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Purpose: Apples are susceptible to several diseases, which makes
marketing and storage challenging. Therefore, it is critical to
develop strategies that minimize weight loss while maintaining
quality. Research method: Golden Delicious apples were coated
with an edible mixture of Aloe vera gel (ALV) with or without Zataria
multiflora essential oil (ZMO). Subsequently, the effects of these
coatings on disease severity and incidence of Botrytis cinerea and
Penicillium expansum, as well as storage quality features, were
assessed. Inoculated apples with B. cinerea or P. expansum, the
causative agents of apple postharvest gray and blue molds, were
covered and stored at 25°C for 10 days and 2°C for 120 days.
Findings: The antifungal ALV gel coatings significantly reduced the
severity of gray and blue molds on inoculated apples, with the 150
uL L of ZMO-based coating showing the highest effectiveness. The
ALV+ZMO coatings had the best results, exhibiting a lower decay
index, and increased firmness, total phenol content, and antioxidant
activity in the coated apples. The highest ripening index was
observed in the control samples, which ranged from the initial value
of 37.0 to 54.7 by the end of the storage period. Meanwhile, ALV
alone was the most effective at decreasing weight loss. Research
limitations: Thyme essential oil (EO) has limitations when used
directly, inculding its strong odor and flavor, low stability, low water
solubility, and high volatility. Originality/Value: Overall, ALV and
ZMO edible coatings appear to be a viable solution for suppressing
fungal infections while maintaining apple quality under both
situations.
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INTRODUCTION

The apple fruit plays a beneficial role in providing antioxidant protection to the human body
due to its rich source of phytochemicals such as flavonoids and phenolic acids (Mannucci et
al., 2017). Global apple production in 2023-2024 exceeded 83 M tons (FAS, 2024). There is a
growing market demand for fresh fruit available year-around. However, despite the market
demands for fresh apples throughout the year, their shelf-life diminishes rapidly due to
physiological changes and fungal decay (Mostafidi et al., 2020). Postharvest apple losses are
primarily caused by postharvest fungal pathogens such as Botrytis cinerea and Penicillium
expansum, the agents responsible for gray and blue mold, which adversely affect fruit safety
and quality, resulting in significant economic losses (Glos et al., 2022).

Developing eco-friendly alternative methods, including bio-control agents containing
bioactive and chemical compounds (Li et al., 2017), sodium de-hydro acetate (Duan et al.,
2016), and natural antimicrobial substances (Esmaeili et al., 2021; Rahimi Kakolaki et al.,
2024) to inhibit postharvest fungal decay is becoming increasingly important (Moradinezhad
& Ranjbar, 2023). In recent decades, edible films and coatings have been recognized as cost-
effective and environmentally friendly techniques that can extend the shelf life of products,
both during storage and when being sold in shops and marketplaces (Panchal et al., 2022).
Aloe vera (ALV) gel edible coating is a natural polysaccharide that contains a variety of
biological components (Supa et al., 2024). It serves as a rich source of antimicrobial and
antioxidant agents, such as phenolic compounds which include anthraquinones, emodin, and
aloin (Habibi et al., 2022). Additionally, Aloe vera can trigger defense responses in plant
tissues (Hassan et al.,, 2022). These properties of Aloe vera are attributed to its high
polysaccharides content along with vitamins, soluble sugars, minerals (such as calcium,
chromium, copper, selenium, magnesium, manganese, potassium, sodium and zinc), proteins,
and a relatively low fat content (Pandey & Singh, 2016). To increase the lipid content,
essential oils rich in fatty acids like Zataria multiflora essential oil (ZMO) can be
incorporated into the treatment, which has been shown to effectively manage deterioration
and prolong the overall quality and shelf life of fresh produce (Hashemi et al., 2021;
Jahanshahi et al., 2023).

