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Abstract: The avocado fruit is an agro-industrial product with high export demand in Peru due
to its sensory and nutritional qualities, which can be affected during storage. The study aimed to
evaluate the effect of the application of a coating formulated with potato starch (Solanum tuberosum ssp
andigena), nopal mucilage (Opuntia ficus indica), and pectin on the physicochemical and physiological
properties during the storage of Fuerte and Hass avocados. Samples were taken in their harvest
state from the plantation in “Occobamba”, which is cultivated by the Avocado Producers Association
in Chincheros, Apurimac, Peru. Physicochemical properties (titratable acidity, pH, total soluble
solids) and physiological properties (weight loss, firmness, and color L* a* b*) were determined
during 20 days of storage at 20 °C. The elaborated films present high transparency and low ay, values.
In the coated avocado of the Hass and Fuerte varieties, acidity and total soluble solids decreased
significantly (p-value < 0.05) during the storage time. Weight loss and firmness of coated fruits
decrease to a lesser extent. Luminosity L*, color index, and color variation showed better attributes
for the coated samples. The use of coatings made with potato starch, nopal mucilage, and pectin
allows the physicochemical and physiological properties of avocado fruits to be maintained for a
longer time during storage.
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1. Introduction

Currently, avocado is a fruit that is experiencing growing exports, especially from
Latin American countries such as Peru, Mexico, Colombia, Chile, and Brazil, because it is a
fruit with a considerable amount of polyunsaturated fatty acids, bioactive compounds, and
7-carbon sugars, which give it a pleasant flavor and high nutritional value [1-9].

Avocado, like other climacteric fruits, undergoes rapid biochemical changes, showing
in its appearance and in its composition (starch splitting to soluble sugars, pulp softening,
color loss, and the appearance of aromas and odors characteristic of ripe fruit) [10-12].

The avocado should be firm and shiny at the time of selling, as well as healthy in ap-
pearance and free of microorganisms [13,14]. These characteristics can be maintained for ex-
tended periods under specific conditions through proper postharvest handling [1,12,15,16];
however, avocado fruits are threatened by the development of microorganisms and losses
caused by the accelerated decomposition process, which affects the presentation and sen-
sory quality of the product [9,17].

Different methods have been developed to maintain the internal and external qualities
of the fruits, through the use of modified atmospheres, vacuum packaging, and coating
with synthetic and biodegradable films [18-20]. In addition to extending shelf life, these
methods improve stability and quality during storage, although they differ in cost and
application technology [21,22].

The application of films or coatings on fruits is based on characteristics such as cost,
availability, functional attributes, mechanical properties (tension and flexibility), optical
properties (brightness and opacity), the barrier effect against gas flow, structural resistance
to water and microorganisms, and their sensory acceptability [22-25].

On the other hand, the irrational use of synthetic polymers in food protection presents
a worldwide problem, because the degradation of materials such as polyethylene and
polypropylene is practically nil [23]. Therefore, there is a growing interest in the production
of biodegradable and/or edible materials using natural polymers, such as proteins and
polysaccharides [18,26,27], which are friendly to the environment and contribute to the
circular economy.

In that sense, applying biodegradable coatings from renewable sources, such as lipids,
polysaccharides, and proteins, reduces the rate of respiration; delays weight loss due to
dehydration; prolongs firmness and pigmentation, preserving the quality; and extends the
shelf life of perishable and/or minimally processed foods [15,26,28]. This translates into
minimizing the economic loss due to the decrease in fruit weight during the physiological
maturity of the fruit [29-32].

There are vegetable raw materials that do not require agricultural attention, such
as nopal, or that are declared as discarded, as is the case of small-sized native potatoes
(diameter less than 2 cm), which could be a potential source of use for the formulation of
biodegradable films. To a great extent, these have not been characterized or used due to the
varieties or ecotypes they present at different altitudes in which they develop.

There are numerous works on the use of coatings made from starches from different
sources [23,31,33-38], however, it is possible to improve the properties of these coatings
with the addition of other components such as nopal mucilage and pectin. For this reason,
the present work intends to formulate biodegradable coatings based on native potato
starch, nopal mucilage, and pectin, and characterize them through infrared analysis, DSC
and TGA thermal stability, transparency, and measurement of water activity. Applying
them to avocado fruits of the Hass and Fuerte avocado varieties in order to evaluate their
physicochemical and chemical properties during storage.
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2. Materials and Methods
2.1. Vegetal Material

The avocado fruits (Persea americana) of the Hass and Fuerte varieties in the state of
harvest maturity with uniform pigmentation and without physical and biological damage
were collected from the fields in “Ocobamba” of the Avocado Producers Association. With
the coordinates: Latitude —13.483056° and Longitude —73.561111° at 3032 m altitude, from
the Province of Chincheros, Apurimac, Peru.

