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1  | INTRODUC TION

Edible films are thin layers that are used on the foodstuffs and play a 
key role in the distribution, marketing, and protection of food prod-
ucts against mechanical damage and microbial and chemical activ-
ity. These films are biodegradable, nontoxic, and environmentally 
friendly (Bourtoom, 2008). Owing to the nonbiodegradable of syn-
thetic polymers, the use of biodegradable materials in the food pack-
aging industry has been considered (Ghanbarzadeh et al., 2007). The 
use of composite films is one of the most widely used methods to 
improve the properties of the films produced from one component 
(Cao, Fu, & He, 2007; Yoo & Krochta, 2011).

Gelatin (G) is obtained from partial destruction of collagen. It has 
been highly regarded as an edible film, because of its availability, 

relatively cheap price, biodegradability, and good properties due 
to its excellent ability to film-forming and reducing oxygen, oil, and 
moisture transportation. Also, G has antimicrobial and antioxidant 
activities (Cao et al., 2007).

Carboxymethyl cellulose (CMC) is used in the packaging indus-
try as a viscosity enhancer and bonding agent. CMC feature for 
film creation in the food industry is due to its transparency solute, 
water binding, and viscosity properties (Tongdeesoontorn, Mauer, 
Wongruong, Sriburi, & Rachtanapun, 2011). Prepared films with this 
polymer are usually good barrier against gases with intermediate to 
good mechanical properties but are vulnerable to moisture (Biswal 
& Singh, 2004; Jahit, Nazmi, Isa, & Sarbon, 2016). Despite the avail-
ability and low cost of CMC, the main problem of CMC coatings is 
its relatively weak inhibition against water vapor (Yoo & Krochta, 
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Abstract
Edible films, as novel degradable materials in food packaging, play an important role 
in removing consumers' concerns about environmental pollution and food contami-
nations. Carboxymethyl cellulose (CMC)–gelatin (G) edible films with the ratio 4 to 1 
was selected as the optimal film based on physical, mechanical, and physicochemical 
findings. Then, the effects of 0, 300, 450, and 600 ppm Dianthus barbatus essential 
oil (DbE) on water vapor permeability, tensile strength, elongation at break, water 
solubility, glass transition temperature, color, oxygen permeability, and antimicrobial 
activities on the optimal film were investigated. CMC: G (4:1) containing 600 ppm 
DbE as the antibacterial–antioxidant film was the best formulae (p < .05) for prevent-
ing three types of aflatoxin-producing mold including A. flavus (PTCC-5004), A. para-
siticus (PTCC-5286), and A. parasiticus (PTCC-5018) on pistachios for 6 months.
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2011). The presence of essential oil in formulations of edible films is 
caused stabilization of phenolic componds and has reduced surface 
contamination of food through the gradual release of antimicrobial 
componds (Buonocore et al., 2003). Chouhan, Sharma, and Sanjay 
Guleria (2017) reported that extract penetrates into lipid membranes 
and mitochondrial structure of bacteria and mold caused disruption 
in cellular lipid and subsequently leakage of critical molecules and 
ions from their cells and impaired electron motor pump.

Dianthus barbatus essential oil (DbE) is a pharmaceutical-decora-
tion plant of the Carnation series and Caryophyllaceae family which is 
traditionally used in China, Japan, and Korea as traditional medicine. 
This plant has some effects such as anti-inflammatory, anticancer, 
and antioxidant properties, improving physical, antiviral, antibac-
terial, antifungal, and anti-insecticide activities (Chandra & Rawat, 
2015; Chandra, Rawat, Chandra, & Rastogi, 2016).

Aflatoxins are natural toxins that are produced by Aspergillus (A.) 
flavus and A. parasiticus and are grown in many foodstuffs when their 
favorable growth conditions are provided (Cheraghali et al., 2007). 
A. flavus (PTCC-5004) and A. parasiticus (PTCC-5018) produce afla-
toxin B1, while A. parasiticus (PTCC-5286) produces aflatoxin B1, B2, 
G1, and G2 (Sayanjali, Ghanbarzadeh, & Ghiassifar, 2011). Storage in 
adverse conditions and moisture absorption from the environment 
cause mold growth in the nuts (Sabaghi, Maghsoudlou, Khamiri, & 
Ziaeefar, 2014). Iran is one of the largest manufacturers and export-
ers of pistachios in the world (Cheraghali et al., 2007). The most im-
portant problem of exporting pistachio is increasing aflatoxin during 
storage due to environmental conditions such as temperature and 
humidity (Cheraghali et al., 2007; Dini et al., 2013).

