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Abstract: Peach is a climacteric fruit characterized by a rapid maturation, high respiration level,
weight loss, breakdown of texture, and interior browning. Fast tempering of the fruit and subsequent
mold expansion caused a negative impact on the marketing. This study was carried out to estimate
the synergistic influence of coating with Aloe vera gel (AVG) at 15% or 30% mixed with chitosan (CH)
at 1.5% as a kind of natural polymers or calcium chloride (CaCl2) at 3% on physical and chemical
features. We investigated the changes in antioxidant enzymes activities of peach fruits Prunus persica
(L.) Metghamer Sultany. Fruits were kept at 3 ± 1 ◦C and relative humidity (RH) 85–90% for 36 days
during two consecutive seasons (2020 and 2021). Results revealed that applying AVG at 30% blended
with CH at 1.5% significantly impacted the storage period of peach fruits, reduced the ion leakage (IL),
malondialdehyde (MDA), and lessened weight loss. The differences were significant compared to
the other treatments and untreated fruits (control) that exhibited the higher values for IL, MDA, and
weight loss in the 36th day. Moreover, fruit quality features such as firmness, total acidity (TA), total
soluble solids (TSS), and skin color chroma (c*), hue angle (h) were also maintained. Furthermore,
this combination was raised of phenolic content, antioxidant capacity (DPPH), antioxidant enzyme
activity such as catalase (CAT), peroxidase (POD), and quench the generation of H2O2 and O2•−.
It could be concluded that dipping peach fruits in AVG at 30% blended with CH at 1.5% retained
the biological features of peach fruit at considerable levels during cold storing. Thus, this effective
mixture can be utilized to prolong the storage and marketing period of peach fruits. Nevertheless, a
more in-depth analysis is required for this edible coating to be successfully commercialized in the
peach fruit post-harvest industry.

Keywords: peach; chitosan; Aloe vera-calcium chloride; coating; cell wall enzymes; shelf-life;
cold storage

1. Introduction

Prunus persica (L.) Metghamer, Sultany peach is considered as one of the late varieties
that have been cultivated in Egypt, as its survival in the Egyptian market extends until
mid-July. The cultivated area of peaches in Egypt is approximately 24,707 ha, and its
production is estimated at about 360,723 tons [1]. Peach is a climacteric fruit that maintains
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fast maturation after harvesting, owing to the extreme respiration level and weight loss,
fruit texture breakdown, and interior browning. The rapid deterioration of the fruit and
the subsequent expansion of mold caused a negative impact on consumption and mar-
keting [2]. Many treatments have been noted to increase the post-harvest time of peach,
i.e., heat treatment, UV-B radiation [3], 1-methycyclopropene [4], adjusted atmosphere
wrapping [5], and edible coating [6]. Recently, food trades have attracted consideration
to implementation of natural additives, as a coating [7], in foodstuffs with extra-quality,
safety, and environment sustainable expansion [8]. There is a novel method for preserv-
ing food and expanding its storing/shelf life which has the ability to improve the food
safety through the use of natural or controlled antimicrobial compounds. This is known as
bio-preservation [9]. In post-harvest technology, bio-preservation using aims to increase
the post-harvest life of vegetables and fruit through the utilization of plant-based stuffs
that have long been utilized in food technology. Recently, these herbal products have been
used in fresh vegetables and fruits as bio-preservation. Various natural coating products
have been examined for minimizing fruit maturation and post-harvest deterioration [10].
One of the most favorable ways to enhance fruit storing/shelf life after harvest is the
natural, biodegradable edible coating [11]. The edible coatings, when implemented on fruit
covers, act as blocks to weight-loss and gas exchange, decreasing respiration levels and
the ripening procedure as well as preserving the fruit features [12]. Aloe vera gel is one
of the favorable bio-preservation that has elevated potential to be utilized for most fresh
fruits and vegetables. Aloe vera gel is a plant-based natural coating with an acceptable
antimicrobial possibility [13]. Overall, 99% of Aloe vera gel forms a colorless gel that
comprises of glucomannans (polysaccharides), amino acids, vitamins, and sterols. The
utilization of Aloe Vera Gel (AVG) in the post-harvest of vegetables and fruits has signif-
icantly increased recently [14]. Applying an AV-based coating declines the dehydration
and maintains quality during post-harvest storing [15]. Chitosan was utilized to keep
the quality of several fruits such as pomegranate, guava [16], mandarin [17], and others,
which is a cationic polysaccharide [18]. Edible films made from chitosan and Aloe vera
gel displayed antimicrobial features against post-harvest fruit pathogens [19]. Chitosan
is an edible, biodegradable, and non-toxic substance with great coating features [20]. The
blended influence of edible coatings versus the fruit post-harvest infections were subjected
to researcher’s awareness [21]. Furthermore, [22] found a synergistic antifungal effect when
applying combined coating from Aloe vera gel and chitosan. Calcium has a central role
in cell wall structure and interactions. It can influence the flexibility and permeability of
the cell membrane in addition to affecting key functions in the role of membrane, plant
signaling, and water relationships [23,24]. Exogenous application of calcium supports the
plant cell wall and protects it from cell wall damaging enzymes [25]. Moreover, [26,27]
stated that high doses of calcium reduced ethylene creation in apple slices by impeding
the transfer of 1-aminocyclopropane-l-carboxylic acid (ACC) to ethylene. The use of CaCl2
markedly declined the prevalence of chilling injury and prolonged the climacteric matura-
tion by reducing the ethylene making levels and fruit softening during storing compared
to control [28].

Hence, the purpose of this investigation is to estimate the influence of Aloe vera gel,
chitosan, and calcium chloride blended coating on quality parameters, water loss, firmness,
and fruit skin color (hue angle, chroma), as well as antioxidant enzymes activities, ion
leakage, malondialdehyde, which quench the generation of H2O2 and O2•− and storability
of peach fruit during cold storing.

2. Materials and Methods
2.1. Peach Fruit Preparation and Experimental Design

This investigation was conducted during two seasons of 2020 and 2021 on peach
(Prunus persica L.) var. Mietghemer sultany from a private orchard in Aga city-Dakhlia
governorate, Egypt (30.04◦ N, 31.25◦ E). Peach fruits were picked on the second week
of July in the commercial ripening stage. The fruit was transported immediately to the
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horticultural laboratory—Agricultural Faculty of Damietta University. 450 uniform fruit of
a certain weight (almost 78 g), obviously free from physical injury and disease, were chosen.
The fruit surface was washed with distilled water three times to remove dust, preventing
micro-spoilage and reduce the temperature of the fruit. Finally, the fruit was dried with a
cotton cloth to remove any water remaining on the surface of the fruits and left about a half
hour at ambient air to complete dehydration. The chosen peach fruits were divided into
five groups, each group consisting of 90 fruits with three replicates (30 fruits/replicate),
each replicate was divided into two main batches. The first one (15 fruits) was used for
physical and chemical measurements, while the second batch was used to estimate weight
loss. Peach fruits were kept in carton boxes of one kg at 3 ± 1 ◦C and relative humidity
(RH) 85–90% for 36 days to investigate chemical and physical characteristics each 12 days.
Fruits were soaked for 3 min into one of the subsequent coating mixture treatments:

Distilled water (Control = T1), Aloe vera gel (AVG) at 15% + chitosan (CH) at 1.5% (T2),
AVG at 30% + CH 1.5% (T3), AVG at 15% + CaCl2 at 3% (T4), AVG at 30% + CaCl2 at 3% (T5).
In all tested treatments, both used substances were mixture in 1:1 ratio (v/v) and 0.1 mL/L
of Tween 80 was blended as an emulsified agent. Because previous research used high
concentrations of AVG ranging from 50% to 100%, we applied the lower concentrations
(15–30%) to reduce economic costs.