A combination of polysaccharides and lipids has been suggested to enhance the efficacy
of the coating treatment. This study aimed to investigate the protective effect of ALV alone or
in combination with ZMO in managing gray and blue mold caused by B. cinerea and P.
Expansum. The influence of these treatments and fungal inoculation on fruit quality and
physiological characteristics was also evaluated. Additionally, the effectiveness of ALV and
ZMO as a novel coating was investigated concerning the physicochemical and sensory
properties of the fruit during cold storage.

MATERIALS AND METHODS

‘Golden Delicious’ apple fruits (Malus domestica Brokh) were manually harvested at
commercial maturity (140 days after full bloom) from an orchard in Chenaran, located in
North-East Iran’s Khorasan region. The collection of plant material adhered to applicable
institutional, national, and international guidelines and legislation, with permission obtained
for the plant material collection. The fruits were sterilized with 1% sodium hypochlorite for 2
min, followed by washing with tap water, disinfection with 70% ethanol, and air-drying at
room temperature.
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Inoculum preparation

The fungi used in this study were Botrytis cinerea ATCC (12481) and Penicillium expansum,
obtained from the Iranian Research Organization for Science and Technology and the
Agriculture Biotechnology Research Institute of Iran, respectively. The fungal strains were
cultured on Potato Dextrose Agar (PDA) at 28+2°C for 5-10 days. Suspensions were prepared
by immersing the culture in distilled water and filtered through two layers of cheesecloth. The
inoculum size was assessed using a hemocytometer and adjusted to a concentration of 5x10
conidia mI for each strain (Oliveira et al., 2015).

Preparation of Aloe vera gel (ALV) and Zataria multiflora essential oil (ZMO)

Mature and fresh leaves of the Aloe vera plant were harvested from a greenhouse located on
Ferdowsi university of Mashhad’s campus. The mucilaginous gel was extracted from the
outer portion and blended using a blender. The gel’s properties were determined as pH
4.63+0.02, total soluble solids=1.5+0.05%, and acidity=0.043+0.003% citric acid. The gel
was stabilized by adjusting the pH to 3.75 with phosphoric acid (Navarro et al., 2011), then
pasteurized by heating at 80°C for 10s, and cooled down to 5°C for further use (Jiwanit et al.,
2018). The gel was diluted with deionized water to achieve a 60% (v/v) concentration. The
Persian thyme plants, at a full bloom, were harvested from the major growing area of
Khorasan in Mid-June of 2022. The essential oil was extracted through hydro-distillation
utilizing a Clevenger apparatus for 3h. The obtained oil was then dried with anhydrous
sodium sulfate and stored in sealed vials at 4°C for further use.

Treatment application of antifungal coating

The main experiment was divided into two parts; in the first part, the fruits were kept at 25°C
for 10 days, and in the second part, the fruits were stored at 2°C for 120 days’ post-treatment.
Apple fruits were selected and randomly divided into 13 groups, each consisting of 12
samples. There were 12 replications per treatment (n=12). One group was used for analyzing
the fruit characteristics at harvest. while the remaining samples were used for the following
treatments: control (untreated), 60% ALV gel, 150 pL L of ZMO, and 60%ALV+150 pL Lt
of ZMO (ALV+ZMO). Before the treatments, the fruits were artificially wounded
(approximately 5 mm in depth) near the equatorial region of the fruit using a sterile cork
borer. Three groups of 12 fruits each were treated for 10 min by immersing them in the
respective treatment (distilled water, 60%ALV, 150 uL L of ZMO, and 60%ALV+150 puL L
1 of ZMO) and then allowed to dry at room temperature. Twenty-four hours after the
treatments, two groups of each treatment were inoculated with B. cinerea (gray mold) and P.
Expansum (blue mold) by depositing 20 ul of the pathogen suspensions (5x10 conidia ml™)
into the previously created wounds. One group from each treatment served as a control
without fungus inoculation. All fruits were stored at 25°C and 90-95% relative humidity for
10 days. The experiment was replicated, and lesion diameter and disease severity were
measured 10 days after treatment and storage at 25°C. The primarly factor considered was the
types of essential oils (ALV and ZMO), while the secondary factor was the presence of two
types of fungi (Botrytis cinerea and Penicillium expansum). Following the 10 days treatment
and storage at 25°C, measurements were taken for antioxidant activities, firmness, and total
phenol content. The primary factor considered here was the different types of essential oils
(ALV and ZMO), and the secondary factor was present and absent of the two fungi strains
(Botrytis cinerea and Penicillium expansum). Decay index, weight loss, antioxidant activities,
firmness, and total phenol content were measured at a temperature of 2°C. The primary factor
considered here was the different concentrations of essential oils, while the secondary factor
was the timing of measurement.
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Microbiological analysis infection

