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Abstract
The antifungal effect of chitosan bags added with montmorillonite (MMT) and cinnamon leaf essential oil (CLEO) was 
evaluated on D'Anjou pear during storage at refrigeration and ambient temperature. Films from low-molecular weight chi-
tosan at 1%, MMT (10%), glycerol (10%), and three concentrations of CLEO (0.25, 0.50, or 0.75%) based on the dry weight 
of chitosan, were used for the in vivo and in vitro assays on Penicillium crustosum. The in vitro evaluation was carried out 
through mycelial growth inhibition (MGI) and spore germination (SG) using chitosan films. For in vivo evaluation, the fruit 
was inoculated with P. crustosum and bagged with the films. Severity index and disease incidence were assessed on pears. 
Results showed an MGI of 100% and an SG of 3% of P. crustosum when using chitosan films with CLEO at 0.75%. In vivo 
results with chitosan bags indicated that the same treatment showed the greatest antifungal activity on P. crustosum, reducing 
the severity of infection by 43% and the disease incidence by 22%. CLEO influenced the content of polyphenol oxidase and 
total phenols. The chitosan bags with CLEO preserved the pear fruit better resulting in less weight loss, highest firmness, 
and good color preservation. The results indicated that bags from chitosan added with CLEO at 0.75% and MMT at 10% 
helped to maintain the quality of fruit during storage and could be used as an alternative for D'Anjou pear preservation.
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Introduction

D'Anjou pear (Pyrus communis L.) fruit is consumed due 
to its slightly-acid sweet taste and high content of vita-
min C, potassium, antioxidants, and fiber [1]. However, in 
postharvest, these fruits are susceptible to contamination 

by fungal attack mainly of the Penicillium genus, with 
P. expansum, P. crustosum, and P. solitum standing out 
because of their pathogenicity. These fungi are consid-
ered a severe concern in the fresh fruit industry because 
they cause significant economic losses [2]. For example, 
up to 50% of postharvest losses have been attributed to 
decomposition caused by Penicillium spp. Worldwide [3]. 
To prevent fungal damage to these fruit during posthar-
vest, synthetic antifungal agents have been applied [4], 
but the use of synthetic fungicides has triggered antimi-
crobial resistance, health concerns, and environmental 
pollution. To replace them, the application of essential 
oils (EO) for fruit protection could be a natural alterna-
tive [5]. Several studies have been carried out using EO 
in vitro or in vivo experiments against a wide variety of 
microorganisms for fruit preservation including cinnamon 
bark essential oil (CEO) against Monilinia fructicola, P. 
expansum, and Rhizopus spp. In stored peach fruits [6], 
CEO against P. expansum [7] or CLEO against Aspergil-
lus niger, Botrytis cinerea, and Rhizopus stolonifer [8]. 
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In postharvest, EO has been sprayed directly on the fruit 
or dipped into the solution; however, the main disadvan-
tage is the odor impregnation of these compounds in the 
fruit and the skin damage. To overcome this problem, EO 
has been incorporated into biopolymers and applied in 
the form of a coating so, high concentration of EO can 
be added and a controlled release can take place by dif-
fusion during storage. Chitosan is a natural, renewable, 
and abundant polymer obtained by deacetylation of chi-
tin from shells of crustaceans and shrimp [9]. Chitosan 
coatings have been applied to preserve guava, papaya, and 
mango [10–12], mixed with MMT to protect bananas [13] 
and added with cinnamaldehyde to preserve the quality 
of mandarin fruits [14]. Much of the research has been 
done with coatings but there is little information about 
using bags made with films. When using chitosan as a 
raw material to prepare biodegradable films, EO can be 
added to decrease water vapor permeability and to increase 
its antimicrobial capacity. In addition, plasticizers such as 
glycerol can be incorporated to provide flexibility to the 
film. Also, sodium montmorillonite (MMT), a biocompat-
ible clay, has an interlaminar structure that allows incorpo-
rating the chitosan chains into its structure improving the 
water vapor barrier properties [15, 16]. Although several 
studies have been carried out with cinnamon bark essential 
oil (in which cinnamaldehyde is the major component), 
few works have studied the cinnamon leaf essential oil in 
which eugenol is the major component and it can act in a 
different way.

Essential oils can promote defense mechanisms in fruits 
including the increase in the activity of polyphenol oxi-
dase (PPO). Also, there is evidence that clove essential oil 
increased PPO activity in citrus fruit inoculated with P. itali-
cum [17]. Similarly, the thyme and cinnamon essential oils 
enhanced PPO activity in peaches infected with Monilinia 
laxa [18], and the oil from Tetradium glabrifolium increased 
PPO activity in bell pepper fruit inoculated with Phytoph-
thora capsica [19]. In the presence of oxygen, PPO reacts 
with phenolic compounds forming quinones, which are toxic 
to the fungi, preventing their growth by synthesizing lignin 
and thickening the cell wall [20].

Carrying out in vitro and in vivo assessments is important 
as the response of the fungus could change when the fruit 
is implicated. In this same sense, to our best knowledge, 
the antimicrobial activity of CLEO in chitosan bags on P. 
crustosum has not been reported. The objective of this study 
was to evaluate the in vitro and in vivo antifungal effect of 
chitosan bags added with CLEO and MMT as an alterna-
tive to control the growth of P. crustosum in stored pears. 
Also, montmorillonite was added to improve water vapor 
barrier properties and to prevent water condensation inside 
the packaging; however, a complete study about this prop-
erty is beyond the scope of this work.

