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AbstrAct

The aim of the study was to evaluate the nutritive quality of 21 red beet genotypes, including 
mono- and multigerm breeding lines and cultivars. The content of dry matter, total sugar, nitra-
tes, betanin and vulgaxanthin in the roots was tested in beets harvested in 2011-2012. Special 
attention was given to new monogerm breeding lines AR79 A and AR79 B. The field experiment 
conducted in a randomized complete block design with three replications was carried out accor-
ding to standard crop management practices recommended for red beet cultivation under Polish 
conditions. After 4 months of storage, representative samples of 10 roots from each of 3 replica-
tions were crushed and used to determine the chemical composition of the lines and cultivars 
studied. Analysis of variance showed a significant influence of both the year and genotype on the 
nutritive value of red beet roots. In 2011, the content of dry matter, nitrates and vulgaxanthin 
was visibly higher than in 2012, while the levels of total sugar, betanin and the ratio of betanin 
to vulgaxanthin were lower in 2011. The lines and cultivars varied in the levels of all the  
measured chemical components. Comparing to the other genotypes, lines AR79 A and AR79 B 
produced moderate but satisfactory amounts of dry matter, total sugar and vulgaxanthin, while 
having a high level of betanin and a good betanin to vulgaxanthin ratio. Statistical differences 
between lines AR79 A and AR79 B in the level of betanin and the betanin to vulgaxanthin  
ratio were observed only in 2011. Summarizing, the new breeding lines denoted as AR79 A and 
AR79 B present a desirable content of the tested nutrients, and can therefore be useful in red 
beet breeding programs.
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INTRODUCTION

In Poland, red beet (Beta vulgaris L.) is a traditional vegetable, widely 
popular in the Polish kitchen. Red beet plants are easy to grow; they can be 
cultivated on soil poor in organic matter as well as under drought and light 
stress conditions (Stagnari et al. 2014). In Poland, red beet crops cover 6.2% 
of the total cultivated area of vegetable fields. In 2015, 297,000 tonnes of red 
beet roots were harvested in Poland (CSO 2016). Red beet contains many 
healthful nutrients, beneficial for human health, including minerals, antioxi-
dants, sugars, dietary fibre, vitamins, fatty acids and betalains, which rema-
in in red beet roots even after many months of storage (ninfali, angelinO 
2013). Unfortunately, red beet roots can also accumulate high amounts of 
harmful compounds like nitrates (WruSS et al. 2015).

Betalains, which produce desirable biological effects by acting as antioxi-
dant, anti-inflammatory, hepatoprotective and anticancer agents, are among 
the most valuable ingredients of red beet roots in human diet (WruSS et al. 
2015). raviChandran et al. (2013) and SaWiCki et al. (2016) have found that 
red beet’s antioxidant capacity was positively correlated with the level of 
betalains. Nowadays, betalains, consisting of the water soluble nitrogenous 
red-violet pigments called betacyanins (mainly betanin) and yellow-orange 
pigments known as betaxanthins (mainly vulgaxanthin), are approved by the 
food industry as natural colorants labelled E-162 (raviChandran et al. 2013). 
The strong influence of a genotype on the content of total betalains in red 
beet was observed by lee et al. (2014) and WruSS et al. (2015). In contrast, 
the growing conditions of red beet also greatly modify the level of betalains, 
hence the amount of betalains in the research of Stagnari et al. (2014) incre-
ased demonstrably under drought stress, while organic cultivation, according 
to SzopińSka, Gawęda (2013), reduced the content of these nutrients. Finally, 
MiChalik et al. (1995b), MiChalik, grzebeluS (1995) and Nizioł-łukaSzewSka,  
Gawęda (2014) pointed to the influence of both a cultivar and the duration of its 
cultivation period on the level of betanin in red beet. MiChalik et al. (1995a) 
and MiChalik, grzebeluS (1995) demonstrated an impact of both genotypes and 
nitrogen fertilization doses on the amount of red pigments in beetroot.