After 10 days, the disease incidence of gray and blue mold was calculated by measuring the
average diameter of the damaged area (lesion diameter). Disease severity was assessed using
a five-point scale based on the extent of damage, with the following categories: 1=0% of
surface rotten per fruit, 2= 10-25%, 3= 26-50%, 4=51-75% and 5= 76-100% rotten (Magbool
etal., 2011).

Fruit quality

In the second part of the experiment, the effect of the edible ALV coatings enriched with
ZMO on the decay index and quality of apple fruit during 120 days of storage at 2+1°C was
investigated. The treatments included: control group (without coating), 60%ALV, 150 uL L
of ZMO, and 60%ALV+150 pL L of ZMO. The fruits were divided into 64 groups with ten
apple fruits per group, and there were four replications of each treatment. Each fruit was cut
in half along the equator to assess internal symptoms of physiological disorders and decay,
using the following scale: 0= no decayed fruit; 1= slight (<25% decay); 2= moderate
symptoms (25%-50% decay); and 3= sever (>50% decay) (Laribi et al., 2013).

12 fruits per treatment were used to measure weight loss (WL), which was expressed as
the percentage loss of initial weight. Firmness was assessed using a penetrometer model
(Effegi-mod FT327). The ripening index was considered as TSS/TA ratio. Total soluble solid
(TSS) was determined at 2 °C using a portable refractometer (Atago; Japan). Titratable acidity
(TA) was measured through titrating 15 ml of diluted juice in 60 ml of distilled water with
0.1IN sodium hydroxide until reaching the endpoint of 8.2, and expressed as malic acid
percentage. The total phenol content was analyzed using the Follin-ciocalteu reagent
(Singleton & Rossi, 1965). The antioxidant activity of apple juice was measured based on free
radical scavenging capacity using the DPPH method (Gil et al., 2000).

Statistical analysis

Statistical analysis was performed using JMP 9 statistical software (SAS, Institute, and Cary,
NC). The results were statically assessed via multi-factorial analysis of variance (ANOVA)
with a 95% confidence level using Fisher’s LSD procedure, where P <0.05.

RESULTS AND DISCUSSION

The Aloe gel and ZMO treatments used in the current study showed a significant effect
(P<0.01) on inhibiting the development of gray and blue mold decay (Table 1, Fig. 1A and
B). However, the application of treatments (ALV alone, ALV combination with ZMO)
resulted in greater reduction in lesion diameter and disease severity compared to untreated
apples. Higher lesion diameters of Botrytis cinerea (48.5mm) and Penicillium expansum
(24.5mm) were observed in the control group, whereas the lowest values were observed with
60%ALV+ZMO 150 puL L. The treatments using ALV coating alone or in combination
ZMO significantly reduced the lesion diameter caused by gray mold (54.2% and 61.03%,
respectively) and blue mold (37.3% and 48.08%, respectively) compared to the control (Fig.
1A). When considering the interaction between treatments and fungi, the highest disease
severity (5 scores) was observed in the control group, while the lowest disease severity (1.3
scores) was seen in fruit treated with coating (60%ALV+ZMO150 pL L) and infected with
Penicillium expansum. Additionally, there were no notable variations in disease severity
between fruit infected with Botrytis cinerea and treated with 60% ALV alone and those
treated with 60% ALV and 60%ALV+ZMO150 uL L (Fig. 1B).
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Table 1. ANOVA analysis of the impact of essential oil (ALV and ZMO) and fungal species (Botrytis cinerea
and Penicillium expansum) on the avarage lesion diameter and disease severity of apple after 10 days at 25 °C.
Mean Square

