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ABSTRACT: The aim of this study was to evaluate bioactivity of chitosan film with incorporated
caraway essential oil by measuring antioxidant and antimicrobial activity. A Fourier transform infrared
spectroscopy was used to determine the potential interaction of functional groups of chitosan film and
incorporated caraway essential oil. New detected peaks and main shifts in the peaks of chitosan
spectra are attributed mainly to presence of s-(+)-carvone and limonene, the main components of
caraway essential oil. The antioxidant activity of chitosan film was analyzed by DPPH method.
Chitosan film without incorporated caraway essential oil showed the lowest scavenging ability
(29.95%, after 24 h). The addition of different concentrations of caraway essential oil into chitosan film
significantly enhanced antioxidant activity of pure chitosan film, reaching the maximum of 95%. ASTM
E 2149 - 01 method was performed to evaluate the antimicrobial activity of chitosan films. The
reduction of bacteria cell number in contact with examined films was tested on Gram-positive bacteria
Staphylococcus aureus and Listeria monocytogenes and Gram-negative bacteria Escherichia coli and
Salmonella Typhimurium. The most sensitive bacteria was Staphylococcus aureus and the most
resistant bacteria was Salmonella Typhimurium for all tested films. These results suggested that
incorporation of caraway essential oil into chitosan film significantly improved its antioxidant and
antimicrobial activity. The film showed a great potential to be used as an active packaging material.
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INTRODUCTION

Biopolymer films have been the focus of
the worldwide attention for the past two
decades because of their great ability to
slow down moisture, oxygen, aromas and
solute transports, and of their environ-
mental advantages, such as biodegrada-
bility and compatible renewable resource
(Ruiz-Navajas et al., 2013).

Chitosan is a semi natural polymer ob-
tained by deacetylation of chitin, and it has
interesting properties such as excellent
film forming ability and gas and aroma
barrier properties at dry conditions, which
makes it a suitable material in designing
food coatings and packaging structures

(Portes et al., 2009; Martins et al., 2012;
Ruiz-Navajas et al., 2013). Pure chitosan
films were described as generally cohe-
sive, compact with smooth surface without
pores or cracks (Hromi§ et al., 2014).
There are many literature data about
chitosan high antioxidant and antimicrobial
activity and ability to inhibit the growth of a
wide variety of fungi, yeasts and bacteria
(Portes et al., 2009; Siripatrawan and
Harte, 2010). A higher antimicrobial effi-
ciency of chitosan against Gram-positive
than Gram-negative bacteria has been re-
ported (Coma et. al., 2003; Wu et al.,
2004; Pranoto et al., 2005; Gupta and
Haile, 2007). Chitosan was studied as a
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coating for different food products, such as
sausages, cheese, fish and seafood, fruit
and vegetables (Sathivel et al., 2007; Ca-
sariego et al., 2008; Almenar et al., 2009;
Fajardo et al., 2010; Krki¢ et al., 2013).

Antioxidant and antimicrobial activity of
pure chitosan film can be improved by
incorporating active compounds in the film
matrix (Pranoto et al., 2005; Martins et al.,
2012). Essential oils have been shown to
possess antimicrobial and antioxidant pro-
perties due to their composition that in-
cludes active terpenoids and phenols
which have ability to scavenge very reac-
tive free radicals (Altiok et al., 2010; Siri-
patrawan and Harte, 2010). It is known
that essential oils have natural antimic-
robial properties and can control the
growth of pathogenic microorganisms and
in this manner essential oils can extend
the shelf life of foods (Ruberto and Ba-
ratta, 2000; Ruiz-Navajas et al., 2013).
Wider application of essential oils in film is
difficult to achieve due to their influence on
organoleptic food properties (Ruiz-Navajas
et al., 2013). Since it takes quite a large
concentration of essential oils, in the case
of direct incorporation of substances in
food to achieve the antimicrobial and
antioxidant activity, numerous studies
have shown that the incorporation of
essential oils in biopolymer films for the
purpose of obtaining an antimicrobial
effect, give very good results with gradual
release of active compound (Coma et al.,
2002; Kurek et al., 2013; Ruiz-Navajas et
al., 2013). The main components of cara-
way essential oil, that are present in the
largest amount, are s-(+)-carvone and
limonene. Their antioxidant and inhibitory
effect on the growth of various micro-
organisms were reported (Bailer et al.,
2001; Aggarwal et al., 2002; Wei and
Shibamoto, 2007; Samojlik et al., 2010).
Unfortunately, there was a low interest in
caraway essential oil in the literature, as
compared with other essential oils.

