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ABSTRACT

Losses of grapes during the period of cold storage consist of microbiological and physiological spoilage, water 
evaporation and the consumption of organic substances for respiration. The main objective of this experimental study 
was to determine the influence of the character of respiration of grape berries during storage on the storability of the 
variety. During the research, we determined the yield of grapes that met quality standards through commodity analysis. 
The amount of weight loss of grapes during storage was determined by weighing. Statistical analyses were carried 
out using a one-way ANOVA calculator and Tukey’s HSD test. The alcohol content in grapes was determined using 
the dichromate-iodometric method, and the respiration rate was determined by measuring carbon dioxide released by 
berries. We found that the amount of natural weight loss and the yield of standard products after the storage period 
differed sharply depending on the grape variety. The varieties with better shelf life (Agadai and Gara Shany) were 
distinguished by more uniform respiration during storage, and their climacteric peak occurred significantly later than 
that of the varieties with less shelf life (Ag Shany and Sarygila). Reaching the peak can serve as a signal for producers 
to swiftly sell the stored grapes. Thus, the intensity of grape berry respiration can serve as an indicator of the shelf life 
of the variety.
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1.	 Introduction
Grapes are one of the oldest plants growing on Earth; 

their age is estimated at about 100 million years. People 
began cultivating grapes in the Bronze Age. One kilogram 
of grapes contains 150–200 g or more of sugar in the form 
of glucose and fructose, 0.5–1.4% of organic acids (tar-
taric, malic, etc.), vitamins A (carotene), B3 (riboflavin), 
C (ascorbic acid), adermin and P (citrine), 0.3–1.5% of 
minerals (phosphorus, potassium, iron, calcium, etc.), 0.1–
0.9% of proteins, 0.3–1.0% or more of pectin substances. 
Successful development of table viticulture largely de-
pends on the correct selection and placement of varieties, 
taking into account natural conditions and agrobiological 
features of the area, as well as the commercial appearance 
and chemical and technological value of berries, their 
keeping quality and transportability, and the effective use 
of the harvest for its intended purpose [1–3].

From the point of view of growing varieties for vari-
ous purposes, Azerbaijan is one of the most promising re-
gions in the world. Characterising the modern assortment 
of grapes in Azerbaijan, it is possible to note its confine-
ment to separate zones, as well as the presence of varieties 
of different ecological-geographical groups. In terms of 
the assortment of grapes, Azerbaijan is at the junction of 
two influences. We know that the assortment of grapes in 
Georgia (especially in the western part of the country) is 
rich in strongly pubescent forms, belonging to the ecolog-
ical-geographical group of the Black Sea basin (convar 
pontica Negr.), while in the assortment of the countries of 
Central Asia, bare-leaved forms, related to the eastern eco-
logical-geographical group (convar orientalis Negr.), pre-
dominate. The assortment of Azerbaijan was most strongly 
influenced by the eastern group, about 80% of all varieties. 
Many varieties (Ag Geibandam, Gara Pishras, Gara Sha-
ny, etc.) combine the characteristics of the eastern group 
(size of bunches and berries) and varieties of the Black 
Sea basin (felt pubescence of leaves). This undoubtedly 
indicates the hybrid nature of such varieties. As a result of 
many years of natural and artificial selection, a rich fund 
of indigenous grape varieties (more than 400) for various 
economic purposes has been created in Azerbaijan [1,4,5].

The relief of our country is highly diverse, ranging from 

lowlands 28 meters below sea level to mountains exceeding 
4,400 meters. Altitude significantly influences the selection 
of grape varieties, as higher altitudes extend the vegetation 
period required for the full ripening of certain varieties due 
to reduced heat availability. Climatic factors, such as the sum 
of active temperatures and consequently the conditions need-
ed for the ripening of different grape groups, also vary with 
altitude. The altitude above sea level also affects the humid-
ity of the area: in the South Caucasus, the amount of precip-
itation increases with increasing altitude by approximately 
20% per 100 m. In this regard, when assessing heat resources 
and humidity in mountainous areas, it is necessary to make 
appropriate adjustments. The further south the territory, the 
higher the grapes can be grown [1,6–8].

