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Abstract. Post-harvest losses of grapes during prolonged storage in 
refrigerated chambers are mainly associated with dehydration and darkening 
of stems, wilting of berries and the development of mold. As a result of the 
physiological processes in the berries, a sufficiently humid environment is 
created, which contributes to the development of microbiological spoilage. 
To combat this phenomenon, it is recommended to use natural biodegradable 
polymers, which prevent the deterioration of quality characteristics by 
creating a semi-permeable protective barrier. In this regard, the purpose of 
the study was to determine the optimal dosage of film-forming solutions for 
treatment of grapes. For this, samples of grapes of the Kishmish Luchistyi 
variety were prepared with an applied to the surface coating layer of two 
types: potato starch/gelatin/glycerin/ natamycin and chitosan/sodium 
alginate/glycerin/natamycin at a biopolymer ratio of 50/50%, with the 
addition of 1.3% glycerin and 0.3% natamycin. Based on the identified 
dependence of the weight loss and the value of the resistance of berries to 
the pressure force on the storage time and the amount of film-forming 
coating, the optimal amount of film-forming coating required to treat 1000 
grams of berries is substantiated – 50 ml. 

1 Introduction 
At the enterprises of wholesale and retail trade and public catering, storage conditions for 
grapes received for sale from a stationary storage or directly from agricultural producers are 
not always optimal. In this regard, additional treatment is required to reduce the amount of 
losses from wilting, microbiological deterioration and mechanical damage. Film-forming 
coatings, which are thin edible layers applied to food products, can become a tool for 
reducing losses and extending the shelf life of grapes [1, 2]. 
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Chitosan, cellulose, sodium alginate, carrageenan, zein, gluten, starch, gelatin and fatty 
acids are the most commonly used compounds to form edible stabilizing coatings for fruits, 
vegetables, meat and fish products [3-11].  

For example, the authors [6] investigated the physicochemical properties of edible films 
based on cuttlefish skin gelatin, extracted without or with various concentrations of pepsins. 
Edible films made with partially hydrolyzed gelatins had lower tensile strength and 
elongation at break, but higher water vapor permeability and water solubility than the control 
film. 

The authors [9] have developed films based on cassava starch, 25 and 50% (in a polymer 
mixture) bovine gelatin using glycerin (30%) as a plasticizer. Film formulations were also 
made with 15% lipids (a mixture of esters from fatty acids and glycerol). The authors found 
that the inclusion of gelatin and lipids in glycerin-plasticized cassava starch films markedly 
affected their physical properties; treatment with 30 mg per 1000 grams of apples showed 
the best results.  

The authors [12] studied thin coatings for extending the shelf life of foods made using 
starch, which can be used in combination with antimicrobial agents. Their work was aimed 
at the development and characterization of a nanoemulsion of oleic acid in a food coating 
based on a starch suspension with the inclusion of three natural antimicrobials in the mixture: 
lactic acid, nisin, and lauric arginate. The authors found that the resulting suspensions can be 
used as coatings to extend the shelf life of fresh foods. 

With regard to the use of coatings on grapes, their effectiveness as a post-harvest 
treatment in order to extend shelf life and maintain quality, especially to reduce overall 
weight loss, has been confirmed by several studies [2, 4, 13-15], most of which offer 
commercial use of the results. For example, the authors [4] have developed and studied the 
physicochemical properties of composite films based on corn starch and gelatin, plasticized 
with glycerin or sorbitol for application to the surface of grapes. The addition of gelatin was 
found to significantly increase mechanical strength, water solubility, water vapor 
permeability and biofilm thickness, and also reduced opacity; the most effective was the 
treatment of grapes with 60 ml of solution per 1000 g of berries.  

In this regard, there is a need to evaluate different dosages of film-forming coatings based 
on natural edible and biodegradable biopolymers in order to determine cost-effective ways 
to improve food quality and safety during storage, maintain their freshness and extend shelf 
life. 

2 Materials and methods 
Table grapes of the Kishmish Luchisty variety, grown in the Anapo-Taman zone of the 
Krasnodar region in 2018 – 2020, were the object of research. For the preparation of film-
forming solutions and films based on them, certain components were used: polymers (soluble 
starch (GOST 10163-76), food gelatin (GOST 11293-89), chitosan (CAS 9012-76-4), sodium 
alginate (CAS 9005-38-3)); a plasticizer (glycerin (GOST 6259-75)); a solvent (distilled 
water); an auxiliary substance (LNFY190906-31 natamycin produced by LLC “ALPLIK 
RUS”). 