The aim of this work was to improve
antioxidant and antimicrobial activity of
chitosan-based film by incorporating dif-
ferent concentrations of caraway essential
oil into the film. Obtained films were tested
for their structural properties, as well as
their antioxidant and antimicrobial activity.

MATERIAL AND METHODS
Reagents

Commercial chitosan powder from crab
shells, highly viscous (DD around 80%);
2,2-Diphenyl-1-picrylhydrazyl (DPPH); gla-
cial acetic acid and Tween 20 were ob-
tained from Sigma-Aldrich Chemical Co.
(St. Louis, Missouri, USA). Commercial
caraway essential oil (produced by steam
distillation) was obtained from Herba doo
(Belgrade, Serbia).

Film preparation and visual
examination

Chitosan film forming solution was
prepared by dissolving chitosan powder in
1% (v/v) acetic acid to reach chitosan
mass per volume ratio of 10 kg/m°. So-
lution was left stirring over night on a
magnetic stirrer to dissolve chitosan.
Vacuum filtration of chitosan solutions was
performed to remove undissolved part-
icles. Caraway essential oil in volume con-
centration of 1, 2 and 3% (v/v) and wetting
agent Tween 20 (50% of essential oil vo-
lume) were then added, solution was
heated in a water bath to 60 °C, stirred
with laboratory stirrer, then homogenized
at 20000 rpm for 2 min, left for 2 min and
again homogenized at 20000 rpm for 2
min using Silent Crusher-M homogenizer
(Heidolph, Germany) to obtain white ho-
mogenous emulsion. Emulsions were cas-
ted on Petri dishes covered with teflon
coating and left to air dry (23t3 °C,
50+10% RH) on a horizontal surface.
Films were labeled as follows: C, for chi-
tosan film without essential oil; CC, for chi-
tosan film with 1% (v/v) of caraway
essential oil; CC2, for chitosan film with
2% (v/v) of caraway essential oil and CC3,
for chitosan film with 3% (v/v) of caraway
essential oil.

Visual appearance of all produced films
was described in relation to their appli-
cation as packaging material.

FTIR spectra

The attenuated total reflection Fourier
transform infrared spectra (ATR-FTIR
spectra) were recorded at room tem-
perature on a Nicolet iS10 Fourier trans-
form infrared spectroscopy (FTIR) spectro-
meter (Thermo Fisher Scientific, MA,
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USA). All spectra were taken in the spec-
tral range of 4000-500 cm™ with a 4.0
cm™ resolution. Software Omnic 8.1.
(Thermo Fisher Scientific, MA, USA) was
used to operate the FTIR spectrometer
and collect all the data.

Antioxidant activity

The potential antioxidant activity of the
films was assessed on the basis of sca-
venging the stable DPPHe« free radical.
The DPPHe scavenging activity of the films
was determined according to the assay
described by Morales and Jimenez-Perez
(2001), with some modifications. In brief,
100 mg of film was placed in a flask
containing 2.4 mL of daily prepared 0.16
mM ethanolic solution of DPPH+ and was
stirred for 2.5 h, 4 h and 24 h, at room
temperature. The controls were without
the presence of films. In each sample, the
remaining DPPHe+ concentration was de-
termined after removing the solid film by
measuring the absorbance at 520 nm
using T80/T80+UV-Vis spectrophotometer
(PG Instruments Ltd., United Kingdom).
The AA of the films was expressed as a
percentage and calculated using the fol-
lowing equation:

AA(%)=((1-[DPPH¢]t)x100)/[DPPH-]c

where [DPPH-]t is the concentration of
DPPHe in the tested sample and [DPPH-]c
is the concentration of DPPHe in the
respective blank.

Measurements were done on freshly
casted films, after drying.