The period of consumption of fresh grapes with high 
nutritional and dietary qualities is limited by the season-
ality of this plant and lasts 3 to 4 months. The main way 
to extend the consumption of fresh grapes, along with the 
correct selection of varieties by region, is to organise their 
long-term storage. The main goal of long-term storage 
is to maintain stable initial characteristics of grapes and 
minimise losses. The ability of grapes to be stored for a 
long time, meaning the preservation of their appearance 
and taste for several months without significant losses in 
weight and quality, depends on various factors. Individual 
characteristics of the variety are the main indicator de-
termining the long-term storage of grapes; not all of the 
highest quality grape varieties are suitable for storage and 
transportation, mainly due to the thin skin of the berry [1,5,9].

The degree of ripeness of the grapes has a great influ-
ence on their keeping quality. Bunches of keeping quality 
varieties, whose berries are fully ripe and have accumu-
lated a sufficient amount of sugar, are better preserved. 
Grapes that are not fully ripened lose moisture more in-
tensively, wither, and are damaged by microorganisms 
more quickly. Biochemical processes include those caused 
by the action of the product`s enzymes. The activity of a 
particular process depends on the nature of the product, 
the characteristics of metabolism, and storage conditions. 
The processes that occur in the bunches after harvesting 
are mainly a continuation of the processes that occurred in 
them when they were on the plant. This explains the ex-
tremely large influence of growing conditions and the time 
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of harvesting on the keeping quality of grapes [10–13].
The ability of varieties to be stored for a long time 

depends on their ripening period. Early ripening variet-
ies are the least suitable for storage, and late and very late 
ripening varieties are the most suitable. In addition to the 
difference in anatomical structure, there are also differenc-
es in the metabolism of tissue cells. Since early-ripening 
varieties ripen at high temperatures, the metabolism in 
the tissues adapts to these conditions and is more inten-
sive than in late-ripening varieties, which ripen when the 
weather is much cooler. It should be borne in mind that the 
early ripening characteristic of a variety has nothing to do 
with a certain delay in the ripening of introduced varieties 
in a new location. For a recently introduced variety, in un-
favourable conditions (a relatively short vegetation period, 
an insufficient sum of active temperatures, rainy weather 
in the autumn period), there is not enough time for the crop 
to fully ripen, and the variety loses the valuable qualities it 
exhibited in its original growing region [12–14].

The shelf life of fresh grapes, which have valuable nu-
tritional and dietary properties, is limited by the season of 
their ripening. The main purpose of prolonging the shelf 
life of fresh grapes is to select varieties with various ripen-
ing periods and plant them in areas with diverse climatic 
conditions. In addition to the correct placement of specific 
varieties in cultivation areas, it is necessary to organise 
long-term refrigerated storage of grapes. The main purpose 
of cold storage is to minimise losses and preserve the orig-
inal quality of the berries. The shelf life of grapes is the 
ability to maintain their appearance and taste for several 
months without significant weight and quality losses under 
the influence of various factors. In addition to the correct 
selection of grape varieties of different ripening periods for 
cultivation, another way to extend the shelf life of grapes 
is to organise long-term storage. To complete this task suc-
cessfully, it is important to study thoroughly the processes 
occurring in berries during the storage period [13,15,16]. 

During long-term storage of grapes, the quality is af-
fected by various conditions inside the storage chambers—
temperature, relative humidity and air movement, and in the 
case of a controlled gas environment, its composition. Each 
of these factors has a specific effect on the life processes oc-
curring in the berries and determines the nature and extent of 

possible product losses. Regulation of these indicators, both 
in combination and separately, allows us to determine the 
optimal method of storing bunches. Optimally selected con-
ditions and the chosen storage method allow us to maximise 
the potential for preserving varieties. For such a delicate 
product as grapes, the selection of a temperature regime is of 
great practical interest. In general, many authors agree that 
the optimal temperature in the chamber where the grapes are 
stored is from 0 to –1 °C, with an air humidity of 92–94%. 
However, these indicators may change depending on what 
diseases the grapes are susceptible to in the place of growth. 
Lowering the temperature in the chamber to –2 ° C is not 
recommended, since in some varieties this causes physiolog-
ical disorders manifested in a change in the colour and con-
sistency of the berries. The main influence on the results of 
storage is exerted by the intensity of berry respiration, which 
determines the rate of ageing of bunches. It has been estab-
lished that low temperatures suppress the intensity of physio-
logical processes, including respiration [13,15,17–19].