Materials and methods

Materials

Low-molecular weight chitosan (89 kDa, with a 90% dea-
cetylation degree) (Sigma-Aldrich, CAS No. 9012–76-4), 
anhydrous glycerol (Sigma-Aldrich, G7757), sodium mont-
morillonite (MMT) (Sigma-Aldrich, 682,659), cinnamon 
leaf essential oil (CLEO) (Oils and essences for the food 
industry, Mexico), tween 80 (Hycel, Mexico), Folin-Cio-
calteu (Hysel), and potato dextrose agar (PDA) (Bioxon, 
Mexico) were used.

Biological Material

Penicillium crustosum was isolated from an infected pear 
and, after confirming its identity by a molecular identifi-
cation at the Integrated Phytosanitary Diagnostic Labora-
tory, the strain was incubated in a PDA medium for 10 days 
at 28 °C. Pears (Pyrus communis L.) cv. D'Anjou at the 
physiological maturity stage (pears had reached their maxi-
mum development and presented dark green coloration) 
were acquired in a commercial store at Yautepec, Morelos, 
México.

Composition of Cinnamon Leaf Essential Oil

CLEO was diluted in dichloromethane at a 1:20 (v/v) ratio 
and then analyzed using a 7890A GC System gas chroma-
tograph (Agilent Technologies. Santa Clara, CA. USA) cou-
pled with a mass spectroscopy detector using the following 
methodology: 2 µL of the sample were injected using helium 
as a carrier gas at a flow rate of 1 mL/min, with a split 
ratio 5:1, using a DB-5 MS:1897–60013 column (325 °C, 
60 m × 250 µm × 0. 25 µm). For the oven, an initial tem-
perature of 40 °C for 10 min was used, followed by a ramp 
of 3 °C/min to reach 140 °C for 20 min, another ramp of 
3 °C/min to 220 °C for 5 min and one more of 10 °C/min to 
reach 260 °C for 5 min. The mass spectrum was operated at 
1 mL/min with an energy of 69.922 eV, with a mass source 
temperature of 230 to 250 °C and quadrupole temperature 
of 150 to 200 °C, in SCAN mode, and a mass range of 33 
to 600 m/z.

Preparation of Films and Chitosan Bags

The methodology reported by Wang et al. [21] was fol-
lowed with some modifications. 1% chitosan solution was 
prepared in 1% glacial acetic acid solution and mixed with 
a magnetic stirrer at 25 °C and 750 rpm until complete 
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dissolution. The other components: MMT, glycerol, and 
CLEO were added to the chitosan solution based on the 
dry weight of chitosan. For this, a solution of 10% MMT 
was prepared in distilled water and sonicated (Bransonic 
1510R-MTH) for 1 h. The solutions were mixed at 750 rpm 
at 25 °C for 4 h. Glycerol at 10% was added, stirred for 
30 min, then tween-80 at 0.05% (based on the dry weight 
of chitosan) was added by stirring for 30 min. Finally, the 
CLEO was added at 0.25, 0.5, or 0.75% (based on the dry 
weight of chitosan). Each of the solutions was mixed with 
an ultra Turrax (Politron PT 1200 CL Kinematica, Swit-
zerland) at 2000 rpm for 2 min to decrease the size of the 
oil droplet. 170 mL of the filmogenic solution was poured 
into 18 × 28  cm2 acrylic plates and dried at room tempera-
ture for 3 days at 25 °C and 50% RH. The films were then 
removed from the plates. The chitosan bags were prepared 
from these films. As chitosan films prepared in this study 
are not heat-sealable, the films were attached using adhe-
sive tape. Before applying the chitosan bags for the in vivo 
study, the integrity of the sealing was assessed by a simple 
test closing the bag and exerting a mild pressure by hand to 
make sure that the trapped air does not scape. Films were 
used to evaluate the physical properties and to carry out 
the in vitro test.

Physical Properties of the Films

Mechanical Properties

Tensile strength (TS) and percentage of elongation at 
break (EB) of the films were evaluated following the 
ASTM D882-02 method. Prior to analysis, films were cut 
into 100 × 10 mm rectangles and conditioned in a desic-
cator at 57% RH achieved with an oversaturated sodium 
bromide salt solution. Thickness was measured in ten ran-
dom points before testing and the average was used for 
further calculations. Then in a TA-XT texturometer (TA 
Plus, Lloyd Instruments) with an initial distance between 
grips of 60 mm and crosshead speed of 1 mm/s, eight rep-
licates of each film treatment were measured. The TS and 
EB were calculated using the Eqs. 1 and 2, respectively.

 where TS is tensile strength; maximum force in newtons 
(N); Thickness of film in m, and width of film in m.

(1)TS =
Maximum force (N)

Thickness (m) × width (m)

(2)EB =
L − L

0

L
0

× 100

where EB is the percentage of elongation at break;  L0 is the 
film length at the fracture, and L is the initial length of the 
film.