2.2. Preparation of the Emulsion

Potato starch (Solanum tuberosum ssp andigena) of the Huamantanga variety was
extracted by hydroextraction, and nopal mucilage (Opuntia ficus indica) was extracted by
ethanolic precipitation [34,39].

The emulsions were prepared by adding the components (Table 1), taking as reference
the formulations proposed by Choque-Quispe et al. [34], in the following order: potato
starch solution (PS), nopal mucilage solution (NM), and citrus pectin grade 65 (PC) (Spec-
trum, New Brunswick, Canada), under continuous stirring until complete homogenization,
then heated to 70 °C, and glycerol (G) (99.5%, Scharlau, Barcelona, Spain) under continuous
agitation. The emulsion was allowed to cool in the environment until its application to the
avocado fruits.

Table 1. Formulation of emulsions.

Formulation PS% (at 3%) NM% (at 2%) G% PC% (at 2%)
F1 60.0 4.0 4.0 32.0
F2 70.0 4.0 4.0 22.0

2.3. Determination of Transparency and Water Activity of Coatings

The emulsions were molded on glass plates at room temperature for 24 h, obtaining
coating films. The films were conditioned in a quartz vial with a rectangular side, and the
transmittance was read at 600 nm in a Thermo Fisher UV-Vis spectrophotometer, model
Genesys 150 (Madison, WI, USA) [35]. Transparency was reported as the ratio between
transmittance and thickness (nm/mm).

Samples of 1 cm x 1 cm were taken to a previously calibrated water activity (ay)
determiner, Rotronic brand, model HygroPalm23-AW (Bassersdorf, Switzerland).

2.4. IR Analysis of the Coating

Tablets were prepared with 0.1% KBr (grade IR, Darmstadt, Germany). The readings
were made in transmission mode in the FTIR spectrometer (Fourier transform infrared
spectroscopy), Thermo Fisher, Nicolet IS50 model (Waltham, MA, USA), in a range of 4000
to 400 cm ! with a resolution of 4 cm 1.

2.5. Thermal Analysis of the Coating

The thermal transition properties of the coatings were analyzed through a differential
scanning calorimeter (DSC), TA Instruments brand, model DSC2500 (Waters TM, New
Castle, DE, USA), under a nitrogen atmosphere (50 mL/min). Samples were sealed in an
aluminum pan and scanned from 20 to 200 °C at a heating rate of 5 °C/min. The equipment
was stabilized through a baseline run at analysis conditions for 1 h.

A thermogravimetric analysis (TGA) was applied to know the thermal stability of the
coating. The samples were loaded in alumina crucibles, and taken to a TA Instruments
brand equipment, model TGA550 (Waters TM, New Castle, DE, USA), in the range of 20 to
200 °C, heating rate of 10 °C/min, and nitrogen supply of 50 mL/min.
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2.6. Coating Application

The emulsion was applied to avocado fruits of the Hass and Fuerte varieties through
a conventional atomizer, verifying that the entire surface was covered, and it was allowed
to dry at room temperature. Likewise, fruits without coating were considered as control of
both varieties.

2.7. Determination of Physicochemical Properties

The titratable acidity of the pulp was determined as a percentage of citric acid, the pH,
and total soluble solids of the coated avocado samples every two days, for 20 days at 20 °C
of storage, according to the methodologies proposed by the AOAC [40].

2.8. Determination of Physiological Properties

Weight loss during storage was determined and expressed as a percent weight differ-
ence. Fruit firmness was measured in different parts of the fruit using a penetrometer [41].

The color characteristics of avocado peel during storage were measured using the
Konica-Minolta colorimeter, model CR-5 (Japan), luminosity L* was determined (0 = black
and 100 = white), chroma a* (+a = red, —a = green), chroma b* (+b = yellow and —b = blue).
The measurements were taken at previously defined points, and the average of the values
was recorded [28,42].

Likewise, the color index (CI*) (Equation (1)) was determined, which allows color to
be expressed in a single numerical data [43], whose interpretation is as follows:

If CI* —40 to —20, colors range from blue-violet to deep green.

If CI* —20 to —2, colors range from deep green to yellowish-green.
If CI* —2 to +2, represents greenish-yellow.

If CI* +2 to +20, colors range from pale yellow to deep orange.

If CI* +20 to +40, colors range from deep orange to deep red.

a* x 1000
= —— 1
¢ L* x b* @
In the same way, the color difference (AE*) was calculated with respect to the control
sample (Equation (2)) [35].

AE* = \/(AL*)2 + (Aa*)* + (Ab*)? )

AE* can be classified as very different (AE* > 3), different (1.5 < AE* < 3) and minimally
different (AE* < 1.5) [44].

