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Abstract:The scientific article shows that when using various packaging materials for the
qualitative preservation of lemon fruits, the most optimal option is to store lemon fruits in
polyethylene bags, which achieves high results in all indicators (natural shrinkage
indicators%, output of unfit products%, rotten products’% and output of marketable
products%). When these indicators are compared between lemon varieties, experimental
materials are presented that show that the fruits of Tashkent and Yubileiny varieties achieve
higher results than other lemon varieties .
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Introduction Lemons have unique characteristics compared to other citrus fruits, and the
harvesting process is also somewhat different. Lemons are harvested gradually and in stages.
Lemons are generally 75-80% ripe at one time and can be harvested. If lemons are not
harvested on time, the degree of ripening increases and the shelf life is affected. Lemon
harvest mainly falls on the 3rd decade of October and the 1st-2nd decade of December in our
republic.

During the research, experiments were conducted to preserve the lemon harvest for as long as
possible and with high quality, to deliver the product to the market, that is, to the population,
using various methods and storage conditions in various storage structures, including
controlled storage conditions in natural conditions, and to pack lemon fruits in various
packaging materials.

Taking into account the above, in our experiments, studies were conducted to determine the
level of storage tolerance of lemon fruits in the following storage conditions.

In this experiment, experiments were conducted on storing the products in a simple open state
(in ordinary warehouses, packed in boxes, at a temperature of 8-14°C, relative humidity of
45-55%), as well as on storing the fruits of lemon varieties in an open state, wrapped in plain
paper, parchment paper, and food film. During our experiment, 4 variants and 4 replicates
were used. In this case, 10 kg in each replicate, 40 kg in each variant, 160 kg of each variety,
and a total of 640 kg of lemon products were placed in various packaging materials for
storage.
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Scientific research was conducted mainly on the preservation of fruits of the Meyer, Tashkent,
Yubileiny and Chinese lemon varieties grown in our republic. The data was analyzed over a
three-year period based on the above-mentioned experiments. Based on the analysis, the level
of storage resistance of the varieties and the duration of qualitative storage, as well as the
effect of various packaging materials on the natural decline of the product, were studied.

Fruit color, size and firmness are important quality indicators of lemon varieties. Therefore,
in our research, these indicators of lemon fruit were stored and the aspects related to the
coefficient of importance were studied depending on the duration and method of storage.

It is known that during the storage of lemon fruits, the antioxidant activity and the content of
phenolic compounds in the product decrease, and as a result, the products deteriorate in a
short time. At the same time, the conditions of their cultivation have a direct impact on the
storage of lemon fruits. It should be noted that the geographical location of the region where
the fruit is grown and the processes occurring in the plants also have an impact on the storage
of fruits.

The basis of the vital activity of living organisms is the process of respiration, which
produces the energy contained in organic matter and necessary for all other life processes.

Depending on the different parts of the fruit, respiration and physiological processes in
lemons vary. During storage, the respiration process of lemons varies depending on the
variety of lemons and their individual tissues. Some tissues have different respiration
coefficients. Like all fruits, lemons undergo rapid respiration in the first days after harvest.
This effect is due to the reaction of their separation from the plant, that is, when the lemon is
plucked from the tree. When lemons come out of dormancy, increased respiration increases
the consumption of nutrients.

During storage of lemons, moisture evaporates from the products, which disrupts the normal
course of metabolic processes in them. As a result, a decrease in the water content of the peel
tissues of lemons is observed, and the process of decomposition of organic substances
accelerates, and energy metabolism is sharply disrupted. In this case, the resistance of lemons
to pathogens decreases significantly. During storage of lemons, the temperature in the storage
room has a significant effect on the quality of the product, and when it increases, the intensity
of biochemical processes increases, i.e., the decomposition of complex organic substances,
changes in the respiratory process , gas exchange, and anaerobic respiration of lemons occur.

During storage, the mass of lemons decreases mainly due to evaporation of moisture and the
consumption of organic matter through respiration. This leads to an increase in the relative
dry matter content of lemons. It is important to maintain a sufficiently high humidity in the
storage room to protect the water content of lemons from loss.

During the storage period of lemon fruits, the products become more susceptible to
pathogenic microorganisms. Our experiments have shown that this process is accelerated,
especially if the product has been slightly mechanically damaged. It was found that when the
temperature during storage of products is close to 8-12°C, despite a slight decrease in the
vital activity of microorganisms, the resistance of the stored product to natural losses is
significantly weakened. In addition, in some cases, it is necessary to store the products at
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slightly higher temperatures. This is due to the fact that lemon fruits of different ages use
different organic substances for respiration.