Literature searches reveal that no studies documented the effect 
of CMC-G containing DbE as an antibacterial–antioxidant compound 
to the inhibition of producing aflatoxin. Since pistachios are one of 
the most expensive nuts and consumers prefer the natural antimi-
crobial agents, the aim of this study was to formulate CMC-G and 
DbE edible films using different concentrations of DbE and to deter-
mine the antioxidant and antimicrobial properties of these compos-
ite on pistachio.

2  | MATERIAL S AND METHODS

2.1 | Materials

CMC (with an average molecular weight ≅ 50,000) and G (type B, 
bovine bone, with a bloom value of  ~  300  g) were obtained from 
Nippon Paper Chemicals Co. (Tokyo, Japan) and Sigma-Aldrich Co. 
(St. Louis, USA), respectively. Sunflower oil and DbE were purchased 
from Behshahr Industrial Co. (Tehran, Iran) and Institute of Medicinal 
Plants (Karaj, Iran), respectively. Pistachios (Pistacia vera L. belongs 
to the Anacardiacea family) and multilayer flexible polystyrene plas-
tics were purchased from a local market (Tehran, Iran). A. flavus 
(PTCC-5004), A. parasiticus (PTCC-5286), and A. parasiticus (PTCC-
5018) were obtained from the culture collection at the Iran Institute 
of Industrial and Scientific Research. Tween 80, glycerol, physiology 

serum, and potato dextrose agar (PDA) from Merck Co. (Darmstadt, 
Germany) were also used.

2.2 | Methods

2.2.1 | CMC-G film preparation

5% suspension of CMC: G with ratios of 0:5, 1:4, 2.5:2.5, 4:1, and 5:0 
were prepared, and after the addition of glycerol 40% (w/w of CMC-
G) as a plasticizer per each gram mixture of CMC-G and 1% Tween 
80 as emulsifier, the mixture was heated for 30  min at 80–90°C, 
on a hot plate that equipped with a magnetic stirrer with speed of 
1,200 rpm, until a clear solution being achieved (F1–F5) (Table 1).

Then, the solution was placed on a glass plate and was heated up 
to 35°C for 24 hr to be completely dry. Dried films were peeled off 
the glass petri dishes slowly and maintained in an aluminum foil until 
usage. Physical, water vapor permeability, and mechanical proper-
ties of the developed films were measured to select the optimal film.

2.2.2 | Physical properties

Transparency
The films were cut into 3 × 2 cm pieces, and then, the pieces of films 
were placed inside the UV-Vis Spectrophotometer (Hitachi, Tokyo, 

TA B L E  1   CMC, gelatin (%), and DbE (ppm) contents used in the 
formulation of edible films and pistachios uncoated and coated

Formula
CMC
(%)

Gelatin
(%)

DbEE 
(ppm)

F1A  0 100 –

F2A  20 80 –

F3A  50 50 –

F4A  80 20 –

F5A  100 0 –

F6B  80 20 –

F7B  80 20 300

F8B  80 20 450

F9B  80 20 600

P1C  – – –

P2D  80 20 300

P3D  80 20 450

P4D  80 20 600

AEdible films formulated with varying levels of CMC and gelatin: F1–F5. 
BEdible films formulated with CMC and gelatin in the ratio 4 to 1 
containing different concentrations of DbE: F6–F9. 
CUncoated pistachio as control: P1. 
DCoated pistachios with edible films formulated with CMC and gelatin 
in the ratio 4 to 1 containing different concentrations of DbE: P2, P3, 
and P4. 
EDbE: Dianthus barbatus essential oil. 
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Japan). The transparency was determined by measuring the percent 
light absorption (%T) at 600 nm (Sothornvit, Rhim, & Hong, 2009). 
The following equation was used to calculate the transparency (T600):

where d is the film thickness (mm).