The losses of grapes during the storage period com-
prise microbiologic and physiologic decays, evaporation 
of water and the expenditure of organic substances for 
respiration. Respiration is among the important processes 
ongoing in grape berries during the storage period, staying 
at the centre of metabolism and determining its function-
ing [19–21]. Losses caused by the spoilage of grapes are a 
serious problem for producers and traders both before and 
after harvest. During the period of storage in refrigerators, 
the main pathogens are microorganisms that are represen-
tatives of epiphytic microflora. Microbiological spoilage 
caused by fungi and bacteria constitutes a significant part 
of grape losses during long-term storage. According to re-
search, losses and waste at various stages can reach 53% of 
the produced grapes. After harvesting, dissimilation (res-
piration) processes continue, and the transpiration function 
is preserved. The intensity of these processes depends on 
the grape variety, growing region, agricultural technology, 
ripening stage and storage technology. As the intensity of 
biochemical processes increases, the course of deep and ir-
reversible changes that indicate ageing of the berries accel-
erates. The shelf life decreases, and the appearance of the 
bunches deteriorates. They gradually soften, lose their taste 
and nutritional value, and various microorganisms begin to 



48

Food and Drug Safety | Volume 02 | Issue 02 | July 2025

develop on them. The properties of the berry skin—thick-
ness, presence of a wax layer - are of great importance in 
the resistance of grapes to microbial damage. When the 
integrity of the shell is compromised, the path opens for 
microbes to enter the deep layers of tissue [22–25].

During the storage period of grapes, the main source of 
respiration is carbohydrates. Oxygen entering the berries ox-
idises the part of the sugar into CO2 and water, with the ex-
traction of heat. It should be noted that while the temperature 
inside the storage camera is regulated through ventilation, the 
expenditure of dry stuff may increase because of higher tem-
peratures caused by respiration, which leads to the growth of 
microorganisms and the decay of yeast [23,25,26].

As grapes develop during storage, the coordination 
of individual links in the respiration process is disrupted, 
which allows oxidation to stop at some intermediate stage. 
In this case, anaerobic respiration occurs with the accu-
mulation of under-oxidised products (ethyl alcohol, acetic 
aldehyde, etc.), which ultimately leads to the appearance 
of visible signs of physiological metabolic disorder, such 
as darkening, spots, and necrosis. They are especially pro-
nounced during the progressive ageing of organs and tis-
sues, when resistance to such disorders is lost [13,15,27–29].

Under conditions of oxygen deficiency, anaerobic res-
piration leads to the accumulation of ethanol and acetal-
dehyde in berry cells, which has an intoxicating effect on 
plant tissues. Due to the plant’s use in the synthesis of or-
ganic compounds, alcohol and acetaldehyde cannot reach 
a dangerous level during maturation. However, during 
the storage period, when the synthesis process is almost 
completely stopped, there exists a real threat of overcon-
centration of volatile products of anaerobic respiration. 
The concentration of these toxic substances leads to the 
rapid destruction of cells, which is evident in the fact that 
the flesh of the berries acquires a brown tint and the taste 
becomes “cooked”. An increase in ambient temperature, 
which speeds up breathing, leads to a sharp rise in the 
amount of heat released by the bunches [15,24,29].

2.	 Materials and Methods

2.1.	Location and Environmental Conditions

The research was conducted in the Ampelographic 

Collection of the Azerbaijan Research Institute of Viti-

culture and Winemaking, located on the territory of the 

Absheron Peninsula. The climate of the peninsula is dry 

subtropical. Summer is dry and hot. High summer tem-

peratures are softened by strong northern winds. Winter 

is relatively moderate; the weather is often cloudy, rainy, 

and occasionally snowy. The average annual temperature 

is 13–14.4 °C, the sum of active temperatures (SAT) is 

4192–4461 °C, the annual total solar radiation is 130–135 

kcal/cm², most of it (80–90 kcal/cm²) occurs in the hot 

half of summer. The annual precipitation is 200–250 mm. 

