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ABSTRACT. A study of the amount of colouring substance in the skins 

and juice of grapes and raisins of seedless vine forms with coloured grape 

juice of six hybrid combinations was performed. It was found that most of 

the hybrid forms of all crosses were superior to the mother variety Alicante 

Bouschet in the amount of anthocyanins in the grape juice, and only a few 

ones have mathematically proven differences. Most of them do not differ 

from the parent variety in colour intensity and colour shade, as well as in 

the percentage of yellow, red and blue colour. The ‘Alicante Bouschet’ 

variety has a proven lower content of anthocyanins in the skins of grapes 

and raisins of several hybrid forms. There is a proven high or moderate 

positive correlation between the content of anthocyanins in the skins and 

the juice of the grapes and the intensity of the colour in the hybrid forms 

of most crosses. Approximately 47% of the increase in the intensity of the 

colour of the grape juice can be explained by an increase in the amount of 

anthocyanins, and only 27% of the reasons for the changes in the intensity 

of the colour of the grapes are due to factors that do not affect changes in 

the content of anthocyanins in them. 

© 2023 Akadeemiline Põllumajanduse Selts. | © 2023 Estonian Academic Agricultural Society. 

 

Introduction 

The quantitative determination of the colouring subs-

tance of the different vine varieties with red skin of the 

grapes is important for their ampelographic characte-

ristics and for oenological practice. It is known that 

their accumulation in the grapes depends on many 

factors – genotypic, physiological and environmental 

conditions. Anthocyanins are the most essential part of 

the colouring substance in grapes. They represent a 

large group of flavonoids that provide protection from 

solar radiation and UV radiation, have antioxidant 

action, protect against various pathogens, etc. (Fartzov 

et al., 1993; Adams, 2006; Biniari et al., 2020; Naiker 

et al., 2020; Yan Du et al., 2021). 

Their location is in the vacuoles of the cells of the 

hypodermal layer of the skin of the grapes, but in the 

colouring varieties ‘Alicante Bouschet’, ‘Gran Noir’, 

‘Saperavi’ and others – also in the cells of the juice and 

mesocarp of the grape. Anthocyanins are considered 

potential natural pigments that would replace synthetic 

colouring in various foods (Riberean-Gayon, 1959; 

Kantarev, 1973; Kennedy, 2008; Olivares et al., 2017; 

Fia et al., 2021). By condensation with other flavonoids 

and phenols, they form more complex polymers that 

have a strong influence on the oenological characte-

ristics of wines (Singleton, 1988). 

In wine production, these pigments are a key factor 

determining its colour, and are extremely important for 

the looks of table grapes (Ferreyra et al., 2020; Vergana 

et al., 2020). However, from an economic point of 

view, the data related to the production of seedless 

hybrid forms with red colour of the grape juice, suitable 

for fresh consumption and production of wines are 

particularly interesting. The aim of this study is to 

determine the technological and nutritional value of 

‘Alicante Bouschet’ variety and seedless hybrid forms 

with coloured red juice of the grapes, by means of a 

comparative biometric characterization of the amount 

of colouring substance in their grapes. Such research 

into seedless hybrid forms with coloured grape juice is 

not found in the literature. 

https://orcid.org/0000-0002-3938-748X
https://orcid.org/0000-0001-6050-6554
https://dx.doi.org/10.15159/jas.23.02
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Materials and Methods 

Characteristics of photometric analysis 

The study used skins and juice from grapes and 

raisins of seedless hybrid forms with coloured grape 

juice (colouring) (F1), obtained as a result of sexual 

hybridization between the seed colouring vine variety – 

‘Alicante Bouschet’ (P1) and the seedless (P2) – ‘Rus-

salka 1’, ‘Kondarev 6’, ‘Beauty Seedless’, ‘Kondarev 

10’, ‘Russalka 3’, ‘Russalka’. The grapes from the 

experimental vines were harvested at technological 

maturity (at 21–22% sugars), for three consecutive sea-

sons. An average sample was collected in three repli-

cates of 100 g of berries from the grapes of ‘Alicante 

Bouschet’ and each hybrid form in the different crosses 

at technological maturity. All indicators in the study 

were determined based on the analyses of dry skins and 

coloured juice. Anthocyanins in the skins of grapes and 

raisins were determined after preliminary extraction, 

and in the juice – directly, by photometry at a wave-

length ƛ = 520 nm with a photocolorimeter “Specol” 

