruits. The functional properties of chitosan films are
improved when chitosan is combined with other film-forming materials. 23



Besides, the choice of chitosan in preparing the antimicrobial packaging films was based on
the fact that it has good film forming properties. The functional properties of chitosan films
are improved when chitosan is combined with other film-forming materials. 1> Chitosan can
also play an important role in the enhancement of starch-based film strength. 2

In the last years much research has been done conceming the use of biodegradable films as a
way of supporting antimicrobials in food products. Several researchers have previously
reported on coating food contact surfaces with antimicrobial compounds. Nisin and lauric acid
are two food-grade antimicrobials shown to be effective in food applications. Dawson et al.
(2002), incorporated lauric acid and nisin singly and together into thermally compacted soy
films. %7 Nisin and lauric acid films were equally effective in reducing L. monocytogenes in
1% peptone water after 48h exposure. However, the combination of nisin and lauric acid in
corn zein cast films was found to be more effective in reducing L. monocytogenes in peptone
water than when each used singly. ** The advantage in having a film material carrying a
biocide is that continued inhibition can occur during storage or distribution of the food
product. A packaging material with a wide antimicrobial spectrum would be necessary and
desirable for universal use to improve the storage stability of variety of foods. For this
purpose, the incorporation of another antimicrobial agent into the packaging materials would
be useful.

Lauric acid, a medium length- long chain fatty acid is found in the form of glycerides in a
number of natural fats, coconut oil and palm-kemel oil. It offers advantages in food
processing as it acts as a kind of preservative, staving off oxidation and spoilage. Lauric acid
has been shown to have an antimicrobial effect against gram positive bacteria and yeasts. 2.0
Reuchat & Golden (1989) suggested that fatty acids were bacteriostatic and may be gotential
microbial inhibitors in foods using a systematic approach with other antimicrobials. ° Based
on Padgett, Han & Dawson (2000), nisin instantaneously kills L. plantarum cells whereas
lauric inhibits more slowly but steady inhibitory effect. *' The incorporation of lipid
compounds such as fatty acid to a starch film decreases the moisture transfer due to their
hydrophobic properties. 32 Fatty acids, such as lauric acid were found to be effective in
limiting water vapor transfer through edible film. A

The objective of this study was to improve antimicrobial efficacy of starch based-film
incorporating with chitosan and lauric acid as antimicrobial agent. Mechanical and physical
properties were characterized, and antimicrobial efficacy was asses against test strain of
Gram-positive (B. subtilis) and Gram-negative bacteria (E. coli).

2. MATERIALS AND METHODS

2.1 Materials

Wheat starch and acetic acid (glacial 100%) that used to dissolve chitosan was purchased
from Mersk (Malaysia). Medium molecular weight chitosan was from Sigma-Aldrich
(Malaysia). Lauric acid was 99% pure purchased from Fluka Chemika (Malaysia) and
glycerol as a plastisizer was bought from HmbG chemicals (Malaysia).



2.2  Film preparation

A starch based film was formed using castmg process following prevmus work by Fama4 et al.
(2004).° A control film, without lauric acid or chitosan was formed using mixtures of starch
(5.0g), glycerol (2.5g) and water (92.5g).

Chitosan was dispersed in 400ml of distilled water to which 20 ml of glacial acetic acid was
added to dissolve the chitosan. The solution of starch and chitosan with different mixing ratios
[9:1, 8:2, 7:3, 6:4, 5.5, 4.6, 3.7, 2:8, 1.9 starch/chitosan (w/w)] were prepared by adding
glycerol (half amount of the starch) and 8% lauric acid (was added based on the percentage of
starch (g fatty acid per g starch). The solution was mixed by gentle stirring with a magnetic
stir bar until starch dissolved. The solution was then homogenized for about 15 min with
addition of slow heating. Stirring and heating were ended when the solution reaches
temperature of 80-86°C.

The 10 ml of the film forming solution was pipette and spread evenly into a petri dish bottom
(100x 15 mm) and allowed to air-dry at room temperature overnight.