2.9. Statistical Analysis

A randomized complete block design was applied, and data were collected in triplicate
and analyzed by two-factor ANOVA and Tukey’s multiple comparison at 5% significance
through Statistica V12 software, demo mode.

3. Results and Discussion
3.1. Coating Characteristics

Film transparency is a very important sensory aspect during fruit coating [13,45].
Transmittance values of around 81% were reported for the elaborated coatings (p-value > 0.05)
(Table 2). Values above 90% are considered transparent [35,46], suggesting that the films
prepared could be considered suitable for avocado coating, whose transparency values are
6.939 and 7.332 nm/mm, being slightly higher for formulation F2 (p-value < 0.05).
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Table 2. Water activity and transparency (nm/mm) of the films.
F1 F2
Parameter x + SD CV (%) T + SD CV (%) p-Value
Ay 0.422 + 0.006 1517 0.404 + 0.005 1.151 <0.05
Transmittance (%) 81.315 + 2.617 3219 83.187 + 1.564 1.880 0.26
Transparency (nm/mm) 6.939 + 0.276 3.971 7.332 + 0.194 2.643 0.06

Where: X, arithmetic mean; SD, standard deviation; CV, coefficient of variability.

The water activity (a,) allows us to indirectly know the hygroscopic capacity of the
films due to the presence of active receptor sites for water molecules on their surface.
In the same way, it allows to take criteria of microbiological aspects [42,47,48]. It was
observed that the film with formulation F2 reported a,, 0.404 £ 0.05 slightly lower than F1
(p-value < 0.05), that is, it would retain less water due to the lower presence of hydrophilic
groups, preventing the water diffusion due to the film barrier [13,49,50], this would be due
to the lower presence of pectin in the formulation.

IR analysis revealed high-intensity peaks around 3350 cm !, being higher for the F2
film (Figure 1). This is attributed to the presence of hydroxyl groups of carbohydrates and
gums (basis of the structure of starch, nopal mucilage, and pectin) [37-39], which would
allow it to retain higher moisture content. The spectrum around 2930 cm ! is due to the
stretching vibration of the carbohydrate methyl group. A small peak around 1640 cm ™!
shows the presence of water adsorbed on the film, being slightly higher in F2, which
confirms its ability to retain water on its surface, making it a slightly permeable material.
Peaks around 1415, 1038, and 922 cm~! evidence the presence of carboxyl, carbonyl, and
methyl groups from polysaccharides and carbohydrates [34,37,39,50].

Transmittance (%)

T+~ 3342

/ T F1
\... 3350 —F2

3600 3200 2800 2400 2000 1600 1200
Wavenumber (cm-1)

800 400

Figure 1. IR spectra for coating F1 and F2.

The coatings must have good flexibility, and this is achieved with the addition of
plasticizers such as glycerin. The low values of the glass transition temperatures show high
flexibility, such as those found in the elaborated polymers (F1 and F2), with values around
29 °C (Figure 2a), with endothermic peaks and similar behavior. This is because they have
the same glycerol content [49]. In the same way, it was observed that the gelatinization
temperature was around 159.4 °C for both polymers, although, with a slightly higher
gelatinization enthalpy for F1 (11.14 J/g). This is due to the higher content of pectin, which
presents a greater number of branches in its structure than starch [34,37,49].



Polymers 2022, 14, 3421

6 of 18

-0.1

Heat flow (W/g)

Exo-Up

@ —F 1001

1 —F2 ]

80 +

) 60 1

= 4

=N

g ]

] 150.4°C = 407

AH=9.74Jig ™, 1

N 20 +

1594°C 1

AH=1114dig " 1

— ———t— 0
20 40 60 80 100 120 140 160 180 200 0 100 200 300 400 500 600

Temperature (°C)

Temperature (°C)

Figure 2. Thermal analysis of coatings, (a) DSC, (b) TGA.

The TGA study showed that both F1 and F2 polymers retain moisture at around
110 °C, which means an average mass loss of 13.6% (Figure 2b). Likewise, it was observed
that about 94.4% of the material used as a coating in the avocado is organic matter, so it can
be considered a biodegradable material, and this behavior is similar for polymers of this
nature [20,34,35,37].

3.2. Physicochemical Properties
3.2.1. Acidity

Acidity is slightly higher for the coated and control of the Hass variety, while for
the Fuerte variety, it reported 5.88, 4.71, and 4.94 for the control, F1, and F2, respectively
(Table 3).

Table 3. Acidity (% citric acid) of control and coated avocados.