(Roychev et al., 2020). The intensity of colouring is 

expressed by the optical density of the experimental 

samples, measured with a photocolorimeter at ƛ = 420 

nm and ƛ = 520 nm. The following values are taken as 

peak levels for yellow colour – ƛ = 420 nm, for red – 

ƛ = 520 nm and for blue – ƛ = 620 nm.  

Statistical methods 

To prove the existing differences between the 

amounts of the individual components of the colouring 

substance in ‘Alicante Bouschet’ and the hybrid forms, 

single-factor analysis of variance and LSD-test at a 

level of statistical significance of 0.05 were applied. 

The correlations between the studied biochemical para-

meters were established by applying correlation ana-

lysis. Graphic images were constructed, visualizing the 

interaction between the amount of anthocyanins and the 

intensity of the colour of the juice and the skins. The 

compiled regression models present the established 

relations in an analytical form. The tools of MS Excel 

and IBM SPSS were used for the mathematical data 

processing. 

Results and Discussion 

The comparative evaluation of the content of antho-

cyanins in the grape juice shows that ‘Alicante 

Bouschet’ has statistically proven differences only with 

the hybrid form 29/27 from cross I, and 29/66 and 29/68 

from cross II (Table 1). 

 

Table 1. Comparative assessment of the colouring substance in the grape juice of ‘Alicante Bouschet’ and the studied seedless 
hybrid vine forms 

Form 
Anthocyanins 

mg dm–3 

Colour Intensity 

IC 

Colour shade 

NO 

Yellow 

% 

Red 

% 

Blue 

% 

Alicante Bouschet 572.53 16.72 0.68 34.87 54.00 11.13 

I – ‘Alicante Bouschet’ × ‘Russalka 1’ 

29/13 737.04 n.s. 13.88 n.s. 0.66 n.s. 35.50 n.s. 56.86 n.s. 7.64 n.s. 

29/24 602.01 n.s. 14.85 n.s. 0.66 n.s. 36.22 n.s. 56.42 n.s. 10.02 n.s. 

29/27 748.92 * 22.79 n.s. 0.76 n.s. 36.45 n.s. 48.58 n.s. 14.97 n.s. 

29/56 541.77 n.s. 10.19 * 0.79 n.s. 38.33 n.s. 49.40 n.s. 12.27 n.s. 

29/57 633.64 n.s. 15.45 * 0.89 n.s. 38.71 n.s. 44.04 n.s. 17.25 n.s. 

II – ‘Alicante Bouschet’× ‘Kondarev 6’ 

29/62 405.13 n.s. 12.63 n.s. 0.67 n.s. 35.04 n.s. 53.84 n.s. 11.12 n.s. 

29/66 313.39 * 8.39 * 0.77 n.s. 36.76 n.s. 48.31 n.s. 14.94 n.s. 

29/68 1058.49 * 18.62 n.s. 0.57 n.s. 32.00 n.s. 57.38 n.s. 10.62 n.s. 

III – ‘Alicante Bouschet’× ‘Beauty Seedles’ 

30/2 534.31 n.s. 12.22 n.s. 0.65 n.s. 34.82 n.s. 55.27 n.s. 9.91 n.s. 

30/3 823.64 * 14.62 n.s. 0.65 n.s. 35.26 n.s. 54.92 n.s. 9.82 n.s. 

30/8 595.30 n.s. 13.95 n.s. 0.70 n.s. 35.09 n.s. 51.33 n.s. 13.58 n.s. 

