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INTRODUCTION

ABSTRACT- The guava fruit has a relatively short storage life due to its
physicochemical properties. Despite many studies to maintain the quality and increase
the storage life of guava fruits, no optimal method is currently available in this regard.
To reduce the chilling injury of guava fruits, this study focused on the postharvest
application of Aloe vera gel and hot water treatments on guava fruits based on a factorial
experiment in a completely randomized design. The applied treatments were storage
times at five levels (0, 7, 14, 21, and 28 days), hot water treatments at three levels (no hot
water, 40, and 50 °C,) for 10 min, A. vera gel at three levels (0, 5, and 10%), and a
control treatment (distilled water, A. vera-free + no hot water). Samples were stored at
7+1 °C with 95% relative humidity for 28 days and then at 24 °C for 24 h for adaptation
to market conditions. According to the results, the values of the a* color index increased
but the values of the L* and b* color indices decreased over storage time. Among the
experimental treatments, the 5% A. vera gel was more effective for maintaining guava
fruit quality by increasing the total sugar content and lowering the ion leakage
percentage. The interaction of 40 °C hot water + 10% A. vera gel led to positive effects
by reducing the respiration rate and better-preserving fruit firmness. The total
chlorophyll values of all treatments in the 4™ week were the lowest compared to the same
treatments in weeks 1-3. An increase in the storage period resulted in a downward trend
in ascorbic acid index. The minimum peel carotenoid and flavonoid content were
observed in 40 °C hot water + 10% A. vera gel treatment. Treatments with no hot water
+ 5% A. vera gel, no hot water + 10% A. vera gel, and 40 °C water + 5% A. vera gel
resulted in the highest levels of peel antioxidants, ion leakage, and malondialdehyde,
respectively. The results of this study demonstrated that the use of A. vera gel and hot
water treatments reduces the chilling injury of guava fruits, leading to a better storage
life of fruits during the storage time.

attention to modern environmentally friendly approaches
for the storage of agricultural products to provide human

The use of fresh fruits and vegetables has been
increasing with changes in lifestyle in the last decade
(Mohammadi and Saidi, 2020). Horticultural crops are
exposed to mechanical damage, temperature and
moisture fluctuations, and contamination during
transportation, ultimately resulting in postharvest decay.
These crops are also susceptible to various postharvest
diseases because of high moisture content, high levels
of sugars and nutrients, and thin peels (Antunes et al.,
2014). About 25% and 50% of horticultural crops are
generally destroyed in industrial and developing
countries, respectively, because of fungal diseases
during storage and transportation. A variety of
postharvest technologies have so far been employed to
control decays caused by such diseases (Singh et al.,
2010). The use of chemicals as pesticides is prohibited
in many countries as these substances kill useful
organisms and remain in the soil in toxic forms (Marin
et al., 2017). On the other hand, there is increasing
evidence that consumers tend to use organic agricultural
products (Tadeo, 2008). Therefore, there is a need to pay
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health as suggested by Reganold and Wachter (2016).
Guava, Psidium guajava L., is a fruit tree that plays an
important role in the domestic economies of many tropical
countries (Vitti et al., 2020). It belongs to the Myrtaceae
family and the genus Psidium. It is native to southern and
central America. This genus includes 150 species that are
mostly edible and cultivated on a commercial scale (Gill et
al., 2016). As the most popular and important species in
this genus, the guava fruit is botanically a multi-grain
kernel with a diameter of 2.5-10 cm and a size of 100-250
g. The fruit has a bright green peel, which turns yellow
when it is ripe, but the fruit pulp may be pink, creamy,
white, or yellow, and the fruit texture may be smooth or
coarse. As a fleshy fruit with various thicknesses, guava
has a sweet strong smell and typically contains hard,
yellowish, and unpalatable seeds (Dube and Singh, 2019).
Guava originated from an area extending from southern
Mexico through Central America (Laily et al., 2015). The
year of guava’s arrival in Iran is unknown, but Bandar
Abbas, Minab, Roudan, Siahoo, Chabahar, Sarbaz, and
Nikshahr in Iran are the cities where guava is produced
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in them. In addition to domestic use, the fruit is
exported to countries along the Persian Gulf
(Etemadipoor et al., 2019).

Guava fruit ripening is associated with considerable
changes in the biochemical composition of fruits. The
concentrations of soluble solids and total sugars increase
during ripening. The fruit sugar profile differs in various
varieties, but fructose is the dominant sugar in ripened
guava fruits, followed by glucose and sucrose (Arévalo-
Marin et al., 2021). The contents of titratable acidity and
total phenols generally decrease during fruit ripening. The
main organic acid is citric acid, followed by malic and
glycolic acids. The content of ascorbic acid rises
dramatically during early fruit ripening stages and then
declines with aging. The strong smell of guava fruits
results from the presence of esters and terpenes, and
volatile aromatic compounds increase when the fruit ripens
(Sridevi, et al., 2018).

Since fruit growth and crop postharvest conditions in
tropical regions provide an appropriate milieu for the
proliferation of primary and secondary pathogens, fruit
decay is very widespread in these regions and is mostly
controlled by chemical treatments (Pétriacq et al. 2018).
The guava fruit quality is affected by pre-harvest factors,
such as fruiting season, gardening practice, canopy
situation, tree age, and the use of micronutrients and
growth regulators at the pre-harvest stage. Postharvest
factors, including temperature, physical damage, dryness of
the fruit, chilling injury, physiological disorders, and
pathobiological abnormalities, also influence fruit quality.
To prevent and reduce the adverse effects of these factors,
it is recommended to use treatments such as cold and hot
treatments, radiation, biological pest control, various edible
coatings, and exposure to the modified atmosphere
(Pétriacq et al. 2018).

Khaliq et al. (2019) investigated the effect of Aloe vera
gel coating alone and in combination with Fagonia indica
extract on the physiological and biochemical properties of
sapodilla (Manilkara zapota) fruits. The addition of 1% F.
indica extract to 50% or 100% A. vera gel resulted in
significantly higher levels of ascorbic acid, flavonoids,
total phenols, and inhibition of radicals. They concluded
that adding F. indica extract to A. vera gel could prolong
the storage period of sapodilla and preserve its quality
during storage (Khalig et al., 2019). Dutta et al. (2017)
studied the effects of hot water, on storage life, postharvest
disease spread, and changes in physicochemical properties
during storage of guava. They reported that hot water
treatment increased fruit resistance to diseases in winter
(Dutta et al., 2017).

No study is available on the use of hot water treatment
with A. vera gel edible coating to increase storage life and
control chilling injury in guava fruits. Therefore, the
present study aims to increase the storage life of guava
fruits treated with A. vera gel as the edible coating with hot
water treatment.

MATERIALS AND METHODS
Fruit Materials

Guava fruits were harvested from a commercial garden in
Minab City and transferred to the agriculture laboratory at
the Faculty of Agriculture and Natural Resources,

Hormozgan University. Fruit samples were selected
according to their appearance and the absence of diseases
and peel damage. Fruits were then disinfected with 5%
sodium hypochlorite for 1 min, washed with distilled
water, and air-dried for 30 min. At this stage, the applied
treatments were hot water immersion at three levels
including no hot water treatment, and 40 °C, and 50 °C
water treatments, A. vera gel inoculation were conducted at
three levels including 0, 5, and 10%, and five storage times
including O, 7, 14, 21, and 28 days were used. Aloe vera
coating was prepared according to Misir et al., 2014. A
group with zero concentrations of treatments was
considered the control. After applying the experimental
treatments, samples were stored in a fridge at 7+1 °C with
95% relative humidity for 28 days and then at 24 °C for 24
h for adaptation to market conditions. The experiments
were done periodically once a week.