The coldest month of the year is January (3.0–3.8 °C), the 

highest temperature is in July–August (up to 42 °C). There 

are 308 frost-free days, 220–230 sunny days. The peninsu-

la is exposed to strong winds, which, along with improved 

transpiration in plants, leads to soil drying. It should also 

be noted that, as a manifestation of global climate change, 

in recent years there has been a tendency towards an in-

crease in the amount of precipitation falling on the penin-

sula, which allows us to speak of a gradual change from a 

continental climate to a moderate one [1,4,5].

2.2.	Soil Characteristics

The soils of the Peninsula are mainly sandy, calcar-

eous, and the most common are saline gray-brown. They 

differ from each other only in the degree of salinity; the 

humus content is relatively high only on those located 

along the Absheron Canal [1,5]. 

2.3.	Studied Varieties

The research focused on the Agadai, Gara Shany, Ag 

Shany, and Sarygila grape varieties, cultivated under the 

conditions of the Absheron Peninsula in irrigated vine-

yards. These vineyards featured 15-year-old plants with a 

multi-arm fan formation, a spacing of 1.5 meters between 

vines, and 2.5 meters between rows. Below are brief de-

scriptions of the studied varieties (Table 1) [1,5]. A detailed 

description of the varieties can be found in the VIVC (Vitis 

International Variety Catalogue) database [6]. 
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Table 1. The General Properties and VIVC Variety Numbers for Some Table Grape Varieties.

Variety Variety Number 
VIVC Brief Ampelographic Description

Ag Shany

11681

A local variety of the Absheron Peninsula. The variety is close to the eco-geographical 
group of varieties of the Black Sea basin (proles pontica Negr.). The leaves are large, 
pentagonal, and weakly dissected. The leaf blade is strongly wavy, weakly vesicular. 
There is no pubescence on the lower surface. The petiole notch is tightly closed. The 
flower is functionally female. The bunch is medium or quite large, broadly conical, 
and the density varies greatly depending on pollination.
The berry is large, oval or oblong, whitish-yellow, and golden-yellow when fully ripe. 
The skin is of medium thickness, covered with a thin layer of waxy coating. The pulp 
is tender, quite fleshy, juicy, and spreading. The juice is colourless. The taste is pleas-
ant, with low acidity. Seeds 1–2, easily separated from the pulp.
A variety of medium ripening periods. The duration of the growing season is 159 days.
The variety is little damaged by powdery mildew, but is sensitive to downy mildew. 
Slightly damaged by Lobesia botrana. The variety is drought-resistant and is slightly 
damaged by spring frosts.

Gara Shany

21990

A local variety of the Absheron Peninsula. The variety is close to the eco-geographical 
group of varieties of the Black Sea basin (proles pontica Negr.). The leaves are me-
dium and large, medium-dissected, five-lobed, bright green, and rough. The petiolate 
notch is open. The flower is hermaphroditic. The bunches are medium-sized to large, 
conical or cylindrical-conical in shape, and loose to medium-dense. The berries are 
medium-sized or large, round, symmetrical, and dark blue. Covered with a thick wax 
layer. The pulp is juicy and aromatic. The taste is pleasant with a harmonious combi-
nation of sugar content and acidity. A mid-season ripening variety. The period from 
the beginning of bud break to full maturity is 130–131 days. The plants are vigorous. 
The yield is 75–100 c/ha. Gara shany is fairly resistant to downy mildew and powdery 
mildew, and is significantly damaged by Lobesia botrana. The variety is drought-resis-
tant and is slightly damaged by frosts and freezes.

Agadai 

95

A local variety of southern Dagestan. Late-ripening variety. The yield on irrigated 
areas reaches 23 tons per hectare. The average weight of a bunch is 266 g, the sugar 
content of berries is 19.9%, and the acidity is 5.0 g/L. The variety is relatively suit-
able for transportation and winter storage. The leaves are large (up to 20 cm long), 
rounded, five-lobed, and medium-dissected. The main leaf colour is straw-yellow. The 
flower type is hermaphroditic. The clusters are large, cylindrical or cylindrical-conical, 
from loose to medium-dense. The average weight of a bunch on Absheron is 250–300 
g. The berries are very large, almost round, slightly oblong, oval, light green with a 
yellowish tint. The pulp is dense, crispy. The taste is simple.
The duration of the vegetation period from bud break to full ripening is 152 days. In 
the conditions of Absheron, the variety is moderately resistant to mildew and oidium, 
and resistant to grey rot. 

