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Abstract. This article examines changes in the density of fruit in 
packaging during different transportation methods from warehouse to 
supermarket. To clarify the indicators of changes in the density of fruits 
with different methods of transportation from warehouse to supermarket, in 
this study, an analysis was carried out of changes in the density of fruits in 
packaging for three delivery methods: in boxes up to 10 kg, in boxes up to 
30 kg and in boxes up to 50 kg. The results of the study are relevant for 
further research in the field of improving the preservation of fruit quality 
during the delivery process, as well as for conducting new research in the 
field of ecology and agriculture. 

1 Introduction 
Changing the quality of agricultural products, including fruits, is an urgent scientific 
problem. The average percentage of fruit loss due to a drop in their quality during 
transportation can reach 10-15%, which results in multimillion-dollar losses for modern 
agricultural corporations. 

Analysis of changes in the density of fruit in packaging during different methods of 
transportation from the warehouse to the supermarket can be carried out using three 
delivery options: 

 in boxes up to 10 kg; 
 in boxes up to 30 kg; 
 in boxes up to 50 kg. 

2 Materials and Methods 
To identify changes in the density of fruits in packaging with different methods of 
transportation from warehouse to supermarket, this study analyzed changes in the density of 
fruits in packaging for three delivery methods (Table 1). 
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Table 1. Analysis of changes in the density of fruit in packaging during different methods of 
transportation from warehouse to supermarket. 

Method No. Delivery method 

No. 1 In boxes up to 10 kg 
No. 2 In boxes up to 30 kg 
No. 3 In boxes up to 50 kg 

 
For the purposes of collecting and processing data, analyzing changes in the density of 

fruits in packaging for different methods of transportation from warehouse to supermarket, 
various methods were considered [1-30]. 

3 Results and Discussion 

3.1 Results of the analysis of changes in the density of fruit in packaging for 
different methods of transportation from the warehouse to the supermarket 
(with three delivery methods: in boxes up to 10 kg, in boxes up to 30 kg and 
in boxes up to 50 kg) 

3.1.1 Measuring changes in the density of fruit in packaging during different 
methods of transportation from warehouse to supermarket (method No. 1) 

The results of measuring changes in the density of fruit in packaging with different methods 
of transportation from the warehouse to the supermarket using method No. 1 are presented 
in Figure 1. 

 

 
Fig. 1. Results of measuring changes in the density of fruit in packaging for different methods of 
transportation from a warehouse to a supermarket using method No. 1. 
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3.1.2 Measuring changes in the density of fruit in packaging during different 
methods of transportation from warehouse to supermarket (method No. 2) 

The results of measuring changes in the density of fruit in packaging with different methods 
of transportation from the warehouse to the supermarket using method No. 2 are presented 
in Figure 2. 
 

 
Fig. 2. Results of measuring changes in the density of fruit in packaging during different methods of 
transportation from the warehouse to the supermarket using method No. 2. 

3.1.3 Measuring changes in the density of fruit in packaging during different 
methods of transportation from warehouse to supermarket (method No. 3) 

The results of measuring changes in the density of fruit in packaging with different methods 
of transportation from the warehouse to the supermarket using method No. 3 are presented 
in Figure 3. 
 

 

 
Fig. 3. Results of measuring changes in the density of fruit in packaging during different methods of 
transportation from the warehouse to the supermarket using method No. 3. 
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To process the data, analysis of changes in the density of fruit in packaging with 
different methods of transportation from the warehouse to the supermarket, formulas 1, 2 
and 3 were used. 

 

                                                          SSfact = 
∑ 𝑇𝑇𝑗𝑗

2𝑝𝑝
𝑗𝑗
𝑛𝑛  − (∑ 𝑥𝑥𝑖𝑖)

𝑁𝑁

2
                                                (1) 

 

      SStotal = ∑ 𝑥𝑥𝑖𝑖
2  − (∑ 𝑥𝑥𝑖𝑖)

𝑁𝑁

2
                                               (2) 

 

                                                                            𝑀𝑀 = 𝑋𝑋1 + 𝑋𝑋2  … + 𝑋𝑋𝑖𝑖 
𝑛𝑛                                             (3) 

 
Processing of the results, analysis of changes in the density of fruit in packaging with 

different methods of transportation from the warehouse to the supermarket confirmed the 
Gaussian distribution of data regarding changes in the density of fruit in packaging with 
different methods of transportation from the warehouse to the supermarket. 

