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ABSTRACT

This study investigated the impacts of pre-harvest, post-harvest, and combined pre-harvest+post-harvest Aloe
vera gel treatments on various quality parameters of the ‘Red Globe’ grape cultivar during a 150-day storage
period. The quality parameters assessed were weight loss, decay ratio, color attributes, firmness, soluble solids
content (SSC), titratable acidity (TA), levels of total phenolics and total antioxidant capacity, as these are
indicative of bioactive compounds. Post harvest Aloe vera treatment resulted in the lowest weight loss among
three treatments, while the combined treatment surprisingly led to the highest weight loss. Pre-harvest treat-
ments resulted in the lowest SSC values, while the combined treatments led to the highest values. Differences in
TA value were not statistically significant, neither between treatments nor during the storage period. Storage
duration alone significantly affected pH values. The Aloe Vera treatments significantly increased total phenols
compared to the control group, and this increase remained consistent throughout the storage period. The
combined treatments yielded the highest total phenols (3389.45 pg gallic acid equivalent/g fresh fruit). Simi-
larly, Aloe Vera treatments significantly increased total antioxidant capacity (TAC) throughout the storage
period. While the combined treatment yielded the highest TAC on day 150 (6.66 uMol trolox equivalent/g fresh
weight), it negatively affected physical and chemical parameters. However, compared to other treatments, this
combined approach significant boosted phytochemical levels. These findings suggest that for fresh table grapes,
separate pre-harvest or post-harvest Aloe Vera treatments might be preferable. On the other hand, for those
prioritizing elevated phytochemical content for health benefits, the combined application offers an option
despite its drawbacks.

1. Introduction

The grape (Vitis vinifera L.) is a widely cultivated berry, extensively

significant portion of harvested grapes, unfortunately, end up unfit for
consumption as table grapes due to post-harvest losses and rot (Golly
etal., 2019; Nia et al., 2021. The limited shelf life is attributed to various

grown on a global scale. Due to its rich nutritional composition and
potent antioxidant properties, grapes are frequently used for both
nutritional and health protective purposes (Nia et al., 2021).

Cold storage is commonly recommended for extending the shelf life
of diverse products (Aboryia et al., 2022; Cai et al., 2021). Grapes,
however, are particularly challenging to preserve due to their unique
characteristics. Grapes have a thin shin (pericarp), high juice content,
limited shelf life and are classified as non-climacteric, meaning they do
not ripen further after harvest (Shahkoomahally and Ramezanian, 2014)
and storing grapes presents several challenges, including decay, dehy-
dration, softening, weight loss, discoloration and loss of flavor. These
combined features pose significant obstacles to their preservation. A
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factors (X.-.H. Meng et al., 2010; Champa et al., 2014; Mirdehghan and
Rahimi 2016). Notably, the presence of microorganisms, particularly
Botrytis cinerea, significantly deteriorates the quality of table grapes
(Guillén et al., 2007; Castillo et al., 2010a). The exponential growth of
the global population poses challenges to nutrient security. Therefore,
implementing strategies to enhance the shelf life and the consumption
period of agricultural products becomes crucial. These strategies should
particularly focus on preventing microbial growth, minimizing water
loss, and improving the mechanical resistance of the products.
Renewable coatings form a semi-permeable protective layer on the
surface of fruits, regulating oxygen and carbon dioxide levels. These
coatings significantly reduce weight loss, respiration rates, enzymatic
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browning, microbial growth and ultimately extending the shelf life of
fruits. This technology, in fact, has been used since ancient times to
preserve perishable food items from deterioration (Atabey, 2023). The
common coating materials, such as hydrocolloids, polysaccharides,
proteins, lipids, and waxes, are odorless, colorless and tasteless. These
substances form an imperceptible film on the fruit’s surface, effectively
isolating it from the surrounding atmosphere (Krochta et al., 2002). Aloe
Vera gel has emerged as preferred edible coating in recent years (Nic-
olau- Lapena et al., 2021; Sarker and Grift, 2021; Raheemullah et al.,
2023). This eco-friendly alternative to synthetic preservatives provides
protection against microorganisms thanks to its antibacterial and anti-
fungal properties. The gel’s protective barrier stems from a synergy of
active compounds including vitamins, enzymes, minerals, lignin, sapo-
nins, like salicylic acid and amino acids. Consequently, it inhibits the
growth of microorganisms in food, thereby, promoting its preservation
(Eshun and He, 2004; Padmaja and Bosco, 2014). Applying Aloe Vera
coatings has been shown to reduce post-harvest losses and extend the
shelf life of various fruits, such as table grapes (Serrano et al., 2006;
Valverde et al., 2005), sweet cherries (Martinez-Romero et al., 2006),
papaya (Farina et al., 2020) and plums (Guillén et al., 2013).

