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Abstract

This study aimed to reveal the effects of different concentrations (0, 5, 10, and 20%) of Aloe vera gel (AV) coating on the
quality-related characteristics of table grapes (‘Alphonse Lavallée’ and ‘Red Globe’) during cold storage at 1.0+0.5°C
with 90+ 5.0% relative humidity for 75 days. Sulphur dioxide (SO,) was also used as a common chemical-based postharvest
application to compare the effectiveness of the treatments. During the cold storage, AV treatments were remarkably effective
in delaying the loss in fresh weight of grapes with greater effects than both the control and SO,. Postharvest changes in
biochemical features such as the soluble solid contents (SSC), titratable acidity (TA), and maturity index (MI) of both
grape cultivars were significantly delayed by AV concentrations. Higher concentrations of AV displayed better protection
in the physical, biochemical, and visual quality-related properties of the grape cultivars. Considering the general findings,
the use of 10% AV treatment could be recommended as a natural, safe, and healthy alternative strategy to chemicals as it

provided better conservation of the fresh grapes in long-term cold storage.

Keywords

Introduction

Turkey is one of the most important grape-growing coun-
tries in the world with an annual fresh grape production of
4,208,908 t (FAO 2020). More than 30% of the total grapes
produced in Turkey are consumed as fresh table grapes.
‘Alphonse Lavallée’ and ‘Red Globe’ table grape cultivars
are cultivated widely throughout the world due to their high
market value. Some of the important characteristics of these
grape cultivars include high yield and quality with attractive
berry colours, as well as high antioxidant and anthocyanin
properties. However, table grapes are non-climacteric and
easily perishable produce with their succulent berry tissue
and thin pericarp (Lang and During 1990). Therefore, they
are exposed to significant water loss and pathogen infec-
tions, which result in a high decay rate (Meng et al. 2010)
and low storability (Mirdehghan and Rahimi 2016). Sul-
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phur dioxide (SO,) has been used widely as one generator
per 6kg grape to extend the postharvest quality of table
grapes since it effectively controls postharvest pathogens
and reduces the incidence of berry decay. With its excel-
lent effect on the protection of fresh grapes, the use of SO,
generators for cold storage of table grapes has become an
integral part of the preservation of table grapes intended for
medium- or longer-term storage around the world (Droby
and Lichter 2004). However, SO, residues are harmful to
human health and frequently give the grapes a sulphurous
flavour. Besides, SO is highly injurious to most fresh pro-
duce and causes phytotoxicity symptoms such as bleaching
of berries and browning of the rachis (Meng et al. 2008). In
earlier studies, in fact, Nelson and Tomlinson (1958) stated
that SO, fumigation causes microscopic injuries to the berry
surface that may facilitate pathogenic infection as well as
water loss. Hairline cracks, which are invisible, small, fine,
longitudinal, cracking lines on the berry skin, develop when
table grapes are subjected to high dose of gaseous SO, (Zof-
foli et al. 2008). In addition, organic growers are prohibited
from using SO,. Such problems have prompted researchers
to focus on alternative means for decay control and quality
maintenance of fresh table grapes (Sabir et al. 2021a).
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Edible coatings, as a semi-permeable organic barrier on
the surface of the berry, restrict the movement of gasses as
well as the rate of respiration and water loss, and they mod-
ify the atmosphere thereupon and delay the senescence in
a range of horticultural commodities (Alberio et al. 2015;
Liguori et al. 2021). Coating matters consist of lipids, pro-
teins, or various compounds which can effectively protect
the produce (Vieira et al. 2016; Xing et al. 2020; Avci
et al. 2022; Islam et al. 2022). Recently, Aloe vera gel (AV),
composed of polysaccharides and compounds including vi-
tamins, antioxidants such as phenolic compounds, and an-
timicrobials, has received considerable attention as an edi-
ble coating for quality maintenance of produce (Vieira et al.
2016) due to its human health benefits and antimicrobial
properties (Parven et al. 2020). The AV coating in a vari-
ety of easily perishable produce such as mango (Shah and
Hashmi 2020), strawberry (Sogvar et al. 2016), peach, and
plum (Guillen et al. 2013) reduced respiration rates, soft-
ening, moisture loss, and microbial decay, and it conserved
overall quality properties. Alberio et al. (2015) reported
that dipping into AV made it possible to decrease the res-
piration rate of minimally processed ‘Victoria’ and ‘Black
Magic’ table grape cultivars and was effective at reducing
the enzymatic activities commonly responsible for posthar-
vest quality decay. Their general findings confirmed that by
coating the table grapes with AV it was possible to maintain
better quality compared to untreated table grapes. Dipping
into AV is proposed as a natural tool for the quality mainte-
nance of perishable horticultural produces like table grapes
as it improves the nutritional value of the produce and helps
reduce the recourse to synthetic additives. Although there
are many studies on the use of AV in postharvest quality
maintenance of various agricultural products, experimental
studies regarding the response of commonly stored grapes
to different AV concentration and, in particular, compari-
son of AV with SO,, are surprisingly lacking in the liter-
ature. Therefore, the present study was conducted to as-
sess the effect of different doses of postharvest AV coating
on the physicochemical properties, biochemical character-
istics, antioxidant activity, and postharvest quality of table
grapes during cold storage.