Fruit Color and Firmness

The skin color of guava fruits was investigated by using
a colorimeter. Three different areas of fruit were used
for the measurement of L*, a*, and b* indices, and these
values were used for calculating hue angle and chroma.
Before using the colorimeter, the colorimeter was
warmed and calibrated. The letters L*, a*, and b*
represent each of the three values of the International
Commission on Illumination LAB (CIELAB) color
space used to measure objective color and calculate
color differences. L* represents lightness from black to
white on a scale of zero to 100, while a* and b*
represent chromaticity with no specific numeric limits
(Hristova et al. 2018).

Fruit firmness was measured by using a digital
handheld fruit penetrometer with an 8 mm tip. Average
fruit firmness was expressed as newton (N) and was
measured using a durometer (Dutta et al., 2009).

Determination of Ascorbic Acid

Ascorbic acid was determined by titration method using
2,6-dichloro-indophenol as described in Official
Methods of Analysis (AOAC, 1990).

Fruit Weight Loss

Fruit weight loss was calculated according to Samra et
al., (2019). The difference between the final and initial
weights (£0.01 g) of each replication on respective
sampling days was used to assess fruit weight loss (%).

Respiration Index

Respiration of the fruits was determined using three
fruits per treatment at regular intervals of 4 days during
the storage period. The respiration was measured at 25
°C and the guava fruits were equilibrated at this
temperature before the measurements were taken.
Guava fruits with known weight were placed in a 1000
m airtight plastic container fitted with a rubber septum
on the lid. A headspace analyzer 8 (Dansensor,
Checkmate 9900, Denmark) consisting of a syringe was
inserted into the container through the rubber septum, to
measure the respiration rate.

Soluble Solid Content (SSC) and Acidity Measurement
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To evaluate the chemical properties, the SSC of fruits
was determined by a digital refractometer at room
temperature based on the Brix degree and as a
percentage. The fruit acidity was measured in the fruit
extract by a pH meter, and the solution pH was read at
20 °C. The titratable acids (TA) were assessed by the
1% sodium hydroxide titration method and calculated as
a percentage per gram of the fruit extract according to
Khan et al. (2008). A total of 10 mL of extracted guava
juice was diluted with 40 mL of distilled water and
titrated against NaOH (0.1 N) until the solution attained
pH 8.2.

Total Phenolic Content (TPC)

TPC was determined according to the modified method
by Meyers et al. (2003). A reaction mixture was
prepared by adding 300 pL of methanolic extract to a
solution prepared from 1.2 mL of sodium carbonate
(7%) and 1.5 mL of Folin-Ciocalteu reagent (10%). The
final mixture was incubated in dark conditions at room
temperature (25 °C) for 1.5 h. Thereafter, the
absorbance was recorded at 765 nm wavelength using
the UV/VIS-spectrophotometer. Gallic acid was used as
standard, and the results were expressed as mg GAE g *
fresh weight (FW).

Total Flavonoid Content (TFC)

TFC was estimated by using a colorimetric method
(Meyers et al. (2003). A total of 500 pL of methanolic
extract was added to 100 pL of aluminum chloride
(10%) and 100 pL of acetate potassium (1 mM). The
resulting mixture was incubated for 30 min and the
absorbance was recorded at 415 nm wavelength using
the UV/VIS-spectrophotometer. Quercetin was used as
a standard, and the results were expressed as mg QE g*
FW.

Malondialdehyde Content

The malondialdehyde (MDA) content was quantified
using the method described by Pasquariello et al. (2015)
with some modifications. A total of 1 g of fruit tissue
was homogenized with 15 mL of trichloroacetic acid
(10%; v/v) and the homogenate was centrifuged for 20
min at 10,000x g. A total of 2 mL of supernatant was
collected and mixed with 2 mL of 2-thiobarbituric acid
(0.6%, wi/v). The reaction mixture was heated for 20
min at 100 °C in a water bath. Subsequently, after
cooling, the absorbance of the reaction mixture was
measured at 450 nm, 532 nm, and 600 nm wavelengths
using the UV/VIS-spectrophotometer, and
malondialdehyde content was determined as pmol kg
FW.

Determination of Antioxidant Activity

The antioxidant activity of the fruit extract against 2, 2-
Diphenyl-1-picrylhydrazyl  (DPPH) radical was
determined by UV/Visible spectrophotometry at 517 nm
wavelength.

Total Chlorophyll and Carotenoid Contents

Total chlorophyll and carotenoid contents were
estimated according to the method used by Zhu et al.
(2009) and Lichtenthaler (1987), respectively. A total of
1 g of persimmon tissue was homogenized with 5 mL of
chilled acetone (80%) in dark and cool conditions. The
homogenate was then centrifuged at 10,000x g for 5
min. The supernatant was collected, and reaming debris
was re-extracted by adding 5 mL of acetone and
repeating the above-mentioned process. Absorbance
was noted at 470 nm, 646 nm, and 663 nm wavelengths
using the UV/VIS-spectrophotometer after thoroughly
mixing both supernatants. Total carotenoids were
expressed as pg g FW.

Data Analysis

This research was conducted as a factorial experiment in
a completely randomized design with three replications.
The normality of obtained data and homogeneity of
variances was tested using Kolmogorov—-Smirnov and
Levene's tests, respectively. The cultivars were
compared by the analysis of variance (ANOVA) and
Duncan's test at a probability level of P < 0.01.
Correlation coefficients were obtained using the Pearson
test. Graphs were drawn by Excel software, in which
columns represent the average of three replications and
vertical bars indicate standard errors (£ SE).

RESULTS

According to the results of ANOVA for the color
indices, the L*, a*, and b* indices were significantly
affected by the storage time and treatments, as well as
the interaction of them. However, increasing the storage
time led to reductions in L* and b* indices and an
increase in a* index. For example, the highest reduction
(21.87 units or 62.74%) in the L color index occurred in
T4 treatment in the 4th week compared to the control
treatment T1 (Fig. 1). However, the value of T4
treatment in the 4th week did not differ with the values
of all other treatments except the value of T5 treatment
in the same week. The value of T1 treatment in the 1st
week did not significantly differ with the values of T2
and T3 treatments in the same week. The least reduction
(22.27 units or 12.59%) was recorded in no hot water +
5% A. vera (T4) treatment compared to the control (T1)
treatment in the 4™ week (Fig. 1).
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Fig. 1. Effect of hot water, and A. vera treatments on the L* color index. The vertical and horizontal axes represent the L* color
index (units) and the storage period (weeks), respectively. T1: A. vera-free + no hot water; T2: 5% A. vera + no hot water; T3:
10% A. vera + no hot water; T4: A. vera-free + 40 °C hot water; T5: 5% A. vera + 40 °C hot water and T6: 10% A. vera + 40 °C
hot water. Treatments sharing the same letter on the related columns are not significantly different (Duncan’s test at a probability

level of P <0.01).

The ANOVA test indicated that the fruit firmness
index was significantly influenced by the simple and
interaction effects of both time and treatment at the 0.01
significance level. An increase in the firmness index
was observed with increasing the storage period.
Among the different treatments, the highest increase
(25.59 Newton or 178.77%) belonged to 40 °C water +
10% A. vera (T6) treatment compared to the control
treatment (T1) in the 4" week (Fig. 2).

