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a b s t r a c t

The aim of this study was to investigate the effect of cinnamon and ginger oils on some biological,
physical and physico-chemical properties of chitosan-carboxymethyl cellulose films emulsified with oleic
acid. Films containing cinnamon oil showed higher antifungal activity in vitro against Aspergillus niger
than those containing ginger. Unlike ginger-based materials, the film crystallinity decreased with an
increasing concentration of cinnamon oil. The microstructure of the active films was evaluated by
scanning electron microscopy and results showed a distinct morphology depending on the composition
of essential oils (EOs). As expected, both EOs decreased water vapor permeability of the active films, with
a higher decreasing effect for cinnamon. Resulting water contact angles were improved by 36e59% for
ginger films and 65e93% for cinnamon films, depending on the EO concentration. Regarding mechanical
properties, highest concentrations of EOs led to an improvement of 328% and 111% of the elongation with
cinnamon and ginger, respectively. The different behavior of both EOs regarding physical, mechanical,
thermal and water vapor permeability properties could be attributed to differences in their chemical
compositions. The presence of cinnamaldehyde, in cinnamon essential oil, can create many kinds of
interactions with the network made by carboxymethyl cellulose, chitosan and oleic acid. Findings in this
work suggest that EOs and especially cinnamon oil could be used to plasticize chitosan-carboxymethyl
cellulose films while improving moisture permeability and maintaining antifungal activity. This bio-
based material could be of interest for food preservation.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

Food safety and food loss and waste are current issues in both
the developing and the industrialized world. According to a FAO
recent report, food wastewas estimated at 1.3 billion tons and up to
one third of all food is spoiled or squandered before it is consumed
by people (Gustavsson, Cederberg, Sonesson, Van Otterdijk, &
Meybeck, 2011). In particular, contamination by yeasts and molds
remains a critical problem to preserve food. Among the fungi most
commonly found, Aspergillus niger is one of the most prevalent in
PO, UMR 5629, 16 Avenue Pey

. Ghanbarzadeh), veronique.
warmer climates, both in field situations and stored foods; it is by
far the most common Aspergillus species responsible for post-
harvest decay of fresh fruit, and some isolates were reported to
produce mycotoxins such as ochratoxin A (Pitt & Hocking, 2009).

Most of the time, synthetic preservatives are directly added into
the food product to control the microbial growth. Nevertheless, this
technique may result in the inactivation or evaporation of active
agents and rapidmigration into the bulk of the foods (Quintavalla&
Vicini, 2002). Therefore, antimicrobial activity may be rapidly lost
by dilution below active concentration; in addition, the taste of the
food may be changed (Uz & Altinkaya, 2011). The gradual release of
an antimicrobial incorporated in a packaging material may be an
option to control the fungal growth and to extend the shelf life of
foods (Moditsi, Lazaridou, Moschakis, & Biliaderis, 2014).

Because of the reluctance of consumers to synthetic products,
the use of natural compounds is to be sought. Among them,
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essential oils (EOs) show antimicrobial and antioxidant properties
and most of them are classified as Generally Recognized as Safe
(GRAS) (Atares & Chiralt, 2016), which makes them interesting
additives in food industry, especially since they have been used as
remedies from ancient times. In particular, cinnamon and ginger
EOs are widely used in Asian countries as flavoring agents in food,
cosmetic and pharmacological fields which need antimicrobial
activities (Kaskatepe et al., 2016; Ma, Zhang, & Zhong, 2016;
Sivasothy et al., 2011; Xing et al., 2014). The strong flavor of EOs
can be partially hiddenwhen incorporated into films (Ruiz-Navajas,
Viuda-Martos, Sendra, Perez-Alvarez, & Fernandez-Lopez, 2013).

Conventional plastics derived from petroleum entails serious
environmental problems. Biodegradable films and coatings repre-
sent an interesting alternative which is the reason why several
biopolymers have been exploited to develop materials for eco-
friendly food packaging (Coma, Freire, & Silvestre, 2015;
Malhotra, Keshwani, & Kharkwal, 2015).

Chitosan (CH), a linear amino polysaccharide produced by
deacetylation of chitin, is a promising biopolymer for food pack-
aging due to its good film forming properties, selective perme-
ability to gases, and antimicrobial properties (Mitelut, Tanase, Popa,
& Popa, 2015). Nevertheless, real applications of chitosan-based
films are limited due to their relatively high price, high water va-
por permeability, weak mechanical properties, and the fact that
they produce yellowish films (Bonilla, Talon, Atares, Vargas, &
Chiralt, 2013). Carboxymethyl cellulose (CMC), a derivative from
cellulose, shows suitable film forming properties and leads to
transparent films with good oxygen and lipids barrier
(Ebrahimzadeh, Ghanbarzadeh, & Hamishehkar, 2016;
Ghanbarzadeh & Almasi, 2011; Paunonen, 2013).