While pre-harvest or post-harvest Aloe Vera coating applications are
common, their combined use remains rare. The aim of this study was to
investigate the effects of Aloe vera coating application on grapes, both
before and after harvest, and the combined application before and after
harvest, on storage characteristics and grape quality.

2. Materials and methods
2.1. Plant and coating materials

Field treatments were conducted in a vineyard owned by a producer
located in Cariksiz village (40°19'24.1"N - 36°15'42.2"E), Turhal district,
Tokat province, Central Black Sea Region of Turkiye, during August-
September 2021. An experimental vineyard employing a trellis system
was established. Vines were 7-year-old Red Globe variety grafted on
Rupestris du Lot rootstock. The study comprised 36 vines, with three
replicates for both control and Aloe vera treatments, with each replicate
consisting of 3 grapevines.

The experiment used Aloe Vera (AV) gel produced by Forever com-
pany, containing 99.5 % water and 0.5 % solids. Approximately, half of
the solids, consist of carbohydrates (Agirgan, 2013).

2.2. Treatments

After harvest, the harvested grapes placed in plastic boxes (39 x 29 x
21 cm, Plastas, Tiirkiye) and stored at 0 °C and 85+5 % a relative hu-
midity in the cold storage facility at Tokat Gaziosmanpasa University’s
Faculty of Agriculture (Leng et al., 2022). Subsequently, analyses were
carried out in the bioactive molecular laboratory located within the
same faculty.

For both pre-harvest and post-harvest periods, Aloe Vera coatings
were applied at a concentration of 33 %. At the pre-harvest treatment,
10 days before harvesting, entire canopy was sprayed with the solution
(Castillo et al., 2010b). At the post-harvest treatments, on the day of
harvest, clusters were immersed in the solution (5 min). Identical pro-
cedures with distilled water were used for the control group. To achieve
uniform coating in all treatments, a surfactant (Tween 20) was used.
Treated clusters were then placed in cold storage, and periodically
removed (every 30 days) for physical, chemical, and phytochemical
analyses (Fig. 1). For each treatment and period, sampling was con-
ducted in triplicate using 1 kg of grapes per replicate. These grapes were
chosen homogeneously from three clusters representing the replication.
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Fig. 1. A diagram illustrating the various treatment modalities.

2.3. Fruit quality parameters

2.3.1. Weight loss ratio (%)

Fruit weight was measured at beginning of cold storage and at the
end of each analysis period using of a precise scale (+0.01 g). A 1 kg of
fruit sample was used for each replicate. Weight loss ratio (%) was
calculated as:

Weight loss(%) = (Initial weight — measured weight)/(Initial weight) x 100

2.3.2. Decay ratio (%)

Decay ratio was determined in replicate using 1 kg grape sample.
Berries were initially counted, and then those exhibiting visible mycelial
growth were considered decayed. The decay ratio was calculated using
the following equation (Amiri et al., 2021):

Decay ratio(%) = (Total number of berries — Number of healthy berries)
/(Total number of berries) x 100

2.3.3. Fruit color parameters

Three replicates were conducted for per treatment, each using 10
fruits to represent the respective replicate. We measured color param-
eters using a Minolta colorimeter (CR-400 model) calibrated with a
standard white plate (Y = 92,40 x = 0,3137 y = 0,3195). The L*
(lightness), a* (red/green), and b* (yellow/blue) values were measured
for both fruit flesh and peel (Sacks and Shaw, 1994). Chroma (C*) and
hue angle (h°) were calculated as follows (McGuire, 1992):

(C*) _ (a*z _‘_b*z)l/Z’
h* =tan"'b /a*.