After casting, 5 measurements were made on each sample using an electronic micrometer
{model Mitutoyo) and the mean thickness was calculated to the nearest 0.002 mm.

2.3 Testing Antimicrobial Effectiveness of AM Starch-Based Film
2.3.1 Agar Diffusion Method (Zone Inhibition Assay)

Antimicrobial activity test was carried out using agar diffusion method. Indicator cultures
were Bacillus subtilis and Eschericha coli, representing Gram-positive and Gram-negative
bacteria. One hundred microliters of the inoculum solution was added to 5 ml of the
appropriate soft agar, which was overlaid onto hard agar plates.

Each film was cut into squares (1cm x lcm) and was placed on the bacterial lawns. Duplicate
agar plates were prepared for each type of film and control film.The plates were incubated for
48 h at 37 °C in the appropriate incubation chamber (aerobic chamber for E.coli). The plates
were visually examined for zones of inhibition around the film disc, and the size of the zone
diameter was measured at two cross sectional points and the average was taken as the
inhibition zone. *®

2.3.2 Liquid Culture Test (Optical Density Measurements)

For the liquid culture test, * each film was cut into squares (lcm x lem). Three sample
squares were immersed in 20 ml nutrient broth (Merck, Germany) in a 25 ml universal bottle.
The medium was inoculated with 200pl of Eschericha colil B. subtilis in its late exponential
phase, and then transferred to an orbital shaker and rotated at 37°C at 200 r.p.m. The culture
was sampled periodically (0, 2, 4, 8, 12, 24 hours) during the incubation to obtain microbial
growth profiles. The same procedure was repeated for the control starch-based film. The
optical density (O.D. 600) was measured at A = 600nm using a spectrophotometer (Model
UV-160, Shimadzu, Japan).



2.4 Mechanical Properties of AM Starch-Based Film

2.4.1 Tensile Properties

The tensile strength, % elongation and Young modulus values of the films were investigated
using tensile machine Lloyd LRX materials testing machine (Lloyd Instruments Ltd,
Farcham, UK) according to ASTM D 638-03. The gauge length and the crosshead speed were
9.53 mm and 10 mm/min, respectively. Films were cut into strips according ASTM D638 T.5
in dumbbell shape. The tests were carried out at 23 £+ 2°C and 50 + 5% RH. Each
determination was taken from an average of five specimens.

2.4.2 Microstructure Studies by Scanning Electron Microscopy

Film surface morphology was examined using scanning electron microscopy. The dried film
samples were mounted on a metal stub with double-sided adhesive tape .The morphological
structures of the films were studied by a JSM-5600 LV scanning electron microscope of
JEOL, Tokyo, Japan and the images were taken at accelerating voltage 5 kV and a
magnification 100 times of origin specimen size.

3. RESULTS AND DISCUSSION

3.1. Antimicrobial Starch-Based Film Formation

In general a translucent starch-based film incorporated with lauric acid and chitosan presented
good flexibility than purely starch-based film was formulated and formed as can be seen in
figure 1. Film thickness ranged from 0.03 to 0.04 mm, with an average 0.0346 + 0.002 mm.

Figure 1: A translucent starch-based film incorporated with lauric acid and chitosan

3.2. Antimicrobial Effectiveness of AM Starch-Based Film
3.2.1. Inhibition of E. coli and B. subtilis on Agar Plate Test

The details of antimicrobial effectiveness of starch-based film incorporated with chitosan and



lauric acid are shown in figures 2- 5. The inhibitory activity was measured based on the
average diameter of the clear inhibition zone. If there was no clear zone surrounding as
revealed in figure 2, it was assumed that there was no inhibitory effect. After 24 hours
incubation at 37°C for starch film only (S), there was no inhibition occurred for both B.
subtilis and E. coli. Bacteria colonies also occurred at the top of film sample. On the contrary,
chitosan film only (C), showed a better inhibition than starch film only for both B. subtilis
than E. coli inhibition. However the effect was not as good as combination of chitosan and

lauric acid as shown in figure 2.

