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Abstract: Papaya production plays an important economic role in Mexico’s economy. After harvest,
it continues to ripen, leading to softening, skin color changes, development of strong aroma, and
microbial spoilage. The objective of this work was to apply an active coating of chitosan–starch to
increase papaya shelf life and to evaluate physicochemical and antimicrobial properties of the coating.
Papaya surfaces were coated with a chitosan-oxidized starch (1:3 w/w) solution and stored at room
temperature (25 ± 1 ◦C) for 15 days. Variables measured were color, titratable acidity, vitamin C, pH,
soluble solids, volatile compounds by gas chromatography, texture, homogeneity by image analysis,
and coating antimicrobial activity. At the end of the storage time, there were no significant differences
(p > 0.05) between coated and uncoated papayas for pH (4.3 ± 0.2), titratable acidity (0.12% ± 0.01%
citric acid), and soluble solids (12 ± 0.2 ◦Bx). Papaya firmness decreased to 10 N for coated and 0.5
N for uncoated papayas. Volatile compounds identified in uncoated papaya (acetic acid, butyric
acid, ethyl acetate, ethyl butanoate) are related to fermentation. Total microbial population of coated
papaya decreased after 15 days, whereas population of uncoated papaya increased. This active
coating permitted longer shelf life of papaya than that of the uncoated fruit.

Keywords: Carica papaya L.; edible coatings; chitosan; starch; image analysis

1. Introduction

Papaya (Carica papaya L.) is a perennial plant with a rapid growth, and it provides fruits for more
than twenty years [1]. Papaya is considered one of the most important fruits worldwide because of its
high contents of ascorbic acid, provitamin A, calcium, and carotenoids [2]. Mexico is the third largest
producer worldwide of this fruit with 951,922 t in 2016 [3]. It is a climacteric fruit that shows short
life after harvest, and it is susceptible to fungi contamination mainly by Colletotrichum gloeosporioides
responsible for anthracnose disease, which reduces its shelf life, severely depreciating the market value
of the fruit [4]. Papaya maturation after harvest involves various metabolic processes; first, papaya is
mature, hard and inedible, and after a few days of being harvested, the edible fruit becomes sweet, soft,
and aromatic. However, an uncontrolled fruit maturation process can cause pulp softening, changes in
skin and pulp color, and strong aroma development; all this is related to increased ethylene production
causing postharvest losses [5].
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Edible coatings have emerged as a new technology for safe maintenance and the improvement of
quality of fresh fruits by their application immediately after harvest to reduce water loss and mechanical
and microbial damage, prevent favorable volatiles losses, and delay senescence [6]. Coatings used for
fruits preservation must have precisely balanced gas permeability properties for a normal exchange of
CO2/O2, limited permeability to water vapor to inhibit the escape of moisture, antimicrobial activity,
and good adhesion to product surface [7]. According to their composition, edible coatings may be
classified into three groups: polysaccharides, proteins, and lipids as their major compounds. Coatings
based on polysaccharides are characterized by providing a minimum moisture barrier, whereas gas
barrier properties induce desirable atmosphere modification and increased shelf life without creation
of severe anaerobic conditions. Polysaccharides commonly used in edible coatings are starch, dextrin,
pectin, cellulose and its derivatives, chitosan, alginate, carrageenan, gellan, etc. [8].

Chitosan is a biopolymer obtained from chitin deacetylation in an alkaline medium, consisting
of β-(1–4)-2-acetamido-D-glucose and β-(1–4)-2-amino-D-glucose units [9]. It is biodegradable,
biocompatible, and nontoxic, and shows antimicrobial activity and good film-forming properties.
Applied as a coating on fruit and vegetable surfaces, it reduces respiration rate by regulating gases
permeability [10]. Starch is frequently used in edible coatings preparation due to its chemical, physical,
and functional characteristics [11]. It comprises two structures, one linear (amylose) and the other
branched (amylopectin), that are assembled naturally in granular form (size of ~1 µm to 100 µm) [12].
Amylose tends to be orientated in parallel due to its linearity, resulting in hydrogen bonds between
hydroxyl groups reducing polymer affinity for water and allowing films and gels formation [11].
Other components may be added to edible coatings to extend their applications, such as antimicrobial
agents, antioxidants, texture modifiers, dyes, flavorings, nutrients, spices, surfactants, emulsifiers, and
plasticizers, among others [13].

