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Influence of variety and production system on selected chemical
parameters of beetroot juices prepared from seven beetroot varieties

RENATA KAZIMIERCZAK - EWELINA HALLMANN - CELIA CARRILLO - EWA REMBIALKOWSKA

Summary

Beetroots and beetroot juices become more interesting for consumers because of their widely reported health benefits.
The aim of this research was to evaluate the nutritional composition of beetroot juices depending on the agricultural
production system and the variety used for juice production. The research material consisted of juices produced from
7 varieties of certified organic and 7 non-organic beetroots. Concentrations of betalains, phenolic acids, flavonoids,
organic acids, sugars and vitamin C in the juices were estimated. Most of the results did not confirm the assumption
that increased synthesis of polyphenolic compounds would be observed when organic production practices were used.
Only the concentration of betanin, the primary pigment of beetroots, confirmed this assumption. Significant differences
were observed in the concentrations of certain components of the juices made from individual varieties of beetroots.
Thus, the use of the varieties richest in beneficial compounds in terms of their health-promoting properties can be
fundamentally important for the development of the production of juices or dietary supplements from beetroots.
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The increased consumer interest in beetroots
(Beta vulgaris ssp. vulgaris var. conditiva) is re-
lated to their high content of polyphenolic bioac-
tive compounds, especially betalain, flavonoids
and phenolic acids [1, 2]. Due to the antioxidant
properties of these components, beetroots could
promote health and well-being of consumers
[3, 4]. According to ZITNANOVA et al. [5], beetroots
belong to vegetables with the highest antioxidant
activity. The consumption of natural products
rich in antioxidants may help restore the balance
between the production of reactive oxygen and ni-
trogen species and endogenous protection when
the body undergoes oxidative stress. According to
many studies, betalains and other polyphenols re-
duce the oxidative damage to lipids and improve
the antioxidant status of the organism, conse-
quently preventing many diseases, such as cancer
and cardiovascular diseases [6, 7].

One of the main motivators for purchasing or-

ganic food is consumers’ belief in its high quality.
Therefore, the demand for organically produced
food is rapidly increasing. According to SHASHI
et al. [8], the most important personal values for
consumers of organic food are health benefits,
natural composition, taste and quality, which in-
cludes the absence of pesticide residues and other
toxic compounds. Environmental protection, ani-
mal welfare, waste reduction and preservation of
biodiversity are primary factors that inspire food
customers to search for organic products.

To confirm beliefs about the values attributed
to organic foods by consumers, it is necessary to
consider the aspects of food quality that have a di-
rect impact on the nutritional and biological value
of food, including safety aspects. The latest meta-
analysis by BARANSKI et al. [9] showed clear sig-
nificant differences in the chemical composition of
raw materials from organically and conventionally
produced foods. It was found that the content of
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many antioxidants, such as polyphenols, is much
higher in organic plant products than in their con-
ventional counterparts. At the same time, signifi-
cantly lower cadmium content and four-fold lower
incidence of pesticide residues was determined
in organic vs conventional products. It was found
that the differences in the composition of organic
and non-organic plant products are the result of
production practices recommended in organic
farming systems.

Consumers buying food in stores have no
knowledge of the circumstances under which it was
produced. However, it is very important for con-
sumers to determine whether organic food could
potentially have more health-promoting benefits
than non-organic food. The range of products
offered in stores comes from real farms and real
producers on the market and not from controlled
experimental studies. Therefore, the factors that
can have a significant impact on the final composi-
tion of foods are associated not only with the pro-
duction system but also with the varieties used in
the production, the location of the farms in which
the raw materials were produced, weather, applied
transport facilities and the storage method [10,
11]. From the consumer point of view, it is very
important to use plant varieties that are charac-
terized by high contents of bioactive components
with health-promoting activities [12]. Therefore,
the aim of our work was to study the composition
of juices prepared from seven different popular
varieties of beetroots grown under organic and
conventional conditions. We focused on the con-
centrations of betacyanins, sugars, organic acids,
phenolic acids, flavonoids and vitamin C.

MATERIALS AND METHODS

Beetroot varieties used for juice production

Seven most popular and commercially
available beetroot varieties in Polish (Czerwona
Kula, Okragly Ciemnoczerwony, Opolski, Rywal,
Boro) and Spanish (Belushi, Monty) markets
were selected for the experiment. Beetroots were
collected in retail outlets (3 kg for each variety
from both organic and conventional production
systems). We ensured that organic and conven-
tional vegetables were represented by the same
varieties. The origin of the beetroots from organic
production facilities was confirmed by certifi-
cates issued by certification bodies in accordance
with the requirements of EU Council Regulation
(EC) No 834/2007. Samples of beetroots were pur-
chased from local organic and conventional shops
in Warsaw, Poland (10 samples) and Burgos, Spain

(4 samples), and then were stored at 4 °C. For
each of the purchased samples, the beetroots came
from a single production batch. The experiments
were generally performed immediately after pro-
curement. For the juice preparation, random sub-
samples weighing approximately 1 kg were taken
from each combination. The total number of pre-
pared and analysed juices was 14 (7 organic and 7
conventional).

