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Abstract: The maintenance of high-quality standards for prolonging the shelf life of fruit and
preserving sensory and nutritional quality is a priority for horticultural products. The aim of this
work is to test the effectiveness of a single treatment of edible coating based on Aloe arborescens (EC)
and a combined treatment of 1-methylcycyclopropene (1-MCP) and edible coating to prolong the
shelf life of “Settembrina” white flesh peach fruit. White flesh peach fruit were harvested at the
commercial ripening stage, treated with an edible coating (EC) or 1-MCP + EC or 1-MCP, and
stored for 28 days at 1 °C. After 7, 14, 21, and 28 days, fruits were removed from cold storage,
transferred at 20 °C and then analyzed immediately (cold out) and after 6 days (shelf life) to
evaluate the combined effect of cold storage and room temperature. The fruits were tested for
carotenoids content, phenolic content, reducing activity (ABTS). The physicochemical traits were
measured in terms of the titratable acidity, total soluble content, weight loss, and vitamin C
content. Moreover, their sensory profile was analyzed by a semi-trained panel. Fruit treated with
EC and 1-MCP + EC kept their marketing values better than control after 14 days of storage and 6
days of simulated shelf life in terms of flesh firmness, total soluble solids and titratable acidity, as
well as sensory parameters. After 21 days of storage, all treatments showed a deterioration of all
the quality parameters. The single and combined application of Aloe-based coating (with 1-MCP)
slowed down the maturation processes of the fruit, limited the weight loss, and preserved its
organoleptic characteristics.

Keywords: Prunus persica; edible coating; 1-methylcycyclopropene; Aloe spp; bio-compound
content; post-harvest quality; consumer acceptability

1. Introduction

Peach is a climacteric fruit that dramatically increases ethylene production during ripening [1].
White flesh melting peaches rapidly soften after commercial maturity, and are highly sensitive to
chilling injuries and can be easily damaged during shelf life [2]. In recent years, several postharvest
treatments have been studied to control chilling injury, including salicylic acid, jasmonic acid,
1-methylcyclopropene, heat-stock treatment, peach-gum coating, controlled atmosphere, ozone and
radiation; these treatments have proven to be effective to improve fruit quality during postharvest
storage [3-11]. Physical techniques appeared more effective of all other chemical treatments to
maintain postharvest quality and aroma volatiles, since chemical agents may cause residual odor.

The development of new technologies in controlling the fruit ripening process allows us to
prolong its shelf life, reducing distribution loss and supplying high-quality fruit to the market.
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Among the numerous factors involved, the use of cyclopropenes (1-MCP), a volatile and active
compound at very low concentrations [12,13], has shown an inhibitory effect by occupying the
ethylene receptors and entering into the physiological processes in which the hormone is involved
[14]. Widespread use of 1-MCP has been found in climacteric fruits [15,16] and not-climacteric fruit
[13]. Several studies showed that the application of 1-MCP had a high effect on respiratory rate, total
soluble solids, firmness, and titratable acid content at harvest and during storage [17,18], depending
on the fruit ripening stage at harvest and the time of application [14]. The effect of 1-MCP on the
physiological and biochemical processes of peach ripening was studied by some authors with
conflicting results: [19] highlighted that 1-MCP blocked ethylene biosynthesis, but in other paper, it
appeared ineffective [20-23]. Liu et al. [24] found that 1-MCP delayed peach fruit ripening.
However, Kluge and Jacomino [25], among others, suggested that the utility of 1-MCP is limited
because it can delay peach ripening only when it is applied during the pre-climacteric state. Several
studies implemented 1-MCP to preserve fruit quality during its storage and shelf life of
yellow-flesh peach genotypes; nevertheless, few studies were carried out on white-flesh peach. We
know that 1-MCP is able to delay the progression of important maturation and senescence
processes, e.g., softening, aroma evolution, and color development [26], but the effect is limited to
the first 2-3 days of ripening after harvest [21]. In addition to the use of 1-MCP, there are other
techniques used to maintain the quality of the harvested fruit during cold storage and shelf life, e.g.,
edible coatings (EC). The edible coating is made of a thin layer of edible material that is laid on the
surface of the fruit [27,28]. A further advantage of this methodology is the possibility to add
substances that act as carriers of antimicrobial agents and slow-release substances [29,30]. Aloe is a
genus known for its medicinal properties, comprising over 500 species. The pharmacological
properties of Aloe were demonstrated in several studies, both in vitro and in vivo; these properties
included antioxidant, antimicrobial, and anti-inflammatory activity. Aloe Arborescens Mill. is one of
the most abundant species of the Aloe genus, which is a native of South Africa and has been
imported into many countries as an ornamental and medicinal plant due to its proven biological
effects, namely, antimicrobial, anti-inflammatory, and scab healing properties. Beyond this, A.
arborescens is used for the extraction of active ingredients with cosmetic and nutraceutical interest
[31].

Today, new nutraceutical foods have been developed and marketed by communicating to
consumers their ability to be blessed for human health. These nutraceuticals are gaining
considerable consumer interest because of the increasingly fast and stressful lifestyle. Their main
benefits, in addition to providing nutritional value, are that they are functional and offer high
amounts of beneficial, mostly natural, low-calorie compounds. In addition, consumers’ current
concern about the amount of chemicals generally added to food and/or pharmaceutical and cosmetic
products has meant that products with few additives and, when necessary, of natural type, are
preferred by consumers as they are perceived as less harmful to human health [31].