Sources of variations df g}\;e;qrggeer lesion Disease severity
Fungus 1 852™ 0.24"
Treatments 3 534™ 1.72m
FungusxTreatments 3 74.8™ 5.32™
Error 3 2.17 0.974

** Significance at the level of <0.01 probability, ™ non significant.
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Fig. 1. Effect of 60% ALV alone or combination with ZMO on the lesion diameter (a) and disease severity of
apple fruit caused Botrytis cinerea and Penicillium expansum (b), at 25 °C for 10 days. Error bars represent the
mean * SE.
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The experiment was conducted under ideal conditions, as mature fruits were artificially
inoculated with a high level of inoculum pressure to induce disease development, specifically
without applying low temperatures. Previous studies have also shown that the use of ALV
significantly reduced the lesion size (Navarro et al., 2011; Jiwanit et al., 2018). Al-Hassanavi
et al. (2023) showed that basil and permint essential oils reduced the lesion diameter in apple
fruits infected with Penicillium expansum. The main compounds of this ZMO are thymol and
carvacrol, constituting 42.46% and 16.85%, respectively (Lahooji et al., 2010). The antifungal
effects of ZMO are primarily atributable to its phenolic monoterpene constituents (Avaei et
al., 2015). The ZMO is a rich source of oxygenated monoterpenes that cause destabilization
and morphological damage to fungal cell membranes (Mohammadi et al., 2016), as well as
disrupt various metabolic activities (Ramezanian et al., 2016). The ALV-based edible coating
is a combination of hydrocolloids which provides excellent gas barrier properties (Luciano-
Rosario et al., 2020). It also helps reduce oil-vapor diffusion and maintain essential oil on the
fruit surface (Ali et al., 2015). Meanwhile, the antifungal properties of ALV are related to
certain predominant anthraquinone such as aloin and barbaloin, which may effectively affect
phospholipid membranes, leading to significant changes in the physical properties of the
membrane. These alternations could include disruption of bilayer phospholipid membranes
(Zapata et al., 2013).

The decay index, firmness, ripening index, total phenol content, and antioxidant activity
of apples were significantly affected by the interaction of essential oil (ALV and ZMO) and
the storage period at 2 °C (0, 30, 60, 90 and 120 days) (Fig. 2). The ALV and ZMO
treatments during storage period had a significant (P<0.01) effect on the decay index.
Uncoated apples showed the first signs of decay after 60 days of storage at low-temperature.
By 120 days of storage, the control fruits exhibited decay indices at moderate and severe
levels, while coated fruits showed either no decay or only slight signs (Fig. 2).

O Control
3 D60%ALV
0150 pL L-1 of ZMO .
25 B60% ALV +150 ul L-10fZMO T
M :
8 2 -
&L
&
315
=
g 11
s} .
e qccec
0 [ N
120

0 30 60
Storage period (day) at 2 °C

Fig. 2. Effect of 60% ALV alone or combination with ZMO on Decay index of apple fruit, followed by storage
at low temperature (2 °C, 120 days). Error bars represent the mean + SE.
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Table 2. ANOVA analysis of the impact of essential oil (ALV and ZMO) and storage period at 2 °C (0, 30, 60,
90 and 120th) on the decay index, firmness, ripening index, total phenol content, and antioxidant activity of

apple.