Despite several advantages such as biodegradability, no toxicity,
relatively good barrier properties to gases, and abundance in na-
ture, polysaccharide based films show low water barrier properties
due to their hydrophilic character, which in turn affects their me-
chanical, gas permeability and thermal properties (Cerqueira,
Souza, Teixeira, & Vicente, 2012). Blending of biopolymers to pro-
duce composites is one of the solutions to decrease the hydrophilic
character of materials. As an example, Vargas, Albors, Chiralt, and
Gonzalez-Martinez (2011) showed that the association of chitosan
and methylcellulose improved water barrier properties in com-
parison to both pure films. Blending chitosan with other poly-
saccharides, such as carboxymethyl cellulose (CMC), which
produces transparent films with low cost, is a solution to have a
composite filmwith better barrier, mechanical properties and good
appearance (Tongdeesoontorn, Mauer, Wongruong, Sriburi, &
Rachtanapun, 2011). Nevertheless, only few studies are focused
on films produced from a chitosan/cellulose derivatives combina-
tion: chitosan/hydroxypropyl methyl cellulose (Sanchez-Gonzalez,
Chiralt, Gonzalez-Martinez, & Chafer, 2011), chitosan/methylcellu-
lose (Vargas et al., 2011), and quaternized chitosan/carboxymethyl
cellulose (Hu, Wang, & Wang, 2016). Another solution to improve
the moisture barrier properties of hydrocolloid-based films is to
add hydrophobic compounds such as waxes, vegetable oils, fatty
acids, surfactants and resins (Valenzuela, Abugoch, & Tapia, 2013;
Vargas, Albors, Chiralt, & Gonzalez-Martinez, 2009; Wang et al.,
2014). Among lipids, oleic acid, which is liquid at ambient tem-
perature, is relatively low sensitive to oxidation and it can be a good
option for food packaging as described by Perdones, Vargas, Atares,
and Chiralt (2014) in chitosan films.

To our knowledge, there is no study on emulsified films of
chitosan-CMC containing oleic acid as an hydrophobic compound,
and EOs as active agents. In this paper, we describe the elaboration
of bio-based films from a binary polysaccharide network (CMC and
CH) associated to oleic acid. The film was incorporated with cin-
namon essential oil (CEO) or ginger essential oil (GEO) in order to
control A. niger as a high occurrence food spoilage fungus. The
objectives of this work were (i) to study the in vitro efficiency of the
materials against A. niger growth; (ii) to determine the effect of EOs
on some physical, mechanical, thermal and water vapor perme-
ability properties.

2. Materials and methods

2.1. Materials

Chitosan (low molecular weight, art. 448869, 20e300 cP 1% w/
w in acetic acid 1% w/w 25 �C, 50e190 kDa, deacetylation degree
75e85%) and carboxymethyl cellulose (CMC), with an average
molecular weight of 41,000 g/mol (practical grade) was obtained
from Caragum Parsian (Tehran, Iran). Analytical grade glycerol,
oleic acid and Tween 80 were obtained from Merck (Darmstadt,
Germany), potato dextrose broth (PDB) and potato dextrose agar
(PDA) from Biokar Diagnostics (Beauvais, France). All other prod-
ucts were of analytical grade. Cinnamon bark and ginger rhizomes
were bought from a local market in Hamedan (Iran).

2.2. Essential oils extraction and analysis by GC/MS

Cinnamon and ginger EOs were obtained by hydrodistillation
using a Clevenger-type apparatus. The plants were dried at 40 �C for
3 days and milled. Each plant powder (500 g) was placed in a flask
with distilled water (1 L). The mixture was heated for 3 h. The
essential oils were collected (3 mL and 2 mL for ginger and cinna-
mon, respectively) and dried on anhydrous sodium sulfate and kept
under refrigeration until use.

GC/MS (Thermo Trace GC Ultra/ThermoTrace ISQ, Courtaboeuf,
France) was employed to analyze the essential oils. Helium was
used as the carrier gas at a constant flow of 1.2 mL/min. The in-
jection port was held at 230 �C and used in the split mode (split
ratio: 1/50). The transfer line was maintained at 250 �C. The sep-
arations were carried out on an Ultra Alloy capillary column (5%
phenyl methyl polysiloxane; 30 m � 0.25 mm i.d. and 0.25 mm film
thickness). The oven temperature was programmed from 50 �C to
300 �C at 15 �C/min; the final temperature was maintained for
1 min. The mass spectrometer was used in electronic ionization
mode (70 eV) with an acquisition mass range from m/z 30 to m/z
800.

The relative percentage of the components was calculated from
their peak area in the total ion chromatogram by the Excalibur 2.1
software of the device. Compounds were identified by comparison
of their mass spectral fragmentation patterns with those present in
the NIST 2.0f (2008) library. The most likely structures were
retained. Molecular peaks were used to identify monoterpenes (m/
z 136), monoterpenic alcohols (m/z 154), sesquiterpenes (m/z 204)
and sesquiterpenic alcohols (m/z 222).

2.3. Preparation of films

Films were prepared as described by Vargas et al. (2009) with
some modifications. Briefly, chitosan (0.2 g in 50 mL distillated
water) dispersed in acidic water (0.5% v/v acetic acid) was magnet-
ically stirred overnight (400 rpm): the pH was adjusted to 6.8 with
NaOH 3 M. Carboxymethyl cellulose (CMC, 0.4 g) was dissolved in
distillated water (50 mL). Then, both solutions were mixed and
Tween 80 (0.2 mL) was added as an emulsifier. After stirring for
15 min, oleic acid (0.3 mL) was added, and the mixture, which
became turbid and milky white in the end, was homogenized by
probe ultrasound (Bandelin Sonopuls, Germany) for 15 min.
Different amounts (25, 50 or 75 mL) of EO were added followed by
sonication for 15min (31 KJ). Thus, films contained 4.4, 8.8 and 13.2%
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w/w (EO/Polysaccharide) for films incorporating cinnamon EO (CEO
1, CEO 2, CEO 3, respectively) and 3.5, 7.0, 10.6% w/w (EO/poly-
saccharide) for films incorporating ginger EO (GEO 1, GEO 2, GEO 3,
respectively). Glycerol was added as a plasticizer (0.2 mL; 42% w/w
glycerol/polysaccharides) and the mixture was magnetically stirred
(400 rpm) again for 15 min. Finally, the solutions (50 mL for each
film) were poured into Petri dishes (9 cm diameter) and dried at
25 �C and 50% relative humidity (RH) for 72 h.