Dry matter and sugar are the nutrients that decide about the use of red 
beet roots, such as consumption of fresh beetroots, different processing  
methods or storage. The sugars of red beet have a profile preferable in hu-
man nutrition, i.e. low in fructose and high in sucrose, which largely deter-
mines the taste of beetroots (WruSS et al. 2015). According to MiChalik et al. 
(1995a,b), MiChalik, grzebeluS (1995) and Nizioł-łukaSzewSka, Gawęda 
(2014), the levels of sugars and dry matter in beetroots are affected mostly 
by a genotype, but also by the length of the plant growing period. In con-
trast, WruSS et al. (2015) observed a similar content of total sugar in all the 
tested red beet cultivars. Stagnari et al. (2014) reported a strong influence of 
water stress on the reduction of sugars and dry matter content in red beet 



839

roots, while SzopińSka, Gawęda (2013) demonstrated that crop cultivation 
methods, such as conventional, integrated or organic approaches, did  
not cause changes in the levels of these nutrients. Finally, SalO et al. (1992) 
noted that high nitrogen fertiliser doses decreased the dry matter content in 
red beet, but MiChalik, grzebeluS (1995) and uGriNović et al. (2012) did not 
observe such a relationship.

Red beet is prone to accumulating much nitrates, which are considered a 
highly undesirable compound of the human diet and depressing the nutritive 
value of this vegetable. Excessive consumption of nitrites can cause anaemia
-like disorders and even neoplasms, which explains why the content of nitrates 
in red beet roots should be as low as possible (WruSS et al. 2015). According to 
SalO et al. (1992), uGriNović et al. (2012) and SzopińSka, Gawęda (2013), the 
amount of nitrates in red beet roots is strongly dependent on the method and 
doses of nitrogen fertilisation. In contrast, GrzebeluS, barańSki (2001) and 
WruSS et al. (2015) found large differences in the levels of nitrates among dif-
ferent red beet genotypes. Finally, MiChalik et al. (1995a), MiChalik, grzebeluS 
(1995) and feller, fink (2004) observed a significant influence both the nitro-
gen supply and cultivar on the content of nitrates in red beet roots.

Today, the Polish red beet breeding programme strives to achieve mono-
germity and to produce commercial hybrids (JagOSz 2015). The Polish Natio-
nal List of Vegetable Plant Varieties (PNLVPV) contains 27 red beet culti-
vars, but hardly any is a monogerm with an open-pollinated character 
(rCCt 2016). Only five cultivars on the PNLVPV are hybrids, but all have 
multigerm clusters. In order to produce monogerm hybrid cultivars of red 
beet, breeders have to create inbreed lines that must be valuable, both in 
terms of the yield and the quality of roots as well as seeds (JagOSz 2015).

The purpose of this study has been to assess the nutritive quality  
of 21 red beet genotypes, including 12 mono- and multigerm breeding lines, 
and 9 cultivars. For two years, the content of dry matter, total sugar, nitra-
tes, betanin, vulgaxanthin and the ratio of betanin to vulgaxanthin in the 
roots was evaluated. Particular attention was paid to the comparison of  
the level of chemical compounds in the roots of new monogerm breeding lines 
AR79 A and AR79 B with respect to the other tested genotypes.

MATERIAL AND METHODS

The plant material used in the study consisted of 21 red beet (Beta  
vulgaris L.) genotypes, including 6 pairs of cytoplasmatic male sterile lines 
(218 A, 279 mono A, 357 A, 391 A, AR79 A and W411 A) and their respective 
maintainer fertile lines (218 B, 297 mono B, 357 B, 391 B, AR79 B and 
W411 B), as well as 9 commercial cultivars, including 2 hybrids (Astar F1 
and Polglob F1) and 7 open-pollinated cultivars (Czerwona Kula, Modana, 
Moneta, Monika, Monorubra, Okrągły Ciemnoczerwony and Patryk). Among 
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the tested genotypes, 3 pairs of breeding lines (279 mono A and 297 mono B, 
AR79 A and AR79 B, and W411 A and W411 B) and 5 cultivars (Modana, 
Moneta, Monika, Monorubra and Patryk) produced monogerm clusters;  
the other genotypes were multigerm. Lines AR79 A and AR79 B are new 
monogerm breeding lines selected in the Institute of Plant Biology and Bio-
technology (IPBB) at the University of Agriculture in Krakow.

The field experiment was performed in 2011-2012, at the Experimental 
Field of the IPBB in Prusy near Krakow, southern Poland. The plants were 
grown on black degraded soil of pH 6.1 and the nutrient content analysed 
before cultivation was as follows: 65 mg N-NO3 dm-3, 96 mg P dm-3, 125 mg 
K dm-3, 1200 mg Ca dm-3 and 80 mg Mg dm-3 in 2011, at pH 6.0, and 70 mg 
N-NO3 dm-3, 130 mg P dm-3, 140 mg K dm-3, 1200 mg Ca dm-3 and 80 mg  
Mg dm-3 in 2012. During the experiment, the air temperature and the precipi- 
tations were recorded (Table 1). Standard crop management practices, as 

recommended for red beet production under Polish conditions, were applied. 
The experimental design was a randomized complete block with three repli-
cations. Each replication consisted of six, 2-metre-long rows spaced 35 cm 
apart. In both years, at the end of May, 70 or 140 clusters of multigerm and 
monogerm genotypes, respectively, were sown on each plot. The roots were 
manually harvested in the middle of September, i.e. 15 weeks after sowing. 
Marketable roots, with a diameter of 4-12 cm, were mixed with peat and 
placed in openwork plastic boxes, then stored in a cooling chamber at temp. 
2-3°C and 90% RH.