Antimicrobial activity

Antimicrobial activity was tested according
to the ASTM E2149 (2001) method. Gram-
positive (Staphylococcus aureus and Lis-
teria monocytogenes) and Gram-negative
bacteria (Escherichia coli and Salmonella
Typhimurium) were used as test orga-
nisms. Fresh inoculants for antimicrobial
assessment were prepared on nutrient
agar (Merck, Germany) at 37 °C for 24 h.
The incubated test culture was diluted
using a sterilized 3 mM phosphate buffer
(KH,PO4; pH 6.8) to give a final concen-
tration of 1.5-3x10° CFU/mL. The prepa-
red bacterial suspension was used in the
next steps.

Film samples were treated with UV lamp
(Kruss, Germany): 254 nm, 1/2 h for one
side of film, cut into test pieces, which had
contact surface area of 58 cm® and
transferred to a 250 mL Erlenmeyer flask
containing 50 mL of the bacterial sus-
pension. All flasks were capped loosely
and shaken for 24 h at room temperature
and 120 rpm using a Wrist Action incu-
bator shaker. At different contact periods
(3 h and 24 h), 1 mL of the bacterial
suspension was withdrawn, serial diluted
and plated in Tryptone soya agar (Merck,
Germany). The inoculated plates were
incubated at 37 °C for 24 h, and colonies
were counted. The average values of the
duplicates were converted to CFU/mL in
the flasks by multiplying with the dilution
factor. The antimicrobial activity was ex-
pressed as percentage reduction of the
organism after contact with the test spe-
cimen, compared to the percentage reduc-
tion of the control film.

Statistical analysis

The data were analysed using OriginPro 8
(OriginLab Corporation, Northampton, MA,
USA). All data were presented as mean
value with their standard deviation (mean
+ SD). Analysis of variance (ANOVA) was
performed with a confidence interval of
95% (p<0.05). Means were compared by
the Tukey’s test.

RESULTS AND DISCUSSION

Visual examination

Visual examination of the C film showed
that the film was pure, transparent, fle-
xible, compact and colorless. Chitosan film
with different concentrations of caraway
essential oil (CEO) showed significant
difference in appearance. CC was color-
less, similar to pure chitosan film, but more
turbid. The CC2 film was yellow with white
print, probably as the result of agglome-
ration of emulsified droplets of CEO during
film drying. The CC3 film was the yel-
lowest and a large tinge of oil released
from the film was noticed on the plate. All
films with CEO were flexible, soft and
turbid, with odor of caraway.

FTIR spectra

FTIR spectra were used to evaluate the
effect of incorporation of CEO at different
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concentrations in chitosan film. In addition,
the typical peaks of s-(+)-carvone and
limonene, main components of CEO res-
ponsible for its bioactivity, were identified
in the FTIR spectra of CEO. Typical bonds
and peaks of s-(+)-carvone and limonene
were reported in many reviews (Damian et
al., 2003; Zapata et al., 2009; Fu and Lim,
2012; Obadiah et al., 2012), which were
compared with CEO spectra obtained in
this study (Figure 1). Zapata et al. (2009),
Fu and Lim (2012) suggested that a strong
bond appearing at 887 cm™ was assigned
to strong vibration out of plane of =CH,
group and was chosen for identifying
limonene. Also, at 1673 cm™ of the CEO
spectra, not observed in the spectra of li-
monene, was noticed a peak typical for
carvone spectra, assigned to vibration of
C=0 bond, which is the main difference in
molecule structure between carvone and
limonene (Figure 1) (Obadiah et al., 2012).

FTIR spectra of pure chitosan film and
chitosan film containing different concen-
trations of CEO showed the dominant
absorption peaks and changes in spectra

of pure chitosan, which are presented in
Figure 2. The most dominant was chitosan
spectra with typical peaks. In the following
paragraphs are presented the main
characteristic peaks of chitosan (Leceta et
al.,, 2012; Hromi§ et al., 2014) and
changes caused by incorporating CEO
into chitosan film.

e Interval at 3500-3000 cm™ corresponds
to stretching vibration of free hydroxyl
group that overlaps the asymmetric and
symmetric stretching of the N-H bonds in
amino group in the same region in
chitosan spectra (Altiok et al.,, 2010;
Siripatrawan and Harte, 2010; Martins et
al., 2012; Zemlji¢ et al., 2013). No
significant differences were observed in
chitosan spectrum after incorporating 1%
of CEO. However, when CEO was
incorporated in concentrations of 2% and
3%, the attenuation of peak was observed
(Figure 2A). These results indicate that
amino and hydroxyl functional groups, the
most reactive groups of chitosan molecule,
also decreased, probably due to some
interactions with functional groups of CEO.