2.2. Manufacturing Aloe Vera Gel (AVG) Extract

Leaves of AVG were collected with the same physical features from plants grown in a
local nursery and dipped in a 1% (w/v) chlorine solution for one min. Carefully, the pins
along the borders of each leaf were removed before splitting the gel tissue to pieces. The
gel pieces of leaves were uniformly homogenized in a mixer to get a gummy gel which was
refined to remove the fibrous parts. AVG was diluted with distilled water to prepare the
required concentrations of 15% and 30% (v/v) and then sterilized at 65 ◦C/30 min and kept
at 4 ◦C before being utilized in the tested treatments [29].

2.3. Making Chitosan (CH) Coating

The suspension of CH at 1.5% concentration (w/v) was made by homogenizing 1.5 g
of CH (Sigma Aldrich, St. Louis, MO, USA) in 100 mL of 1% acetic acid solution using
stirring technique [22].

2.4. Preparation of the Tested Coating Mixtures

The used coating mixtures were freshly prepared by mixing AVG extract at either 15%
or 30% with CH at 1.5% or CaCl2 solution at 3% (v/v) according to Vieira et al. [22]. The
thickness of the edible film was in general less than 0.3 mm, according Tharantharn [30].

2.5. Physical Features
2.5.1. Fruit Weight Loss %

The tested fruits of each box were weighted by a digital balance before (Wi) and at the
end (We) of the cold storage. The weight loss of fruit as percentage was obtained applying
the subsequent equation: [(Wi −We)/Wi] × 100.

2.5.2. Fruit Firmness (lb\inch2)

The pressure tester model FT327 (3–27 lbs.) was used to determine fruit firmness
before and after storing period as lb/inch2.

2.5.3. The Peach Fruit Skin Color

The peach fruit skin color was measured using a Spectrophotometer (CM-3600, KON-
ICA, MINOLTA, Tokyo, Japan). The levels of L*, a*, b*, C*, and h were calculated for each
fruit. L* value indicates color lightness, and positive (+) and negative (−) values of a*
refer to red and green color, respectively, positive (+) and negative (−) values of b* refer to
yellow and blue color, respectively. The (C* values) refer to the saturation of the color. The
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(h) indicates the red, yellow, green, and blue color. The measures were done twice with 3
replicates (3 fruit) per each treatment. Hue angle (h) = tan−1 (b*/a*), chroma (C*) = (a*2 +
b*2) 1/2.

2.6. The Chemical Features
2.6.1. Total Soluble Solids Percentage (TSS%)

It was measured in fruit juice using a hand refractometer (Model MASTER-PM Cat.No2393,
ATAGO, Tokyo, Japan) at room temperature, and was represented as a percentage.

2.6.2. Total Acidity Percentage (TA%)

It was detected by titrating 5 mL of juice with 0.1 N NaOH using phenolphthalein as a
marker to an end-point of pH 8.1 [31].

2.6.3. Total Phenolic Contents (TPC)

TPC in fruit juice of the examined samples were measured by Folin–Ciocalteu reagent,
assay using the method of [32]. For quantitatively measurements, a standard curve of gallic
acid (0–200 mg/L) was likely made. TPC were expressed as mg gallic acid equivalent
(GAE)/g based on FW.

2.6.4. Antioxidant Enzymes Activities (AEAs)

About 5 g of fruit pulp was mixed with 50 mM phosphate buffer (pH 7.8), 0.2 mM
of EDTA, and 2% polyvinyl polypyrrolidone (PVPP). After centrifugation at 30,000× g
for 20 min at 4 ◦C, the supernatant was used for the determines of antioxidant enzymes
as explained by [32]. For measurements of catalase (CAT), 3 mL of the reaction blend
(12.5 mM H2O2, 0.2 mL of enzyme extract, and 0.3 mL of 50 mM (pH 7.0) phosphate buffer)
was utilized. One unit of catalase enzyme effect was detected based on a reduction of
absorbance at 240 nm per min, where the disintegration of H2O2 has been followed. For
peroxidase (POD) activity, 3 mL of the reaction blend contained phosphate buffer (pH
6.0), enzyme extract, 0.1% guaiacol, and 2% H2O2. After incubation for 5 min, the optical
density of blend was noted at 460 nm, where one unit represents an increase of absorbance
per min [33]. Measurement was expressed as Unit g-1 protein according to the total soluble
protein in samples by the assay of [34].

2.6.5. Ion Leakage (IL%) and Malondialdehyde (MDA) Accumulation

For measuring ion leakage percentage (IL%), a measurement of 5 g of sample (peach
peel) was located in 20 mL of 0.4 M mannitol for 3 h/24 ◦C, then the electrical conductivity
was detected initially (R1). After that, the sample was heated in a water-bath at 100 ◦C for
30 min to quantify the last leakage after cooling the sample at ambient temperature (R2).
The ion leakage percentage (IL%) was calculated by the following formula: IL (%) = (R1/R2)
× 100 [35]. Peach pulp (3 g) was ground and combined with 30 mL of metaphosphoric
acid (HPO3, 5%) and 500 µL of butylated hydroxytoluene (2%) in ethanol; next, the mixture
was homogenized. 1,1,3,3-Tetra-ethoxy-propane (Sigma-Aldrich, St. Louis, MO, USA) was
used to vary the amount of TBARS from 0 to 20 mM relative to 0–1 mM malondialdehyde
(MDA) as a calibration standard to evaluate MDA accumulation product for the peach
samples. The stoichiometry of MDA was calculated throughout the acid-heating step of
the assay [36].

2.6.6. O2•−, H2O2 Production Rate, and Antioxidant Capacity (DPPH%)

Peach pulp (1 g) was mixed in 3 mL of a KH2PO4 buffer 50 mM (pH 7.8) under
refrigeration at 4 ◦C. The reagent was combined with polyvinylpyrrolidone (PVP 1%
w/v) and immediately centrifuged at 10,000 rpm at 4 ◦C/15 min O2•−, making levels
determined through the formation of nitrite from NH2OH in the existence of O2 according
to the procedure depicted by [37]. At 530 nm, the optical density has been documented.
To measure the creation level of O2•− from the reaction equation of NH2OH with O2, a
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standard curve with NO2 was utilized. The creation level of O2•− has been recognized as
mmol min−1 g−1 FW. For determination of H2O2, 1 g of peach pulp was added to 6 mL
of 100% (CH3)2CO and immediately centrifuged at 10,000× g for 15 min at 4 ◦C, then
1 mL of the clarified supernatant was combined with 0.1 mL of 5% Ti(SO4)2 and 0.2 mL
of a NH4OH solution. The hydrogen peroxide sample was accelerated, and the residue
was reduced by adding 4 mL of 2 M H2SO4 after centrifugation at 10,000× g for 20 min,
then the absorbance was quantified on a photometer at 415 nm. The H2O2 content was
calculated from a standard curve and the fixation rate was shown as mmol g−1 FW [38]. The
antioxidant capacity (DPPH) of 3 g pulp tissue was blended to 30 mL methyl alcohol and
then centrifuged at 10,000× g/15 min. The subsequent obvious extraction (1 mL) was added
to 3 mL of 0.1 mM 2,2-diphenyl-1-picrylhydrazyl (DPPH) that dispersed in methyl alcohol.
At RT, the reaction blend was hatched in the dark for 20 min. Samples were measured on a
spectrophotometer (CM-3600, Konica Minolta, Tokyo, Japan); the wavelength absorbance
has been measured at 517 nm and, accordingly, the DPPH radical scavenging effect has
been noted. The DPPH% of the sample has been measured by applying the equation of [39].

2.7. Statistical Analysis

The Co-Stat software package, Ver. 6.303 (Monterey, CA, USA), was used. The
average data of two growth seasons (2020–2021) for the present study have been statistically
examined. Data have been analyzed as a completely randomized design (CRD) with
triplicate. The means of all treatments have been compared utilizing Duncan’s Multiple
Range Test at p ≤ 0.05.

