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plant extracts could maintain the postharvest storage quality of the cold-storage guava.
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Attribution (CC BY) license (https://
creativecommons.org/licenses /by / Guava (Psidium guajava L.) is a popular fruit with a climacteric nature feature. It has a
40/). relatively short shelf life (3—4 days) at tropical ambient temperature (28 & 2 °C), due to its
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physiology, disorder, postharvest infection, and aging [1,2]. The stability of guava could be
influenced by numerous factors, such as storage temperatures, relative humidity, packaging
materials, and coating nature [3,4]. Producers of guava fruits store them in traditional packs,
such as paper and/or plastic materials. Although these packaging materials present some
merits, they could cause severe environmental difficulties because they are non-recyclable
and nonedible resources [4-6].

Physiologically, guava is a climacteric fruit with high inhalation and transpiration
degrees that are analogous to different products such as bananas [5] and mushrooms [7].
This creates the need to develop novel technologies for extending its shelf life [8], providing
better storage conditions, and enhancing its visual features.

The edible coatings are applied directly on the surface of the fruit, consisting of
thin membranes, invisible to the naked eye. They can carry natural additives and are
important in extending the shelf life of foods, as they enhance the protective action of
the fruit epidermis in preventing water loss, color changes, mechanical lesions and even
microbial deterioration, and generally give surface glossy appearance [3,9]. Such technology
has exposed a great possibility with low cost and proper features for related usage in
food plants.

Previously, edible coatings were fabricated from biomaterials—namely polysaccha-
rides, proteins and lipids—and their results were utilized to formulate edible coatings [10].
Formerly, coating materials efficiently prolonged a fruit’s shelf-life, and increased the
consumers” health and environment. Numerous studies have reported the efficiency of
edible coatings in expanding the shelf-life of different kinds of fruits by decreasing their
weight loss [10,11], respiration [12,13], oxidative reaction rates [14], and physiological
disorders [15]. Edible coatings are an excellent alternative to chemical preservation [16].

Among the natural polymers used to formulate edible coatings, gum Arabic (GA) and
cactus pear extract have been deemed the most promising materials, mostly because their
high accessibility, low price, and good performance. However, their high hydrophilicity
permits HyO to easily form. GA is one of the ecological biopolymers acquired from the
branches and stems of Acacia trees (Acacia spp.). It is comprised of rhamnose, galactose,
arabinose, and glucuronic acid with Ca, Mg, and K ions [17,18]. In addition, GA is commer-
cially and securely utilized as a food additive, due to its film shaping, emulsification, and
encapsulation attributes [18,19].

Numerous studies have been conducted on the application of GA for nullity purposes,
such as its ability to postpone the physicochemical alterations of bananas during cold
storage [20], and minimize the fungal infection of anthracnose on banana and papaya
fruits [20]. GA coatings have efficiently kept the antioxidative polyphenols of tomatoes [21]
and papayas [22], and lowered browning, vitamin C, and the polyphenols of cold-stored
mangos [23]. Moreover, GA-coating significantly decreases weight loss, chilling damage,
membrane leakage, and decay prevalence, with slight increases in total soluble solids, pH,
and sugar [24,25].

M. oleifera is widely in demand for its nutritional and medicinal properties, due to its
content of vitamins B and C, amino acids, crude protein, and its low anti-nutritional and
antimicrobial agents with film organic and shelf-life-boosting properties [26-28]. Moreover,
its extracts have been utilized to formulate the coating that effectively preserves the posthar-
vest quality of citrus fruit [29]. Moringa extract maintains postharvest quality, keeping and
elongating the shelf life of avocado fruit by lowering respiration, ethylene production rates
and higher firmness during storage [28,30,31]. It also significantly inhibits (30-33%) radial
myecelial growth of the pathogen with a combination of GA edible coatings with moringa
leaf extract. There is evidence for the incorporation of moringa leaf extract with edible
coatings improving antimicrobial activity [32,33].