Before characterization, films were stored at 25 �C and 50% RH
for 4 days.

2.4. Determination of antifungal effect of films

A. niger (PTCC 5298) was obtained from the culture collection of
Iran Institute of Industrial and Scientific Research (Tehran, Iran).
Preparation of fungal suspensions was done as described by
Balaguer et al. (2014), with some modifications. Briefly, the fungal
stock culture was kept frozen (�25 �C) in Potato Dextrose Broth
supplemented with 30% glycerol. The fungal strain was inoculated
on Potato Dextrose Agar (PDA) and incubated at 25 �C until spor-
ulation. Then the spores were re-suspended in physiological water
with 0.1% Tween 80. The spores were counted by using a Neubarer
cell (Simax Kavalier) and the concentration was adjusted to 106

spores/mL using physiological water. The antifungal activity of
films against A. nigerwas determined by the disc diffusion method.
PDA was poured into the Petri dishes and after solidification, the
fungal suspension (100 mL) was spread on the culture media; the
films were then cut by using a sterile punch (diameter 4 mm) and
deposited on the medium surface. The plates were sealed by Par-
afilm® before incubation at 25 �C. The clear zone diameter (inhi-
bition fungal growth) was measured by a digital ruler and the
percentage of relative inhibition for three replications was calcu-
lated by using the clear diameter of film without EO (CMC-CH-OL).
The following equation was used:

Inhibitionð%Þ ¼ 100
�
ds � dref

�
=dref (1)

where: ds is the diameter of the clear zone of the film sample with
EO and dref is the diameter of the clear zone of the reference film
sample (without EO, i.e. CMC-CH-OL).

2.5. Determination of physical properties of films

2.5.1. Film thickness
Film thicknesses were measured with a hand-held digimatic

micrometer (Mitutoyo Corp., Japan) and they are given as the
average values obtained from ten random points for each sample.

2.5.2. Opacity
Light transmission through the films (10 mm � 40 mm) was

recorded between 190 and 1100 nm on an ultravioletevisible
(UVeVis) spectrophotometer (Speccord 210, Analytik AG,, Ger-
many). Opacity of the films was determined as

Opacity ¼ A600=x (2)

where A600 is the absorbance value at 600 nm, and x is the film
thickness (mm) (Han & Floros, 1997). Five replications were done
for each treatment.

2.5.3. Surface color measurements
Film color was determined with a Konika Minolta chromameter

CR-400 (Valencia, Spain). The CIELab scale was used: lightness (L*)
and chromaticity parameters (a*, b*) values of the samples were
recorded and total color differences (DE) were calculated by the
following formula, taking films noted CMC-CH-OL as the control
reference (L* ¼ 93.58; a* ¼ �0.64; b* ¼ 6.63):

DE ¼
h
ðDLÞ2 þ ðDaÞ2 þ ðDbÞ2

i1=2
(3)

DE are reported as the average of ten random locations per film.
2.5.4. Crystallinity index (XRD)
X-ray diffraction patterns of the films were recorded on an APD

2001 diffractometer (Ital Structures) at a voltage of 40 kV and a
current of 50 mA using Cu-Ka radiation. The diffraction data were
collected at ambient temperature from 2q values from 2.5 to 60�,
where q is the angle of incidence of the X-ray beam on the sample.

Crystallinity index (%) was calculated according to the following
Segal equation:

Crystallinity index ¼ ðIt � IaÞ=It � 100 (4)

where, It is the height of the (200) peak, representing both crys-
talline and amorphous regions and Ia is the lowest height between
the (200) and (110) peaks, which represents amorphous region
(Nam, French, Condon, & Concha, 2016).
2.5.5. Water contact angles
Water contact angles of the film surfaces were measured by a

goniometer Kruss DSA 100 (Germany). Film strips
(10 mm� 60 mm) were put on a movable sample stage and leveled
horizontally; a drop of approximately 2 mL of distilled water was
placed on the surface of the film using a micro-syringe. The initial
contact angle (after 5 s) was measured in a conditioned room by
recording contact angle values. For each film, at least 5 replicates
were tested.
2.5.6. Water vapor permeability
Water vapor permeability experiments were carried out using

the standard ASTM method E96 with some modifications
(Noshirvani, Ghanbarzadeh, Fasihi, & Almasi, 2016). Special cups
were prepared with an average diameter of 2 cm and a depth of
4.5 cm. Films were cut in the form of discs with a diameter lightly
larger than the diameter of the cup. Each cup was covered with the
films after introducing anhydrous CaSO4 (3 g) inside. 0% RH was
kept using anhydrous CaSO4 in the cup. Each cup was placed in a
desiccator containing a saturated K2SO4 solution (RH ¼ 97%) in a
small beaker at the bottom. A small amount of solid K2SO4 was left
at the bottom of the saturated solution to make sure that the so-
lution remained saturated at all times. The desiccator was kept in
an incubator at 25.0 ± 0.1 �C. Cups were weighed every 24 h and
water vapor transport was determined by the weight gain of the
cup. Changes in the weight of the cup were recorded as a function
of time. Slopes were calculated by a linear regression (weight
change vs. time). The water vapor transmission rate (WVTR) was
defined as the slope (g/h) divided by the transfer area (m2). WVP (g
m�1 h�1 Pa�1) was calculated as:

WVP ¼ ðWVTR=PðRH1 � RH2ÞÞ$X (5)

where, P is the saturation vapor pressure of water (Pa) at the test
temperature (25 �C), RH1 is the RH in the desiccator, RH2, the RH in
the cup and X is the film thickness (m). Under these conditions, the
driving force [P (RH1 - RH2)] is 3073.93 Pa. All measurements were
performed in three replicates.
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2.6. Determination of the mechanical properties

Conditioned films were cut in strips (5 mmwidth x 60mm long)
before measurements. Tensile strength (TS) and percentage of
elongation (%E) were measured by a MTS Qtest 25 Elite controller
(France). The initial grip separation was set at 50 mm and the
crosshead speed at 5.0 mm/min. The results were obtained from
five replicates for each sample.
2.7. Determination of thermal properties (TGA)

Thermogravimetric measurements of different films (z10 mg)
were performed on a TA Instruments (USA) Q500 from room
temperature to 800 �C with a heating rate of 10 �C.min�1. The an-
alyses were investigated under nitrogen atmospherewith platinum
pans.
2.8. Scanning electron microscopy (SEM)

Microstructure analysis of surfaces and cross-sections of the
films was carried out using SEM technique with a tungsten source
in a Quanta 200 device (FEI, USA). Samples were observed using
low vacuum 50 Pa, 3 KV and working distance 8e10 mm.
2.9. Statistical analysis

Statistics on a completely randomized design were performed
with the analysis of variance (ANOVA) procedure in SPSS (version
16, SPSS Inc., Chicago, IL0 software). Duncan’s multiple range test
(p < 0.05) was used to detect differences among mean values of
films properties.
Table 2
Antifungal properties of CMC-CH-OL films incorporated with cinnamon (CEO) and
ginger (GEO) essential oils.

Films Inhibition diameter* (mm) Relative inhibition**(%)

CMC-CH-OL 11.46 ± 0.35a 0
CMC-CH-OL-CEO 1 16.44 ± 0.36c 43.5
CMC-CH-OL- CEO 2 21.72 ± 0.83e 89.5
CMC-CH-OL- CEO 3 23.24 ± 0.64f 102.8
CMC-CH-OL- GEO 1 14.31 ± 0.54b 24.9
CMC-CH-OL- GEO 2 14.92 ± 0.58b 30.2
CMC-CH-OL- GEO 3 19.31 ± 0.65d 68.5

*Means in each column with different superscript letters are significantly different
(p < 0.05).
**Inhibition percentage relatively to the CMC-CH-OL film.
3. Results and discussion

3.1. Essential oil composition

Sesquiterpenic compounds and cinnamaldehyde were found as
the major substances, respectively in the ginger and cinnamon oils
(Table 1). Nevertheless, in both oils, curiously, monoterpenic com-
pounds were in a smaller quantity than what has been described in
the literature (Ooi et al., 2006;Ojagh,Rezaei, Razavi,&Hosseini, 2010;
Hassanpouraghdam, Azami, Shalamzari, & Doulati Baneh, 2011;
Sivasothy et al., 2011; Sessou et al., 2012; Mesomo et al., 2013;
Yamamoto-Ribero et al., 2013; Yeh et al., 2014; Kaskatepe et al.,
2016). In particular, aldehydes and their derivatives such as neral,
geranial and geranyl acetate were not detected in ginger oil.
Table 1
GC/MS characterization of cinnamon and ginger essential oils.

Essential oil Monoterpenes % Sesquiterpenes % Mai

hydrocarbons oxygenated hydrocarbons oxygenated

Ginger rhizome oil 1 3 76 4 zing
b-se
cary
ar-c
farn

Cinnamon bark oil <1 22 3 cinn
a -c
ar-c
3.2. Preparation of films

In preliminary investigations (Appendix Table T1), a lot of work
was done to achieve a suitable formulation because of the anionic
character of CMC and the cationic character of chitosan in acidic
solutions. The objective was especially to avoid the creation of tight
gel after mixing both polysaccharides. Different formulations were
studied, e.g. by modifying the CMC:chitosan ratio and the pH of the
chitosan solution, or by changing the ionic environment. A conve-
nient procedure was finally selected, by using a CMC:chitosan ratio
of 2:1 (w/w) and by adjusting the pH of the chitosan solution at 6.8
before mixing both CMC and chitosan solutions, as described in the
experimental section.

3.3. Effect of EOs on antimicrobial properties

Antifungal properties of CMC-CH-OL films without and with
cinnamon or ginger EOs have been studied against A. niger by the
disc diffusion method. The films clearly exhibited antifungal
properties against the selected fungal strain (Table 2).

Chitosan-CMC-oleic acid control films exhibited antifungal
properties, which could be attributed likely to the presence of the
fatty acid (Neogi, Saumya, Mishra, & Raju, 2008) and maybe to
shortest chains in the chitosan fraction (Kulikov et al., 2014).