3. Results

3.1. Weight Loss%, Firmness (lb/inch2), and Peach Skin Color (Chroma, c*, and Hue Angle, h)

Table 1 shows the influence of coating treatments on changes of weight loss, firmness,
and peach skin color (c* and h) as physical attributes of fruit quality during a cold storing
period at 3 ± 1 ◦C and R.H. 85–90% for 36 days. All treatments showed a significant
preservation of fruit quality compared to untreated fruit. The obtained results indicated
that the treatment coating of (AVG 30% + CH 1.5%) caused the lowest value of weight loss
(23.82%) and chroma (c* = 33.86), and highest value of firmness (10.61 lb/inch2) and hue
angle (h = 62.92) compared to the other treatments during the 36 days, while the untreated
fruits (control) treatment represented the greatest value of weight loss (40.34%), chroma
(c* = 39.19), and lowest value of firmness (6.1 lb/inch2) and hue angle (h = 49.39).

Table 1. The effect of AVG coating mixed with CH or CaCl2 on weight loss%, firmness (lb/inch2),
hue angle (h), and chroma (c*) of ‘sultany’ peaches during cold storage.

Coating Treatments (F2)
Cold Storage Duration (Days) (F1)

0 12 24 36

weight loss %

Control 0.00 10.59 ± 0.061 hi 22.2 ± 0.538 de 40.3 ± 3.078 a

AVG 15% + CH 1.5% 0.00 8.62 ± 1.085 ij 19.9 ± 2.083 ef 30.1 ± 2.085 b

AVG 30% + CH 1.5% 0.00 3.53 ± 2.213 kl 13.7 ± 1.226 gh 23.8 ± 2.442 cd

AVG 15% + CaCl2 at 3% 0.00 5.25 ± 0.494 jk 18.4 ± 0.776 ef 27.9 ± 2.026 bc

AVG 30% + CaCl2 at 3% 0.00 4.56 ± 0.683 jk 16.1 ± 1.496 fg 26.4 ± 1.709 bcd

p-value F1 = 1.755 F2 = 1.963 F1 × F2 = 4.01

firmness (lb/inch2)

Control 11.85 7.75 ± 0.304 g 7.01 ± 0.341 h 6.1 ± 0.264 i

AVG 15% + CH 1.5% 11.85 10.23 ± 0.233 d 9.41 ± 0.088 ef 7.7 ± 0.076 g

AVG 30% + CH 1.5% 11.85 11.36 ± 0.044 ab 11 ± 0.02 bc 10.6 ± 0.133 cd

AVG 15% + CaCl2 at 3% 11.85 10.43 ± 0.092 d 9.71 ± 0.148 e 9.18 ± 0.092 f

AVG 30% + CaCl2 at 3% 11.85 11 ± 0.086 a 10.6 ± 0.175 cd 9.71 ± 0.072 e

p-value F1 = 0.191 F2 = 0.214 F1 × F2 = 0.439
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Table 1. Cont.

Coating Treatments (F2)
Cold Storage Duration (Days) (F1)

0 12 24 36

hue angle (h)

Control 79.02 59.62 ± 0.291 h 54.3 ± 0.003 j 49.4 ± 0.881 k

AVG 15% + CH 1.5% 79.02 61.62 ± 0.58 fg 57.1 ± 0.000 i 55.6 ± 0.003 j

AVG 30% + CH 1.5% 79.02 70.65 ± 0.003 b 65.1 ± 0.000 d 62.9 ± 0.000 ef

AVG 15% + CaCl2 at 3% 79.02 63.75 ± 0.577 ef 61.3 ± 0.437 g 57.2 ± 1.151 i

AVG 30% + CaCl2 at 3% 79.02 66.92 ± 1.166 c 62.5 ± 0.176 efg 59.4 ± 0.577 h

p-value F1 = 0.624 F2 = 0.698 F1 × F2 = 1.429

chroma (c*)

Control 32.49 36.84 ± 0.288 def 38.7 ± 0.28 c 48.7 ± 0.291 a

AVG 15% + CH 1.5% 32.49 33.34 ± 1.166 jk 36.6 ± 0.271 efg 42.2 ± 0.285 b

AVG 30% +CH 1.5% 32.49 32.27 ± 0.000 ij 34.5 ± 0.294 fg 35.6 ± 0.003 cd

AVG 15% + CaCl2 at 3% 32.49 34.27 ± 0.606 k 36.2 ± 0.291 hi 39.9 ± 0.291 gh

AVG 30% + CaCl2 at 3% 32.49 35.02 ± 0.005 hi 36.4 ± 0.005 efg 37.5 ± 0.28 dc

p-value F1 = 0.448 F2 = 0.501 F1 × F2 = 1.027
The standard error (±SE of n = 3) is shown by the vertical bars and the alphabetical notes indicated the significance
at p ≤ 0.05 among treatments in each storing time. The mean of both trial seasons (2020 and 2021) was analyzed
by using Duncan’s Multiple Range Test.

3.2. TSS% and TA%

Figure 1 shows the variation in two chemical properties of ‘Sultany’ peach (TSS%
and TA) affected by AVG coating mixed with CH or CaCl2 during 36-day cold storage
period. Apparently, TSS% significantly raised in the control fruit during the storing phase.
Nevertheless, the (AVG 30% + CH 1.5%) treatments presented the smallest changes in TSS%
compared with untreated fruits (control) and other treated fruit. The chemical properties
result for treated fruit compared with the control one demonstrated a steady rise in TSS%
throughout the 36 days. However, decreases in TA% during storing duration in fruit
handled with (AVG 30% + CH 1.5%) were found. This made the smallest differences in TSS
during the cold storing period compared with other treatments and the primary levels at
harvest time, with 10.4% TSS. A steady TA level (0.83%) was retained on the 36th day of
the storing period compared with the preliminary level (1.17%) at the harvest period.
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Figure 1. The effect of coating with AVG at 15 and 30% mixed with CH at 1.5% or CaCl2 at 3% on
TSS% (A), and TA% (B) of ‘sultany’ peaches during cold storing at 3 ± 1 ◦C and 95 ± 1% RH for
36 days. The standard error (±SE of n = 3) is shown by the vertical bars, and the alphabetical letters
indicated the significance at p ≤ 0.05 among treatments in each storing period. The average of both
trial seasons (2020 and 2021) was analyzed by using Duncan’s Multiple Range Test. p-value of TSS%,
F1 = 0.448 F2 = 0.501 F1 × F2 = 1.027 and TA%, F1 = 0.033 F2 = 0.037 F1 × F2 = 0.076.

3.3. Analysis of Ion Leakage (IL%) and Malondialdehyde (MDA) Accumulation

Figure 2 shows the incremental increase in IL% and MDA accumulation in peach tissue
during the storing period (36 day), based on the storing duration and treatments. Peach fruits
coated with a combination of (AVG 30% + CH 1.5%) significantly minimized the levels in IL%
and MDA (19.23% and 0.28 µM g−1 FW) compared with the initial values. The greatest IL
and MDA content (48.62% and 0.49 µM g−1 FW) was noticed in the raw fruits (control) at the
end of the cold storing period. The variations among the treatments also occurred on the 12th
day and developed to be more pronounced during the storing period until the ending of the
investigation. Thus, these findings showing that the blended influence of both coating reasons
(AVG 30% + CH 1.5%) retained the membrane reliability of treated peaches.
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36 days. The standard error (±SE of n = 3) is shown by the vertical bars and the alphabetical letters
indicated the significance at p ≤ 0.05 among treatments in each storing period. The average of both
trial seasons (2020 and 2021) was analyzed by using Duncan’s Multiple Range Test. p-value of IL%,
F1 = 0.506 F2 = 0.566 F1 × F2 = 1.156 and MDA%, F1 = 0.009 F2 = 0.011 F1 × F2 = 0.022.

