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Abstract

The main processes occurring in grapes during storage are water
loss and the consumption of substances for respiration. In addition,
changes occur associated with the activity of epiphytic microflora and
various physiological disturbances of cellular metabolism. This study
aimed to determine the relationship between the amount of natural
weight loss during long-term storage and the grape cultivar, as well as the
degree of its ripeness. The Ag shany and Gara shany table grape cultivars
grown under the conditions of the Absheron Peninsula, and harvested at
different sums of active temperatures, served as the study objects.
Selected grape cultivars of 3-4 harvest dates, collected at intervals of 5-7
days at different sums of active temperatures, were stored in a refrigerated
chamber at a temperature of 0°C and a relative air humidity of 90-95%.
Weight changes were determined by repeated weighing throughout the
storage period. The experiments were laid out in a fivefold repetition. The
reliability of the results was determined using one-way ANOVA (Analysis
of Variance Anélisis Of VAriance) and Tukey's HSD (Honestly Significant
Difference) test (p < 0.05). The lowest level of weight loss during the
storage period occurred at grapes collected when the sum of the active
temperatures reached 3300-3500°C. The first month of storage was
characterised by a higher level of evaporation, attributed to the presence
of unbound water in the berries. The results obtained will help producers
select the best cultivar and determine the optimal time to sell stored
grapes, thereby avoiding additional yield and finance losses.

attractive appearance, transportability, and
storage ability are widely cultivated. However, as

Azerbaijan is one of the centers of the
formation of viticulture and wine-making, which
is supported by literature data and the
archaeological finds of material culture dated
back 6000-7000 years, such as the tools used for
grape growing and wine-making, clay vessels
with cream tartar sediments, and also the seeds,
the leaves and other parts of the grapevine plant
(Negrul, 1978; Panahov and Salimov, 2012).

In terms of biodiversity, Azerbaijan is
among the leading countries (Maghradze et al,
2012; Sharifov, 2013; de Lorenzis et al., 2015).
Today, numerous local and introduced table
grape cultivars, known for their good taste,

a seasonal product, grape sales are limited to 3-
4 months. One way to extend the period of fresh
grape consumption is by organising their long-
term storage in cooling chambers during the
winter season. Unfortunately, a relatively low
number of cultivars are suitable for long-term
storage. Fully ripened grapes of the late-ripening
period, with pulpy and crusty berries and loose
bunches, are more appropriate for this purpose;
for example, in the conditions of Azerbaijan,
these are Agaday, Tayfi pink, Gara shany, Tabrizi,
Moldova, etc. (Asadullayev and Abasova, 2012;
Sharifov, 2013).

The quality of storage of different table


https://www.viticulturestudies.org/uploads/pdf_36.pdf
https://www.viticulturestudies.org/uploads/pdf_36.pdf
https://orcid.org/0000-0002-2854-8962
https://orcid.org/0000-0003-1836-6388

74 Asadullayev and Najafova / Viticulture Studies (VIS) 2026, 6(2): 73-79

grape cultivars depends on the degree of
ripeness. The sugars contained in grapes,
especially fructose, have a water-holding
capacity, so berries with a higher content of
them use water more economically. Unripe
bunches of all cultivars always wither faster than
well-ripened ones. The lower the air humidity in
the storage and the lower the temperature, the
more intensively the bunches evaporate water.
The most important aspect from the point of
view of preserving the nutritional value of the
product is the storage of ripe grapes, especially
in variants that utilise weekly fumigation with
sulfur dioxide. During storage, such measures
reduce the catalytic activity of researched
enzymes (oxidoreductase, ascorbate oxidase, o-
diphenyl oxidase, peroxidase, and catalase),
which contributes to a more intensive reduction
of metabolic processes and thus favours less
oxidation, including acids, phenolic substances,
and other components that determine the
nutritional and biological value of grapes
(Asadullayev and Abasova, 2012; Levchenko et
al., 2016; Gorlov et al., 2020; Nabiyev et al., 2024).

Grapes are a vulnerable fruit. Besides the
losses caused by pests, diseases, and extreme
climatic events during the vegetation period,
there are also losses during the harvest,
transportation, and storage periods (Potapenko
and Ganich, 2015; Sharma et al., 2018).