3.2 Discussion 

The obtained results of changes in the density of fruits in packaging with different methods 
of transportation from the warehouse to the supermarket allow us to conclude that such an 
influence exists. 

The average change in the density of fruit in packaging for different methods of 
transportation from warehouse to supermarket is shown in Figure 4. 

 

 
 
Fig. 4. The average indicator of measuring the change in the density of fruit in packaging during 
different methods of transportation from the warehouse to the supermarket. 

4 Conclusions 
The conducted study presents data on changes in the density of fruit in packaging during 
different methods of transportation from the warehouse to the supermarket. To identify 
changes in the density of fruit in packaging with different methods of transportation from 
warehouse to supermarket, this study analyzed changes in the density of fruit in packaging 
for three delivery methods: in boxes up to 10 kg, in boxes up to 30 kg and in boxes up to 50 
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kg. The results of the study are relevant for further research in the field of improving the 
preservation of fruit quality during the delivery process, as well as for conducting new 
research in the field of ecology and agriculture. 

References 
1. G.J. Glasser, R.F. Winter, Biometrika 48 (1961) 
2. C. Spearman, Am. J. Psychol. 15 (1904) 
3. C. Spearman, The Proof and Measurement of Association between Two Things. Am. J. 

Psychol. 15 (1904)  
4. T.W. Cochran, R.L. Kabel, R.P. Danner, AIChE Journal 31(2) (1985) 

https://doi.org/10.1002/aic.690310214 
5. W.G. Cochran, Journal of the Royal Statistical Society 100(1), 69 (1937) 

https://doi.org/10.2307/2980283 
6. S. Shvetsova, E3S Web of Conferences 460, 11011 (2023) 

https://doi.org/10.1051/e3sconf/202346011011 
7. S. Shvetsova, E3S Web of Conferences 460, 11012 (2023) 

https://doi.org/10.1051/e3sconf/202346011012 
8. H. F Dingman, Multivariate Behavioral Research 4(4) (1969) 

https://doi.org/10.1207/s15327906mbr0404_6 
9. E. Zimmermann, Das Experiment in den Sozialwissenschaften [Internet] 245–8 (1972) 

http://dx.doi.org/10.1007/978-3-322-93057-6_12 
10. S. Shvetsova, E3S Web of Conferences 462, 03024 (2023). 

https://doi.org/10.1051/e3sconf/202346203024 
11. S. Shvetsova, E3S Web of Conferences 460, 08008 (2023) 

https://doi.org/10.1051/e3sconf/202346008008 
12. W.W.C. Gieskes, C. Veth, A. Woehrmann, M. Graefe, EOS. Transactions, American 

Geophysical Union 68(9), 123 (1987) https://doi:10.1029/ EO068i009p00123-01 
13. S. Shvetsova, E3S Web of Conferences 458, 07001 (2023) 

https://doi.org/10.1051/e3sconf/202345807001 
14. S. Shvetsova, E3S Web of Conferences 471, 01001 (2024) 

https://doi.org/10.1051/e3sconf/202447101001 
15. S. Shvetsova, E3S Web of Conferences 471, 06014 (2024) 

https://doi.org/10.1051/e3sconf/202447106014 
16. T. Berman, P.D. Walline, A. Schneller, Limnology and Oceanography 30(2) (1985) 
17. R.C. Smith, K.S. Baker, Applied optics 20(2) (1981) 

https://doi:10.1364/AO.20.000177 
18. E. Lukacs, A Characterization of the Normal Distribution The Annals of Mathematical 

