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Abstract

There has been a spreading attention in the present day to develop environmentally friendly materials
such as biodegradable starch films with antimicrobial properties for food protection. Chitosan has
exhibited antimicrobial activity against a wide range of microorganisms which provided great potential
to be used as a packaging material to prolong the shelf life of food products. The antimicrobial
properties of chitosan against some food-borne pathogens were investigated. Chitosan ranging from
2.5 to 10 mg ml* against some pathogenic bacteria (Escherichia coli TISTR 512, Bacillus cereus TISTR
035 Staphylococcus aureus TISTR 746 and Salmonella typhimurium TISTR 1470) and yeast (Candida
albicans TISTR 5554) was determined. All tested bacteria could be inhibited by concentration of
10 mg ml* except C. albicans TISTR 5554. Cassava starch/chitosan films incorporated with lemongrass
essential oil were examined in addition to its mechanical properties and antimicrobial stability during
storage. Total bacteria and fungi counts were low during 12 weeks of storage and tensile strength
decreased after 6 months of storage. However, elongation at break showed no significant difference
during the storage process. The functional and structural groups of tested films did not change during
6 months of storage confirmed by fourier transform infrared (FTIR) analysis. Overall, these films
have been recognized to be beneficial for application due to its stability, antimicrobial property and
biodegradable nature.
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INTRODUCTION

Plastic pollution has become one of the
most serious environmental issues. Approximately
8 million tons of plastic waste escape into the
oceans and it often contains additives that extend
the life of products. Since the United Nations
established the sustainable development goal 14
regarding life below water, all countries agreed
to reduce global marine pollution, in particular
plastics.! Biodegradable packaging obtained
from renewable sources such as starch offers
an alternative option which has been widely
used because of its low cost, good film-forming
properties and environmental friendliness.?®
Cassava is one of the most relatively inexpensive
source to produce cassava starch that offers quite
good film forming characteristics with similar
mechanical properties with plastic, although the
water vapor transmission rate is quite high.*>7#
In addition, cassava is acknowledged one of
Thailand’s most important economic crops and
approximately 67% of global products was
exported by Thailand in 2016.° In 2018, Thailand
was the world’s second biggest producer.’ To
improve water vapor barrier, brittleness, and
mechanical properties of the film, plasticizers
such as glycerol and kaolinite clay were added
to cassava starch films.>61112 Thus, the improved
mechanical and barrier properties of starch film
can act as a biodegradable package resulting
in more sustainability that result in positive
environmental impacts in consumer packaged
goods.

The synthetic preservation has raised
many health concerns and these have gained
the interest for the use of natural antimicrobial
compounds to improve food safety and shelf life.?
Chitosan has been investigated against a wide
range of microorganisms for its antimicrobial
activity.#*3** Chitosan with its cationic nature
could interact with negatively charged microbial
cell membranes causing cellular lysis.’>**¢ It has
been shown that the antimicrobial activity of
chitosan is more active in a coating solution than
in a film matrix.'” The application of a chitosan
coating showed the positive effect on the quality
maintenance and extending the shelf life of
postharvest blueberries®® and tomatoes.'® The

addition of essential oils with chitosan coating
were also effective in extending the shelf life of
fresh blueberries?®® and chilies.® Moreover, the
incorporated chitosan with starch film could
enhance the mechanical properties and improve
the surface structure.>* In addition, water vapor
permeability and solubility of starch films are
reduced with the addition of chitosan.”