Aloe gels are often used for food preservation as edible coatings. Edible coatings generally
provide a thin layer on the fruit surface, which acts as a barrier to atmospheric gases. Thanks to aloe
gels, respiration and transpiration of fresh produce can be reduced, and postharvest deterioration of
foods is often delayed; this promotes food preservation [29]. Edible coatings are generally applied by
dipping the foods, spraying, or brushing [32]. The mucilage or gel of the Aloe leaf consists of
approximately 99.5% water and 0.5% of solid material that includes compounds like
polysaccharides, vitamins, minerals, enzymes, phenolic compounds, and organic acids [33]. The
major polysaccharides include not only cellulose and hemicellulose but also storage polysaccharides
like glucomannans, mannose derivatives, and acetylated compounds. According to literature, that
largely described the composition of polysaccharides in the aloe pulp, acetylated glucomannan
molecules are mainly responsible for the thick, mucilage-like properties of the raw Aloe gel [34]. The
use of Aloe vera gel has some advantages, such as its antimicrobial activity and ease of preparation,
that make it viable for suitable for an edible coating. Moreover, other studies highlighted that Aloe
coatings (Aloe arborescens and Aloe vera) reduce weight loss and ethylene production in raw peaches
and plums [35]. In a recent study with fresh-cut kiwifruit, Aloe vera was proved to be effective in
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reducing pectin depolymerization and microbial proliferation. Furthermore, the sensorial quality of
fruit was enhanced [36].

Recent studies have been carried out on the post-harvest application of Aloe gel to preserve the
quality characteristics of fruits [36,37]. This coating effect has also been characterized in strawberries
[38,39], apples [40], sweet cherries [41], pomegranate [42], litchi [43,44], and papaya [45].

However, detailed information on the influence of EC on quality and post-harvest behavior of
white flesh melting peaches is not yet available. Indeed, in Italy, the marketability of white flesh
melting peaches, with a remarkable organoleptic value [46-50], is hindered by their high
susceptibility to post-harvest injuries. Peach genotypes in Southern Italy, which include the
white-flesh “Pesca di Bivona” (Murtiddara, Bianca, Agostina, and Settembrina), are characterized by a
persistent aroma and an excellent flavor that is highly appreciated by consumers.

This study was carried out in order to widen the marketability of white flesh melting peaches
based on the hypothesis that the implementation of 1-MCP with EC might help to better regulate the
ripening process. We evaluated the interaction between the antioxidant and antimicrobial properties
of the Aloe arborescens gel EC [32,34,36,38] and the 1-MCP [4,13,14,19,37], which delays the ripening
of the fruit, testing the storage at low temperatures (1 + 0.5 °C) and then the shelf life at 20 °C for 6
days.

2. Material and Methods

2.1. Plant Material and Treatments

The trial was carried out in a commercial orchard located in Bivona (Sicily, Italy) (37°37" N,
13°26" E, 503 m a.s.l.) consisting of 15-year-old trees of the local white, melting flesh peach (Prunus
persica Batsch) cultivar Settembrina [48-50], grafted on GF677 rootstock (P. persica x P. amygdalus) and
trained to a vase. Two hundred and twenty fruits were hand-picked from six trees, using the flesh
firmness (6.5 + 0.8 kg cm™) as a maturity index to determine the ripening stage of the whole sample.
The samples immediately after 1 h were sterilized with sodium hypochlorite solution (150 ppm
active chlorine) and were irradiated with ultraviolet-C (UV-C) to control microbial spoilage [10,51].
Aloe arborescens gel was prepared from 1 kg of leaves taken from 10-year-old plants. The leaves were
cleaned externally with a knife removing the margin and were then cut lengthwise. The parenchyma
(from which the gel is obtained) was separated from the epidermis. The gelatinous parenchyma was
homogenized with Ultra-Turrax (Ultra-Turax T25, Janke and Kunkle, IKa Labortechnik, Breisgau,
Germany) for 5 min at 24.500 rpm, thus obtaining a mucilaginous gel, subsequently filtered to
eliminate the fibrous portion. A gelling agent (Gellan 0.56% w/v) and glycerol 0.89% w/v were added
to improve the viscosity and plasticity of the film. Subsequently, following further homogenization,
a 90 °C/40 min heat treatment was applied to stabilize the solution from a microbiological point of
view. Finally, a solution containing ascorbic acid 1% w/v was added to prevent further darkening
[52] and citric acid 1% w/v to maintain the pH value below 3 [53].

2.2. Experimental Design

To understand the effect of 1-MCP and the edible coating, the experiment was designed
according to a full randomized block design with 4 main treatments: 1-MCP (MCP); 1-MCP + edible
coating (1-MCP + EC); edible coating (EC); control (CTR). Five storage times were tested: 0 (To), 7, 14,
21, 28 days each, followed by 6 days at 20 °C and 70% RH to simulate domestic shelf life. Then, 300
fruits were sampled and used as follows: 15single ruit replicates X 4treatments X 4times of storage + 15 single fruit replicates X
4ireatments analyzed before storage at 1 °C. At each storage time and treatment (1-MCP (MCP); 1-MCP +
edible coating (1-MCP + EC); edible coating (EC); control (CTR)), 15 single fruit replicates were either
analyzed immediately after 7, 14, 21, 28 days of cold storage (cold out—0 days). Subsequently,
samples were removed from cold storage after 7, 14, 21, and 28 days and then transferred at 20 °C to
simulate a commercialization period for another 6 days (SL6).

Therefore, the four treatments were as follows:
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CTR: only hydrogen peroxide and peroxyacetic acid (0.5% w/v)

EC: coating Aloe arborescens gel 40% (v/w);

MCP: 0.14% 1-methylcyclopropene (1-MCP);

MCP+EC: 0.14% 1-methylcyclopropene (1-MCP) and 40% (v/w) of Aloe arborescens gel (EC);

Fruit were washed with distilled water (5 °C), and a solution of hydrogen peroxide and
peroxyacetic acid (OXVIRIN 0.5% w/v for 3 min) was added. Subsequently, the fruit was treated
with 1-methylcyclopropene (1-MCP) (SmartFreshs™, AgroFresh Italia srl Milano, Italy), within a bag
of high-density polyethylene (HDPE), with a capacity of 5 L, for 21 h, at a temperature of 2 °C. A test
tube containing the fruits was placed inside the bag, with 1 uL of 0.14% 1-MCP, and distilled water
at 40 °C was added to the test tube (5 mL) just before treatment. The test tube was immediately
closed, shaken, and placed in the bag with the fruit; the bag was sealed, and the test tubes opened
inside the bags. At the end of the treatment with 1-MCP, 160 fruits were divided: The first group of
80 fruit was treated only with 1-MCP, and the second group with the fruit with fruits previously
treated with 1-MCP were submitted to the dipping treatment with an edible coating based on Aloe
arborescens (1-MCP+EC). The third group of 80 fruit was treated only with the dipping treatment
with an edible coating (EC) based on Aloe arborescens. The fourth group (CTR) of 80 fruit was treated
with a dip in distilled water.

