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Abstract: The article shows the effect of pre-treatment with chitosan and 
salicylic acid on the anthocyanin content of cherry fruits after storage. The 
research was conducted between 2016−2019 within the premises of the 
Station of Horticulture named after M.F. Sidorenko of the Institute of 
Horticulture of NAAS of cherry fruit varieties Alpha and Pamiat Artemenko. 
For the study, 15 trees of each variety were sprayed with a solution of 100 
mg /l of salicylic acid; 1% chitosan with salicylic acid (100 mg /l) the day 
before harvest. The fruits were harvested at the consumption stage of 
ripeness from four different places of the crown from each tree of a certain 
variety and type of treatment, placed in boxes №5 weighing 5 kg for storage 
at a temperature of 1±0.5 °C and relative humidity of 95±1%. Non-treated 
cherry fruits were taken for control. The experiment was repeated three 
times.  It was found, that the cherry fruits from the Alpha and Pamiat 
Artemenko varieties are dominated by anthocyanins: cyanidin-3-
glucorutinoside in the amount of 204.9 and 103.5 mg/100 g and cyanidin-3-
rutinoside 72 and 36.6 mg/100 g. In the period of storage, the content of 
cyanidin-3-glucorutinoside and cyanidin-3-rutinoside decreased  by 1.6−1.7 
and 1.2 times. The treatment of cherry fruits with a solution of chitosan 
reduced the losses of cyanidin-3-glucorutinoside by 1.56 −1.7 times and the 
cyanidin-3-rutinoside content to 8.7−7.6%. The content of cyanidin-3-
glucorutinoside in cherries treated with a solution of chitosan with salicylic 
acid was the most preserved, as the losses decreased 1.5–1.25 times. The 
content of cyanidin-3-rutinoside decreased to 0.5-0.83%. A strong 
correlation (r = 0.86) was established between antioxidant activity and the 
light transmission coefficient and a regression equation was derived. 
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1. Introduction 

 
The cherry is a popular fruit crop, a 

source of anthocyanins which are 
pigments that render the red color of the 
fruit [9]. The quality of the cherry fruit is 
determined by its attractive color, sweet 
and sour taste. In cherries, the ripening 
process is associated with the 
accumulation of polyphenolic compounds. 
Polyphenols are secondary metabolites of 
plants involved in antioxidant protection 
against biotic and abiotic stresses. Modern 
epidemiological studies show the role of 
polyphenols in the prevention of 
cardiovascular diseases: cancer, 
osteoporosis, neurodegenerative diseases 
and diabetes, gastric ulcers, digestive 
system, eczema [1], [9]. Procyanidins 
contained in cherries increase nitrogen 
synthesis, inhibit platelet activation and 
stimulate anti-inflammatory cytokines. 
They limit the formation of free radicals by 
inhibiting the enzymes involved in their 
generation [1]. 

Cherry fruits include a phenolic 
composition consisting of flavonoids of so-
called phenolic antioxidants, which 
include anthocyanins such as flavonols 
and flavan-3-oles (procyanidins) and 
phenolic acids [2], [10]. 

The total content of anthocyanins differs 
by variety. The main anthocyanins of 
cherry fruits are: cyanidin-3-glucoside, 
cyanidin-3-glucosidrutinoside, cyanidin-3-
sophoroside [1], [9]. 

The total content of anthocyanins in 
cherry fruits ranges from 82 to 297 mg 
/100 g for dark and from 2 to 41 mg /100 
g for light fruits [9]. 

Studies [6] show that the daily intake of 
cherries − 280 g (45 fruits) is sufficient to 
replenish the body with phenolic 
substances, including anthocyanins. 

There is almost no information in the 
literature on the relationship between the 
anthocyanin content and the color of 
cherry fruits. Whereas, as regards the 
transmittance, the angle of hue is 
negatively correlated with the total 
anthocyanin content in cherries and 
weakly correlated in plums [6], [12]. 

The goal of the research was to 
determine the effect of treatment with 
chitosan and with salicylic acid on the 
color change of cherry fruits during 
storage. 

 
2. Materials and Methods 

 
Pre-harvest and postharvest treatments. 