After storage, in the middle of January, representative samples of 10 
roots from each of the three replications (totaling 30 for each genotype) were 
used to assess the quality indicators, such as dry matter, total sugar,  
betanin, vulgaxanthin and nitrates content. The chemical analyses were 
based on mixed tissue of all crushed roots from each genotype. For dry mat-
ter (% f.w.) determination, two 10 g root samples of each replication were 

Table 1
Air temperature and rainfall during plant growing seasons in 2011 and 2012

Months
Temperature (C°) Rainfall (mm)

year 
2011

year 
2012

mean for 
2003-2012

year 
2011

year 
2012

mean for 
2003-2012

May 13.3 14.8 13.3 52.8 34.0 79.9
June 18.0 17.6 17.0 35.6 145.0 82.9
July 17.4 20.1 18.3 191.8 41.6 110.9
August 18.9 18.7 18.4 56.6 53.6 67.0
September 15.2 14.3 13.4 9.2 89.8 44.9

Mean temperature  
and sum of rainfall  
for growth period

16.6 17.1 16.1 346.0 364.0 385.6
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dried at temp. 65°C for 16 h, then at 95°C for one hour. Total sugar (% f.w.) 
was measured using the colorimetric technique according to the methodology 
described in PN 90/A-75101.07:1990. Betanin and vulgaxanthin (g 100 g-1  
of sap) were determined by the nillSOn’S spectrophotometric method (1970) 
in the sap of beet roots. The procedure with an ionoselective electrode as 
recommended in PN 92/A-75112:1992 was applied for determination of  
nitrates (mg KNO3 kg-1 f.w.).

The results were statistically analysed using the package Statistica  
(ver. 12). Data were analysed according to general analysis of variance 
(ANOVA, p < 0.01). The study was carried out as a two-factorial experiment. 
The first factor comprised the two years of cultivation and the second factor 
consisted of 21 red beet genotypes. To estimate significant differences  
between the means for the content of dry matter, total sugar, nitrates,  
betanin, vulgaxanthin and the betanin to vulgaxanthin ratio, the Duncan’s 
test at p = 0.05 was applied.

RESULTS AND DISCUSSION

The mean temperature recorded over the growth period (from May to 
September) in 2012 was by 0.5°C higher than in 2011 (Table 1). The average 
temperature in the period of 2003-2012 was by 0.5 and 1.0°C lower than in 
the years 2011 and 2012, respectively. Comparing to the year 2011, the ave-
rage monthly temperatures in May and July in 2012 were higher by 1.5 and 
2.7°C, respectively. In July 2011 and in June and September 2012, the monthly 
rainfalls were almost double the average rainfall in 2003-2012. In June 2011, 
the sum of precipitation was four-fold lower, while in July it was fourfold 
higher than in the same months in 2012. In September 2011, the rainfall 
was tenfold lower than in 2012.

The analysis of variance showed a significant influence of the year on 
the chemical composition of red beet roots (Table 2). Previously, differences 

Table 2
Influence of the year on the nutritive quality of red beet roots

Chemical compounds
Years

Mean
2011 2012

Dry matter (% f.w.) 14.10a* 13.49b 13.80
Total sugar (% f.w.) 7.66b 8.48a 8.07
Nitrates (mg KNO3 kg-1 f.w.) 3666b 2078a 2872
Betanin (g 100 g-1 of sap) 0.104b 0.114a 0.109
Vulgaxanthin (g 100 g-1 of sap) 0.065a 0.050b 0.058
Ratio betanin to vulgaxanthin 1.644b 2.488a 2.066

* Means in the rows followed by the same letter are not significantly different at a = 0.05.
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in the nutritive value of red beet roots depending on the year of cultivation 
had been observed by GrzebeluS, barańSki (2001), feller, fink (2004),  
uGriNović et al. (2012), SzopińSka, Gawęda (2013) and Nizioł-łukaSzewSka, 
Gawęda (2014). In 2012, the levels of dry matter, nitrates and vulgaxanthin 
were notably lower than in 2011, which was probably due to the higher rain-
fall sum in 2012 than in 2011. Additionally, high precipitation in September 
2012 could have effected the reduction in the dry matter and vulgaxanthin 
content, as well as the decreased accumulation of nitrates. In contrast, the 
levels of total sugar and betanin were lower in 2011 than 2012, which may 
have been an effect of the higher rainfall and lower temperature in July 
2011 compared to 2012. In 2011, the betanin to vulgaxanthin ratio was also 
significantly lower than in 2012, which was the result of a higher level of 
betanin and lower content of vulgaxanthin in 2012 than in 2011.