Antifungal effects increased with increasing concentration of
EOs. Comparison between cinnamon and ginger EOs show that
cinnamon oil is more effective than ginger one to decrease the
fungal growth. Cinnamon at the highest concentration (CEO 3)
showed the highest antifungal effects among the samples (p < 0.05)
followed by CEO 2 and GEO 3.

Antifungal properties of cinnamon and ginger EOs against A. niger
have been already described in the literature (Bansod & Rai, 2008;
Guynot et al., 2003). The most frequently reported mechanism for
the antimicrobial action of EOs is known as “disruptionmechanism”.
Due to their hydrophobic structure, EOs can attack cell membrane
and disrupt it, which leads to depletion of the content; they can also
n compounds % Minor compounds % Unknown compounds %

iberene 29
squiphellandrene 17
ophyllene 13
urcumene 13
esene 9

a-pinene <1
camphene <1
borneol (or
isoborneol) 1.5
germacrene 1.5
eucalyptol 1
bornyl (or isobornyl)acetate <1
terpineol ≪1

3

amaldehyde 73
ubebene 10
urcumene 3

muurolenes <3
muurolol <1
a-cadinol <1.5

1



Fig. 1. Macroscopic appearance of different films.
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affect the enzymatic systems which leads to inhibit the respiration
and cause cell death (Carson, Mee, & Riley, 2002). Because EOs are
composed of many different volatile compounds, including terpe-
noids, esters, aldehydes, ketones, acids, and alcohols, it is difficult to
correlate the antifungal activity to a single compound or classes of
compounds (Ramos et al., 2013). In fact, the antifungal and antimi-
crobial effects of EOs are the result of many compounds acting syn-
ergistically (Ownagh, Hasani, Mardani, & Ebrahimzadeh, 2010) even
if the main antifungal properties of cinnamon EO is attributed to
cinnamaldehyde (Ooi et al., 2006). The GC/MS results showed that
cinnamaldehyde was the major compound of cinnamon oil (>70%).
Xing et al. (2014), suggested that the antifungal effect of cinna-
maldehyde could be due to the loss of cytoplasm, destruction of
mitochondrial and plasma membrane, folding the cell and loss of
regularity of cell wall. In addition, cinnamaldehyde exhibited an
inhibitory effect on cell wall synthesizing enzymes (b-(1,3)-glucan
synthase and chitin synthase). For ginger EO, it seems that the anti-
fungal properties might be attributed to a-zingiberene as the major
compound of ginger EO (about 30%). However, some minor com-
pounds (such as a-pinene and terpineol) could lead to some syner-
gistic effects improving antifungal properties (Guynot et al., 2003;
Mesomo et al., 2013; Sivasothy et al., 2011). Another phenomenon
could be a modification of the permeability of the cell wall and
cytoplasmic membrane, leading to a leakage of cell cytoplasmic
contents, as described by Yamamoto-Ribero et al. (2013) using Fusa-
rium verticillioides as the target strain. The authors attributed this
effect to the lipophilic structure of GEO.
3.4. Effect of EOs on physical properties of films

The effect of incorporating EO on the physical properties of
polysaccharide-based films are shown in Table 3. Thickness of films
varied between 128 and 162 mm. From an esthetic point of view,
films were transparent but a bit yellow (Fig. 1). Because trans-
parency is a key characteristic for food packaging, the impact of the
addition of oleic acid as well as EOs on the film opacity was studied.
Both additions increased the film opacity (Fig.1, Table 3). This is due
to the dispersion of oil droplets in the carbohydrate-based matrices
(Wang et al., 2014). These results are in agreement with some
studies dealing with chitosan films containing olive oil (Pereda,
Amica, & Marcovich, 2012) and hydroxypropyl methylcellulose
films containing ginger essential oil (Atares, Perez-Masia, & Chiralt,
2011). No strong difference was observed between opacities of
films incorporated with both EOs, but only a tendency of increasing
opacity with the amount of CEO. Incorporation of oleic acid and EOs
led to a decrease in light transmittance at 280 nm (UV region) and
at 600 nm (visible region). After addition of oleic acid, the trans-
mittance of the CMC-CH film decreased from z22% to z17% and
fromz69% toz32%, at 280 nm and 600 nm, respectively. But, after
addition of CEO and GEO to the CMC-CH-OL films, the trans-
mittance was dramatically reduced at 280 nm (z0e1%) and to a
lesser extent at 600 nm (z6e20%). Thus, this type of films exhibits
Table 3
Physical properties of different films.

Films Thickness* (mm) Opacity* (A600/mm) Color (DE) Crystall

CMC-CH 132 ± 6b 1.21 ± 0.21d / /
CMC-CH-OL 131 ± 13b 1.91 ± 0.13b Control 83
CMC-CH-OL-CEO 1 128 ± 22b 1.99 ± 0.24b 0.57 ± 0.52 76
CMC-CH-OL-CEO 2 140 ± 22a,b 2.44 ± 0.15a,b 2.13 ± 1.30 66
CMC-CH-OL-CEO 3 162 ± 28a 2.62 ± 0.61a 1.44 ± 0.25 62
CMC-CH-OL-GEO 1 138 ± 13b 2.02 ± 0.20b 1.32 ± 2.32 69
CMC-CH-OL-GEO 2 152 ± 36a 2.20 ± 0.22a,b 1.32 ± 0.29 77
CMC-CH-OL-GEO 3 160 ± 18a 2.04 ± 0.10b 1.32 ± 0.52 80

*Means in each column with different superscript letters are significantly different (p <
barrier properties against UV light and could be applied to poten-
tially preserve food from oxidation. Consumers may be influenced
by the film color (Clydesdale, 1993). Total color differences (DE) of
films containing cinnamon EO and ginger EO are reported in
Table 3. DE are always low and under 5 indicating that there is no
real difference of perception for a consumer after incorporating EOs
in CMC-CH-OL films. These results are in accordance with visual
observations.

