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ABSTRACT

The main objectives of this study were; first formulate and evaluate some properties of chitosan composite films enriched with essential
oils of cinnamon, thyme, clove, and lime alone or in combination; and second select the most appropriate formulation and evaluate their
effect on physiological properties and fungal incidence of papaya Maradol stored at environmental tropical conditions. Tensile strength,
thickness, color, moisture, water vapor permeability, solubility and water sorption of films were measured. Furthermore, in vitro activity
was evaluated against Colletotrichum gloeosporioides Penz. Using multivariate analysis and based on the most desirable characteristics
(low water sorption values, water vapor permeability, solubility, and greater inhibition of C. gloeosporioides), three formulations of films
were used lately for coated fruit of papaya Maradol and stored at 28 + 3 °C and 85 % RH. Two control treatments were included: one
uncoated and other treated with Mancozeb® fungicide. At six days of storage, the fruit of both control treatments showed evident signs
of ripening; contrary to the treatments wherein fruit were coated, and had low respiration, other attributes as firmness, little change in
the external color of the fruit were manifested. Similarly, the use of composite films reduced the fungus C. gloeosporioides by 30-50 %.
The use of film enriched with essential oil of 1 % cinnamon- 1 % thyme improved the characteristics of fruit quality, increased shelf life
and reduced by 50 % the incidence of fungus in papaya Maradol stored under humid tropic environmental conditions. This coating can
be an alternative to potentially reduce the need for cold storage during postharvest handling.
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INTRODUCTION

Losses in post-harvest period for fruits and vegetables
can consume up to 85 % of production, especially in
developing countries (Cissé et al., 2015). The presence
of fungi pathogens is one of the main postharvest
problems, especially in tropical regions. The papaya is
an example of fruit which is exposed directly to this
problem. The development of pathogenic fungi in papaya
e.g. Colletotrichum gloeosporioides that causes anthracnose
reduces significantly the postharvest life and alters the
fruit quality and sensory characteristics. The use of low
temperatures (refrigeration) is the main strategy to reduce
the presence of these pathogens, as well as delaying
the ripening process; however, for small growers and

merchants, this process is difficult to implement because
of the costs involved in installation and operation (Liu
et al., 2012).

Synthetic fungicides are the most widely used to enhance
postharvest quality of fruit; however, the excessive uses are
associated with fungicide toxicity, environmental pollution,
development of fungicide resistance in pathogens, and
potential risks to human health; consequently, new
alternative strategies for reducing postharvest disease are
required (Hu et al., 2014). The uses of gamma radiation
(Rashid et al., 2015) or electromagnetic radiation as UV-C
(Cia et al., 2007) are other options; nevertheless, these
applications implicate infrastructure and high costs being
an undesirable implementation for small producets.
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As strategies less dependent on infrastructure, it has been
implemented the use of coatings or films made from natural
polymers (Ali etal., 2011). Further, these polymers have been
mixed with essential oils from different sources (Sivakumar
& Bautista-Bafios, 2014). These composite films reduce and
even eliminate the presence of pathogenic microorganisms;
furthermore, these applications increase the shelf life of
fruits and vegetables acting as a semipermeable covering,
partially modifying the micro-atmosphere of the fruit and
delay ripening (Dotto et al., 2015). The effects of many
polymers used for this purpose have been evaluated on
the physicochemical and biological properties of fruits and
vegetables. However, due to that chitosan as biodegradable,
edible, compatible with other molecules, non-toxicity and
antimicrobial (antibacterial and antifungal activities), the
coatings made with chitosan are the most studied (Kegian
et al., 2012). Their coatings have been used in different
fruits to increase the shelf life and other physicochemical
characteristics of the fruits (Salvador-Figueroa et al., 2011;
Kegian et al., 2012; Kaya et al., 2016).

On the other hand, it has been reported that, in addition
to improving the post-harvest quality of the fruits, the
addition of essential oils of several plants in the films
provides an efficient antifungal capacity to the films
(Bosquez-Molina et al., 2010, Lopez-Reyes et al., 2013).
Some reports emphasize the importance of evaluating
the changes in the physical, mechanical or antifungal
properties of biofilms when essential oils are incorporated
(Sanchez-Gonzilez et al.,, 2011b; Peng & Li, 2014; Ma
et al., 2016). Even with the preceding, a small number
of studies focus on evaluating the effectiveness of this
combination of strategies on climacteric fruit or fruit with
high susceptibility to the fungi presence. By the papaya
fruit characteristics, as fast physiology and soft texture
peel become a suitable environment for several fungi
development; moreover, the shelf life of mature green
ranges from 5-7 days at the environmental conditions of
the humid tropics without postharvest treatment (Singh
and Sudhakar, 2011).