All fruit were stored in a 25 m? cold-storage chamber (21 kPa 02/0.03 kPa COz) at 1 °C RH 85%
for 28 days. A sample of 15 fruits for each treatment was removed from cold storage after 7, 14, 21
and 28 days and transferred at 20 °C to be analyzed immediately (cold out—0 day) or after 6 days
(shelf life—+6 days) to evaluate the effect of cold storage and room temperature. Five fruit per
treatment at each storage time were subjected to sensory analysis after shelf life.

2.3. Physical-Chemical Analysis

Fruit fresh weight loss, firmness (FF), total soluble solids content (TSSC), titratable acidity (TA),
and peel color (PC) were analyzed. The loss of fresh weight was measured at each storage time using
a digital scale (model BP4100; Sartorius Inc., Edgewood, NY, USA), reporting the results as a
cumulative percentage of weight loss during storage (7, 14, 21, 28 days at 1 °C, 85 + 5% RH). Fruit
firmness (kg cm™) was measured with a digital penetrometer (53205, TR Turoni, Forli, Italia) on the
two sides of the fruit. Juice was extracted with a centrifuge, and TSSC (°Brix) was measured by
digital refractometer Atago Palette PR-32 (Atago Co., Ltd., Tokyo, Japan) and TA (g/L of malic acid)
using a Crison compact tritator (Crison Instruments, SA, Barcelona, Spain. Weight loss was
expressed as the percentage reduction with respect to the initial time, using the following Equation
(D)

Weight loss %: [(Initial fruit weight - Final fruit weight) / Initial fruit weight] x 100 1@

The shelf life values were calculated before storage (To) and after 6 days at 20 °C. Weight of
individual fruit was recorded immediately after the treatment (day 0) and at the different sampling
times (3, 5, 7, and 12 days during storage).

Peel color was evaluated on the two opposite sides of each fruit. Two readings per fruit were
taken using a Minolta colorimeter model CR-400 (Minolta Co., Ramsey, NJ, USA) to obtain variables
of lightness (L*), a* and b*. The instrument was calibrated using the manufacturer’s standard white
plate. Within the CIELAB uniform space, a psychometric index of lightness, L* (ranging from 0,
black, to 100, white) and two color coordinates—a* (which takes positive values for reddish colors
and negative values for greenish ones) and b* (positive for yellowish colors and negative for the
bluish ones) —were defined [52]. Color changes were quantified in L*, a* and b* color space, and AE
was calculated by considering the difference between the color measured just before storage (To) and
the color measured at 7, 14, 21 and 28 d of storage. Total color difference (AE*) expressed the
magnitude of difference between the initial non-aged color pulp (zero time) and storage-aged
samples. Total color difference (AE*) was calculated according to the following Formula (2):

AE* = (AL + Aa™ + Ab™2)12 ?)
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where Aa* = a* — ao*, Ab* =b* — bo*, AL* = L* - Lo*; ao*, bo* and Lo* are the corresponding blank values
of control sample.

2.4. Bioactive Properties

2.4.1. Vitamin C Content

The vitamin C content in the ethanol extracts was measured by enzyme colorimetric assay, with
a maximum absorbance at 570 nm. The vitamin C concentrations were calculated with reference to a
calibration curve constructed using increasing concentrations of ascorbic acid and expressed as
milligrams of ascorbic acid in 100 g of FW. All measurements were done in triplicate.

2.4.2. Total Phenol Content

The total phenolic content (TPC) was determined by the reduction of
phosphotungstic-phosphomolybdic acid (Folin-Ciocalteu’s reagent) to a blue pigment in alkaline
solution, according to Folin and Denis [54]. Accordingly, 10 uL of the diluted sample was mixed
with 4 mL of Folin—Ciocalteu reagent (previously diluted eight-fold), and the mixture was allowed
to stand at room temperature for 5 min. Then, 2 mL of 10% (w/v) Na2CO:s solution was added, and
the volume made to 10 mL with water. After incubation at room temperature in the dark for 90 min,
the absorbance was read at 740 nm, using a spectrophotometer (Beckman Coulter DU-800, Fullerton,
CA, USA). GA was used to construct the calibration curve, and the results were expressed as
milligrams of gallic acid equivalents (GAE) per 100 g FW. All measurements were done in triplicate.

2.4.3. Total Carotenoids

Three aliquots of pulp (ca. 5 g) obtained from 1 slice peach fruit previously ground to a fine
powder under liquid nitrogen were mixed for 20 min with 50 mL of extracting solvent
(hexane/acetone/ethanol, 50:25:25, v/v). The organic phase containing carotenoids was recovered and
then used for analyses after suitable dilution with hexane. Total carotenoid determination was
carried out on an aliquot of the hexane extract by measuring absorbance at 450 n min with a
Beckman DU 640 spectrophotometer (Midland, ON, Canada). Total carotenoids were calculated
according to the method of Ritter and Purcell (1981) [55], using an extinction coefficient of $-carotene
of €% = 2505 [56]. Average values were calculated from the results of 6 measurements in different
fruit for each sample.