Hass Fuerte
Control F1 F2 Control F1 F2
Maximum 9.45 8.75 8.75 9.10 8.40 8.05
Minimum 6.65 5.08 4.20 3.88 3.03 3.05
i 7.76 6.60 6.67 5.88 4.71 4.94
DS 0.77 1.14 1.64 1.89 1.60 1.76
CV (%) 9.90 17.33 24.64 32.09 33.98 35.61
p-value * <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
p-value ** <0.05 <0.05
p-value *** <0.05 <0.05

Where: X, arithmetic mean; SD, standard deviation; CV, coefficient of variability. * p-value per treatment, ** p-value
per treatment comparison, *** p-value per day of maturation within treatments, **** For n = 3.

It was observed that the reported acidity for the Hass variety during storage was
less decreased for the control sample (Figure 3a), while the F1 coating it was higher. In
the same way, a considerable decrease was observed between days 6 to 12 for F1 and
F2, respectively. For the Fuerte variety, a similar decrease occurred in the control and
coated samples, although a strong drop occurred around day 6 (Figure 3c). This behavior
is characteristic of fruits and vegetables due to the metabolic rate and coincides with the
beginning of maturation and sugar accumulation [51].
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Figure 3. Acidity variation, (a) Hass variety, (b) with respect to the addition of starch—Hass variety,
(c) Fuerte variety, (d) with respect to the addition of starch—Fuerte variety.

The fact of acidity decrease is due to the activity of dehydrogenases, which behave
as substrates for the synthesis of new products during maturation, generating higher
sugar content and volatile substances, which give better sensory characteristics to coated
avocados [2,52].

The addition of potato starch in the formulation of the coating allows the reduction
of avocado acidity for both varieties (Figure 3b,d), due to the fact that it would achieve a
greater impermeable capacity to gases and humidity.

322. pH

It was observed that the pH values for the two varieties showed significant variations
during the maturation time (p-value < 0.05) (Figure 4a,c). However, the mean value is
slightly similar for the coated samples of both varieties (Table 4), indicating that the coating
allows for the preservation of the pH of the fruits, this being a usual behavior for coated
avocado [1,53].

This behavior is due to the fact that during the maturation stage, the pH increases due
to the development of acidic substances, and once the maximum point of maturation is
reached, these tend to decrease due to the fact that they are consumed in the metabolic
processes. They also act as precursors of volatile substances in avocado, so the pH tends to
neutrality [41,54].

On the other hand, increasing the addition of potato starch in the formulation of

the coatings allows the pH of the avocado fruits of the two varieties to increase slightly
(Figure 4b,d).

3.2.3. Soluble Solids

Regarding soluble solids, the Hass variety showed a higher value on days 4 to 10
(Figure 5a), and the control sample showed the opposite behavior (p-value < 0.05), with
values around 7.0 °Brix (Table 5), which is characteristic of the Hass variety [1,38].
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Table 4. pH of control and coated avocado.

Hass Fuerte
Control F1 F2 Control F1 F2
Maximum 6.80 6.94 6.97 6.67 6.44 6.52
Minimum 6.00 6.27 6.18 6.10 6.13 6.24
Edd 6.27 6.52 6.50 6.30 6.27 6.40
DS 0.25 0.23 0.23 0.19 0.10 0.08
CV(%) 3.98 3.45 3.57 3.06 1.59 1.32
p-value * <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
p-value ** <0.05 <0.05
p-value *** <0.05 <0.05

Where: X, arithmetic mean; SD, standard deviation; CV, coefficient of variability. * p-value per treatment, ** p-value

per treatment comparison, *** p-value per day of maturation within treatments, **** For n = 3.

< Control

RANH

°Brix
(4]

.

Figure 5. Soluble solids variation, (a) Hass variety, (b) with respect to the addition of starch—Hass

variety, (c) Fuerte variety, (d) with respect to the addition of starch—Fuerte variety.
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Table 5. Soluble solids (°Brix) of control and coated avocado.

Hass Fuerte
Control F1 F2 Control F1 F2
Maximum 12.00 8.50 11.00 8.00 8.00 8.50
Minimum 7.00 7.00 7.00 2.50 2.75 2.50
X e 8.99 7.63 8.61 4.73 4.46 441
DS 1.49 0.43 1.09 1.63 1.47 1.63
CV (%) 16.55 5.58 12.68 34.56 32.92 36.89
p-value * <0.05 0.1 <0.05 <0.05 <0.05 <0.05
p-value ** <0.05 <0.05
p-value *** <0.05 0.928

Where: X, arithmetic mean; SD, standard deviation; CV, coefficient of variability. * p-value per treatment, ** p-value
per treatment comparison, *** p-value per day of maturation within treatments, **** For n = 3.

Regarding the Fuerte variety, the coated samples showed similar behavior during
the storage time (p-value = 0.928), decreasing the soluble solids rapidly during the first
8 days of storage, and thereafter there is a slight variation reaching values around 4 °Brix
(Figure 5¢). In fact, the F2 coating shows lower values of soluble solids. This is due to
the plasticizing effect of starch (Figure 5b,d), which prevents water loss, which favors
maturation, increasing the concentration of sugars due to the phenomenon of respiration
of this climacteric fruit [54,55].