3.4. H2O2, O2 Production, and DPPH Reduction

Figure 3 shows the differences in production rates of H2O2 and O2•− and antioxidant
capacity DPPH% that were influenced by different treatments and the cold storing duration
up to 36 days. The obtained results indicate the production rates of H2O2 and O2•−
increased clearly in all treatments, except for peach fruits coated with a combination of
(AVG 30% + CH 1.5%) that slightly improved the production rates of H2O2 and O2•−
beginning from the 12th day until the end of the storing period, while registered the lower
production rate of H2O2 (0.26 mmol min−1 g−1 FW) and O2•− (0.53 mmol min−1 g−1

FW) until the end of the experiment compared with the other treatments and control. The
antioxidant effects of peach fruit influenced by all treatments and storing time (36 days)
was recorded as the available radical scavenging activity effect via the DPPH% reduction
process. When considering the antioxidant effects, the treated fruits showed different and
intense levels of antioxidant synopsis compared to (control), which indicated the lower
effect with 33.37% in the 36th day. The higher DPPH% activity was demonstrated by a
combination of (AVG 30% + CH 1.5%) treatment, which had a percent inhibition of 39.71%
at 36th day. Therefore, (AVG 30% + CH 1.5%) edible coating combination had considerably
generated the DPPH radical scavenging effect in peach fruit.
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Figure 3. The effect of coating with AVG at 15 and 30% mixed with CH at 1.5% or CaCl2 at 3% on
H2O2 mmole min−1·g−1 FW (A), O2•− mmole min−1 g−1 FW (B), and DPPH % (C) of ‘sultany’
peaches during cold storing at 3 ± 1 ◦C and 95 ± 1% RH for 36 days. The SE (±SE of n = 3) is
shown by the vertical bars and the alphabetical letters indicated the importance at p ≤ 0.05 among
treatments in each storing period. The average of both trial seasons (2020 and 2021) was analyzed by
using Duncan’s Multiple Range Test. p-value of H2O2, F1 = 0.009 F2 = 0.011 F1 × F2 = 0.020, O2•−,
F1 = 0.010 F2 = 0.011 F1 × F2 = 0.023 and DPPH, F1 = 0.84 F2 = 0.94 F1 × F2 = 1.93.

3.5. Antioxidant Enzyme Activity and TPC

Figure 4 indicates the differences of antioxidant enzyme activities (AEAs) and total
phenol content (TPC). AEAs increased gradually from the beginning of the 12th day of cold
storing period up to the 36th day. Obviously, the AEAs showed a significant interaction
when the combination of (AVG 30% + CH 1.5%) coated fruits treatment and storing period
were assessed as a testing factor. Clearly, a combination of (AVG 30% + CH 1.5%) heightened
the AEAs in peach. The activity multiplied (CAT, 20.15; POD 27.16 Unit g-1 protein) until
the 36th day of testing. Polyphenols are deemed to be essential secondary metabolites that
have a strong influence on the quality (e.g., taste, color, and acidity) of fruits and have
antimicrobial and antioxidant features. Throughout the whole storing period, TPC was
noticed to be various in all treatments and controls. In the case combination of (AVG 30%
+ CH 1.5%) coated fruits, the TPC was induced throughout the cold storing time of up to
36 days. The increased content of phenols in coated fruits with combination of (AVG 30%
+ CH 1.5%) could be ascribed to the improved ethylene production level throughout the
storing period.
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Figure 4. The effect of coating with AVG at 15 and 30% mixed with CH at 1.5% or CaCl2 at 3% on
CAT (Unit g−1 protein) (A), POD (Unit g-1 protein) (B), and TPC (mg GAE 100 g-1 fw) (C) of ‘sultany’
peaches during cold storing at 3 ± 1 ◦C and 95 ± 1% RH for 36 days. The SE (±SE of n = 3) is
shown by the vertical bars and the alphabetical letters indicated the significance at p ≤ 0.05 among
treatments in each storing period. The average of both trial seasons (2020 and 2021) was analyzed
by using Duncan’s Multiple Range Test. p-value of CAT, F1 = 0.530 F2 = 0.593 F1 × F2 = 1.214, POD,
F1 = 1.064 F2= 1.189 F1 × F2 = 2.43 and TPC, F1 = 0.88 F2 = 0.99 F1 × F2 = 2.02.

4. Discussion

Current results indicated that reducing weight loss and maintaining firmness and skin
color of peach fruit through the 36 days cold storage could greatly be aquired by coating
combination of AVG 30% and CH 1.5%. The fruit texture is a necessary quality attribute
for fruit marketable and consumer acceptability. The major explanation of weight loss and
decreasing firmness is the transpiration and respiration of water from fruit tissues to the
surrounding air. It was theorized that AVG coating formed a moisture barrier and mini-
mized transpiration of water, thus delaying weight loss and maintaining firmness [40,41].
It was reported that AVG coating treatment used on the surface of the fruit enhanced the
fruit’s skin obstruction of gas exchange and reduced respiration levels [42] and ethylene
biosynthesis [40,43]. During storing, weight decline and fruit shrinking are the results of
weight loss percentage [44]. Nevertheless, it is well reported that edible coating determines
weight loss and preserves fruit weight throughout cold storage [45]. AVG, when blended
with other edible coatings, improves water preserving capacity [46]. Fungal growth dis-
rupts the integrity of the cuticle, causing increased evaporation and greater weight loss and
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softening. This reinforces [22], who recorded weight increase and firmness in blueberry
fruits treated with CH that was incorporated into AVG coating. The tempering of fruits is
owing to the degradation in the intracellular materials and cell wall formation [47]. It is a
biochemical process in which starch and pectin are enzymatically hydrolyzed such as wall
hydrolases. Maintaining the firmness of peach coated with CH could be owing to its greater
antifungal effects and coverage of the epidermis, decreasing infection, breathing, and other
maturation procedures during storing, corresponding to earlier reports on papaya and
sweet cherry with CH and AVG coated [20,48].

CH coating treatments delay the product of anthocyanins and pigments in peach
fruits [49]. Likewise, the edible AVG coating enhances the fruit pigments by inhibiting
enzymatic browning [50]. Similarly, the color changes in sweet cherries that were immersed
in AVG and were also delayed [48]. In addition to the synergistic activity on the color
retaining, the AVG blended into the CH coating decreases the effects on the respiratory rate,
which leads to an interruption in the fruit maturation and thus color changes [50]. These
results agree with [51], who noted extra color retention in pumpkin seeds by improving
the levels of the CH treatment coating. Similarly, [45] examined that polysaccharide-based
combined coatings were efficient in decreasing color deprivation in mango fruits. In
the current study, AVG + CH efficiently reduces the respiratory level and the browning
reactions, whereby the color of the peach fruit is retained during storage. This investigation
indicates the significance of CH and Aloe vera coatings in decreasing weight deficit and
preserving the strength and skin color of peach fruit during cold storage.

In this study, TSS improved in all treatments during cold storage. Regardless, the
increase was significantly (p ≤ 0.05) smaller in AVG 30% + CH 1.5% treated fruits. During
the storing, starch degradation is altered to glucose, fructose, and sucrose, which are known
as the key sugars in fruits [52]. Nevertheless, CH coating minimizes starch degradation
and sugar content [53]. Furthermore, edible coating prevents weight loss. The weight loss
boosts TSS% in fruits [54]. Figure 1 indicates an overall reduction in TA of all treatments,
but a higher reduction was shown in the control. TA typically declines with storing and
a higher TA decline reveals senescence [20]. Edible coatings reduce gas interchange and
therefore the fruit inhalation rate [53]. Respiration is an enzymatic procedure and the
enzymes engaged in breathing use organic acids as a substratum [55].

Data shows the incremental increase in IL% and MDA accumulation in peach tissue
during storage period (36 days), depending on the storing duration and treatments. MDA
is usually used as an indicator of cell membrane degradation or oxidative injury since it is
the result of lipid peroxidation [56]. Raised reactive oxygen species (ROS) accumulation
caused more lipid peroxidation and increasing IL%, destroyed membranes, and reduced
storing ability [57]. AVG 30% + CH 1.5% treated peaches displayed a decrease in IL% and
MDA levels. AVG were matching with CH to prevention gas exchange, fruit respiration
rate, and ethylene production [20,53].