Material and Methods
Plant Materials

Clusters of ‘Alphonse Lavallée’ and ‘Red Globe’ table
grape cultivars were harvested from vineyards at commer-
cial maturity stages (at around 16.1°Brix). Grapes were
then immediately transported to laboratories with a cold
vehicle in the early morning (at around 10°C tempera-
ture). Grape samples were selected to be a uniform size
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and free from any diseases and damage. Aloe vera extract
contains a wide range of bioactive compounds such as es-
sential oils, amino acids, fatty acids, vitamins, minerals,
enzymes, flavonoids, polysaccharides, phenolics, and gly-
coproteins (Shelton 1991; Andrea et al. 2020). A worldwide
commonly used gel product of Aloe vera was purchased
from a commercial company (NaturLex, Scottsdale, AZ,
USA).

Treatments and Packaging

The fresh clusters belonging to each cultivar were sorted
into five equal groups: (a) control (no treatment); (b) SO,
fumigation as commonly applied with one SO, generator
per ca. 6kg grape (Lichter et al. 2008); (c) dipping the clus-
ters for 10 min in 5% AV, (d) dipping the clusters for 10 min
in 10% AV; and (e) dipping the clusters for 10 min in 20%
AV. Attention was paid to ensure that the complete clusters
were submerged into the AV solution. After AV treatments,
the grapes were air-dried for 30 min to let the dew on berries
evaporate under room conditions (Ozturk et al. 2022). For
each experiment, 15 packages (five storage period x three
replications) were prepared by placing about 400g of ta-
ble grapes inside the polyamide/polyethylene plastic bags.
A total of 75 bags were stored for up to 75days in a cold
room at 1.0+0.5°C with 90+5.0% relative humidity. For
logical comparisons of the treatment effects on grape qual-
ity, three package samples (replicates) per treatment were
taken at harvest, and on the 15th, 30th, 45th, 60th and 75th
day of storage.

Biochemical Analyses

Grape juice (must) from the randomly collected berries was
extracted with a hand press and filtered through cheesecloth
and the supernatants were collected for biochemical analy-
sis. The soluble solid content (SSC) of grape must (juice)
was quantified by a manual refractometer (ATAGO Com-
pany, Fukuoka, Japan) according to 932.12 AOAC methods
at 25 °C and the results were reported as the degree of Brix.
Titratable acidity (TA) was determined by titration of 5mL
of grape extract dissolved in 45mL distilled water with the
addition of NaOH (0.1 N) solution to reach a pH of 8.1. The
numerical value was expressed in terms of the predominant
acid (tartaric). The pH of the must was obtained using direct
immersion of the electrode (Hanna Instruments Inc., Cluj-
Napoca, Romania). The maturity index (MI) was obtained
as SSC/TA.

Berry Skin Colour

The skin colour of 30 berries for each treatment was read
using a colorimeter (Minolta® CR-400) to obtain the fol-
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lowing variables from two equatorial points of berries:
L* (lightness), C (chroma), and h° (hue). Lightness values
can vary from O (black) 100 (white). Chroma refers to
the intensity or purity of colour, the distance from grey
(achromatic) towards a pure chromatic colour. Hue angle
reflects the colour wheel and is measured in degrees; green,
yellow and red correspond to 180, 90 and 0°, respectively
(McGuire 1992; Peppi et al. 2006).