The potential application of essential
oils (EOs) as natural antimicrobial compounds has
obtained attention as the demand increased for
natural food preservatives.??* The antimicrobial
effects of EOs against food-borne pathogens that
cause food spoilage have been reported.>?22>%7
The application of EOs as antimicrobials, besides
being used as foods flavoring, have been
demonstrated to increase the safety and shelf
life of food products.?**?’ It has been recorded
that lemongrass EO (LEO) solution could reduce
Salmonella enterica populations on leafy greens
by dip treatment.?”” Two major bioactive volatile
components, terpene and aroma compounds,
have been shown to correlate with antimicrobial
or other biological activities.?>** The antibacterial
activity of cinnamon, oregano, thyme and clove
EOs can be related to the principle bioactive
constitutes notably carvacrol, cinnamaldehyde,
eugenol and thymol.?® The general antimicrobial
action of EOs and their bioactives, including
lipophilic properties may be involved to the ability
to penetrate bacterial membranes resulting in the
inhibition of the functional contents of the cell.?*?
However, some limitations have been observed in
their application due to the intense aroma which
could result in sensory defects and the interaction
of EOs constituents with food components.?®
Therefore, the use of edible film to carry EOs
would reduce the negative impact.”®*> Starch/
chitosan film incorporated with thyme EO shows
antioxidant and antibacterial properties with an
increase in film yellowness.’® The cinnamon EO
(CEO) incorporated into cassava starch film exhibits
the antimicrobial activity and all added CEO is
released in 2 h.8 The potential use of antimicrobial
films for prolonging the shelf life of packed food
has been suggested.”®12528

Recently, cassava starch/chitosan/LEO
films have been successfully made through the
casting method.> The application is successfully
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conducted using a coating system and the results
show that it prolongs the chilies' storage by
lowering the total microbial growth and the chili's
weight loss. Moreover, the biodegradation of
starch-based films using soil burial tests and study
effects of biodegradation on soil microorganisms
and growth of water convolvulus (/pomoea
aquatica) have been studied (unpublished data).
The released chitosan significantly improves
its shoot length and root weight (unpublished
data). However, the shelf life of the films has
not been studied. Therefore, this research aims
to investigate the antimicrobial properties of
chitosan against some food-borne pathogens
and determine film mechanical properties and
antimicrobial stability during storage.

MATERIALS AND METHODS

Materials

The materials used in this research were
cassava starch (Fish brand, Thailand), kaolinite
clay (Amarin Ceramics Co., Ltd, Nonthaburi,
Thailand), glycerol (Univar, Australia), lemongrass
essential oil (AP Operation Co., Ltd, Chonburi,
Thailand), chitosan (low molecular weight 75-
85% deacetylated, Sigma Aldrich Co., Ltd, USA),
Tween-80 (Univar, Australia).

Microorganisms and culture conditions

All microorganisms used in this research
were previously listed.® Bacterial strains were
prepared in the nutrient broth (NB) and compared
with 0.5 McFarland standard of 1 x 10® CFU
ml?. It was conducted by adding a bacterial
suspension culture in 9 ml of sterilized NB media
and repeated to achieve 1 x 108 CFU ml?! for
each strain respectively. These strains were then
grown overnight at 37 °C and measured using
spectrophotometry under the absorbance of
600 nm to determine its turbidity and compared
with 0.5 McFarland standard equal turbidity to
1 x 108 CFU ml*. Moreover, cell suspensions were
diluted inits respective culture media to reach the
concentration of 1 x 10° CFU ml™* for antibacterial
activity test. All fungal strains were grown in potato
dextrose agar (PDA) media and incubated for 72
hat 30 °C.

Antimicrobial activity of chitosan

The stock chitosan solution (20
mg ml?) was prepared according to Perdana
et al.> Chitosan was dissolved in 1% v/v of glacial
acetic acid and pH was adjusted to 5.6 by adding
1 N NaOH.

Antibacterial activity of chitosan against
bacterial strains was measured by the agar well
diffusion method.? The bacterial suspension
of 100 ul was spread on the nutrient agar (NA).
The 5 mm well were made on the agar and 50 pl
chitosan solution with different concentrations of
10 mg ml?, 5 mg ml*and 2.5 mg ml* were put
aseptically on each well. In addition, the negative
control (1% of acetic acid) and the positive control
(tetracycline antibiotic 30 ug per disk) were put on
the agar. Plates containing bacteria were incubated
at 37 °Cfor 24 h. The inhibition zone was measured
using a vernier caliper.