In the present study, a significant effect of a genotype on the level  
of quality compounds in red beet roots was also observed (Tables 3 and 4). 
The lines and cultivars were distinctly varied in terms of the content of all 
the measured chemical components. The amount of dry matter in the tested 
lines and cultivars ranged from 12.35 to 16.37% f.w. in 2011 and from 11.68 
to 18.51% f.w. in 2012 (Table 3). The differences between the cultivars in the 
level of dry matter were also noted by Nizioł-łukaSzewSka, Gawęda (2014), 
where the range was between 12.36 and 15.90% f.w. Furthermore, MiChalik 
et al. (1995a,b) and MiChalik, grzebeluS (1995) observed some diversity 
among the tested red beet cultivars in the content of dry matter. In the pre-
sent study, the levels of dry matter in monogerm cultivars, such as Monoru-
bra, Monika, Modana and Moneta, rose by 5.09, 2.22, 2.83 and 2.59 per cent 
points, respectively, between 2011 and 2012. The monogerm lines AR79 A 
and AR79 B presented similar dry matter levels, which on average reached 
13.42 and 13.07% f.w. in 2011, and 13.71 and 12.88% f.w. in 2012, respecti-
vely. Two other pairs of monogerm lines, that is 279 mono A and 279 mono 
B, and W411 A and W411 B, also contained comparable levels of dry matter 
in both years of the study, but their amounts, on average for two years, were 
much higher in lines 279 A and 279 B (14.84 and 15.13% f.w., respectively) 
than in lines W411 A and W411 B (12.16 and 12.86% f.w., respectively).

The content of total sugar in the roots of the genotypes ranged from 5.71 
to 8.98% f.w. and from 5.89 to 14.46% f.w. in 2011 and 2012, respectively 
(Table 3). The level of soluble sugars measured in four red beet cultivars  
by Nizioł-łukaSzewSka, Gawęda (2014) varied between 6.44 and 10.15% f.w. 
Also MiChalik et al. (1995a,b) and MiChalik, grzebeluS (1995) noted signifi-
cant diversity among the cultivars they studied in the sugar content. WruSS 
et al. (2015), who tested roots of seven red beet cultivars, found no signifi-
cant differences in the total sugar level, which ranged from 6.2 to 9.2% f.w. 
In 2012, some monogerm genotypes, including Moneta, Modana, Monika,  
279 mono A and Monorubra, had a high total sugar content, which varied 
between 9.12 and 14.46% f.w., but in 2011, the same genotypes produced 
only from 6.95 to 8.15% f.w. of this nutrient. Medium but comparable total 
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sugar levels, which amounted to 7.41 and 6.75% f.w. in 2011, and 7.62 and 
7.22% f.w. in 2012, were determined in monogerm lines AR79 A and AR79 B, 
respectively.

In general, the nutrients found in the red beet roots have a beneficial 
influence on the human health. However, red beet can also accumulate nota-
ble amounts of harmful nitrates. In the present study, strong diversity 
among the genotypes in the level of nitrates was observed (Table 3). Previo-
usly, large differences in nitrate accumulation between red beet cultivars 
had been found by MiChalik et al. (1995a), MiChalik, grzebeluS (1995),  
GrzebeluS, barańSki (2001), feller, fink (2004) and WruSS et al. (2015).  
In the current research, the content of nitrates ranged from 2136 to 5987 mg 
KNO3 kg-1 f.w. in 2011 and from 754 to 4058 mg KNO3 kg-1 f.w. in 2012. Most 
of the tested genotypes, in both years of the study, showed a similar trend in 
the nitrate accumulation that indicated a strong genetic effect on this chemi-
cal compound. In both years, the genotypes, such as Patryk, W 411 A,  
W 411 B, AR79 A, AR79 B, Moneta, Polglob F1, 357 B and 391 A, contained 
high levels of nitrates, between 2021 and 4679 mg KNO3 kg-1 f.w.  
In contrast, a tendency towards low nitrate accumulation, under 2000 mg 
KNO3 kg-1 f.w. on average for two years, was noted in the lines 279 mono B 
and 218 B. In 2012, the cultivars such as Modana and Astar F1 contained 
more than 2-fold and Monorubra almost 6-fold less nitrates than in 2011.