The mucilage films from the cactus pear plant prolong shelf life and maintain guava
quality attributes. Further research is wanted to realize whether mucilage is possible for use
as an edible film under cold storage [28]. In guava and cactus pear, the film prolonged the
fruit’s skin color and retained superior total soluble solids concentration (TSSC), firmness
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(F), and dry matter concentration (DMC), lowered the fruit’s weight loss and prolonged its
skin color. Firmness, TSSC, and DMC of fruit were comparable among treatments [34].

Henna (Lawsonia inermis) leaf extracts are a natural plant product with a projecting
function against pathogens. Their expansion and propagation inhibit toxic activity [35].

There were no experiments undertaken to estimate the impact of combining the GA
with each of the leaf extracts of Moringa, cactus pear, and Henna plants, in prior edible-
coating investigations. Therefore, this study aimed to investigate the effects of edible
coatings based on GA with cactus pear, moringa, and Henna leaf extract on the storability
and shelf life of guava.

2. Materials and Methods
2.1. Fruit Materials

The guava trees were grown in a commercial orchard in El-Qalubia Governorate,
Egypt (latitude, 30°17” N and longitude, 31°20” E). The trees were about 12 years of age
and planted at a space of 5 x 5 M apart in loamy clay soil under an immersion irrigation
system and subjected to all ideal agriculture traditions. The maturity stage (yellowish-
green), was the second week of August based on Mercado-Silva et al. [36], the trees and
guavas were similar in size and free of obvious signs of infection.

2.2. Postharvest Treatments and Storage

The current study was performed during two seasons, 2020 and 2021, at the laboratory
of the Department of Horticultural Crops Technology, National Research center, Giza,
Egypt. Fine-feature guava fruits of the “Maamoura” cultivar, that were deep green color,
uniform size, firm, and free from blemishes and mechanical damage, were harvested.

2.3. Preparation of Plant Extracts

Cactus pear stems were skinned and chopped. Samples were steamed with H,O in
the ratio of 1:10 in an autoclave at 160 °C for 1 h. The boiled pulp was filtered and cooled.
The slurry was centrifuged for 10 min and the supernatant gained was utilized as a coating
substance (cactus pear mucilage). The filtrate (pulping liquor) was also utilized as a coating
solution. Polyethylene glycol of molecular weight 2000 as plasticizer was mixed to the
coating solution 5% w/v. The pH value of this solution was modified at 7, using small
drops of ammonia solution.

Moringa leaf extract was made by soaking 100 g of air-dried moringa leaves in 1 L of
dH,O for 24 h. Then, it was diluted after being filtered with H,O. Concentrations of 20%
were prepared by dispersing 20 mL of filtered solution and 3 mL glycerol in 100 mL dH,O
in a beaker.

GA powder of food-grade was acquired from Sigma Co., Cairo, Egypt. GA solution at
10% (w/v) was arranged by dissolving 500 g of GA powder in 5 L of dH,O. The solution of
GA was agitated with low heat at 40 °C for 60 min, using a hot plate with a magnetic stirrer
(Model: 502P-2 USA), then filtered using a muslin cloth to eliminate impurities and any
nameless materials. After cooling the solution to 20 °C, glycerol monostearate at 1% was
mixed as a plasticizer to increase the intensity and elasticity of the coating solution. The pH
of the solution was altered to 5.6 with 1 N NaOH using a digital pH-meter (Model: AD1000,
Bucharest, Romania). Then, 3% Henna was formulated; we soaked 100 g of air-dried henna
leaves in 1 L of dH,O for 24 h. Then, it was diluted after being filtered with dH,O. A
concentration of 3% was prepared by dispersing 3 mL of filtered solution and 3 mL glycerol
in 100 mL dH,O in a beaker.