2.3.4. Fruit firmness (%)

Each treatment had three replicates with 10 fruits per replicate. Ten
berries were randomly chosen from each replicate to measure flesh
firmness using an Agrosta® 100 digital portable durometer (0-100
range) on both sides of each berry. Data is expressed in Durofel units
(%), softening is indicated by values closer to 0 and firming by values
closer to 100.

2.3.5. Total acidity

To prepare juice samples, 40 fruits were used from each replicate.
Fruits extraction was performed using a Philips HR1855/70 juice
extractor (Turkiye). The extracted fruit juice was then centrifuged for 10
min at 10,000 rpm. Acidity was measured by titration method and
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expressed as the percentage of tartaric acid (equivalent value of 0.075
for tartaric acid)

2.3.6. pH

Selected berries were homogenized in fruit juice extractor. The pH of
homogenized berries was measured by a digital pH meter with a glass
electrode (Hanna 221, Romania).

2.3.7. Soluble solids content (SSC)

Homogenized berries were filtered using a coarse filter paper, and
the initial drops collected were used to measure SSC. The measurement
was performed with calibrated PAL-1 digital refractometer (McCormick
Fruit Tech. Yakima, USA) and results were expressed as percentage.

2.3.8. Total phenols

Total phenolic content was determined using Folin-Ciocalteu’s re-
agent following the method of Singleton and Rossi (1965). Homoge-
nized whole berry samples were extracted for one hour in tubes
containing a 70:29.5:0.5 acetone, water and acetic acid solution. A
Folin-Ciocalteu’s reagent and distilled water were added to sample
extract and incubated for 8 min. Subsequently, 7 % sodium carbonate
solution was added and incubated for two hours, resulting in blue color.
Absorbance was then measured at 750 nm using a spectrophotometer.
Results were expressed as pg gallic acid equivalent per gram fresh fruit.

2.3.9. Total antioxidant capacity (TAC)

The Total Antioxidant Capacity (TAC) of homogenized whole berry
extract was determined using the Trolox equivalent antioxidant capacity
(TEAC) method (Ozgen et al., 2006), commonly used for plant materials.
In this method, a solution of 7 mM ABTS (2,2-Azino-bis 3-
ethylbenzothiazoline-6-sulfonic acid) and 2.45 mM potassium bisulfate
was incubated for 12-16 h in darkness. This solution was then diluted
with a 20 mM sodium acetate buffer (pH of 4.5) to achieve an absor-
bance of 0.700+0.01 at 734 nm. Subsequently, 30 L of extract was
mixed with 2.97 mL buffer solution and incubated for 10 min. Absor-
bance was measured at 734 nm using a spectrophotometer (Saracoglu,
2018), and results were expressed as pmol Trolox equivalents per gram
of fresh weight using standard curve of Trolox (10-100 pmol/L).

2.4. Statistical analysis

The experimental layout was a randomized plots in factorial design
with 3 replicates using one kg of berry fruits per replicate. The collected
data were subjected to a variance analysis using SAS statistical analysis
software at 0.05 level of significance. Duncan’s multiple comparison test
was employed to compare the significance of the means.