Our results indicated that the edible coating combination of AVG 30% + CH 1.5%
had significantly generated the DPPH radical scavenging effects and minimized genera-
tion rates of H2O2 and O2•− in peach fruits. As earlier stated, in tomatoes and fresh-cut
pears, we confirmed the findings of the existing study [58,59]. The results are in agreement
with [60–62] who reported that combination of AVG+ CH might quench the creation of
H2O2 and O2•− by enhancing the antioxidant enzymes activities. Additionally, antioxidant
activity varies on the fruit physiological position and declined during senescence [63,64].
Peach senescence was delayed by an edible coating combination. A positive suggestion
of the DPPH radical-scavenging effect and post-harvest maturing procedure was con-
veyed [65].

CAT has been recognized as an antioxidant enzyme that shows a critical part in the
oxidation-impervious effects of plants. Reactive oxygen species (ROS) are shaped in cells
in abiotic and biotic pressure circumstances [66]. Numerous enzymes, namely SOD, CAT,
and POD, are involved in the lessening of the ROS, especially CAT [67]. Additionally, POD
partakes in the quick transformation of (O2•−) into H2O2 to conserve the cell from oxidative
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pressure. In this context, it has been exposed that the utilization of AVG and CH on fruits
as edible coating materials improves the antioxidant features in the fruits [60,61,68–71].
Polyphenols are measured to be key subordinate metabolites that have a strong influence
on the quality (e.g., taste, color, and acidity) of fruits and have antimicrobial and antioxidant
features [72]. It has already been reported that the phenol content increases in plants treated
with CH [73]. Accordingly, [51] detected a rise in the phenol content of pumpkin seeds
preserved with CH. Formerly, [74] reported higher phenols in table grapes covered with
AVG. Coatings cause slight stress on fruits and complex coatings can upsurge the stress
strength [51]. Therefore, adding AVG with a CH coating could synergistically maintain all
of the phenol content in the peach fruit. In addition, phenols are antimicrobial components
that are utilized by plants as a primary protection reaction versus incursive microorganisms.
The gathering of phenols in plants rises with occurrence by pathogens. Accordingly, it has
a positive experiential association between TPC content and antioxidant effects [75].

5. Conclusions

Both the Aloe vera-CH edible coating combination AVG 30% + CH 1.5% have exces-
sive possibilities for prolonging the cold storing period of peach fruit (Prunus persica (L.)
Metghamer, Sultany). AVG, in combination with CH coating, successfully retained quality
features such as firmness, weight loss, skin color, TA, and TSS of peach fruit during cold
storing. In addition, results show that AVG in a CH coating maintains the peach fruit’s
high TPC, antioxidant capacity, and quenches the generation of H2O2 and O2•− during
storing. This proposes that the AVG-CH coating effectively controls and minimizes ion
leakage and malondialdehyde. Hence, it is decided that the combination of AVG and CH
can be utilized to enhance storability and extend the cold storing period of peach fruit.
Otherwise, the effects of other mixtures mediated between the effect of the best treatment
and the control treatment, as they caused a higher improvement than the control, but less
than the recommended treatment (AVG 30% + CH 1.5%). The current results indicate that
the use of edible mixtures in fruit packaging for storage and prolongation of the marketing
period still needs further research study to determine the proportions of mixtures that
have the best effect and the least economic, while clarifying the physiological roles of the
materials used.

Author Contributions: M.S.A. and M.S.G. perceived the idea and designed experiments. M.S.A.
performed statistical analysis and design charts. M.S.A. and M.S.G. conducted the field experiments.
M.S.A. and M.S.G. collected the data. M.S.A., S.F.E.-G., R.S., H.A., A.A. (Amal Alyamani) and A.A.
(A. Almasoudi) analyzed the data and wrote first draft of manuscript. M.S.A., M.S.G., S.F.E.-G., R.S.,
A.A. (Amal Alyamani) and R.S. reviewed and prepared final draft of manuscript. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Available upon request from the corresponding author.

Acknowledgments: Taif University Researchers Supporting Project Number (TURSP-2020/140), Taif
University, Taif, Saudi Arabia.

Conflicts of Interest: The authors declared no conflict of interest.

References
1. FAOSTAT. 2019. Available online: www.fao.org/faostat/en/#data/QC (accessed on 2 March 2022).
2. Mohammadi, L.; Hassanzadeh Khankahdani, H.; Tanaka, F. Effect of Aloe vera gel combined with basil (Ocimum basilicum L.)

essential oil as a natural coating on maintaining post-harvest quality of peach (Prunus persica L.) during storage. IOP Conf. Ser.
Earth Environ. Sci. 2020, 594, 012008. [CrossRef]

www.fao.org/faostat/en/#data/QC
http://doi.org/10.1088/1755-1315/594/1/012008


Coatings 2022, 12, 498 13 of 15

3. Scattino, C.; Negrini, N.; Morgutti, S.; Cocucci, M.; Crisosto, C.H.; Tonutti, P.; Castagna, A.; Ranieri, A. Cell wall metabolism of
peaches and nectarines treated with UV-B radiation: A biochemical and molecular approach. J. Sci. Food Agric. 2016, 96, 939–947.
[CrossRef] [PubMed]

4. Yu, L.; Shao, X.; Wei, Y.; Xu, F.; Wang, H. Sucrose degradation is regulated by 1-methycyclopropene treatment and is related to
chilling tolerance in two peach cultivars. Postharvest Biol. Technol. 2017, 124, 25–34. [CrossRef]

5. Zhou, H.J.; Ye, Z.W.; Su, M.S. Effects of MAP Treatment on Aroma Compounds and Enzyme Activities in Flat Peach during
Storage and Shelf Life. HortScience 2018, 53, 511–523. [CrossRef]

6. Ochiki, S.; Gesimba, M.R.; Wolukau, J.N. Effect of Aloe vera gel coating on postharvest quality and shelf life of mango (Mangifera
indica L.) fruits Var. Ngowe. J. Hortic. For. 2015, 7, 1–7. [CrossRef]

7. Choi, J.W.; Lee, J.W. Improved electrochemical properties of Li(Ni0.6Mn0.2Co0.2)O2 by surface coating with Li1.3Al0.3Ti1.7(PO4)3.
J. Power Sources 2016, 307, 63–68. [CrossRef]

8. Ncama, K.; Magwaza, L.S.; Mditshwa, A.; Tesfay, S.Z. Plant-based edible coatings for managing postharvest quality of fresh
horticultural produce: A review. Food Packag. Shelf Life 2018, 16, 157–167. [CrossRef]

9. Ananou, S.; Martínez-Bueno, M.; Valdivia, E.; Ananou, S.; Maqueda, M.; Martínez-Bueno, M.; Valdivia, E. Biopreservation, an
ecological approach to improve the safety and shelf-life of foods. Commun. Curr. Res. Educ. Top. Trends Appl. Microbiol. 2007, 1,
475–487.