2.4. Treatment of Guava Fruit

A total of 600 clean complete fruits were chosen and haphazardly allocated into
5 treatments with 3 replicates (40 fruits/replicate) and expressed as control: 10% of GA;
10% of GA + 10% of moringa leaves extract; 10% of GA + 10% of cactus pear stems extract;
and 10% of GA + 3% of Henna leaves extract. All guava fruits were dipped in the different
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extract solutions for 2.5 min. Then, these fruits were dropped in 10% GA solutions for
another 2.5 min. After dropping treatments, the fruits were allowed to dry for 60 min at
RT by an electric fan. After that, the fruits in each treatment were wrapped in foam sheets
enclosed with punched polyethylene layers with a thickness of 0.04 mm and then boxed in
cardboard boxes with measurements of 35 x 25 x 10 cm. All untried boxes were kept at
7 £1°Cand 90 £ 5% RH for 24 days. the physical measurements were analyzed at harvest
time and then every 7 days they had breaks from the cold-storage time.

2.5. Determination of Fruit Physical Properties
Fruit weight loss (%) was estimated by the next formula:

Fruit weight before storage — fruit weight after each period of cold storage
Fruit weight before storage

x 100 (1)

Fruit decay (%) was documented every 8 days of cold storage by calculating the
number of rotten fruits owing to fungus, or any microorganism'’s infection, and expressed
as a percentage of the original number of kept fruits using the next equation:

Number of decayed fruit at specific storage period y

Intial number of stored fruits 100 @
Marketable fruit (%) was calculated by the next formula:
Number of sound fruit at specific storage period 100 3)

Intial number of stored fruits

Fruit firmness was determined in three guava fruits per replicate at two equatorials at
differing sites, to measure the penetration force using a hand-held fruit firmness tester (FT-
327, Valencia, Italy) fortified with an 8 mm cylindrical stainless steel plunger tip (Watkins
and Harman, 1981). Two senses were shown on each fruit flesh after peeling. The firmness
value was calculated in terms of kilogram-force (kg¢) and data was assessed as Newton (N).

2.6. Fruit Chemical Characteristics
2.6.1. Fruit Pigments

Chlorophyll and carotenoid contents in the pulp of guavas (three replicates) were
spectrophotometrically measured using the assay of Wellburn (1994). The absorbance of the
extract was determined at a spectrum of 663 nm for chlorophyll a, 646 nm for chlorophyll b
and 470 for carotene using a spectrophotometer (UV1901PC spectrophotometer). Pigment
contents were calculated by the next equations:

Chlorophyll a (ug mL 1) = 12.21 E663 — 2.81 E646 4)

Chlorophyll b (ug mL 1) = 20.13 E646 — 5.03 E663 (5)

Total chlorophyll (ug mL 1) = Chlorophyll a + chlorophyll b (6)

Total carotenoide (ug mL~1) = [(1000 E470) — (3.27 x Chlorophyll a + 104 x Chlorophyll b)]/198 )

where E = Optical density at the specified spectrum length and findings were calculated as
mg/100 g of fresh weight (FW).

2.6.2. Ascorbic Acid, TSS, Titratable Acidity (TA), and TSS/TA Ratio, TPC and TAA of
the Pulp

After each cold-storage period, 15 guava fruits from each treatment (3 replicates) were
separated by pounding the pulp; then, the juice was drained via a muslin cloth and utilized
for quantifying interior fruit quality [37], as indicated.
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For ascorbic acid analysis, sections of fruit juice were utilized, the oxalic acid solution
was mixed to each sample, titrated with 2,6-dichlorophenol-indophenol dye solution,
calculated as a mg of ascorbic acid, and expressed as mg/100 mL of the juice.

Fruit juice TSS was quantified using a hand refractometer, 0-32 scale (ATAGO N-1E,
Japan) and conveyed in Brix after making the temperature correction at 20°.

For juice TA, an aliquot of fruit juice was taken and titrated against 0.1 N NaOH with
phenolphthalein as a marker to the endpoint, and stated as (%) of citric acid.

Fruit TSS/TA ratio was expressed from the values noted for fruit juice TSS and TA
revealed.

Total phenolic content (TPC) and total antioxidant activity (TAA) were quantified in
the MeOH extract (80%) of dried guava pulp. TPC was assessed using the Folin-Ciocalteu
reagent, as explained by Kdhkonen et al. [38]. TAA was assessed based on the scavenging
activity of the stable 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical and conveyed as ICs
(mg/mL), which signified the quantity of the plant sample extract essential to decrease the
early concentration of DPPH radicals by 50% [39].