Weight Loss and Visual Quality Assessments

During postharvest storage, the loss in weight (%) was
quantified by periodical weighing and calculated by divid-
ing the mass change along with the storage by the origi-
nal mass: weight loss (%)= ([Mi—Ms] / Mi)x 100, where
Mi=initial weight and Ms= weight at examined time (Mat-
tiuz et al. 2009).

Berry visual quality was determined by nine panellists
with knowledge of the grape quality together with the as-
sessment team to assess the berry appearance index using
the Delphi method (Ma et al. 2016). The experts were as-
signed to make a multiple evaluation regarding the relative
importance of the visual quality of the berries. The 9-point
Hedonic scale based on previous research performed by Ma
et al. (2016) was employed for the evaluation experiment
on grape storage. The criteria were as follows: 1=dislike
extremely; 2=dislike very much; 3=dislike moderately;
4 =dislike slightly; 5=neither like nor dislike (marketabil-
ity threshold value); 6=1ike slightly; 7=1ike moderately;
8=like very much; 9=1like extremely.

Rachis visual quality was evaluated to quantify symp-
toms of dehydration and browning for primary and sec-
ondary branches on a ranked scale of 1 to 5, where
lI=absence of these symptoms, 2=slight occurrence,
3=moderate, 4 =severe, and 5 =extremely severe browning
and dehydration (Liguori et al. 2021). A score of 3 was
considered to be the limit of marketability.

Skin Rupture and Berry Detachment Force

A force gauge (DPS-11; Imada, Northbrook, IL, USA) was
used to quantify the berry skin rupture force (SRF) and the
berry detachment force (BDF) as described by Fidelibus
et al. (2007) using 60 berries randomly collected from the
middle of the clusters per treatment. To obtain the SRF, the
berry from the equatorial point was cradled in a jig attached
to a force gauge and the gauge was gently pulled away
from the berry until the skin puncture. For BDF (attachment
strength of berry to rachis and/or pedicel) determination, the
hook apparatus of the force gauge was fixated around the
berry pedicel and the gauge was gently pulled away from
the cluster until the berry detached. The forces required

for skin rupturing and berry detachment were recorded in
Newton (N).

Total Antioxidant Capacity and Total Phenols

For antioxidant and phenol analyses, grape berry extracts
were prepared as described by Thaipong et al. (2006)
with slight modifications. After removing the stem caps
of berries, 5g grape tissue from a mixture of 15 berries
excluding seeds was homogenized in methanol using an
Ultra-Turrax homogenizer (IKA, T18 digital, Staufen, Ger-
many) for 1 min and then centrifuged at 4000 x g for 30 min
at 5°C. The supernatants were recovered and stored at
—20°C in dark-coloured bottles until analysis. The antioxi-
dant capacity of the sample was determined using a ferric
reducing antioxidant potential (FRAP) assay following
the method described by Benzie and Strain (1996). The
FRAP reagent was a mixture of 25mL of acetate buffer
pH 3.0, 2.5mL of 10mM 2.4,6-trioyridyl-1,3,5-triazine and
2.5mL of 20mM ferric chloride hexahydrate. The mixture
reaction was commenced when 0.5mL of the supernatant
was added in SmL of FRAP solution. The reaction solu-
tion was incubated at ambient temperature for 30 min and
then the absorbance was read at 630nm. The antioxidant
capacity was expressed as micromoles of Trolox equiva-
lents (TE) per gram fresh weight (umole TE/g FW). Total
phenols were quantified using the method of Singleton
et al. (1999). A 100-uL aliquot of each extract was mixed
with 1.58 mL of water, 100 uL of Folin-Ciocalteu’s reagent
and 300 uL of sodium carbonate solution (200g L-'). The
absorbance at 760nm was read after 2h. The content of
total phenols was calculated on the basis of the calibration
curve of gallic acid and was expressed as milligram gallic
acid equivalent (GAE) 100g™' FW.

Statistical Analysis

Data sets of each cultivar from analysed parameters were
subjected to analysis of variance. Sources of variation were
storage time, treatments, and their interactions. Compar-
isons of means were performed by Tukey’s multiple range
tests at a significance level of p<0.05. Analyses were per-
formed with SPSS software package v. 15.0 for windows.