During the storage period, various types
of losses occur, including natural weight loss,
spoilage, and deterioration of the shelf and food
characteristics of the berries. During storage,
natural loss averages 2/3 from water loss and 1/3
from the consumption of organic substances for
respiration (Asadullayev and Abasova, 2012;
Potapenko and Ganich, 2015). The amount of
natural loss depends on the characteristics of the
cultivar, the soil and climatic conditions of the
growing area, the agricultural technology used,
the level of water availability, the size of the
harvest, packaging methods, the chamber
capacity and the quality of the products in it, and
the meteorological conditions of the year. One
of the signs of the storability of a grape cultivar
is the ability of its berries to retain a roughly
constant amount of water during storage for a
long time. Grape cultivars that do not keep well
continuously lose water during storage and wilt
significantly (Pereira et al, 2018; Hamie et al,
2022). The indicator of natural loss is one of the
most important for determining optimal storage

conditions, such as temperature, humidity, and
the presence and activity of epiphytic microflora
(Potapenko and Ganich, 2015; Rana et al., 2021;
Hamie et al.,, 2022). The most significant factor
affecting the quality of table grapes during
storage is water loss, a consequence of using
incorrect storage technology or violating
temperature and humidity regimes. Excessive
humidity in the storage chamber promotes the
rapid development of mould. Even with an
optimal temperature regime, waste from
damage to berries by microorganisms in most
table grape cultivars significantly exceeds the
permissible norm of 5% after two months of
storage (Pereira et al., 2018; Gorlov et al., 2020).
The loss of water could lead to an increase in the
firmness of the berries (Ahmadi Soleimanie &
Vafaee, 2023). It should be noted that in the first
days after placing the grapes in storage, weight
loss is very intense due to the evaporation of
water by the stalks and some increase in berry
respiration. If stored under improper conditions,
quality issues such as stem browning, shattering,
and berry drop, as well as increased water loss,
may occur (Sharma et al., 2018; Blankenberg et
al, 2021).

The intensity of evaporation depends on
the cultivar's individual characteristics, the
degree of grape maturity, the agricultural
technology used, and the soil and climatic
conditions of the growing area. Cultivars with
thin skin evaporate significantly more moisture
than varieties with thick skin. The presence of a
thick wax layer also reduces the intensity of
evaporation. Increased evaporation of water
from berries during storage disrupts the normal
course of metabolic processes and, above all,
reduces the turgor of the berry tissues. Tissue
wilting leads to accelerated consumption of
organic substances in the berry during
respiration. The result of intensive water loss by
the bunch is a significant loss of mass and
deterioration in the quality of the stored grapes.
All these factors reduce the resistance of berries
to microorganisms, and consequently, this leads
to a reduction in shelf life (Asadullayev and
Abasova, 2012; Ahmadi Soleimani and Vafaee,
2023).

The amount of natural loss of grape
weight can be significantly reduced by creating
optimal storage conditions. Previous experience
shows that the most favourable temperature for
storing grapes is 0 to -1°C, and the relative
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humidity in the storage is 90-95%. Significant
deviations from these indicators negatively
affect the shelf life of most grape cultivars
(Potapenko and Ganich, 2015; Gorlov et al,
2020).

The degree of ripeness of the grapes
greatly influences the success of storage. Grapes
intended for long-term storage must be of high
quality and have reached harvest maturity, with
a sugar content of at least 15%. Unripe grapes,
which have poor taste and nutritional features
(insufficient sugar content and high acidity),
quickly wilt and rot in refrigeration. Unripe
harvested grapes absorb more of the SO, used
for fumigation and are therefore susceptible to
browning, especially after removal from storage.
Overripe bunches also do not withstand long-
term storage, as premature aging makes them
susceptible to fungal rot and physiological
diseases (browning, liquefaction of the berries,
and the development of a cooked-down flavour)
(Burger et al., 2005; Gorlov et al., 2020).

Therefore, considering the influence of
ripeness and cultivar characteristics on
postharvest behavior, this study was conducted
to elucidate the relationship between natural
weight loss during long-term storage and both
the grape cultivar and its degree of maturity.

Material and Methods

During the studies, we investigated the
storage ability and dynamics of natural weight
loss in the grape cultivars Gara shany and Ag
shany, cultivated on the Apsheron Peninsula,
located east of the country, on the Caspian Sea
shore. The Apsheron Peninsula is the classical
zone of table viticulture. The climate of this
region is dry and subtropical. The mean annual
temperature is 14°C, and the sum of the active
temperatures exceeds 4000°C. Mean annual
precipitation — 200-300 mm. We can add that, up
to the recent period, the annual rainfall on the
peninsula was approximately 200-250 mm;
however, due to climate change, this indicator
has now increased to 250-300 mm. It indicates
signs of a gradual transformation of the climate
from continental to a moderate one. The soils are
primarily of sandy and limy types.