2.6.3. Total Pectin

Quantities of pectic substances in guava were calorimetrically quantified by the car-
bazole sulfuric acid, using the assay of Yu et al. [40]. The results were conveyed as g
anhydro galacturonic acid (A. G. A) per 100 gm on a dry weight basis.

2.7. Shelf-Life Period

After 24 days of cold storage at 7 = 1 °C, the guava (15 fruit per replicate) were
obtained and arranged at ambient conditions (22-24 °C and 65 % 5% RH)), till 30% of fruits
became bad, or rotting happened. Then, the number of days was documented as deemed
for the shelf-life period of the guava.

2.8. Inoculation of Fruits

Inoculation of guava was performed by squirting fruits with spore suspension
(10° spores/mL) of R. stolonifer as causative agents of soft rot disease, then air-dried
at RT. All were treated with each dose, and the control treatment were exemplified
at 3 replicates, with 15 fruits for each replicate. All fruits were kept at 20 £ 2 °C for
15 days and infection (%) was noted. All the above-noted parameters were quantified
in 20 fruits, and the average values were selected at the early time (Table 1).

Table 1. Characteristics of guava fruit prior to storage.

Parameters Values
Weight loss (%) 0.00
Decay (%) 0.00
Marketable (%) 100.00
Firmness (N) 67.91
TSS (%) 7.01
Acidity (%) 1.11
TSS/ Acid ratio 6.32
Ascorbic acid (mg/100 mL juice) 105.15
Total chlorophyll (mg/100 g FW) 16.15
Total Carotenoids (mg/100 g FW) 5.39
Total sugars (%) 1.65
Total Pectin (%) 0.69
Total Phenolic (ICsp mg/mL) 39.11
Antioxidants (IC59 mg/mL) 210.17

Rhizopus Rot infection (%) 0.00
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Decay (%)

60.0 1

2.9. Statistical Analysis

This experiment was assembled in a wholly randomized design, with 3 replicates
consisting of two factors: postharvest treatments and storage period. This experiment
was analyzed as a factorial experiment. Data calculated as (%) were altered to the arcsine
of the square root before statistical analysis, and non-transformed means are displayed
as they were. The effects of postharvest treatments and cold-storage period on several
properties were statistically analyzed by ANOVA, using the MSTAT-C statistical package.
Comparisons among means were performed by Duncan’s multiple range test (DMRT) at
probability < 0.05.

3. Results
3.1. Weight Loss (%), Decay (%), Rot and Marketable (%)

With the advance of the cold-storage period, fruit weight loss and fruit decay percent-
ages were significantly increased, whereas marketable fruit (%) significantly decreased
(Figure 1). Weight loss increased during storage and recorded the highest values in control
fruit after 21 days. Weight loss (%) was significantly lowered in samples that were coated
with GA (10%), GA (10%) + moringa (10%), GA (10%) + cactus (10%), and GA (10%) +
henna (3%). Moreover, the lowest values of weight loss were coupled with the treatment
GA (10%) + moringa extract (10%), during cold-storage and both experimental seasons. Ad-
ditionally, concerning decay percentage, all edible-coating treatments recorded significant
reductions compared with the uncoated samples. Among all treatments, fruits that were
coated with GA (10%) + moringa (10%) obtained the lowest values of decay percentage
compared with all treatments. Furthermore, rot (%) increased as storage days progressed,
and the control treatment scored the highest values during both seasons. Alternatively, fruit
samples coated with GA (10%) + (10%) moringa, and GA (10%) + henna (10%) obtained
the lowest averages in rot percentages during the 2019 and 2020 experimental seasons. On
the contrary, the marketability fruit percentage significantly decreased in all treatments,
as well as with increasing storage days. In this respect, the natural edible coatings kept
the marketability of guava higher than uncoated fruits, and fruits samples coated with GA
(10%) and GA (10%) + moringa (10%) also kept the fruit at a higher percent, although there
were the significant differences among treatments.
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Figure 1. Cont.
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Figure 1. Effect of edible coatings of moringa extract, cactus pear, and henna, and GA, on weight loss,
decay, rot, and marketable percentages of guava fruits during cold storage for 21 days throughout
two seasons (2019-2020). The superscript letters, present the significantly between effect of treatments
using Duncan’s multiple range tests.
3.2. Firmness (N), TSS (%), Acidity (%), and TSS/Acid (%)
Data in Figure 2 suggest there were significant differences among the treatments.
Respecting firmness, the fruit samples handled with GA (10%) and GA (10%) + moringa
(10%) appeared to have higher values of firmness during storage periods, as well as during
both experimental seasons, compared with the other coated and uncoated treatments which
recorded the lowest firmness values. Moreover, there were notable decreases in firmness
when storage days were increased.
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Figure 2. Effect of edible coatings moringa extract, cactus pear, henna and GA, on firmness (N),
TSS (%), acidity (%), and TSS/acid ratio of guava during cold storage for 21 days throughout two
seasons (2019-2020). The superscript letters, present the significantly between effect of treatments
using Duncan’s multiple range tests.
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As for both TSS and TSS/acid ratio, the studied treatments showed the differences
among them in this respect, but there was no specific direction in these traits during both
seasons. Concerning acidity, the data indicated that there were significant differences
among treatments during storability days as well as during both seasons. From these data,
the highest values of acidity were obtained with GA (10%) and GA (10%) + moringa (10%)
in the 2019 and 2020 seasons.