30/9 949.08 * 19.97 n.s. 0.60 n.s. 33.05 n.s. 55.83 n.s. 11.11 n.s. 

30/10 469.80 n.s. 11.51 n.s. 0.73 n.s. 36.75 n.s. 51.74 n.s. 11.50 n.s. 

30/24 585.86 n.s. 14.16 n.s. 0.79 n.s. 36.63 n.s. 48.07 n.s. 15.30 n.s. 

IV – ‘Alicante Bouschet’× ‘Kondarev 10’ 

31/9 633.97 n.s. 12.27 n.s. 0.55 n.s. 30.74 n.s. 57.91 n.s. 11.35 n.s. 

31/22 655.12 n.s. 14.28 n.s. 0.94 n.s. 40.75 n.s. 43.58 n.s. 15.66 n.s. 

31/26 316.74 * 11.39 n.s. 0.70 n.s. 35.39 n.s. 53.64 n.s. 9.97 n.s. 

31/29 388.92 * 8.38 * 0.77 n.s. 37.79 n.s. 50.95 n.s. 11.27 n.s. 

31/36 581.28 n.s. 17.19 n.s. 0.74 n.s. 36.61 n.s. 49.44 * 13.95 n.s. 

31/40 867.46 * 18.36 n.s. 0.43 n.s. 28.38 n.s. 66.00 n.s. 5.62 n.s. 

31/41 756.31 * 15.72 n.s. 0.79 n.s. 37.83 n.s. 48.29 n.s. 13.88 n.s. 

V – ‘Alicante Bouschet’× ‘Russalka 3’ 

31/57 481.88 n.s. 12.54 n.s. 0.52 n.s. 29.44 n.s. 57.46 n.s. 13.10 n.s. 

31/58 336.48 * 10.42 * 0.58 n.s. 28.68 n.s. 51.91 n.s. 19.41 n.s. 

31/65 585.07 n.s. 11.96 n.s. 0.53 n.s. 29.45 n.s. 55.57 n.s. 14.98 n.s. 

VI – ‘Alicante Bouschet’× ‘Russalka’ 

32/9 631.13 n.s. 12.94 n.s. 0.63 n.s. 32.91 n.s. 53.87 n.s. 12.88 n.s. 

32/11 563.20 n.s. 11.88 n.s. 0.71 n.s. 32.71 n.s. 47.14 n.s. 20.18 * 

n.s. – there are no proven differences in significance level 0.05, * –  significant at p < 0.05 
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In cross III – 30/3 and 30/9 stand out with higher 

levels of anthocyanins, which determines the presence 

of statistical differences between them. In IV hybrid 

combination 31/26 and 31/29 are distinguished by 

proven lower values of this indicator, compared to the 

parent variety, and 31/40 and 31/41 – with higher than 

it. Only in 31/58 in the cross V the differences between 

the compared values were proved, as the hybrid form 

has a lower content of anthocyanins in the grape juice, 

and in the VI cross – there are no significant differences.  

Most of the hybrid forms are superior to the parent 

variety in absolute values of this indicator. Most of 

them do not differ from ‘Alicante Bouschet’ in the 

intensity of colour and colouring shade, as well as in 

the percentages of yellow, red and blue colour in the 

juice of the grapes. 

According to the comparative assessment, ‘Alicante 

Bouschet’ has a proven lower content of anthocyanins 

in the skins of the grapes – 942.66 mg dm–3 from the 

hybrid forms 29/27 – 1513.18 mg dm–3 – I, 30/3 – 

1372.97 mg dm–3 and 30/9 – 1578.48 mg dm–3 – III, 

31/40 – 1549.66 mg dm–3 and 31/41 – 

1498.58 mg dm– 3– IV (Table 2).  