Below is brief information on the cultivars
studied. For more detailed information, refer to
the Vitis International Variety Catalogue (VIVC)
database.

Figure 1. Azerbaijani table grape cultivar of the
medium ripening period. (Ag Shany)

Ag Shany (Figure 1); productivity is 12-15
tons per ha. Average bunch weight 192 g, berry
sugar content 18.1-22.7%, acidity 4.4-5.5 g L.
Clusters are medium-sized or quite large. Berries
are large, oval or oblong in shape, with a whitish-
yellow colour that turns light brown on the sunny
side. The pulp is tender, quite fleshy, and juicy.

Figure 2. A local table grape cultivar of the
medium ripening period, with high taste qualities.
(Gara Shany)
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The juice is colourless. Distinguished for
excellent taste qualities. Generally used for fresh
consumption, it is also suitable for transportation
and winter storage. Variety number VIVC -
11861.

Gara Shany (Figure 2); the yield reaches 15
tons per ha. At the end of August and beginning
of September, the sugar content is 18-21%, with
an acidity of 4-6 g L. The bunches are mainly
small and medium, sometimes large, conical or
cylindrical-conical in shape, loose or medium
density. The average weight of a bunch is 136-
148 g. The berries are medium-sized, round, and
dark blue. The pulp is juicy and aromatic. Used
for  fresh  consumption, suitable  for
transportation, and winter storage. Variety
number VIVC — 203/22151.

Once the grapes of the respective cultivars
had reached optimal ripeness, they were
harvested from pre-selected vineyards. The
bunches were carefully cut from the vines to
avoid damaging the wax layer. Packaging was
carried out in boxes, carefully compacted, in one
row, with the peduncle up, immediately close to
the plants. The grapes were packed into wooden
crates, from 7.5 to 8.5 kg in each. The packaged
bunches were transported to a refrigerator, pre-
cooled for 24 hours, and stored in a cooling
chamber at 0 to -1°C and relative humidity of
95% for four months. To suppress the activity of
pathogenic microflora, fumigations with sulfur
dioxide (SO;) were applied. When placing the
grapes into storage, fumigation was carried out
at a rate of 6 grams per cubic meter of the
chamber. During storage, fumigation was carried
out weekly at a rate of 2 grams of sulfur dioxide
per cubic meter of the chamber. During the
study, grapes from 3-4 harvest dates spaced 5-7
days apart were examined. The experiments
were performed in five repetitions. The same
fixed grape bunches were first weighed upon
storage, after 5, 10, 20, and 40 days, and then
approximately once a month during storage. The

weight loss is expressed as a percentage of the
initial weight and calculated using the following
formula:

Wi Wr X 100%,
here: L — weight loss, %;
w; — initial weight, g;
wy — final weight, g.

We assessed the reliability of the obtained
results using one-way analysis of variance
(ANOVA) and Tukey's test (HSD, Honestly
Significant Difference) (P<0.05). Correlation and
regression analyses were used to determine the
dynamics of weight loss during storage.

W.
L=—

Results and Discussion

The weight loss of grapes during storage
occurs mainly due to the loss of water and the
destruction of organic substances caused by
enzymes catalysed by the berries (Potapenko &
Ganich, 2015; Sharma et al, 2018; Rana et al.,
2021). Additionally, the size of weight loss is
influenced by maturity degree, as both
preliminary and delayed harvests lead to a
reduction in quality during storage (Burger et al.,
2005; Gorlov et al., 2020).

The varieties Ag shany and Gara shany belong to
the group of medium-ripening cultivars. The
period from the beginning of ripening to full
ripeness of these varieties' berries lasts about a
month. The harvest dates of these cultivars
coincide for approximately 20 days (Panahov &
Salimov, 2012). As can be seen from Tables 1 and
2, the lowest losses occurred in the Gara shany
cultivar, which was taken from the bushes when
the sum of active temperatures was within 3300-
3500°C. The change in natural loss in the
direction of its increase was negatively affected
by either the shortfall of the specified amount or
its excess. The Ag shany cultivar exhibited lower
storage ability, primarily due to microbiological

Table 1. Weight loss of the grapes during cold storage (the Gara shany cultivar)

Sugar Rate of
Ripening sum of active content, Stor.age Weight Stor.age Weight Stor.age Weight decay
temperatures, period, period, period, after
date R g/100 loss, % loss, % loss, %
C 3 days days days storage,
cm %
17.1X 3000 13.6 54 3.34 97 6.24 131 8.32 2.10
22. IX 3200 14.8 49 3.55 92 5.99 126 7.67 1.0
27. I1X 3400 15.8 44 4.00 87 6.06 121 7.08 0.12
01. X 3600 17.3 40 5.34 83 6.24 117 8.44 3.52