2.4.4. Total Antioxidant Activity

The total antioxidant activity (TAA) of each cultivar was analyzed using the ABTS radical
scavenging capacity assay [57]. These methods are distinguished by their mechanism of action and
complement the analysis of the antioxidant potential of the fruits. The ABTS method is based on
colorimetric monitoring of the decay of the ABTS** radical cation, caused by the oxidation of ABTS**
radicals when contacting an antioxidant. ABTS** was prepared by reacting ABTS with potassium
persulphate [58]. The mixture was incubated in the dark at room temperature for at least 16 h and
was then diluted with ethanol to an absorbance of 0.70 + 0.05 at 734 nm. Once prepared, the ABTS**
solution (990 mL) was mixed with the aqueous sample (10 pL, diluted 10-40 times), and the
absorbance was recorded at 0.0 and 2.5 min. Samples were analyzed in triplicate within the linearity
range of the assay, as previously described [59]. The TAA evaluated by the ABTS protocol was
expressed as mmol Trolox equivalents (TE)/100 g FW.

2.5. Sensory Analysis

Sensory analysis was performed on a sample of 5 fruit (a) before storage and (b) after 7, 14, 21,
28 of cold storage + 6 days of simulated domestic shelf life. The sensory analysis was conducted at
the postharvest laboratory of the University of Palermo in September 2019. The sensory evaluation
test was performed by an evaluation team consisting of 11 panelists (six men and five women, 25-60
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years old) with a good background and knowledge of the details of this evaluation. All panelists
were trained and had broad expertise in sensory evaluation of fruits. During preliminary meetings,
15 descriptors were selected for the definition of the sensory profile, generated on the basis of the
citation frequency (>60%) and listed below: external color uniformity (ECU); compactness (COM);
pulp color intensity (PCI); peach smell (PS); herbaceous smell (HS); floral odor (FO); pasty (PA);
sweet (S); acid (A); bitter (B); juicy (JU); peach flavor (FIF); herbaceous flavor (HF); floral flavor (FF)
and comprehensive evaluation (CE). The evaluation was carried out from 10.00 to 12.00 a.m. in a
special room with individual booths under white lights. Samples were presented in a white plastic
plate and tasted 1 h after they were taken out of the cold room [60]. Each panelist received in a
random order a sample of 3 anonymous slices per treatment labeled with numbers, and water was
provided for rinsing between samples.

The judges evaluated the intensity of each descriptor by assigning categorical scores of 1
(absence of sensation), 2 (just recognizable), 3 (very weak), 4 (weak), 5 (slight), 6 (moderate), 7
(intense), 8 (very intense) and 9 (extremely intense) [61]. During the evaluation, all 11 panelists
completed a short questionnaire covering the quality indicators independently.

2.6. Statistical Analysis

The study was planned with a randomized sampling design. Statistical differences with
P-values <0.05 were considered significant. The Tukey test was used for comparing the averages of
measured values. Data for the physical, chemical, and sensory parameters were subjected to analysis
of variance. Sources of variation were the time of storage and treatments. Mean comparisons were
performed using the Tukey HSD test to examine if differences between treatments and storage time
were significant at P < 0.05. All analyses were performed with XLStat® software version 9.0
(Addinsoft, Paris, France).

3. Results and Discussion

3.1. Cold Out (0 Day)

Treatments had a significant effect on flesh firmness, which decreased linearly in the untreated
fruit during the cold storage period; this is consistent with what is generally reported for peach fruit
after harvest [62]. Flesh softening is related to the action of cell wall degrading enzymes, which
hydrolyze starch to soluble sugars and protopectin to water-soluble pectin.

In fruit, EC with mucilage caused the changes of several organic acids in comparison to
untreated control (Figure 1), increasing the amount of carbohydrates and other key metabolites, such
as beta-sitosterol and uracil [63]. Therefore, 1-MCP combined with Aloe coating could have
positively influenced the firmness of peach fruits by reducing cell wall degradation through the
inhibition of microbial propagation and delaying fruit senescence (Figure 2). Indeed, no significant
reduction (P < 0.05) in flesh firmness occurred in EC- and 1-MCP + EC-treated fruit, with no
significant difference between the two treatments (Figure 2). Differences between treated and
untreated fruit occurred from the first week after storage and increased during the whole storage
period. After 14 days of cold storage, there were significant differences between 1-MCP, EC, and
1-MCP + EC treatment, while there were no differences between EC and 1-MCP treatment (P <
0.05). At day 21, there were no significant differences between EC and 1-MCP+EC treatments, which
were the best compared to the other treatments.

After 14 and 21 days of cold storage, significant differences occurred between the EC and
1-MCP treatments, while no differences between EC and 1-MCP treatments (p < 0.05) were found.

Total soluble solid content (TSSC) increased significantly during the storage period in all
treatments after 21 days, with a different rate pattern (Figure 1). The TSSC results show significant
differences between treatments after 7 and 28 days of storage. The treatment with 1-MCP shows a
significant increase from (day 0) until day 21 of storage. 1-MCP + EC -treated fruit showed
significantly lower TSSC values than CTR fruit from 7 up to 28 days after storage; a significant
increase in TSSC values occurred in 1-MCP + EC fruit only during the last two weeks of storage
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(Figure 1). The ripening process is normally characterized by an increase in sugars and a reduction
in organic acids (TTA). Indeed, all treated and untreated fruit showed a sharp reduction of TA
during the first two weeks of storage, when 1-MCP + EC fruit showed the highest values and CTR
fruit the lowest ones (Figure 3).

20
—— CIR & MCP+EC A EC --- MCP

19
- A -
17
16
15
14
13
12

11 +

Total Soluble Solid Content (°Brix)

10 1 1 1 J
0 7 14 21 28

Days of storage

Figure 1. Evolution of fruit total soluble solids content (°Brix) in white flesh melting peaches (P.
persica) cv Settembrina treated with the edible coating (EC), with 1-MCP + EC, 1-MCP (MCP) and
untreated (CTR) stored at 1 °C for 7, 14, 21 28 days. Data correspond to the means + standard error
(SE) of 15 replicates. Means with different letters are significantly different at p < 0.05 using Tukey’s
test. ns = not significant. Different lowercase letters denote significant differences (p < 0.05) among
different treatments for the same sampling time.