Statistics: journal ISSN 0003-4851, 13(1) (1942) doi:10.1214/aoms/1177731647. 
JSTOR 2236166 

19. S. Shvetsova, E3S Web of Conferences 460, 04015 (2023) 
https://doi.org/10.1051/e3sconf/202346004015 

20. S. Shvetsova, E3S Web of Conferences 460, 09025 (2023) 
https://doi.org/10.1051/e3sconf/202346009025 

4

BIO Web of Conferences 116, 01008 (2024)	 https://doi.org/10.1051/bioconf/202411601008
EBWFF 2024

RETRACTED



To process the data, analysis of changes in the density of fruit in packaging with 
different methods of transportation from the warehouse to the supermarket, formulas 1, 2 
and 3 were used. 

 

                                                          SSfact = 
∑ 𝑇𝑇𝑗𝑗

2𝑝𝑝
𝑗𝑗
𝑛𝑛  − (∑ 𝑥𝑥𝑖𝑖)

𝑁𝑁

2
                                                (1) 

 

      SStotal = ∑ 𝑥𝑥𝑖𝑖
2  −  (∑ 𝑥𝑥𝑖𝑖)

𝑁𝑁

2
                                               (2) 

 

                                                                            𝑀𝑀 = 𝑋𝑋1 + 𝑋𝑋2  … + 𝑋𝑋𝑖𝑖 
𝑛𝑛                                             (3) 

 
Processing of the results, analysis of changes in the density of fruit in packaging with 

different methods of transportation from the warehouse to the supermarket confirmed the 
Gaussian distribution of data regarding changes in the density of fruit in packaging with 
different methods of transportation from the warehouse to the supermarket. 

3.2 Discussion 

The obtained results of changes in the density of fruits in packaging with different methods 
of transportation from the warehouse to the supermarket allow us to conclude that such an 
influence exists. 

The average change in the density of fruit in packaging for different methods of 
transportation from warehouse to supermarket is shown in Figure 4. 

 

 
 
Fig. 4. The average indicator of measuring the change in the density of fruit in packaging during 
different methods of transportation from the warehouse to the supermarket. 

4 Conclusions 
The conducted study presents data on changes in the density of fruit in packaging during 
different methods of transportation from the warehouse to the supermarket. To identify 
changes in the density of fruit in packaging with different methods of transportation from 
warehouse to supermarket, this study analyzed changes in the density of fruit in packaging 
for three delivery methods: in boxes up to 10 kg, in boxes up to 30 kg and in boxes up to 50 

8.3

0

1

2

3

4

5

6

7

8

9

%

kg. The results of the study are relevant for further research in the field of improving the 
preservation of fruit quality during the delivery process, as well as for conducting new 
research in the field of ecology and agriculture. 

References 
1. G.J. Glasser, R.F. Winter, Biometrika 48 (1961) 
2. C. Spearman, Am. J. Psychol. 15 (1904) 
3. C. Spearman, The Proof and Measurement of Association between Two Things. Am. J. 

Psychol. 15 (1904)  
4. T.W. Cochran, R.L. Kabel, R.P. Danner, AIChE Journal 31(2) (1985) 

https://doi.org/10.1002/aic.690310214 
5. W.G. Cochran, Journal of the Royal Statistical Society 100(1), 69 (1937) 

https://doi.org/10.2307/2980283 
6. S. Shvetsova, E3S Web of Conferences 460, 11011 (2023) 

https://doi.org/10.1051/e3sconf/202346011011 
7. S. Shvetsova, E3S Web of Conferences 460, 11012 (2023) 

https://doi.org/10.1051/e3sconf/202346011012 
8. H. F Dingman, Multivariate Behavioral Research 4(4) (1969) 

https://doi.org/10.1207/s15327906mbr0404_6 
9. E. Zimmermann, Das Experiment in den Sozialwissenschaften [Internet] 245–8 (1972) 

http://dx.doi.org/10.1007/978-3-322-93057-6_12 
10. S. Shvetsova, E3S Web of Conferences 462, 03024 (2023). 