The content of betanin varied between 0.074 and 0.141 in 2011, and 
from 0.077 to 0.171 g 100 g-1 of sap in 2012 (Table 4). The genotypes such as 
279 mono A, 279 mono B, 391 B, Monika, Moneta, Okrągły Ciemnoczerwony 
and Patryk produced high levels of betanin, at least 0.110 g 100 g-1 of sap on 
average for the two years. Also, lines AR79 A and AR79 B were among the 
genotypes with a high content of betanine, which in 2011 was much lower in 
AR79 A than AR79 B, while in 2012 both lines produced statistically similar 
amounts of this nutrient. The genotypes with a low content of betanin,  
in both years of the study, were Monorubra, Polglob F1, 218 A and 218 B. 
Over 66% of the tested lines and cultivars contained comparable amounts of 
betanin in both years of the study (with differences of less than 0.02 g 100 g-1 
of sap), thus indicating a genotype as the factor playing the major role in the 
betanin accumulation. Previously, strong gene control over the betanin con-
tent in red beet had been observed by MiChalik et al. (1995a,b), MiChalik, 
grzebeluS (1995), lee et al. (2014), Nizioł-łukaSzewSka, Gawęda (2014) and 
WruSS et al. (2015).

The level of vulgaxanthin in the roots of the tested genotypes varied  
between 0.039 and 0.093 in 2011 and between 0.031 and 0.078 g 100 g-1 of 
sap in 2012 (Table 4). High level of vulgaxanthin of over 0.060 g 100 g-1  
of sap in both years of the present research was noted in the genotypes  
Monika, Moneta, 279 mono A, 279 mono B and 357 A. In contrast, the geno-
types with a low content of vulgaxanthin, on average for two years, included 
the cultivars Patryk, Monorubra, Polglob F1 and the lines 218 A, and 218 B. 
In the roots of AR79 A and AR79 B lines, the levels of vulgaxanthin were 
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comparable and amounted to 0.054 and 0.053 g 100 g-1 of sap, respectively, 
in 2011 and 0.060, and 0.046 g 100 g-1 of sap, respectively, in 2012. High 
variation among the red beet genotypes with respect to their content of vul-
gaxanthin was also observed by MiChalik et al. (1995b), Nizioł-łukaSzewSka, 
Gawęda (2014), lee et al. (2014) and WruSS et al. (2015).

According to MiChalik et al. (1995b), the ratio of betanin to vulgaxanthin 
of less than 2.0 may negatively influence the final colour and hence the mar-
ketable value of red beet roots. In 2011, the ratio of betanin to vulgaxanthin 
found in the current study ranged from 1.150 to 2.725, and it was higher 
than 2.0 only for Patryk and AR79 B (Table 4). In 2012, the lowest value of 
the ratio was 1.457 and the highest one was 4.533, while being less than 2.0 
in only five genotypes (357 A, Modana, Moneta, Monika and Monorubra).  
In the study reported by Nizioł-łukaSzewSka, Gawęda (2014), the ratio of 
betanin to vulgaxanthin was between 2.46 and 3.25, while in the research 
presented by WruSS et at. (2015) it was much lower and varied from 1.00 to 
1.75. The ratio of betanin to vulgaxanthin calculated for lines AR79 A and 
AR79 B was 2.384 and 2.909, respectively, as an average for two years.  
However, the ratio for AR79 B was much higher than for AR79 B in 2011, 
while being similar in both lines in 2012. 

CONCLUSIONS

The results of the present experiment showed significant influences of 
both a year and a genotype on the nutritive value of red beet roots. The new 
monogerm breeding lines AR79 A and AR79 B, compared to the other geno-
types, produced moderate amounts of dry matter, total sugar and vulgaxan-
thin, but contained high levels of betanin and a satisfactory ratio of betanin 
to vulgaxanthin. Statistical differences between lines AR79 A and AR79 B 
were observed only in 2011 and appeared in the betanin content and in the 
betanin to vulgaxanthin ratio. In conclusion, lines AR79 A and AR79 B had 
a satisfactory content of the nutrients and can be used in breeding program-
mes aimed at creating new monogerm cultivars of red beet.
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