Water Vapor Permeability

Water vapor permeability was determined following the 
ASTM E96-66 method (ASTM, 2000). The films were con-
ditioned for 3 days in a desiccator with NaBr solution (57% 
RH). The conditioned film was placed between two silicon 
gaskets and allocated inside the bored cap allowing a trans-
fer area of 2.206 ×  10–3  m2. The cap was tightened to the 
5 × 3.5 cm glass cell filled with water (100% RH) and the cell 
was then placed on the plate of an analytical balance inside 
a silica gel chamber with 0% RH at a controlled temperature 
of 30 °C. The balance was connected to a computer, where 
the weight was automatically recorded every min for 4 h. 
The weight was plotted vs time and the slope was used to 
calculate the water vapor transmission rate (WVTR) and 
then the water vapor permeability (WVP) was calculated 
using the Eqs. 3 and 4, respectively [22].

 where WVP is in g  m−1  s−1  Pa−1; Δm (g) amount of water 
vapor passing through the film; L (m) is the film thickness; A 
 (m2) is the area of the film; ΔP (Pa) is the differential partial 
water vapor pressure and t (s) is the time.

In vitro Antifungal Activity

Preparation of Spore Solution

A spore solution was prepared from a P. crustosum strain 
whose pathogenicity was previously tested using Koch's 
postulates. 1 mL of sterile distilled water was added to the 
strain and then gently scraped with a loop to dissolve the 
spores; this concentrated solution was filtered using a fun-
nel and sterile gauze and poured into an Erlenmeyer flask. 
The spores were counted using a microscope (Nikon model 
Alphaphot 2YS-H) with a 40X lens and a Neubauer chamber 
until a concentration close to 1.2 ×  105 was obtained.

Mycelial Growth Inhibition

For mycelial growth inhibition (MGI) [23], six Petri dishes 
with PDA were used for each treatment. The films were cut 
into discs of the same diameter as the Petri dish (50 mm) 

(3)WVTR =
Δm

tA

(4)WVP =
WVTR × L

ΔP
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and placed on the PDA agar. 10 µl of a 1.2 ×  105 spore solu-
tion were poured on the discs under sterile conditions using 
a UV hood with laminar flow and incubated at 28 °C. The 
analyzed treatments contained different concentrations of 
CLEO: 0.25%, 0.50%, and 0.75%. PDA agar and chitosan 
films without CLEO (FWC) were used as controls. The 
mycelial growth was measured with a digital vernier every 
24 h for 9 days. Mycelium growth inhibition was calculated 
using the Eq. 5, where A is the growth of the microorganism 
in the control film and B is the growth of the microorganism 
in the tested film.

Spore Germination

The test was carried out in spore germination chambers that 
consisted of Petri dishes with a glass slide where three PDA 
disks (15 mm diameter) were placed. On the PDA disks, the 
film was placed in the form of a 15 mm diameter disk (each 
disk represented a time of incubation of 8, 10, and 12 h). 
Then, 10 µl of a 1.2 ×  105 spore solution was poured over 
each film and incubated at 28 °C. A drop of lactophenol 
blue was added to each disc to stop spore germination at 
each incubation time. The germinated spores were counted 
by observing the discs on a microscope (Nikon model Alp-
haphot 2YS-H) with a ×40 objective. Three replicates were 
carried out for each treatment.

In vivo Antifungal Activity

Preparation of the Spore Solution

A solution of P. crustosum spores was prepared to inoculate 
the pears, following the same procedure as for the in vitro 
antifungal activity, changing only the spore concentration of 
the final solution of c.a. 3 ×  106.

Inoculation of D’Anjou Pears

The pears cv. D'Anjou were rinsed with potable water, 
immersed in 1% sodium hypochlorite (NaClO) for 2 min, 
and in distilled water for another 2 min to remove the excess 
of NaClO, and left to dry. Then, the fruit was randomly 
selected for the treatment and inoculated with P. crusto-
sum. Using a sterile puncture needle, each pear was perfo-
rated in the equatorial zone (1 mm wide and 10 mm deep) 
and inoculated with 100 µL of the 3 ×  106 spore solution. 
Once inoculated, the pears were placed inside the chitosan 

(5)Mycelium growth inhibition (%) =
(

A − B

A

)

× 100

bags as follows: (a) pears with a bag made from chitosan 
film + MMT + glycerol + CLEO (PCLF); (b) bag from chi-
tosan film + MMT + glycerol without CLEO (PF); (c) pears 
without chitosan bag (PWF). The pears were placed in clean 
plastic boxes and kept in a chamber at 4 °C and 95% RH for 
15 days (Fig. 1). After that, pears were removed from the 
cold chamber and stored at 25 °C and 95% RH, for 10 days 
to simulate storage and distribution conditions. Thirty fruits 
were used for each treatment.

Evaluation of Disease Severity and Incidence

The presence of P. crustosum was evaluated as severity 
index and disease incidence (%). The severity index was 
measured considering the damage extension in the treated 
fruit stored at 4 °C for 15 days and 25 °C for 10 days. 
For this, a scale formed by 5 grades (1–5) was consid-
ered: 1 = 0%, 2 = 1–25%, 3 = 26–50%, 4 = 51–75% and 
5 = 76–100% of the fruit surface with symptoms of the 
disease.