Based on the results of ANOVA, the simple and
interaction effects of both time and treatment
significantly influenced the weight loss index at a
significance level of 0.01. This index increased
significantly with increasing the storage period, and the
highest increase (24.60 units) was recorded in 40 °C
water + 10% A. vera (T6) treatment in the 4™ week (Fig.
3).

The examination of ANOVA results revealed that
the simple and interaction effects of both time and
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treatment significantly affected the total chlorophyll
index at a significance level of 0.01. Increasing the
storage period reduced this index significantly, and the
highest reduction was measured in 40 °C hot water + 5
% A. vera (T5) treatment in the 4™ week. However, the
value of this treatment did not significantly differ from
the values of the control treatment (T1) and other
treatments in the same week (Fig. 4).

The carotenoid index was significantly influenced
by the simple and interaction effects of both time and
treatment at the 0.01 significance level. A reduction in
the carotenoid index was noticed with increasing the
storage period. The greatest reduction belonged to T5
and T6 treatments in the 4™ week. However, the value
of each of those treatments did not significantly differ
from the values of the control treatment (T1) and other
treatments in the same week (Fig. 5).

TS 76 T1 T2 T3 T4 T5 T6 T1 T2 T3 T4 T5 T6

3" week 4™ week

Fig. 2. Effect of hot water, and A. vera treatments on the firmness index. The vertical and horizontal axes show the
firmness index (Newton, N) and the storage period (weeks), respectively. T1: A. vera-free + no hot water;
T2: 5% A. vera + no hot water; T3: 10% A. vera + no hot water; T4: A. vera-free + 40 °C hot water; T5: 5%
A. vera + 40 °C hot water and T6: 10% A. vera + 40 °C hot water. Treatments sharing the same letter on the
related columns are not significantly different (ANOVA test and Duncan’s test at a probability level of P <

0.01).
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Fig. 3. Effect of hot water, and A. vera treatments on the weight loss index. The vertical and horizontal axes display
the weight loss index (%) and the storage period (weeks), respectively. T1: A. vera-free + no hot water; T2:
5% A. vera + no hot water; T3: 10% A. vera + no hot water; T4: A. vera-free + 40 °C hot water; T5: 5% A.
vera + 40 °C hot water and T6: 10% A. vera + 40 °C hot water. Treatments sharing the same letter on the
related columns are not significantly different (ANOVA test and Duncan’s test at a probability level of P <
0.01).
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Fig. 4. Effect of hot water, and A. vera treatments on the total chlorophyll index. The vertical and horizontal axes
indicate the total chlorophyll index (mg/g fresh weight) and the storage period (weeks), respectively. T1: A.
vera-free + no hot water; T2: 5% A. vera + no hot water; T3: 10% A. vera + no hot water; T4: A. vera-free +
40 °C hot water; T5: 5% A. vera + 40 °C hot water and T6: 10% A. vera + 40 °C hot water. Treatments
sharing the same letter on the related columns are not significantly different (Duncan’s test at a probability

level of P <0.01).
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Fig. 5. Effect of hot water, and A. vera treatments on the carotenoid index. The vertical and horizontal axes indicate the
carotenoid index (ug/g) and the storage period (weeks), respectively. T1: A. vera-free + no hot water; T2: 5% A. vera + no hot
water; T3: 10% A. vera + no hot water; T4: A. vera-free + 40 °C hot water; T5: 5% A. vera + 40 °C hot water and T6: 10% A.
vera + 40 °C hot water. Treatments sharing the same letter on the related columns are not significantly different (ANOVA test

and Duncan’s test at a probability level of P <0.01).

The peel antioxidant index was significantly affected
by the simple and interaction effects of time and treatment
at a significance level of 0.01. An increase occurred in this
index with an increase in the storage period. Among the
experimental treatments, the 5% A. vera + no hot water
(T2) treatment presented the uppermost rate (88.98 units or
915.83%) of this index in comparison to the control
treatment (T1, A. vera-free + no hot water) in the 3
week (Fig. 6). However, the value of T2 treatment in this
index did not have a significant difference at the 1% level
with the value of T3 treatment in the 3" week (Fig. 6).

In addition, increasing the storage period led to a
growing trend in the antioxidant index of the fruit pulp, and
the utmost rise (77.13 units or 702.41%) of this index was
measured in the 3"-week (Fig. 7).

The comparison of obtained data by the ANOVA
indicated that both the simple and interaction effects of
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time and treatment significantly affected the ascorbic acid
index at the 0.01 level. An increase in the storage period
resulted in a downward trend in this index. The greatest
value of this index belonged to T6 treatments in the 1% and
2" weeks and the lowest value belonged to T1-T5
treatments in the 4™ week (Fig. 8).

The results of the current study showed an
increasing trend in the ion leakage index with increasing
the storage period. Among the different treatments, the
highest increase (24.85 units or 21.03%) of this index
was recorded in the 10% A. vera + no hot water (T3)
treatment in the 4™ week (Fig. 9). However, the value of
T3 treatment of this index in the 4™ week did not have a
significant (P < 0.01) difference with the value of T2
treatment of the same index in the 3rd week (Fig. 9).

T1 T2 T3 T4 75 T6 T1 T2
3" week

T3 T4 T5 T6

4™ week

Fig. 6. The two-factor mixed effects of time, hot water, and A. vera treatments on the peel antioxidant index. The vertical and
horizontal axes show the peel antioxidant index (%) and the storage period (weeks), respectively. T1: A. vera-
free + no hot water; T2: 5% A. vera + no hot water; T3: 10% A. vera + no hot water; T4: A. vera-free + 40 °C hot water;
T5: 5% A. vera + 40 °C hot water and T6: 10% A. vera + 40 °C hot water. Treatments sharing the same letter on the
related columns are not significantly different (ANOVA test and Duncan’s test at a probability level of P < 0.01).
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Fig. 7. The simple effect of time treatment on the fruit pulp antioxidant index. The vertical and horizontal axes represent the pulp
antioxidant index (%) and the storage period (weeks), respectively. The values of treatments specified with different
letters are significantly different (ANOVA test and Duncan’s test at a probability level of P < 0.01).
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Fig. 8. The two-factor mixed effects of time, hot water, and A. vera treatments on the ascorbic acid index. The vertical and
horizontal axes display the ascorbic acid index (mg/100 g FW) and the storage period (weeks), respectively. T1: A. vera-
free + no hot water; T2: 5% A. vera + no hot water; T3: 10% A. vera + no hot water; T4: A. vera-free + 40 °C hot water;
T5: 5% A. vera + 40 °C hot water and T6: 10% A. vera + 40 °C hot water. Treatments sharing the same letter on the
related columns are not significantly different (ANOVA test and Duncan’s test at a probability level of P < 0.01).
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Fig. 9. Effect of hot water, and A. vera treatments on the ion leakage index in guava fruit. The vertical and horizontal axes
display ionic leakage index and the storage period (weeks), respectively. T1: A. vera-free + no hot water; T2: 5% A. vera
+ no hot water; T3: 10% A. vera + no hot water; T4: A. vera-free + 40 °C hot water; T5: 5% A. vera + 40 °C hot water
and T6: 10% A. vera + 40 °C hot water. Treatments sharing the same letter on the related columns are not significantly
different (ANOVA test and Duncan’s test at a probability level of P <0.01).