Thickness
Film thickness was measured in mm with a digital micrometer 
(Mitutoyo 293–340–30, Tokyo, Japan) with a sensitivity of 0.001 mm 
to determine the water vapor permeability (WVP) and tensile 
strength (TS). Results were reported as an average of at least five 
random locations for each film sheet (Coronado Jorge, Alexandre, 
Caicedo Flaker, & Bittante, 2015).

2.2.3 | Water solubility (WS)

Solubility in water was determined based on the method of 
Dashipour et al. (2015) with some modifications. The films were cut 
into 2 × 2 cm; then, the pieces of films were heated in an oven at 
100°C for 24 hr to constant weight (Wo). Then, the pieces of films 
were immersed in containers containing 50 ml of distilled water for 
24 hr at room temperature (25°C) on a magnetic stirrer. The films 
were then filtered by filter paper to obtain undissolved films and 
dried at 100°C to reach a constant weight to obtain the final dry 
weight of the film (Wf). The WS was calculated according to the fol-
lowing equation:

2.2.4 | Water vapor permeability (WVP)

WVP was determined using the standard ASTM-E0096-005 method. 
Circular cups with an average diameter of 3 cm and depth of 3.5 cm 
containing 8 ml of distilled water were sealed by the developed films 
with rubber gaskets, clips, and grease. Each cup was placed inside a 
desiccator with silica gel and was weighed every 12 hr (using a digi-
tal scale with a precision of 0.0001), and water vapor transport was 
determined by the weight gain of the cup.

The WVP was calculated according to the following equation:

Δm: weight loss per cup (g); X: film thickness (mm); A: area of 
exposure to the cup (7.06 × 10−4 m2); Δt: time (s); Δp: the partial pres-
sure difference was 100% (kPa), the RH inside the cup was 100% and 
the outside of the cup was 0%, which caused a slight partial pressure 
of 3,179 Pa between the outside and inside of the cup.

2.2.5 | Mechanical properties

Mechanical properties of the developed films, including tensile 
strength also called as tensile stress (TS) expressed in MPa and elon-
gation at break also as called strain (ELB) reported as a percentage 
relative to comparison flexibility of films (Tabari, 2018), were deter-
mined according to Dashipour et al. (2015) with some adjustments 
using an Instron Universal Testing Machine (model Zwick) according 
to the ASTM-D882-2002. The developed films were cut in 2 × 7 cm 
pieces and equilibrated at 25°C and 50% RH, and then fixed be-
tween the two jaws with an initial distance of 40 mm, and the cross-
head speed was set at 10 mm/min and 500 N load cell.

TS was calculated by dividing the peak load in Newton (N) by 
the cross-sectional area of the initial film pieces (thickness width in 
mm2).

ELB was obtained by the percentage change in length of the film 
pieces from 40 mm of the original distance between the jaws. ELB is 
reported as a percentage relative to comparison flexibility of films.

l: displacement (mm); l0: reference length (mm).

2.2.6 | Oxygen permeability measurement

Oxygen permeability was measured by the indirect method (Ou, 
Wang, Tang, Huang, & Jackson, 2005). Fresh and antioxidant-free 
sunflower oil was used as a control, and its peroxide value was 
measured. Wineglasses were filled with sunflower oil, covered with 
developed film, and stored at 25 ± 2°C and 75% relative humidity 
for 15 days. The peroxide value (PV) of the pistachios uncoated and 
coated with edible films formulated containing different concentra-
tions of DbE during 6 months of storage was determined by sodium 
thiosulfate titration and was calculated using the following equation:

V: consumed thiocyanate volume; N: thiosulfate normality; M: 
film weight.

2.2.7 | Thermal properties

Glass transition temperature (Tg) measurement was performed using 
Differential Scanning Calorimeter (DSC-60, Shimadzu, Kyoto, Japan) 
according to Coronado Jorge et al. (2015) and Bonilla, Bittante, and 
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Sobral (2017) with some adjustments. About 2  mg of developed 
films were placed in hermetically sealed aluminum pans and heated 
from − 100 C to + 200°C at a heating rate of 10°C/min, after cooling 
with liquid nitrogen as a cryogenic. Tg was obtained from the tem-
perature fluctuation point of the temperature.