Equation  6 was used to calculate the severity index 
where Xi = number of damaged fruits for each degree of 
damage; the numbers (0, 1, 2, 3, 4, 5) are the degree of 
damage on the scale used. N is the number of fruits per 
experimental unit.

Equation  7 was used to determine the fruit disease 
incidence.

(6)

Severity index

=
Xi (0) + Xi (1) + Xi (2) + Xi (3) + Xi (4) + Xi (5)

N

(7)Incidence(%) =
Amount of infected fruits

Total amount of fruits
× 100

Fig. 1  Pears wrapped in chitosan-based bag films added with cinna-
mon leaf essential oil and montmorillonite



1164 Journal of Polymers and the Environment (2023) 31:1160–1172

1 3

Evaluation of PPO Enzymatic Activity and Total 
Phenolic Compounds

PPO (EC 1.10.3.2)

To determine the activity of polyphenol oxidase (PPO), 
1 g of pear pulp, including the peel, was weighed, and 
homogenized in a mortar and pestle with 5 mL of 0.2 M 
sodium phosphate buffer  (Na2HPO4, pH 6.4) and 50 mg of 
polyvinylpyrrolidone (PVP). The mixture was centrifuged at 
6000 rpm for 30 min at 4 °C, and the supernatant was recov-
ered (enzymatic source). Subsequently, 1 mL of the super-
natant was mixed with 1 mL of 0.2 M catechol, and PPO 
activity was measured at λ = 410 nm for 60 s in a Genesys 
10S UV–VIS spectrophotometer (Thermo Scientific, USA). 
1 mL 0.2 M  Na2HPO4 buffer and 1000 µL catechol were 
used as the control group. Enzyme activity was reported as 
international units (IU), defined as the amount of enzyme 
causing a 0.1 units increase in absorbance per minute [24].

Determination of Protein Content by the Bradford Method

To determine the protein concentration, 700 µL of Brad-
ford reagent were added to 100 µL of supernatant recovered 
from the enzymatic assay. The mixture was incubated in the 
dark for 5 min. The absorbance was measured at 590 nm 
in a spectrophotometer (Thermo Scientific Genesis 10S 
UV–VIS, USA). A standard curve (1 to 10 mg/mL) was pre-
pared using a stock solution of bovine serum albumin (Bio-
Rad, USA) dissolved in water. PPO activity was reported as 
IU  mg−1 protein [25].

Total Phenolic Compounds

To determine the total phenolic compounds, 3 g of pear 
pulp with peel were macerated in 5 mL of 80% methanol. 
The mixture was centrifuged at 8000 rpm for 10 min and 
the supernatant, containing the phenolic compounds, was 
recovered. Then, the reagents were placed in a test tube in 
the following order: 3850 µL of distilled water, 750 µL of 
20% sodium bicarbonate  (NaHCO3), 250 µL of Folin Cical-
teau reagent, and 150 µL of the supernatant from the cen-
trifuged sample. The mixture was incubated for 2 h in the 
dark. A change from yellow to dark green/blue color was 
taken as indicative of the presence of phenolic compounds. 
After that time, the samples were measured in a spectropho-
tometer (Thermo Scientific Genesis 10S UV–VIS, USA) at 
λ = 760 nm. Distilled water was used as a blank. The samples 
were analyzed in triplicate. To determine the concentration 
of total phenolic compounds, a standard curve was obtained 
from a stock solution of gallic acid at six concentrations 
from 30 to 180 µg [26].

Evaluation of Quality Variables During Storage 
of D’Anjou Pears

Weight Loss

The fruit was weighted during the storage period, and the 
weight loss was calculated using the Eq. 8. Fifteen pears per 
treatment were used for each evaluation day; the analysis 
was done by triplicate, with 5 pears for each replicate.

where W1 is the percentage of weight loss. Wi (g), and Wf (g) 
are the initial and final weights, respectively.

Total Soluble Solids

The percentage of total soluble solids (TSS) was determined 
using a manual refractometer (Atago®, Japan) with a scale 
from 0 to 32°Brix. One drop of pear juice from 5 pears per 
treatment was taken and placed on the refractometer. Results 
were averaged and expressed as the percentage of TSS.

Firmness

Firmness was measured using a fruit firmness tester (model 
53205, Turoni®, Italy). The pear surface was penetrated on 
two opposite sides at the equatorial zone of 5 fruit per treat-
ment. The results were averaged and reported in Newtons 
(N).

Color

The L*, a*, and b*color parameters were measured with 
a BC-10 colorimeter (Kónica Minolta, Sensing, Américas, 
Inc.). The chroma (C*) and hue (h°) values were determined 
from these coordinates. The letter L* indicates luminosity, 
and the values range from 0 (dark) to 100 (light). The value 
of a* represents green (− a*) to red (+ a*). The value of 
b* represents yellow (+ b*) to blue (− b*). The value of 
chroma (C*) indicates the saturation, and the hue angle (h°) 
is the hue of the color. The color was assessed in 15 fruits 
by measuring the surface of the pears in two zones of the 
equatorial area.