Ethyl lauroyl arginate (LAE) is a generally recognized as safe (GRAS) cationic surfactant that is
water soluble and provides antimicrobial activity against fungi and Gram-positive and Gram-negative
bacteria, due to its cationic surfactant nature. It specifically affects the negatively charged microbial
proteins of cell membranes or enzymatic systems, causing their denaturation and leading to microbial
inhibition or death [14]. Nisin is a bacteriocin from Lactococcus lactis subsp. lactis considered as
GRAS that is used in the food industry as a preservative and consists of unusual and distinctive
amino acids post-translationally modified: lanthionine bound to a thioether, 3-methylanthionine,
2,3-didehydroalanine, and 2,3-didehydrobutirin. Gram-positive bacteria such as Mycobacterium,
Staphylococcus spp., Clostridium sp., Listeria sp., and Bacillus sp. are very sensitive to this antibiotic [15].
The objective of this work was to evaluate the effect of an edible coating based on chitosan and oxidized
starch on the shelf life of Carica papaya L., and the physicochemical and antimicrobial properties of the
active coating.

2. Materials and Methods

2.1. Materials

Medium molecular weight chitosan from shrimp shells (375 kDa, >75% deacetylation), glycerol
(≥99.5%), and Tween 80 were purchased from Sigma-Aldrich (St. Louis, MO, USA); lactic acid (85%)
was obtained from Fermont (León, Mexico). Oxidized starch was supplied by Ingredion (San Juan
del Río, Mexico), LAE was a gift from Lamirsa (Barcelona, Spain). Violet red bile agar, papa dextrose
agar, plate count agar, and casein peptone were acquired from BD Bioxon (Distrito Federal, México).
Papayas (Carica papaya L.) were harvested from Tecoman, Colima, Mexico.
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2.2. Methods

2.2.1. Papaya Harvest

One hundred papayas (C. papaya L. var. Maradol) were harvested from Tecoman, Colima, Mexico
at maturation stage 1, defined as a yellow stripe near fruit apex (70%–80% of yellow surface) [16], and
all fruits were similar in size and without any apparent physical damage.

2.2.2. Coating Preparation

Papaya edible coating was produced according to Escamilla-García et al. [17] with some
modifications. One chitosan solution and one starch paste slurry were made in parallel. Chitosan
(1% w/v) in lactic acid (0.5% v/v) was produced with constant agitation at 80 ◦C during 60 min; the
starch paste slurry was prepared with 3.5% (w/v) oxidized starch in distilled water heated at 90 ◦C
and stirred for 30 min. Starch:chitosan preparations were mixed in 3:1 (w/w) ratio and stirred for
5 min at room temperature; glycerol was added as plasticizer at chitosan:glycerol ratio of 1:1 (w/w),
and stirred for 10 min. Previous experiments showed that a combination of 3.750 µg/mL of nisin and
0.0625 mg/mL of LAE were enough to inhibit coliforms, mesophilic bacteria, and yeasts, and thus
were used as antimicrobial agents [18].

2.2.3. Coating Application

Papayas were immersed in distilled water for 1 min to eliminate solid residues and impurities,
followed by 1 min immersion in neutral electrolyzed water (NEW) developed at the Center for Research
and Technological Development in Electrochemistry of Querétaro (CIDETEQ), at a concentration
of 200 ppm total available chlorine. NEW is obtained by electrolysis of diluted NaCl solutions
(0.1%–1% w/v) without the use of a membrane separating anode and cathode. Several studies
have shown that highly oxidizing chlorine species are present in NEW, mainly hypochlorous acid,
hypochlorite ions, chlorine dioxide, and ozone, which provide high bactericidal activity [19–21].
Oxidizing species are rapidly reduced during treatments, and there is no need for rinsing. Water was
removed by drying at room temperature. Coating was applied on papaya peel using a sterile sponge
(Figure 1), and properties of coated papayas were evaluated at 0, 5, 10, and 15 days of storage at room
temperature. Uncoated papayas were used as control and were analyzed at the same storage times.
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Figure 1. Coating application.