0.38]
036
034
032
030
0.287
0.26]
0.243

0.22]

2922.06

0.20]

Absorbance

0.18]
0.16]
0.143
0.12]
0.103
0,083
0.06
0.04

0.02

-0.003

1671.74

888.94

1434.34

759.11

800.06
702.29

680. 13

4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers (cm-1)

Figure 1. FTIR spectra of CEO with typical peaks of s-(+)-carvone and limonene
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Figure 2. FTIR spectra of the changes in chitosan spectra after CEO was incorporated; A- interval
3500-3000 cm; B- interval 2950-2800 cm™; C- peak at 1646 and 1580 cm™; D- peak at 1540 cm™; E-
peak at 1410 cm™; F- peak at 1350 cm™

e Interval at 2950-2800 cm™ corresponds
to C-H stretching, from —CH, group of chi-
tosan molecule (Pranoto et al., 2005;
Altiok et al., 2010; Martins et al., 2012;
Zemlji¢ et al., 2013). Incorporating CEO
into chitosan film indicated significant
changes in spectrum of CC2 film. The
more pronounced peak, compared to peak
in the control (C film) spectra, was ob-
served (Figure 2B).

e A peak at 1646 cm™ is assigned to the
presence of carbonyl group (C=0) in chito-

san film (Martins et al.,, 2012; Zemlji¢ et
al., 2013). Since the grade of chitosan
used in the present study was around 80%
deacetylated, the C=0 stretching (amide 1)
peak at 1650 cm™ and N-H bending
(amide 1) peak at 1580 cm™ were ob-
served. These peaks represent the struc-
ture of N-acetylglucosamine, which could
be found in chitosan with a lower degree
of deacetylation (Altiok et al., 2010). No
significant differences were observed bet-
ween pure chitosan film and chitosan film
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with 1% (v/v) of CEO. However, with
increased concentration of CEO (CC2 and
CC3 films), decrease of corresponding
peaks was observed. This was probably
because of some interactions that indi-
cate decrease of carboxyl group in chito-
san molecule and are correlated to strong
stretching carbon-to-carbon (C=C) within
the aromatic ring from compounds in CEO
(Figure 2C) (Siripatrawan and Harte,
2010).

e A peak at 1540 cm™ significantly de-
creased when CEO was incorporated into
chitosan film, which was assigned to the
secondary amide bending vibration (N-H
groups) in molecule of chitosan (Pranoto
et al., 2005; Altiok et al., 2010; Martins et
al., 2012; Zemlji¢ et al., 2013) (Figure 2D).

e A peak at 1410 cm™ corresponds to
carboxyl groups (-COO-) associated with
the antimicrobial activity of the biopolymer
(Pranoto et al., 2005; Leceta et al., 2012).
It was observed that peak significantly
decreased when CEO was incorporated
into chitosan film, which indicated the
decreased number of carboxyl groups in
chitosan molecule (Figure 2E).

e A new peak was observed at 1350 cm™
after incorporation of CEO into chitosan
film, which was attributed to the defor-
mation of C-C bond. This peak is typical
for all aromatic compounds, probably cau-
sed by presence of the aromatic com-
pound from CEO, such as carvone and
limonene (Figure 2F) (Damian et al.,
2003).

These results suggested that incorporating
CEO into chitosan film caused some chan-
ges in structure of chitosan molecule, pro-
bably caused by strong reactions and bon-
ding between functional groups of chitosan
and main components of CEO.

Antioxidant activity

The DPPH- radical scavenging activity of
chitosan film without incorporated CEO (C
film) and with 1% (CC film), 2% (CC2 film)
and 3% (CC3 film) of incorporated CEO is
presented in Figure 3. DPPH radical has
been widely used to test the ability of com-
pounds as free radical scavengers or hy-
drogen donors in order to evaluate the
antioxidant activity (AO).