Statistical Analysis

A completely randomized analysis of variance was used for 
in vitro mycelial growth and a factorial arrangement design 
for the remaining treatments. For the comparison of means, 
Tukey's test was used with p ≤ 0.05. Statistical software used 
was InfoStat 2019.

(8)W1 =
wi − wf

wi
× 100
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Results and Discussion

Mechanical Properties and Water Vapor 
Permeability

It is important to measure the mechanical and barrier prop-
erties to know is they are suitable to maintain the structural 
integrity of fruits during storage and preservation.

The results indicated a tensile strength of 
36.90 ± 1.40 MPa, an elongation at break of 3.09 ± 0.25%, 
and water vapor permeability of 1.22 ×  10–10 ± 2.36 ×  10–1

1 g  m−1  s−1  Pa−1. Only 0.75% CLEO was used in the film 
formulation because it is the amount necessary to confer 
antimicrobial activity without damaging fruit metabolism. 
These properties are the results of the interactions taking 
place among all added components in the film. MMT hin-
ders water vapor permeability by promoting a tortuous dif-
fusion path of water molecules through the film [27], as it 
is dispersed in the polymeric matrix [28] in exfoliated or 
intercalated form promoting the interaction between the 
metallic ions of MMT and the functional groups of chitosan 
[29]. CLEO affects permeability because it influences the 
hydrophilic/hydrophobic balance of films [30]. Essential 
oils decrease the fracture toughness because the oil breaks 
the strong polymer–polymer interactions by forming weaker 
polymer-oil interactions [31]. Glycerol is a plasticizer that 
works by weakening the intermolecular forces between poly-
mer chains increasing their elongation percentage and the 
permeability in the films [32].

Composition of Cinnamon Leaf Essential Oil

The results from GC/MS indicated the presence of 125 
compounds in CLEO. Table 1 shows the concentration of 
the first 23 compounds and the composition analysis shows 
that the CLEO used in this study had more similarity with 
clove essential oil since, according to literature, the content 
of eugenol in this oil ranges from 69.68 to 80.09% [33–35]. 
Compared to 54.12% found as the main component (Table 1) 
of CLEO. In addition, other compounds comparable to clove 
oil were also detected, but in lower amounts, among them, 
β-caryophyllene, chavicol, α-cubebene, and eugenyl acetate 
were identified. The composition of CLEO (cinnamon leaf) 
differs from that of cinnamon bark essential oil. Even when 
they come from the same tree, cinnamon bark has a higher 
content of cinnamaldehyde with 44.25% [36] and lower con-
tent of eugenol with 3.19% [37].

In Vitro Mycelial Growth and Spore Germination

The MGI values were statistically different (p ≤ 0.05) 
among treatments after 9 days of incubation. The growth 

of P. crustosum was totally inhibited in the treatments con-
taining CLEO at 0.50 and 0.75%, followed by the treat-
ment with CLEO at 0.25%. The lowest inhibition value was 

Table 1  Main compounds identified in Cinnamomum zeylanicum leaf 
essential oil

Compounds Area (%)

Eugenol 54.12
Benzyl Benzoate 5.91
Eugenyl Acetate 4.79
Cinnamaldehyde 4.60
Linalool 3.81
Caryophyllene 3.41
Safrole 2.28
p-Cymene 2.01
α -Cubebene 1.21
α-Pinene 1.86
α -Caryophyllene 0.87
Camphene 0.70
Vanillin 0.69
Thymol 0.69
α -Terpineol 0.57
Chavicol 0.55
Benzene, 1,2,3,4-tetramethyl-5-(1-methylethyl) 0.54
2-Pentadecanone, 6,10,14-trimethyl 0.53
Humulene epoxide II 0.48
Methyl Alcohol 0.43
3-Carene 0.42
Benzaldehyde 0.37
Bicyclo [3.1.1] heptane, 6,6-dimethyl-2-methylene 0.37

Fig. 2  Effect of different formulations based on chitosan, MMT, and 
CLEO at different concentrations, on the mycelial growth of P. crus-
tosum after incubation for 9  days. One-way ANOVA with Tukey's 
mean comparison (p ≤ 0.05). Different letters indicate significant 
differences among treatments. PDA potato dextrose agar; FWC film 
without CLEO; CLEO chitosan-based film + MMT + CLEO at con-
centrations of 0.25, 0.50, and 0.75%
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observed in the control sample grown on PDA and FWC 
(Fig. 2). For spore germination, the effect of the incuba-
tion time and CLEO concentration was statistically signifi-
cant (p ≤ 0.05) (Table 2). After incubation for 6 h, no spore 
germination was observed in any treatments, including the 
control group; however, at 14 h, spores germinated reach-
ing values of 100%. As observed in Table 2, germination 
decreased when the CLEO concentration increased. The 
film with no essential oil added also showed a strong inhibi-
tory effect. Perdones et al. [8] evaluated the antifungal effect 
of chitosan-based films added with CLEO on A. niger, B. 
cinerea, and R. stolonifer. In that study, the growth of the 
three fungi was inhibited as a function of concentration and 
the highest fungal inhibition was reached at the highest dose. 
A similar behavior was observed in this work. Also, Wang 
et al. [21] tested chitosan films with CEO at 2.5 and 10% 
against A. oryzae and P. digitatum demonstrating antimi-
crobial activity at these two concentrations. In our study, the 