P < .05
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Table 2. Weight loss of the grapes during cold storage (the Ag shany cultivar)

Sugar Rate of
Ripening tseunrwn Zf;drlgse content, St;)rr.zg(;je Weight St;)rr.zg(;je Weight St;)r‘i)%e Weight (leftC:ry
date P or ures: g/100 penog, loss, % penog, loss, % period, loss, %
C 3 days days days storage,
cm %
17.1X 3000 13.6 54 534 97 8.66 131 11.05 7.88
22. IX 3200 14.6 49 3.98 92 6.47 126 8.99 7.82
27. I1X 3400 15.4 44 3.51 87 6.06 121 8.28 5.58
P < .05

decay and, to a lesser extent, browning of the
berries and drying of the bunch peduncle by the
end of the storage period. We made statistical
analyses using a one-way ANOVA calculator and
Tukey’s HSD test for the determination of the
influence of grape cultivar on weight loss during
storage. The results were significant at P < .05 for
both varieties studied (P-value for Gara Shany
was .000185, and for Ag Shany, .000598).

The extent of natural loss depends on
factors like cultivar, soil, climate of the growing
region, farming methods, water availability, size
of the harvest, packaging, storage chamber
capacity, amount of produce, and yearly
weather. When berries lose moisture during
storage, their metabolism is disrupted, mainly
due to reduced turgor in the berry tissue. Wilting
speeds up the breakdown of organic matter and
boosts its involvement in respiration. Less
storable grape cultivars tend to lose water
continuously in storage and wilt noticeably. In
the first few days after being placed in storage,
weight loss is rapid due to water evaporation
from the stems and a slight increase in berry
respiration. During this period, fruits rapidly lose
moisture, primarily circular, mainly intercellular
moisture (Potapenko and Ganich, 2015; Pereira
et al.,, 2018).

While studying the dynamics of natural
loss, we found that the most intensive loss occurs
in the first month of the storage period. The high
moisture evaporation in the first stage of the
storage period happened because the
temperature of the bunches was high, and a
significant amount of unbound water was
present in the berries. In this regard, to prevent
the formation of a “dew point” and maintain
optimal relative humidity, it is highly
recommended to pre-cool grapes and fill the
storage chamber as quickly as possible. As the
storage period continues, the content of
intercellular water in the berries decreases, and
consequently, the intensity of losses decreases.

The dynamics of weight loss during
storage, depending on the harvesting time and
the year of the study, were analysed using
correlation and regression analyses. As a result
of searching for a regression equation using the
maximum correlation ratio, it was found that the
phenomenon under study is most closely
described by the approximating equation of a
second-order parabola of the following form:

Yx = a + bx + cx*
here: x — duration of the storage period,
days;
Y — weight loss, %;

a, b, c — regression coefficients (a -
free term, constant; b - coefficient of the linear
term x; ¢ - coefficient of the quadratic term x?).

For example, for grapes of the Gara shany
cultivar collected when the sum of active
temperatures reached 3200, this equation will
look like this:

Yx = 0,2425 + 0,0902x — 0,0002x>

with the high correlation rate of 0,98. A
visual representation of such a dependence
(using the Gara shany cultivar as an example) is
shown in Figure 3. Such relations enable the

Yy
10+
X 84
)
S 6
]
=
o0 4=
(]
= 5,1
l l i f
0 30 60 90 120 X
storage period, days

Figure 3. Change in the magnitude of weight loss in
the storage process (the Gara shany cultivar).
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prediction of weight losses on any day of the
storage period and the determination of the
optimal selling time.

The results obtained confirm the
hypothesis of intense moisture evaporation
during the early stages of grape storage, caused
by the high temperature of the bunches, which
contain a large amount of unbound water. As
storage progresses, the rate of moisture loss
decreases (Levchenko et al., 2016; Blanckenberg
et al., 2021).

Conclusions

The results of our study show that the
Gara shany table grape cultivar shows lower
indications of weight loss during cold storage for
four months. Less weight loss is observed in
grapes collected when the sum of active
temperatures is 3300-3500°C. This indicates a
correlation between the maturity level and the
size of water loss during storage. The
evaporation was more intensive at the beginning
of the storage period due to a large amount of
unbound water in the berries; later, the intensity
of water loss gradually decreased. The equation

compiled allows us to predict the size of losses
on any day of the storage period.
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