The variation of soluble solids in avocado fruit would be involved in the enzymatic
activity of alpha and beta-amylase, which hydrolyze starches to simple sugars [32]. The
Hass variety would present a higher carbohydrate content because the soluble solids
increase between days 4 and 10 (Figure 5a), while the Fuerte variety does not show this
behavior. On the contrary, it decreases, confirming the higher matter fat content [53].

3.3. Evaluation of Physiological Properties
3.3.1. Avocado Weight Loss

During storage, the weight of coated and control avocado fruits decreased significantly
for both varieties (p-value < 0.05). The F2 formulation reported less loss, 5.19% and 3.79%
for the Hass and Fuerte varieties, respectively (Table 6). Weight loss in both varieties
manifests itself in an increasing way until day 14. Although the first two days are slower
(Figure 6a,c).

Table 6. Weight loss (%) of control and coated avocado.

Hass Fuerte
Control F1 F2 Control F1 F2
Maximum 7.25 5.81 5.67 5.10 416 4.04
Minimum 6.03 4.85 4.71 4.56 3.62 3.55
X et 6.64 5.33 5.19 4.83 3.89 3.79
DS 0.66 0.53 0.53 0.30 0.30 0.26
CV (%) 9.98 9.90 10.12 6.18 7.65 6.97
p-value * <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
p-value ** 0.150 0.817
p-value *** <0.05 <0.05

Where: X, arithmetic mean; SD, standard deviation; CV, coefficient of variability. * p-value per treatment, ** p-value
per treatment comparison, *** p-value per day of maturation within treatments, **** For n = 3.

Likewise, it was observed that the increase in starch in the formulations does not
considerably influence the weight loss for both coated varieties (Figure 6b,d). This indicates
that the starch offers good impermeability to water, offering a better barrier.
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Figure 6. Variation of weight loss, (a) Hass variety, (b) with respect to the addition of starch—Hass
variety, (c) Fuerte variety, (d) with respect to the addition of starch—Fuerte variety.

Weight loss during storage is mainly due to moisture loss, which is due to the water
vapor pressure gradient between the fruit and the environment as well as cellular activity,
and physiological processes in the fruit [15,18,35,38]. However, this loss can be lessened
through the use of barriers such as films, which would prevent transpiration, and the
exchange of gases in the fruit with the environment [18,52], although they could be affected
by the environmental temperature and relative humidity [28,56].

Weight loss becomes an economic loss, which considerably affects producers, mar-
keters, and exporters, reaching, in many cases, up to 60% of the total weight, and this is
accompanied by the loss of sensory quality [23,57,58].

3.3.2. Avocado Color

It was observed that the luminosity L¥, for the control decreases considerably (p-value < 0.05),
with a tendency to gray. In the coated samples, F1 and F2, there was less of a decrease
reported at day 20 (Table 7). This would be due to the fact that the coating gives greater
brightness to the fruits.

Chroma a* for the Fuerte variety increased with a similar trend for the control and
the coated varieties (Table 7), acquiring a greater shade of dark green during storage time,
while chroma b* decreased slightly for the control sample.

As for the Hass variety, L* decreases considerably for the control sample after 20 days
of storage to values of 6.00, while for F1 and F2 it decreased from 29.80 to 9.10 and from
29.70 to 7.47 (Table 8). The chroma a* increases for the control sample from —15.77 to 1.63.

In the same way, it occurs for the coated samples, that is, a considerable change from green
to ared trend.
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Table 7. Color of Fuerte variety avocado.

L* a* b* cr* AE* Referential
Day ¥ + SD CV X + SD CV X + SD CV X + SD CV * X + SD CV Color
Control

0 3290 + 078 237 -—-1730 + 115 667 5577 + 021 037 —-942 + 045 479 a

2 3273 + 032 098 -—1873 + 070 375 5710 + 056 098 —10.03 + 054 540 a 234 £+ 052 2225
4 2497 + 021 083 —-1623 + 015 094 6183 + 031 049 —-1052 + 017 1.62 ab 10.09 £+ 098 9.68
6 2223 + 038 170 -—-1383 =+ 025 182 5697 = 029 051 -1093 £ 040 3.65 ab 11.33 + 0.80 7.03
8 21.07 £ 025 119 -1367 =+ 051 375 5387 =+ 047 088 —1205 £ 061 5.06 b,c 1257 + 1.15 9.18
10 1980 + 070 354 1393 + 025 181 5107 + 035 069 -1379 + 027 195 cd 1435 + 065 455
12 1783 + 049 277 1260 + 044 346 5067 + 106 209 —1395 + 038 271 d 1667 + 122 729
14 1763 + 050 28 —1293 £+ 015 118 5183 + 050 097 —1416 £+ 060 4.22 d 1639 + 1.19 7.25
16 1537 +£ 031 199 —-1159 <+ 050 428 5207 + 040 078 —1448 + 040 276 d 1881 + 081 4.31
18 1293 £+ 038 293 —-993 + 051 517 5323 + 042 078 —1445 + 125 8.63 d 2145 + 117 5.47
20 1087 4+ 021 192 -840 + 036 429 5337 4+ 067 125 —1450 £ 094 651 d 2390 £+ 097 4.08