2.2.8 | Color measurement

The color values of developed films in terms of L*, a*, and b* were 
measured using a colorimeter (Minolta, Tokyo, Japan). Films were 
placed in desiccators at 25°C and 53% RH prior to optical measure-
ments (Sothornvit et al., 2009). A white reflector standard plate was 
used as background. Triplicate measurements of color were con-
ducted for each film. Total color difference (ΔE) was calculated by 
the following equations:

ΔL = (L* - L0*); Δa = (a* - a0*); Δb = (b* - b0*); a0*, b0*, L0*: standard color 
parameter values; a*, b*, L*: film color parameter values; l*: brightness, 
which has a range of 0 (darkness) to 100 (brightness); a*: from − a*: 
greenness to + a*: redness; b*: from − b*: blueness to + b* yellowness.

2.2.9 | DbE extraction

The hydrodistillation method by the Clevenger apparatus was used 
to extract DbE. About 200 g Dianthus barbatus was ground and then 
was poured in Clevenger apparatus flasks. After adding distilled 
water to two-thirds of flasks, they were attached to the Clevenger 
device, its contents were heated for 4 hr, and then, essential oil was 
separated and collected from distilled water.

2.2.10 | CMC-G film containing different DbE 
concentrations preparation

After CMC-G film preparation, DbE was added with concentrations of 
0, 300, 450, and 600 ppm and stirred for 4 min. Then, the mixture was 
divided into two sections. One section was used to the immersion of 
pistachios, and the other one was placed on a plate and was heated up 
to 35°C for 24 hr to be completely dry. Dried films were peeled off the 
glass petri dishes slowly and maintained in an aluminum foil until usage.

WVP, mechanical properties, WS, Tg, color, PV, and microbial 
properties of developed films were measured to select the best anti-
bacterial film for pistachio coating and introduction to the industrial.

2.2.11 | Preparation of inocula

Inocula were prepared as described by Sayanjali et al. (2011) with 
some adjustments. The fungal cultures were cultivated on PDA slants 

for 7 days at 20–25ºC. About 10 ml of this solution was vigorously 
stirred with crystal balls for several minutes. This allows spores were 
plucked from colony surface and enter into the solution; then, the 
solution was passed through No. 1 filter paper in sterile conditions 
and mold mycelium and plucked particles remained on filter paper. 
The spores were collected under the filter paper. At this stage, the 
collected solution was diluted with a solution of Tween 80 (0.1%) and 
its light absorption was measured using UV-Vis Spectrophotometer 
(U-2000, Hitachi, Japan) at the wavelength of 360 nm to obtain a 
suspension of 104 spores/ml (Fan & Chen, 1999).

2.2.12 | Antimicrobial effects

Antimicrobial activity of developed films was assessed using the 
agar diffusion method (Dashipour et al., 2015; Sayanjali et al., 2011). 
The inhibition zone test on PDA was used to determine the antimi-
crobial activity of developed films containing CMC: G (4:1) with dif-
ferent concentrations of DbE (F6–F9) (Table 1). About 0.1 ml of each 
mold spore suspension of 104 spores/ml was cultured on PDA. Disk 
form films of 10 mm diameter were placed in sterile conditions at the 
center of petri dishes containing a medium. The petri dishes were 
incubated in the oven at 25°C for 48 hr. Then, the diameter of the 
inhibitory zone surrounding film disks was measured using a caliper 
with 0.01  mm precision. Inhibitory zone diameter was considered 
as an index of antimicrobial activity of films (Sayanjali et al., 2011).

In cases that inhibition zone was not formed means, there was no 
antimicrobial activity. So, instead of reporting 10 mm (primary diam-
eter of the disk), its equivalent size was considered zero. While the 
antimicrobial activity was observed, the composed inhibition zone 
diameter always was more than 10 mm. To ensure the steady growth 
of mold on the surface of a petri dish, a cultured petri dish without 
film was used as control. Also, a petri dish lacking mold was used to 
ensure that no mold contamination there is.

2.2.13 | Film application

According to Sayanjali et al. (2011), pistachios were immersed for 
2 min in soluble of the films containing CMC: G (4:1) with different 
concentrations of DbE and then were dried for 24 hr at 35°C be-
fore the tests (P2–P4) (Table 1). After drying, coated and uncoated 
pistachios were stored in polyethylene bags for 6 months at 25°C 
and then the number of the molds was counted. The average results 
were expressed in CFU/g.