Crystallinity index values of the films are always under the value
of the CMC-CH-OL reference films, indicating that the introduction
of EOs modify the polymer network (Table 3). Nevertheless, a
dramatic difference appears between CEO and GEO. As the amount
of each essential oil increases, the crystallinity decreases with the
former essential oil, while it increases with the latter one. It seems
that CEO inhibits close packing in the polymer chains, maybe by
stronger interactions between cinnamaldehyde, as the main con-
stituent of CEO, and biopolymers (i.e. H-bonds, Van der Waals in-
teractions) that modifies the crystalline 3D-network. This could be
due to the strong dipole moment of cinnamaldehyde, reported as
5.1 debyes by Zinn, Betz, Medcraft, & Schnell, 2015.

CMC-CH control film showed a continuous and homogeneous
structure,without pores or cracks (Fig. 2 and Fig. 3). The cross section
of the control film was compact and uniform. After the addition of
oleic acid, the compact structure was destroyed and two different
phases could be observed: the polysaccharide matrix and another
phase likely constituted by oleic acid droplets not well distributed in
the continuous polymer matrix. These seemed to be aggregated into
the polymer matrix. Some micro-sized holes or cracks could also be
observed especially on the cross-section views. These results are in
agreementwith the studies of Vargas et al. (2009) and Perdones et al.
(2014) on chitosan-oleic acid films that presented two different
inity index (%) Contact angle* (�) Water Vapor Permeability* (10�7 g/m.h.Pa)

18.5 ± 1.4a 8.27 ± 1.54a

22.9 ± 2.4b 5.28 ± 0.99b

30.4 ± 1.8d,e 0.73 ± 0.15e,f

33.1 ± 1.6e,f 0.38 ± 0.12f

35.6 ± 2.3f 0.27 ± 0.14f

25.1 ± 1.8b,c 3.08 ± 0.59c

27.3 ± 1.9c,d 1.93 ± 0.46d

29.3 ± 1.9d 0.99 ± 0.22e

0.05).



CMC-CH                          CMC-CH-OL

CMC-CH-OL-CEO 2          CMC-CH-OL-GEO 2

Fig. 2. SEM images of the surface of CMC-CH, CMC-CH-OL, CMC-CH-OL-CEO 2, CMC-CH-OL-GEO 2 films (CMC-CH-OL films incorporated by 8.8% w/w cinnamon (CEO 2) and 7.0% w/
w ginger (GEO 2) EOs).
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phases and also flocculation and partial coalescence for globules.
Addition of cinnamon and ginger EOs led to a very different
morphology with more irregularities. In addition a clear difference
was observed between both EO-based films. Less holes and cracks
remained in cinnamon-based films compared to ginger ones but a
higher heterogeneity appeared in cinnamon-based films, in terms of
densityand repartition. Indeed, clearer zones canbeobservedonCEO
surfacematerials (less dense zones), showing a randomrepartitionof
different substances without any organized network. A denser
network was observed for GEO films. This phenomenon can be
attributed to the difference of the EO droplet dimension in the film
and also to differences in essential oil composition (mainly sesqui-
terpenes or cinnamaldehyde for ginger and cinnamon, respectively);
it seems that, as for crystallinity, cinnamaldehyde plays a role in the
final organization in the material. Nevertheless, these results are not
in agreement with the study of Ojagh et al. (2010), mentioning
crosslinking effects between chitosan and CEO, which decrease the
free volume and the molecular mobility of the polymer and lead to a
sheet-like structure. The elaboration process of the film forming so-
lution (pH6.8) and thepresenceofCMCseems todramaticallymodify
the interactions and then the morphology.

The value of the contact angle with water is an indication of the
hydrophobicity of the surface. As expected, the addition of oleic acid
to CMC-CH films significantly increased the angle by 24% (p < 0.05).
Depending on the EO concentration, increasing amounts of both EOs
led to an increase by 65e93% and 36e59% for cinnamon and ginger,
respectively (Table 3). This phenomenonwas attributed to a decrease
in the hydrophilic character of the polysaccharide-basedfilms, due to
the addition of hydrophobic compounds in the formulation and also
to a potential decrease in free amino and hydroxyl groups (Ojagh
et al., 2010) even if another kind of molecular organization is ex-
pected in our films. The films containing cinnamon EOs showed
higher contact angle than films containing ginger.
3.5. Effect of EOs on mechanical properties of films

The effect of incorporating EOs on the mechanical properties of
polysaccharide-basedfilmsare showninTable4. Tensile strength (TS)
decreased significantly by addition of EOs in CMC-CH-OL films
(p < 0.05). Because CMC-CH film was brittle, the mechanical prop-
erties of this film could not be determined. According to Shojaee-
Aliabadi et al. (2013), the decrease of TS could primarily be
explained by the partial replacement of stronger polymer-polymer
interactions by weaker polymer-oil interactions in the network of
films incorporated with essential oil. This may weaken the network
structure, and hence caused a decrease in the tensile strength. Per-
centage of elongation (%E) at break dramatically increased when
increasing EO content (p< 0.05), showing a strong plasticizing effect.