3. Result and discussion
3.1. Weight loss, decay and firmness

Weight loss from berry surfaces can lead to undesirable changes,
potentially triggering adverse physiological and morphological conse-
quences. It also reduces nutrient composition and market appeal of
grapes (Destiana et al., 2021). Edible coatings provide a promising
approach to prevent deterioration during storage, as they can act as a
semipermeable barrier to 02, CO2 and water-vapor, thus preventing
water loss, changes in firmness or oxidation, amongst others (Raghav
et al., 2016; Nicolau-Lapena et al., 2021). During the 150-day storage
period, post-harvest Aloe Vera treatments exhibited the lowest weight
loss (10.86 %), while the pre-harvest + post-harvest combination had
the highest (12.89 %) (Fig. 2). Nia et al. (2021) reported lower weight
loss with 2 % and 3 % pre-harvest chitosan and 33 % post-harvest Aloe
Vera treatments. Destiana et al. (2021) found the emost significant
weight loss decrease using 5 % glycerol-supplemented Aloe Vera coat-
ings by 13th day. Shahkoomahally and Ramezanian (2014) observed
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Fig. 2. Effects of Aloe Vera treatments on weight loss of berries (%). There is no
statistical difference between columns marked with the same letter for each
treatment (Duncan, p < 0.05).

positive effects on weight loss from post-harvest CaCly-enriched Aloe
Vera coatings on ‘Askari’ grape cultivar. Similarly, our study demon-
strates the beneficial impact of post-harvest Aloe Vera treatments on
reducing weight loss. According to Farina et al. (2020), Aloe Vera
coatings reduce fruit surface evaporation and increase weight retention.
However, Castillo et al. (2010a) documented positive effects of
pre-harvest Aloe Vera treatments on weight loss, which was not observed
in our study. This variation could be attributed to differences in grape
cultivar, ecological factors, or treatment doses.

Although pre-harvest and post-harvest Aloe Vera treatments didn’t
significantly affect decay ratios, significant differences emerged across
storage periods (Fig. 3). The highest decay ratio (14.87 %) was observed
on day 150. Researchers are actively seeking alternatives to chemical
fungicides for controlling post-harvest fruit decay caused by pathogens.
The focus lies on sustainable materials like Aloe Vera (Romanazzi et al.,
2012). Shah and Hasmi (2020) found that both Aloe Vera gel and chi-
tosan treatments positively impacted mango fruit decay ratios over 28
days. Similarly, our study showed favorable outcomes for microbial
decay with Aloe Vera ger treatments. Nia et al. (2022) observed that
grapes treated with a combination of pre-harvest salicylic acid (SA) (2
and 3 mM) and post-harvest Aloe Vera gel (25 % and 33 %) started
decaying before the 16th day of storage. However, their SA3mM + AV
33 % treatment had the lowest decay rate on the 32nd day of storage.
The AV demonstrates antifungal activity as an effective natural com-
pound. Also, Vera gel has a strong antimicrobial activity against a wide
range of pathogenic microorganism; hence reduce fruit decay percent-
age and maintain fruit quality (Navarro ve ark., 2011; Valverde et al.,
2005). The differing results of our post-harvest Aloe Vera dipping

Decay Ratios (%)
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Fig. 3. Effects of Aloe Vera treatments on decay ratios (%) throughout the
storage period. There is no statistical difference between columns marked with
the same letter for each treatment (Duncan, p < 0.05).



A. Donat and S. Sucu

treatment compared to other studies may be due to variations in mate-
rials and grape cultivars used.

Experimental treatments significantly affected fruit firmness during
storage (Fig. 4). The highest firmness values were noted on the 30th day
(72.37) and in the control group (65.08). Grape firmness naturally de-
creases over time, varying in pace depending on storage duration. This
decrease can be attributed to the gradual breakdown of pectic polymers
in the fruit (Artes-Hernandéz et al., 2004; Pretel et al., 2006). Huiling
(2006) compared the anatomy of four grape cultivars ("Red Globe’,
’Kyoho’, Autumn Black’ and ’Autumn Red’) and found a direct link
between storage performance, pericarp characteristics and fruit texture.
Nia et al. (2021) demonstrated that pre-harvest chitosan and
post-harvest Aloe Vera, and a combination of both treatments best pre-
served firmness in ’Yaghouti’ grape cultivar. Similarly, our results
showed varying fluctuations in firmness across treatments. Notably,
pre-harvest + post-harvest a treatment yielded the smallest change in
firmness compared to initial values.