Mean Square

Sources of variations af Decay index Firmness Ripening Total phenol  Antioxidant

index content activity
Treatments 3 1.59™ 11.6** 79.2** 5.41** 1962**
Time 4 2.14™ 32.1** 297** 13.2** 4248**
TreatmentsxTime 12 0.546™ 5.03** 15.9** 2.91** 884**
Error 40 0.03 0.019 0.925 0.007 0.62

™ Significance at the level of <0.01 probability

The ALV, ZMO, and ALV combined with ZMO coatings were effective in preserving the
quality of apples during cold storage, probably due to their ability to reduce dehydration and
shriveling of the coated apples. Previous studies have shown that ZMO has antifungal against
postharvest fruit pathogens, such as Phytophthora drechsleri in cucumber (Ramezanian et al.,
2016), and Alternaria citri in oranges (Mohammadi et al., 2016). ALV coatings have also
been reported to enhance resistance against decay agents in raspberry (Hassanpour, 2015), and
papayas (Mendy et al., 2019). ALV and ZMO can also increase tissue resistance to decay by
increasing the ability to scavenge free radicals and improving the antioxidant system. The
presence of phenolic compounds can influence antioxidant activity (Hidayati et al., 2020).
Phenolic compounds and flavonoids, acting as key antioxidants, may have a significant play
in absorbing and neutralizing free radicals, thereby preventing decay progression in fruit
(Hassan et al., 2021). In apples coated with ALV and ZMO, the storage time was extended, as
this treatment reduced the decay rate. Therefore, ALV with ZMO helps to maintain the
quality of apples during storage.

The weight of apples inoculated with fungus did not show any statisticat differences
(P<0.05) after 10 days at room temperatures (data not shown). Figure 3 displays the changes
in weight of coated and uncoated samples stored at 2°C for 120 days. There was an increase
in weight loss across all treatments during storage. By day 120, apples treated with ALV,
ALV+ZMO, and ZMO had weight losses of 5.9%, 11.6%, and 6.6%, respectively, which
were lower than in the control group at 16.5%. Contrary to expectations, the weight loss of
the ALV+ZMO treated fruits was higher than that of just ALV treated fruits (Figure 3A). The
ALV and ZMO treatments during storage at 2 °C had a significant (P<0.01) effect on the
firmness, total phenol content, ripening index and antioxidant activity of the apples (Table 1).
Fruits treated with ALV (alone or with ZMOQO) and ZMO were significantly firmer than
untreated fruits in both experimental conditions. The firmness of untreated fruits after 120
days of storage at 2°C and after 10 days at 25°C was 37.9%, and 58.3%, respectively, and
67.8%, 65.2% for fruit inoculation with B. cinerea and P. expancum, respectively with respect
to the initial force value of fruit before treatment (6.1 kg cm?). Meanwhile, firmness loss for
all treated fruits was less than 38% under the same conditions. On the other hand, the fruit
firmness of ALV alone, ALV+ZMO, and ZMO treatments decreased by 28.9%, 21.2%,
26.5%, and 29.7%, 25.7%, 41.2% when they were inoculated with B. cinerea and P.
expancum, respectively. The application of ALV alone or combined with ZMO was most
effective in reducing the softening process. Nevertheless, the type of fungal inoculation did
not significantly affect the firmness retention (Fig. 3B and C).
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Table 3. ANOVA analysis of the impact of essential oil (ALV and ZMO) and fungal species (Botrytis cinerea
and Penicillium expansum) on the firmness, ripening index, and antioxidant activity of apple after 10 days
at 25°C.

Mean Square

Sources of variations af Firmness  Total phenol content Ripening index Antioxidant

activity
Treatments 3 18.6** 5.87** 79.2%* 2690**
Fungus 3 5.2** 6.08** 297** 5673**
Treatmentsx Fungus 9 6.4** 4.04** 15.9** 1077**
Error 32 0.012 0.021 0.925 0.77

** Significance at the level of <0.01 probability.
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Fig. 3. Effect of 60% ALV alone or combination with ZMO on weight loss (%) of apple fruit, followed by
storage at low temperature (2°C, 120 days) (a), firmness in artificially inoculated and non-inoculated apple fruit,
followed by storage at room temperature (25°C, 10 days) (b) and low temperature (2°C, 120 days) (c). Error bars
represent the mean + SE.