10. Tripathi, P.; Dubey, N.K. Exploitation of natural products as an alternative strategy to control postharvest fungal rotting of fruit
and vegetables. Postharvest Biol. Technol. 2004, 32, 235–245. [CrossRef]

11. Campos, C.A.; Gerschenson, L.N.; Flores, S.K. Development of Edible Films and Coatings with Antimicrobial Activity. Food
Bioprocess Technol. 2011, 46, 849–875. [CrossRef]

12. Baldwin, E.A.; Burns, J.K.; Kazokas, W.; Brecht, J.K.; Hagenmaier, R.D.; Bender, R.J.; Pesis, E. Effect of two edible coatings with
different permeability characteristics on mango (Mangifera indica L.) ripening during storage. Postharvest Biol. Technol. 1999, 17,
215–226. [CrossRef]

13. Hazrati, S.; Beyraghdar Kashkooli, A.; Habibzadeh, F.; Tahmasebi-Sarvestani, Z.; Sadeghi, A.R. Beurteilung von Aloe-vera-Gel als
alternative essbare Beschichtung für Pfirsichfrüchte während der kalten Lagerphase. Gesunde Pflanz. 2017, 69, 131–137. [CrossRef]

14. Ali, S.; Anjum, M.A.; Nawaz, A.; Naz, S.; Hussain, S.; Ejaz, S.; Sardar, H. Effect of pre-storage ascorbic acid and Aloe vera gel
coating application on enzymatic browning and quality of lotus root slices. J. Food Biochem. 2020, 44, e13136. [CrossRef] [PubMed]

15. Rasouli, M.; Koushesh Saba, M.; Ramezanian, A. Inhibitory effect of salicylic acid and Aloe vera gel edible coating on microbial
load and chilling injury of orange fruit. Sci. Hortic. 2019, 247, 27–34. [CrossRef]

16. Lo’ay, A.A.; Taher, M.A. Influence of edible coatings chitosan/PVP blending with salicylic acid on biochemical fruit skin browning
incidence and shelf life of guava fruits cv. ‘Banati’. Sci. Hortic. 2018, 235, 424–436. [CrossRef]

17. Gao, Y.; Kan, C.; Chen, M.; Chen, C.; Chen, Y.; Fu, Y.; Wan, C.; Chen, J. Effects of chitosan-based coatings enriched with
cinnamaldehyde on Mandarin fruit cv. Ponkan during room-temperature storage. Coatings 2018, 8, 372. [CrossRef]

18. Varasteh, F.; Arzani, K.; Barzegar, M.; Zamani, Z. Changes in anthocyanins in arils of chitosan-coated pomegranate (Punica
granatum L. cv. Rabbab-e-Neyriz) fruit during cold storage. Food Chem. 2012, 130, 267–272. [CrossRef]

19. Bill, M.; Sivakumar, D.; Korsten, L.; Thompson, A.K. The efficacy of combined application of edible coatings and thyme oil in
inducing resistance components in avocado (Persea americana Mill.) against anthracnose during post-harvest storage. Crop Prot.
2014, 64, 159–167. [CrossRef]

20. Ali, A.; Muhammad, M.T.M.; Sijam, K.; Siddiqui, Y. Effect of chitosan coatings on the physicochemical characteristics of Eksotika
II papaya (Carica papaya L.) fruit during cold storage. Food Chem. 2011, 124, 620–626. [CrossRef]

21. Jongsri, P.; Rojsitthisak, P.; Wangsomboondee, T.; Seraypheap, K. Influence of chitosan coating combined with spermidine on
anthracnose disease and qualities of ‘Nam Dok Mai’ mango after harvest. Sci. Hortic. 2017, 224, 180–187. [CrossRef]

22. Vieira, J.M.; Flores-López, M.L.; de Rodríguez, D.J.; Sousa, M.C.; Vicente, A.A.; Martins, J.T. Effect of chitosan–Aloe vera coating
on postharvest quality of blueberry (Vaccinium corymbosum) fruit. Postharvest Biol. Technol. 2016, 116, 88–97. [CrossRef]

23. Fallahi, E.; Conway, W.; Hickey, K.; HortScience, C.S. The role of calcium and nitrogen in postharvest quality and disease
resistance of apples. HortScience 1997, 32, 831–835. [CrossRef]

24. Hocking, B.; Tyerman, S.D.; Burton, R.A.; Gilliham, M. Fruit calcium: Transport and physiology. Front. Plant Sci. 2016, 7, 569.
[CrossRef] [PubMed]

25. Sohail, M.; Ayub, M.; Khalil, S.A.; Zeb, A.; Ullah, F.; Afridi, S.R.; Ullah, R. Effect of calcium chloride treatment on post harvest
quality of peach fruit during cold storage. Int. Food Res. J. 2015, 22, 2225–2229.

26. Lieberman, M.; Physiology, S.W.-P. Influence of calcium and magnesium on ethylene production by apple tissue slices. Plant
Physiol. 1982, 69, 1150–1155. [CrossRef]

27. Huo, L.; Guo, Z.; Zhang, Z.; Jia, X.; Sun, Y.; Sun, X.; Wang, P.; Gong, X.; Ma, F. The Apple Autophagy-Related Gene MdATG9
Confers Tolerance to Low Nitrogen in Transgenic Apple Callus. Front. Plant Sci. 2020, 11, 423. [CrossRef]

28. Ali, I.; Abbasi, N.A.; Hafiz, I. Application of Calcium Chloride at Different Phenological Stages Alleviates Chilling Injury and
Delays Climacteric Ripening in Peach Fruit during Low-Temperature Storage. Int. J. Fruit Sci. 2021, 21, 1040–1058. [CrossRef]

29. Hassanpour, H. Effect of Aloe vera gel coating on antioxidant capacity, antioxidant enzyme activities and decay in raspberry fruit.
LWT Food Sci. Technol. 2015, 60, 495–501. [CrossRef]

http://doi.org/10.1002/jsfa.7168
http://www.ncbi.nlm.nih.gov/pubmed/25766750
http://doi.org/10.1016/j.postharvbio.2016.09.002
http://doi.org/10.21273/HORTSCI12631-17
http://doi.org/10.5897/JHF2014.0370
http://doi.org/10.1016/j.jpowsour.2015.12.055
http://doi.org/10.1016/j.fpsl.2018.03.011
http://doi.org/10.1016/j.postharvbio.2003.11.005
http://doi.org/10.1007/s11947-010-0434-1
http://doi.org/10.1016/S0925-5214(99)00053-8
http://doi.org/10.1007/s10343-017-0397-5
http://doi.org/10.1111/jfbc.13136
http://www.ncbi.nlm.nih.gov/pubmed/31907949
http://doi.org/10.1016/j.scienta.2018.12.004
http://doi.org/10.1016/j.scienta.2018.03.008
http://doi.org/10.3390/coatings8100372
http://doi.org/10.1016/j.foodchem.2011.07.031
http://doi.org/10.1016/j.cropro.2014.06.015
http://doi.org/10.1016/j.foodchem.2010.06.085
http://doi.org/10.1016/j.scienta.2017.06.011
http://doi.org/10.1016/j.postharvbio.2016.01.011
http://doi.org/10.21273/HORTSCI.32.5.831
http://doi.org/10.3389/fpls.2016.00569
http://www.ncbi.nlm.nih.gov/pubmed/27200042
http://doi.org/10.1104/pp.69.5.1150
http://doi.org/10.3389/fpls.2020.00423
http://doi.org/10.1080/15538362.2021.1975607
http://doi.org/10.1016/j.lwt.2014.07.049


Coatings 2022, 12, 498 14 of 15

30. Tharanathan, R.N. Biodegradable films and composite coatings: Past, present and future. Trends Food Sci. Technol. 2003, 14, 71–78.
[CrossRef]

31. Lo’ay, A.A.; Dawood, H.D. Active chitosan/PVA with ascorbic acid and berry quality of ‘Superior seedless’ grapes. Sci. Hortic.
2017, 224, 286–292. [CrossRef]

32. Lin, J.Y.; Tang, C.Y. Determination of total phenolic and flavonoid contents in selected fruits and vegetables, as well as their
stimulatory effects on mouse splenocyte proliferation. Food Chem. 2007, 101, 140–147. [CrossRef]

33. Tian, S.P.; Li, B.Q.; Xu, Y. Effects of O2 and CO2 concentrations on physiology and quality of litchi fruit in storage. Food Chem.
2005, 91, 659–663. [CrossRef]

34. Bradford, M.M. A rapid and sensitive method for the quantitation of microgram quantities of protein utilizing the principle of
protein-dye binding. Anal. Biochem. 1976, 72, 248–254. [CrossRef]