3.2. Color characteristics (L*, a, b, chroma, and hue angle)

L* represents the lightness of a surface with 00 being white and0
being black). Similarly, a* represents the color hue, ranging from green
(negative) to red (positive), and b* ranges from yellow (negative) to blue
(positive). These values are used to calculate chroma (C), and hue angle
(h*) (Carreno et al., 1995). While experimental treatments didn’t
significantly affect L* values, significant differences emerged over the
storage period. The highest L* value, indicating greater brightness, was
observed on day 90 (41.15) (Table 1).

Pre-harvest Aloe Vera treatment in Sultani Cekirdeksiz (syn.
Thompson Seedless) grapes caused a slight decrease in L* and an in-
crease in C* values. During storage, all groups showed gradual decrease
in L*, C*, and hue angle values. At the end of the storage period, the most
significant changes in L and C* values were observed in the control
grapes, while Aloe Vera treatments significantly delayed these color
changes (Unal et al., 2022). Artes-Hernandez et al. (2004) reported a
gradual decreasing in the L* values during storage, similar to our find-
ings where L* decreased after day 120.

Significant differences in a* values were found across both treat-
ments and storage periods. The highest a* value (17.28) was obtained in
the control group on day 120 (Table 1). Previous research by Bayr-
amoglu and Sen (2020) showed that increased package openings led to a
higher a* Red Globe grapes.We observed fluctuations in a* throughout
storage period, which aligns with the documented varietal characteristic
of "Red Globe’ grapes for occasional uneven coloration (Dokoozlian
et al., 1994 ).

While experimental treatments didn’t affect b* values, significant
changes occurred across storage durations. The highest b* value (4.03)

Fruit Firmness (%)
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Fig. 4. Effects of Aloe Vera treatments on fruit firmness throughout the storage
period. There is no statistical difference between columns marked with the
same letter for each treatment (Duncan, p < 0.05).
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was obtained on day 30 (Table 1). Similar to our findings, Babalik et al.
(2020) reported changes in b* values during grape storage.

Chroma is a numerical measure of color saturation. Both treatments
and storage durations significantly impacted chroma values. The highest
chroma value (17.38) was recorded on day 120 in the control group
(Table 2). Similarly, hue angle differed significantly across storage du-
rations, with the highest value (16.57) on day 30 (Table 2). Qaderi
(2018) found that chitosan and cyclic acid treatments significantly
affected chroma in Red Globe grapes. The findings of the study revealed
that the experimental treatments had a significant influence on chroma
values. Eing et al. (2023) reported a decrease in chroma compared to the
control when pre-harvesting Rupi grapes with 100 mL L™ Aloe Vera or
chitosan, aligning with our results. Additionally, Castillo et al. (2010)
observed a decrease in color index values in Autumn Royal grapes
treated with Aloe Vera. These findings suggest that Aloe Vera may
reduce color saturation of grapes, making grapes opaquer. This decrease
in brightness could be a natural protective mechanism involving
increased epicuticular wax production (Chitarra ve Chitarra, 2005;
Correa ve Boliani, 2001).

3.3. Soluble solids content (SSC), pH and total acidity (TA)

Pre-harvest treatments yielded the lowest SSC values, while the
combination of pre-harvest and post-harvest treatments led to the
highest values. Neither experimental treatments nor storage durations
significantly affected TA values. However, pH values did change
significantly across storage periods (Table 3). Studies by Hasan et al.
(2021) and Nia et al. (2022) demonstrated the effectiveness of Aloe Vera
gel in maintaining SSC in fruits and vegetables. Our findings align with
this, as the pre-harvest + post-harvest combination yielded the highest
SSC. During storage, fruit juice reduction and complex sugar breakdown
into simple forms lead to increased SSC. However, a high hydrolysis rate
can negatively impact the fruit quality. Khan et al. (2016) explained that
faster hydrolysis softens the fruit, making it more vulnerable to storage
pathogens, and the storage period is shortened. The lower SSC observed
with pre-harvest Aloe Vera applications suggests that these treatments
inhibit the hydrolysis of sugars in the fruit.