Antifungal activity was measured as
described by Jiang et al.?® with modification and
reported as the percent of inhibition of fungal
growth. PDA medium mixed with different
concentrations of chitosan was prepared. The
plates were inoculated with 5 mm diameter plugs
taken from 7 day old colonies, grown on PDA and
incubated for 3 days at 30 °C. The plate without
chitosan was used as control. The percent of
inhibition was calculated by using the equation
below:

- DI:
x 100

1
Percent of inhibition (%) =

D, is the diameter of growth area in the
treatment plates and D_is the diameter of growth
in the control plate. The experiments were carried
out in three replicates.

Films preparation

The starch solution was prepared using
a solution-casting method described by Perdana
et al.> The gelatinized starch solution (3% w/v)
was mixed with glycerol (20 wt% of starch)
and kaolinite clay (4 wt% of starch). 10 mg ml*
chitosan (40 wt% of starch and lemongrass EO
(LEO) final concentration of 2% (v/v) were added
to the solution to obtain cassava starch/chitosan/
lemongrass essential oil (C/CS/LEQ) film. The
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solutions mentioned above were cooled, casted
and dried at 50 °C in an oven for two days.

Film shelf life studies

The C/CS/LEO films were punched with
the diameter of 5 mm using a punch plier. At least
six samples were kept in petri dishes at room
temperature for 6 months. Total microbial count,
mechanical properties and FTIR analysis were
carried out to investigate the film stability and
durability.

Total microbial count

The total mesophilic bacteria were
determined by spreading them in NA plates, while
fungi were grown in PDA. The 5 mm diameter
of C/CS/LEO film was added in the 1 ml of 0.1%
peptone. Further decimal dilutions were made
and 100 pl of film suspension was spread into NA
and PDA. Total number of bacteria and fungi were
observed every two weeks for 12 weeks.

Mechanical properties

Mechanical properties of C/CS/LEO films
were measured using tensile testing machine,
model Tinius Olsen Horison test according to ASTM
D624 as previously described.®

Fourier transform infrared analysis

FTIR spectra of the film were determined
every two weeks by Bruker Tensor 27 FT-IR
spectrometer (Bruker, Germany) with attenuated
total reflectance (ATR) mode. All spectra were
scanned five times at a wave number ranging from
400 to 4000 cm™.

Statistical analysis

All experiments were carried out in
triplicate and the mean values * standard
deviations were calculated. The results were
analyzed using a one-way analysis of variance
(ANOVA). Multiple comparisons were performed
using Duncan’s multiple range test (DMRT) to
determine the significant variation (P < 0.05).

RESULTS AND DISCUSSION

Antimicrobial activity of chitosan

The effect of different concentrations of
chitosan ranging from 2.5 to 10 mg ml* against
some pathogenic bacteria, both Gram-positive and
Gram-negative, and yeast C. albicans TISTR 5554
were determined by the agar well diffusion method
(Table). All tested bacteria could be inhibited by
chitosan at the concentration of 10 mg ml™.
However, 2.5 mg ml? of chitosan did not show an
inhibition zone similar to the control (acetic acid).
S. aureus TISTR 746 and B. cereus TISTR 035 were
sensitive to a chitosan concentration of 10 mg ml™.
In contrast, E. coli TISTR 512 and S. typhimurium
TISTR 1470 were more sensitive toward chitosan
as shown with its inhibition zone by 5 mg ml™.
The antimicrobial potency of chitosan depends
on degree of deacetylation, forms, its molecular
weight, concentrations and microorganism
strains.'*3%33 Qur results showed that chitosan had
a higher activity on Gram-negative than Gram-
positive bacteria. In contrast to data obtained for
chitosan with medium molecular weight and 75-
85% deacetylation, in gel form, it exhibited more
activity against the Gram-positive S. aureus than

Table. Antimicrobial activity of chitosan (2.5, 5 and 10 mg ml?) against different pathogenic microorganisms

Test microorganisms Inhibition zone (mm)

0 2.5 mg ml? 5 mg ml? 10 mg ml?!
E. coli TISTR 512 0.00+0? 0.00+0° 3.13+0.55° 5.30+0.53¢
S. typhimurium TISTR 1470 0.00+0? 0.00+0° 3.53+0.31° 4.33+0.85°
B. cereus TISTR 035 0.00+0? 0.00+0° 0.00+02 4,77+1.99°
S. aureus TISTR 746 0.00+0? 0.00+0° 0.00+02 3.33+0.21°
C. albicans TISTR 5554 0.00+0? 0.00+0° 0.00+02 0.00+0?