Table 2. Comparative assessment of the content of the colouring substance in the skins of grapes and raisins in ‘Alicante 
Bouschet’ and the studied seedless colouring hybrid vine forms 

Form 
Anthocyanins 

mg dm–3 

Colour Intensity 

 IC 

Colour Shade 

NO 

Yellow 

% 

Red 

% 

Blue 

% 

Raisins antho- 

cyanins mg/g 

Alicante 

Bouschet 
942.66 6.65 0.72 35.91 50.02 14.07 34.83 

I – ‘Alicante Bouschet’ × ‘Russalka 1’ 

29/13 1017.34 n.s. 5.28 n.s. 0.72 n.s. 33.87 n.s. 47.52 n.s. 18.61 n.s. 43.63 n.s. 

29/24 821.14 n.s. 6.09 n.s. 0.56 * 33.36 n.s. 60.23 * 6.14 * 15.40 * 

29/27 1513.18 * 7.79 n.s. 0.66 n.s. 33.37 n.s. 51.00 n.s. 15.63 n.s. 52.82 * 

29/56 737.30 n.s. 3.65 n.s. 0.73 n.s. 34.11 n.s. 47.06 n.s. 18.83 n.s. 32.94 n.s. 

29/57 910.52 n.s. 3.65 n.s. 0.68 n.s. 33.56 n.s. 49.35 n.s. 17.09 n.s. 30.84 n.s. 

II – ‘Alicante Bouschet’ × ‘Kondarev 6’ 

29/62 1042.08 n.s. 6.42 n.s. 0.80 n.s. 37.14 n.s. 46.47 n.s. 24.20 * 33.16 n.s. 

29/66 433.17 n.s. 2.39 * 0.83 * 37.43 n.s. 44.90 n.s. 17.67 n.s. 25.89 n.s. 

29/68 1045.61 n.s. 6.30 n.s. 0.87 * 41.93 * 48.77 n.s. 9.30 n.s. 38.13 n.s. 

III – ‘Alicante Bouschet’ × ‘Beauty Seedless’ 

30/2 995.23 n.s. 5.58 n.s. 0.75 n.s. 34.29 n.s. 45.74 n.s. 19.97 n.s. 39.28 n.s. 

30/3 1372.97 * 7.03 n.s. 0.77 n.s. 35.84 n.s. 46.60 n.s. 17.57 n.s. 40.05 n.s. 

30/8 1017.05 n.s. 5.70 n.s. 0.66 n.s. 32.79 n.s. 49.96 n.s. 17.24 n.s. 43.69 n.s. 

30/9 1578.48 * 8.54 n.s. 0.67 n.s. 33.16 n.s. 50.03 n.s. 16.81 n.s. 43.74 n.s. 

30/10 646.28 n.s. 3.76 n.s. 0.76 n.s. 35.44 n.s. 46.40 n.s. 18.16 n.s. 53.55 * 

30/24 1150.43 n.s. 9.73 n.s. 0.84 * 37.22 n.s. 44.54 * 18.24 n.s. 56.75 * 

IV – ‘Alicante Bouschet’ × ‘Kondarev 10’ 

31/9 801.57 n.s. 4.02 n.s. 0.73 n.s. 35.84 n.s. 49.25 n.s. 14.91 n.s. 58.84 * 

31/22 1300.34 n.s. 9.07 n.s. 0.87 * 37.59 n.s. 43.32 * 19.09 n.s. 64.90 * 

31/26 604.08 n.s. 5.08 n.s. 0.69 n.s. 34.32 n.s. 50.37 n.s. 15.32 n.s. 24.52 n.s. 

31/29 818.53 n.s. 4.18 n.s. 0.77 n.s. 34.95 n.s. 45.11 n.s. 19.96 n.s. 42.82 n.s. 

31/36 1003.23 n.s. 7.37 n.s. 0.85 * 38.67 n.s. 45.57 n.s. 15.75 n.s. 46.53 n.s. 

31/40 1594.66 * 10.78 * 0.53 * 28.30 * 53.05 n.s. 18.64 n.s. 43.22 n.s. 