2.2.4. Papayas Characterization

For papaya characterization, analyses of whole papayas (without peeling) were carried out to
determine volatile compounds, wt % loss (dry basis, db), image analysis, color, and antimicrobial
activity. Physicochemical parameters, such as % acidity (db), texture, vitamin C (db), pH, and soluble
solids, were determined in papaya pulp.
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Texture and Weight Loss

Texture was evaluated using a texturometer (Stable Micro Systems, TAXT2i, Surrey, UK) on
papaya pulp pieces (2 cm × 2 cm × 3 cm) with and without coating. The force required to penetrate
5 mm of pulp was determined at 0, 5, 10, and 15 days of storage. Determinations were conducted in
6 different sections of the fruit, using a 5 mm probe and test speed of 4 mm/s with automatic return.
Fruit weight losses, with and without coating, were recorded during storage time (0, 5, 10, 15 days)
using a scale (Torrey, PCR-20, Monterrey, Mexico).

pH, Soluble Solids, Titratable Acidity, and Vitamin C

Ten g of papaya pulp was weighed and homogenized in 100 mL of distilled water, and from
each sample, 3 pH measurements were taken using a calibrated potentiometer (Hanna, Mod. 209,
Woonsocket, RI, USA) at 0, 5, 10, and 15 days of fruit storage, with and without coating [22]. Soluble
solids of papaya samples with and without coating were determined by an Abbe refractometer (Atago,
DR-A1, Tokyo, Japan) at the different storage times. Titratable acidity was evaluated following AOAC
method 942.15A, in which 5 mL of diluted papaya juice in 95 mL distilled water was titrated, with
0.1 M NaOH, and expressed as citric acid percentage [23].

Color

Color changes of papaya peel surface were evaluated at the different storage times (0, 5, 10,
and 15 days) with and without coating. For this test, sections in which color was determined were
marked; thus, measurements were always conducted in the same section. Parameters measured
were L* (Luminosity), a* (green to red), and b* (blue to yellow) using a Minolta CR400 colorimeter
(Konica Minolta Sensing, Osaka, Japan), a light source D65, and 10◦ angle [24].

Volatile Compounds

Volatile compounds determination was carried out according to García-Aguilar et al. [25]. Fruits
were placed for 2 h before analysis in hermetic containers. The solid phase microextraction method was
applied in this analysis using a pre-equilibrium time of 15 min at 50 ◦C. Solid-phase microextraction was
performed with a 75 mm divinylbezene/carboxene/polydimethylsiloxane fiber (Supelco, Bellefone,
VA, USA). The fiber was exposed to the interior of the hermetic containers for 20 min at room
temperature (~25 ◦C), and then placed in the injection port of a gas chromatograph (Mod. 7890A,
Agilent Technologies, Santa Clara, CA, USA) coupled to a quadrupole mass spectrometer (Agilent,
5975C) for 45 min at 230 ◦C for analytes desorption. Compounds identification was carried out using
NIST/EPA/NIH Mass Spectra Library version 1.7 (Gaithersburg, MD, USA), considering a similarity
>80%. Peak area was obtained by Equation (1):

A = W1/2h (1)

where A is peak area, W1/2 is width of half peak height, and h is peak height.