Many researches have confirmed AO of
chitosan (Park et al., 2004; Yen et al.,
2008). The scavenging mechanism of chi-
tosan is related to the fact that free radical
can react with the residual free amino
(NH,) groups to form stable macromo-
lecule radicals, and the NH, groups can
form ammonium (NH®*") ions by adsorbing
a hydrogen ion from the solution (Park et
al., 2004; Kim and Thomas 2007; Martins
et al, 2012; Siripatrawan and Harte,
2010). In the present study pure chitosan
film showed the lowest AO of all tested
films, and did not significantly changed
(p>0.05) with the time in DPPH solution.
Many investigations confirmed that chito-
san with higher degree of deacetylation
(DD) has more amino groups on C, atom
which increases its AO (Park et al., 2004;
Yen et al.,, 2008). In the present study,
chitosan with about 80% DD was used to
produce film for scavenging ability invest-
tigation. Park et al. (2004) suggested that
90% DD chitosan solution with concen-
tration of 5 mg/mL and 75% DD chitosan
of the same concentration, have achieved
38.72% and 35.52% of scavenging activity
on DPPH radical, respectively. In this
study, chitosan film with 80% of DD pro-
duced from the solution with concentration
of 10 mg/mL, after 24 h has achieved
29.95% of scavenging activity on DPPH
radical, which is comparable to the results
presented by Park et al. (2004). However,
it must be noted that in the present re-
search the AO was analyzed on chitosan
in solid state (chitosan film) and not in
solution, as in study of Park et al. (2004).
Chitosan in solution has more available
active groups responsible for antioxidant
activity than chitosan in solid state.

Incorporating CEO in chitosan film en-
hanced AO of pure chitosan film and it
was observed that AO significantly in-
creased (p<0.05) with incorporation of
higher concentration of essential oil up to
2%. In addition, AO of chitosan films with
1% CEO significantly increased with time
in DPPH solution. Altiok et al. (2010) in-
vestigated the influence of time on re-
leasing of essential oil from chitosan film in
surrounding environment. The thyme es-
sential oil was incorporated in chitosan film
in concentrations of 0.2, 0.4, 1 and 1.2%
(v/v). ABTS test (ABTS anion radical sca-
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Figure 3. Antioxidant activity, AO (%) of pure chitosan film (C) and chitosan film with incorporated 1%
(CC), 2% (CC2) and 3% (CC3) of CEO; Data are presented as mean value with their SD (error bars);
abcd - different letters mark significantly different means with 95% probability (p < 0.05)

venging activity) was used to observe AO
of tested films and releasing of essential
oil from the films. The results suggested
that pure chitosan film showed some AO
and that thyme oil incorporation in con-
centration of 0.2% and 0.4% did not affect
significantly the AO of chitosan film. How-
ever, incorporation of 1% and 1.2% of
thyme essential oil caused four and eight
times higher AO compared to the control
film. Those results also suggested that AO
of tested films and amount of released oll
were directly proportional and that anti-
oxidant compounds were released within
100 s, except for chitosan film with 1.2%
thyme oil where it took approximately 300
s (Altiok et al., 2010). In the present study,
AO of chitosan film with 1% CEO was en-
hanced by releasing essential oil after 4 h
and even further after 24 h (Figure 3).

Essential oils have ability to act as donors
of hydrogen atoms or electrons in the
transformation of DPPH into its reduced
form (DPPH-H) (Samojlik et al., 2010). As
mentioned before, main constituents of
CEO, responsible for its activity, are s-(+)-
carvone and limonene. Samojlik et al.
(2010) determined the AO of different
concentrations of CEO using DPPH assay.
Obtained result suggested that CEO in
concentration of 10 pyL/mL achieved the
AO of 85.41% and that AO increased
when higher concentration of CEO was
incorporated. Concentration of 10 yL/mL is