Both the simple and interaction effects of time and
treatment significantly affected the MDA index at a
significance level of 0.01. This index had a rising trend
and increased with the passage of time from the 3" week to
the 4™ week. Among the different treatments, the 40 °C
water + 5% A. vera (T5) treatment showed the greatest rate
(39.55 units or 736.56%) of this index compared to the
control treatment (T1, A. vera-free + no hot water) and
other treatments in the 4" week (Fig. 10).

Pulp phenol decreased with an increase in the
storage period time from the 3 week to the 4" week.
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Among the different treatments, the highest (1366 units
or 89.56%) and the lowest (388 units or 25.41%)
reductions of this index were respectively noticed in the
no hot °C water + 0% A. vera treatment (control
treatment, T1) and 40 °C water + 10% A. vera
treatments (T6) both in the 4" week (Fig. 11). However,
the value of T1 treatment in the 4th week did not
significantly differ with the values of all other
treatments except the value of T6 treatment in the same
week (Fig. 11).

T2 T3 T4 T5 T6 T1 T2 T3 T4 T5 T6 T1 T2 T3 T4 T5 T6 Ti T2 T3 T4 T5 Te6

1%t week 2" week

Storage period (week)

3 week 4™ week

Fig. 10. Hot water, and A. vera treatments on the MDA index. The vertical and horizontal axes show the MDA index (um/g fruit
FW) and the storage period (weeks), respectively. respectively. T1: A. vera-free + no hot water; T2: 5% A. vera + no hot
water; T3: 10% A. vera + no hot water; T4: A. vera-free + 40 °C hot water; T5: 5% A. vera + 40 °C hot water and T6:
10% A. vera + 40 °C hot water. Treatments sharing the same letter on the related columns are not significantly different
(ANOVA test and Duncan’s test at a probability level of P < 0.01).
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Fig. 11. The two-factor mixed effects of time, hot water, and A. vera treatments on the pulp phenol index. The vertical and
horizontal axes represent the pulp phenol index (mg/g) and the storage period (weeks), respectively. T1: A. vera-free + no
hot water; T2: 5% A. vera + no hot water; T3: 10% A. vera + no hot water; T4: A. vera-free + 40 °C hot water; T5: 5% A.
vera + 40 °C hot water and T6: 10% A. vera + 40 °C hot water. Treatments sharing the same letter on the related columns
are not significantly different (ANOVA test and Duncan’s test at a probability level of P < 0.01).

Based on the results obtained by the ANOVA test,
both the simple and interaction effects of time and
treatment significantly influenced the peel phenol index
at a significance level of 0.01. An increase in the storage
period reduced this index, with the highest (1134 units
or 85.95%) reduction recorded in 10% A. vera + no hot
water (T3) treatment in the 4™ week (Fig. 12). However,
the value of T3 treatment of this index in the 4th week
did not significantly differ with the values of all other
treatments except the value of T6 treatment in the same
week (Fig. 12).

The calculations of the ANOVA test indicated that
the peel flavonoid index was significantly affected by
both the simple and interaction effects of time and
treatment at the 0.01 significance level. A downward
trend occurred in this index with increasing the storage
period from the first week onwards, with the most (9774
units or 81.35%) decrease measured in 40 °C water +
10% A. vera treatment (T6) in the 3" week (Fig. 13).
However, the value of T6 treatment in the 3" week did
not significantly differ with the values of the most other
treatments in the 2™, 3" and 4™ weeks (Fig. 13).

According to the examination of obtained data by
the ANOVA test, both the simple and interaction effects
of time and treatment significantly affected the pulp
flavonoid index at a significance level of 0.01. This
index showed a descending trend over time with
increasing the storage period from the first week

onwards, and the A. vera free + no hot water treatment
(T1) presented the utmost (1366 units or 89.56%)
decline in the 4™ week (Fig. 14). However, the value of
T1 treatment in the 4™ week did not significantly differ
with the values of T4 and T6 treatments in the same
week (Fig. 14).

The analysis of obtained data by the ANOVA test
indicated that the soluble solid index was significantly
influenced by both the simple and interaction effects of
time and treatment at the 0.01 significance level.
Increasing the storage period led to an increase in this
index. However, the value of this index decreased in all
the treatments of the second week except the T1
treatment compared to the value of corresponding
treatments in the first week. That is, with the increase in
the storage period, from the first week to the second
week, there was a decreasing trend, but from the second
week onwards, there was an increasing trend in the
value of this index. The reason for this was not clear.
Anyway, the 40 °C water + 5% A. vera (t5) treatment
showed the greatest rate of this index (1.94 units or
36.88%) in the 4™ week (Fig. 15). However, the value of
T5 treatment of this index in the 4th week did not
significantly differ with the values of the most other
treatments in the 1%, 3" and 4™ weeks (Fig. 15).
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Fig. 12. The two-factor interaction effects of time, hot water, and A. vera treatments on the peel phenol index. The vertical and
horizontal axes represent the peel phenol index (mg/g) and the storage period (weeks), respectively. T1: A. vera-free + no
hot water; T2: 5% A. vera + no hot water; T3: 10% A. vera + no hot water; T4: A. vera-free + 40 °C hot water; T5: 5% A.
vera + 40 °C hot water and T6: 10% A. vera + 40 °C hot water. Treatments sharing the same letter on the related columns
are not significantly different (ANOVA test and Duncan’s test at a probability level of P < 0.01).
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Fig. 13. The two-factor mixed effects of time, hot water, and A. vera treatments on the peel flavonoid index. The vertical and
horizontal axes represent the peel flavonoid index (mg CEQ/g FW) and the storage period (weeks), respectively. T1: A.
vera-free + no hot water; T2: 5% A. vera + no hot water; T3: 10% A. vera + no hot water; T4: A. vera-free + 40 °C hot
water; T5: 5% A. vera + 40 °C hot water and T6: 10% A. vera + 40 °C hot water. Treatments sharing the same letter on
the related columns are not significantly different (ANOVA test and Duncan’s test at a probability level of P < 0.01).
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Fig. 14. The two-factor mixed effects of time, hot water, and A. vera treatments on the pulp flavonoid index. The vertical and
horizontal axes represent the pulp flavonoid index (mg CEQ/g FW) and the storage period (weeks), respectively. T1: A.
vera-free + no hot water; T2: 5% A. vera + no hot water; T3: 10% A. vera + no hot water; T4: A. vera-free + 40 °C hot
water; T5: 5% A. vera + 40 °C hot water and T6: 10% A. vera + 40 °C hot water. Treatments sharing the same letter on
the related columns are not significantly different (ANOVA test and Duncan’s test at a probability level of P < 0.01).
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Fig. 15. The two-factor mixed effects of time, hot water, and A. vera treatments on the soluble solid index. The vertical and
horizontal axes show the soluble solid index based on the Brix unit and the storage period (weeks), respectively. T1: A.
vera-free + no hot water; T2: 5% A. vera + no hot water; T3: 10% A. vera + no hot water; T4: A. vera-free + 40 °C hot
water; T5: 5% A. vera + 40 °C hot water and T6: 10% A. vera + 40 °C hot water. Treatments sharing the same letter on
the related columns are not significantly different (ANOVA test and Duncan’s test at a probability level of P < 0.01).