Results and Discussion

The effect of SO, and AV gel coating treatments on SSC, TA
and maturity index (MI) of ‘Alphonse Lavallée’ and ‘Red
Globe’ grapes throughout the storage period of 75 days
is presented in Tables 1 and 2 respectively. The overall
SSC content in grapes of both cultivars increased gradu-
ally until the end of storage. Such increment physiology
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Table 1 Variation in SSC (°Brix), TA (%) and MI values of ‘Alphonse Lavallée’ grapes as influenced by SOz and AV treatments

Treatments Storage time (days)
0 15 30 45 60 75

SSC Control 16.47 ghi  16.20 ijk 17.00 bed 17.13 be 17.27b 18.07 a
SOz 16.07 k 16.27 h-k 16.27 h—k 16.67 efg 16.87 cde
5% AV 16.13 jk 17.13 be 17.07 bed 17.00 bed 17.07 bed
10% AV 16.13 jk 16.13 jk 16.60 efg 16.80 def 16.87 cde
20% AV 16.20 ijk 16.40 g—j 16.53 fgh 16.47 ghi 16.80 def

TA  Control 0.562ab  0.537 a—d 0.507 e 0.442 f—j 0.425 ijk 0411k
SOz 0.529 cde 0.538 a—d 0.429 h-k 0.456 fgh 0.463 fg
5% AV 0.564 a 0.564 a 0.518 de 0.461 fg 0.439 gk
10% AV 0.562 ab 0.557 abc 0.514 de 0.470 f 0.463 fg
20% AV 0.541 a—d 0.534 b— 0.454 £-1 0.432 h—k 0.414 jk

MI  Control 29.30h  30.17h 33.56 f 38.94 be 40.74 b 43.96 a
SOz 30.39 gh 30.23 gh 37.92 cd 36.64 de 36.48 de
5% AV 28.64 h 30.64 gh 3299 f 36.87 cde 38.89 be
10% AV 28.73 h 28.96 h 32.34 fg 35.74 ¢ 36.43 de
20% AV 2993 h 30.75 gh 36.47 de 38.18 cd 40.65 b

AV Aloe vera gel, MI maturity index, SSC soluble solid contents, TA titratable acidity

Least statistical difference (LSD) for SSC: 0.28; TA: 0.03; MI: 2.15

Means not connected by the same letter are significantly different at the 5% level by LSD (+standard deviation)

Table 2 Variation in SSC, TA and MI values of ‘Red Globe’ grapes as influenced by SOz and AV treatments

Treatments Storage time (days)
0 15 30 45 60 75

SSC Control 17.53 fgh 17.93 d—¢g 18.33 b—e 18.20 b-e 18.53 be 19.73 a
SOz 17.80 efg 17.87 d-g 18.00 c—f 18.33 b—e 18.27 b—
5% AV 17.53 fgh 17.97 c—g 18.27 b—e 18.20 b—e 18.67 b
10% AV 17.80 efg 17.40 gh 17.20 h 18.27 b—e 18.33 b—e
20% AV 17.80 efg 17.40 gh 18.00 c—f 18.40 bed 18.53 bc

TA  Control 0.442b  0.418 cde 0.394 fgh 0.373 h-1 0.313n 0.287 o
SOz 0.440 be 0.403 efg 0.382 g—j 0.358 ki 0.329 mn
5% AV 0.432 bed 0.417 c—f 0.392 gh 0.376 h-—k 0.354 kl
10% AV 0.468 a 0.435 bed 0.391 ghi 0.384 g—j 0.366 jkl
20% AV 0.439 bed 0.416 def 0.382 g—j 0.369 i-1 0.350 Im

MI  Control 39.69 mn 42,92 kim 46.72 ¢j 49.27 e-h 59.23b 68.74 a
SO, 40.41 Imn 44.39 ijk 47.19 {5 51.28 de 5573 ¢
5% AV 40.64 Imn 43,11kl 46.60 hij 48.45 e-h 52.76 c¢d
10% AV 38.04 n 40.02 Imn 44.00 jk 47.64 f—i 50.08 def
20% AV 40.59 Imn 41.81 klm 47.08 £ 49.93 d-g 53.03 c¢d