Figure 2: Comparison of inhibition area of (a) control film and (b) AM incorporated film

Starch and chitosan different mixing ratio (S: C) 8:2, revealed the best inhibition on B. subtilis
which is Gram- positive bacteria compared to other S: C ratios. In contrast, S: C ratio 9:1
showed a very good inhibition on E. coli (Gram-negative bacteria). From figure 3, the results
indicated that S: C ratio 8:2 is the best formulation to inhibit both B. subtilis and E. coli
effectively followed by S: C ratio 9:1. S: C ratio from 1:9-3:7 obviously more effective

towards inhibition of E. coli than S: C 4:6-7:3.

O B.subtilis
W E.coli

Inhibition diameter {cm)

Figure 3: Inhibition of B. subtilis and E. coli on agar plates figure based on average zone
diameter expressed as an area (cm) of inhibition zone



3.2.2 Liquid Culture Test (0.Dggo nm Measurement)

S: C ratio 8:2 is the most effective formulation to inhibit B. subtilis as can be seen in figure 4.
Meanwhile, S: C ratio 9:1 is the best formulation to inhibit E.coli (figure 5). Although there
were inhibition for both B. subsilis and E.coli, the antimicrobial starch-based film
incorporated with lauric acid and chitosan were more effective against Gram-positive bacteria
than the Gram-negative bacteria studied.

Lauric acid alone only has antimicrobial effect against Gram-positive bacteria and yeasts. 2> *°

The incorporation of lipid compounds such as fatty acid to a starch film decreases the
moisture transfer due to their hydrophobic properties. % Incorporation of chitosan, besides
inhibit E. coli and increase the film effect on B.subtilis inhibition, it helps to enhance the
antimicrobial starch-based film strength. %°

In fact, one of the reasons for the antimicrobial character of chitosan it’s positively charged
amino group which interacts with negatively charged microbial cell membranes, lcadjndrg to the
leakage of proteinaceous and other intracellular constituents of the microorganisms. ™ In the
Gram-positive bacteria, the major constituent of its cell wall is peptidoglycan and there is very
little protein. The cell wall of Gram-negative bacteria also has an outer membrane, which
constitutes the outer surface of the wall. *! Study from Jiang, Bi, Wang, Xu & Jiang (1997),
observed that from electron micrographs for Gram-positive and Gram-negative bacteria in the
presence of chitosan show the cell membrane of Gram-positive bacteria was weakened or
even broken, while the cytoplasma of Gram-negative bacteria was concentrated and the
interstice of the cell were clearly enlarged. This study indicated that the mechanisms of the
antimicrobial activity of chitosan were different between Gram-positive and Gram-negative
bacteria. Additionally, the antimicrobial mechanism of chitosan might differ from that of
other polysaccharides because there are positives charges on the surface of chitosan. +2
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Figure 4: Inhibition of controls (starch only and chitosan only) and starch (S): chitosan (C) on
B. subtilis m liquid culture test
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Figure 5: Inhibition of controls (starch only and chitosan only) and starch (S): chitosan (C) on
E. coli in liquid culture test

3.3 Mechanical Properties of AM Starch-Based Film

3.3.1 Tensile Properties

The mechanical resistance of films was studied according to three parameters: tensile strength
(TS), Young’s modulus (Y) and percent of elongation (E). Freddi, Romano, Massafra &
Tsukada (1995), observed that because polymer materials, such as films, may be subjected to
various kinds of stress during use, the determination of the mechanical properties involves not
only scientific but also technological and practical aspects. ** The tensile strength (TS) value
of the AM starch-based film incorporated chitosan and with 8% lauric acid films with
different starch: chitosan (S:C) ratios are shown in figure 6. The tensile strength of the pure
chitosan film was 36.7 MPa and much higher than of starch film (6.03 MPa). The results show
that the preparation of AM starch-based film incorporated with chitosan and 8% lauric acid
could improve the mechanical properties of the material. Both the addition of chitosan and
lauric acid increase the AM starch-based film strength and stiffness. When the chitosan was
added into the starch solution, there was a gradual increase in both tensile strength and
Young’s modulus (figure 6 and figure 8). The tensile strength of the resulting blend film
increased with increase of chitosan content and reached a maximum point at about 90 wt %
chitosan content. (S: C ratio 1:9), achieving 65.2 MPa. The significant increment in the tensile
strength of the AM starch-based film incorporated with chitosan and lauric acid indicated the
presence of intermolecular interactions in the blends films. Respectively, the Young’s modulus
value was 6252200 MPa at the maximum point of 90 wt % chitosan content.