Sarygila

10773

An Azerbaijani variety, belonging to the ecological-geographical group of eastern vari-
eties (proles orientalis). The leaf is medium, round, five-lobed, and medium-dissected. 
The leaf blade is slightly wavy, with slightly upwardly curved edges. The upper sur-
face of the leaf is slightly vesicular. The petiolar notch is open, lyre-shaped or closed, 
with an elliptical lumen and a closed bottom. The flower is hermaphroditic. The bunch 
is medium, broadly conical, medium-dense, and the stalk of the bunch is short or me-
dium. The berry is medium, round, and light yellow. The skin is relatively thin, strong, 
and covered with a slight waxy coating. The pulp is fleshy and juicy, melting. The 
taste is pleasant, with a harmonious combination of sugar content and acidity. There is 
one, sometimes two, seeds in a berry. 
A variety of early ripening periods. The duration of the vegetation period from the be-
ginning of budbreak to full maturity is 120–122 days. The growth force of the plants is 
average. Productivity is 94 c/ha. Sarygila is rarely affected by fungal diseases such as 
powdery mildew and downy mildew. It is moderately susceptible to Lobesia botrana. 
It is quite drought-resistant.
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2.4.	Experimental Procedures

The grapes of three harvest periods were studied, with 
intervals between harvests of 6–8 days. The experiments 
were laid out in a fivefold repetition. We stored the grapes 
in refrigerators at a temperature of 0 °C to −1 °C and a 
relative humidity of 90–95%. Grapes harvested at differ-
ent values of the sum of active temperatures were stored. 
During the storage period, we determined the yield of 
grapes that met quality standards through commodity anal-
ysis. The weight loss of grapes during storage was deter-
mined by weighing. The alcohol content in grapes was de-
termined using the dichromate-iodometric method, which 
involves the oxidation of alcohol with potassium dichro-
mate in an acidic medium and subsequent titration of the 
excess dichromate with iodine. To determine the intensity 
of respiration, a method based on measuring CO2 released 

by berries was used. After harvesting and periodically 
during storage, the respiration rate of experimental grape 
samples was determined using the carbon dioxide emission 
method [22,30]. 

2.5.	Data Analysis

For statistical analysis of the data obtained, we used 
one-way analysis of variance (ANOVA) and Tukey’s HSD 
(Honestly Significant Difference) test (p < 0.05).

3.	 Results and Discussions

3.1.	Shelf Life of the Varieties Studied

In Table 2, we present the results of the commodity 
analysis of grapes after 4 months of storage.

Table 2. Changes in the Commercial Quality of Grapes During Storage.

Variety Collection 
Period SАТ, ºC Storage Dura-

tion, Days
Standard Prod-

uct, %
Monthly 

Waste, % Natural Weight Loss, %

Agadai 

I 3164 129 92.07 1.84 3.17

II 3334 121 92,94 1.75 2.69

III 3447 115 98.11 0.49 2.55

 Gara shany

I 3164 129 91.62 1.95 3.18

II 3334 121 92.53 1.84 3.01

III 3447 115 99.52 0.12 2.98

Ag shany

I 3164 129 66.13 7.88 3.49

II 3334 121 68.49 7.82 3.30

III 3447 115 78.63 5.58 2.77

Sarygila 

I 3164 129 71.10 6.72 2.99

II 3334 121 72.25 6.83 3.14

III 3447 115 77.96 5.76 2.93

The results presented in the table show that the vari-
eties Agadai and Gara shany have the longest shelf life; 
the yield of standard products after storage for the Agadai 
variety was 92.07–98.11%, for the Gara Shany variety, 
91.62–99.52%. With the same storage period, the varieties 
Ag shany and Sarygila had the shortest shelf life; the yield 
of standard product was 66.13–78.63% for the Ag Shany 
variety, and 71.10–77.96% for the Sarygila variety. Grape 
losses during storage consist of microbiological and phys-