The results of ANOVA showed that the pH index was
significantly affected by the simple and interaction effects
of time (Fig. 16) and treatment (Fig. 17) both at a
significance level of 0.01. An increase in the storage
period elevated this index, with the greatest increase (0.57
units or 13.96%) recorded in the 4"-week. However, there
was not a significant difference (P < 0.01) between the
values of this index in the 3 and 4™ weeks of storage (Fig.
16).

Based on the ANOVA table, the simple and interaction
effects of time and treatment significantly influenced the
TA index both at the 0.01 significance level. The highest

rate (0.34 units or 50.75%) of this index was measured in
the 2"-week treatment (Fig. 18).

The examination of the ANOVA table demonstrated
that the respiration index was significantly influenced by
the simple and interaction effects of time and treatment
factors both at a significance level of 0.01. With the
increase of the storage period, the value of this index
did not show a regular increasing trend. However, the
uppermost (0.37%) increase of this index was observed in
the 40 °C water + 5% A. vera (T5) treatment in the 3"
week (Fig. 19).
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Fig. 16. The simple effect of storage time on the pH index. The vertical and horizontal axes display the pH index and the storage
period (weeks), respectively. The values of treatments specified with different letters are significantly different
(ANOVA test and Duncan’s test at a probability level of P <0.01).
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Fig. 17. The simple effect of hot water and A. vera treatment on the pH index. The vertical and horizontal axes show the pH
index and the Aloe vera gel and hot water treatments in the 4™ week, respectively. The values of treatments specified
with different letters are significantly different (ANOVA test and Duncan’s test at a probability level of P < 0.01).
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Fig. 18. The simple effect of the time treatment on the TA index. The vertical and horizontal axes represent the TA index (g/L)
and the storage period (weeks), respectively. The values of treatments specified with different letters are significantly different
(ANOVA test and Duncan’s test at a probability level of P <0.01).
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Fig. 19. The two-factor mixed effects of time, hot water, and A. vera treatments on 2. The vertical and horizontal axes show the
respiration index (ml/Kg.h) and the storage period (weeks), respectively T1: A. vera-free + no hot water; T2: 5% A. vera
+ no hot water; T3: 10% A. vera + no hot water; T4: A. vera-free + 40 °C hot water; T5: 5% A. vera + 40 °C hot water
and T6: 10% A. vera + 40 °C hot water. Treatments sharing the same letter on the related columns are not significantly
different (ANOVA test and Duncan’s test at a probability level of P < 0.01).

DISCUSSION

Fruit color is an important quality parameter evaluated
by consumers and can also represent crop quality. The
color and lightness of the fruit peel are generally the
most important fruit quality indices. The results of this
study indicated that increasing the storage period
reduced the L* color index. Evidence indicates that the
L* level decreased with fruit browning over time caused
by the growth of yeasts and bacteria, oxidation reaction,
and enzymatic activities (Pasquariello et al. 2015). On
the other hand, the a* color index increased with
increasing the storage period. An increase in the a*
color level during fruit storage has been shown to result
from ripening, aging, or advanced non-enzymatic
browning of the fruits (Etemadipoor et al., 2019). A
reduction occurred in the b* color index with increasing
the storage period. Both enzymatic and non-enzymatic
reactions have been reported to cause changes in fruits
(Tian et al. 2006). The darkening of fruits is probably
caused by the release of phenolic compounds from
vacuoles and their oxidation by the polyphenol oxidase
enzyme (Zhu et al., 2009).

In this study, the total chlorophyll content decreased
with the increased storage period. The reduced
respiration and delayed aging by the applied treatments
could prevent chlorophyll degradation in fruits and
maintain their green color and marketability during the
storage period, which corresponds to the report of
Bagnazari et al. (2018). Increasing the storage period
also led to a decrease in the carotenoid index.
Carotenoids are the widest group of pigments in nature
that create yellow to red colors in fruits. Fruit ripening
includes a series of complex biochemical reactions that
lead to the production of carotenoids and aromatic
substances (Hosseinpour et al., 2017). The fruit
carotenoid content is different depending on the
maturity degree of fruits, and the carotenoid content is
affected by the geographical region, as well as
differences between cultivars. In a similar experiment,
hot water treatment reduced carotenoid content and
delayed chlorosis in tomatoes (Khaleghi et al., 2011).

According to the findings of this study, the increased
duration of guava fruit storage resulted in elevated levels
of peel and pulp antioxidant indices of this fruit. It has
been shown that vitamin C (ascorbic acid) and phenolic
compounds account for the most important fruit
antioxidant compounds and their preservation during the
postharvest period elevates the antioxidant capacity of
fruits and preserves their quality (Bagnazari et al.,
2018). As stated by Dragovicuzelac et al., (2007), a
decrease in gas exchange, including reduced oxygen
entry to the fruit, creates a covering layer by the fruit
covers, thereby reducing the oxidation of acids, phenols,
and other compounds, such as ascorbic acid The
preservation of these antioxidant compounds may be a
reason for maintaining the total antioxidant capacity of
fruits in the treatments compared to control samples
during storage (Sudarshan et al., 1992). The results
presented in the current study revealed a reduction in
the ascorbic acid index with increasing the fruit storage
period. Vitamin C declined in most fruits during
storage, which was assumed to be caused by ascorbic
acid instability and its sensitivity to oxygen, light,
temperature, and biotic and environmental stresses. The
use of ascorbic acid, as an electron donor to neutralize
free radicals, has also been confirmed, which is another
reason for the reduction of ascorbic acid as an important
antioxidant over time (Sudarshan et al., 1992). It has
been reported that increasing oxidative metabolism
increases reactive oxygen species (ROS), which can
destroy biological membranes (Ismail et al., 2010). To
prevent ROS damage, plants activate their antioxidant
systems, including enzymatic systems such as ascorbate
peroxidase, or non-enzymatic systems such as ascorbic
acid (Sudarshan et al., 1992). An investigation on fresh
apricots disclosed that a methyl cellulose-based edible
coating caused water loss, and in combination with
ascorbic acid, reduced vitamin C loss. Accordingly, the
treatment applied in this research apparently reduced
ascorbic acid. The results of the current study are also in
line with a study on guava by Ismail et al. (2010).

The findings presented in this study indicated that
increasing the storage period resulted in an increase in
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the ion leakage index. The main reasons for the reduced
ion leakage in the fruits compared to control samples
include the prevention of weight loss, delayed aging, the
reduction of stress on fruits by preserving antioxidant
compounds, and decreased respiration (Mohammadi and
Saidi, 2020). Similarly, Singh et al. (2010) found that
the use of coating treatments reduced stress during
storage, which resulted in decreased ion leakage, and
more preservation of catalase and other antioxidant
compounds, including vitamin C and total phenol,
thereby increasing the antioxidant capacity compared to
the control. Likewise, Mohammadi and Saidi (2020)
reported a reduction in the ion leakage of bell peppers
using chitosan edible coating.