3.3. Total Sugars and Pectin

Respecting the effects of used edible coatings on total sugars and total pectin (%),
Figure 3 shows the differences among the studied treatments. Control treatments (uncoated
samples) were coupled with the highest total sugar percentage followed by GA (10%) +
henna (3%), and the other treatments showed intermediate values. As for total pectin (%),
Figure 3 shows the opposite effect than total sugar content. In this regard, fruit samples
coated with GA (10%) and GA (10%) + moringa (10%) scored the higher averages of pectin
content than the others. There were gradual increases in pectin content in contents of
storage days from 7 to 21 days in both treatments and both seasons.
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Figure 3. Effect of edible coatings—moringa extract, cactus pear, henna, and GA—on total sugars
and pectin (%) of guava during cold storage for 21 days throughout two seasons (2019-2020). The
superscript letters, present the significantly between effect of treatments using Duncan’s multiple
range tests.
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3.4. Effects on Total Carotenoid and Total Chlorophyll

Figure 4 shows the effects of edible coatings based on GA on the total carotenoid and
total chlorophyll contents of the treated guava fruits. Regarding total carotin, we noticed
that for the exception of the control treatment (uncoated fruits) the carotin values were
in the lower content on the 7th day, which increased on the 14th day, and then decreased
on day 21. The uncoated fruits” carotin content gradually decreased during the storage
periods. Concerning the chlorophyll content, all edible-coating treatments were kept in
higher averages than uncoated fruits. GA (10%) and GA (10%) + moringa (10%) recorded
the higher values compared with the others.
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Figure 4. Effect of edible coatings—moringa extract, cactus pear, henna, and GA—on total carotenoid
and total chlorophyll (mg 100 mg “1FW) of guava during cold storage for 21 days throughout two
seasons (2019-2020). The superscript letters, present the significantly between effect of treatments
using Duncan’s multiple range tests.

3.5. Effects on VC Juice Content, Total Phenols, and Antioxidants Activity

With respect to VC content (Figure 5), all edible coatings treatments were kept it in
higher averages compared with the uncoated fruits, and GA (10%) and GA (10%) + moringa
(10%) recorded the higher values compared with the others. Regarding the total phenol
content, there were slight significant differences among all treatments (Figure 5). From
these data, control treatment of uncoated samples recorded higher values compared with
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the other treatments, in both 2019 and 2020 seasons. Meanwhile, the treatments GA (10%)
and GA (10%) + moringa (10%) reduced total phenol contents, compared with all treated
and untreated samples during the two experimental seasons. Moreover, the total phenol
contents were in the lower content at the 7th day, which increased at the 14th day, and
then decreased on day 21. For all treatments during 2019 and 2020 seasons, this carotenoid
trend was exhibited. As for antioxidant activity, the control exhibited bigger averages
than all treatments. The opposite trend also appeared for total carotenoids during storage
days; there was higher content at the 7th day, which decreased on the 14th day, and then
increased at day 21 in both treatments during the two studied seasons.
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Figure 5. Effect of edible coatings—moringa extract, cactus pear, henna, and GA—on VC juice
content, total phenols, carotenoid, and antioxidants activity (ICsy mg 100 mg ~! FW) of guava during
cold storage for 21 days throughout two seasons (2019-2020). The superscript letters, present the
significantly between effect of treatments using Duncan’s multiple range tests.