F1

0 3617 + 075 208 1777 4+ 138 777 5500 + 078 142 —-892 + 040 444 a

2 3627 + 042 115 -1787 + 040 226 5170 + 040 077 —-953 + 008 082 ab 373 + 062 1671
4 3483 + 031 08 —1777 + 040 227 5097 + 032 063 —1001 £+ 037 373 ab 446 + 103 23.16
6 3377 + 031 090 —-1780 + 026 149 5070 + 036 071 —1040 + 0.21 201 ab 513 £+ 0.80 1552
8 3313 + 059 177 —-1583 + 025 159 4373 + 045 1.03 -1093 + 008 069 bc 11.87 + 1.08 9.09
10 3013 + 060 200 -—1467 + 046 315 4077 + 046 113 1195 + 054 455 cd 1580 + 1.83 11.59
12 2727 + 045 165 —-1313 =+ 021 159 3817 = 040 106 —-1262 £ 027 211 d 19.62 £+ 1.06 5.40
14 2527 + 057 225 —1200 + 044 363 3723 + 064 173 —-12.77 + 0.83 6.53 d 2168 = 090 413
16 2223 + 045 203 -1067 + 051 481 3703 + 067 180 —1296 + 065 5.02 d 2385 + 163 6.85
18 1813 £+ 055 3.04 —890 + 026 297 3703 + 021 056 —1327 + 0.76 571 d 2698 + 1.38 5.11
20 1800 + 026 147 -9.00 £+ 036 401 3713 + 035 095 -—1347 + 078 5.78 d 2697 + 149 553

F2

0 3680 + 040 109 -—-1900 + 026 139 5703 = 067 117 —-9.05 =+ 019 207 a

2 3620 + 044 120 -1897 =+ 021 110 5673 = 021 037 —-924 £+ 015 1.58 a 1.08 £+ 021 1981
4 3423 + 046 135 —-1880 =+ 053 281 5773 = 060 104 -951 £ 029 3.05 ab 284 =+ 089 31.39
6 3370 + 026 079 —1577 + 029 183 4670 + 173 371 —-1003 + 055 544 ab 1132 + 158 1393
8 3320 + 036 109 —1547 + 032 208 4637 + 059 126 —1005 + 036 354 ab 11.80 + 030 256
10 3160 + 044 138 —1487 + 021 140 4583 + 055 120 —-1027 + 023 224 Db, 13.03 £+ 037 2.82
12 2930 + 066 224 —1423 + 051 3.61 4367 + 090 207 -—-11.13 £ 052 469 cd 16.07 £+ 1.28 7.99
14 2660 + 040 150 -13.70 + 035 253 4553 + 1.05 231 -—-1131 £ 0.07 062 de 1628 £+ 1.19 7.30
16 2093 + 032 154 —-1090 + 026 243 4413 + 127 288 —11.80 + 024 200 de 2200 += 141 6.39
18 1877 + 031 163 —-9.83 + 006 059 4330 + 046 106 —1210 + 028 229 de 2445 + 046 1.87
20 1817 + 042 229 -9.67 £+ 042 431 4370 + 061 139 -1218 + 056 4.58 e 2476 + 047 191

Where: X , arithmetic mean; SD, standard deviation; CV, coefficient of variability. * Different letters indicate
significant difference, evaluated through Tukey’s test at 5% significance.

Negative a* values indicate a green tonality trend, and it is associated with the pres-
ence of chlorophyll b (3-methyl group). An increase in this parameter would indicate
degradation due to enzymatic action, producing phytol and chlorophyllide [10,30,59,60].
This is manifested in both varieties, although with greater emphasis on the Hass variety
(Tables 7 and 8). This is a characteristic behavior for this coated and natural variety [26,28,35,36,52,61].

Chroma b* decreases considerably for both varieties, control and coated, and is as-
sociated with the presence of chlorophyll A with a blue tonality (3-formyl group), and at
storage this tonality is attenuated [27,59,61]. At the same time, carotenoid pigments are
synthesized and degraded, giving the fruit that dark coloration [18,62,63].