During the storage period of lemon fruits, natural shrinkage and product deterioration were
observed in our experiments, which varied between different varieties. In this case,
experiments were mainly conducted on the storage of fruits of lemon varieties grown at the
same time and in the same region. It should be noted that although the weight and size of
lemon fruits did not differ significantly from each other, the degree of natural shrinkage
during their storage varied depending on the packaging materials.

In our experiments, the changes in the duration of storage of the fruits of different lemon
varieties were analyzed during the storage process of the fruits of lemon varieties placed in
warehouses in an open state in cardboard boxes and packed in different packaging materials.

It should be noted that our experiments revealed that when lemon fruits were stored in a
warehouse for 90 days at an air temperature of +5-12°C and a relative humidity of 45-55%,
the quality of the product and their natural shrinkage indicators varied between varieties and
in different packaging materials.

Studies have shown that when lemon varieties are stored in ordinary warehouses at a
temperature of +5-12°C and a relative humidity of 45-55%, their natural shrinkage rates,
percentage of unfit products, percentage of rotten products, and percentage of marketable
products were compared between variants and varieties, depending on the lemon varieties
and packaging materials.

It should be noted that in this experiment, the effect of packaging materials on various
indicators of lemon fruits was studied. In our control variant, 40 kg of each lemon fruit was
placed in polyethylene boxes of 10 kg each for 4 times and stored. In this control variant, the
natural shrinkage of Meyer lemon fruits was 16.2%, the yield of unfit products was 7.4%, the
yield of rotten products was 4.2%, and the yield of marketable products was 72.2%.

In this control variant, the natural decline of the Tashkent lemon variety was 15.9%, the
output of products that did not meet the requirements was 7.2%, the output of rotten products
was 3.5%, and the output of marketable products was 73.4% . The natural decline in the
number of fruits of the varieties was 13.6%, the output of products that did not meet demand
was 6.7%, the output of rotten products was 5.1%, and the output of marketable products was
74.6%.

In this control variant, the natural decline in the shelf life of lemon fruit imported from China
was 15.7%, the output of products that did not meet the requirements was 7.3%, the output of
rotten products was 3.9%, and the output of marketable products was 73.1%.

In our experiments, when lemon varieties were placed in separate paper bags and stored in
polyethylene boxes with 10 kg of product, the natural fruit shrinkage of Meyer lemon
varieties was 14.3%, the yield of substandard products was 6.5%, the yield of rotten products
was 3.6%, and the yield of marketable products was 75.6%. (Table 1).

Table 1
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Effects of different packaging materials on the quality and long-term storage of lemon fruits
in a simple warehouse (2023-2025).

Packaging % of product
materials Lemon Natural waste that does | Perishable Popular
Tip ) varieties Decline % | not meet | products % products %
options demand
Meyer 16.2 £0.3 7.4 +0.4 4.2 +0.2 72.2 £0.5
When not
| wrapped in Tashkent 15.9+0.3 7.2 +£0.4 3.5+0.2 73.4 £0.5
material Anniversary 13.6+03 | 6.7+0.4 5.1+0.2 74.6 £0.5
(control)
Chinese lemon | 15.7 £0.3 7.3+£0.4 3.9+0.2 73.1 £0.5
Meyer 14.3 £0.3 6.5+0.4 3.6+0.2 75.6 £0.5
Tashkent 13.8 £0.3 6.6 £0.4 3.5+0.2 76.1 £0.5
2 Paper bags
Anniversary 12.3 +0.3 6.9 +0.4 3.6 +0.2 77.2 £0.5
Chinese lemon | 13.7 £0.3 6.7 £0.4 3.5+0.2 76.1 £0.5
Meyer 12.8 £0.3 5.1+0.4 2.9+0.2 79.2 £0.5
; Parchment | Iashkent 12.24£0.3 3.8+0.4 2.8+0.2 81.2 +£0.5
paper bags A oiversary 114403 |[3.6+0.4 2.9+0.2 82.140.5
Chinese lemon | 12.6 £0.3 3.7+0.4 3.5+0.2 80.2 £0.5
Meyer 9.7+0.3 3.5+0.4 4.2 +0.2 82.6 £0.5
. Polyethylen Tashkent 8.9+0.3 3.4+0.4 3.1+0.2 84.6 +£0.5
e bags Anniversary 8.2+0.3 3.4+0.4 3.2+0.2 85.240.5
Chinese lemon | 8.8 £0.3 3.3+04 4.2 0.2 83.7 £0.5

Note* According to the information in this table, 10 kg in each return, 40 kg in each option,
160 kg of each variety, and a total of 640 kg of lemon products were packed in different

packaging materials in the experimental block.