3.6. Effects on the Shelf Life

Data revealed that, all treatments enhanced the shelf-life periods of guava fruit coated
with the natural edible materials over the control, and the superior treatments in this respect
were GA (10%) and GA (10%) + moringa leaf extract (10%) during two studied seasons,
2019 and 2020, respectively (Figure 6).
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GA 10% + H 3%

Figure 6. Effect of edible coatings—moringa extract, cactus pear, henna and GA—on shelf life of
guava during cold storage.

3.7. Relationship among Fruit Characteristics

Correlation analysis was applied for investigating the interdependence of the guava
characteristics (Figure 7). The results indicated that weight loss, decay, TSS, TSS/acid, total
sugar, antioxidant, and rot had a negative relationship to firmness. This strong relationship
revealed that greater guava had lesser antioxidant activity, which agrees with the resulted
relationship for blackberries [41,42]. Strong positive correlations were found between
firmness and acidity, V.C, and total chlorophyl. The marketable percentage was positively
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linked to firmness, acidity, V.C. and total chlorophyl; thus, these indicators could be used
to forecast other results. Meanwhile, marketable percentage was negatively correlated
with weight loss, decay, TSS, TSS/acid, total sugar, antioxidant, and rot, verifying that
some physicochemical changes could cause lower acceptance by the consumers, and conse-
quently create lesser marketability. PCA was utilized to discover the connection among
the variables. Thus, PCA was utilized to discover the relationships among parameters
in different treatments. PCA analysis revealed that the first principal component (PC;)
and the second principal component (PC,) were 82.5 and 17.5%, respectively, with the
accumulative variance contribution rate of 99% (>75-85%). PC; was positively associated
with the variables: VC, pectin, acidity, sugars, antioxidants, weight loss, firm, and decay
area. PCy was positively associated with the variables of TSS, phenolics, carotene, and
chlorophyl. Furthermore, locations of the combined GA with natural extracts and the
functional and freshness properties were close, showing the impact of GA-natural extracts
on the quality of guava during the cold storage.
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Figure 7. PCA analysis of the different treatments with different parameters.

4. Discussion

Edible coatings have barrier features that decrease a fruits” surface permeability to
oxygen and carbon dioxide, resulting in a change in internal gas composition that reduces
oxidative metabolism and increases the fruit’s shelf life [43]. We proposed that coating fruits
with GA would result in significant differences, and increase the fruit shelf-life [20,44].

Water exchange between the interior and exterior atmospheres is believed to be the
primary cause of fruit weight loss and decay percentage, resulting in a low marketable
percentage during cold storage. With the advancement of cold storage, the growth in
transpiration ratio, ethylene making, and the cellular interruption of fruits resulted in a rise
in the physiological failure of weight and decay prevalence, and a reduction in saleable
guavas [45—-47].

Consequently, the use of GA can decrease the gases exchange among orange fruits
and the environment by accumulating carbon dioxide in fruits with low O,-availability for
respiration and, as a result, inhibit respiratory enzymes. Furthermore, GA coating can close
openings in the peel. Furthermore, the coating can impede the fungi growth in a wide range
of horticultural products [48]. This application improved membrane integrity, postponed
fruit senescence, and reduced transpiration and respiration [49]. However, coating alters
the atmosphere and inhibits the gaseous exchange of the fruit, which prevents ascorbic acid
oxidation by limiting the entry of oxygen into the fruit’s interior [50]. The lower TSS values
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in treated samples compared with the controls could be attributed to the conversion of
organic acids to sugars via gluconeogenesis and the solubilization of cell wall ingredients
by galactosidases and glucosidases found in guava fruit [51].