On the other hand, the color index (CI¥) provides insight into the overall color
trend [43]. Values between —20.0 to —2.0 indicate a trend from deep green to yellowish-
green. During storage, the Fuerte variety showed a tendency to dark green, and it was
more pronounced from day 10, being higher for the control sample, which indicates that
the coatings allow for the maintenance of the intense green color, which is characteristic
of the Fuerte variety. Regarding the Hass variety, it was observed that CI* increases from
negative to positive values, from intense green to intense red (CI* > 20) (Table 8). This
tonality is characteristic of the Hass variety in its state of maturity.
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Table 8. Color of Hass variety avocado.
L* a* b* cr* AE* Referential
Day x + SD CV X + SD CV X + SD CV X + SD CV * X + SD cv Color
Control
0 2973 + 051 173 —1577 + 045 286 5510 + 061 110 -962 + 020 211 fg
2 2660 + 046 172 —1580 + 020 127 5007 + 015 031 -11.86 + 009 077 g 599 + 048 8.01
4 2283 + 021 091 -1350 + 061 451 4660 + 030 064 —1269 + 072 564 g 1121 + 076 679
6 1983 + 055 278 -1063 + 055 518 4353 + 045 1.04 -1231 + 042 341 ¢ 1610 + 1.02 635
8 1973 + 080 406 -877 + 050 574 4377 + 035 080 -1015 + 027 262 g 1670 + 120 7.1
10 1870 + 050 267 —4.07 + 025 619 4233 + 047 112 =513 + 013 247 e f 2054 + 078 377
12 1417 £+ 035 248 —0.53 + 006 1083 2217 + 071 320 -—-170 £+ 010 6.16 e 3949 + 061 1.54
14 1210 + 020 165 147 £+ 012 787 1140 + 046 402 1063 + 067 631 d 5018 + 066 132
16 693 + 035 507 133 =+ 012 866 1110 + 017 156 1734 =+ 150 867 ¢ 5243 + 064 122
18 580 + 040 690 147 + 012 787 660 + 036 546 3844 + 342 88 b 5677 + 075 132
20 600 4+ 017 28 163 4+ 015 935 607 + 025 415 4489 + 380 847 a 5719 + 053 093
F1
0 2980 + 052 174 -1863 + 040 217 5520 + 056 101 —1133 + 048 422 f
2 2650 + 026 100 —-1727 + 045 261 5547 + 025 045 —11.75 + 040 3.38 f 370 + 027 735
4 2533 + 006 023 —1667 =+ 055 330 5123 + 047 092 1284 + 056 434 fg 632 + 039 617
6 2163 + 064 297 —1410 + 040 284 4383 + 042 095 —1488 + 070 469 h 1472 + 049 336
8 2043 + 107 523 1190 + 040 336 4007 + 055 137 1455 + 036 246 gh 1907 + 029 150
10 1780 + 030 169 —-820 + 026 323 3900 + 046 118 —11.81 + 023 197 f 2271 + 069 3.03
12 1670 + 046 274 -397 + 015 385 2887 + 081 282 —824 + 042 504 e 3287 + 078 237
14 1500 + 036 240 —207 <+ 015 739 2183 + 055 252 —630 + 025 399 d 4009 + 054 134
16 11.77 £+ 0.67 5.66 0.93 + 006 619 1380 + 056 4.03 575 + 017 296 C 4922 + 083 1.68
18 1023 + 040 395 117 £+ 012 990 1037 + 015 147 1100 + 094 857 b 5277 + 058 1.09
20 910 + 020 220 120 4+ 010 833 920 <+ 026 288 1435 <+ 129 899 a 5420 + 046 0.84
F2
0 2970 + 026 089 —1817 =+ 068 375 4790 + 044 091 —1278 £ 067 521 e +
2 2780 + 026 095 —1840 + 069 377 4730 + 046 097 1399 + 053 380 efg 231 + 016 7.06
4 2567 4+ 021 081 —1620 + 046 283 4680 + 082 175 —1349 + 024 180 ef 471 + 023 490
6 2113 + 021 099 1473 £+ 071 482 4697 + 061 130 —1484 + 048 322 fgh 931 + 042 454
8 2017 + 093 461 —13.63 + 050 369 4200 + 046 1.09 -—-1615 + 148 9.18 h 1210 £ 0.60 4.95
10 1823 + 042 228 1197 + 042 348 4193 + 049 118 1566 = 064 412 gh 1436 + 046 3.22
12 1737 + 051 295 —813 =+ 047 581 3610 + 053 147 -1298 + 071 545 ef 1981 + 044 220
14 1333 + 015 115 -293 + 015 521 3213 + 025 078 —68 + 045 662 d 2737 + 031 113
16 980 + 060 612 063 + 006 912 2747 + 065 237 235 + 017 710 ¢ 3417 + 018 052
18 787 + 031 38 093 + 006 619 2077 + 031 147 571 + 012 206 b 3972 + 040 1.00
20 747 £+ 015 205 1.33 + 012 866 2060 + 066 3.18 8.67 + 063 731 a 4026 + 054 135

Where: X , arithmetic mean; SD, standard deviation; CV, coefficient of variability. * Different letters indicate
significant difference, evaluated through Tukey’s test at 5% significance.