The percentage elongation (E) values of the AM starch-based film incorporated with chitosan
and lauric acid are a measure of the flexibility of the film and were effected by the starch to
chitosan ratios (S:C). The average E values of the films increased from 65.7 % to 79.57 % for
the S: C ratio 5:5 as shown in figure 7. The increase in percentage elongation with increase in
starch content is due to the reduction in the number of intermolecular cross-links and increase
in the inter-molecular distance. >

Structurally, chitosan is similar to cellulose but contains an NH; group in the position of the
Cs hydroxyl group. Due to its linearity high molecular weight chitosan generally possesses the



higher mechanical properties when compared with starch which contains branching
amylopectin. As a result, the incorporation of chitosan into the starch-based film led to
improvement in both tensile strength and Young’s modulus due the reinforcement effect. **
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Figure 6: Effect of the film composition on tensile strength
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Figure 7: Effect of the film composition on percentage of elongation
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Figure 8: Effect of the film composition on Young’s modulus
3.3.2 Microstructure Studies by Scanning Electron Microscopy

SEMs of the surfaces of the pure starch film, chitosan film and the blend films are shown in
figures 9a-9k. The pure starch film (figure 9a) exhibit characteristic patterns on the film
surface. These pattemns represent the withered ghost granules of starch. Figure 9k shows the
surface of pure chitosan films to be relatively smooth, to be homogeneous and to be a
continuous matrix without any pores or cracks with good structural integrity. It was flat and
compact with very sparsely distributed small particles without any phase separation. The
blend films of starch-chitosan various ratio (figures 9b-9j) also exhibit such patterns, the
intensity of which reduced with the decreasing concentration of starch as revealed from
figures 9f to 9j. Chitosan microdomains were dispersed within the starch matrix in the blend
films with relatively good interfacial adhesion between the two components and were similar
to the surface cellulose/ carboxymethylated-chitosan blends. ** As the amylose molecules are
preferentially dissolved by water and are easily released from the starch granules, it can be
supposed that the continuous re%mn (matrix) correspond to a network structure consisting
mostly of amylose and chitosan.

.Flgurc a: Starch pure ﬁlm
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Figure 9k: Chitosan pure film

4. CONCLUSION

Antimicrobial starch-based film incorporated with chitosan and lauric acid was prepared
successfully by casting technique. Antimicrobial starch-based film exhibited good film
forming property due to the presence of high density of amino groups and hydroxyl groups
and inter and intra molecular hydrogen bonding. The chitosan and lauric acid showed
interesting qualities in the field of antimicrobial packaging, due to antimicrobial activities of
chitosan and lauric acid. Incorporating chitosan and lauric acid into starch based film showed
obvious effects towards inhibition of B. subtilis and E. coli indicated that the film had
synergistic antimicrobial effect when chitosan and lauric acid were combined. The
antimicrobial starch-based film demonstrates more effective antimicrobial ability against B.
subtilis than E. coli. The solution of starch and chitosan with different mixing ratio (w/w) 8:2
and 9:1 were the most effective mixing ratio which had greater inhibition on both B. subtilis
and E. coli than others solution as revealed in agar plate test and liquid culture test. The tensile
properties of the antimicrobial starch-based film had been improved by the addition of
chitosan. Chitosan reinforced the tensile strength and Young’s modulus due to the structural
similarity to starch and linearity. Surface morphology of antimicrobial starch-based film
examined by SEM revealed that there was interaction and microphase separation between



starch and chitosan molecules. These results suggested that these two film-forming
components were compatible and an interaction existed between them. These antimicrobial
starch-based films can be used to extend food shelf life.
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