equivalent to CCL1 film in this research and
our results correspond to those presented
by Samojlik et al. (2010) (84.23%, after 24
h). Samojlik et al. (2010) also suggested
that when the AO with lower concentration
of CEO (5 pyL/mL and 7.5 pL/mL) was
analyzed, significant AO was obtained
(58.75% and 73.71% respectively).
Martins et al. (2012) studied AO of pure
chitosan film and chitosan film with in-
corporated a-tocopherol to evaluate whe-
ther a-tocopherol retained its AO after
incorporation into film. a-tocopherol is well-
known antioxidant substance, often used
as a reference for comparison of results in
studies. Obtained results showed that pure
chitosan film showed activity of 10.69% on
DPPH radical, which is slightly lower than
results obtained in this study (11.63%,
after 2.5 h), while incorporating 0.1% and
0.2% of a-tocopherol increased AO, rea-
ching values of 97.42% and 97.71%, res-
pectively. Comparing those results with
results obtained in the present study, it
can be concluded that incorporating CEO
into chitosan film caused high AO (more
than 80% for CC1 film, after 24 h and
94.13% and 94.83% for CC2 and CC3
films, respectively, after 24 h) which is
slightly lower than the results obtained
when a-tocopherol was incorporated into
chitosan film. In the study of Martins et al.
(2012) no significant difference between
the two a-tocopherol concentrations incor-
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porated in the films was observed. Those
results are in line with results obtained in
the present study for incorporation of CEO
at the level of 2% and 3%, where no
significant difference in scavenging activity
was observed after 24 h. The results of
this study also suggest that the concen-
tration increase is reflected in faster ac-
tivity achievement and that there is a ca-
pacity for oil incorporated in chitosan ma-
trix to be released from chitosan film with
the time, but that remaining oil rapidly mig-
rates to the surface of the film and in the
solution of DPPH. Hromis et al. (2014) in-
vestigated influence of storage time on
antioxidant activity of chitosan film with 1%
of CEO and results revealed that storage
did not affect AO of this film after one
month.

These findings suggest that chitosan film
with 1% and 2% of CEO has great po-
tential to be used as coating, and biofilm
as packaging material because of high film
stability. Based on AO investigation, using
higher concentrations of CEO has no
ground.

Antimicrobial activity

In this study, antimicrobial activity (AA) of
chitosan film with addition of 1%, 2% and
3% of CEO, were tested against four bac-
teria: Escherichia coli and Listeria mono-
cytogenes as representatives of Gram-
positive and Staphylococcus aureus and
Salmonella Typhimurium as represent-
tatives of Gram-negative bacteria. Esche-
richia coli and Staphylococcus aureus
were selected as the most common model
organisms for examination, and Listeria
monocytogenes and Salmonella Typhi-
murium were selected as the most im-
portant for microbial safety of food. Chito-
san film without incorporated CEO was
used as a control. The degree of reduction
of cell number of tested bacteria was
investigated and only films that showed
AA higher than 75%, were considered to
have significant inhibitory activity (Zemlji¢
et al., 2012; Zemlji€ et al., 2013).

All chitosan films showed high activity
against Escherichia coli (Figure 4A). In-
corporating different concentrations of
CEO in chitosan film did not cause
significant difference in AA (p>0.05), after

24 h. The increase of AA with increased
concentration of CEO was observed only
after 3 h, especially in case of CC2 and
CC3 films. Obtained results suggested
that addition of 2% and 3% of CEO in
chitosan film already led to maximum
activity after 3 h. Slightly higher activity
was observed against Staphylococcus
aureus. All films showed AA higher than
75%, already after 3 h. No significant dif-
ference (p>0.05) was observed after 24 h
comparing C, CC, and CC2 films. CC3 film
showed lower AA of all tested films.
Incorporating CEO in chitosan film did not
cause increase in AA, however, it must be
noted that the control film showed high AA
against Staphylococcus aureus (>90%,
after 24 h) and therefore the CEO activity
could not be recorded (Figure 4B). The lo-
west activity of all tested films showed
against Salmonella Typhimurium (Figure
4C). In contact with bacterial suspension,
C, CC2 and CC3 film caused increase in
bacterial cell number after 3 h, and in case
of control film (C) this trend continued after
24 h. Incorporating CEO in chitosan film
improved AA. The best activity was shown
by the CC film, which did not cause
increase in cell number in bacterial sus-
pension, and showed significant antimi-
crobial activity after 24 h (>75%). Degree
of reduction for Listeria monocytogenes
was presented only after 3 h because pre-
vious study showed that cells of Listeria
monocytogenes can not survive in phos-
phate buffer pH 7.2, which was used in
this study, after 24 h. It was observed that
incorporation of CEO in chitosan film sig-
nificantly increased AA, however increase
of concentration did not affect further AA
and no significant differences (p>0.05)
were observed comparing CC, CC2 and
CCa3 films (Figure 4D).