2.2.14 | Statistical analysis

The data were analyzed by one-way analysis of variance (ANOVA), 
using SPSS 16 statistical package (SPSS Inc., Chicago, IL, USA). 
The Duncan test was used to determine statistically significant 
differences between the means. p values  <  .05 were considered 
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statistically significant for all comparisons. Values were reported as 
mean ± standard deviation (SD) of duplicate treatments (six repeti-
tions for each formula) (Amiri-Rigi, Mohammadifar, Emam-Djomeh, 
& Mohammadi, 2011).

3  | RESULTS AND DISCUSSION

3.1 | Physical properties

Table 2 presents the physical properties of CMC-G film formulae. G 
significantly decreased transparency and increased WS (p < .05). F5 
(CMC: G (5:0)) had the highest transparency and lowest WS because 
of having the lowest level of G compared with the other formulae 
(p <  .05), which is due to the nature of the yellowish color of G as 
described by Ramos et al. (2012).

The thickness depends on the concentration of the ingredients, 
the amount of initial solution per unit, the surface, and the rate of 
pouring on the surface. Since these factors were kept constant, 
there were no significant differences in thickness (mm) among the 
formulae containing different levels of CMC and G.

Increasing the amount of G in the formulae led to increase in 
water solubility due to the instability of the spiral structure and 
interaction with water, which is in agreement with the findings of 
Mohanty, Misra, and Hinrichsen (2000).

3.2 | WVP, TS, and ELB

Films used for food packaging should have low WVP to prevent the 
exchange of moisture between the food product and the environ-
ment. Biodegradable films have poor resistance to moisture due to 
their hydrophilic properties. WVP decreased when G was combined 
with the CMC due to their interaction, which leads to an unstable 
spiral and a more compact structure of the produced film. As shown 
in Table 2, an increase in the level of CMC significantly yielded a 
WVP reduction (p <  .05). F1 (CMC: G (0:5)) had the highest WVP 
because of the highest level of G compared with the other formu-
lae (p < .05), in accordance with the results reported by Sobral and 
Habitante (2001).

The addition of CMC decreased TS significantly (p < .05) and sub-
sequently increased flexibility, because of the formation of strong 
hydrogen bonds between the CMC chains. The mechanical proper-
ties of films depend on the distribution, density of intermolecular, 
and interactions in the film network. Films of flexibility are required 
to withstand tensions and strains applied in various applications. 
Mohanty et al. (2000) found that films produced from CMC are 
highly flexible and robust.

The interaction between molecular chains of G is high and leads 
to high TS. The effect of G on TS was also reported by Park (1999), 
who investigated on methylcellulose and hydroxypropylmethylcellu-
lose films. Mohanty et al. (2000) and Chen and Lai (2008) reported 
that films developed from CMC had a high TS and G yielded ELB 
reduction significantly (p < .05). Thus, the higher the level of G in the 
formulae, the lower the flexibility.

3.3 | Select the optimal film

The optimally developed film was selected using Design-Expert 
software version 7 (DX7) (Stat-Ease Inc., Minneapolis, MN, USA) and 
a D-Optimal design. Coefficients between − 2 and + 2 were given 
to the physical properties, WVP, and mechanical variables based on 
their importance. Nieto (Nieto, 2009) reported that selecting the 
best formulae depends on the purposes such as good mechanical 
strength to prevent tensions during transport, properties of inhibi-
tory to gases and moisture, high flexibility, adaptation to the shape 
of foodstuff without fracture, and easily used as a coating. The ob-
tained results showed that the film formulated with CMC and G in 
the ratio 4 to 1 (F4) was the most significantly appropriate (p < .05) 
and was selected as the optimal film. The rest of the experiments 
carried out on F4 containing different concentrations of DbE (F6-F9).