These findings are matched with those obtained by [25]; they indicate that guava
fruits coated with 10% GA showed a significant reduction in weight loss (%) and a delay
in the change in firmness, titratable acidity, soluble solid concentration color, maintaining
the sensory quality during storage at room temperature, as compared with the uncoated
control fruit of banana and papaya fruits, as well as Khalig, Mohamed, Ali, Ding and
Ghazali [23] in “Choke Anan’ mangoes, who reported that treated fruits with edible GA
coatings had significantly higher firmness than uncoated fruits during cold storage. More-
over, in avocado fruit (Maluma), the application of GA at 10 or 15% + Moringa leaf extracts
maintained higher firmness than other treatments [33]. A similar effect was found in mass
loss, with fruit covered with the previously stated coatings showing minimal change. It
may be argued that the prevention of moisture loss was the primary reason why coated
fruit remained firmer than uncoated fruit. This theory is supported by [29], who found that
moisture loss is not only associated with mass loss, but also fruit softening.

Cactus pear extracts and henna leaf extracts significantly decreased weight loss, com-
pared with the control, during cold storage in both seasons. The antimicrobial and anti-
fungal properties of henna leaf extract, as well as its antioxidant activity, contribute to its
promising effect in delaying fruit weight loss and decay percentage. In addition, prickly
pear has antimicrobial and antioxidant properties.

Lawsone makes up about 0.5 to 1.5 percent of the ingredients in henna. The main con-
stituent responsible for the plant’s dyeing properties is lawsone (2-dihydroxynaphthoquinone).
Henna, on the other hand, contains mannitol, tannic acid, mucilage, and gallic acid. These
substances are present in henna as a mixture. The antimicrobial activity could be attributed
to many free hydroxyls that can combine with carbohydrates and proteins in the bacterial cell
wall. They may become entangled with enzyme sites, proformance them inactive [52]. When
compared with alcoholic and oily extracts, water extracts had no antibacterial activity. This
could be due to a lack of solvent properties, which are key in antibacterial effectiveness.

Phenolic compounds are antioxidants that act as protective mechanisms in fruit. TPC
content has a defense mechanism against plant pathogen invasion and plays an important
role in plant resistance [2,53]. Furthermore, trapping the lipid alkoxyl radicals, antioxidants
and phenols could significantly reduce reactive oxygen species (ROS) and prevent lipid
peroxidation in plant tissue [2,54,55]. Maintaining TPC and increasing TAA could be
attributed to postharvest treatments’ ability to scavenge excess ROS and, as a result, reduce
oxidative damage to the fruits [23,56,57].

Hence, the use of GA can reduce gas exchange among orange fruits and the environ-
ment by accumulating carbon dioxide in the fruits, resulting in low availability of O, for
respiration and, as a result, the reticence of respiratory enzymes. Furthermore, GA-coating
can plug openings in the peel. Furthermore, a coating can prevent the growth of fungi in a
variety of horticultural products [48].

5. Conclusions

Overall, our findings indicated that both postharvest applications “cactus pear stem
(10%), moringa (10%), and henna leaf (3%) extracts incorporated with gum Arabic (10%)”
and their combinations had a positive impact on the quality characteristics of ‘"Maamoura’
guavas during cold storage. The combined treatments of 10% GA + 10% moringa leaf
extract were the most effective coating for fresh guava after long periods of cold storage.
These applications significantly reduced weight loss, decay and Rhizopus rot infection
(%), while also increasing marketable percentage, and delaying fruit softening during
cold storage. Furthermore, these applications delayed color development by significantly
retaining total chlorophyll content, maintaining fruit content in vitamin C and acidity, and
slowing the accumulation of fruit contents in TSS and TSS/acid ratios compared with
untreated fruits during the cold-storage period. Finally, compared with the control, these
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applications significantly increased the shelf-life period at ambient conditions after the end
of the cold-storage period.
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