2.2.5. Image Analysis

Papaya ripening changes were evaluated by image analysis (IA). Samples were illuminated using
four TL-D deluxe fluorescent lamps, daylight 18 W (Philips, TL-D, Eindhoven, The Netherlands),
and color temperature of 6500 K (D65). Lamps (60 cm long) were arranged in a square shape 35 cm
above the sample at an angle of 45◦, and pictures were taken from apical and equatorial areas of the
papaya. A digital camera Nikon D3200 (Tokyo, Japan) of 24.2 Mpixels resolution was used to take
images without zoom or flash, and were processed following Arzate-Vázquez et al. [26]. Using Image
J 1.51j8 program [27], images were changed to 8-bit (250 × 250 pixels, TIFF format) and contrast,
correlation, entropy, angular momentum, and fractal dimension parameters were obtained. The gray



Coatings 2018, 8, 318 5 of 14

level co-occurrence matrix complement was used to evaluate papaya texture. Fractal dimensions (FD)
were estimated by counting changes of differential boxes from gray level images.

2.2.6. Microbiological Analysis

Total coliforms, fungi and yeasts, and mesophilic aerobic bacteria were quantified. Papayas
with and without coating at 0, 5, 10, and 15 days of storage were analyzed in triplicate. Samples
were prepared according to NOM-110-SSA1-1994 [28] with some modifications. Papaya weight
was recorded, then the whole fruit was placed in a sterile plastic bag containing 100 mL of sterile
peptone water (1 g casein peptone, 8.5 g NaCl/L, pH 7.2 ± 0.1), and stirred for 3 min to recover
the microorganisms, which were appropriately diluted to carry out population counts (CFU/mL) in
triplicate experiments.

Total Coliforms

Total coliforms determination was performed by pouring 1 mL of each sample on violet red bile
agar, using decimal dilutions where necessary, and incubated at 35 ◦C for 48 h. Red or violet colonies
(0.5 mm) surrounded by a precipitated bile area were quantified and expressed as CFU/g [29].

Molds and Yeasts

Molds and yeasts analysis was carried out according to Pérez-Grijalva et al. [30] with some
modifications. Samples of 1 mL were poured into potato dextrose agar (pH = 3.5 ± 0.1) and incubated
at 25 ± 1 ◦C; colonies (CFU/g) were evaluated after 3 days of incubation.

Mesophilic Aerobic Bacteria

Mesophilic aerobic bacteria count was performed as described by Alsharjabi et al. [29], using
plate count agar, pouring 1 mL of sample and incubating for 48 h at 37 ◦C. Results were reported as
Log10 CFU/g.

2.2.7. Statistical Analysis

Samples were analyzed in triplicate. Data were evaluated by one-way analysis of variance
(ANOVA) and significant differences were analyzed by the Tukey test (p < 0.05).

3. Results and Discussion

3.1. Edible Coating Characterization

3.1.1. Texture and Weight Loss

Firmness and weight loss changes of papaya with and without coating at different storage times
are shown in Figure 2. Coated fruits required a larger force to penetrate 5 mm of pulp than the uncoated
ones, which after 10 days of storage showed firmness loss of 92.02%, whereas coated papaya showed
firmness reduction of 47.36%. This behavior is similar to that reported by Cortez-Vega et al. [31], who
applied a fish-protein-based coating on minimally processed papaya. According to firmness values,
uncoated papaya achieved its final stage of ripening after 5 days of storage (close to 10 N), while
coated fruit reached this stage after 15 days [4]. Figure 2b shows that uncoated papaya exhibited an
increasing trend in weight loss with storage time, up to 33.3% after 15 days of storage, whereas the
coated fruit did not display any significant change in weight during 15 days.

Similar results were obtained by Adetunji et al. [32], who applied a layer of chitosan on papaya
surface, but did find weight losses even with this coating. Hazarika et al. [33] applied coatings of
carboxymethyl cellulose, chitosan, and Aloe vera on papaya, which again decreased but not suppressed
weight losses.
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Figure 2. Physical changes during the ripening of papaya with and without coating during storage
at room temperature: (a) papaya pulp firmness; (b) weight loss. a–f: used on top of reported values,
indicate that if the same letter appears at different times, the values compared are not significantly
different (p > 0.05).