Titratable acidity (TA) is an important biochemical parameter
affecting the success of storage for many horticultural crops. The
absence of significant differences in TA during storage with Aloe Vera
gel applications can be interpreted as a positive effect on the stability of
grape ripening. The pH value also fluctuated during the storage period.
These changes likely stem from metabolic processes and reactions dur-
ing post-harvest storage, as well as microbial activity (Cong et al., 2007;
Meng et al., 2010; Unal et al., 2022). Unal et al. (2023) identified the
highest and lowest TA values in Aloe Vera gel applications for the
"Thompson Seedless’ grape variety after 120 days of storage in
post-harvest AV application and the control group, respectively. Simi-
larly, Shahkoomahally and Ramezanian (2014), found no significant
changes in TA with post-harvest CaCly-supplemented Aloe Vera coating,
aligning with our observations.

3.4. Total phenolics and total antioxidant capacity

Applying Aloe Vera treatments significantly increased total phenols
of Red Globe grape cultivar compared to the control group, and this
effect persisted throughout the storage period. The pre-harvest + post-
harvest Aloe Vera treatments yielded the highest value (3389.45 nug
gallic acid equivalent/g fresh fruit) (Table 4). Phenolic compounds also
known as vitamin P, significantly influence food quality. They possess
antioxidant and antimicrobial properties, inhibit enzyme activity, and
offer health benefits (Nizamoglu and Nas 2010; Ozcan 2018). The
application of pre-harvest Aloe Vera treatments resulted in a decrease in
total phenols of ’Crimson Seedless’ grape cultivar during the storage
period and the lowest value was recorded on day 35 of storage period. In
the present study, total phenols significantly increased throughout the
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Table 1
Changes in L*, a* and b* values throughout the storage period.
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Day / Treatment Control Pre-harvest Post-harvest Pre-harvest + Post-harvest Mean (stotage time)

L* values 0 35.02Ca 36.15DCa 35.02Ca 36.15Ca 35.59 C
30 33.70Ca 33.02Ea 31.96Da 32.79Da 32.87 D
60 34.84Cb 36.89 BCE ba 36.39 C ba 39.34Ba 36.86 B
90 38.22Bc¢ 40.56 A b 43.10Aa 4271 Aa 41.15A
120 43.12Aa 39.35BA Db 40.28 Bb 40.58 BA b 40.83 A
150 35.54CBa 34.13DE a 34.57DCa 34.51 DCa 34.69 C
Mean (treatments) 36.74 a 36.68 a 36.89 a 37.68 a

a* values 0 13.59Aa 8.77 BA a 13.59Aa 8.77B a 11.18A
30 11.06 Ab 8.54BAc 1396 Aa 11.94 A ba 11.37 A
60 10.84Aa 10.09 A ba 8.93 B bc 7.72Bc¢ 9.39 BA
90 878Aa 6.22 BCE b 6.50 CB b 6.59 CB b 7.02 BCE
120 17.28 Aa 8.47BAa 7.79Ba 5.96 CB a 9.87 BA
150 547 Aa 457 Ca 4.95Ca 430Ca 4.82C
Mean (treatments) 11.17 a 7.77 b 9.28 ab 7.55b

b* values 0 241Ba 3.18Aa 241 Aa 3.18BAa 2.79B
30 439Aa 274Aa 317 Aa 5.83Aa 4.03A
60 097 Ca 0.45Ba 0.97 Ca 0.84B a 0.81C
90 —0.54Dc 0.04Bc 1.59 BCE a 0.95B b 0.51C
120 0.04 DC a —0.09Ba -0.39Da —0.99B a —0.35C
150 -0.42Dc 0.44Ba 0.28 DC ba 0.05B b 0.08 C
Mean (treatments) 1.14 A 1.12A 1.33A 1.64 A

Means indicated storage time with the same upper-case letters in the same row are not significantly different (Duncan, p < 0.05). Means indicated Aloe Vera treatments
with the same lower-case letters in the same column are not significantly different (Duncan, p < 0.05).

Table 2

Effects of Aloe Vera treatments on chroma values and hue angles (h°) throughout the storage period.