Juice preparation

Three random sub-samples of the beetroots
were prepared for juice preparation by the press-
ing method. The beetroots were washed and divid-
ed into 2—4 parts. Juice was made using a quickly
rotating juice extractor HR1832/02 Viva (Philips,
Amsterdam, The Netherlands). Next, 500 ml of
each juice was taken for the analyses. Representa-
tive samples of the juice were freeze-dried using
Labconco 2.5 (Labconco, Kansas City, Missouri,
USA) at a temperature of —40 °C and a pressure
of 100 Pa. Then, the samples were ground in a lab
grinder Mill A-11 (IKA-Werke, Staufen, Germa-
ny), placed in scintillation capillary tubes and held
at =80 °C for further analysis.

Chemicals

Acetonitrile, hydrochloric acid (36%), Luft-
Schoorl reagent, methyl orange and potas-
sium phosphate were purchased from Chempur
(Piekary Slaskie, Poland). Anhydrous sodium
carbonate, n-hexane and oxalic acid (2%) were
purchased from POCH (Gliwice, Poland). Beta-
cyanin standards, namely, betanine-3-O-glucoside
and betanidine, 2,6-dichlorophenolindophenol,
magnesium carbonate, methanol and organic acid
standards, namely, sodium malate, sodium citrate
and potassium oxalate, and polyphenol standards,
namely, gallic, chlorogenic, caffeic, synaptic,
p-coumaric, ferulic acids, quercetin-3-O-rutino-
side, myricetin, quercetin and kaempferol were
purchased from Sigma Aldrich (St. Louis, Missou-
ri, USA). Carrez I (15% potassium ferrocyanide),
Carrez II (30% potassium sulfate liquid), citric
acid, copper sulfate, ortho-phosphoric acid (85%)
and potassium iodide (30%) were purchased from
Alchem (Torun, Poland).

Dry matter determination

Dry matter was determined using a gravimet-
ric method according to the Polish standard [13].
Samples of juice were dried under the following
conditions: temperature of 105 °C, constant pres-
sure, time of 24 h, using Dryer KC-65 (Premed,
Marki, Poland) with free air circulation. After
24 h, partially dried samples were cooled in
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a desiccator, weighed and then dried again. This
operation was repeated three times to achieve
a constant weight. Then, dry matter content was
calculated in grams per kilogram of material.

Total and reducing sugars

The total and the reducing sugar concentra-
tions were determined according to the Luff-
Schoorl method [14]. A freeze-dried juice sample
(100 mg) was placed in a beaker and mixed with
100 ml of distilled water. The beaker content was
transferred to a measuring flask along with 5 ml
each of Carrez I and Carrez II reagents, and the
solution was mixed and diluted with distilled wa-
ter. The content of the flask was filtered into
a conical flask and mixed with 5 ml of concentrat-
ed HCI. The next step was acid hydrolysis in a hot
water bath (68 °C). 15 ml NaOH (20% water so-
lution) was added to neutralize the sample. The
content of the flask was transferred to a measuring
flask and diluted with distilled water. The extract
was collected from the flask, and 25 ml of Luff
solution was added. The sample was heated to re-
flux in a flask with a reflux condenser. Then, 10 ml
of 30% KI, 25 ml of 25% H2SO4 and a few drops
of starch (5 % water solution) were added to the
sample. The sample was titrated with 0.1 mol-I-1
Na»S203 until it turned white. A blank test was
performed without the addition of the filtrate. The
amount of the sodium thiosulfate used to titrate
the filtrate was subtracted from the amount used
for the blank test, and the sugar concentration was
determined from the sugar table that accompanies
this methodology.