iological spoilage, as well as natural loss, which is formed 
from water evaporation and losses of organic substances 
due to respiration. We made statistical analyses using a 
one-way ANOVA calculator and Tukey’s HSD test for the 
determination of the influence of grape variety on weight 
loss during storage. The results were significant at p < 0.05 
for all varieties studied (p-value for Agadai was 0.044379, 
0.000185 for Gara Shany, 0.000598 for Ag Shany, and 
0.000996 for Sarygila).
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Respiration is accompanied by a decrease in mass 
due to the loss of dry matter and moisture. Due to the high 
water content, fruits are characterised by energetic respira-
tion and a noticeable loss of mass. Evaporation leads to a 
change in the course of processes in grapes during storage 
and depends on the thickness of the bloom, the water-hold-
ing capacity of proteins, and other substances. Excessive 
water loss leads to berry wilting, significantly reducing the 
variety`s storage potential [15,16]. The Ag shany variety had 
the most noticeable drying of the rachis. The Agadai and 
Gara shany varieties suffered losses mainly from fallen 
berries. In Ag shany and Sarygila, along with losses of me-
chanical origin (falling, puncture, and partially crushing), 
a very large part of the losses came from microbiological 
spoilage. Some browning of the berries was observed by 
the end of storage in these same varieties.

3.2.	Changes in the Content of Anaerobic Res-
piration Products

Respiration of grapes occurs in two directions: aerobic 
and anaerobic. Anaerobic respiration, occurring under con-
ditions of oxygen deficiency, leads to increased consump-
tion of nutrient reserves and rapid loss of nutritional value 
of berries. In addition, a significant amount of alcohol and 

acetaldehyde accumulates in the cells of grapes, which 
has a toxic effect on the cells of plant tissue. If during the 
ripening period of berries alcohol and acetaldehyde can-
not accumulate to dangerous levels, since they are used by 
the plant in the process of synthesizing organic substanc-
es, then during storage, when synthetic processes almost 
completely stop, there is a real risk of accumulation of 
excessive amounts of volatile products of anaerobic respi-
ration. The accumulation of these toxic products leads to 
rapid cell death, which is expressed in the browning of the 
pulp and the acquisition of specific “cooked” tones in the 
taste. The intensity of this process depends on the grape 
variety, growing and storage conditions [15]. During storage 
of grapes, the mass fraction of acetaldehyde and alcohol 
increases. The process of anaerobic respiration occurring 
in the tissues of berries has varietal characteristics. Grape 
varieties resistant to anaerobiosis withstand fairly high 
concentrations of volatile substances without browning. 
In varieties prone to early browning, acetaldehyde appears 
much earlier and by the end of storage has a higher value 
than in varieties that brown later or do not brown at all [13,15]. 
The results of our studies on changes in the alcohol and ac-
etaldehyde content during storage are presented in Table 3.

Table 3. Changes in the Mass Fraction of Alcohol and Acetaldehyde in Grapes During Storage.

Variety
On Putting in Storage After Storage

Alcohol, % Acetaldehyde, mg/100g Alcohol, % Acetaldehyde, mg/100g

Agadai 0.17 0.17 0.20 0.37

Gara shany 0.18 0.16 0.23 0.33

Ag shany 0.17 0.19 0.26 0.44

Sarygila 0.20 0.19 0.30 0.46

As we can see, the grapes of the studied varieties con-
tained a small amount of alcohol (0.17–0.20%) and acetal-
dehyde (0.16–0.19 mg/100 g) before being placed in stor-
age. During further storage, their amount increased in all 
varieties; alcohol content reached 0.20–0.30%, and that of 
acetaldehyde reached 0.33–0.47 mg/100 g. 