Values are meanzSD of three independent replications. Mean values with the same letter in the same row are not significantly

different from each other (ANOVA, DMRT, P > 0.05)
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Gram-negative E. coli based on turbidity and well
inhibition zone.'* However, there is no conclusive
data on whether the chitosan had higher activity
in Gram-positive or Gram-negative bacteria.®
Zheng and Zhu®? have reported the antimicrobial
activity of chitosan using different molecular
weights and found that when increasing molecular
weight of chitosan, the antimicrobial activity for
S. aureus increased, while it decreased for E. coli.
Chitosan used in our research was low molecular
weight and it showed a stronger effect for Gram-
negative bacteria. Liu et al.3* have reported the
bactericidal activity of chitosan and showed that
chitosan increases the permeability of the outer
and inner membranes resulting in the disruption of
bacterial cell membranes. Previous studies showed
that the interaction between protonated amine
groups and phosphoryl groups of the phospholipid
components of cell membrane caused cell
damage, therefore, high degree of deacetylation
of chitosan is more effective than those with
low degree.’3313435 Chitosan did not inhibit C.
albicans TISTR 5554 at all tested concentrations
(Table). Chitosan starting at 666 pg ml* or more
inhibited growth of C. albicans strain ATCC 10231.%
Therefore, the inhibition effects depend on the
medium used in addition to the amount of cells.
In Figure 1, antifungal activities of
chitosan against the fungi Aspergillus niger
TISTR 3130 and Mucor ruber TISTR 3006 were
carried out. There was no significant difference

(A)

100
90
80
70
60
50

40

% of inhibition

30

b b
b
20
0
25 5 10

Chitosan concentration mg mL*!

% of inhibition

among the concentrations of chitosan used for A.
niger TISTR 3130 (Figure 1A). However, different
concentrations of chitosan significantly increased
the inhibition of M. ruber TISTR 3006 (Figure 1B).
These results demonstrated that the antifungal
effect of chitosan against M. ruber TISTR 3006
was concentration-dependent. Consistently, the
dose-dependent inhibitory action of chitosan
was previously reported by Hemalatha et al.*’
and Raafat and Sahl.?! The study of antifungal
activity for four important food pathogenic fungi,
A. niger, A. flavus, Fusarium sp. and Penicillium sp.
showed that chitosan at 0.1% exhibited inhibitory
action on fungal growth from day 1 while 5%
concentration resulted in growth arrest.*’ In our
study, at 10 mg ml?, chitosan showed the most
significant inhibition (Figure 1B). Therefore, this
concentration was chosen to be incorporated with
cassava starch film.

Film shelf life studies
Total microbial count

There have been several studies
conducted on the antimicrobial activity of film
incorporated with chitosan and/or EOs.>?838
Hernandez-Garcia et al.?® reported that
antimicrobial activity of biodegradable films
incorporated with antimicrobial compounds to
control the growth of pathogenic or spoilage
bacteria have been wildly studied. In addition, the
application of antimicrobial films could extend the

(B)

0 2.5 5 10
Chitosan concentration mg mL*

Figure 1. % Inhibition of chitosan at concentrations of 0, 2.5, 5 and 10 mg ml* for A. niger TISTR 3130 (A) and M.
ruber TISTR 3006 (B) under radial growth method for 3 days of incubation on PDA agar. Each of the small letters
(a,b,c,d) indicate statistical significance (P < 0.05), analyzed by Duncan’s Multiple Range Test. The values are given

as mean t SE
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postharvest shelf life while maintaining the overall
produce quality.>'%?53%41 Based on the current
literature, this is the first report that presents
the result of total microbial count on film during
storage. The total microbial count has been carried
out during 12 weeks of observation as shown
by Figure 2. From week 3-12, the total number
of bacteria was lower than the fungi number.
However, bacterial and fungal counts were not
significantly different (P> 0.05) during 12 weeks of
storage. The number of microbial load on cassava
starch film has not been determined.