The research was conducted in the period 
of 2016−2019 in the premises of the 
Station of Horticulture named after M.F. 
Sidorenko of the Institute of Horticulture 
of NAAS on cherry fruits of the Alpha and 
Pamiat Artemenko varieties. For the 
study, 15 trees of each variety, were 
sprayed with a solution of 100 mg /l of 
salicylic acid; 1% chitosan with salicylic 
acid (100 mg/l) the day before harvest. 
After 24 hours, the fruits were removed at 
the consumption stage of ripeness from 
four different places of the crown from 
each tree of a certain variety and type of 
processing, placed in boxes №5 weighing 
5 kg for storage at 1 ± 0.5°C and a relative 
humidity of 95±1%. Raw cherry fruits were 
taken for control. The experiment was 
repeated three times. 

 
2.1. Analytical Methods 

 
The criterion for the termination of fruit 

storage was weight loss of not more than 
6% [8]. 

The content of anthocyanins: cyanidin-3-
glucorutinoside and cyanidin-3-rutinoside 
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was determined by high performance 
liquid chromatography with a diode-
matrix detector (chromatograms with 
absorption spectra) by means of a Waters 
instrument (USA). 

For the research, cherries were soaked 
in an ethanol solution for 4−5 days, 
stirring thoroughly from time to time. The 
solution was filtered through a paper filter 
(white tape). The filtrate was transferred 
to a separatory funnel and diluted with an 
aqueous potassium chloride solution 20 
times. The solution in the separatory 
funnel was extracted 4 times with ethyl 
acetate (pre-soaked in water) at a ratio of 
organic and aqueous phases 1:3. The ethyl 
acetate phases were discarded and the 
aqueous solution was purged with helium 
to remove ethyl acetate. Anthocyanin 
glycosides were removed from the 
aqueous solution using solid phase 
extraction cartridges (Sep Par Cartridges 
for Solid Phase Extraction (company 
Waters, USA). Methanol-eluted from the 
surface of the sorbent anthocyanin 
glycosides were removed by evaporation 
of methanol (pre-acidified to pH 1 with 
hydrochloric acid) in vacuum. Thus, 
anthocyanin glycosides were obtained in a 
preparative form. Because according to 
the literature (Guide to methods of quality 
control and safety of dietary supplements. 
Р 4.1.1672-03.) [5] glycosides cyanidin-3-
glucorutinoside and cyanidin-3-rutinoside 
are dominant in cherries. The relative 
content of cyanidin-3-glucorutinoside and 
cyanidin-3-rutinoside is defined as the 
ratio of the area of the chromatographic 
peak and the sum of the peak planes of all 
identified anthocyanins.  

The ratio of the chromatographic peaks 
of these two glycosides that was 
discovered, was calculated according to 
the content of each glycoside in the 

obtained preparatively isolated standard 
m = S1/S2, (where S1 is the peak area of 
Cyd-3-glu-rut; S2 is the peak area of Cyd-3-
rut; m is the mass of glycosides). 

A color analysis was performed by using 
a colorimeter (KFK-2, Russia) on a 30 mm 
thick plate, in 20 fruits of each grade. 
Three measurements were performed at 
different points on the samples, and this 
procedure was repeated three times to 
obtain average values. 

Antioxidant activity was determined 
using the FRAP method [7]. 

 
2.2. Statistical Analysis 

 
The data were statistically processed 

using a two and three factor analysis of 
variance (ANOVA) method at a 
significance level of P<0.05 on the 
Statistica PC software. 

 
3. Results and Discussions 

 
Considering that the main indicator of 

quality and freshness of cherry fruits is 
color, the aim of the study was to examine 
its changes during storage. In studies on 
cherries of the varieties    Alpha and 
Pamiat Artemenko, the content of 
cyanidin-3-glucorutinoside depended on 
the characteristics of the variety and was 
at the level 204.9 and 103.5 mg/100 g 
(Figure 1). During the period of storage, its 
content decreased 1.6-1.7 times. 

According to the content of cyanidin-3-
rutinoside, cherry fruits had lower values 
− namely 72 and 36.6 mg/100 g. During 
storage, its content remained more stable 
and decreased 1.16−1.2 times as 
compared to fresh cherries. 

The treatment of cherry fruits with a 
solution of chitosan allowed the reduction 
of the loss of cyanidin-3-rutinoside by 
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8.7−7.6% (Figure 1). While the content of 
cyanidin-3-glucorutinoside slightly 

decreased 1.56 and 1.7 times respectively. 

 

    
Fig. 1. Changes in anthocyanins: cyanidin-3-glucorutinoside and cyanidin-3-rutinoside in 

cherry fruits during the period of storage  
 

Cherry fruits treated with a solution of 
chitosan with salicylic acid had a lower 
loss by 1.5−1.25 times (Figure 1).  