The use of chitosan enriched with essential oils as a coating
on fruits has been extensively documented, but most
reports use it as a combined strategy with cold storage for
tropical and subtropical fruits, or; for non-climatic fruit,
temperate fruit, or under boreal environmental; the effect
of combination of two or more different essential oils into
chitosan films properties is scarcely known. Therefore, the
main objectives of this study were; 1) to assess the physical
and antimicrobial properties of chitosan films enriched
with essential oils of thyme, cinnamon, cloves and lime
and; 2) use these coatings and evaluate their effect in the
fruit shelf life of Carica papaya 1.. Maradol stored at room
temperature of humid tropic.
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MATERIALS AND METHODS

Reagents

Low molecular weight chitosan (75-85 % deacetylation
grade), glacial acetic acid and Tween 20 (Sigma-Aldrich®™)
were used. The essential oils of cinnamon (Cinnamomum
zeylanicum), thyme (Thymus vulgaris), clove (Eugenia
caryophyllata) and lime (Citrus aurantifolia) were from Meyer®
reagents. The potato dextrose agar (PDA) used was
Sigma-Aldrich®. All chemicals used were reagent grade.

Treatments

Two treatments groups wete formed under a full 2* factorial
design (16 treatments per group). The group formation
criterion was the final total concentration of essential oil
in the biofilm. Treatments of the first group contained
1 % (individually or combined with two, three, and/or
four essential oils) and the second with all the same criteria
described but a final concentration of 2 % of essential
oils. The four factors tested were essential oils of clove,
cinnamon, thyme, and lime, and the levels were absence/
presence of the corresponding essential oil. A total of 31
different treatments were formulated, since the control
treatment without essential oils (only chitosan, Ch) is present
in both groups (1 % and 2 %) of treatments (Table 1).

Preparation of films

To prepare the films, the procedure described by Binsi
et al. (2013) was followed, with modifications. First, the
chitosan (1.5 % w/v) was dissolved in an aqueous acetic
acid solution (1 % v/v) using magnetic stirrer at 45 °C for
24 h. The solution was cooled to room temperature; 0.5 %
(v/v) of Tween 20 was added and then homogenized by
magnetic stirring for 2 h. From this solution, a volume
of 20 mL was used to formulate each mixture set
(see section on treatments of Table 1). Immediately after
the addition of essential oils, the mixture was subjected
to ultrasonication for 5 min in an Ultrasonic Processot®
VCX 500 (500 W, 20 kHz) sonicator, 13 mm tip, 60 %
amplitude; 50 s of sonication and 10 s of inactivity, in
order to achieve the formation of a microemulsion. After
homogenization, 3 mL of solution were poured into sterile
Petri dishes (60 mm diameter) and then allowed to stand
(28 °C for 48 h) until the formation of a film. The films
thus formed were individually stored at 4 °C in hermetically
sealed polyethylene bottles until their analysis.

Characterization of the films

Physical properties

The force required to cause a rupture (TS, tensile strength)
was determined by use a hand penetrometer (TR Italy)
equipped with a tip of 5 mm in diameter, and estimated
according to the equation TS (MPa) = N/mm? Film thickness
(wm) was measured with a digital micrometer (Fowlet™); the

Emir. J. Food Agric e Vol 29 e Issue 10 e 2017



Salvador-Figueroa, et al.: Coated papayas preserved at room temperature

Table 1: Content (%) of each oil essential added to chitosan film of different formulations