Table 1 shows the composition and parameters of the preparation of samples of film-
forming solutions. 

The optimal dosage of film-forming solutions for the treatment of grapes was determined, 
which were pre-cooled to a temperature of 10 °C, treated with the selected variants of film-
forming coatings with a temperature of 25 °C by spraying with various dosages: 25, 50 or 
100 ml per 1000 g of berries. To dry the film-forming solution and form a hard coating, the 
treated grape samples were dried at a temperature of 23±2 ° C, then placed in a refrigerator 
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for 8 days at a temperature of 0 to 4 °C and an average relative humidity of 70-75%. Control 
samples of grapes were not treated. 

Experimental studies were carried out in triplicate; mathematical processing of 
experimental data was performed using Office Excel (Microsoft) for Windows and Statistica 
(StatSof Inc.). 

Table 1. The composition and parameters of the preparation of film-forming solutions 

Number 
of 

sample 

Ratio of recipe components, 
% 

Parameters of preparation 

1 Gelatin solution 5% 49,2 Weighed portions of gelatin and starch powders 
were separately poured with water at 20 ° C and 
soaked for 10 min. Stirred at 150 rpm for 15 
minutes. Then brewed with constant stirring at a 
temperature of 90 ° C for the starch solution and 
60 ° C for the gelatin solution for 25 minutes. 
Glycerin and natamycin were added. Mixed and 
homogenized with constant stirring for 15 min at a 
temperature of 70 ° C 

Starch solution 5% 49,2 
Glycerin 1,3 
Natamycin 0,3 

2 Chitosan solution 1% 49,2 Weighed portions of chitosan and sodium alginate 
were poured with water at 20 ° C and soaked for 30 
min. Stirred continuously at 120 rpm for 45 min to 
obtain a homogeneous solution. Glycerin and 
natamycin were added. Mixed and homogenized 
with constant stirring for 15 min at a temperature of 
70 ° C 

Sodium alginate 
solution 1% 

49,2 

Glycerin 1,3 
Natamycin 0,3 

3 Results and discussion 
For weight loss analysis, samples treated with test coatings were weighed every day during 
storage. The dynamics of the weight loss of grapes during 8 days of storage is shown in the 
figure 1. 
 

 
Fig. 1. Weight loss versus test time and amount of film-forming coating based on combination: 
a) starch / gelatin / glycerin / natamycin; b) chitosan / sodium alginate / glycerin / natamycin 
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The effect of treating grape bunches with different amounts of a film-forming solution on 
the value of the resistance of the berries to the force of compression was also studied. The 
results are shown in the figure 2. 

 

 
Fig. 2. Value of the resistance of the berries to the force of compression versus test time and amount 
of film-forming coating based on combination: 
a) starch / gelatin / glycerin / natamycin; b) chitosan / sodium alginate / glycerin / natamycin 

The dependence shown in Figure 1 shows that storage of grapes in a humid atmosphere 
still leads to a decrease in the mass of the product. However, by studying the weight loss of 
the samples, it is possible to establish the optimal dosage of the applied coating. The smallest 
weight loss was recorded for samples treated with a film-forming coating at a dosage of 50 
and 100 ml per 1000 g. Since there is no significant difference in weight loss between these 
dosages, a dosage of 50 ml can be previously recommended for use. The final decision will 
depend on further research on mechanical strength. 

It was also found (Figure 2) that the treatment of grape berries with film-forming coatings 
has a positive effect on the strength of the berries during storage: the studied samples of film-
forming solutions provide an increase in the strength of berries at the end of storage in 
comparison with the control from 4.8% to 43.3% (solution based on polymer combination 
starch / gelatin / glycerin / natamycin) and from 7.1% to 55.2% (solution based on polymer 
combination chitosan / sodium alginate / glycerin / natamycin). Samples treated with 50 and 
100 ml, compared to the control, showed a significant improvement in resistance to 
compression; the sample treated with 25 ml showed little improvement. 

4 Conclusion 
Based on the study of the effect of the amount of film-forming coating on the dynamics of 
weight loss of grapes and the resistance of berries to the pressure force during long-term 
storage, it is necessary to note the positive effect of both preparations and recommend them 
for treatment of table grapes. The optimal dosage of a film-forming coating, which ensures 
the maximum preservation of quality of grapes, has been identified – 50 ml per 1000 grams 
of berries by spraying the solution onto a bunch. 
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