HPLC analysis of the organic acids

The sample preparation procedure included
extraction of the samples (100 mg) with hot de-
ionized water (90 °C) in plastic tubes in an ultra-
sonic bath (10 min, 80 °C). Next, the samples were
centrifuged (10 min, 3780 xg, 2 °C). Aliquots
(1 ml) of the supernatant were transferred
into high performance liquid chromatography
(HPLC) vials. The HPLC system consisted of two
LC-20AD pumps, a CMB-20A system controller,
a SIL-20AC autosampler, an ultraviolet-visible
SPD-20AV detector, a CTD-20AC oven and
a Fusion-RP 80A column (250 mm x 4.60 mm,
particle size 5 um) were used; all components
were from Shimadzu (Kyoto, Japan). Mobile
phase A (20 mol‘l-! potassium phosphate dibasic)
and mobile phase B (pure methanol) at a flow rate
of 1 ml'min-! were used as a gradient solvent sys-
tem. The wavelength range used for detection was
250-280 nm. External standards of oxalic, citric
and malic acids of 95.00-99.99% purity were used.
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Concentrations of organic acids were calculated
based on standard curves and sample dilution co-
efficients [15].

HPLC analysis of polyphenols

The sample preparation procedure included
extraction of the samples (100 mg) with 80%
methanol (5 ml) in plastic tubes in an ultrasonic
bath (10 min, 30 °C). Then, the samples were cen-
triftuged (12 min, 3450 xg, 2 °C). Aliquots (1 ml) of
the supernatant were transferred into HPLC vials.
The same HPLC system was use as for analysis of
organic acids. Mixtures of water and acetonitrile
(10% in phase A and 55% in phase B) at a flow
rate of 1 ml'min-! were used as a gradient solvent
(1.00-22.99 min phase A 95 %, 23.00-27.99 min
phase A 50 %, 28.00-28.99 min phase A 80 %,
29.00-35.99 min phase A 80 %, 36.00-38.00 phase
A 95 %). The wavelength range used for detec-
tion was 270-360 nm. External standards of the
polyphenols of 95.00-99.99% purity were used.
The concentrations of polyphenols were calcu-
lated based on standard curves and sample dilu-
tion coefficients [16].

HPLC analysis of betacyanins

The sample preparation procedure included
extraction of the samples (100 mg) with 80%
methanol (5 ml) in plastic tubes with an ultrasonic
bath (10 min, 10 °C). Then the samples were cen-
trifuged (10 min, 3780 xg, 5 °C). Aliquots (2.5 ml)
of supernatants were then transferred to new
plastic tubes. HCI (2.5 ml, 10 mol‘l-') and 5 ml of
pure methanol were then added to the tubes. The
samples were shaken for 10 min at 5 °C. Aliquots
(1 ml) of the centrifuged extract were transferred
to HPLC vials. The same HPLC system was use
as for analysis of organic acids. A mixture of de-
ionized water (with 5% pure acetic acid), metha-
nol and acetonitrile (70:10:20 v/v/v) was used as
an isocratic solvent. The wavelength range used
for detection was 530-570 nm. External standards
of betanidine and glucoside-3-O-betanin of
95.00-99.99% purity were used. The concen-
trations of betacyanins were calculated base on
standard curves and sample dilution coefficients
[17].

Vitamin C

The vitamin C concentrations were determined
according to the Polish standard PN-A-04019:1998
[18] by monitoring the oxidation of L-ascorbic acid
to dehydroxyascorbic acid, in an acidic environ-
ment, using 2,6-dichlorophenolindophenol. This
blue dye is reduced and becomes the same colour
as leuco dye and, at pH 4.2, the compound is red,
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the reaction proceeding quantitatively. The freeze-
dried beetroot sample was extracted with 20 ml of
oxalic acid solution (2%). The solution was filtered
(paper soft filter, type 388, medium-sized pores,
Filtrak, Stargard Szczeciniski, Poland). The filtrate
was collected and excess 0.5 ml 2,6-dichlorophenol-
indophenol solution was added. The sample was
then extracted with xylene and the colour intensity
of the extract was measured using a Unicam Helios
spectrophotometer 500 nm (Thermo Scientific,
Waltham, Massachusetts, USA). The result was
read from a standard curve and the concentration
of vitamin C was calculated using the equation:

M=V xnx8 xD (1)

where M is the content of vitamin C in milligrams
per kilogram of dry weight (DW), n is the equiva-
lent concentration of 2,6-dichlorophenolindophe-
nol solution (0.001555 titre), V' is the volume of
2,6-dichlorophenolindophenol solution used in the
titration in millilitres, 88 is the chemical equivalent
of ascorbic acid and D is dilution factor.

Statistical analysis

Three independent replicates of each prepared
beetroot juice were analysed. The results are ex-
pressed as mean =+ standard deviation. Using Stat-
graphics 5.1. software (StatPoint Technologies,
Warrenton, Virginia, USA), the data were subject-
ed to a one-way analysis of variance (ANOVA),
followed by a parametric post-hoc Tukey’s test
(p = 0.05). The p-values are given in the tables.