Treatment code Cinnamon (C) Clove (Cl) Lime (L) Thyme (T) Final content
Control (Ch) 0 0 0 0 0
CCITL1 0.25 0.25 0.25 0.25 1
CCILA1 0.33 0.33 0.33 0 1
ccit 0.5 0.5 0 0 1
C1 1 0 0 0 1
Cci 0 1 0 0 1
L1 0 0 1 0 1
T1 0 0 0 1 1
CITLA 0 0.33 0.33 0.33 1
TLA1 0 0 0.5 0.5 1
CT1 0.5 0 0 0.5 1
CIL1 0 0.5 0.5 0 1
CTL1 0.33 0 0.33 0.33 1
CLA1 0.5 0 0.5 0 1
CCITH 0.33 0.33 0 0.33 1
CIT1 0 0.5 0 0.5 1
CCITL2 0.5 0.5 0.5 0.5 2
CCIL2 0.66 0.66 0.66 0 2
CCI2 1 1 0 0 2
Cc2 2 0 (0] 0 2
Cl2 0 2 0 0 2
L2 0 0 2 0 2
T2 0 0 0 2 2
CITL2 0 0.66 0.66 0.66 2
TL2 0 0 1 1 2
CT2 1 0 0 1 2
ClL2 0 1 1 0 2
CTL2 0.66 0 0.66 0.66 2
CL2 1 0 1 0 2
CCIT2 0.66 0.66 0 0.66 2
CIT2 0 1 0 1 2

color of the films with a colorimeter (MiniScanEZ 4000S),
and the values reported as ¥, 2%, b* of the CIE Lab scale.
The water vapor transmission rate (WVTR) was measured
by the method suggested by Ulbin-Figlewicz et al. (2014)
and the water vapor permeability (WVP) was calculated with
the formula: WVP (g / m s kPa) = (WVTR L)/AP, where
“L is the film thickness (m) and “AP” is the differential
of partial pressure between the two sides of the biofilm
(3.179 kPa). Solubility (S) was determined according to
a method proposed by Wang et al. (2011) and; the water
content retained in equilibrium by the method described
by Binsi et al. (2013), which is reported as water sorption
capacity (WSC). For each treatment, five replicates were
independently developed and evaluated, considering one
film as a replicate.

Antifungal activity in vitro

For in vitro evaluation of the antifungal activity of the films,
50 uL of spote suspension (10? spores/mL) wete dispersed
in Petri dishes containing medium PDA. Subsequently,
eight disks (5 mm diameter) of different treatment films
were placed on the surface. The plates were incubated at
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25 °C, every 24 h mycelial growth was observed, and the
diameter was measured at various points of the zone of
inhibition present around the film (Pereira et al., 2013).
For this, the plates were visualized under a stereoscope
(ZEIZZ®), a photographic record was made with a high
definition camera, and then the areas of the film and the
inhibitory perimetral area were determined by the ZEN
2011 program. For each biofilm, five replicates were
performed.

Shelf life of coated fruit

In order to evaluate the shelf life of coated papaya fruit, the
best treatment outcomes wete chosen, according to with
characteristics as growth inhibition (perimeter area) and film
texture. Thus three treatments were selected and applied
to Maradol papaya fruit: C2) 2 % cinnamon, CT2) 1 %
cinnamon-1 % thyme and CL2) 1 % cinnamon-1 % lime.

Evaluation in situ of coatings

Fruit of Carica papaya cv. Maradol (N=300) were acquired
from growers of Tapachula, Chiapas, Mexico. These were
conventionally cultured, harvested in the physiological
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maturity, free of physical damage and all chosen of a
uniform size (approximately 1.5 kg). Under a completely
randomized design, the fruits were divided into groups of
60. Three groups for each of the treatments of previously
selected films, and two for control treatments (one without
application of coatings and one with the application
of fungicide Mancozeb®). All the fruit were washed
in tap water, immersed for 3 min in 200 ppm sodium
hypochlorite aqueous solution (Oliveira et al., 2016) and
allowed to dry at room temperature. Chitosan solutions
containing essential oils were applied manually to the
corresponding fruit with the use of a polyurethane foam
brush. Subsequently, they were dried with fan blades for
one min. The synthetic fungicide solution (3 g/L of active
ingredient) was also applied with a polyurethane brush.
All the fruit were stored in polypropylene containers, in
a closed warchouse at room temperature (28 = 3 °C) and
85+ 5% RH.