Mechanical properties stability during storage
During storage, the shelf life of film was
promptly examined by changes in their mechanical
properties. The tensile strength and elongation at
break during 6 months of storage varied between
6.29+1.72 to 11.06 + 1.61 MPa and 7.18 + 0.81
to 12.36 * 3.14 % respectively (Figure 3). The
film’s tensile strength gradually decreased during
longer storage times. After storage for 6 months,
tensile strength was reduced significantly 43.13%
(P < 0.05) compared to 0 month (Figure 3A).
However, there was no significant difference

Bl
== Fungi
8 - Bacteria
Ea.
>
ir
(&) a
02 .
= 74a
——
1 _—
0 T 1
10 12

Time (weeks)

Figure 2. Total microbial count on C/CS/LEO film during 12 weeks of storage at room temperature. The values are
mean * SE. The same vertical letters are not significantly different from each other (Duncan’s Multiple Range Test,

P <0.05)
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Figure 3. Mechanical properties of C/CS/LEO film on tensile strength (A) and elongation at break (B) during 6
months of storage. Values shown are mean + SE. Bars with different letters show significantly different (P < 0.05)

when analyzed by Duncan’s Multiple Range Test
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between 2 and 4 months of storage. Elongation
at break also showed no significant difference
during the storage (Figure 3B). The additives in the
film affected the film stability during storage.**®
Therefore, it is a major challenge to retain the
good functional properties of film during storage.
Previous studies showed that the appearance
or the mechanical properties of whey protein
isolate based films plasticized with glycerol did
not changed during storage for 30 weeks.* In
contrast, films plasticized with sorbitol showed
lower moisture content when compared to films
plasticized with glycerol and resulted in films being
harder and less flexible.** Mechanical properties of
corn-wheat starch/zein bilayer films were studied
during storage for 150 days.*? Both tensile strength
and elongation at break decreased, while storage
temperature and moisture are important factors,
affecting film’s mechanical properties.*

Fourier transform infrared (FTIR) analysis

The ATR/FTIR spectra of different films
(C, CS and C/CS/LEQ), glycerol and LEO are
presented in Figure 4. Similar trends in FTIR

spectra of C/CS/LEO were observed during storage
of 6 months (Figure 5). The peak around 3300
cm™ and 1100-1000 cm™ corresponded to the
stretching of -OH group and C-OH belonging to
starch, glycerol and water.** Recently, studies on
soil burial degradation of C/CS/LEO reported that
the peak around 3300 cm™ gradually disappeared
in 20 days (unpublished data). The peak around
1150 cm?, which was associated with the C-O-C
in the starch’s glycosidic linkage, was decreased
by the activity of a-amylase.** Three major peak
regions, highlighted with the dashed lines in Figure
5, gradually disappeared in 20 days due to soil
burial degradation (unpublished data). However,
C/CS/LEO film showed less reduction than C/CS,
while C film was degraded entirely within 5 days
(unpublished data). The addition of essential oil
in film formulation could reduce water vapor
permeability, possess antimicrobial activity and
contribute to the film network compactness.*>27:46
Our FTIR analysis confirmed that the functional
and structural groups in C/CS/LEO film did not
change during 6 months of storage.
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Figure 4. FTIR spectra of lemongrass EO (LEO), glycerol, cassava starch/chitosan film (CS), cassava starch film (C)
and cassava starch/chitosan/lemongrass essential oil (C/CS/LEQ)
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Figure 5. FTIR spectra of cassava starch/chitosan/lemongrass essential oil (C/CS/LEOQ) after storage for 0, 2, 4 and

6 months

CONCLUSION

Our investigation has confirmed that
chitosan, as a natural antimicrobial agent, has
the potential for future applications. Film shelf
life stability studies have indicated that film
mechanical properties did not change during
6 months of storage. The antimicrobial agents
incorporated in starch film potentially extended
the film’s shelf life. Our studies that investigated
film stability, durability and shelf life provide
important data on the potential application of
the films. Therefore, C/CS/LEO films which have at
least 6 months of shelf life, can be easily degraded
in compost and has shown great promise for food
packaging application.
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