RESULTS AND DISCUSSION

Dry matter

Slight differences in the contents of dry matter
in the juices were observed (Tab. 1). On average,
organic and conventional juices were not signifi-
cantly different in terms of their dry matter con-
tents. However, comparing individual varieties,
the highest dry matter content was found in the
conventional juice made from Monty, and the
lowest were in the organic juices from Belushi
and Czerwona Kula varieties as well as in conven-
tional products made from the Czerwona Kula
and Okragly Ciemnoczerwony varieties. Most of
the scientific studies had reported the trend of
higher contents of dry matter in plants from or-
ganic farming, those having been focused on root
and leafy vegetables. The phenomenon was ex-
plained by differences in the type and doses of
fertilizers used in cultivation [19]. An analysis of
the literature data conducted by STEFANELLI et al.
[20] demonstrated that the high-dose mineral fer-

tilization often used in conventional agriculture
leads to excessive vegetative growth and reduces
the dry matter content in vegetables. However, the
results of BUNDINIENE et al. [21] showed that the
differences in nitrogen fertilization did not signifi-
cantly affect the content of dry matter in carrots.
In the case of studies on vegetable juices [22, 23],
the authors observed that more dry matter was
present in organic beetroot juices and fermented
beetroot juices compared to the corresponding
conventional ones.

Total and reducing sugars

The present study generally did not show sig-
nificant (p < 0.05) differences in the concentra-
tions of total sugars between the juices prepared
from different varieties of beetroots or between
the juices from organic and conventional culti-
vation (Tab. 1). Only the juices from the Monty
variety contained significantly more total sugars
than juices from the Czerwona Kula and Okragly
Ciemnoczerwony varieties. Comparing altogether
organic and conventional juices tested, it was
found that conventional juices from Monty and
Boro varieties were the richest in total sugars
compared to the others. In the case of reducing
sugars, the differences were slightly larger. Again,
among the varieties tested, juices from the Monty
variety were the richest in these compounds.
These results do not clearly show the impact of
organic production methods on the sugar concen-
tration in the raw materials. This is not consistent
with numerous studies [9, 24] that found that the
juices of organic fruits and vegetables usually had
higher concentrations of total sugars than the cor-
responding conventional ones. However, in other
studies of beetroot juice [22, 23], no differences
were found between the organic and convention-
al products. The lack of differences between or-
ganic and conventional juices in these instances
apparently results from different cultivation condi-
tions and is not directly related to the production
system. These conditions can have a significant im-
pact on the nutrient content of agricultural crops
[25]. In the case of analyses of products made from
marketed beetroots, these factors remain unclear.

Organic acids

No differences were observed either in the
concentrations of organic acids among juices from
different varieties of beetroots or between organic
and conventional juices (Tab. 1). These results are
consistent with those of WRuss et al. [26], who
studied juices made from seven Austrian varieties
of beetroots, and only minor differences were
noted.
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Tab. 1. Dry matter, sugars and organic acids in experimental organic and conventional beetroot juices.

Juices prepared Dry matter Sugars [g-] Organic acids [g-1']
from varieties lgkg] Total Reducing Citric Malic Oxalic