Quality characteristics assessment on fruit

For quality characteristics assessment, each 24 h, five
fruit per treatment were randomly selected and evaluated,
starting from the application coatings day (day 0), until ten
days. The firmness was determined by the required force
in Newtons (N), to penetrate the pericarp with a digital
penetrometer TR® (Italy) provided with a conical plunger
of 10 mm of diameter (AOAC, 2010). The peel and pulp
color were determined with a colorimeter (MiniScanEZ
40008) based on the system of CIEL, a*, b*. Firmness and
peel color measurements were made near the peduncle,
in the middle of the fruit and in the pedicel. The total
soluble solids (°Brix) were determined at 22 °C, with
a digital refractometer ATAGO, Model PAL-o (Japan)
using 2 to 3 drops of juice obtained by squeezing the pulp
(AOAC, 2010) and the result reported as a percentage. To
determine the titratable acidity of the fruit, 10 g of the
pulp of each fruit were first diluted with sterile distilled
water to achieve 50 mL. Ten mL of the dilution were
then titrated with 0.1 N NaOH (AOAC, 2010). Results
were expressed as a percentage of citric acid. Weight loss
of fruit was determined using a digital scale (Ohaus® CS
Compact scales™ Model CS2000P; USA), referencing to
the initial and final weights of the fruit and then results
were reported as a percentage of weight loss (AOAC,
2010). Furthermore, CO, production (respiration) was
measured placed 2 fruit in a sealed container (7 L) for
2 h, after this time, the CO, amount was recorded by
the TAQ-CALC (TSI®) probe and reported as mg/kg s
(Salvador-Figueroa et al., 2011).

Fungi incidence and severity index

The fungi injury was measured as incidence (%) and
severity index using scale 0-4, both of using the procedures
suggested by Bosquez-Molina et al. (2010).
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Data analysis

Comparisons between treatments were conducted using
univariate ANOVA followed by Duncan’s multiple range
test («=0.05). In addition, to cluster treatments and locate
film formulations with the most appropriate characteristics
to be used as coatings, all variables were subjected to
multivariate statistics using the Hierarchical Ascendant
Classification (HAC) test; and based on the dissimilarity
of Euclidean distance, a dendrogram was constructed by
the agglomeration method of Ward. All analyses were
computed by Infostat Professional® v2011 statistical
program.

RESULTS AND DISCUSSION

Physical properties of the films

All variables data performed to determine the film
efficiency are shown in Table 2. The tensile strength
evaluated in treatments ranged from 26.53 to 60.94 MPa,
the fewer strength films being those where essential oils
of cinnamon and thyme (in both tested concentrations)
were incorporated in combination, and also the films that
containing only chitosan (Ch). The values for control
treatment (Ch) was found within the range reported
by others (Casariego et al., 2009, Wang et al., 2011,
Loépez Mata etal., 2013, 10-51 MPa) for chitosan films, this
behavior is linked to several factors such as the chitosan
concentration, the degree of acetylation of the molecule,
and several others. Contrary to what occurred in combined
essential oils, when they were incorporated individually at
both 1 % and 2 %, the films were firmest, as it was with TL.1
treatment. These results are consistent with the significant
effect of oil essential as a factor on the strength of the film
revealed by the analysis (data not shown), where cinnamon
(»<0.0001), lime (»=0.0026) and thyme (p<0.0001) oils
were incorporated. This highlights the positive effect of
films combined with essential oils on film strength. Indeed,
several studies report that the oil addition on films reduces
the matrix strength when they are combined (Pereda et al.,
2012, Binsi et al., 2013, Lopez-Mata et al., 2013). However,
in concordance with our findings, it has been reported that
the addition of olive oil improves the tensile properties of
chitosan films (Pereda et al., 2012).

All films tested demonstrated a smooth appearance without
any visible cracks or pores in the surface. The control
films (Ch) had an average thickness of 55.88 £ 1.08 pm.
Treatments combined with essential oils, the film thickness
was significantly modified (p<<0.05) obtaining values in the
range of 47.41 to 72.81 um. Therefore, results indicate that
adding essential oils significantly changed the film thickness,
as factor analysis revealed p-values <0.01for all essential
oil. The combination of various essential oils resulted in
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thinner films, being the cinnamon oil the common factor;
in contrast, films with only one essential oil were those
of greater thickness. This agrees with results reported by
Binsi et al. (2013), who reports the thickness of 60 = 2 um
for chitosan films, and values similar to our results in films
combined with coconut oil. The variables that most affect
the thickness of the film are the interactions, alignment
and compactness of chitosan molecules during the process
of forming and drying the resulting film (Binsi et al,,
2013). That suggests that addition of essential oils modity
some of these characteristics due to possible electrostatic
interactions chitosan-essential oils.