3.1.2. pH, Soluble Solids, Titratable Acidity, and Vitamin C

Along the storage period of papayas, the acidity showed a decreasing trend, but after 5 and 10 days,
coated papaya exhibited significantly (p < 0.05) lower acidity than the uncoated fruits (Figure 3a).
However, at the end of storage time, there was no significant difference in this parameter. A similar
behavior was reported by Ali et al. [34], who applied different chitosan concentrations as coatings to
papaya, and found that at least 2% chitosan (w/v) was required to create an internal atmosphere to
reduce acidity changes. Thus, in the present study, the applied coating did not show this feature due
to similar acidity after 15 days of storage for coated and uncoated papayas.
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Figure 3. Chemical changes during papaya ripening, coated and uncoated, during storage time at
room temperature: (a) titratable acidity (% cítric acid); (b) vitamin C (g/kg); (c) pH; (d) soluble solids.
a–f: used on top of reported values, indicate that if the same letter appears at different times, the values
compared are not significantly different (p > 0.05).
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Vitamin C content is a characteristic factor in the papaya ripening process that is related to
oxidative degradation during maturation stages [35]. Figure 3b reveals a decrease in vitamin C of
coated papaya after 5 days of storage, whereas the opposite was shown by the uncoated fruit, which
agrees with Yurena et al. [36], who reported that vitamin C increased with maturation stage. Similar
behavior was described by Wall [37] for papaya from different cultivars. Vitamin C increase may be
related to increased lipid peroxidation, since this oxidative phenomenon induces intensification of
antioxidant compounds such as ascorbic acid [38].

Up to 10 days of storage for both coated and uncoated papayas showed a similar trend in pH
values, and after 15 days both treatments showed a sharp pH reduction significantly different from the
initial value, but similar between them (Figure 3c). Reduction of pH during storage time was attributed
to organic acids production, which is related to the papaya ripening process [31]. Soluble solids of
coated and uncoated papayas did not show any significant difference (p < 0.05) during the storage time,
increasing significantly in relation to the initial value after 15 days (Figure 3d). Jayanthunge et al. [39]
obtained similar results by storing papaya in microperforated polyvinyl chloride containers, and
suggested that soluble solids increased as a result of the different metabolic activities in tissues leading
to pectin decomposition and carbohydrates hydrolysis into simple sugars during storage.

3.1.3. Color

Papaya samples color changed from mostly green to yellow-red over time (Figure 4), associated
with chlorophyll degradation [5]. Uncoated papaya reached yellow-red coloration and did not reveal
significant changes during the fifteen days of storage (Supplementary Figure S1), whereas coated
papaya showed a gradual change from green to yellow-red as storage time increased (Figure S2).
Figure 4b shows chromatic change in a* parameter, where uncoated papaya reached a red color from
day 5, without any more significant changes in the remaining storage time, while coated papaya
gradually acquired this coloration.

Figure 4c shows significant changes for coated papaya in the b* chromatic value from 5–10
days, while uncoated papaya does not show significant changes from 5 to 15 days. According to
Barragán-Iglesias et al. [40], there are five papaya ripening levels based on color and days after anthesis
(DAA). Physiological maturity is reached at 135 DAA and the surface is green; ripeness ready for
consumption occurs at 156 DAA, and 100% of the surface is orange-red.

They defined three intermediate stages depending on the extent of orange-red color of the fruit
surface: 143 DAA (25%), 149 DAA (50%), and 153 DAA (75%). From the evaluated color of papaya
samples, it is concluded that the application of coating delayed papaya ripening reaching maturity for
consumption after 15 days, whereas uncoated papaya reached this stage after 5 days.