Organic juices
Belushi 79.5+3.202 | 745=x4.642 679+0.82a | 221.5+47a 8.4+0.12 3.84 +0.452
Monty 114.8+3.4b 108.5+1.0ab | 102.4+ 3.5b | 261.5+17.02 10.1x0.12 4.49+0.682
Boro 101.7+13.7ab| 89.1 +17.02 75.1£21.0a0| 224.8 +22.92 8.5+0.72 4.00+0.312
Czerwona Kula 97.2+11.8a | 79.0+9.3a 71.7+8.3ab | 211.7+40.02 8.0+1.32 3.59+0.592
Okragty Ciemnoczerwony | 107.8 =20.4ab| 84.7+12.22 63.5+8.72 208.1 =29.4a 77112 3.51+£0.472
Opolski 103.5+18.0ab| 89.1+16.02 67.6+7.02 221.1+13.72 8.1+0.62 3.51+0.362
Rywal 104.7+22.323 | 90.1+21.4a | 64.3+14.32 | 217.1+29.02 8.1x11a 3.51+0.772
Conventional juices
Belushi 115.2+1.5b | 105.4+12.0ab| 91.4+0.5b | 234.0+132 8.6+0.12 4.51+0.362
Monty 138.0+3.3¢ 127.7+19.00 | 103.0 £5.4¢ 275.3+5.82 10.7+0.22 5.34+0.142
Boro 129.8+0.3bc | 122.7+6.9P 105.6 =13.3¢ | 317.8+7.62 11.1+£0.42 5.083+0.382
Czerwona Kula 97.6+1.0a 79.9+3.5a 67.5+9.9a | 223.0+4.92 7.8+0.32 3.12+0.222
Okragty Ciemnoczerwony | 79.1 +4.2a 69.8+2.72 62.8+11.02 | 230.9+5.82 8.0+0.22 3.46+0.192
Opolski 127.7+0.7bc | 116.3+5.2ab 73.8+12.0a0| 235.9+8.32 8.8+0.32 3.91+0.322
Rywal 125.2+4.9bc | 108.0+2.12ab 77.2+7.13b | 2444+7.62 9.2+0.22 4.24+0.102
Average for juices from different production systems
Organic juices 102.4+19.4A | 90.1+19.3A | 70.7+17.5A | 224.7 +35.4A 8.4+1.4A 3.68+0.77A
Conventional juices 114.6+19.0A | 100.5 +22.4A 84.6+19.5A | 252.0+31.3B 9.2+1.28 4.71£0.78A
Average for juices prepared from different varieties
Belushi 97.3+18.0a°| 90.0+15.8a| 79.6+11.8ap| 227.7+7.1ab 8.5+0.12 4.18 +£0.332
Monty 126.4 +12.1P | 118.1£9.7b 105.3+5.4b | 268.4+8.1P 10.4+0.32 4.92+0.432
Boro 108.8+17.0ab| 97.5+21.0aP| 82.7+23.4a0| 248.0+45.12 9.1+1.32 4.26 +0.552
Czerwona Kula 97.3+17.42 79.2+20.22 70.7+20.12 | 214.6+5.42 8.0+2.02 3.48+0.122
Okragty Ciemnoczerwony | 100.6 +21.72 80.9+1252 63.3+7.62 213.8+27.52 7.8+0.92 3.50+0.422
Opolski 101.9+15.8ab| 84.4+10.08P| 66.7+6.32 226.8+16.02 8.2+0.62 3.70+0.482
Rywal 105.6+19.5ab| 92.2+18.9ab| 67.0+13.7a0| 226.5+30.82 8.3+1.02 3.81+£0.852
p-value
Production system ns ns ns 0.034 0.008 ns
Variety 0.0103 0.0038 0.0002 < 0.0001 ns ns
Interaction 0.0020 ns 0.012 ns ns ns

Data represent mean = standard deviation with ANOVA p-value. Means in the same column followed by the same letter are not

significantly different (o < 0.05). ns — not significant.

Our study showed that conventional juices,
on average, did not differ from organic juices in
terms of the concentration of oxalic acid, but they
contained more citric and malic acids than juices
from organic beetroots. These results do not con-
firm other results of RUDRAPPA et al. [27], which
had shown increased synthesis of malic acid in or-
ganic crops due to the presence of beneficial bac-
teria Rhizobacterium in soil. No effect of the pro-
duction system on the concentrations of organic
acids in juices was shown in the juice studies [22,
23]. Organic acids promote resistance to many
leaf diseases by activating the defence system of
the plant. BADRI and VIvaNco [28] claim that the
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general increase in the synthesis of organic acids
by plant roots can also be the result of a shortage
of phosphorus in the organic soil system. In our
study, the variety of beetroot showed no effect on
the concentrations of organic acids in the juices.
On the other hand, in a study of WRuSS et al. on
seven beetroot varieties [26], impact of variety on
the concentrations of oxalic acid in the juice was
observed.

Polyphenolic compounds

Beetroots contain significant amounts of
polyphenolic compounds, especially betalain pig-
ments and phenolic acids, and smaller amounts
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of flavonoids [29]. The production of polyphenols
by plants largely depends on the amount of easily
available soil mineral nitrogen [20]. Recent review
papers [9, 24] concluded that organic plant prod-
ucts contained more phenolic compounds than are
found in the corresponding conventional products,
growing with high availability of nitrogen. Our
study results, however, do not correspond with
these findings, as concentrations of total phenolic
acids (Tab. 2) and total flavonoids (Tab. 3) were
similar in the juices from organic and conventional
beetroots. Similar lack of clear differences between
the organic and conventional juices was also stated

in previous comparative studies of beetroot juices
[22, 23]. This may indicate the importance of other
factors not related to the production system, such
as genetic, climate, soil conditions and the level
of fertilization, in the synthesis of these compo-
nents [30]. Our results show quite big differences
between the juices produced from different varie-
ties (Tab. 2). The juice from the organically pro-
duced Okragly Ciemnoczerwony variety contained
the highest concentration of total polyphenols and
total phenolic acids. The juice from this variety
contained significantly more gallic acid, the most
widely represented polyphenol in the test juices,

Tab. 2. Total polyphenols, total phenolic acids and individual phenoliccompounds
in experimental organic andconventional beetroot juices.