The highest WL was observed for pears covered with a containing coating potassium
sorbate on the 9th day, with the WL of fruits nearly double that of the control (Kowalczyk et
al., 2017). Although polysaccharide coatings may not provide the best moisture barrier
(Synowiec et al., 2014), ALV plays an important role in the reducing CO, production and
preventing moisture loss in sweet cherry fruit during storage. The reduction of weight loss has
also been observed in papaya coated with ALV gel (Mendy et al., 2019). On the other hand,
Dashipour et al. (2015) demonstrated that adding ZMO to carboxymethylcellulose film
actually enhanced its water vapor permeability. They provided reasons for this, pointing out
that while the presence of ZMO increased the hydrophobicity ratio of films, it also decreased
the cohesion of the film due to the microdroplets of ZMO. This can be attributed to the
increased tortuosity and hydrophobicity caused by the essential oils. Changes in cell wall
components and middle lamella were associated with the degradation of cellulose and
hemicellulose as well as the depolymerization of pectin (Thakur et al., 2018), due to the
activity of degrading enzymes such as polygalacturonase, pectin methylesterase, and f-
galactosidase, which are main key factors in ethylene production and softening climacteric
fruit postharvest (Valero et al., 2013). ZMO was found to help maintain the fruit firmness by
reducing the activity of the endo polygalacturonase enzyme (Nasiri et al., 2017). ALV
treatments have been shown to be an effective method for reducing the loss of firmness in
various fruit and vegetables during storage (Khatri et al., 2020). The reduced water vapor in
fruits coated with ALV gel results in maintaining turgor pressure in the cell walls. The Aloe
vera-treated fruits with ZMO showed slightly higher strength, possibly due to the increased
hydrophobic properties in this treatment (Hasan, et al., 2021).

The ripening index (TSS/TA) increased in all treatments over the storage period at 2°C
(Fig. 4). The highest ripening index was observed in the control samples, which ranged from
the initial value of 37.0 to 54.7 by the end of the storage period. The increase was lower with
the ALV alone (43) and ALV+ZMO (46.9) treatments, on the 120th day of storage. However,
there was no significant difference between ALV and ALV+ZMO treatments.

35



Oraee et al./J. HORTIC. POSTHARVEST RES., 8(1), MARCH 2025

== A== Control

e 60%ALV

e=Os ¢150 uL L-1 of ZMO

ee Qe 60% ALV + 150 uL L-1 of ZMO

Ripening index
S a (6] o
ol o ol o

N
o

w
(8]
1

w
o

0 30 60 90 120
Storage period (day) at 2 °C

Fig. 4. Effect of 60% ALV alone or combination with ZMO on ripening index of apple fruit, followed by storage
at low temperature (2°C, 120 days). Error bars represent the mean + SE.

The most significant reduction in the ripening index was observed in the coating
treatment ALV incorporation with ZMO throughout the storage period. The initial increase in
TSS could be attributed to the hydrolysis of starch to sugars, while the subsequent decrease in
TSS may be a result of the reduced respiration rate and metabolism of sugars to organic acids
(Shehata et al., 2020). Lower TSS levels could be related to the hydrolysis of carbohydrates to
sugars (Rehman et al., 2020). The amount of TA in fruit is directly related to the organic acid
content (Shehata et al., 2020). The fruit acidity tends to decrease over time, possibly due to
the oxidation of organic acids during fruit ripening. The edible fruit layers reduce the
respiration rate, leading to a decrease in the consumption of organic acids in the respiration
metabolism of the fruit (Dhital et al., 2018). The ALV coating could modify the internal
atmosphere of coated fruits (Mendy et al., 2019); consequently, leading to a decline in
ethylene biosynthesis, and acid and sugar metabolism in the fruit (Martinez-Romero et al.,
2017). Overall, the ripening process was delayed using ALV coating alone or in combination
with ZMO. Similar results have been reported in the case of apples coated with carnauba-
shellac wax enriched with lemongrass oil (Jo et al., 2014), and guavas coated with both
chitosan, and alginate enriched with pomegranate peel extract (Nair et al., 2018).