AV Aloe vera gel, MI maturity index, SSC soluble solid contents, TA titratable acidity

Least statistical difference (LSD) for SSC: 0.56; TA: 0.023; MI: 3.25

Means not connected by the same letter are significantly different at the 5% level by LSD (+ standard deviation)

after harvest indicates progressive ripening of grapes dur-
ing storage, as reported by various researchers for different
cultivars (Sabir and Sabir 2013), although the grape is clas-
sified as a non-climacteric commodity (Kader 2002). Phys-
iologically, SSC increase is generally thee result of water
loss (Pretel et al. 2006) and gluconeogenesis (a pathway in
which organic acids are converted irreversibly back to sug-
ars in cell vacuoles; Hui et al. 2006). In the present study,
SO, and AV treatments were significantly effective in de-
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laying the postharvest increase in SSC in both cultivars.
At the final analyses, the highest SSC levels were deter-
mined in the control grapes. Higher doses of AV displayed
similar effects to those of SO, treatments in cultivars. Phys-
iologically, it has been well documented that the treatments
with the AV slow down the respiration rate of fresh pro-
duce during the storage period (Rehman et al. 2020). In
contrast to SSC, TA levels in both cultivars decreased pro-
gressively during storage. From the beginning of storage
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Table 3 Variation in L*, C* and hue angle values of ‘Alphonse Lavallée’ grapes as influenced by SO and AV treatments

Treatments Storage time (days)
0 15 30 45 60 75

L*  Control 31.74 29.54 28.17 28.20 28.00 26.65
SO. 30.51 29.52 29.28 28.87 28.09
5% AV 30.77 31.20 28.82 29.41 27.95
10% AV 30.27 29.48 28.41 28.90 28.35
20% AV 30.75 29.34 290.14 29.55 27.96

C*  Control 2.88 1.96 1.82 1.69 1.65 1.54
SO2 2.04 2.05 1.94 1.92 1.73
5% AV 2.07 1.73 1.65 1.63 1.63
10% AV 2.22 1.95 1.94 1.91 1.76
20% AV 2.24 2.01 1.97 1.93 1.60

Hue Control 298.63 297.27 309.13 311.04 315.46 322.55
SO. 297.45 295.72 303.15 314.03 318.27
5% AV 290.91 301.16 309.64 311.60 313.35
10% AV 300.94 305.35 311.10 318.67 316.92
20% AV 304.19 307.11 314.95 318.41 320.55

AV Aloe vera gel, L* lightness, C* chroma
Least statistical difference (LSD) for L*: n.s.; C*: n.n.; Hue: n.n.

Means not connected by the same letter are significantly different at the 5% level by LSD (+standard deviation)

Table 4 Variation in L*, C* and Hue angle values of ‘Red Globe’ grapes as influenced by SO2 and AV treatments

Treatments Storage time (days)
0 15 30 45 60 75
L*  Control 35.57 34.59 33.51 32.10 32.29 30.65
SOz 34.39 33.97 34.27 33.69 33.13
5% AV 35.22 35.59 34.52 33.84 32.48
10% AV 34.52 35.24 34.14 33.24 32.60
20% AV 3543 34.87 34.30 33.84 31.10
C*  Control 555a 5.46 abc 4.99 cf 4.78 e-h 4261 3.16j
SOz 5.08 a—f 5.10 a—f 5.00 c—f 4.99 c—f 4.87 d-g
5% AV 5.42 abc 5.07 a—f 4.83 d-g 4.84 d-g 4221
10% AV 5.25 a-e 5.04 b—f 4.82 d-g 4.62 f—i 4.29 hi
20% AV 5.52 ab 5.52 ab 5.45 abc 5.31ad 4.46 ghi
Hue Control 340.13 b-f 346.89 a—d 346.07 a—d 348.33 ab 347.78 ab 345.87 a—d
SO2 340.13 344.50 a—d 344.61 a—d 347.49 abc 347.17 a—d 349.36 a
5% AV 340.13 340.94 b—e 343.07 a—e 343.04 a—e 344.05 a—d 345.97 a—d
10% AV 340.13 341.97 a—e 346.55 a—d 343.42 a—d 334.96 efg 32072 g
20% AV 340.13 339.09 def 339.06 def 339.52 c-f 332.29 fg 330.13 g