J;Jices prepared poly-lsrtlzlnols Phenolic acids [mg-I1]

rom varieties [mg-1] Total Gallic Chlorogenic Caffeic p-Coumaric
Organic juices
Belushi 250.6+51.8a0 | 248.1 +51.9ab | 217.0+52.92 17.6+0.92 21.0+£0.02 | 11.4+0.52
Monty 278.8+14.8ab | 276.4+14.83b | 205.1 = 11.12 12.6+1.02 45.7+50d | 13.0+1.8b
Boro 340.9+66.73b | 336.4+66.92b | 279.9+65.1ab | 256+11.92 | 18.4+1.0bc | 126+9.1b
Czerwona Kula 457.6+85.3> | 453.9+84.5b | 335.1+126.3°> | 16.8=11.72 | 10.3+8.2P | 91.7+29.3d
Okragtly Ciemnoczerwony | 646.4 +206.7¢ | 641.2+207.9¢ | 596.8 +205.8¢ | 24.4=*5.72 11.1+6.6° 8.9+6.22
Opolski 357.8+58.4ab | 353.8+58.320 | 301.9+66.82P | 20.0+9.92 7.7+6.0a80 | 24.2+10.4¢
Rywal 465.6 = 180.8Pc| 461.3+179.2bc| 426.0+170.5Pc| 21.0+11.52 7.8+5.9a 6.5+4.02
Conventional juices
Belushi 217.2+18.02 | 213.7+x16.72 | 155.0+16.52 32.9+0.4a 15.3+0.1% | 10.6+062
Monty 298.0+82.7ab | 293.0+82.6aP | 249.8 +80.4aP 16.7+1.02 20.6+0.7¢ 5.8=*11a
Boro 397.1+7.7bP 394.0+7.5b 346.0£5.3P 34.9+23a 5.9+0.1ab 7.2+0.02
Czerwona Kula 339.9+14.2ab | 336.9+14.2ab | 155.7+1.72 33.5+2.4a 20.8+5.0¢ |126.9=16.0¢
Okragty Ciemnoczerwony | 496.2 +16.4b¢ | 493.6 +16.3bc | 465.2+ 15.1bc 11.9+0.82 41+022 | 124=x1.0b
Opolski 416.4+34.1b | 411.8+34.1b | 345.0+34.8 b 22.6+0.4a 16.0+0.7> | 28.2+5.0°¢
Rywal 644.9+345¢ | 638.5+34.3¢ | 591.2x32.7¢ 32.6+10.02 44032 | 10.4=x4.02
Average for juices from different production systems
Organic juices 375.0+172.62 | 371.2+172.22 | 325.7+176.52 | 19.2+10.12 | 11.8+11.62| 14.6=3.32
Conventional juices 294.3+118.62 | 290.8+118.82 | 248.6+133.1a | 22.8+8.7b 12.8+6.92 6.6+4.22
Average for juices prepared from different varieties
Belushi 233.9+42.02 | 230.9+42.22 | 186.0+49.92 252+7.7a 87+6.62 | 11.0+0.72
Monty 288.4+60.22 | 284.7+x59.92 | 227.4+61.62 14.7+2.32 33.2+13.1¢| 9.4=*3.92
Boro 354.9+62.8b | 350.8+63.2b | 296.4+63.32b | 27.9+11.1a | 153+109P | 11.2+8.22
Czerwona Kula 428.2+76.4PC | 424.6+75.7bc | 290.2+116.32P| 21.0+11.22 | 12.9+7.42a [100.5+3.1¢
Okragty Ciemnoczerwony | 608.9 +190.7¢ | 604.3 +191.3¢ | 563.9+187.2¢ | 21.3+7.4a 9.3+6.02 9.8 +562
Opolski 314.0+92.8> | 310.4+92.2b | 263.3+90.22b 19.6 +8.62 8.2+532 | 19.3+1.4b
Rywal 469.0 = 157.6bc| 465.1 +156.3Pc| 430.1 +148.7P | 21.5+10.02 7.2+5722a 6.2+252
p-value
Production system ns ns ns 0.0054 ns ns
Variety < 0.0001 < 0.0001 < 0.0001 ns < 0.0001 < 0.0001
Interaction ns ns ns ns < 0.0001 0.0080

Data represent mean = standard deviation with ANOVA p-value. Means in the sameColumn followed by the same letter are not
significantly different (p < 0.05). ns — not significant.
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Tab. 3. Total flavonoids and individual phenolic compounds
in experimental organic and conventional beetroot juices.