There were significant differences (P<0.05) in the total phenol content between the
control apples and those coated with ALV, ALV+ZMO, and ZMO throughout the storage
period at both room and low temperatures. However, there were some fluctuations in the total
phenol content observed during the storage of coated apples at 2°C. The total phenolic content
was (4.7mg GAE 100 ml?) at harvest time and it decreased in all treatments after storage at
2°C and 25°C (Figures 5A and B). The inoculation of fruits with the two fungi exhibited a
sharp decline in the total phenolic content compared with non-inoculated fruits (Fig. 5A).
Coated apples generally had a higher total phenolic content than uncoated apples (Fig. 5A and
B). In the most of samples, there is no significant difference between antioxidant activity of
infected apples with Penicillium expansum compared to non-infected apple treated with
essential oil. Although, after 10 days at 25 C, the antioxidant activity of ALV+ZMO apples
infected by Botrytis cinerea increased significantly compared to non-infected apples (Fig.
5C). The antioxidant activity of all samples on 90th day significantly decreased compared to

36



a Control
M60%ALV

Oraee et al./). HORTIC. POSTHARVEST RES., 8(1), MARCH 2025
30th day, although no significant difference was observed between treatments on 30th days
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Fig. 5. Effect of 60% ALV alone or combination with ZMO on total phenolic content in artificially inoculated
and non-inoculated apple fruit, followed by storage at room temperature (25°C, 10 days) (a) and low temperature
(2°C, 120 days) (b), and antioxidant activity, followed by storage at room temperature (25°C, 10 days) (c) and
low temperature (2°C, 120 days) (d). Error bars represent the mean + SE

The ALV coating treatment effectively declined the loss of total phenol content, possibly
by increasing phenylalanine ammonia-lyase enzyme (PAL) activity. Hassanpour (2015)
observed that ALV coating can stimulate PAL enzyme activity. Jiwanit et al. (2018) reported
that ALV coating enriched with Pichia guilliermondii efficiently increased total phenol
content and reduced pathogen growth. In ZMO treatment, phenolic compounds such as
thymol and carvacrol have been shown to be effective against pathogenic fungi (Nasiri et al.,
2017). Total phenol content has been reported to be inducers of plant defense response
(Kharchoufi et al., 2018). The postharvest application of ALV and ZMO increased resistance
against fungal pathogens since they may act as an exogenous elicitor of host-defense response
(Jiwanit et al., 2018). The reduction of total phenol content and antioxidant activity during
storage could be related to fruit senescence and the breakdown of cell structures
(Ghasemnezhad et al., 2013). Edible coatings play an inhibitory role in controlling the gas
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exchange between the fruit and its surrounding areas, reducing oxygen intake and thus
retarding oxidative processes (Motamedi et al., 2016). ALV show greater antioxidant capacity
than synthetic BHT or a-tocopherol, where ALV could enhance the resistance of the tissue to
decay by increasing its antioxidant system and its free radical scavenging capability
(Hassanpour, 2015).

CONCLUSION

In this research, we examined the impact of using ALV gel with and without ZMO as a new
type of edible coating on the quality of apple fruit postharvest. The application of the coating
on the fruit surface resulted in a delay in the severity and occurrence of diseases caused by
Botrytis cinerea and Penicillium expansum , with the most effective treatments found to be at
150 uL L-1 of ZMO. Additionally, the addition of ZMO essential oil to the Aloe vera gel
showed positive effects on preserving the firmness, total phenol content, and antioxidant
activity of the apples.
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