CLEO concentrations tested were lower and showed higher 
inhibition effect than the other treatments reported in the lit-
erature. This difference in toxicity can be attributed to com-
pounds derived from phenols (eugenol) from CLEO having 
a higher antimicrobial effect than the compounds with alde-
hyde groups (cinnamaldehyde) from CEO [38]. Essential 
oils have antimicrobial activity due to their lipophilicity and 
the presence of phenolic compounds with functional groups 
OH that allow them to interact through hydrogen bonds with 
membrane proteins, altering the morphology of the fungus, 
loss of rigidity and integrity of the cell wall [39]. Eugenol 
has a cytotoxic activity at concentrations as low as 0.03% 
[40] and it has antifungal activity against several postharvest 
fungi including P. expansum, P. glabrum, P. italicum [41, 
42] Cladosporium spp., Rhizopus oryzae [43], Aspergillus 
flavus [44], and Botrytis cinerea [45].

In this work, during the in vitro test, P. crustosum was 
in direct contact with the chitosan films without CLEO that 
were placed on PDA agar; therefore, the inhibition of myce-
lial growth and spore germination observed in these samples 
could be due to the polycationic structure of chitosan inter-
acting with the electronegative charges of cell membranes, 
modifying the permeability of the cell wall, and releasing 
the salt ions and proteins, as it has been stablished by other 
researchers [46].

Severity and Disease Incidence

On severity, the effect of the treatment-time interaction 
was statistically significant (p ≤ 0.05) after 15 days at 4 °C 
and then after 10 days at 25 °C. The result of the severity 
test indicated that until day 12 at 4 °C, P. crustosum did 
not grow, probably due to the low storage temperature. At 
this temperature, after 15 days of storage, the pears in all 

Table 2  Spore germination of P. crustosum grown on different for-
mulations chitosan films with MMT and CLEO at different concen-
trations as a function of incubation time

Different letters indicate significant difference using Tukey’s mean 
comparison (p ≤ 0.05). PDA potato dextrose agar; FWC chitosan films 
without CLEO; CLEO chitosan-based film + MMT, + CLEO at con-
centrations of 0.25, 0.50, and 0.75%

Treatment Spore germination (%)

6 h 8 h 10 h 12 h

PDA 0a 13d 91e 100e

FWC 0a 0a 0a 10cd

CLEO 0.25% 0a 0a 0a 8cd

CLEO 0.50% 0a 0a 0a 6c

CLEO 0.75% 0a 0a 0a 3b

Fig. 3  Effect of films on the severity index of P. crustosum in pears 
stored at 4 and 25  °C. Different letters indicate significant differ-
ences. Two-way ANOVA with mean comparison using Fisher LSD 

test (p ≤ 0.05). PWF no bagged pear, PF pears bagged in chitosan and 
montmorillonite film, PCLF pears bagged in chitosan, montmorillon-
ite, and CLEO film
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treatments showed infection signals with significantly less 
fungal growth in the PCLF treatment (Fig. 3). At 25 °C, P. 
crustosum growth was evident since day 1 of storage. Over-
all, infection increased as the storage time increased. During 
the 10 days of storage at 25 °C, the PCLF treatment showed 
the lowest infection compared to the other treatments.

On disease incidence, the effect of the treatment-time 
interaction was statistically significant (p ≤ 0.05) after stor-
age at 4 and 25 °C. No infected fruit were observed during 
the first 9 days of storage at 4 °C in any of the treatments, 
including the control. On day 15, the fruit showed infection 
symptoms and the lowest incidence was recorded in pears 
for the PCLF treatment. On the other side, since day 1 of 
storage at 25 °C, the incidence of P. crustosum was higher 
compared to 4 °C and increased, in general, with the stor-
age time (Fig. 4). During storage from day 3 to 10 at 25 °C, 
the disease incidence of pears was up to 70% for the bagged 
fruit with or without essential oil. At the end of the storage 
at both temperatures, pears showed typical symptoms of fun-
gal infection, such as brown growing halos and softening in 
the inoculated areas. As observed in Fig. 5, pears from the 
PWF and PF treatments showed larger affected areas. Also, 
these treatments showed softening of the endocarp, acetic 
acid smell, color changes from green to yellow, and myce-
lium growth in some of them. Pears from the PCLF treat-
ment preserved their firmness and kept the green color with 
no acetic acid odor. According to the literature, the in vivo 
antimicrobial activity of EO depends on several factors 
including the EO composition, concentration, type of micro-
organism, fruit stage, and how EO was added to the fruit. 
Perdones et al. [8] reported antifungal activity against B. 
cinerea when testing chitosan films with CLEO at 0.25, 0.5, 
and 1% on strawberries; in addition, a shelf-life extension 

was observed at 10 °C. The CEO at 300 μL  L−1 showed 
antifungal effect against P. expansum when tested in vitro; 
however, when applied to pears, no inhibition of the fungus 
was observed [7]. In this work, CLEO in chitosan bags was 
effective in vitro as well as in vivo tests. Some essential oils 
can contribute to defense mechanisms including the essen-
tial oil thyme in avocado [47] the essential oil of thyme and 
cinnamon in peaches [18] and tea tree oil in strawberries 
[48]. In this study, the in vivo antifungal effect is attributed 
to the presence of CLEO which activates the natural defense 
mechanisms of pears, along with the antifungal activity of 
the essential oil. 