CMC-CH

CMC-CH-OL

Fig. 3. SEM images of the cross-section of CMC-CH and CMC-CH-OL films.

Table 4
Mechanical properties of CMC-CH-OL films incorporated with cinnamon (CEO) and
ginger (GEO) EOs.

Films Tensile strength* (MPa) Elongation at break* (%)

CMC-CH-OL 7.0 ± 0.8f 29.0 ± 8.2a

CMC-CH-OL-CEO 1 4.8 ± 0.9e 107.0 ± 21.4e

CMC-CH-OL- CEO 2 4.2 ± 0.4d 119.8 ± 21.4f

CMC-CH-OL- CEO 3 3.1 ± 0.4b 124.3 ± 9.3g

CMC-CH-OL- GEO 1 4.1 ± 1.1d 43.7 ± 9.8b

CMC-CH-OL- GEO 2 3.5 ± 1.0c 55.6 ± 8.7c

CMC-CH-OL- GEO 3 2.7 ± 0.4a 61.4 ± 8.8 d

*Means in each column with different superscript letters are significantly different
(p < 0.05).
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At the highest concentrations of EOs, the elongation percentage of
films incorporatedwith cinnamon and ginger increased by 328% and
111%, respectively. As we can see, cinnamon was significantly more
efficient to increase the %E than ginger (p < 0.05). This higher plas-
ticizing effect by CEO,which is confirmedby the crystallinity indexes,
could be explained by the different organization in the films incor-
porated with cinnamon or ginger as observed by SEM.

The plasticizing effect is in accordance with several studies
dedicated to alginate films containing oregano EO (Benavides,
Villalobos-Carvajal, & Reyes, 2012), k-carrageenan films containing
Satureja hortensis EO (Shojaee-Aliabadi et al., 2013) and soy protein
isolate incorporated with CEO (Atares, De Jesus, Talens, & Chiralt,
2010). Nevertheless, the results are not in agreement with the
study of Ojagh et al. (2010), who showed a decrease in %E with the
incorporation of CEO, explained by crosslinking effects caused by
covalent bonds between functional groups of chitosan chains and
CEO components. Cinnamaldehyde may form a Schiff base with
chitosan in particular conditions (Chen et al., 2016; Higueras, Lopez-
Caballo, Gavara,&Hernandez-Munoz, 2015) and the imine bond C]
N, was observed at 1633 cm�1 (Higueras et al., 2015) and 1637 cm�1

(Chen et al., 2016) in ATR-FTIR spectra. As the formation of the imine
bond is reversible and/or incomplete, the valence vibration of the
carbonyl bond was also detected at 1660 cm�1 (Higueras et al.,
2015). In our study, ATR-FTIR spectra of the films are quite similar
when incorporated with CEO or GEO (spectra not shown) and no
bands appeared around 1635 cm�1 indicating that imine was not
formed in the experimental conditions.
3.6. Effect of EOs on thermal properties

In order to know if the addition of oleic acid and EOs led to a
decrease in thermal stability, TGA profiles of the different films
were studied (Fig. 4). The results of TG analysis of all films showed
six events in weight loss. The first one (around Tmax ¼ 52e60 �C
where Tmax is the temperature of maximum rate of degradation)
was attributed to elimination of residual water, acetic acid and
other volatile compounds from the films. The second event (around
Tmax ¼ 172e199 �C) was related mostly to the degradation of chi-
tosan for films without EO and to the degradation of chitosan,
ginger and cinnamon essential oils for films incorporated with EOs.
For pure chitosan, the TGA thermogram exhibited two weight
losses around 177 and 274 �C (data not shown). TGA thermograms
for both oils showed that the thermal stability was practically the
same (Tmaxz150 �C) (data not shown); degradation of low mo-
lecular weight compounds such as glycerol or structurally bound
water in the film network could also appear in this stage
(Taghizadeh, Sabouri, & Ghanbarzadeh, 2013). The third event
(around Tmax ¼ 241e266 �C) corresponded to oleic acid, CMC and
chitosan polymer degradation. EOs decreased the thermal stability
of polymer networks, as control films showed higher weight loss
temperature (Tmax ¼ 266 �C) than films containing EOs. The fourth
(Tmax ¼ 324e344 �C) event could be due to the beginning of Tween
80 degradation. For pure Tween 80 the degradation goes from
280 �C to 480 �C with a maximum rate of degradation at 405 �C
(data not shown). The fifth and sixth events corresponded to the
degradation of compounds coming from CMC.

Regarding the impact of EOs addition, the thermal stability
decreased with the amount of CEO. The structure of the polymer
network changes leading to a discontinuous structure formation due
to an increase in the free volume places as well as a less dense
structure. This result could be due to the potential interaction be-
tween cinnamaldehyde and chitosan, knowing that EOs were
degraded during the second event. This is in accordance with the



Fig. 4. TGA thermograms for CMC-CH-OL film and films incorporated with ginger (GEO) and cinnamon (CEO) in different concentrations.
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decreasing of crystallinity indexes when the concentration of CEO
increases.

However, the behavior of films containing GEO was different:
the lowest amount (GEO 1) led to a lower thermal stability, but the
addition of highest amounts (GEO 2 and GEO 3) led to a higher one.
This could be attributed to a rearrangement in the polymer struc-
ture after addition of higher concentrations of ginger EO. It seems
that, with the lowest amount of ginger oil, the structure of the
polymer changed but, when adding more EO, the structure forms a
more homogeneous structure, which increases the thermal stabil-
ity. This is in accordance with the increasing of crystallinity indexes
when the concentration of GEO increases.