Day / Treatment Control Pre-harvest Post-harvest Pre-harvest + Post-harvest Mean (stotage time)

Chroma values 0 14.18Aa 10.11Aa 1418 Aa 10.11Ba 12.14 A
30 12.69A ba 9.92ADb 15.06 Aa 1537 Aa 13.26 A
60 11.11Aa 10.38 A ba 9.36 B be 8.22CBc 9.77 BA
90 892Aa 6.46 BCE b 6.87 CB b 6.74 CB b 7.72 BCE
120 17.38 Aa 8.66 BA a 7.90 B a 6.12CB a 10.01 BA
150 559Aa 4.67 Ca 5.02Ca 433Ca 4.90 C
Mean (treatments) 11.64 a 8.37b 9.73 ba 8.48 b

Hue angles (h°) 0 12.36 BAa 16.44 A 12.36 BA 16.44 BA 14.40 A
30 18.96 A a 12.77Aa 16.18 Aa 18.36 Aa 16.57 A
60 5.87 BCE a 35Aa 5.05 BCE a 6.25Ca 5.17B
90 -3.35Dc —0.02Ac 1526 Aa 8.55 BCE b 5.10 B
120 0.62DCa -0,18 Aa -273Da -9.89Db —3.04C
150 -3.36Dc 6.57 Aa 3.86 DC ba 0.60 C be 191B
Mean (treatments) 5.18a 6.51 a 8.33a 6.72 a

Means indicated storage time with the same upper-case letters in the same row are not significantly different (Duncan, p < 0.05). Means indicated Aloe Vera treatments
with the same lower-case letters in the same column are not significantly different (Duncan, p < 0.05).

storage period. This variation may be ascribed to the differences in grape
cultivars, sections of grape used for analysis (skin, pulp), timing of
treatments and storage durations. Liguori et al. (2015) observed that
internal packaging concentrations influenced total phenols of ’Superior
Seedless’ and 'Red Globe’ grape cultivars after 21 days, similar to our
findings a significant increase in total phenols for Aloe Vera-treated Red
Globe grapes compared to the control.

Aloe Vera treatments increased in Total Antioxidant Capacity (TAC)
in 'Red Globe’ grape cultivar during the storage period. The highest
value (6.66 pMol trolox equivalent/g fresh weight) was obtained on day
150 in the pre-harvest + post-harvest treatments (Table 4). While Oztiirk
et al. (2019) observed a decrease in cherry TAC with Aloe Vera gel and
MAP treatments during storage, they still exhibited higher TAC
compared to control groups. Piazzolla et al. (2021) found no significant
impact of different packaging and storage conditions on TAC during cold
storage, further highlighting the potential differences in fruit type and
treatment response. In our study, both Aloe Vera treatments and storage
durations positively affected TAC. Total phenolics and anthocyanins are
yer determinants of fruit and vegetable antioxidant capacity (Gimenez
et al., 2016; Mirdehghan and Rahimi, 2016; Saracoglu et al., 2017).
Notably, our findings showed significant increases in both these
comounds with Aloe Vera treatments, likely contributing to the

observed TAC boost.
4. Conclusion

The results of the study investigated the effects of Aloe Vera treat-
ments on the quality of Red Globe grape cultivar during storage. Pre-
harvest treatments minimized weight loss, while post-harvest treat-
ments boosted soluble solids content (SSC) — both crucial parameters for
grape shelf life. Interestingly, the combined pre-harvest + post-harvest
application, despite negatively impacting some physical and chemical
properties, significantly enhanced the grapes’ phytochemical content
compared to other treatments. These findings suggest tailoring Aloe
Vera treatments based on the desired outcome:

For table grapes: Separate pre-harvest or post-harvest treatments are
recommended to optimize either weight loss or SSC.

For health-focused consumption: The combined pre-harvest + post-
harvest approach might be preferred due to its significantly higher
phytochemical content, despite potential drawbacks in other quality
aspects.
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Table 3
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Changes of SSC values (% Brix), titratable acidity (TA) values (%) and in pH values throughout the storage period.