These indicators were similar to those for the Tashkent lemon variety. It was found that the
natural decline of fruits was 13.8%, the output of products that did not meet demand was
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6.6%, the output of rotten products was 3.5%, and the output of marketable products was
76.1%.

The following happened with the Jubilee lemon variety. The natural decline of fruits was
12.3%, the output of substandard products was 6.9%, rotten products was 3.6%, and the
output of marketable products was 77.2%. The natural decline of fruits during the storage
period of the lemon variety imported from China was 13.7%, the output of substandard
products was 6.7%, rotten products was 3.5%, and the output of marketable products was
76.1%.

During the conducted research, when lemon fruits were stored individually in parchment
paper bags, the following results were achieved. In this experimental variant, the natural
shrinkage of Meyer lemon fruits was 12.8%, the yield of substandard products was 5.1%, the
yield of rotten products was 2.9%, and the yield of marketable products was 79.2%.

the Tashkent variety of lemon , this indicator was 12.2% natural decline in fruits, 3.8% unfit
products, 2.8% rotten products, and 81.2% marketable product output, while in the Yubileiny
variety of lemon, the natural decline in fruits was 11.4%, 3.6% unfit products, 2.9% rotten
products, and 82.1% marketable product output.

in Chinese lemons, this indicator was a natural decrease of 12.6%, a loss of products that did
not meet demand of 3.7%, a loss of rotten products of 3.5%, and a loss of marketable
products of 80.2%.

During our research, the following results were observed when storing lemon fruits in
polyethylene bags. In the experimental version, the natural shrinkage of Meyer lemon fruits
was 9.7%, the yield of substandard products was 3.5%, the yield of rotten products was 4.2%,
and the yield of marketable products was 82.6%.

the Tashkent variety of lemon , this indicator was observed, with a natural decrease in fruits
of 8.9%, a loss of products that did not meet demand of 3.4%, rotten products of 3.1%, and a
loss of marketable products of 84.6%. In the Yubileiny variety of lemon , a natural decrease
in fruits of 8.2%, a loss of products that did not meet demand of 3.4%, rotten products of
3.2%, and a loss of marketable products of 85.2%.

In Chinese lemons, this indicator was found to have a natural decline rate of 8.8%, with the
output of products that did not meet demand at 3.3%, rotten products at 4.2%, and the output
of marketable products at 83.7%.

It should be noted that in our experiment, when we used various packaging materials for the
qualitative preservation of lemon fruits, it was found that the most optimal option was to
store lemon fruits in polyethylene bags, which achieved high results in all indicators (natural
shrinkage indicators%, output of unfit products%, rotten products% and output of marketable
products%). When these indicators were compared among lemon varieties, it was observed
that the fruits of Tashkent and Yubileiny varieties achieved higher results than other lemon
varieties.
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When analyzing the results of an experiment on storing lemon fruits in various packaging
materials, the average indicators in the variants were compared with each other. In the process
of comparing the experimental results, two cases were considered;

1) When comparing the averages of two independent samples, the results of the first sample
observation are not related to the results of the second sample observation under any general
conditions;

2) The results of the two samples were spatially and conditionally related. In the first case, the
Student criterion (t) is used to evaluate the significance of the differences in means (d=x 1-x 2),
in the second case, the significance of the mean difference (d=  d :n ). To analyze the data

from the experiments on the storage of lemon fruits, the second condition, that is, the

significance of the mean difference, was studied. During the storage of lemon fruits, various

indicators of changes in the fruits were compared in terms of percentages, whether they were

related or not. In the case of samples that were related to each other, the significance of the mean

difference was calculated using the difference method. The essence of this method is that it is

not the difference of means d- X 1 - X 2 that is evaluated , DUt the significance of the mean difference
d’.

According to the arithmetic theory, these two indicators have a common value, and to find the
mean difference in the Sd difference method, the difference between the pairs of observations
was calculated as d, and the mean difference value  d : nwas determined as d=.

In the calculation of the generalized description of the samples in terms of quality variability of
preserved lemon fruits, they were placed in the order of distribution of initial observations by
groups (classes). Determining the average value of the shares of the variants, the variability of
the characters during the storage of lemon fruits, and the confidence interval, at the border of
which the value of the share of the genius set is located, were determined in our experiments.

During our research, differences were observed in the shelf life and various quality indicators
of products when fruits of lemon varieties were stored in various packaging materials,
compared to the simple method, that is, when the fruits were stored without packaging in any
material. It is not recommended to store lemon fruits together with other types of fruits,
especially apples and similar fruits. Otherwise, various quality indicators of lemon fruits will
decrease.