3.7. Effect of EOs on barrier properties

The addition of oleic acid significantly reduced the water vapor
permeability (WVP) by around 36% (p < 0.05) comparatively to pure
CMC-CH films (Table 3). Decrease in WVP by addition of oleic acid is
attributed to the hydrophobic character of oleic acid that affects the
hydrophilic/hydrophobic equilibrium of the film. However, by
comparing themicrostructure of CMC-CH and CMC-CH-OL films, it is
clear that CMC-CH films showed more homogeneous and compact
structure without any hole and pores comparatively to CMC-CH-OL
ones. As a result, the presence of an hydrophobic compound (oleic
acid) seems to be more efficient than the compact structure.
Ghanbarzadeh and Almasi (2011) also showed that addition of oleic
acid to CMC led to a decreased WVP. Nevertheless, a strong differ-
ence in the orders of magnitude of the water vapor permeability
values appears. These authors obtained WVP of plasticized CMC
around 2 � 10�5 g/m.h.Pa and 1.5e2 � 10�5 g/m.h.Pa after incor-
poration of oleic acid. In our study, WVP of CMC-CH and CMC-CH-OL
films were respectively equal to 8.3 � 10�7 and 5.3 � 10�7 g/m.h.Pa.
These results indicated that blending CMC with chitosan led to a
strong decrease of the WVP. This may be due to the formation of
hydrogen bonds between chitosan and CMC, decreasing the hydro-
philic character of the polysaccharide matrix. These results are in
agreement with the work of Wang’s team (Hu et al., 2016), who
previously showed a decrease in WVP of quaternized chitosan and
CMC films due to hydrogen bonds between biopolymers.

The addition of cinnamon or ginger EOs decreased WVP by
about 41e94% (p < 0.05) comparatively to CMC-CH-OL films,
depending on their respective amounts. This phenomenon, mainly
due to the hydrophobic character of EOs, as confirmed by the re-
sults of contact angles, has already been observed for chitosan films
containing cinnamon (Ojagh et al., 2010), citronella and cedarwood
EOs (Shen and Kamdem, 2015). Cinnamon EO was more efficient in
decreasing the WVP than ginger EO. Even if a higher plasticizing
effect was obtained by cinnamon EO, this lowerwater mass transfer
could be due to the higher hydrophobic character of the surface and
the film morphology, with globally less holes and smaller ones
compare to ginger films.

Atares et al. (2010) also showed a higher efficiency of CEO to
decrease WVP of soy protein isolate films than that of GEO.
Shojaee-Aliabadi et al. (2013) suggested that a reduction of WVP
may be attributed to the hydrophobic character of EOs but also by
some probable hydrogen interactions between some compounds in
essential oil and/or oleic acid with the polymer.

4. Conclusion

Some essential oils can be used to improve the properties of bio-
based films made from a matrix of carboxymethyl cellulose and
chitosan emulsified with a fatty acid. Especially cinnamon but also
ginger essential oils were both efficient to control in vitro the growth
of Aspergillus niger, a high occurrence food spoilage fungus. Films
presented different physical, mechanical, thermal and water vapor
permeability properties depending on the composition of the
essential oil. These differences are likely due to the presence of cin-
namaldehyde in cinnamon essential oil which can createmany kinds
of interactions with the network made by blending carboxymethyl
cellulose, chitosan and oleic acid. Results in this present work show
that EOs and especially cinnamon oil could be used to plasticize bi-
nary polysaccharide network of chitosan and carboxymethyl cellu-
lose while improving moisture permeability and maintaining
antifungal activity of resulting films. These eco-friendly materials
couldbeused in foodpreservation, toenhance foodsafetyandquality.
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Appendix
Table T1
Different experiments to determine the best conditions to obtain good films

Expt N� Ratio pH NaCl solution mol/L Results

CMC CH CMC CH

1 2 1 3.8 3.8 e Very tight gel
2 2 1 7.0 3.8 e Tight gel
3 1 1 7.0 3.8 e Tight gel
4 2 1 7.0 4.0 e Tight gel
5 2 1 7.0 5.0 e Soft gel
6 2 1 7.0 6.0 e Viscous solution
7 2 1 7.0 6.3 e Good dispersion of both phases, but some clouds after mixing both phases
8 2 1 7.0 6.3 0.05 Some clouds after mixing both phases
9 2 1 7.0 6.3 0.1 Some clouds after mixing both phases; some crystals of NaCl in films
10 2 1 7.0 6.3 0.15 Some clouds after mixing both phases; some crystals of NaCl in films
11 2 1 7.0 6.5 e Good dispersion of both phases, but some clouds after mixing both phases
12 2 1 7.0 6.5 0.05 Some clouds after mixing both phases
13 2 1 7.0 6.5 0.1 Some clouds after mixing both phases; some crystals of NaCl in films
14 2 1 7.0 6.5 0.15 Some clouds after mixing both phases; some crystals of NaCl in films
15 2 1 7.0 6.8 e Good dispersion of solutions; good film
16 2 1 7.0 6.8 0.05 Good dispersion of solutions; opaque films with some NaCl crystals
17 2 1 7.0 6.8 0.1 Good dispersion of solutions; opaque films with some NaCl crystals
18 2 1 7.0 6.8 0.15 Good dispersion of solutions; opaque films with some NaCl crystals
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