Figure 7. Color index variation, (a) Hass variety, (b) Fuerte variety.
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In Figure 7a,b, a break in the curve is observed, which occurs approximately at
10 days for both varieties. This point would refer to the climacteric peak, where the fruit is
completely mature [2,36]. However, coated fruits show less tendency to mature because
the coating offers a barrier to the transfer of oxygen to the fruit, reducing metabolism
and, consequently, CO, production as well as reducing oxidation reactions at the cellular
level. [18,23,56,61].
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Regarding color variation (AE¥), values greater than 3 are classified as very different
compared to the initial sample. It was observed that the Hass and Fuerte varieties coated
with F2 reported values of AE* < 3, for days 2 and 4 (Tables 7 and 8), and thereafter it
increased, although with less intensity for the samples coated with F2, which suggests that
this coating presents better protection against fruit color deterioration. However, the fruits
of the Hass variety acquire reddish tones while the Fuerte variety tends towards a dark
green tone (Figure 8a,b).

Figure 8. Color variation, (a) Hass variety, (b) Fuerte variety.

3.3.3. Fruit Firmness

Firmness showed a significant decrease (p-value < 0.05) during storage time (Table 9).
As for the Fuerte variety, significant differences were observed between treatments (p-value < 0.05)
at 20 days of storage, with the control sample reporting less firmness (0.30 kg/cm?), and
slightly higher for the samples coated with F2. (0.70 kg/cm?). While, for the Hass variety,
it was observed that the control sample presented firmness of 0.50 kg¢/cm?, and for the
samples coated with F2 it was 2.80 kg¢/ cm? (p-value < 0.05).
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Table 9. Firmness (kgg/ cm?) of control and coated avocados.
Hass Fuerte
Control F1 F2 Control F1 F2
Maximum 23.00 23.00 23.00 23.00 23.00 23.00
Minimum 0.50 2.50 2.80 0.30 0.60 0.70
X R 12.47 13.80 14.20 7.42 7.32 7.78
SD 9.53 8.88 8.72 9.58 8.96 9.34
CV (%) 76.41 64.34 61.39 129.22 122.28 119.98
p-value * <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
p-value ** <0.05 <0.05
p-value *** <0.05 <0.05

Where: X, arithmetic mean; SD, standard deviation; CV, coefficient of variability. * p-value per treatment, ** p-value
per treatment comparison, *** p-value per day of maturation within treatments, **** For n = 3.

The beginning of the considerable decrease in firmness was around day 8, for both
varieties (Figure 9a,b), which suggests that the samples reached full maturity, which is the
climacteric peak [36,64]. From day 18 onwards for the Hass variety, and day 14 for the Fuerte
variety, firmness stabilizes with minimum values being lower for the control samples.

24 24
wo < Control N b < Control
= F1 L = F1
20 o F2 20 N @ F2
€ 16 &
o o
< <
o 12 o 12
%] %]
() [)
c c
E s E s
w w
4 4
o o
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
Day Day

Figure 9. Firmness variation, (a) Hass variety, (b) Fuerte variety.

This would be because the coatings allow for delayed degradation of protopectin
into more soluble compounds, such as pectic acid and sugars, due to depolymerization of
pectins by enzymatic action. Although, these are limited by the lack of oxygen due to the
barrier action of the polymer [28,54,55,65,66]. In addition, another aspect is the low water
loss of the coated fruits, which allows better firmness to be maintained [38,67], and this
behavior is characteristic of samples coated with polymers [18,23,26,31,35,38,52,61,68].

4. Conclusions

Films made from native potato starch, nopal mucilage, and pectin showed high
transparency and low a,, values. Regarding the coated avocado of the Hass and Fuerte
varieties, it was observed that the acidity and the total soluble solids decreased significantly
(p-value < 0.05), although the pH did not vary considerably during the storage time. Related
to weight loss and firmness, it was observed that they decreased to a lesser magnitude
for both varieties. Regarding the luminosity L*, color index, and color variation, better
attributes were observed for the coated samples of both varieties during 20 days of storage.
The use of coatings formulated with potato starch and nopal mucilage allows for the
maintenance of the physicochemical and physiological properties of avocado fruits of the
Hass and Fuerte varieties for a longer time in storage.
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