Enzymatic Activity

The PPO activity of fruit after storage at 4 °C showed 
significant differences (p ≤ 0.05) among treatments. 
Fruit from PCLF treatment had a PPO value of 14.23 IU/

Fig. 4  Effect of films on the percentage of disease incidence of P. 
crustosum in pears stored at 4 and 25  °C. Different letters indicate 
significant differences. Two-way ANOVA with means comparison of 

Fisher (p ≤ 0.05). PWF no bagged pears, PF pears bagged in chitosan 
and montmorillonite film, PCLF pears bagged in chitosan, montmo-
rillonite, and CLEO film

Fig. 5  Disease symptoms of P. crustosum on pears stored at 25 °C in 
different films. Left to right: PWF no bagged pear, PF pears bagged 
in chitosan and montmorillonite film, and PCLF pears bagged in chi-
tosan, montmorillonite, and CLEO film
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mg protein, while PWF had 6.68 IU/mg protein, and PF 
showed a value of 5.95  IU/mg protein. After 10-days 
storage at 25 °C, the PPO activity increased significantly 
(p ≤ 0.05) in all treatments. The PPO in fruits treated with 
the essential oil had an activity value of 32.43 IU/mg, 
showing the highest activity among all treatments, while 
PWF and PF had activity values of 20.66 and 16.14 IU/
mg, respectively (Fig. 6). Chen et al. (2016) [49] reported 
that applying carboxymethyl cellulose coatings with clove 
essential oil on mandarin oranges increased the PPO 
activity, making the fruit more resistant to infection. The 
thyme essential oil increased the activity of this enzyme 

in pear fruit, indicating that thyme oil may have induced 
antimicrobial resistance. PPO is a defense enzyme that 
oxidizes phenolic compounds to quinones that are toxic 
compounds with antimicrobial activity; in addition, PPO 
promotes cell lignification in infected fruits, preventing 
the spread of the pathogen [50].

Total Phenolic Compounds

At the end of storage at 4 °C, the total phenolic compounds 
decreased significantly (p ≤ 0.05) in all treatments, with 
PCLF-treated fruit showing the lowest amount (0.26 mg/g). 

Fig. 6  Effect of films on polyphenol oxidase activity in pears. Dif-
ferent letters indicate significant differences. Two-way ANOVA with 
means comparison using Tukey's test (p ≤ 0.05). PWF no bagged pear, 

PF pears bagged in chitosan and montmorillonite film, PCLF pears 
bagged in chitosan, montmorillonite, and CLEO film

Fig. 7  Effect of films on the concentration of total phenols in pears. 
Different letters indicate significant differences. Two-way ANOVA 
with means comparison using Tukey's test (p ≤ 0.05). PWF no 

bagged pears, PF pears bagged in chitosan and montmorillonite film, 
PCLF pears bagged in chitosan, montmorillonite, and CLEO film
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After 10-days storage at 25 °C, the total phenolic compounds 
in PF (0.62 mg/g) increased significantly (p ≤ 0.05) com-
pared to the other treatments. PWF (0.49 mg/g) and PCLF 
(0.53 mg/g) treatments did not show significantly different 
(p ≤ 0.05) values (Fig. 7). The phenols could have been used 
as substrate by PPO and therefore they were not quantified. 
Total phenolic compounds are important, due to their antiox-
idant and antifungal capacity, can protect the fruit by inhib-
iting the production of extracellular enzymes of pathogens, 
capable of breaking the cell wall of the fruit [51].

Quality of Pears During Storage

Table 3 shows the physicochemical properties of treated 
pears. The most noticeable changes were observed in pears 
stored at 25 °C as there were significant differences in 
weight loss and firmness (p ≤ 0.05). The PCLF treatment 
had the lowest weight loss (4.2%) compared to the control 
(6.3%) and samples without CLEO (6%). The firmness of 
the PCLF treatment (22 N) was also statistically different 

(p ≤ 0.05) compared to the other two treatments where firm-
ness values were lower with 14.8 N and 18.1 N for PWF and 
PF, respectively. The coloration of pears changed at the end 
of storage at 25 °C as the h° values, indicating yellow tonal-
ity in the PWF (97.63) and PF (99.35) treatments, were sig-
nificantly different (p ≤ 0.05) from PCLF treatment (105.45) 
which showed a green tonality (Table 4). The a* value in the 
PCLF treatment was located at the green color area, while 
the other treatments were located far from this color. The b* 
value in all treatments increased slightly indicating a shift to 
yellow color. The color change is due to the loss of chloro-
phyll and the appearance of carotenoids [52]. 