3.4 | WVP, TS, and ELB of F4 containing different 
concentrations of DbE

According to the results shown in Table 3, the WVP decreased with 
increasing the concentration of DbE in formulae (p  <  .05). Film-
free DbE (F6) and the film containing 600 ppm of DbE (F9) had the 

TA B L E  2   Physical and mechanical properties of edible films formulated with varying levels of CMC and gelatin

FormulaA 
Transparency
(%)

Thickness
(mm)

Water solubility
(%)

WVPB 
(g msPa−1 × 10−7)

Tensile strength 
(mPa)

Elongation at 
break (%)

F1 0.30 ± 0.01a 0.100 ± 0.006a 51.49 ± 0.21a 21.38 ± 0.01a 8.34 ± 0.11a 31.24 ± 1.34a

F2 0.32 ± 0.00b 0.101 ± 0.006a 36.02 ± 0.43b 17.92 ± 0.06b 6.14 ± 0.16b 35.22 ± 3.37b

F3 0.34 ± 0.01c 0.094 ± 0.001a 31.46 ± 0.74c 14.29 ± 0.07c 4.62 ± 0.07c 41.07 ± 2.34c

F4 0.37 ± 0.02d 0.100 ± 0.012a 28.39 ± 0.29d 10.31 ± 0.05d 0.75 ± 0.01d 55.03 ± 1.46d

F5 0.43 ± 0.01e 0.097 ± 0.003a 21.19 ± 0.85e 7.41 ± 0.03e 0.23 ± 0.00e 60.21 ± 2.54e

Note: Means followed by different letters within a column are significantly (p < .05) different.
AFor formula descriptions see Table 1. 
BWater vapor permeability. 
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highest and the lowest permeability, respectively (p < .05), which is 
consistent with the findings of Sánchez-González, Vargas, Gonzalez-
Martinez, Chiralt, and Chafer (2009) and Pérez-Gago and Rhim 
(2014). Sánchez-González, Chiralt, Gonzalez-Martinez, and Cháfer 
(2011) reported that adding 3% of bergamot essential oil to chitosan 
film resulted in a 50% reduction in WVP, due to the increased hydro-
phobicity of the film containing essential oil.

As shown in Table 3, the increase of DbE concentration resulted 
in a significant decrease in TS and an increase in the ELB (p <  .05) 
(Aguirre, Borneo, & Leon, 2013; Sánchez-González et al., 2009). F6 
showed the highest TS and the lowest ELB and F9 showed the low-
est TS and the highest ELB, which is in agreement with the findings 
of Aguirre et al. (2013). The addition of essential oils changed me-
chanical properties of developed films by the degradation of the film 
matrix due to changes in the molecular level (Chen & Lai, 2008), their 
oily nature (Sánchez-González et al., 2009) or as a polymer emollient 
(Aguirre et al., 2013). The essential oils weaken the film's inner bonds 
and increase the flexibility and mobility of polymer chains (Aguirre 
et al., 2013).

3.5 | WS and Tg of F4 containing different 
concentrations of DbE

The increase of DbE concentration resulted in a significant decrease 
in TS and an increase in the solubility (p  <  .05). According to the 
results shown in Table 3, F6 showed the highest solubility, and F9 
showed the lowest solubility, due to the hydrophobic and nonpo-
lar properties of the DbE, which is in agreement with findings of 
Maizura, Fazilah, Norziah, and Karim (2007) and Sánchez-González 
et al. (2009).

The addition of DbE showed a significant effect on the Tg in all 
formulae, in accordance with the findings of Bonilla et al. (2017). Tg 
decreased significantly with the increase of the DbE concentration 
(p < .05) since DbE is as an emollient in the film. The F6 showed the 
highest Tg and F9 showed the lowest Tg.

3.6 | Color values of F4 containing different 
concentrations of DbE

The data presented in Table 3 showed that b* value increased sig-
nificantly (p < .05) with increasing the DbE concentration. So, the F9 
and F6 had the highest and lowest b* value, respectively. b* value 
indicates a yellow-blue color and a positive b* value indicated that 
the formulae had a yellow tint. By increasing the concentration of 
DbE, the brightness and redness of the developed films decreased 
and their yellowness increased due to the yellow nature of the DbE. 
Also, a* and L* values of the developed films decreased significantly 
(p < .05).