—&— (TR & MCP+EC A EC --©--MCP

Firmness (kg cm-2)

2 1 1 1 J

0 7 14 21 28

Days of storage

Figure 2. Evolution of fruit firmness (Kg cm?) in white flesh melting peaches (P. persica) cv
Settembrina treated with the edible coating (EC) and 1-MCP + EC, 1-MCP (MCP) and untreated (CTR)
stored at 1 °C for 7, 14, 21 28 days. Data correspond to the means + standard error (SE) of 15
replicates. Means with different letters are significantly different at p < 0.05 using Tukey’s test. ns =
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not significant. Different lowercase letters denote significant differences (p < 0.05) among different
treatments for the same sampling time.

Ood Q74 ®ud 0214 0284
nsA nsA nsA nsA
s aA

cC

5 cD
b

Titratable acidity (g L")

o
CIR MCP+EC EC Mmcp

Figure 3. Evolution of fruit titratable acidity (g L) in white flesh melting peaches (P. persica) cv
Settembrina treated with the edible coating (EC) with 1-MCP + EC, with 1-MCP (MCP) and untreated
(CTR) stored at 1 °C for 7, 14, 21 28 days. Data correspond to the means + standard error (SE) of 15
replicates. Means with different letters are significantly different at p < 0.05 using Tukey’s test. ns =
not significant. Different lowercase letters denote significant differences (p < 0.05) among different
treatments for the same sampling time. Different capital letters denote significant differences (p <
0.05) among different sampling times for the same treatment.

The evolution of weight loss (Figure 4) show a significant increase during storage time for all
treatments. CTR fruits had the highest weight loss both after storage and after shelf life (SL+6),
regardless of the storage period. After 28 days of storage, the treatment 1-MCP + EC shows
significant differences between all treatments and registered the lowest weight loss (%) of all

treatments.

19 - @7d mi14d n21d [m28d
10

—

X 8

1]

1%2]

°

x 6

[T

6]

= 4
2
O 1

CTR MCP+EC EC MCP

Figure 4. Evolution of fruit treatments on weight loss (%) in white flesh melting peaches (P. persica)
cv Settembrina treated with the edible coating (EC) with 1-MCP + EC, 1-MCP (MCP) and untreated
(CTR) stored at 1 °C for 7, 14, 21, and 28 days. Data correspond to the means + standard error (SE) of
15 replicates. Means with different letters are significantly different at p < 0.05 using Tukey’s test. ns =
not significant. Different lowercase letters denote significant differences (p < 0.05) among different
treatments for the same sampling time. Different capital letters denote significant differences (p <
0.05) among different sampling times for the same treatment.
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3.2. Shelf Life

The effect of simulated shelf life changed with length of storage period and with treatments.
Fruit firmness significantly decreased in all treatments during all the storage period. However, in
CTR, the fruit showed a continuous decrease from 7 to 28 days, respectively, 5.2 and 2.0 kg cm?,
while the treatments 1-MCP + EC, 1-MCP, and EC showed a significant decrease from the 7th day,
with values, respectively, of 5.5 + 0.4, 4.6 + 0.3 and 5.3 + 0.3 kg cm?, until the 28th day, with values,
respectively, of 3.7 + 0.5, 3.0 + 0.1, and 3.2 + 0.2 kg cm 2,

Fruit firmness apparently increased in all fruit stored up to 28 d and after 6 d of simulated shelf
life (SL6). This could be attributed to the prolongedstorage, following prolonged periods of
refrigeration [2,64], due to a reduction in polygalacturonase (PG), resulting in a high level of pectins
that are not hydrolyzed.

At this stage (28 d), CTR, EC, and 1-MCP + EC fruit showed the lowest TA values, while CTR
and EC fruit still retained a higher TSSC content than 1-MCP + EC. On the whole, CTR fruit were
almost overripe after 14 d of storage followed by 6 d of simulated shelf life, in terms of lack of
firmness, low TT, and very high TSSC content (Table 1). Eventually, 1-MCP + EC and EC fruit
retained marketable firmness, TSSC, and TA values until 14 d of storage followed by 6 d of
simulated shelf life, even though, at this stage, EC fruit showed lower TA and higher TSS values
than 1-MCP + EC fruit (Table 1).

After shelf life (SL+6) period, EC treated fruit showed a significantly higher weight loss than
1-MCP + EC fruit after all cold storage periods, indicating an effect of 1-MCP in reducing weight loss
(Table 1).

Table 1. Evolution of firmness (kg cm), total soluble solid content (TSSC), and total titratable acidity
(TA), in white flesh melting peaches, cv Settembrina, during shelf life at 20 °C (SL6) at six days after
cold storage (7, 14, 21, 28 days).

Cold Storage

Firmness TSSC TA Weight Loss
Treatment @ (kgem?  (°Brix) (g L) (%)
+6dat20°C
7d SLe 52+05aA 18.0+03cA 43+04aB 6.1 +0.6cA
CTR 14d SLs 3.6+03bA 186+02bA 4.0+0.6aB 8.4 +0.7bA
21d SLe 21+£05cB 192+0.6aA 3.0+03bC  9.1+0.9aA
28d SLs 20+£03cB 195+05aA 3.1+02bC  8.6+1.1aA
7d SLe 55+04aA 146+02bC 6.0+£0.2aA 2.1+0.5dC
1-MCP + EC 14d SLs 39+0.6bA 15.0+04bC 55+0.1bB 3.3+0.2cC
21d SLe 33+03bA 168+04aB 35+09cC  4.1+0.3bC
28d SLs 3.7+0.5bA 179+05aB 3.3+0.1cC 5.5 +0.9aC
7d SLe 46+03aA 141+0.1dC 6.0+£0.2aA 2.1+0.5dC
1-MCP 14d SLs 31+£01bB 15.6+03cC 54+02aA  41x0.5dC
21d SLe 27+04bA 169+0.1bB 3.0+0.4aB 4.9 +0.4cB
28d SLs 30+0.1bA 18.6+02aB 32+0.2aA 5.1+0.5dC
7d SLe 53+03aA 169+01cB 50+04aB 3.3+0.4cB
EC 14d SLs 36+03bA 15.7+04bB 4.5+0.4aB 4.7 +0.6bB

21d SLe 29+02bA 18.7+03aA 3.0+0.3bC 5.0+0.7bB

28d SLe 32+02bA 193+0.7aA 3.1+04bC  7.8+1.23aB
Lowercase letters indicate significant differences within each treatment at different cold storage
times; capital letters indicate significant differences between treatment (CTR, 1-MCP + EC, 1-MCP,
and EC) for each sampling date, according to Tukey’s multiple range test (p < 0.05). Values

represented as mean + SE. n = 15 for each stage and treatment. Letter “a” denotes the highest value,
“ns” denotes no significance.