In this research, the MDA index rose with the rise of
storage time. MDA is considered the product of lipid
peroxidation plant cell membrane (Liu et al., 2018).
Lipid oxidation is generally an important indicator of
damage to the membrane system and exacerbation of
cell metabolism (Liu et al., 2018). MDA accumulation
which increases the accumulation of brown polymers,
leading to pericarp browning, can destroy the cell
membrane composition (Kabasakalis et al., 2000).
Similar to the observations of this study, Liu et al.
(2018) observed that the MDA content was significantly
lower in melatonin-treated strawberries than in control
fruits. Phenolic compounds are one of the defense
mechanisms of cells against adverse factors that
decrease gradually with aging (Asghari and Kbhalili,
2018). In this study, reductions in both pulp and peel
phenol indices were recorded with increasing the
storage period. It is thought that with the increase in
fruit storage time and the subsequent decrease in
phenolic substances, the defense mechanism of the fruit
is weakened. It has been shown that edible coatings
create a modified atmosphere around the fruit and
maintain carbon dioxide at levels higher than the normal
state, which reduces both respiration and the oxidation
reactions of phenols by reducing polyphenol oxidase
activity. The edible coatings around the fruits also exert
this effect by lowering the oxygen level around the crop
(Lichtenthaler, 1987).

The results of the current study also showed that the
peel and pulp flavonoid indices of fruits decline with
increasing storage time. Flavonoids are found in a wide
range of plant classifications, in particular in leaves,
flowering tissues, and fruits (Gill et al., 2016). The
absorption of free radicals and strong antioxidant
activity are among the prominent properties of
flavonoids (Larson, 1988).

Moreover, the results of the current study indicated
that the firmness index of tested fruits increased with
the rise of storage time. It is assumed that the prevention
of weight loss and delayed fruit shrinkage through
stomatal closure were some of the reasons for
maintaining the fruit tissue firmness. During storage,
fruits and vegetables undergo weight loss due to water
discharge as vapor from the fruit's surface (Etemadipoor
et al., 2019). Coatings create a barrier on the fruit
surface and thereby help reduce water loss, moisture,
and changes in the atmosphere around the fruit (Gill et
al., 2016). Low oxygen levels and high carbon dioxide
concentrations in the environment can potentially

reduce the activities of pectin esterase and
polygalacturonase and preserve fruit firmness during
storage. A reduction in firmness loss can be attributed to
reduced oxygen exchange because of a physical barrier
by the coating that reduces respiration and, in turn,
lowers the activity of hydrolyzing enzymes and delays
softness (Etemadipoor et al. 2019). According to the
data of the current study, more tissue firmness was
observed in treatments with lower weight loss of tested
fruits. This finding agrees with that reported by
Etemadipoor et al. (2019) on the effect of an oleic acid
edible coating containing cinnamon essential oil on the
quality properties of guava fruits and with the study of
Khaleghi et al. (2011) on the effect of hot water and
sodium chloride treatments on the storage life and
quality of three tomato cultivars. Mani et al. (2017)
successfully utilized A. vera gel as the coating for
African cedar fruits. The fruits coated with A. vera gel
showed less weight loss, less firmness, and less acidity
reduction than uncoated ones (Mani et al., 2017).

Based on the findings of this study, the soluble solid
index rose with rising the storage time of guava fruits.
As the amount of sugar increases, the amount of acidity
decreases. Sridevi et al. (2018) reported that total sugar
and TA contents were significantly lower (30%) in
pomegranate seeds coated with A. vera gel during the
first storage phase, The results obtained in the current
study did not agree with the findings of Sridevi et al.’s
(2018).

Additionally, the results of the current study
revealed an increase in the pH index with an increase in
storage time. Fruit extract pH indicates hydrogen ions
and is important for enzymatic reactions and the activity
of microorganisms, yeasts, and bacteria, but it does not
affect the fruit taste (Larson, 1988). The results of the
current study indicated an increase in pH over time that
means increasing the time resulted in lower acidity and
a higher pH of the extract, suggesting the inverse
relationship between fruit pH and acidity.

In this study, the highest elevation (0.34 units or
50.75%) and the most reduction (0.00 or —0.17) of the
TA index were recorded in the 2"-week and 1™, 3", and
4™-week treatments, respectively (Fig. 18). As an
important parameter during storage, TA is directly
associated with the concentrations of dominant organic
acids. Acidity most probably decreases due to the
biochemical changes in the fruit's organic compounds
during the respiration process (Mani et al., 2017).
Therefore, any treatment that causes delayed
metabolism and aging of the crop can reduce the rate of
TA changes during storage. Consistent with this result,
there is evidence that the fruit's internal atmosphere
changes by the semi-permeable coverage created by the
edible coating, which reduces oxygen levels and
increases carbon dioxide concentrations around the fruit
(Cong et al, 2007). Therefore, the modified atmosphere
delays the respiration rate, ripening, and aging process
of the fruit (Corrales-Garcia et al.,, 2004;
Dragovicuzelac et al., 2007).

CONCLUSIONS

The present study investigated the effect of A. vera gel
and hot water treatments on the reduction of chilling
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injury in guava fruits. The use of A. vera gel and hot
water treatments at various experimental levels and
different periods led to increased values of such indices
as the a* color index, fruit firmness, pulp and peel
antioxidants, the ion leakage index, and the MDA index.
The applied treatments reduced the indices of b and L
colors, total chlorophyll, carotenoids, ascorbic acid,
pulp and peel phenols, and pulp and peel flavonoids. It
was concluded that the postharvest application of A.
vera gel and hot water treatments could reduce chilling
injury in guava fruits and result in better storage of
fruits during storage.

ACKNOWLEDGMENT

The authors are grateful to Hormozgan University for
the provision of the laboratory.

REFRENCES

Antunes, M. D., Dandlen, S., Cavaco, A. M., & Miguel, G.
(2010). Effects of postharvest application of 1-MCP
and postcutting dip treatment on the quality and
nutritional properties of fresh-cut kiwifruit. Journal of
Agricultural and Food Chemistry, 58(10), 6173-6181.
https://doi:10.1021/jf904540m.

AOAC (1990). Official methods of analysis of the
Association of Official Analytical Chemists (15th ed.).
Association of Official Analytical Chemists.

Arévalo-Marin, E., Casas, A., Landrum, L., Shock, M.
P., Alvarado-Sizzo, H., Ruiz-Sanchez, E., &
Clement, C. R. (2021). The Taming of psidium
guajava: Natural and cultural history of a neotropical
fruit. Frontiers in  Plant Science, 12, 1-15.
https://doi.org/10.3389/fpls.2021.714763.

Asghari, M., & Khalili, H. (2014). Effect of Aloe vera
gel on polyphenol oxidas enzyme activity, quality
attributes and storage life of sweet cherry fruit
(Prunus avium cv. Siahe mashhad). Journal of
Horticultural Science, 28, 399-406.
https://doi:10.22067/jhorts4.v0i0.42864.

Bagnazari, M., Saidi, M., Mohammadi, M., Khademi,
0., & Nagaraja, G., (2018). Pre-harvest CaCl2 and
GAS3 treatments improve postharvest quality of green
bell peppers (Capsicum annum L.) during storage
period. Scientia Horticulturae, 240, 258-267.
https://doi.org/10.1016/j.scienta.2018.06.043.

Cong, F., Zhang, Y., Dong, W., (2007). Use of surface
coatings with natamycin to improve the storability of
Hami melon at ambient temperature. Postharvest
Biology and Technology. 46, 71-75.
https://doi.org/10.1016/j.postharvbio.2007.04.005.

Corrales-Garcia, J., Pefa-Valdivia, C. B., Razo-
Martinez, Y., & Sanchez-Herndndez, M. (2004).
Acidity changes and pH-buffering capacity of
nopalitos (Opuntia spp.). Postharvest Biology and
Technology, 32(2), 169-174.
https://doi.org/10.1016/j.postharvbio.2003.11.008.