F6 and F9 had the highest and lowest a* and L* values, respec-
tively. Film color is an important attribute that influences consumer 
acceptance of the food product and has an important role in its TA
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marketability. The increase of ΔE in the formulae containing DbE 
was associated with an increase in b* and slightly more yellowness 
than F6. However, the increase in the color values of developed films 
was not sufficient to reduce their apparent acceptability, in accor-
dance with the findings of Atarés, Pérez-Masiá, and Chiralt (2011).

3.7 | PV (meq O2 kg−1) of uncoated and 
coated pistachios with F4 containing different 
concentrations of DbE during 6 months of storage

PV changing during storage is presented in Table 4. PV in all formulae 
significantly increased during the storage period (p < .05) but with a 
slight slope in coated pistachios. Different values for the maximum 
allowable concentration of PV had reported in nuts. UNICEF was 
reported 5 meq O2 kg−1 as an acceptable threshold.

The amount of oxidation during 6 months was lower in coated 
pistachios, which means that the developed films could reduce the 
oxidation of pistachios to lower than the allowed threshold (p < .05). 
Oxidation rate in coated pistachios was lower during the time which 
means that developed films were able to reduce the oxidation rate 
of pistachio. Increasing the concentration of DbE in developed films 
yielded a slight slope in pistachio oxidation during storage. Bonilla, 

Atares, Vargas, and Chiralt (2012)) reported that G edible coating 
effectively influenced the oxidation rate, due to the good inhibitory 
effect of protein coatings such as G against oxygen penetration. 
The findings of Vanaei, Sedaghat, Abbaspour, Kaviani, and Azarbad 
(2014) showed that the use of aloe vera alone is not a good coating 
for pistachio conservation, but the film containing chitosan 0.5% is 
more suitable for pistachio conservation against oxygen penetration.

3.8 | Antimicrobial properties of F4 containing 
different concentrations of DbE on PDA

The inhibitory activity of developed films was measured based on 
measurements of composed halo diameter around the disk-shaped 
film. As shown in Table 5, the diameter of the inhibition zone of F6 
was zero which showed no antimicrobial activity. According to the 
diameter of the inhibitory zone, the highest and the lowest antimi-
crobial activity of the DbE were against A. parasiticus (PTCC-5286) 
and A. flavus (PTCC-5004), respectively.

The zone of inhibition was increased significantly by the addition 
of DbE at concentrations of 300, 450, and 600 ppm (p < .05). This in-
dicates that the films containing DbE (F7-F9) were effective against 
A. flavus (PTCC-5004), A. parasiticus (PTCC-5286), and A. parasiticus 
(PTCC-5018). Antimicrobial activity of F9 formulae against three 

TA B L E  4   Peroxide value (meq O2 kg−1) of pistachios uncoated and coated with edible films formulated with CMC and gelatin in the ratio 4 
to 1 containing different concentrations of dianthus barbatus essential oil during 6 months of storage

FormulaA 

Storage time (months)

1 2 3 4 5 6

P1 0.5 ± 0.01a 1.1 ± 0.03a 1.6 ± 0.06a 2 ± 0.02a 3.4 ± 0.05a 6.7 ± 0.04a

P2 0.4 ± 0.02b 0.9 ± 0.02b 1.1 ± 0.01b 1.3 ± 0.04b 2.9 ± 0.01b 3.5 ± 0.02b

P3 0.3 ± 0.02c 0.7 ± 0.01c 0.9 ± 0.01c 1.1 ± 0.01c 2.5 ± 0.02c 3.1 ± 0.01c

P4 0.1 ± 0.01d 0.6 ± 0.04d 0.8 ± 0.02d 1 ± 0.03d 1.3 ± 0.05d 1.9 ± 0.02d

Note: Values followed by different letters within a column are significantly (p < .05) different.
AFor formula descriptions see Table 1. 

TA B L E  5   Antimicrobial activity of edible films formulated 
with CMC and gelatin in the ratio 4 to 1 containing different 
concentrations of dianthus barbatus essential oil on PDA

FormulaA 

Inhibitory zone diameter (mm)

A. flavus 
(PTCC−5004)

A. parasiticus 
(PTCC−5286)

A. parasiticus 
(PTCC−5018)

F6 0B  0 0

F7 3.19 ± 0.01a 5.21 ± 0.03a 3.32 ± 0.02a

F8 4.35 ± 0.02b 7.31 ± 0.08b 5.25 ± 0.04b

F9 6.87 ± 0.05c 10.91 ± 0.03c 7.34 ± 0.06c

Note: Values followed by different letters within a column are 
significantly (p < .05) different.
AFor formula descriptions see Table 1. 
BNo inhibitory zone surrounding film disks formed represents the 
CMC-G film without a DbE has no antimicrobial properties. 