Day / Treatment Control Pre-harvest Post-harvest Pre-harvest + Post-harvest Mean (stotage time)

SSC values 0 15.03Ca 143Db 15.03Ca 1430D b 14.66 E
30 1446 Db 13.23Ec 14.56 D b 15.30B a 14.39 F
60 1453Dc 16.00A a 1470D b 1410Dd 14.83D
920 15.30 B b 15.06 C ¢ 15.30ADb 16.10Aa 15.44B
120 15.50 A a 15.03Cb 15.13 BCE b 14.66 C ¢ 15.08 C
150 15.40 BAb 15.46 Bb 15.20BA ¢ 16.26 Aa 15.58 A
Mean (treatments) 15.03 ab 14.85 ¢ 14.98 b 15.12a

TA values 0 1.83Aa 190Aa 1.83Aa 190Aa 1.86 A
30 1.86 Aa 2.02Aa 1.68 Aa 217 Aa 1.93A
60 191Aa 2.22Aa 1.88Aa 2.32Aa 2.08 A
90 1.97Aa 198Aa 1.98Aa 2.08Aa 2.00 A
120 2.03Aa 1.98Aa 2.10Aa 2.06 Aa 2.04A
150 190Aa 2.03Aa 2.04Aa 2.13Aa 2.03A
Mean (treatments) 1.91a 2.02a 1.92a 2.11a

pH values 0 3.55CBa 3.54Ba 3.55Ba 3.54Ca 3.55DC
30 3.54CBb 350Cc 358 BAa 351Cc 3.53D
60 3.57Ba 3.52CBb 3.55 B ba 3.55 C ba 3.55 DC
90 3.57Bb 3.55Bb 3.55Bb 3.67Aa 3.58B
120 351Cb 36lAa 3.59BAa 3.53Chb 3.56 C
150 371Aa 3.59ADb 3.62ADb 3.61Bb 3.63A
Mean (treatments) 3.57 a 3.55a 3.57 a 3.57a

Means indicated storage time with the same upper-case letters in the same row are not significantly different (Duncan, p < 0.05). Means indicated Aloe Vera treatments
with the same lower-case letters in the same column are not significantly different (Duncan, p < 0.05).

Table 4

Effects of Aloe Vera treatments on total phenols (ug gallic acid equivalent /g fresh weight) and TAC values (uMol trolox equivalent/g fresh weight) throughout the

storage period.

Day / Treatment Control Pre- Post- Pre-harvest + Post- Mean (stotage time)
harvest harvest harvest

Total phenols (mg gallic acide quivalent /g fresh weight) 0 239Chb 297Ca 2.39Cb 297Da 2.68C
30 3.04Bb 273Dc 341Ba 3.13DCb 3.08 B
60 3.60 A ba 385Aa 3.23Bc 3.43 BA bc 3.53A
90 3.17Bb 2.37Ec 3.60 BAa 373Aa 3.22B
120 3.40 BAb 3.74Aa 3.25Bb 3.36 BCE b 3.43A
150 3.60Ac 3.43 B be 398Aa 3.72 Aba 3.58A
Mean (treatments) 3.13 b 3.18b 3.31a 3.39a

TAC values (uMol trolox equivalent/g fresh weight) 0 344Ca 3.90Ba 344Da 3.90Ca 3.67D
30 4.37 BACa 3.88Ba 4.36 CB a 4.55CB a 4.29 C
60 4.03BCEa 4.15Ba 397CDa 4.46 CB a 4.15C
90 4.07BACa 4.23Ba 513Ba 490 CBa 4.58 CB
120 5.00 BA a 4.50B a 4.20 CD a 5.44Ba 4.79 B
150 529Ac 6.05ADb 6.33 A ba 6.66 A a 6.08 A
Mean (treatments) 4.36b 4.45b 4.57 b 4.99a

Means indicated storage time with the same upper-case letters in the same row are not significantly different (Duncan, p < 0.05). Means indicated Aloe Vera treatments
with the same lower-case letters in the same column are not significantly different (Duncan, p < 0.05).
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