The content of cyanidin-3-rutinoside 
decreased slightly by 0.5−0.83% and 
remained at the level of fresh cherries. 

The antioxidant activity of cherry fruits 
pertaining to the varieties Alpha and 
Pamiat Artemenko, which determines the 
content of biologically active substances 
was at the level of 28−27 (Figure 2). 
During storage is decreased 1.7 times. 

 

 
Fig. 2. Changes in antioxidant activity of cherry fruits during the period of storage 

 
Cherry fruits treated with a chitosan 

solution had higher antioxidant activity as 
compared to fresh cherries in which it  
decreased 1.4 times. In cherry fruits 

treated with a solution of chitosan with 
salicylic acid, the antioxidant activity of 
the fruit is higher and it decreased only 
1.3−1.35 times. The change in anthocyanin 
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content in cherry fruits during the period 
of storage is confirmed by B. Goncalves                   
[3, 4]. 

Thus, according to the data  [4], [11] 
color and hue have a negative correlation 
with the total content of anthocyanins 
(Figure 3). Determination of color gives an 
estimate of the change in the content of 

anthocyanins in cherry varieties during 
storage. We determined the relationship 
between antioxidant activity, light 
transmission and the content of cyanidin-
3-glucorutinoside and cyanidin-3-
rutinoside (Table 1 and Figure 4).  

 

 

 
Fig. 3. Changes of the light transmission coefficient in cherry fruits during storage 

 
Table 1  

Matrix of paired correlations between storage duration, weight loss and yield of 
marketable cherry fruits 

Indicator 

The content of 
cyanidin -3-

glucorutinoside,   
mg/100 g 

X1 

The content of 
cyanidin -3-
rutinoside, 
mg/100g 

X 2 

Coefficient of 
light 

transmission, 
X3 

Antioxidant 
activity, 

mmol/dm3, 
X4 

The content of 
cyanidin-3-
glucorutinoside, 
mg/100 g, X 1 

1.000 0.863 0.289 0.644 

The content of 
cyanidin-3-rutinoside, 
mg/100 g, X 2 

0.863 1.000 -0.054 0.297 

Coefficient of light 
transmission,%, X3 0.289 -0.054 1.000 0.872 

Antioxidant activity, 
mmol/dm3, X 4 0.644 0.297 0.872 1.000 
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 Fig. 4. Dot graphs and theoretical lines of dependence of antioxidant activity on the 
coefficient of light transmission of cherry fruits of the Alpha and Pamiat Artemenko 

varieties during storage 
  

It’s showed that there is an average 
correlation between the content of 
cyanidin-3-glucorutinoside and the 
antioxidant activity with a correlation 
coefficient r = 0.64. 

The correlation dependence between 
antioxidant activity and light transmission 
is also strong with a correlation coefficient 
r = 0.86. 

The correlation dependence between 
the content of cyanidin-3-glucorutinoside 
and cyanidin-3-rutinoside is also strong 
with a correlation coefficient r = 0.87. 
Based on the fact that the correlation is 
strong, regression equations are derived, 
which allow us to predict the antioxidant 
activity of cherry fruits according to the 
content of cyanidin-3-glucorutinoside or 
light transmission. 
 
4. Conclusions 

 
Thus, in the cherry fruits of the Alpha 

and Pamiat Artemenko varieties, 

anthocyanins are predominant: cyanidin-
3-glucorutinoside in the amount of 204.9 
and 103.5 mg/100g and: cyanidin-3-
rutinoside 72 and 36.6 mg /100 g.  

During the period of storage, the 
content of cyanidin-3-glucorutinoside and 
cyanidin-3-rutinoside decreased 1.6-1.7 
and 1.2 times respectively. 

The treatment of cherry fruits with a 
solution of chitosan allowed cutting the 
loss of cyanidin-3-glucorutinoside by 1.56 
−1.7 times and of cyanidin-3-rutinoside to 
8.7−7.6%. 

The content of cyanidin-3-
glucorutinoside in cherries treated with a 
solution of chitosan with salicylic acid was 
the most preserved, where the losses 
decreased 1.5–1.25 times. The content of 
cyanidin-3-rutinoside decreased to 
0.5−0.83%. 

A strong correlation dependence                  
(r = 0.86) was found between the content 
of antioxidant activity and the light 
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transmission coefficient thus the 
regression equation was derived. 
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