Dragovicuzelac, V., Levaj, B., Mrkic, V., Bursac, D., &
Boras, M., (2007). The content of polyphenols and
carotenoids in three apricot cultivars depending on
stage of maturity and geographical region. Food
Chemistry,102, 966-975.
https://doi.org/10.1016/j.foodchem.2006.04.001.

Dube, A., & Singh. P. (2019) Compositional evaluation
of guava (Psidium guajava L.) cv. L-49 during fruit
growth and development. Journal of
Pharmacognosy and Phytochemistry, 8(5), 68-71.

Dutta, P., Bhowmick, N., Khalko, S., Ghosh, A., &
Ghosh, S. K. (2017). Postharvest treatments on
storage life of guava (Psidium guajava L.) in
himalayan terai region of West Bengal, India.
International Journal of Current Microbiology and
Applied Science, 6(3), 1831-1842.
https://doi.org/10.20546/ijcmas.2017.603.209

Dutta, P., Maji, S. B., & Das, B. C. (2009). Studies on
the response of bio-fertilizer on growth and
productivity = of guava. Indian  Journal  of
Horticulture, 66(1), 39-42.

Etemadipoor, R., Ramezanian, A., Mirzaalian Dastjerdi,
A., & Shamili, M. (2019). Effect of oleic acid edible
coating containing cinnamon essential oil on the
quality properties of guava (Psidium guajava L.)
fruits. Iranian Journal of Horticultural Science and
Technology, 20, 477-494. (In Persian)

Gill, K. S., Dhaliwal, H. S., Mahajan, B. V. C., Paliyath,
G., & Boora, R. S. (2016). Enhancing postharvest shelf
life and quality of guava (Psidium guajava L.) cv.
Allahabad Safeda by pre-harvest application of hexanal
containing aqueous formulation. Postharvest Biology
and Technology, 112, 224-232.
https://doi.org/10.1016/j.postharvbio.2015.09.010.

Hosseinpour, F., Rabiei, V., Amiri, M., & Soleimani, A.
(2017). Influence of hot water treatment and nano-
packaging on qualitative characteristics of nectarine
fruit cv. 'Sunglo' during storage. Journal of Crops
Improvement, 18, 1001-1015. (In Persian).
https://doi.org/10.22059/jci.2017.56634

Hristova D, Georgiev D, Brashlyanova B & lIvanov P.
(2018). Colour parameters of fresh and dried plum
fruit of cultivar ‘Tegera’, after application of some
conventional and organic fertilizer. Bulgarian
Journal of Agricultural Science 24 (Suppl. 2), 48-51.

Ismail, O. M., EI-Moniem, E. Abd-Allah, A., & EI-
Naggar, M. (2010). Influence of some post-harvest
treatments on guava fruits. Agriculture and Biology
Journal of North America, 1(6), 1309-1318.
http://10.5251/abjna.2010.1.6.1309.1318

Kabasakalis, V., Siopidou, D., & Moshatou, E. (2000).
Ascorbic acid content of commercial fruit juices and
its rate of loss upon storage. Food Chemistry, 70,
325-328.
https://doi.org/10.1016/S0308-8146(00)00093-5

Khaleghi, S. S., Alamzadeh Ansari. N., Rahemi, M., &
Peidayesh, M. (2014) Effect of hot water treatment
and surface disinfection with NaCl on storage life
and reducing decay of tomato fruit. International
Journal of Farming and Allied Sciences 3, 155-160.

Khalig, G., Ramzan, M., & Baloch, A. H. (2019). Effect
of Aloe vera gel coating enriched with Fagonia
indica plant extract on physicochemical and
antioxidant activity of sapodilla fruit during postharvest
storage. Food Chemistry, 286, 346-353.
https://doi.org/10.1016/j.foodchem.2019.01.135.

Khan, A. S., Singh, Z., Abbasi, N. A., & Swinny, E. E.
(2008). Pre-or post-harvest application of putrescine
and low temperature storage affect fruit ripening and

143


https://doi.org/10.1021/jf904540m
https://doi.org/10.3389/fpls.2021.714763
https://jhs.um.ac.ir/article_34122_4d0cbba0f2d00d3ce6d57d19fd363377.pdf?lang=en
https://jhs.um.ac.ir/article_34122_4d0cbba0f2d00d3ce6d57d19fd363377.pdf?lang=en
https://jhs.um.ac.ir/article_34122_4d0cbba0f2d00d3ce6d57d19fd363377.pdf?lang=en
https://jhs.um.ac.ir/article_34122_4d0cbba0f2d00d3ce6d57d19fd363377.pdf?lang=en
https://doi.org/10.22067/jhorts4.v0i0.42864
https://doi.org/10.1016/j.scienta.2018.06.043
https://doi.org/10.1016/j.postharvbio.2003.11.008
https://doi.org/10.1016/j.foodchem.2006.04.001
https://doi.org/10.20546/ijcmas.2017.603.209
https://doi.org/10.1016/j.postharvbio.2015.09.010
https://doi.org/10.22059/jci.2017.56634
http://dx.doi.org/10.5251/abjna.2010.1.6.1309.1318
https://doi.org/10.1016/S0308-8146(00)00093-5
https://doi.org/10.1016/j.foodchem.2019.01.135

Kabizadeh arabhasab et al.,/ Iran Agricultural Research (2023) 41(2)129-145

quality of Angelino plum. Journal of the Science of Pétriacq P, Lopez A, Luna E (2018). Fruit decay to

Food and Agriculture, 88, 1686-1695.
https://doi.org/10.1002/jsfa.3265.

Laily, N., Kusumaningtyas, R. W., Sukarti, I., & Rini,
M. R. D. K. (2015). The potency of guava Psidium
guajava  (L.) leaves as a  functional
immunostimulatory ingredient. Procedia Chemistry,
14, 301-307.
https://doi.org/10.1016/j.proche.2015.03.042.

Larson, R. A. (1988). The antioxidant of higher plants.
Phytochemistry, 27, 969-978.
https://doi.org/10.1016/0031-9422(88)80254-1

Lichtenthaler, H. K. (1987). Chlorophyll and carotenoids:
pigments of photosynthetic biomembrane. Methods in
Enzymology, 148, 350-382.
https://doi.org/10.1016/0076-6879(87)48036-1.

Liu, C., Zheng, H., Sheng, K., Liu, W., & Zheng, L.
(2018). Effects of melatonin treatment on the
postharvest quality of strawberry fruit. Postharvest
Biology and Technology, 139, 47-55.
https://doi.org/10.1016/j.postharvbio.2018.01.016.

Mani, A., Jian, N., Singh, A. K., & Sinha, M. (2017).
Effects of aloe vera edible coating on quality and
postharvest physiology of ber (Zizyphus Mauritiana
Lamk.) under ambient storage conditions. Annals of
Horticulture, 10(2), 138-146.

Marin, A., Atarés, L., & Chiralt, A. (2017). Improving
function of biocontrol agents incorporated in
antifungal fruit coatings: A review. Biocontrol
Science and Technology, 27(10), 1220-1241 .

Misir, J., Brishti, H. F. & Hoque, M. M. 2014. Aloe
vera gel as a novel edible coating for fresh fruits: a
review. American Journal of Food Science and
Technology, 2(3): 93-97. doi: 10.12691/ajfst-2-3-3.