Moisture content for all treatments ranged from 4.08
to 21.70 %. The films made with only chitosan (Ch)
presented a mean value of 12.45 = 3.80 %. Films
containing less water had clove and thyme oils in
common, while those which retained more water had in
common cinnamon and clove oils essential. However,
only the essential oil of cinnamon had a significant effect
as factor (p=0.013) on solubility. Generally, the reported
values for all treatments are low when compared to other
studies where chitosan films combined with oils are
used together, as values are reported between 12.72 %
(Bourbon et al., 2011) and 51.30 % (Wang et al., 2011).
The moisture content is directly associated with solubility,
which is an important variable because in many cases,
higher solubility is desired which is associated with the
film degradation of the film, mainly in almost ready
to eat foods. Conversely, low values of solubility (and
moisture) are desirable in search of films that present
higher strength and low rate of mass transfer (water
vaport, gasses) (Wang et al., 2011). The solubility values
obtained ranged from 21.51 to 41.82 %. Films of the
treatments with a concentration of 2 % of oils essential
were less soluble than those containing 1 %.

The above results are consistent with expectations partially,
because the chitosan films (Ch) are presumed to present the
highest values of humidity and solubility; this by dissolving
the chitosan in acetic acid, where the cationic character of
the molecule is increased and consequently would promote
greater hydrophilicity (Binsi et al., 2013). Thus, the added
oils would promote interactions chitosan-oil, which have
a strong hydrophobic character. However, in our study
higher values of the moisture content and solubility were
obtained in several treatments containing essential oils
with respect to control (Ch). This event can be explained
because molecular interactions of oil-oil (one or more oils),
oil-chitosan, on coming into contact with water may lose
system microstructure (forming micropores) and allow
entry and entrapment of water, as has been shown occurs
in chitosan films enriched with 1 % of thyme oil (Hosseini
et al., 2009).
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The permeability of a filmis a determinant factor for deciding
their potential use, such as measuring the amount of water
vapor that can pass through the materials that constitute the
film. The treatments evaluated were in a wide range of 0.82 to
2.48x10"g / m s kPa, while films of chitosan (Ch) exhibited
an average value of 1.40x10""g / m s kPa. Although none of
the essential oils had a statistically significant effect (p-values
>0.05 for all treatments), the treatments containing essential
oil of thyme showed the highest values of WVP (Table 2).
However, this is not desirable in a film, because the main
reason to use as a coating is having desirable lowest values
due their effect as barriers (Wang et al., 2011). Chitosan,
as pointed out before, is by nature cationic, which means
more interaction with water molecules and consequently
increased WVP. The essential oils of clove and cinnamon,
while not showing significance as a factor (p>0.05) tended
to show lower values of WVP in the films where they were
included, as has been reported to occur by incorporating
coconut oil into chitosan films (Binsi et al., 2013). This is
due to minimizing the availability of active groups for the
chitosan-water interactions, and the matrix becomes more
hydrophobic, making the film compact, less permeable, and
with lower porosity.

Something quite similar occurs with the water sorption
capacity of the films. However, for this variable, a
significant effect can be seen from oils of cinnamon, lime,
and thyme. Films containing oils of thyme showed the
highest values in the WSC, in contrast to the films where
essential oil of cinnamon and lime was added, the values
were lower in line with those reported by other authors
(Binsi et al., 2013). This may be in consequence of the
terpene content of essential oil of thyme (mainly cymene
and thymol) which forms weak bonds with chitosan,
making the structure more porous and permeable, favoring
both the WVP and the WSC (Hosseini et al., 2009). In our
study, rates 14.8 % lower were found compared with others
reported, which lets the marked effect of the addition of
oils on this variable.

The parameters used for assessing the color (¥, #* and &*)
were not significantly affected by the addition of any of
the essential oils. In general, all the films were transparent.
The brightness remained in a tight range (Table 2), which
is highly desirable for materials used as coatings for food
due these do not affect the natural color of the fruit. a*
and /* values showed vatiations that gave weak yellowish
aspects on films, but not enough to show a significant
effect of any factor (essential oil) in particular (p>0.05).
It has been reported that the addition of coconut oil
decreases the parameters ¥, %, /* (Binsi et al.,, 2013),
that coincides with the addition of some essential oils.
The color values obtained for the control film (Ch) were
¥ = 88.94, #* = 0.52 and /* = 3.98, different from those
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reported by Casariego et al. (2009) which can be explained
due on this study were used chitosan with different degree
of acetylation and different molecular weight.