These results suggested that contact time
in bacterial suspension had a significant
influence on AA. All films showed higher
AA against tested bacteria after 24 h than
after 3 h. Better activity against Gram-po-
sitive than Gram-negative bacteria was
observed, which is in line with previous
studies (Coma et al., 2003; Kong et al.,
2010; Dutta et al., 2012). The most sen-
sitive bacteria was Staphylococcus aureus
because all tested films showed excellent
degree of reduction (>75%). The most re-
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Figure 4. Antimicrobial activity of chitosan films against Escherichia coli (A), Staphylococcus aureus

(B), Salmonella Typhimurium (C) and Listeria monocytogenes (D); All date are presented as mean

value with their SD (error bars) except the results obtained for Salmonella Typhimurium due to non-
readability of the graph after placing error bars

sistant bacteria was Salmonella Typhimu-
rium murium. Control film showed nega-
tive degree of reduction in contact with cell
suspension and only chitosan film with 1%
of incorporated CEO showed AA higher
than 75%.

Comparing obtained results of all invest-
tigated chitosan films, it was concluded
that the control film showed the lowest AA
against tested bacteria. It caused increase
of cell number after 3 h and 24 h in contact
with cell suspension of Salmonella Typhi-
murium and showed the lowest AA against
Escherichia coli and Listeria monocy-
togenes after 3 h. Mechanism of AA of chi-
tosan was reported in many papers which
suggested that positively charged amino
group in the molecule of chitosan plays the
main role for its antimicrobial character-
ristics, as positively charged chitosan mo-
lecules interact with negatively charged
bacteria causing disruption on the cell
(Shahidi et al., 1999; Coma et al., 2003;
Park et al., 2004). It was also suggested
that chitosan in solution showed higher AA
than chitosan in the solid state (chitosan
films) because chitosan can not diffuse
through matrix and only bacterial cells,
which are in direct contact with active

groups of chitosan, can be inhibited
(Pranoto et al., 2005; Leceta et al., 2013).
Incorporation of CEO at different concen-
trations into chitosan film improved the AA
of the film. Many studies suggested that
CEO has high AA because of the main
components, s-(+)-carvone and limonene
(Bailer et al., 2001; Aggarwal et al., 2002;
Dimi¢ et al., 2009). The results obtained in
this study suggested that the best AA
showed chitosan film with 1% (v/v) of in-
corporated CEO. This film showed AA
higher than 75% against all tested bacteria
and AA was enhanced with contact time in
cell solution.

CONCLUSIONS

Incorporation of caraway essential oil
(CEO) in different concentrations into
chitosan film caused some changes in
appearance of chitosan film. The films
were more yellow (except the film with the
lowest concentration of CEO which was
colorless as chitosan film), turbid, with
odor of caraway and with some oil residue
on the film surface with the highest con-
centration of CEO. These changes could
influence possible application of these
films as packaging material. Also, odor
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and residue oil on the surface of the film
could affect sensory properties of packed
product. The film with 1% CEO showed
minimal changes in colour and odor and
this film is most appropriate for food pa-
ckaging. Films with higher concentrations
of oil might affect visibility of packed pro-
duct, as well as sensory properties and
their application is limited to foodstuffs in
which caraway odor would not be consi-
dered as a flaw.