3.1.4. Volatile Compounds

The volatile compounds identified are listed in Table 1, and are in agreement with those obtained
in other studies [31,41–43]. These results indicate that coating application affects the papaya ripening
process. Fuggate et al. [41] and Almora et al. [44] reported papaya chemical changes during the
intermediate stages of ready-for-consumption ripeness, where the amount of ethyl butanoate, ethyl
hexanoate, and alcohols increased. These increments were also noted for coated and uncoated papayas,
but the uncoated fruit produced ethyl butanoate after 5 days, whereas coated papaya produced it
after 10 days, and its concentration after 15 days was higher in uncoated papaya. In relation to ethyl
hexanoate, it was detected after 15 days of storage, with higher concentration in the uncoated papayas.
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Table 1. Volatile compounds generated during papaya ripening with and without edible coating.

No. Compound

0 Day 5 Days 10 Days 15 Days

Control With Edible
Coating

Without
Edible

Coating

With
Edible

Coating

Without
Edible

Coating

With
Edible

Coating

Without
Edible

Coating

Peak area ×10−7

1 4-Methyloctane 9.36 11.70 6.98 12.05 6.54 12.29 6.06
2 1-Heptene, 2-methyl- 0.58 0.59 0.57 0.35 0.33 0.17 0.15
3 1-Hexene, 2,5-dimethyl- 0.33 0.34 033 0.33 0.29 0.21 0.13
4 1-Butanol – 2.38 – 2.30 – 2.27 1.30
5 2-Butenoic acid, ethyl ester 0.37 0.35 0.38 0.35 0.38 0.35 0.38
6 2-Ethylhexanol – – – – – 1.89 1.87
7 2-Ethylpentane – – – 6.15 6.08 2.28 1.07
8 α-Methylfuran – – 1.24 – 1.33 – 1.68
9 Acetoin – – – – – 5.79 6.11

10 Acetone – – 1.64 1.88 1.56 1.97 1.90
11 Acetic acid – – – – – 1.40 5.19
12 Benzene 0.49 0.58 0.39 0.43 0.27 0.38 0.17
13 Benzothiazole 0.36 0.31 0.41 0.35 – 0.20 0.39
14 Benzyl Alcohol – 0.64 0.63 0.77 0.75 0.72 0.67
15 Benzyl cyanide 0.15 0.15 0.14 0.15 0.14 0.15 0.14
16 Benzyl nitrile – – – 0.18 – 0.24 –
17 Butanoic acid – – – 1.07 – 1.25 –
18 Butyric acid 12.20 21.90 222.00 22.80 254.00 30.10 271.00
19 Caproic acid – – 3.18 2.27 2.40 1.87 1.23
20 Cetyl chloride 0.80 0.96 0.65 1.02 0.72 1.11 0.82
21 cis-Linalool oxide – – 4.95 – 5.21 – 5.84
22 Cyclohexane, methyl- – – – 1.11 – 1.48 –
23 Limonene – 1.13 – 1.69 – 1.85 –
24 Decane – 1.12 0.98 4.16 2.57 6.13 5.71
25 Dibutyl formamide – – 115.00 0.01 200.00 0.009 243.00
26 Diethyl Phthalate 0.62 0.63 0.04 0.84 0.24 1.34 0.40
27 Dimethyl sulfide – 0.30 0.25 0.25 0.24 0.17 0.13
28 Dodecane – – 0.69 – 0.76 – 0.83
29 Dodecane, 4,6-dimethyl- – – – 0.69 – 0.81 –
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Table 1. Cont.