AV Aloe vera gel, L* lightness, C* chroma
Least statistical difference (LSD) for L*: n.s.; C*: 0.50; Hue: 8.22

Means not connected by the same letter are significantly different at the 5% level by LSD (+ standard deviation)

until the end, all the treatments were significantly effec-
tive in delaying the decrease in TA. A gradual increase in
SSC and a decrease in TA resulted in remarkable increases
in MI across the stored grapes. Such biochemical changes
occur in grapes as the berries remain metabolically active
and react to internal and environmental factors for a certain
period. However, the treatments significantly slowed down
the increase in MI with the highest effect of 10% AV for
both cultivars. MI is one of the most commonly accepted

indicators for senescence level of the horticultural com-
modities. Hence, overall findings on biochemical features
of the grapes indicated that all doses of AV treatment were
capable of delaying grape senescence during cold storage.
In particular, 10% AV displayed similar positive effects to
those of SO, in maintaining the biochemical features of
grape must during storage.

L*, C* and hue angle values of ‘Alphonse Lavallée’
grapes were not significantly influenced by SO, or AV treat-
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Fig.1 Variation in weight loss
values of ‘Alphonse Laval-
Iée’ (a) and ‘Red Globe’ (b) as
influenced by SO and Aloe vera
gel (AV) treatments. Standard
error is shown by vertical bars
and each value is the mean of
three replicates. Different letters
on top of the bars indicate sig-
nificant differences at p<0.05.
d days, LSD least significant 0 15 30 45
difference

[

Weight loss (%)

o B N W A~ U o

Storage time (d)

—@— Control S02
—0— 10% AV 20% AV

ments (see Table 3). This is most probably because the berry
skin colour was uniformly developed in the grape samples
as they were harvested from the vineyard located at higher
altitudes that induce anthocyanin biosynthesis in grapes.
However, in ‘Red Globe’ there were significant changes
in C* and hue angle values of the berries in response to the
treatments (see Table 4). Such differential response may
be due to the skin colour distinctness of the cultivars. The
C* value of ‘Red Globe’ cultivar significantly decreased
along with the storage duration as previously reported for
different grape cultivars (Sabir et al. 2021a). At the end of
the storage, the greatest decrease occurred in control grapes
while SO, treatment provided the lowest change. Among
the AV treatments, the most effective dose was 20% in de-
laying the decrease in C* value of ‘Red Globe’ grapes.
Berry colour is one of the most important genetic features
of the table grape cultivars, which has a significant effect on
the consumer’s preference as it is directly related to visual
quality (Sabir et al. 2021b). This morphological character is
greatly variable and not consistently uniform within a grape
cultivar or even a bunch. Between harvest and consumption
fruits are stored for several weeks which time is influencing
the color of the berry.

Weight loss was found for both grape cultivars during the
storage period (Fig. 1). However, coating of grapes with AV
was effective in creating a physical barrier to moisture loss;
hence, reduced weight loss was observed for the treated
grapes than for the non-treated samples. All the AV treat-
ments were significantly effective in reducing the loss in
weight for both cultivars. Control grapes suffered as high
as 4.5% and 8.4% losses in weight at the end of the 75-
day storage for ‘Alphonse Lavallée’ and ‘Red Globe’, re-
spectively. During this period, the lowest losses in weight
were from 10% AV treatment with values of 3.6% and 4.6%
for ‘Alphonse Lavallée’ and ‘Red Globe’, respectively. Pre-
venting the postharvest loss in weight of produce is one of
the prime considerations determining the success level of
cold storage since weight loss has a direct influence on stor-
age cost. Weight loss in horticultural commodities is the
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result of water loss and increases due to desiccation and
metabolic activities such as respiration and transpiration
(Zhu et al. 2008). Ali et al. (2011) demonstrated that loss
of water from papaya fruit was reduced by coating with chi-
tosan. Besides, coating cherry, peach and other fruits with
AV gel has been effective in restricting weight loss dur-
ing cold storage (Guillen et al. 2013; Ozturk et al. 2019).
Moreover, AV gel also been shown to be beneficial for the
maintenance of the postharvest life of grapes at 20% con-
centration during cold storage by reducing water loss (Ali
et al. 2016). Overall results of studies indicated that the
most probable reason for the reduced weight loss of AV-
treated commodities is the inhibition of desiccation during
their postharvest life. The desiccation-inhibitory effect of
AV is most probably due to latex and gel substances found
in AV.