The behavior of chitosan films with CLEO could be 
explained because it behaves as a semi-permeable barrier 
to water vapor and oxygen [53] that, in addition to the pres-
ence of exfoliated sheets of MMT, resulted in a tortuous 
path that difficulted the diffusion of water and oxygen mol-
ecules through the film as it has been reported by [54]. Fur-
thermore, the phenolic compounds of the CLEO conferred 
antioxidant properties to the film, reducing the ambient 

Table 3  Effect of chitosan bags on quality of D'Anjou pears stored at 4 and 25 °C

Different letters indicate significant differences. Two-way ANOVA with mean comparison using Tukey test (p ≤ 0.05). PWF  No bagged pears, 
PF pears bagged in chitosan and montmorillonite film, PCLF pears bagged in chitosan, montmorillonite, and CLEO film

Variables Treatments 4 °C Treatments 25 °C

Storage 
(days) 

PWF PF PCLF Storage (days) PWF PF PCLF

Weight loss (%) 1 0 0 0 1 1.54 ± 0.29c 1.55 ± 0.22c 1.46 ± 0.18c

15 1.54 ± 0.29b 1.55 ± 0.22b 1.46 ± 0.18b 10 6.33 ± 0.80a 6.00 ± 0.68a 4.29 ± 0.61b

TSS (°Brix) 1 11.9 ± 0.19a 11.9 ± 0.19a 11.9 ± 0.19a 1 12.2 ± 0.63a 12.3 ± 0.39a 12.3 ± 0.12a

15 12.2 ± 0.63a 12.3 ± 0.39a 12.3 ± 0.12a 10 12.5 ± 0.19a 12.6 ± 0.05a 12.4 ± 0.25a

Firmness (N) 1 56.8 ± 5.72a 56.8 ± 5.72a 56.8 ± 5.72a 1 35.2 ± 2.04b 29.1 ± 2.20c 48.2 ± 3.22a

15 35.2 ± 2.04c 29.1 ± 2.20c 48.2 ± 3.22b 10 14.1 ± 1.90e 14.8 ± 1.37e 22 ± 2.24d

Table 4  Effect of chitosan bags on the color of pears stored at 4 and 25 °C

Different letters indicate significant differences. Two-way ANOVA with means comparison using Tukey test (p ≤ 0.05)
PWF no bagged pears, PF pears bagged in chitosan and montmorillonite film, PCLF pears bagged in chitosan, montmorillonite, and CLEO film

Color Treatments at 4 °C Treatments at 25 °C

Storage (days) PWF PF PCLF Storage (days) PWF PF PCLF

L* 1 63.22 ± 2.48ab 65.50 ± 2.55a 63.35 ± 3.50ab 1 63.95 ± 2.07b 65.50 ± 3.23 b 62.19 ± 1.89 b

15 63.95 ± 2.07ab 65.50 ± 3.23ab 62.19 ± 1.89b 10 70.32 ± 1.76a 68.32 ± 2.85 a 62.28 ± 2.94 b

a* 1 − 10.42 ± 6.38a − 11.21 ± 1.77a − 10.23 ± 7.48a 1 − 11.48 ± 0.81b − 11.21 ± 0.93 b − 11.83 ± 1.00 b

15 − 11.48 ± 0.81a − 11.21 ± 0.93a − 11.83 ± 1.00a 10 − 5.96 ± 3.10a − 7.15 ± 1.61 a − 11.96 ± 2.99 b

b* 1 39.17 ± 1.45c 40.79 ± 1.78bc 39.43 ± 2.15c 1 42.35 ± 1.14a 40.79 ± 1.92 a 42.18 ± 1.64 a

15 42.35 ± 1.14ab 40.79 ± 1.92a 42.18 ± 1.64ab 10 44.46 ± 1.89a 43.38 ± 1.94 a 43.34 ± 5.04 a

C* 1 40.99 ± 2.10b 42.33 ± 2.12ab 41.17 ± 3.02b 1 43.89 ± 0.98a 45.39 ± 1.75 a 45.02 ± 1.56 a

15 43.89 ± 0.98a 45.39 ± 1.75a 45.02 ± 1.56a 10 44.96 ± 1.97a 43.99 ± 1.97 a 45. 05 ± 5.0 a

h° 1 106.97 ± 1.73a 105.33 ± 1.98a 106.4 ± 2.43a 1 105.19 ± 1.31b 104.15 ± 1.59 b 104.7 ± 1.46 b

15 105.19 ± 1.31a 104.15 ± 1.59a 104.7 ± 1.46a 10 97.63 ± 3.32a 99.35 ± 2.07 a 105.45 ± 3.95 b
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oxygen before it can oxidize the pear. This could explain 
the decrease in respiration rate caused by the CLEO films 
preventing early deterioration of the fruit. A similar behavior 
has been reported in the conservation of several fruits coated 
with chitosan including grapes [55], mango [56], pineap-
ple [57], strawberries [58], kiwi [59], melon [60], and pears 
[61, 62].

Conclusion

Eugenol was the major component in CLEO. The film with 
0.75% CLEO inhibited the in vitro growth of P. crustosum 
and showed antifungal activity in vivo by reducing the fun-
gal growth on the inoculated D’Anjou pears during storage 
in chitosan bags. The presence of CLEO also increased the 
activity of PPO and, consequently, the total phenols. The 
fruit quality was maintained in the PCLF treatment. Chi-
tosan bags added with cinnamon leaf essential oil, montmo-
rillonite, and glycerol could be applied as an active packag-
ing to extend the shelf-life of D’Anjou pears since bagged 
pears demonstrated protection against P. crustosum and no 
side effects during the ripening process of the fruit were 
observed.
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