31/41 1498.58 * 7.90 n.s. 0.69 n.s. 33.32 n.s. 48.36 n.s. 18.33 n.s. 45.65 n.s. 

V – ‘Alicante Bouschet’ × ‘Russalka 3’ 

31/57 922.78 n.s. 5.17 n.s. 0.75 n.s. 34.21 n.s. 46.10 n.s. 19.69 n.s. 51.25 * 

31/58 817.35 n.s. 4.35 n.s. 0.70 n.s. 34.33 n.s. 49.06 n.s. 16.61 n.s. 33.94 n.s. 

31/65 1262.05 n.s. 7.40 n.s. 0.71 n.s. 35.01 n.s. 49.64 n.s. 15.35 n.s. 39.31 n.s. 

VI – ‘Alicante Bouschet’ × ‘Russalka’ 

32/9 1380.21 n.s. 8.16 n.s. 0.67 n.s. 35.05 n.s. 52.84 n.s. 12.11 n.s. 55.66 * 

32/11 823.29 n.s. 4.54 n.s. 0.73 n.s. 35.84 n.s. 49.89 n.s. 14.27 n.s. 23.18 n.s. 

n.s. – there are no proven differences in significance level 0.05, * –  significant at p < 0.05 

Hybrid forms predominate in which there are no pro-

ven differences with the parent variety, both in terms of 

colour intensity and the colouring shade, as well as in 

the percentages of yellow, red and blue colour. 

In terms of the amount of anthocyanins in raisins, 

‘Alicante Bouschet’ – 34.83 mg g-1 is proven to be 

superior to 29/24 – 15.40 mg g-1 and inferior to 29/27 – 

52.82 mg g-1 – I, 30/10 – 53.55 mg g-1and 30/24 – 

56.75 mg g-1– III, 31/9 – 58.84 mg g-1 and 31/22 – 

64.90 mg g -1– IV, 31/57 – 51.25 mg g-1 – V, 32/9 – 

55.66 mg g-1 – VI. In the other hybrid forms the 

colouring substance is close to that of the parent 

variety. 

There is a significant positive relation (0.655) bet-

ween the content of anthocyanins in the juice of the 

grapes and the intensity of the colour in the hybrid 

forms from the cross ‘Alicante Bouschet’ × 

‘Russalka 1’ as well as negative one- with the percent-

age of red colour (–0.345), and in ‘Alicante Bouschet’ 

× ‘Kondarev 6’ there is a strong, positive correlation 

between anthocyanins in the juice and the colour 

intensity (0.735) and a weak positive correlation – with 

the red colour (0.338). 

The forms of the hybrid combination ‘Alicante 

Bouschet’ × ‘Beauty Seedless’ are also characterized by 

a high positive correlation between anthocyanins in the 

juice and colour intensity (0.882), and in ‘Alicante 



42  Quantity of colouring substance in grapes and raisins from seedlesss hybrid forms with coloured grape juice (Vitis vinifera L.)  

Agraarteadus | Journal of Agricultural Science  1 ● XXXIV ● 2023 39–43 

Bouschet’ × ‘Kondarev 10’ and ‘Alicante Bouschet’ × 

‘Russalka 3’ it is proven to be moderately positive (0.671 

and 0.527). There is a moderate negative relation 

between the amount of anthocyanins in the juice and the 

blue colour in ‘Alicante Bouschet’ × ‘Russalka 3’  

(–0.462) and ‘Alicante Bouschet’ × ‘Russalka’ (–0.446). 