The visual qualities of the grape berries did not change
up to the 30th day of storage although it changed remark-
ably after this date in both cultivars (Fig. 2). On the 30th
day, only control grapes displayed a significant loss in vi-
sual quality of the berry. The grapes of both cultivars pre-
sented similar changes with the greatest degradations in
control grapes up to the end of the storage. On the 75th
day, the highest loss in visual quality was determined in
control grapes and followed by 5% AV treatment. How-
ever, the lowest changes were obtained from SO, and higher
doses (10% and 20%) of AV treatments with similar effects.
Rachis visual quality was the same as the beginning con-
dition during the first 15days of storage for both cultivars
(Fig. 3). However, on the 30th day, there was an abrupt
change in nontreated control grapes of both cultivars. Dur-
ing the remaining timespan, control grapes always had the
greatest values with remarkable damages, probably due to
faster desiccation from the rachis. At the end of the stor-
age, significantly lower changes were found in grapes of
both cultivars treated with SO, and AV treatments at higher
doses (10% and 20%). The greenness of the cluster rachis
provides an essential indication of the freshness of the ta-
ble grapes after storage. Crisosto et al. (2001) stated that
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Fig.2 Variation in berry visual
quality values of ‘Alphonse
Lavallée’ (a) and ‘Red
Globe’ (b) as influenced by
SO2 and Aloe vera gel (AV)
treatments. Standard error is
shown by vertical bars and each
value is the mean of three repli-
cates. Different letters on top
of the bars indicate significant
differences at p<0.05. d days,
LSD least significant difference

(Y

Berry visual quality (9-1 scale)

10

LSD,,5=1.06

[t 1

i

15 30 45 60 75
Storage time (d)

o

Berry visual quality (9-1 scale)

10
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30 45
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LSD,,5=0.79

i1
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Fig.3 Variation in rachis visual
quality values of ‘Alphonse
Lavallée’ (a) and ‘Red

Globe’ (b) as influenced by
SO2 and Aloe vera gel (AV)
treatments. Standard error is
shown by vertical bars and each
value is the mean of three repli-
cates. Different letters on top
of the bars indicate significant
differences at p<0.05. d days,
LSD least significant difference
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extensive rachis browning occurs beyond a certain water-
loss threshold (beyond 3%). The current investigation on
weight loss and subsequent rachis visual quality indicated
AV (10 and 20%) was effective for sustainable maintenance
of cluster rachis quality.

Expectedly, SRF values of both cultivars displayed grad-
ual and treatment-dependent decreases during the storage
(Fig. 4), as previously reported in similar studies on var-
ious grape cultivars (Sabir et al. 2021). The lowest SRF
values were always determined in control grapes for both
cultivars. At the end of the storage, the greatest SRF values
were obtained from 10% AV treatment for both cultivars
while 20% AV had a similar effect on SRF. All of the treat-
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ments were significantly effective in maintaining the berry
SRF. After harvest, berry skin consistency is inevitable de-
creased (Cagnasso et al. 2005), although it has a significant
effect on consumer acceptance and the market value of ta-
ble grapes. Therefore, maintaining the berry skin hardness
is one of prime considerations determining the success of
postharvest cold storage (Sabir et al. 2021a).