TA B L E  6   Aflatoxin-producing mold count of uncoated and 
coated pistachios with edible films formulated with CMC and 
gelatin in the ratio 4 to 1 containing different concentrations 
of dianthus barbatus essential oil after 6 months of storage in 
polyethylene bags

FormulaA 

Mold count (CFU/g)

A. flavus 
(PTCC−5004)

A. parasiticus 
(PTCC−5286)

A. parasiticus 
(PTCC−5018)

P1 4.1 × 105 1.6 × 106 3.2 × 105

P2 NDB ND ND

P3 ND ND ND

P4 ND ND ND

AFor formula descriptions see Table 1. 
BND: Not detected. 
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mentioned types of mold is shown in Figure 1. This is consistent with 
the Begum, Mahmud, Naimul Islam, and Khan (2018) findings that 
report essential oils, as antimicrobial and antioxidant compounds 
and natural additives, can be applied to packaging materials to in-
hibit microbial contamination and thus increase the shelf life of the 
product.

3.9 | Antimicrobial effects of F4 containing 
different concentrations of DbE on pistachio after 
6 months of storage

According to the results shown in Table 6, coated pistachios 
showed no growth of aflatoxin-producing mold in 3 concentrations 
of 300, 450, and 600 ppm of DbE (P2-P4), while the uncoated pis-
tachio (P1) showed a mild growth. Aflatoxin-producing by A. flavus 
(PTCC-5004), A. parasiticus (PTCC-5286), and A. parasiticus (PTCC-
5018) on uncoated and coated pistachios with F9-formulated 
edible films is shown in Figure 2. Thus, antimicrobial coating con-
taining each of the three concentrations of DbE well prevented 

the growth of A.  flavus (PTCC-5004), A. parasiticus (PTCC-5286), 
and A.  parasiticus (PTCC-5018) after 6  months in mold environ-
ment, which is in accordance with Galus and Kadzinska (2015) and 
Begum et al. (2018) findings.

4  | CONCLUSIONS

The results showed that changes in CMC-G ratios in formulated 
edible films had a significant effect on its mechanical and physical–
chemical properties. As a result of increasing the amount of CMC, 
the film's characteristics improved. Among the developed formulae, 
the optimal film was the film formulated with CMC and G in the ratio 
4 to 1 (F4). In order to evaluate the mechanical, physicochemical, 
antioxidant, and antimicrobial properties of the optimal film, 300, 
450, and 600 ppm of DbE was added.

The addition of 3 mentioned concentrations of DbE to the 
optimal film could show an antimicrobial effect against A.  flavus 
(PTCC-5004), A. parasiticus (PTCC-5286), and A. parasiticus (PTCC-
5018) at the end of 6 months of storage. In terms of antioxidant and 

F I G U R E  1   Antimicrobial activities against (a) A. flavus (PTCC-5004); (b) A. parasiticus (PTCC-5286); and (c) A. parasiticus (PTCC-5018) of 
edible films formulated with CMC and gelatin in the ratio 4 to 1 containing 600 ppm of dianthus barbatus essential oil on PDA

(a) (b) (c)

F I G U R E  2   Aflatoxin-producing by a) A. flavus (PTCC-5004); b) A. parasiticus (PTCC-5286); and c) A. parasiticus (PTCC-5018) on uncoated 
(left) and coated (right) pistachios with edible films formulated with CMC and gelatin in the ratio 4 to 1 containing 600 ppm of dianthus 
barbatus essential oil

(a) (b) (c)
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antimicrobial properties, the most appropriate and most afford-
able concentration that has the more inhibitor effect of DbE was 
600 ppm. So, F9 was selected as the best formulae for pistachio pro-
tection against aflatoxin-producing molds. Thus, F9 can be used as 
a biodegradable, low-cost, and high-performance packaging in the 
food industry to improve the quality, shelf life, safety, and reduce 
waste and loss of food.
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