No. Compound

0 Day 5 Days 10 Days 15 Days

Control With Edible
Coating

Without
Edible

Coating

With
Edible

Coating

Without
Edible

Coating

With
Edible

Coating

Without
Edible

Coating

Peak area ×10−7

30 Ethanol 18.00 34.10 18.69 11.80 22.40 8.31 31.50
31 Ethyl Acetate – 29.10 – 18.70 – 12.90 6.29
32 Ethyl butanoate – – 23.00 41.40 41.50 34.70 161.00
33 Ethyl hexanoate – – – – – 1.72 5.07
34 Ethyl propanoate – – – – – 0.37 0.56
35 Formic acid, pentyl ester – 0.39 – 0.40 – 0.42 –
36 Heptane 14.00 17.60 10.50 4.35 5.32 6.35 2.52
37 Hexadecane – – – 0.11 – 0.34 –
38 Isoheptane – – 0.17 0.06 0.05 0.09 0.07
39 Isobutenylcarbinol – – – 0.06 2.97 0.09 0.32
40 Isopentyl alcohol, acetate 0.83 0.24 1.42 0.11 1.84 0.08 1.95
41 Isopreno – – 0.15 – 0.21 – 0.71
42 Isothymol methyl ether – – – – – 1.83 1.53
43 Linalool 1.79 0.33 3.24 0.08 3.41 0.08 3.63
44 Methyl acetate – – 4.96 – 5.02 – 5.21
45 Methyl benzoate 0.78 0.70 0.85 0.42 1.23 0.22 1.74
46 Methylene Chloride – – – 1.76 – 1.94 –
47 Methyl crotonate – – 4.97 – 5.03 – 5.71
48 Methyl nerolate – – 0.26 – 0.31 – 0.37
49 Methyl propanoate 0.74 1.14 0.96 1.44 1.04 1.66 1.12
50 Methyl salicylate – – – – 0.13 0.17
51 Morpholine, 4-octadecyl- – – 0.46 – 0.52 – 0.63
52 N,N-Dibutylacetamide – – 0.14 – 0.22 – 0.27
53 Nonane – – 0.48 – 0.53 – 0.61
54 Nonane, 2,5-dimethyl- – – 4.38 – 4.51 – 4.63
55 Nonane, 2,2,4,4,6,8,8-heptamethyl- 0.24 2.41 2.27 3.31 3.12 4.12 4.26
56 Nonane, 3-methyl-5-propyl- – 0.22 – 0.28 – 0.33 –
57 Octane 1.05 0.25 0.66 0.30 0.72 0.39 0.89
58 Oxime-, methoxy-phenyl 2.34 3.54 2.48 4.50 3.71 0.63 0.64
59 Pentadecane – 1.67 – 1.74 – 1.95 –
60 Penta ethylene glycol monododecyl ether – – 0.42 – 0.55 – 0.76
61 Phenol 0.46 – – 0.25 – 0.42 –
62 Propanoic acid, ethyl ester – 1.32 – 1.62 – 1.74 –
63 Propanoic acid, 2-methyl-, ethyl ester 0.25 0.26 0.24 0.76 0.39 1.11 0.44
64 Toluene – 0.62 0.57 0.63 1.14 0.44 0.61

Among alcohols related to papaya ripening [44] are 2-ethylhexanol and benzyl alcohol, which
increased in similar quantities with storage time in coated and uncoated papayas. Ethanol was detected
in both coated and uncoated papayas after 5 days, but concentration was higher in uncoated fruits at
all storage times. According to Lee et al. [45], compounds such as 2-ethyl hexanol, acetic acid, butyric
acid, ethyl acetate, ethyl butanoate, ethyl hexanoate, and methyl acetate are related to the papaya
fermentation process. Uncoated papayas generated ethyl butanoate after 5 days, whereas coated fruits
generated it after 10 days. Acetic acid appeared after 15 days in both treatments, whereas butyric
acid generation was about 10 times higher in uncoated than in coated papayas (Table 1). In addition,
higher amounts of these compounds were detected in uncoated papayas at all storage times. It must be
pointed out that only uncoated papayas generated methyl acetate from day 5 until the end of storage
time. Thus, these results indicate that coating application delays papaya fermentation.