. Quercetin-3-0O- Kaempferol-3-0O- .
Juices prepared Total flavonoids rutinoside glucoside Luteolin
from varieties
[mg-1']

Organic juices
Belushi 25+0.12 0.7+0.02 0.9+0.02 1.0+0.02
Monty 24+0.22 1.0+0.2ab 05+0.12 0.9+0.02
Boro 45=+1.1¢ 1.0+0.62aP 25+x1.12a 1.0x0.22
Czerwona Kula 3.7+£0.9b 1.0+0.420 1.6+1.32 1.1+0.12
Okragty Ciemnoczerwony 5.2+15d 1.0+0.3ab 3.1x1.8a 1.1+0.32
Opolski 4.0+0.7bc 1.1+0.7ab 1.7+0.62 1.2+0.12
Rywal 4.3+1.6¢ 0.8+0.22 26+1.22 1.0+0.32
Conventional juices
Belushi 35+0.1b 0.9+0.0a 1.0x0.12 1.6x0.1¢
Monty 5.0+0.2d 25x0.01¢ 1.2+0.02 1.3+0.0b
Boro 3.1+£0.32 0.9+0.02 0.6x0.22 1.6+0.1¢
Czerwona Kula 3.0x0.1ap 1.7+0.0° 0.4+0.02 1.0+0.02
Okragty Ciemnoczerwony 25+0.1a 0.7+0.0a 1.0+£0.02 0.8+0.0a
Opolski 4.6+0.0° 2.0+0.0° 1.4+0.02 1.2+0.02p
Rywal 6.4+0.1¢ 1.0+0.0aP 42+0.02 1.2+0.1ab
Average for juices from different production systems
Organic juices 3.7+£1.4A 0.9+0.4A 1.8+0.18 1.0+£0.3A
Conventional juices 3.5+0.8A 1.2+0.78 1.0+£0.1A 1.3+0.38
Average for juices prepared from different varieties
Belushi 3.0+0.52 0.8+0.12 09=+0.12 1.3+0.32
Monty 3.7+1.3a 1.8+0.8¢ 0.8+0.32 1.1+0.22
Boro 42+11a 1.0+0.52 20x1.22 1.1+0.32
Czerwona Kula 3.5+0.82 1.2+0.4b 1.3x1.2a 1.1+0.32
Okragtly Ciemnoczerwony 45+1.82a 0.9+0.32 2.6+1.8a 1.1+£0.32
Opolski 3.6=0.92 1.0+0.62 1.5+0.62 1.1+0.12
Rywal 4.0=15a 0.8+0.22 21+132 1.1+0.32
p-value
Production system ns 0.0012 0.0039 0.0089
Variety ns <0.0001 ns ns
Interaction 0.0008 <0.0001 ns 0.0001

Data represent mean =+ standard deviation with ANOVA p-value. Means in the same column followed by the same letter are not

significantly different (p < 0.05). ns — not significant.

compared to the rest of the juices. Similar to juice
from Okragly Ciemnoczerwony, concentrations
of total phenolic acids and gallic acid were found
in the juice made from Rywal coming from con-
ventional production (Tab. 2). In the case of fla-
vonoids, significant differences were noted only
between some of the juices within the production
systems. However, there were no significant differ-
ences between the total flavonoid concentrations
in juices from different cultivars regardless of the
production system (Tab. 3). Studies comparing
juices produced from different varieties of organic
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and conventional beetroots are virtually absent
from the scientific literature. Only WRusS et al.
[26] compared juices in terms of total phenolics
and showed some differences among varieties, but
these were not statistically significant.

The occurrence of betalain in individual varie-
ties of this vegetable are very rarely investigated
[31]. In or study, the concentration of betanin-3-
O-glucoside was several-fold higher than the beta-
nidine concentrations in the juices (Tab. 4). Signi-
ficant differences among the juices from different
varieties and different production systems of
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beetroots were observed in terms of their average
concentrations. As shown in Tab. 4, organic juices
contained significantly more betanin-3-O-gluco-
side and betanidine than the conventional ones.
KAZIMIERCZAK et al. [23] obtained similar results,
with higher concentrations of betanin-3-O-gluco-
side being found in organic versus conventional
beetroots, but the same trend was not true for fer-
mented beetroot juices. However, another study
on beetroot juices [22] showed opposite trends.
The results showing a higher concentration of
betanin in the organic juices are consistent with
the hypothesis presented by MORENO et al. [32]
regarding the increase in the synthesis of betalain

when smaller doses of nitrogen are applied at the
time of beetroot cultivation. The betalain concen-
tration in the juice from the Monty variety was
substantially different from the rest of the juices
in terms of betalain concentration (Tab. 4). This
was confirmed by the results obtained by others
[26, 33], who found that the content of these pig-
ments in products is dependent on the variety of
beetroot.