The content of anthocyanins in the skins of the grapes 

is in a very strong, positive relation with the colour 

intensity in all hybrid combinations: ‘Alicante 

Bouschet’ × ‘Russalka 1’ (0.836), ‘Alicante Bouschet’ 

× ‘Kondarev 6’ (0.998), ‘Alicante Bouschet’ × ‘Beauty 

Seedless’ (0.798), ‘Alicante Bouschet’ × ‘Kondarev 

10’ (0.860), ‘Alicante Bouschet’ × ‘Russalka 3‘ (0.987) 

and ‘Alicante Bouschet’ × ‘Russalka’ (0.995). There is 

a proven moderate positive relation in the red colour of 

the skins in ‘Alicante Bouschet’ × ‘Kondarev’ (0.571), 

‘Alicante Bouschet’ × ‘Russalka 3’ (0.693) and ‘Ali-

cante Bouschet’ × ‘Russalka’ (0.535). The correlation 

with the blue colour in ‘Alicante Bouschet’ × ‘Rus-

salka 3’ (–0.446) and Alicante Bouschet × Russalka  

(–0.718) is negative. 

Figure 1 shows the influence of anthocyanins on the 

colour intensity of the grape juice in all studied hybrid 

forms with the parent variety ‘Alicante Bouschet’. 

 

Both in the individual crosses and in the group ana-

lysis of the hybrid forms of all combinations, the 

intensity of the juice colour tends to increase in parallel 

with the increase in the amount of anthocyanins in it. 

This is proved not only by the slope of the trend line, 

but also by the positive coefficient in front of the inde-

pendent variable in the presented regression equation. 

Given the value of the coefficient of determination, it 

should be assumed that 47% of the change in the 

intensity of the colour of the grape juice can be 

explained by changes in the content of anthocyanins in 

it. 

The relation between the content of anthocyanins in 

the skins of the grapes and the intensity of the colour in 

all studied hybrid forms was modelled by a linear reg-

ression equation (Figure 2). The coefficients prove the 

positive relation between these two indicators, which 

determines the beneficial effect of the high content of 

anthocyanins in the skins on the intensity of their 

colour. According to the calculated coefficient of deter-

mination, less than 27% of the dispersion of the inten-

sity of the colour of the skins is explained by factors 

other than the anthocyanins in them. 

 

 
Figure 1. Influence of the content of anthocyanins in the juice 
of the grapes on the colour intensity in all studied seedless 
hybrid forms 

 

 
Figure 2. Influence of the content of anthocyanins in the skins 
of the grapes on the colour intensity in all studied seedless 
hybrid forms 

 

Conclusions 

The majority of the studied seedless colouring hybrid 

forms of all crosses are superior to the mother variety 

‘Alicante Bouschet’ in the amount of anthocyanins in 

the juice of the grapes, and only a few differences are 

mathematically proven. Most of them do not differ 

from the parent variety in colour intensity and colour 

shade, as well as in the percentage of yellow, red and 

blue colour. The ‘Alicante Bouschet’ variety has a 

proven lower content of anthocyanins in the skins of the 

grapes than the hybrid forms 29/27, 30/3, 30/9, 31/40 

and 31/41. Hybrid forms predominate in which there 

are no proven differences with the mother variety, both 

in terms of colour intensity and colour shade, and in the 

percentages of yellow, red and blue colour. The amount 

of anthocyanins in raisins is higher than ‘Alicante 

Bouschet’ in 29/27, 30/10, 30/24, 31/9, 31/22, 31/57 

and 32/9. In the other hybrid forms the colouring 

substance is close to that of the mother parent variety. 

There is a proven high or moderate positive correlation 

between the content of anthocyanins in the juice of the 

grapes and the intensity of the colour in the hybrid 

forms of most crosses, and in some of them - negative 

or slightly positive between the anthocyanins and the 

red colour, and moderately negative with the blue 

colour. The amount of anthocyanins in the skins of the 

grapes is in a very strong, positive relation with the 

intensity of the colour in the seedless colouring forms 

of all hybrid combinations. Approximately 47% of the 

increase in the intensity of the colour of the grape juice 

in hybrid forms can be explained by an increase in the 

amount of anthocyanins. Only 27% of the reasons for 

the changes in the colour intensity in the skins of the 

grapes are due to factors which have no influence over 

the content of anthocyanins in them. 
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