Effect of essential oils on the in vitro growth of
Colletotrichum gloeosporioides

The inhibition perimeter areas for 7z vitro growth of
C. gloeosporioides produced by chitosan films alone, and with
essential oils incorporated, are shown in Table 2. In general,
the inhibitory effect of chitosan (Ch treatment) is only
shown greater on films treatments combined with thyme
oil (1 %), cinnamon-thyme (0.5 % : 0.5 %), clove-thyme
(0.5%:0.5 %), clove-thyme-lime (0.33 %0 : 0.33 %: 0.33 %),
cinnamon-clove-thyme-lime (0.25 % : 0.25 % : 0.25 % :
0.25 %) and lime (2 %). These results reveal a marked
negative impact of addition of thyme essential oil on the
growth inhibition of the fungus, at least at concentrations
below of 1 %, being that for various treatments that
contain this essential oil the inhibition was zero. Previous
studies have shown a strong antagonistic activity of thyme
essential oil against undesirable bacteria (Hosseini et al.,
2009). However, it is shown that this is not the case with
the fungus evaluated here, which could be explained due
to when the thyme essential oil is mixed with Tween®,
then the antifungal capacity decreases significantly as was
previously reported (Zeng et al., 2015).

Contrary to this, values of more than 5596 um?® were
found in the inhibition area for the cinnamon treatment
(2 %), cinnamon-lime (1 % : 1 %) and cinnamon-thyme

(1 % : 1 %), the same exhibited significant differences
(»<0.05). It is noteworthy that the highest concentrations
of oil (2 %), except lime oil only, that have the highest
values of inhibition, than its counterpart at 1 %, which is
consistent with that reported by Perez-Espitia et al. (2012)
and Bosquez-Molina et al. (2010), that the fungicidal action
increases as the concentration of essential oils increases.
This shows that the effect of major compounds responsible
for the antimicrobial activity of various essential oils
(cinnamaldehyde, linalool, eugenol and cineol in cinnamon
oil; limonene, beta-pinene, and citral in lime oil) was not
diminished or nullifies by interactions with components
of the chitosan matrix.

Multivariate analysis of films parameters

The individual data analysis of characteristics of the film
(ANOVA tests and means comparisons) made it difficult
to interpret in general in order to decide and select the
treatments with the most promising results to be used as
coatings on papaya fruit. Therefore, a multivariate analysis
was performed; and employing both the physicochemical
characteristics as well as the inhibition of the fungus,
a cluster analysis was performed, and then, based on
the Euclidean distance (Figure 1) a dendrogram was
constructed. From the analysis, four clusters (C1-C4) were
obtained, these grouped all 31 treatments. Eight treatments
were grouped in C1, 11 treatments grouped as C2, C3 for
9 treatments, while C4 grouped only 3 treatments (bottom,
Figure 1) which were markedly dissimilar (> 4000) of the
other clusters.

C3

Cl1

Q2

c4

1152 2152 3152 4152 5152
Dissimilarity

g1
4

Fig 1. Dendrogram of 31 treatments constructed with data measurements for physicochemical variables and inhibition of mycelial growth of

C. gloeosporioides.
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The three treatments grouped in C4 were those containing
2 % of essential oils and which presented the largest
growth inhibition for C. gloeosporioides, which denotes
a strong contribution of this variable to multivariate
analysis (Table 2). For these results, it can be observed
that for almost all variables, the values are suitable, as
described before, for use as coatings; i.e. low values for:
water sorption, water vapor permeability, and solubility;
intermediate values for the thickness; and high values in
resistance, but especially the inhibition of mycelial growth
of the fungus tested. Therefore, these treatments were
selected to be applied on papayas as coatings.

Physiological characteristics of coated papaya fruit
The application of different chitosan-based coatings
on papaya cv. Maradol fruit did not adversely alter the
physiological parameters of the normal ripening. For
weight loss, total soluble solids content, and titrable acidity,
no difference was found between treatments (p>0.05), and
the variations observed (Fig. 2) are the results of variability
between fruit and the natural ripening process.