https://doi.org/10.1051/e3sconf/202346203024 
11. S. Shvetsova, E3S Web of Conferences 460, 08008 (2023) 

https://doi.org/10.1051/e3sconf/202346008008 
12. W.W.C. Gieskes, C. Veth, A. Woehrmann, M. Graefe, EOS. Transactions, American 

Geophysical Union 68(9), 123 (1987) https://doi:10.1029/ EO068i009p00123-01 
13. S. Shvetsova, E3S Web of Conferences 458, 07001 (2023) 

https://doi.org/10.1051/e3sconf/202345807001 
14. S. Shvetsova, E3S Web of Conferences 471, 01001 (2024) 

https://doi.org/10.1051/e3sconf/202447101001 
15. S. Shvetsova, E3S Web of Conferences 471, 06014 (2024) 

https://doi.org/10.1051/e3sconf/202447106014 
16. T. Berman, P.D. Walline, A. Schneller, Limnology and Oceanography 30(2) (1985) 
17. R.C. Smith, K.S. Baker, Applied optics 20(2) (1981) 

https://doi:10.1364/AO.20.000177 
18. E. Lukacs, A Characterization of the Normal Distribution The Annals of Mathematical 

Statistics: journal ISSN 0003-4851, 13(1) (1942) doi:10.1214/aoms/1177731647. 
JSTOR 2236166 

19. S. Shvetsova, E3S Web of Conferences 460, 04015 (2023) 
https://doi.org/10.1051/e3sconf/202346004015 

20. S. Shvetsova, E3S Web of Conferences 460, 09025 (2023) 
https://doi.org/10.1051/e3sconf/202346009025 

5

BIO Web of Conferences 116, 01008 (2024)	 https://doi.org/10.1051/bioconf/202411601008
EBWFF 2024

RETRACTED



21. M. Halperin, O. Herman, G. Hoel, Recommended Standards for Statistical Symbols 
and Notation. COPSS Committee on Symbols and Notation The American Statistician: 
journal, JSTOR 2681417, 19(3) (1965) doi:10.2307/2681417 

22. S. Shvetsova, E3S Web of Conferences 515, 03018 (2024) 
https://doi.org/10.1051/e3sconf/202451503018 

23. S. Shvetsova, BIO Web of Conferences 93, 02012 (2024) 
https://doi.org/10.1051/bioconf/20249302012 

24. A. El-Rahman, et al., NLoS underwater VLC system performance: static and dynamic 
channel modelling. Appl. Opt. 58, 8272-8281 (2019)  

25. A. El-Rahman, et al., On the performance of adaptive hybrid MQAM–MPPM scheme 
over Nakagami and log-normal dynamic visible light communication channels. Appl. 
Opt. 59, 1896-1906 (2020)  

26. M. Mahmoud, et al., Statistical Studies Using Goodness-of-Fit Techniques With 
Dynamic Underwater Visible Light Communication Channel Modeling. IEEE Access 
9, 57716-57725 (2021) doi: 10.1109/ACCESS.2021.3072689 

27. S.A.A. El-Mottaleb, et al., SAC-OCDMA-FSO communication system under different 
weather conditions: performance enhancement. Opt Quant Electron 53, 616 (2021)  
https://doi.org/10.1007/s11082-021-03269-0  

28. Elfikky, A., et al., Spatial diversity-based FSO links under adverse weather conditions: 
performance analysis. Opt Quant Electron 56, 826 (2024) 

29. A.M.M. Abdalmajeed, et al. Improved indoor visible light positioning system using 
machine learning. Opt Quant Electron 55, 209 (2023)  
https://doi.org/10.1007/s11082-022-04482-1  

30. A. Elfikky, et al., Performance analysis of convolutional codes in dynamic underwater 
visible light communication systems. Opt Quant Electron 56, 55 (2024) 
https://doi.org/10.1007/s11082-023- 05325-3 
 

6

BIO Web of Conferences 116, 01008 (2024)	 https://doi.org/10.1051/bioconf/202411601008
EBWFF 2024

RETRACTED