Vitamin C

Beetroots and beetroot juices are known to
have low vitamin C concentrations but, due to the
interaction of vitamin C with flavonoids, the con-

Tab. 4. Vitamin C and betacyanins in experimental organic and conventional beetroot juices.

Juices prepared Vitamin C Betanine-3-O-glucoside Betanidine
from varieties [mg-I1] [g11] [mg-I1]

Organic juices
Belushi 23.6£3.2ab 5.25+0.172 80.8+7.5¢
Monty 25.3+0.5ab 9.45+0.91d 164.3x4.4¢
Boro 25.4+23ab 7.72+1.28P 84.4+13.7¢
Czerwona Kula 21.9x7.7ab 7.74£0.43b 82.1 +£21.0¢
Okragtly Ciemnoczerwony 20.6 £8.9ab 8.13 £ 1.40bc 82.4+19.9¢
Opolski 17.1+8.8ab 7.93 +0.82bc 80.8+16.0¢
Rywal 30.9+2.4b 7.83+£1.33b 89.7+22.0°¢
Conventional juices
Belushi 33.0£7.4b 4.52+0.702 62.2+1.80
Monty 32.0+2.6P 10.90 =2.50¢ 198.3 £ 4.3f
Boro 89x17a 8.48+0.80¢ 70.7£0.80
Czerwona Kula 4.6+2.02 6.09 +0.602aP 35.6+0.52
Okragty Ciemnoczerwony 9.7+222 6.12+2.602P 37.8+1.82
Opolski 27.4+1.32a 9.02+1.00d 51.1+2.2d
Rywal 63.7+0.5¢ 8.67 +£3.80¢ 68.0+4.3d
Average for juices from different production systems
Organic juices 24.1+123A 7.75+1.378 94.9+2558
Conventional juices 26.1+12.1A 6.41+2.13A 74.9+52.1A
Average for juices prepared from different varieties
Belushi 28.3+7.4b 4.89+3.902 71.5+10.82
Monty 28.6 +3.80 10.18 +0.77¢ 181.3+17.6¢
Boro 213752 7.91+£1.16° 80.9 £ 13.2b
Czerwona Kula 17.6+£8.82 7.33+1.24P 70.5+24.3a
Okragty Ciemnoczerwony 179.0+9.1a 7.63+£1.500 71.2+259a
Opolski 153.0+8.32 7.15+1.52P 73.4+18.92
Rywal 30.6 +20.3P 7.22+1.57P 84.3+21.3b
p-value
Production system ns < 0.0001 < 0.0001
Variety 0.0014 < 0.0001 < 0.0001
Interaction ns 0.0058 0.0003

Data represent mean =+ standard deviation with ANOVA p-value. Means in the same column followed by the same letter are not

significantly different (p < 0.05). ns — not significant.
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centration of vitamin C is very important even if it
is low. Interactions between flavonoids and ascor-
bic acid promote increased absorption of vita-
min C from the gastrointestinal tract [34]. Analysis
of variance confirmed that, on average, no
differences in the content of vitamin C were ob-
served between the conventional and the organic
juices in our investigation (Tab. 4). The trend in-
dicating a higher level of vitamin C in organic
products was described by KAZIMIERCZAK et al.
[22, 23]. Juices of the Rywal, Belushi and Monty
varieties contained, on average, significantly more
vitamin C than juices from the other varieties of
beetroots. The differences between conventional
and organic juices in terms of vitamin C were not
consistent with the results of the most recent me-
ta-analysis [9], which reported a higher concentra-
tion of vitamin C in organic products compared to
their conventional counterparts. However, accord-
ing to the literature, the vitamin C concentration
in the tissues of the plants depends, to a large ex-
tent, on the climatic and other environmental fac-
tors and the type of fertilizers applied [20].

CONCLUSIONS

All the juices from the seven beetroot varieties
are good sources of bioactive compounds, espe-
cially betalain, phenolic acids and flavonoids. Most
of the data obtained on chemical composition
of juices did not confirm the assumption of the
theory of increased synthesis of polyphenolic com-
pounds when using organic production practices.
Only betanin behaved in line with this theory. In
addition, some significant differences in the con-
centrations of certain ingredients, such as sugars,
citric acid, total phenolic acids and total polyphe-
nols as well as betalain pigments, were observed
among the juices made from different varieties
of beetroots. Thus, the use of the varieties richest
in beneficial compounds in terms of their health-
promoting properties can be fundamentally im-
portant for the development of the production of
juices or dietary supplements from beetroots. The
Monty and Okragly Ciemnoczerwony varieties
described in our study can be great raw materials
for products of optimal quality.
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