This result disagrees with previous findings [65]. Finally, skin color change unevenly, as shown
by the AE values and by the visual analysis (Figure 5, 6). Figure 6 shows the AE value of the fruits
during the cold storage at 0 °C and during the shelf life at 20 °C. With regard to fruit stored at 0 ° C,
the results show a significant color change after 14 days of storage, while in the first two weeks of
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storage, no significant differences were observed between all the treatments. After 14 days, the
1-MCP + EC treatment shows significant differences compared to the CTR and 1-MCP treatments,
but no significant difference was detected with the EC treatment. The shelf life analysis shows the
effectiveness of the 1-MCP + EC treatment at the 7th and 14th days of storage at 1 °C with significant
differences from CTR, 1-MCP, and EC treatments (Figure 6). At the 21st day of storage + SL6 of shelf
life, the EC treatment showed higher results (p < 0.05) than the other treatments; thus, it was
observed an increase in the color change of the peel. (Figure 5, 6)

CTR CTR CTR

. MCP MCP MCP MCP
|

FRESH FRUIT

610
9

[ o

10 |‘

ey
MCP+EC MCP+EC MCP+EC MCP+EC

1910
®1e
1916
L2l

-ﬁn- Day 21 Day 28

Figure 5. Conversion of the chromatic parameters L* a* b* in RGB using “e-paint.co.uk Convert Lab”
software and subsequent comparison with photos of the examined fruits. n = 15 for each stage and
treatment.

30
o7d mi14d @m21d @28d

b

25

—H oo

20 | b

15

Color change (A E %)

10

ALY &

N

G ] I

CTR MCP+EC EC MCP CTR SL6 MCP+ECSL6 ECSL6  MCPSL6

Figure 6. Color change (AE %) of “peach” fruit, cv. “Settembrina” coated with an edible coating made
of Aloe arborescens pure mucilage (EC), 1-MCP + coating, treated (CTR), and stored for 7, 14, 21 and 28
days at 1 °C + color change during shelf life after 6 days at 20 °C (SL6). Data correspond to the means
+ standard error bars (SE) of 15 replicates. Means with different letters are significantly different at p
< 0.05 using Tukey’s test. ns = not significant. Different lowercase letters denote significant
differences (p < 0.05) among different treatments for the same sampling time. SL6 = cold storage days
(0, 7,14, 21, 28) at 1 °C, followed by shelf life for 6 days at 20 °C.
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3.3. Bioactive Properties

3.3.1. Ascorbic Acid Content

The ascorbic acid content in the 1-MCP + EC treatment did not show a significant decrease from
0 d to the 21st day; contrarily, the control at 3 d shows a significant difference (p > 0.5) with values at
7 d. At 21 d, CTR, 1-MCP, and EC show a decrease of ascorbic acid content values, respectively, of
11%, 2%, 15.2%, and 18% with regard to values of 14 d. At this stage (21 d), significant differences
occurred between 1-MCP + EC and all treatments, showing the highest value of ascorbic acid
content. After 21 d, ascorbic acid content had a sharp, significant decrease in all treatments. On the
contrary, as shown by Ahmed et al. (2019) [66], the values of ascorbic acid in the white-fleshed
nectarines cultivar “Arctic Snow” stored at low temperatures, after 3 weeks of cold storage and Aloe
vera gel-coated, and control did not exhibit any significant differences. It was shown that uncoated
fruit had a mean value of ascorbic acid 16% higher compared to Aloe vera gel-coated fruit during
ripening after cold storage.

Moreover, Table 2 shows ascorbic acid content in fresh peaches after 6 d shelf life at 20 °C. Acid
ascorbic content, after harvest and after 6 d of shelf life, decreases in CTR and 1-MCP treatments, but
increases in other treatments. The same trend was identified by Gallotta et al. [67], probably because
after six days of shelf life at 20 °C, all the enzymatic processes involving the maturation of the peach
are activated. After 14 d, values of all treatments after SL6 show a minimal decrease (not significant)
compared to the treatments without shelf life (CTR, 1-MCP, 1-MCP + EC, and EC). At 7 d, the 1-MCP
+ SL6 treatment had the highest values compared to 1-MCP and EC, while no differences occurred
with CTR. At 28 d + SL6, CTR peach fruits registered the lowest value (4.4) compared to 1-MCP,
1-MCP + EC and EC treatments, respectively, with values of 8.8, 7.7, and 7.2.

Table 2. Vitamin C, expressed as ascorbic acid equivalents (mg) per 100 g fresh weight (FW) of four
different treatments.