The results obtained indicate that the rate of anaero-
bic processes depends on the variety of stored grapes. The 
smallest increase in alcohol and acetaldehyde content was 
observed after four months of storage in the storable va-

rieties of Agadai and Gara Shany: alcohol by 0.03% and 
0.05%, respectively, and acetaldehyde by 0.20% and 0.17 
mg%, respectively. The varieties of Ag Shany and Sarygila, 
which are not very suitable for long-term storage, showed 
a greater increase in the content of incomplete oxidation 
products in the berries — alcohol by 0.09 and 0.10%, re-
spectively, and acetaldehyde by 0.25 and 0.27 mg/100 g. 
The significant accumulation of acetaldehyde in the ber-
ries of the Ag shany and Sarygila varieties by the end of 
storage was one of the reasons for the noticeable browning 
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of these berries. Results of one-way ANOVA analysis and 
Tukey’s HSD test on these indicators were significant at p 
< 0.05 for all varieties studied. Thus, the data we obtained 
allow us to conclude that the rate of anaerobic respiration, 
leading to the accumulation of under-oxidised products 
and, ultimately, to various physiological metabolic disor-
ders, depends on the storage ability of the variety, i.e., re-
sistance to anaerobiosis can serve as a characteristic of the 
storage ability of the variety.

3.3.	Respiration Rate During the Storage Pe-
riod

Respiration is a set of processes of oxidation of organ-
ic compounds by oxygen, with the release of energy nec-
essary for the vital activity of living tissues of grapes, and 
the formation of carbon dioxide, water, and some interme-
diate products used in biosynthesis. It is the most import-
ant physiological process occurring in grapes during stor-
age. The intensity of respiration can serve as an important 
sign of storage ability, as it is directly related to immunity. 
Respiration is a process inherent in all living organisms 

associated with enzyme activity and is an important source 
of energy necessary for metabolism. During respiration, 
plant and animal organisms consume atmospheric oxygen 
and oxidise organic matter to carbon dioxide and water. 
As a result of aerobic respiration, the energy contained 
in organic compounds is released, which is necessary for 
metabolism. In fruits, only what was accumulated during 
the growing period is used for oxidation. This indicates the 
important role of respiration in the post-harvest period of 
plant life. Respiration as a source of energy is necessary to 
maintain the structure of tissues, cells, and metabolism. In-
termediate products serve as starting materials for various 
compounds, including those that determine the period of 
ripening and ageing, and resistance to diseases. Numerous 
investigations showed that the storageable varieties are 
distinguished by more equable respiration [13,18]. The results 
of our research confirmed that more storageable varieties, 
Agadai and Gara Shany, demonstrated less intensive respi-
ration during the storage period (Figure 1). The respiration 
intensity of the Ag Shany and Sarygila varieties changed 
spasmodically. 

Figure 1. Respiration Intensity During the Storage Period.
X - storage duration, days;

XI - release of CO2, ml/hour
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According to literature sources [13,15], the peak of respi-
ration—the climacteric crisis—is a factor that contributes 
to the intensive ageing and decay of fruits during storage. 
In our experiments, the Ag Shany and Sarygila varieties 
reached the climax of their respiration in the first half of the 
storage period. In contrast, the Agadai and Gara Shany vari-
eties reached their climax in the last quarter of that period.

4.	 Conclusions
The results of our studies show that the Agadai and 

Gara Shany varieties have the highest storability, with 
a standard product yield of 70–100%, depending on the 
harvest time. These varieties also demonstrate the lowest 
amount of spoilage and weight loss during storage, which 
is primarily due to their varietal characteristics. The Aga-
dai and Gara Shany varieties showed the lowest increase in 
anaerobic respiration products during storage. The alcohol 
content increased by 0.03 and 0.05%, respectively, and the 
acetaldehyde content increased by 0.20 and 0.27 mg/100 g, 
respectively. Thus, we can talk about resistance to anaero-
biosis as a storability characteristic of a variety.

Studies of the intensity of grape respiration during 
storage indicate that the respiration of storable varieties is 
more equated and they reach the climacteric peak much 
later than less storable varieties. Reaching peak respira-
tion can be seen as a sign that the grapes are becoming 
less suitable for further refrigeration storage. Thus, the in-
tensity of respiration can serve as an indicator of the stor-
ability of grape varieties. The practical application of the 
results obtained during the research will help producers to 
more accurately determine the expected shelf life of stored 
grapes and choose the optimal time for their sale. 
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