Conclusion: A positive result can be achieved by storing lemon fruits in ordinary warehouses.
When storing lemon fruits in ordinary warehouses, it is necessary to avoid direct sunlight and
ensure maximum darkness and cool temperature. In our experiments, when storing lemons in
warehouses, lemons were placed in open cardboard boxes and bags were made from different
packaging materials and placed in separate bags for storage.

List of used literature:

1. Pwingun, A.B. BiusHue perynaropoB pocta Ha GU3HOIOTHYECKUE TOKA3aTENH PACTCHHIMA
mangapuHa (CitrusReticulatavar. unshiutan.) B ycloBusix BIaxHbIX CyOTponuKoB Poccun
/A. B. Peingun, O. I'. Benoyc, B. M. I'opuikos, T. H. [lopomienxo, JI. I'. Pa3anosa, Anb-

page 243


https://www.academicpublishers.org/journals/index.php/ijai

é INTERNATIONAL JOURNAL OF ARTIFICIAL INTELLIGENCE
Q‘\ (: C % . AMERIGAN
X* ISSN: 2692-5206, Impact Factor: 12,23 i ,rm.'“!l*
?’ American Academic publishers, volume 05, issue 05,2025

Journal: https://www.academicpublishers.org/journals/index.php/ijai

Xycceitau A. /I11010BOACTBO U Ar010BOACTBO Poccuu: ¢6. Hayd. pabot. - M.: ®I'BHY
BCTUCII, 2017. - T. 51. - C. 92-100.

2. . Pompun, A. B. HexopHeBble NMOAKOPMKH KaIMWHBIMH YIOOpEHHSIMU Kak (hakTop
dbopMHpoBaHUsA ypoKas W KauyecTBa IUIOJOB MaHJapuHa B YCioBUAX PecrnyOmauku
Ao6xa3us / A. B. Peranun, T. H. Jopomenko, JI. I'. Pasnnoa, . /1. bakup-orier, 1. A.
Cabekus // CyOTponudeckoe u JekoparuBHoe canoBoactBo.-OI'bBHY BHUUIuCK. -
Coumn, 2022. - Bem. 80 - C. 118- 126.

3. CagpikoBa @. B. Dxojoruueckue acrekThl BBIPALIMBAHUSA JUMOHOB B Y (QHUMCKOM
nuMoHapui. - // Jlecnoit BectHuK. - 2000. Ne 3. — C. 101-104.

4. CasuH E.3. YKopeHeHHe 3eJIeHKX YEPEHKOB IUIOI0BKX KYJIbTYp B YCIOBUSX

HCKYCCTBEHHOIOTyMaHa I0/J{ BIUSHUEM CTUMYJISATOpPOB pocta. - KyiiObimes1980. — C. 5-

6.

6. Cabekus, [l. A. buosornueckue OCHOBBI YBEIHWYEHMsI MPOAYKTUBHOCTH MaHJapHHA U
yIy4IlleHUs] cOCTOsiHUsS HacaxkaeHuu B AOxaszum / JI.A. Cabekus, B.M. I'opmikos //
Coxpanenue Omopa3zHooOpa3usi pacTeHMHM PACTEHUH B NPUPOAE W MPH HHTPOAYKLIUU:
Mmatep.MexayHap. Hayd. KoH(}. - Cyxym: MHcTuTyT 60TaHMKM AKaJeMuH HayK AOXa3uu.
- 2006. - C. 547-548.

7. Hoproxue Bb.I. “JIuMOH KydyaTnapyuHM HWHHOBALlMOH TEXHOJIOTHSUIAp acocuja
eTuiutupuil” Arpo niaum 6-con 2021 imin. b. 25-28.

8. Hoproxuer Bb.III. “JlumMoH KyuyaTiapuHU MHUKpOdJIEMEHTIap Owian Oapruaax
O3HMKJIAHTHPHUIIHUHT YHIAT BET€TAaTHB OPTaHiapy YCUIIIN Ba PUBOXKIIAHHUIIUTA TABCUPU~
Arpo unum 2-con 2022. — b. 24-26.

9. Hoproxues Bb.IIl. “JlumMoH KyyaTiiapyHu OYMK MaiioHJapJa NapBapULLUIALI
TexHosorusicu”. Kuiuiok Ba cyB xyxanuru xypHainu 2021. — b. 35-36.

e

page 244


https://www.academicpublishers.org/journals/index.php/ijai