Ascorbic Acid Content (mg 100 g)

Treatments = est©d) 0d+SL6  7d  7d+SL6 14d 14d+SL6 21d 21+SL6 28d 28d+SL6
CTR 247 nsA 25bB  227bB  253abA 213bB  21.2nsB  189bC 162bD 95bE 44 bF
MCP 24.7 nsA 23bB  238aA  212bB  227bB  205C  193bC 19.6aC 112aD  88aE

MCP + EC 247nsB 259aAB  241aB  277aA 251aAB 201D 235aC 198Da 132aE 7.7 aF
EC 247nsA  253abA 239aAB  212bC  223bB 198C  181bD 17.1bD 9.6bE  7.2aF

Each value represents the mean. Different letters indicate significant differences (p < 0.0001) by
Tukey’s multiple range test. Letter “a” indicates the highest value and ns = not significant. Data
correspond to the means of 15 replicates. Different lowercase letters denote significant differences (p
< 0.0001) among different treatments for the same sampling time. Different capital letters denote
significant differences (p < 0.0001) among different sampling times for the same treatment. +SL6 =
cold storage days (0, 7, 14, 21, 28) at 1 °C, followed by shelf life for 6 days at 20 °C.

3.3.2. Total Phenol Content

In peach fruit during fruit ripening, the total phenolic content (TPC) first decreased sharply and
then increased dramatically [68]. The same trend was observed in Ruby Rich® peach harvested and
processed at two ripening stages: commercially ripe and ripe on tree [69]. We observed a different
trend for each treatment (Table 3). In particular, the phenolic contents of CTR increased significantly
from 0 to 28 d. This behavior has been studied by Amodio et al. [70], who stated that in general, the
increase in phenolic content is the response of plants to biotic and abiotic stresses, such as pathogen
attack, wounding, high levels of visible light, and cold stress. However, 1-MCP + EC and EC
treatments showed an increase during 21 d, then decreased at 28 d. The effect of treatment with Aloe
edible coating (EC) also showed, in EC and 1-MCP + EC treatments, higher values both during shelf
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life at 20 °C and until 14 d. 1-MCP + EC and EC treatments caused the highest peak of TPC at two
times (7 d + SL6 and 21 d), and 1-MCP-treated fruits showed the highest TPC at day 21. It has been
reported that Aloe, as an edible coating, retained the TPC in sapodilla fruits [71], strawberries [72],
and apricot [73]. It might be considered that 1-MCP + EC and EC induced accumulation of TPC,
which in turn reduced decay incidence and extended storage and shelf life of peach fruits. Phenolic
compounds in plants, such as tannin, flavonoids, and phenolic acids, are directly involved in defense
mechanisms by preventing pathogen growth and strengthening the host tissues. Therefore
maintaining a high level of phenolic compounds in fruits during storage and the shelf life period is
important [71].

Table 3. Total phenol content (TPC, expressed as gallic acid equivalents (GAE, mg) per 100 g fresh
weight (FW) of four different treatments, CTR, MCP, MCP + EC, and EC.

Total Phenol Content (GAE mg 100 g-' FW)

At harvest (0

a 0d+SLe 7d 7 d+SLé 14d 14 d + SL6 21d 21+ SL6 28d 28 d+SL

CTR 105.7 nsF 150.3aB 1272cD 143.0cC 1469bB  100.3bF 1543cB 113.3bE 183.0bA 101.8aG
MCP 105.7 nsD 1353bC  126.7bC 1452cB 1380bC 1024bD 2344aA 1042b 1269aC 98.3 aE
MCP +EC  105.7 nsF 1134bcE 1502aC 180.3aA 156.3aC 1413aD 1751bB 133.3aD 119.5aE 89.4bG
EC 105.7nsD  121.5bcC 1499aC 161.3bB 157.1aB 150.5aBC 176.2bA 123.3aC 123.1 aC 71.9 bE

7oz

Letter “a” indicates the highest value and ns = not significant. Data correspond to 15 replicates.
Different lowercase letters denote significant differences (p < 0.0001) among different treatments for
the same sampling time. Different capital letters denote significant differences (p < 0.0001) among
different sampling times for the same treatment. +SL6 = cold storage days (0, 7, 14, 21, 28) at 1 °C,
followed by shelf life for 6 days at 20 °C.

3.3.3. Total Carotenoid Content

During storage, progressive degradation of carotenoids in all treatments was not observed until
21 d, although at 28 d, it is possible to observe a decrease of carotenoids content (Table 4).

At 7 and 28 d, carotenoid content did not show significant differences between treatments;
nevertheless, at 14 and 21 d, significant differences occurred between 1-MCP + EC and EC with CTR
and 1-MCP.

A sharp decrease occurred soon after harvest and at 6 d of shelf life (0 d + SL6) in CTR (52%),
1-MCP (52%), 1-MCP+EC (51%), and EC (53%). No significant differences occurred between
treatment at 7 d + SL6, 21 d + SL6, and 28 d + SL6, while at 14 and 21 d, 1-MCP + EC showed the
highest carotenoid content with respect to 1-MCP, 1-MCP + EC, and EC treatments (Table 4).

Table 4. Total carotenoid content expressed as equivalents (mg) per 100 g fresh weight (FW) of four
different treatments.

Total Carotenoid Content (mg 100 g7)
AtHarvest (0d) 0d+SL6 7d 7d+SL6 14d 14d+SLé6 21d 21+SL6 28d 28d+SLé6

CTR 2.5nsB 1.2nsE 22nsC 19nsC 2.1cB 2.4 aB 35aA 18nsC 2.7nsB 1.0 nsF
MCP 2.5nsA 12nsC 27nsA 14nsC 3.1bA 1.7 bB 30bA 18nsB 21nsB 1.1nsE
MCP + EC 2.5nsB 1.1nsD 27nsB  19nsC 3.7aA 1.4bD 38aA 21nsC 23nsC 0.8nsD
EC 2.5nsB 1.3nsD 28nsB 12nsD 3.6aA 1.8 bC 36aA 11nsD 21nsC 0.8nsD

"1

Letter “a” indicates the highest value and ns = not significant. Data correspond to 15 replicates.
Different lowercase letters denote significant differences (p < 0.0001) among different treatments for
the same sampling time. Different capital letters denote significant differences (p < 0.0001) among
different sampling times for the same treatment. * +SL6 = cold storage days (0, 7, 14, 21, 28) at 1 °C,
followed by shelf life for 6 days at 20 °C.