As expected, berry detachment force (BDF) progres-
sively decreased for both cultivars during the storage
(Fig. 5). However, postharvest treatments significantly de-
layed the changes in BDF from the beginning of the storage
until the end of the study. The BDF (adherence power of
berry to pedicel and/or rachis) determines the shatter (berry
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Fig.5 Variation in berry
detachment force values of 8
‘Alphonse Lavallée’ (a) and
‘Red Globe’ (b) as influenced
by SO and Aloe vera gel (AV)
treatments. Standard error is
shown by vertical bars and each
value is the mean of three repli-
cates. Different letters on top
of the bars indicate significant
differences at p<0.05. d days,
LSD least significant difference 0 15
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Fig.6 Variation in total phenol
values of ‘Alphonse Laval-
1ée’ (a) and ‘Red Globe’ (b) as
influenced by SOz and Aloe vera
gel (AV) treatments. Standard
error is shown by vertical bars
and each value is the mean of
three replicates. Different letters
on top of the bars indicate sig-
nificant differences at p<0.05.
d days, LSD least significant
difference
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Fig.7 Variation in antioxidant
activity values of ‘Alphonse
Lavallée’ (a) and ‘Red
Globe’ (b) as influenced by
SOz and Aloe vera gel (AV)
treatments. Standard error is
shown by vertical bars and each
value is the mean of three repli-
cates. Different letters on top
of the bars indicate significant
differences at p<0.05. d days,
LSD least significant difference
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drop from the cluster stalk) incidence, an important physio-
logical disorder directly affecting the marketability of table
grapes. The BDF changes during the storage were remark-
ably lower in ‘Alphonse Lavallée’ than in ‘Red Globe’
although both of the cultivars displayed significant losses
in BDF. As a natural postharvest physiology, berry shatter
increases along with the prolonged grape senescence during
postharvest life. Water loss, pathogen inoculations and im-
proper handling operations accelerate the shatter incidence
that results in considerable loss in market value of table
grapes (Zoffoli et al. 2009). However, the treatments in
the present study significantly delayed the loss in BDF for
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both cultivars with the greatest effect of 10% AV treatment,
similar to the findings for SRF.

Total phenol contents of the grape cultivars gradually
increased from the first day of storage until the 45th day
and slowly decreased until the 75th day (Fig. 6). In both
cultivars, the highest increases generally occurred in con-
trol grapes while the overall treatments remarkably delayed
the changes in phenols. The phenolic compounds have an-
tioxidant activity since they trap free radicals (Sreenivas
et al. 2011) and grapes possess high antioxidant activity
as they are rich in total phenols (Tyagi et al. 2022). Thus,
maintaining the phenolic content level during storage is de-
sired so as to prolong the freshness and functionality of
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table grapes after harvest. However, a decrease in total phe-
nol after a certain period is inevitable due to breakdown
of the cellular structure caused by produce aging and tis-
sue degradation, resulting in phenolic acid depletion during
senescence (Palafox-Carlos et al. 2012).

Antioxidant activity levels of the grapes displayed grad-
ual decrease along with the storge duration although the cul-
tivars greatly differed in terms of antioxidant level (Fig. 7).
The greatest changes were found in control grapes of both
cultivars, except for the 15th day for ‘Alphonse Lavallée’.
Generally, treatments had similar effects in preventing the
decrease in antioxidant activity levels during the storage.
Consumer demand for fresh grapes has been increasing re-
cently due to their rich phenolic compounds, giving them
a great functionality value with high antioxidant activity
(Solari-Godiiio et al. 2017). Therefore, maintenance of an-
tioxidants during storage is one of the features determining
the successful storage.

Conclusion

Postharvest handling strategies aim at delaying physiolog-
ical activities to maintain the physicochemical and visual
attributes of fresh commodities. Among such physiologies,
berry water loss is a principal postharvest physiological dis-
order largely responsible for changes in biochemical com-
position, metabolism and market quality of grapes as re-
vealed in the present and previous studies. Aloe vera gel
(AV) treatments were remarkably effective in preventing
the weight loss with higher effects than both control and
SO,. Such beneficial effects of AV treatments were also
found in the soluble solid contents, titratable acidity and
maturity index features of the grape cultivars. Higher doses
of AV resulted in better protection of the berry and rachis
visual qualities for both cultivars, similar to the effects of
SO,. Higher doses of AV were also effective in extending
the physical parameters such as berry pedicel strength and
skin hardness. Losses in antioxidant activity and total phe-
nols of the grapes were retarded by all the treatments. To
sum up, overall findings revealed that the AV treatments sig-
nificantly maintained the postharvest physical, physiologi-
cal, and biochemical quality-related features of ‘Alphonse
Lavallée’ and ‘Red Globe’ table grape cultivars. Among
the doses used, an application of 10% AV could be recom-
mended for long-term cold storage of table grapes since its
effects on general parameters were similar to those of SOs.
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