35. Hakim, A.; Purvis, A.C.; Mullinix, B.G. Differences in chilling sensitivity of cucumber varieties depends on storage temperature
and the physiological dysfunction evaluated. Postharvest Biol. Technol. 1999, 17, 97–104. [CrossRef]

36. Iturbe-Ormaetxe, I.; Escuredo, P.R.; Arrese-Igor, C.; Becana, M. Oxidative Damage in Pea Plants Exposed to Water Deficit or
Paraquat. Plant Physiol. 1998, 116, 173–181. [CrossRef]

37. Yang, H.; Wu, F.; Cheng, J. Reduced chilling injury in cucumber by nitric oxide and the antioxidant response. Food Chem. 2011,
127, 1237–1242. [CrossRef]

38. Xu, M.; Dong, J.; Zhang, M.; Xu, X.; Sun, L. Cold-induced endogenous nitric oxide generation plays a role in chilling tolerance of
loquat fruit during postharvest storage. Postharvest Biol. Technol. 2012, 65, 5–12. [CrossRef]

39. Cao, S.; Bian, K.; Shi, L.; Chung, H.H.; Chen, W.; Yang, Z. Role of Melatonin in Cell-Wall Disassembly and Chilling Tolerance in
Cold-Stored Peach Fruit. J. Agric. Food Chem. 2018, 66, 5663–5670. [CrossRef]

40. Guillén, F.; Díaz-Mula, H.M.; Zapata, P.J.; Valero, D.; Serrano, M.; Castillo, S.; Martínez-Romero, D. Aloe arborescens and Aloe
vera gels as coatings in delaying postharvest ripening in peach and plum fruit. Postharvest Biol. Technol. 2013, 83, 54–57. [CrossRef]

41. Allegra, A.; Farina, V.; Inglese, P.; Gallotta, A.; Sortino, G. Qualitative traits and shelf life of fig fruit (‘Melanzana’) treated with
Aloe vera gel coating. Acta Hortic. 2021, 1310, 87–92. [CrossRef]

42. Banks, N.H.; Dadzie, B.K.; Cleland, D.J. Reducing gas exchange of fruits with surface coatings. Postharvest Biol. Technol. 1993, 3,
269–284. [CrossRef]

43. Carrillo-Lopez, A.; Ramirez-Bustamante, F.; Valdez-Torres, J.B.; Rojas-Villegas, R.; Yahia, E.M. Ripening and quality changes in
mango fruit as affected by coating with an edible film. J. Food Qual. 2000, 23, 479–486. [CrossRef]

44. Sogvar, O.B.; Koushesh Saba, M.; Emamifar, A. Aloe vera and ascorbic acid coatings maintain postharvest quality and reduce
microbial load of strawberry fruit. Postharvest Biol. Technol. 2016, 114, 29–35. [CrossRef]

45. Kittur, F.S.; Saroja, N.; Tharanathan, R.N. Polysaccharide-based composite coating formulations for shelf-life extension of fresh
banana and mango. Eur. Food Res. Technol. 2001, 213, 306–311. [CrossRef]

46. Chauhan, O.P.; Nanjappa, C.; Ashok, N.; Ravi, N.; Roopa, N.; Raju, P.S. Shellac and Aloe vera gel based surface coating for shelf
life extension of tomatoes. J. Food Sci. Technol. 2015, 52, 1200–1205. [CrossRef]

47. Hong, K.; Xie, J.; Zhang, L.; Sun, D.; Gong, D. Effects of chitosan coating on postharvest life and quality of guava (Psidium guajava
L.) fruit during cold storage. Sci. Hortic. 2012, 144, 172–178. [CrossRef]

48. Martínez-Romero, D.; Alburquerque, N.; Valverde, J.M.; Guillén, F.; Castillo, S.; Valero, D.; Serrano, M. Postharvest sweet
cherry quality and safety maintenance by Aloe vera treatment: A new edible coating. Postharvest Biol. Technol. 2006, 39, 93–100.
[CrossRef]

49. Chien, P.J.; Sheu, F.; Yang, F.H. Effects of edible chitosan coating on quality and shelf life of sliced mango fruit. J. Food Eng. 2007,
78, 225–229. [CrossRef]

50. Benítez, S.; Achaerandio, I.; Sepulcre, F.; Pujolà, M. Aloe vera based edible coatings improve the quality of minimally processed
‘Hayward’ kiwifruit. Postharvest Biol. Technol. 2013, 81, 29–36. [CrossRef]

51. Han, C.; Zuo, J.; Wang, Q.; Xu, L.; Zhai, B.; Wang, Z.; Dong, H.; Gao, L. Effects of chitosan coating on postharvest quality and
shelf life of sponge gourd (Luffa cylindrica) during storage. Sci. Hortic. 2014, 166, 1–8. [CrossRef]

52. Duan, J.; Wu, R.; Strik, B.C.; Zhao, Y. Effect of edible coatings on the quality of fresh blueberries (Duke and Elliott) under
commercial storage conditions. Postharvest Biol. Technol. 2011, 59, 71–79. [CrossRef]

53. Cosme Silva, G.M.; Silva, W.B.; Medeiros, D.B.; Salvador, A.R.; Cordeiro, M.H.M.; da Silva, N.M.; Santana, D.B.; Mizobutsi, G.P.
The chitosan affects severely the carbon metabolism in mango (Mangifera indica L. cv. Palmer) fruit during storage. Food Chem.
2017, 237, 372–378. [CrossRef] [PubMed]

54. Olivas, G.I.; Barbosa-Cánovas, G.V. Edible Coatings for Fresh-Cut Fruits. Crit. Rev. Food Sci. Nutr. 2007, 45, 657–670. [CrossRef]
[PubMed]

55. Yaman, Ö.; Bayoindirli, L. Effects of an Edible Coating and Cold Storage on Shelf-life and Quality of Cherries. LWT Food Sci.
Technol. 2002, 35, 146–150. [CrossRef]

56. Xu, W.T.; Peng, X.L.; Luo, Y.B.; Wang, J.A.; Guo, X.; Huang, K.L. Physiological and biochemical responses of grapefruit seed
extract dip on ‘Redglobe’ grape. LWT Food Sci. Technol. 2009, 42, 471–476. [CrossRef]

57. Shewfelt, R.L.; Del Rosario, B.A. The role of lipid peroxidation in storage disorders of fresh fruits and vegetables. HortScience
2000, 35, 575–579. [CrossRef]

http://doi.org/10.1016/S0924-2244(02)00280-7
http://doi.org/10.1016/j.scienta.2017.06.043
http://doi.org/10.1016/j.foodchem.2006.01.014
http://doi.org/10.1016/j.foodchem.2004.06.038
http://doi.org/10.1016/0003-2697(76)90527-3
http://doi.org/10.1016/S0925-5214(99)00037-X
http://doi.org/10.1104/pp.116.1.173
http://doi.org/10.1016/j.foodchem.2011.02.011
http://doi.org/10.1016/j.postharvbio.2011.10.008
http://doi.org/10.1021/acs.jafc.8b02055
http://doi.org/10.1016/j.postharvbio.2013.03.011
http://doi.org/10.17660/ActaHortic.2021.1310.14
http://doi.org/10.1016/0925-5214(93)90062-8
http://doi.org/10.1111/j.1745-4557.2000.tb00573.x
http://doi.org/10.1016/j.postharvbio.2015.11.019
http://doi.org/10.1007/s002170100363
http://doi.org/10.1007/s13197-013-1035-6
http://doi.org/10.1016/j.scienta.2012.07.002
http://doi.org/10.1016/j.postharvbio.2005.09.006
http://doi.org/10.1016/j.jfoodeng.2005.09.022
http://doi.org/10.1016/j.postharvbio.2013.02.009
http://doi.org/10.1016/j.scienta.2013.09.007
http://doi.org/10.1016/j.postharvbio.2010.08.006
http://doi.org/10.1016/j.foodchem.2017.05.123
http://www.ncbi.nlm.nih.gov/pubmed/28764009
http://doi.org/10.1080/10408690490911837
http://www.ncbi.nlm.nih.gov/pubmed/16371333
http://doi.org/10.1006/fstl.2001.0827
http://doi.org/10.1016/j.lwt.2008.09.002
http://doi.org/10.21273/HORTSCI.35.4.575