3.3.4. Antioxidant Activity

The antioxidant activity trend of all peach fruit values showed a progressive increase during
storage time until 28 d, while the highest values were observed for EC (278.8 mg™) followed by
1-MCP + EC (258.9 mg™). 1-MCP + EC treatment showed significant differences with regard to other



Agriculture 2020, 10, 151 13 of 18

treatments at 7 and 14 d, while after 21 d, EC treatment showed the highest values. 1-MCP + EC +
SL6 showed a significantly higher increase then 1-MCP + EC at 7, 14, and 21 d; in contrast, CTR + SL6
exhibited a decrease of values compared to CTR (Table 5).

Table 5. Total antioxidant activity (TAA, expressed as Trolox equivalents (Mm Trolox) per 100 g
fresh weight (FW) of juices of different treatment (CTR, MCP, MCP + EC, and EC) and stage (days)
determined by the ABTS assay.

Antioxidant Activity (Mm Trolox g! FW)

At Harvest (0d) 0d+SL6 7d 7d+SL6  14d 14d+SL6 21d 21+SLé6 28d  28d+SLé6

CTR 207.5nsC 2902 bA 2114bC 2192b 2327bB 1485cD 256.8aB 1589cD 2358cB  159.6 cD
MCP 207.5D 280.1 bA 2149bD 2999DbA 2246cC 231.3bC 243.7bB 221.2bC 2569bB 234.3 aB
MCP + EC 2075 E 3102aB 2254aD 389.3aA 249.7aC 390.2aA 234.8cD 2452aC 2589bC 222.4bD
EC 207.5 E 321.5aA 2104DbE 2643cB 2349bC 250.5bC 246.9bC 233.3bC 278.7aB 219.9 bD

Letter “a” indicates the highest value and ns = not significant. Data correspond to the means of 15
replicates. Different lowercase letters denote significant differences (p < 0.0001) among different
treatments for the same sampling time. Different capital letters denote significant differences (p <
0.0001) among different sampling times for the same treatment.

4. The Sensory Profile

The sensory profile of the Settembrina (Figure 7, 8) peaches changed with the time of storage and
treatment. Indeed, the effect of 1-MCP + EC and EC treatments clearly appeared for most of the
descriptors (external color uniformity (ECU), compactness (COM), pulp color intensity (PCI), peach
smell (PS), and the comprehensive evaluation (CE), after 14 d of storage. At this stage, the
descriptors measured in 1-MCP + EC and EC fruit kept the same values of the fresh fruit. The
relatively low values of herbaceous smell (HS) and herbaceous flavor (HF) indicate that the fruit
were harvested at a proper stage of ripeness (Figure 8). No significant differences between
treatments occurred 7, 14, and 28 d after storage. Indeed, after 7 d of storage, the fruit of all
treatments retained the same sensory characteristic (same values) observed at To, while 28 d after
storage, the sensory profile was very much reduced regardless of the treatment since all fruit were
almost overripe (Figure 8). Values of all descriptors were significantly reduced 21 and 28 d after
storage, with a single score never higher than 5.

EC
) o —o— fresh fruits
7
CE M
FF PCI
HF PS
FIF - HS
JU FO
B PA
A S

Figure 7. Sensory profile in white flesh melting peaches (P. persica) cv Settembrina after harvest. n =
15 for each stage and treatment. Descriptors: external color uniformity (ECU); compactness (COM); pulp
color intensity (PCI); peach smell (PS); herbaceous smell (HS); floral odor (FO); pasty (PA); sweet (S); acid (A);
bitter (B); juicy (JU); peach flavor (FIF); herbaceous flavor (HF); floral flavor (FF), and comprehensive evaluation
(CE).
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Figure 8. Evolution of scores for the sensory analysis in white flesh melting peaches (P. persica) cv
Settembrina treated with the edible coating (EC) and 1-MCP + EC, 1-MCP, and untreated (CTR) after
shelf life at 20 °C. n = 15 for each stage and treatment. Descriptors: External color uniformity (ECU);
compactness (COM); pulp color intensity (PCI); peach smell (PS); herbaceous smell (HS); floral odor (FO); pasty
(PA); sweet (S); acid (A); bitter (B); juicy (JU); peach flavor (FIF); herbaceous flavor (HF); floral flavor (FF), and

comprehensive evaluation (CE).

5. Conclusions

Based on our results, the coating of fruits with Aloe arborescens and 1-MCP lead to maintaining
peach quality-related features and, consequently, the storage life of coated fruits.

Both the application of the Aloe-based coating (EC) and the combined Aloe coating with 1-MCP
(1-MCP + EC) resulted in a significant slowdown of the ripening processes of Settembrina and could
be effective for melting flesh peach groups. Indeed, fruit treated with EC and MCP + EC had values
of flesh firmness higher than 6 kg cm2 after 28 days of cold storage, which is an excellent result for
commercial purposes, particularly if it occurs together with optimal values of total soluble solids
and titratable acidity content. However, treated fruits kept their quality when stored no longer than
14 d associated with 6 d of simulated shelf life (6 d at 20 °C). At 14 days + SL6, treated and untreated
fruit also differed in terms of sensory descriptors.

We demonstrate for the first time that 1-MCP added to Aloe arborescens EC maintained fruit
firmness, color, and weight to a greater extent than 1-MCP or aloe coating alone.

Nevertheless, after 21 days of cold storage, the effects of 1-MCP on some evaluated parameters
such as total phenolic content, TSSC, and TA were greater than EC alone or 1-MCP plus Aloe
arborescens EC.

Taking in to account some sensory attributes such as external visual aspect, peach flavor, pulp
color intensity, and comprehensive evaluation, it is advisable to use 1-MCP + EC or EC alone.

Coatings make a layer on the surface of the fruit and operate as a protective barrier that
decreases respiration and transpiration through the fruit surface. Finally, this study indicates that
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combined treatment with Aloe coating and 1-MCP significantly delays the ripening of melting-flesh.
This opens perspectives of potential diffusion and future research activity.
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