Meyers, K. J., Watkins, C. B., Pritts, M. P., & Liu, R. H.
(2003). Antioxidant and antiproliferative activities
of strawberries. Journal of Agricultural and Food
Chemistry, 51, 6887-6892
https://doi: 10.1021/jf034506n

Mohammadi, M., & Saidi, M. (2020). Effect of Aloe
vera gel and Arabic gum coating on quality
characteristics of green bell peppers (Capsicum
annuum L.) during storage. Food Processing and
Preservation Journal, 12, 39-52. (In Persian).
http://doi 10.22069/EJFPP.2021.16378.1536.

Pasquariello, M. S., Di Patre, D., Mastrobuoni, F.,
Zampella, L., Scortichini, M., & Petriccione, M.,
(2015). Influence of postharvest chitosan treatment
on enzymatic browning and antioxidant enzyme
activity in sweet cherry fruit. Postharvest Biology
and Technology, 109, 45-56.
https://doi.org/10.1016/j.postharvbio.2015.06.007.

diseases: can induced resistance and priming help?
Plants,7(4), 77. doi: 10.3390/plants7040077.

Reganold, J. P., & Wachter, J. M. (2016). Organic
agriculture in the twenty-first century. Nature
Plants, 2(2), 15221.
https://doi.org/10.1038/nplants.2015.22.1

Samra, N. R., Shalan, A. M., & Basma, T. E. (2019).
Maintaining storage of brahee date palm fruits with
postharvest edible coating by using alginate salts.
Journal of Plant Production, 10(12), 983-993.
https://doi: 10.21608/jpp.2019.71517.

Singh, D., & Sharma, R. R. (2018). Chapter 1 -
postharvest diseases of fruits and vegetables and their
management, in postharvest disinfection of fruits and
vegetables, M.W. Siddiqui. USA: Academic Press.

Singh, S. P. (2010). Prospective and retrospective
approaches to postharvest quality management of
fresh guava (Psidium guajava L.) fruit in supply
chain. Fresh Produce, 4, 36-48.

Sridevi, P., Bhaskar, V. V., Subbaramamma, P., &
Suneetha, D. R. S. (2018). Effect of Aloe vera gel on
the physiological, biochemical and quality
parameters of pomegranate arils cv. ‘Bhagwa.’
Journal of Current Microbiology and Applied
Sciences, 7(01), 1757-1766.
https://doi.org/10.20546/ijcmas.2018.701.213.

Sudarshan, N., Hoover, D., & Aknorr, D. (1992).
Antibacterial action  of  chitosan. Food
Biotechnology, 6, 3.257-272.
activity are among the prominent properties of
https://doi.org/10.1016/B978-0-12-812698-1.00001-
7.

Tadeo, J. L. (2008). Analysis of pesticides in food and
environmental samples. Boca Raton: CRC Press.
http://doi: 10.1201/9781420007756.

Tian, S., Wan, Y., Qin, G., & Xu, Y. (2006) Induction
of defense responses against Alternaria rot by
different elicitors in harvested pear fruit. Applied
Microbiology and Biotechnology, 70(6),729-734.

Vitti, K. A., Lima, L. M. d., & Martines Filho, J. G.
(2020). Agricultural and economic characterization
of guava production in Brazil. Revista Brasileira de
Fruticultura, 42, 1-11. http://doi.org/10.1590/0100-
29452020447.

Zhu, Z., Liang, Z., & Han, R. (2009). Saikosaponin
accumulation and antioxidative protection in drought-
stressed  Bupleurum  chinense  DC  plants.
Environmental and Experimental Botany, 66, 326-333.
https://doi.org/10.1016/j.envexpbot.2009.03.017

144


https://doi.org/10.1002/jsfa.3265
https://doi.org/10.1016/j.proche.2015.03.042
https://doi.org/10.1016/0031-9422(88)80254-1
https://doi.org/10.1016/0076-6879(87)48036-1
http://dx.doi.org/10.12691/ajfst-2-3-3
https://doi.org/10.1021/jf034506n
https://doi.org/10.22069/ejfpp.2021.16378.1536
https://doi.org/10.1016/j.postharvbio.2015.06.007
https://doi/
http://dx.doi.org/10.21608/jpp.2019.71517
https://doi.org/10.20546/ijcmas.2018.701.213
http://dx.doi.org/10.1201/9781420007756
https://doi.org/10.1590/0100-29452020447
https://doi.org/10.1590/0100-29452020447
https://doi.org/10.1016/j.envexpbot.2009.03.017

VYAVFOMFY V1) ol (5 sk lidios

39 13795 0gmro CunitaS’ Lty 0,5 O 9 1y9aiglT (sljloni il
S g Lol Loyl o

A Lond

/‘4./3(3 s

ool} @Lo..\.l.w Qlf’)”.n ‘%)%‘Sébﬁ.d Jowy comms ©pe ooljg,af X

Q‘)"' A -z GL})Lf-C)v\;a sub’]o)sb oKisls ‘@M.Io @L'vz 9 6})9&;5 saSiisls de&b (W g |a5lx: 05;

15 eoasie Slalllas 0,05 alisS Sloslil )50 orbiarisSsud slo Sy ot lglsS — oS
DP9y S ol Jl o bl el 85 @0 T oyl (a3l 5 1515 090 CoieS Lad (sl
205 2l s Lsagll U5 bl 5l g 95l (s & gy 0l 0 0925 ol sl aieee
ola o5 b B 5o el Sygon alesl canl aiBloy 15l oge (SOslo e 288
¥ ho) e 5o Gloldl pley Jeld solinal 5590 slajles (28,5 &j90 19ls5 09 55,
J5 5 (Gosembos 423 B0 5 B )5 O 50 o s 55 05 ©F Jlas (g YA 5 V) 0¥
(0,5 T s 5 eIl 5 g oo D) walis 5 ()0 Ve g gty o) gelas aw 4o |55l
YE 35 s 5 55 YA (6l 720 s Casb b Lugmads 20 VY (slos o bo digas iog:
0dal s 4 bt Babo ol 033 b Layl i b 6,85k gl el Y gl uguadis a0
S il el B 5 L* S5, lagasls ol g Gl 8%, pasls olie oloj <338 L
Gy (alS g J5 aid (glyize (il Byl Sl ysaigll o ye O Jless cialesT 090 (sl e (e
arys FropS Of ot Bl Jl izmen 05 I5lsS oge g ok Lbo s (g oo
e Sl oge o (e ey Lbo 5 it (liee 20 L Dsaisll aops Ve g Gugedes
bl & Cons 1) ok (%65 0oz atie )3 bayless S S 9IS polie 2u8lSS gl
Sl 2Pl o5 g, 4 e Gile 0533 0j50 RNl Y le atia 3 alis
9 gl az )0 B OF Jled 10 Cengy loaiSsigdld 5 Loadsis S jlade JBlas ol SCojeSul
a3 B g eSOl el 50 Sy STl lake o i Lo caaline |saigll woyo V-
arys Frool o wsalls pglle s Lsasgll aoyo Ve g 08 ST g Jlad ) (s <atd g 551
o 5 saisll 5 51 osli o5 ol Lt axlllas ol s il Gy gisll 0o ys B 5 ogomads

23,5 50 Syl e (b 50 o5ee e 5,k 5 51T oge (Fslerms 1alS tsly p )T

Alio wledMb|

alléo azxsty U

VEV/BIVD sl b
VEYYIVY (b ady

sl slaojls
S5k ]
,9459)1

R

s 5l
IgTsS

A