Changes in structure of chitosan film after
incorporating CEO, which were obtained
using FTIR, confirmed that there was
interaction between functional groups of
chitosan and CEO. Results for the anti-
oxidant activity suggested that incor-
porating CEO into chitosan film signi-
ficantly increased antioxidant activity of the
film. Obtained results for the antimicrobial
activity showed that pure chitosan film has
potential as antimicrobial agent, but ad-
dition of optimal concentrations (1% - 2%)
of CEO increased antimicrobial activity of
film even more. Results suggested that
contact time in bacterial suspension, as
well as radical solutions, have a significant
influence on antimicrobial efficiency and
better activity against Gram-positive than
Gram-negative bacteria. The most sen-
sitive bacteria was Staphylococcus aureus
and the most resistant bacteria was Sal-
monella Typhimurium. Chitosan film with
the lowest concentration of incorporated
CEO (1%) showed high antioxidant activity
with gradual releasing of CEO from the
film. Antimicrobial activity of this film was
more than 75% against all tested bacteria
and had the minimal impact on the ap-
pearance of the film. This recommends the
film with 1% of caraway essential oil as the
most appropriate for application as packa-
ging material.
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AHAJIM3A YTULIAJA ETAPCKOTI YJIbA KUMA HA AHTUOKCUOAATUBHY U
AHTUMUKPOBHY AKTUBHOCT XUTO3AHCKOI' ®UJIMA

HeseHna M. Xpomuwi, Cangpa H. bynyt, Bepa J1. Jlasuh, Cexka 3. Nonosuh, JaHujena 3.
WynyTt, CuHuwa J1. Mapkos, XyxaHa I". BawTar, Hatanwja P. LInHuh

YHusepsuteT y HoBom Caay, TexHonowkn cakynTer,
21000 Hoeu Cap, bynesap uapa Jlazapa 6p. 1, Cpbuja

Caxetak: Uwub oBor paga je 6uo opgpehuBarbe aHTMOKCMOATUBHE WM aAHTUMUKPOOHE
aKTMBHOCTM XUTO3aHCKOr bunmMa ca JoAaTKoM eTapckor yrba kuma. 3a ogpehuBare nHTepakuuja
YHKUMOHANHMX rpyna Xxmto3aHa u eTapckor yrba knuva je kopuwheHa dypujeBa TpaHcdopmuyha
MHpaLpBeHa cnekTpockonuvja. YTBphHeHo je fa HOBM OEeTEKTOBaHW NMUKOBW OAroBapajy KapBOHY U
NIMMOHEHY, OOHOCHO KOMMOHEHTamMa Koje cy Yy HajBehoj KONMUYMHW npucyTHe y kumy. 3a
oapefhuBawe aHTUOKCUOATUBHE aKTUMBHOCTM XMUTO3aHCKor dmnma kopuwheHa je DPPH meTtoaa.
XutosaHcku ¢unm 6e3 eTapckor yrba KMMa je nokasao HajMawy aHTUOKCUAATMBHY aKTMBHOCT
(29,95%, HakoH 24 caTta). [lopatak eTapckor yrba KMMma je 3HadajHo noBehao aHTUOKCUAATUBHY
aKTMBHOCT XMUTO3aHCKOr hmunma M [OoCTUrao MakcumanHy BpegHocT of 95%. 3a ogpehuBamwe
aHTUMUKPOOHE aKTUMBHOCTM XWUTO3aHCKOr unma kopuwheHa je ASTM E 2149-01 wmetoaa.
[obujeHn pesyntaTn NpeacTaBrbeHU Cy Kao CTeneH peaykumje bakrepujckux henuja y KOHTakTy ca
XuTo3aHckuM dunmoBuma. Kao Ttect OakTepuje kopuwheHe cy rpam no3uMTuUBHe OakTepuje
Staphylococcus aureus u Listeria monocytogenes n rpam HeratuBHe 6aktepuje Escherichia coli n
Salmonella Typhimurium. Kao HajoceTrsuBmja 6akTepuja, Ha cBe xuTo3aHcke hunmoBe, nokasana
ce Staphylococcus aureus, a kao HajoTnopHuja Salmonella Typhimurium. OBu pesyntaTtu nokasyjy
4a VHKOpropupawe eTapcKor yrba Kuma Yy XWUTO3aHCKM unMm 3HadajHo noborbliaBa H-EroBy
aHTMOKCUOATUTBHY M aHTUMMKPOOHY akTMBHOCT M 300r Tora MMa BenvKu NoTeHLMjarn Kao akTUBHU
ambanaxHu maTtepwujan.

Kl'by‘-IHe pe4yn: Xxumo3aHCKU d)UJ'IM, emapcCKo yr/be Kuma, aHmuokcudamueHa akmueHocm,
aHmUMUKpO6Ha aKmusHocm
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