Conversely, respiration (amount of CO, produced) did
show differences between treatments for several days
(Fig. 2). In general, the content of CO, is similar to those
reported for this papaya variety stored at 23 °C and 70 %
RH (Santamarfa-Basulto et al., 2009), and even for other
varieties. During the first two storage days, respiration was
similar between coated fruit and those that were not coated,
demonstrating that the coatings did not exert stress to the
fruit (gasses accumulation) subsequent to being coated.
From the third day, differences between treatments were
evident, becoming significant differences (»<<0.05) on the
sixth day. The two control treatments (without the coating
and with the application of Mancozeb®) showed by the
fifth day the more pronounced respiratory rise, being
coincident with changes taking place in the fruit for the
parameters of firmness on the 6" day (Fig, 2) and external
and internal color (Fig. 3 and 4). The fruit with cinnamon
and cinnamon-lime coatings diminished the respiratory peak
with similar values to control treatment (~4.5x 10°mg/kg s
of CO,) on 8" storage day. Chitosan coating with essential

oils of cinnamon-thyme reduced the burst of papaya fruit
respiration to values of CO, content below 3.5 x 10” mg/
kg s during the 10 days of the experiment. Since there is no
evidence of the effect that essential oils can exert directly
on the respiratory physiology of the fruit, it is only possible
to think that the appearance of the respiratory peak was
delayed beyond the 10 days studied. This can be due to a
direct effect of the change in the gas transfer due to the
coating o, as an indirect consequence of the reduction of
stress given by the low incidence of fungi that presented
the fruits of cinnamon 1 % thyme 1 % (Table 3).

On the other hand, the peel color, which is the first visual
attribute evaluated on fruit, exhibited for all treatments
evaluated here a behavior dependent on the treatment.
Thus, during the first three days of storage at room
temperature, all treatments showed statistically similar and
equal values for L.* and a* (p>0.05) parameters. From the
2" day (value 4%) and the 4" (¥, 4% treatments which had
no coating showed a gradual change of values to shades
of yellow-orange (Fig. 3 A-C) characteristic of ripe fruit
(Fig. 4). During the 10 days of storage, the parameters of
external color remained almost unchanged for the three
treatment coatings. Although this same phenomenon was
also observed with the internal aspect (Fig. 4), the values
of L* a*, b*of internal color were very similar for all the
treatments and no significant variations during storage was
observed (Fig. 3 D-F).

The fact that chitosan coatings containing essential oils
only had effect on respiration, firmness, and color, this may
be due to the effect of essential oils on the physiological
processes involved in the degradation of molecules
associated with firmness (decreased activity of hydrolytic
enzymes); as well as with degradation of chlorophyll (and
synthesis of orange pigments) as has been suggested
occurs in muskmelons fruit (Jiang et al., 2017). In this
sense, some reports suggest such interactions between
molecules applied to fruit and physiological responses
(Sanchez-Gonzalez et al., 2011; Perdones et al., 2012,);
or selective barrier effect for CO, and/or oxygen on the
chitosan coatings with essential oils added. The latter

Table 3: Disease incidence and severity index in papaya Maradol coated with chitosan films containing essential oils at 6 and

10 days of storage at room temperature

Treatment Disease incidence (%) Severity index

6t day 10t day 6t day 10* day
Control (uncoated) 35.712 83.33° 1 2
Fungicide (Mancozeb®) 14.29° 1002 2 S
Cinnamon 2 % 14.29° 62.50° 1 2
Cinnamon 1 %-Lime 1 % 14.29° 7= 1 2
Cinnamon 1 %-Thyme 1 % 0° 25¢ 0 1

Severity index: 0 = non, 1 = initially, 2 = lightly moderate, 3 = moderately and 4 = severely damaged, values followed by the same letter for day are not

significantly different (p>0.05) determined by Duncan’s range multiple test
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Fig 2. Effect of coatings of chitosan enriched with essential oils on the physiological characteristics of papaya Maradol stored at room temperature.
Means followed by the same letter at the same day of storage do not differ statistically (p>0.05) from each other by Duncan’s multiple range test.
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Fig 3. Evolution of the peel (A-C) and pulp color (D-F) on papayas fruit coated with chitosan enriched with essential oils and stored at room
temperature. L* (lightness), a* (chromaticity coordinate of yellow to blue), b* (chromaticity coordinate of green to red) values of the CIELab.
Means followed by the same letter at the same day of storage do not differ statistically (p>0.05) from each other by Duncan’s multiple range test.
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Cinnamon 1 %- Cinnamon 1 %-
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Fig 4. External and internal aspect of papaya fruit coated with chitosan
enriched with essential oils at ten days of storage at room temperature.

may be supported by the solubility exhibited by the film
coatings, where the film combined with cinnamon-thyme
oil stands out showing the lowest solubility value (Table 2).
This is associated with the lower mass transfer (Wang et al.,
2011) and in this case, may be responsible for the lower
transfer of CO, to the outside or of oxygen to the interior
of the fruit. The positive effect of coatings on parameters
of respiration, color, and firmness found in our study is
concordant with various experiments where the coatings
are used in mango Ataulfo (Salvador-Figueroa et al., 2011),
strawberries (Vu et al., 2011) and papaya Eksotika (Ali
etal, 2011).