3.2. Microbiological Analysis

Microbial contamination is an important cause of papaya postharvest losses. Average initial values
in papaya surface were 35.3 ± 5.5 colony-forming units (CFU)/g of total coliforms, 548.5 ± 97.3 CFU/g
of mesophilic aerobic bacteria, 239.75 ± 28.5 CFU/g of yeasts, and 0 molds. Figure 5a shows total
coliforms population, where a decrease is observed for the first 10 days in coated papaya, whereas
population increased in uncoated papaya. A similar behavior is observed for mesophilic aerobic
bacteria, where coating application allowed the reduction of 2 Log10 CFU g−1 after 15 days of storage,
while uncoated papaya increased their population by 2 Log10 CFU g−1 (Figure 5b). Coated papaya
showed a fungal population <10 UFC g−1, whereas the uncoated fruits at the end of storage exhibited a
population of 206 CFU g−1 (Figure 5c). Antimicrobial activity was most noticeable in yeasts (Figure 5d);
coated papaya revealed a population decrease of 3 Log10 CFU g−1 versus population increase to about
4.7 Log10 CFU g−1 for uncoated papayas, showing a completely spoilt fruit (Figure S1d). Similar
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results have been obtained using starch-based edible coatings added with nisin and LAE, achieving
inhibition against bacteria and fungi [17,18].Coatings 2018, 8, x FOR PEER REVIEW  11 of 16 
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mesophilic aerobic bacterial; (c) fungi; (d) yeasts. a–e: used on top of reported values, indicate that if
the same letter appears at different times, the values compared are not significantly different (p > 0.05).

3.3. Image Analysis

Images showing textural changes in coated and uncoated papayas are shown in Figure 6A.
Entropy is an indicator of the complexity of the texture image, and measures the disorder or
randomness [46]. Entropy values decreased gradually for coated and uncoated papayas during
the first days, being significantly different (p < 0.05) until 10 days of storage. After this time, coating
application permitted lower entropy values than those of uncoated papaya, indicating a surface with
less damage. Fruit texture is an important factor that can be used to determine the stage of ripening,
because during this process, a detachment of parenchyma cell wall takes place [47]. These results
indicate that coated papaya displays a cell membrane system more ordered and with less mobility.

The angular second moment (ASM) is a parameter that measures the homogeneity of an image [48],
and ASM showed a time-dependent increment (Figure 6B). Samples with edible coating showed higher
values than those without it. Images with edible coating presented higher homogeneity values due to
the stage of ripening, and in uncoated papayas due to fungi present on the papayas’ surface.
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Figure 6. Image analysis of papaya with and without edible coating: (a) entropy; (b) angular second
moment; (c) fractal dimension.

The fractal dimension (FD) or fractal texture is a measure of the degree of roughness of the
images; the higher the values of fractal dimension, the rougher or more complex the gray level images
(Figure 7), while lower FD values can be associated with simpler or smoother images. After 20 days,
the FD of uncoated papaya is smaller than that of the coated fruit, and roughness was attributed to
fungal growth. Samples without edible coating showed more complex images than coated papayas
(Figure 6C); this could be due to changes derived from the papayas’ maturation.Coatings 2018, 8, x FOR PEER REVIEW  13 of 16 
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coating (j,k); without coating (l,m). 15 days: with coating (n,o); without coating (p,q).
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4. Conclusions

Edible coatings exhibited a positive effect on papaya shelf life kept at room temperature,
preserving its properties during a longer storage time than uncoated fruits. Coating helped to
provide larger papaya pulp firmness, indicating that uncoated papaya reached a final stage of
ripening after 5 days, whereas the coated fruit reached this stage after 15 days at room temperature.
Volatile compounds characteristic of papaya fermentation, such as ethyl butanoate, appeared after
5 days, whereas coated fruits generated it after 10 d. In addition, butyric acid generation was about
10 times higher in uncoated than in coated papayas throughout the 15 days of storage. Images of
papaya surfaces with edible coating showed higher homogeneity values than the uncoated fruit at all
storage times. Microbial population of papaya surfaces decreased during storage in the coated fruits,
whereas the opposite occurred in uncoated papayas. Therefore, this coating can successfully increase
papaya shelf life.

Supplementary Materials: The following are available online at http://www.mdpi.com/2079-6412/8/9/318/s1,
Figure S1: Color development during storage of uncoated papaya, Figure S2: Color development during storage
of coated papaya.
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