Coatings 2022, 12, 498 15 of 15

58. Oms-Oliu, G.; Soliva-Fortuny, R.; Martín-Belloso, O. Edible coatings with antibrowning agents to maintain sensory quality and
antioxidant properties of fresh-cut pears. Postharvest Biol. Technol. 2008, 50, 87–94. [CrossRef]

59. Chrysargyris, A.; Nikou, A.; Tzortzakis, N. Effectiveness of Aloe vera gel coating for maintaining tomato fruit quality. N. Z. J.
Crop Hortic. Sci. 2016, 44, 203–217. [CrossRef]

60. Khatri, D.; Panigrahi, J.; Prajapati, A.; Bariya, H. Attributes of Aloe vera gel and chitosan treatments on the quality and biochemical
traits of post-harvest tomatoes. Sci. Hortic. 2020, 259, 108837. [CrossRef]

61. Shah, S.; Hashmi, M.S. Chitosan–aloe vera gel coating delays postharvest decay of mango fruit. Hortic. Environ. Biotechnol. 2020,
61, 279–289. [CrossRef]

62. Aboryia, M.S.; Omar, A.S.M.; Mark, C. Effectiveness of Some Edible Coatings on Storage Ability of Zaghloul Date Palm Fruits. J.
Plant Prod. 2020, 11, 1477–1485. [CrossRef]

63. El-gioushy, S.F.; Abdelkader, M.F.M.; Mahmoud, M.H.; Abou, H.M.; Ghit, E.; Fikry, M.; Bahloul, A.M.E.; Morsy, A.R.; Lo, A.A.;
Abdelaziz, A.M.R.A. The Effects of a Gum Arabic-Based Edible Coating on Guava Fruit Characteristics during Storage. Coatings
2022, 12, 90. [CrossRef]

64. Ali, A.; Zahid, N.; Manickam, S.; Siddiqui, Y.; Alderson, P.G.; Maqbool, M. Effectiveness of submicron chitosan dispersions in
controlling anthracnose and maintaining quality of dragon fruit. Postharvest Biol. Technol. 2013, 86, 147–153. [CrossRef]

65. Li, Y.; Wills, R.B.H.; Golding, J.B. Interaction of ethylene concentration and storage temperature on postharvest life of the green
vegetables pak choi, broccoli, mint, and green bean. J. Hortic. Sci. Biotechnol. 2017, 92, 288–293. [CrossRef]

66. Adetunji, C.O.; Adejumo, I.O.; Afolabi, I.S.; Adetunji, J.B.; Ajisejiri, E.S. Prolonging the shelf life of ‘Agege Sweet’ orange with
chitosan–rhamnolipid coating. Hortic. Environ. Biotechnol. 2018, 59, 687–697. [CrossRef]

67. Lamb, C.; Dixon, R.A. The Oxidative Burst in Plant Disease Resistance. Annu. Rev. Plant Biol. 2003, 48, 251–275. [CrossRef]
68. Cao, S.; Zheng, Y.; Wang, K.; Jin, P.; Rui, H. Methyl jasmonate reduces chilling injury and enhances antioxidant enzyme activity in

postharvest loquat fruit. Food Chem. 2009, 115, 1458–1463. [CrossRef]
69. Liu, J.; Tian, S.; Meng, X.; Xu, Y. Effects of chitosan on control of postharvest diseases and physiological responses of tomato fruit.

Postharvest Biol. Technol. 2007, 44, 300–306. [CrossRef]
70. Dang, Q.F.; Yan, J.Q.; Li, Y.; Cheng, X.J.; Liu, C.S.; Chen, X.G. Chitosan Acetate as an Active Coating Material and Its Effects on the

Storing of Prunus avium L. J. Food Sci. 2010, 75, S125–S131. [CrossRef]
71. Zeng, K.; Deng, Y.; Ming, J.; Deng, L. Induction of disease resistance and ROS metabolism in navel oranges by chitosan. Sci.

Hortic. 2010, 126, 223–228. [CrossRef]
72. Luthria, D.L.; Mukhopadhyay, S.; Krizek, D.T. Content of total phenolics and phenolic acids in tomato (Lycopersicon esculentum

Mill.) fruits as influenced by cultivar and solar UV radiation. J. Food Compos. Anal. 2006, 19, 771–777. [CrossRef]
73. Agrawal, G.K.; Rakwal, R.; Tamogami, S.; Yonekura, M.; Kubo, A.; Saji, H. Chitosan activates defense/stress response(s) in the

leaves of Oryza sativa seedlings. Plant Physiol. Biochem. 2002, 40, 1061–1069. [CrossRef]
74. Serrano, M.; Valverde, J.M.; Guillén, F.; Castillo, S.; Martínez-Romero, D.; Valero, D. Use of Aloe vera Gel Coating Preserves the

Functional Properties of Table Grapes. J. Agric. Food Chem. 2006, 54, 3882–3886. [CrossRef]
75. Reyes, L.F.; Cisneros-Zevallos, L. Wounding Stress Increases the Phenolic Content and Antioxidant Capacity of Purple-Flesh

Potatoes (Solanum tuberosum L.). J. Agric. Food Chem. 2003, 51, 5296–5300. [CrossRef] [PubMed]

http://doi.org/10.1016/j.postharvbio.2008.03.005
http://doi.org/10.1080/01140671.2016.1181661
http://doi.org/10.1016/j.scienta.2019.108837
http://doi.org/10.1007/s13580-019-00224-7
http://doi.org/10.21608/jpp.2020.149821
http://doi.org/10.3390/coatings12010090
http://doi.org/10.1016/j.postharvbio.2013.06.027
http://doi.org/10.1080/14620316.2016.1263545
http://doi.org/10.1007/s13580-018-0083-2
http://doi.org/10.1146/annurev.arplant.48.1.251
http://doi.org/10.1016/j.foodchem.2009.01.082
http://doi.org/10.1016/j.postharvbio.2006.12.019
http://doi.org/10.1111/j.1750-3841.2009.01483.x
http://doi.org/10.1016/j.scienta.2010.07.017
http://doi.org/10.1016/j.jfca.2006.04.005
http://doi.org/10.1016/S0981-9428(02)01471-7
http://doi.org/10.1021/jf060168p
http://doi.org/10.1021/jf034213u
http://www.ncbi.nlm.nih.gov/pubmed/12926873

	Introduction 
	Materials and Methods 
	Peach Fruit Preparation and Experimental Design 
	Manufacturing Aloe Vera Gel (AVG) Extract 
	Making Chitosan (CH) Coating 
	Preparation of the Tested Coating Mixtures 
	Physical Features 
	Fruit Weight Loss % 
	Fruit Firmness (lbinch2) 
	The Peach Fruit Skin Color 

	The Chemical Features 
	Total Soluble Solids Percentage (TSS%) 
	Total Acidity Percentage (TA%) 
	Total Phenolic Contents (TPC) 
	Antioxidant Enzymes Activities (AEAs) 
	Ion Leakage (IL%) and Malondialdehyde (MDA) Accumulation 
	O2-, H2O2 Production Rate, and Antioxidant Capacity (DPPH%) 

	Statistical Analysis 

	Results 
	Weight Loss%, Firmness (lb/inch2), and Peach Skin Color (Chroma, c*, and Hue Angle, h) 
	TSS% and TA% 
	Analysis of Ion Leakage (IL%) and Malondialdehyde (MDA) Accumulation 
	H2O2, O2 Production, and DPPH Reduction 
	Antioxidant Enzyme Activity and TPC 

	Discussion 
	Conclusions 
	References