Presence of fungi

During the first four days of storage, none of the fruit
showed visible fungal growth (0 %, data not shown). From
5% day, the fruit treated with the fungicide Mancozeb®
showed a 6.25 % incidence, while the rest continued
without any presence (data not shown). On the 6™ day,
only fruit coating with chitosan containing essential oil
of cinnamon-thyme did not present incidence of fungi
(Table 3). From that day until the 10* day the trend was
similar. Contrary to expectations, in this study the fungicide
used showed no inhibitory effect on the development of
fungi, quite contrarily, the incidence and severity in these
fruits were greater than in fruit that received no treatment.
This may be indicative of resistance, which has already been
reported for Colletotrichum truncatum towards this synthetic
carbamate (Zhang et al., 2017). At the end of the storage
period, the fruit with coatings containing essential oil of
cinnamon-thyme (1 %: 1 %) showed the lowest value of
incidence and severity among all treatments (Table 3). This
difference was significant (p<<0.05). Although the coating
containing essential oil of cinnamon showed activity
against the fungus C. gloeosporioides in the in vitro test (greater
inhibition area, Table 2); in the 7z situ test, the fungicidal
effect was surrounded by the C1T1 coating, which shows

Emir. J. Food Agric @ Vol 29 e Issue 10 e 2017

a synergistic effect of the essential oils added to each other
and added to the effect of chitosan on the growth of fungi
to interact with peel of papaya fruit. Values very similar to
the ones in this treatment (incidence <50; severity index
<2) have been reported when essential oils of Mexican
lime and thyme were applied in a pure state to papaya fruit
(Bosquez-Molina et al., 2010). This could denote a greater
contribution to this effect from thyme oil.

The fact that antifungal activity 7 vitro does not correlate
with in sitn activity (in fruits) is unexpected, due to the
cinnamaldehyde, the main component of the cinnamon
essential oil been suggested as strong fungi inhibitory
agent (Xing et al., 2011) and their effect antifungal was
significantly diminished when was applied in fruits. A
phenomenon that has been reported to occur with some
essential oils, is that being encapsulated reduces their
inhibitory capacity (Perdones et al., 2012), which may
show some interaction between oil, chitosan, and the
components present in the peel of papaya fruit. It is
also possible that there was interference by the presence
of other opportunistic fungi in the 7 situ study because
although the macroscopic morphology corresponded
with C. gloeosporioides, the presence of opportunistic
fungi associated with the pathogen is common. While
essential oils evaluated here have shown effectiveness
against various organisms (Xing et al., 2011; Perdones
et al., 2012; Sanchez-Aldana et al., 2015), it is possible
that cinnamon oil will prove limited in preventing the
development of potential opportunistic fungi. Directed
tests inoculating the fungal pathogen in the fruit before or
after being coated can solve this question. Even with this,
the protective effect of the coatings on the development
and severity of fungi is superior to other fruit, which has
reported the relatively low effect of bergamot essential oil
on grapes stored at low temperatures (Sanchez-Gonzalez
et al., 2011a).

CONCLUSION

Films composite of chitosan enriched with essential oils
of cinnamon, lime, and thyme, exhibited highly proper
physical characteristics for application in papaya Maradol.
The use of such films such as in papaya fruit coating did
not affect the parameters of quality during fruit ripening
at room temperature; on the contrary, its application
on Maradol papaya promoted the lower rate of CO,
production and retained firmness in the papaya under
ambient conditions of the humid tropic. Additionally, the
chitosan coating containing 2 % essential oils of cinnamon
and lime (1: 1 v/ v), was able to reduce the incidence of
fungi on the fruit surface with values less than 25 % for
10 days of storage, and also the severity of the infection.
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This coating prolongs the shelf life of papaya Maradol
and may be proposed as an effective treatment postharvest
papayas without the need for cold storage.
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