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Abstract: In the world, red beetroot is regarded as one of the most important vegetables due to its
valuable nutritional features; however, the industrial processing of beetroot produces large amounts
of waste, such as skin, which could be a relevant source of bioactive compounds, minerals, fiber,
and so on. In this study, the variations in the proximate composition, mineral element amounts, and
some antioxidants in the skin and flesh of beetroot genotypes grown in Lithuania were appraised.
Proximate compositions (total soluble solids, dry matter, fiber, protein, ash, and total sugars), amounts
of some minerals (N, P, Ca, Mg, K, Fe, Zn, Cu, B, and Mn), total phenolics, and total anthocyanins
and betalains were determined. The results revealed that proximate composition, minerals, total
phenolics, and total anthocyanins and betalains depends on the root part and genotype of the beetroot.
All investigated beetroot skin samples have significantly greater amounts of protein, dry matter ash,
fiber, total sugars, minerals (except K), total phenolics, and total anthocyanins and betalains than the
flesh. “Alto F1’ skins had the highest amounts of protein, fiber, ash, Na, Mg, and Zn. ‘Kosak’ skins
contained the greatest amounts of dry matter, total sugars, K, P, Ca, Fe, Mn, and total anthocyanins
and betalains. It can be concluded that the tested beetroot skins (especially “Alto F1” and ‘Kosak’),
due to their valuable nutritional compositions, can be used as a source of natural supplements that
can enrich the quality of various food products or be used for the manufacture of functional food.
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1. Introduction

Red beetroot (Beta vulgaris L.) is a traditional and popular vegetable that is consumed
worldwide due to its high amounts of bioactive compounds (polyphenols, betalains, inor-
ganic nitrates, folates), mineral elements, and vitamins [1]. This vegetable is widely grown
in Central and Eastern Europe, Asia, and America [2]. Today, beetroot is used predom-
inantly for food (fresh, after fermentation, or after thermal processing) [3,4]; moreover,
in the food industry, beetroot is used as an additive or food colorant as it improves the
red color of various food products [5]. This crop is among the ten vegetables with the
highest antioxidant activity, largely due to its betalains and phenolic compound content [6].
Betalains are water-soluble pigments that contain nitrogen. They are separated into two
structural groups: yellow—orange pigments (betaxanthins) and red-violet pigments (be-
tacyanins). The ratio of betacyanins to betaxanthins determines the intensity of beetroot
colour [7,8]. Betalains are antioxidant and antiradical agents that can protect against disor-
ders caused by oxidative stress. The functions of these compounds relate to the reduction
of homocysteine levels, which regulate vascular homeostasis, vascular tone, and throm-
botic activity while maintaining platelet function [9]. Other compounds present in this
vegetable are fiber, proteins, and sugars with low energetic values [10]. Additionally, red
beetroot includes crucial minerals that are beneficial to human health, including iron, zinc,
phosphorus, potassium, calcium, magnesium, manganese, and copper [5]. The chemical
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composition and nutritional value of red beetroot differs depending on the genotype, the
growth conditions, and the anatomical part of the plant (stem, leaf, root, flesh, skin) [11].
The industrial processing of beetroot produces a large amount of waste, which causes
nutritional and economic losses, as well as negative environmental impacts [12]. Usually,
beetroot waste includes skin, parings, and stalks [13]; however, this waste is a relevant
source of natural pigments, biologically active substitutes, mineral elements, and fiber that
can be used to develop pharmaceutical products, functional and novel food products, as
well as other beneficial compounds for industries [14,15]. It is crucial to continue using
beetroot byproducts to cut down on made waste. Some studies have indicated that beetroot
waste, such as skins, could be used as a source of natural supplements that can enrich
the quality of various food products, such as mayonnaise [16], fish [17], and meat [18].
According to the literature, the chemical composition of beetroot skin is poorly covered
in the literature [19]. Some reports have shown that the skin of the beetroot contains
more betalains and phenolic compounds than the flesh [20]; however, limited studies were
performed to establish the distribution of proximate composition and mineral elements in
different parts of beetroot. Therefore, the aim of the study was to establish the mineral and
proximate compositions and investigate the bioactive compounds in the skin and flesh of
four red beetroot genotypes grown in Lithuania.

2. Materials and Methods
2.1. Materials

The following red beetroot (Beta vulgaris L.) varieties and hybrids were selected for the
investigations: ‘Kosak’, ‘Alto F1’, “Taunus F1’, and ‘Pablo F1'. All these beetroot genotypes
are later maturing. Using standard agronomic practices, red beetroots were cultivated in
2021 at a farm in the Sirvinty district (Lithuania, latitude, 55.038° N; longitude, 24.715° E).
The beetroot seeds were sown in the middle of May. They were harvested at maturity
during the first week of October.

2.2. Total Soluble Solids and Dry Matter Analysis

Dry matter and total soluble solids were analysed in fresh beetroot flesh and skin
samples. Dry matter was determined by drying samples at 105 °C to a constant weight [21].
The amount of total soluble solids was measured using the refractometry method with a
digital pocket refractometer (Atago, Kobe, Japan) [22]. The results were expressed as Brix.

2.3. Sample Preparation for Fiber, Ash, Proteins, Total Sugars, Macro- and Micro-Elements
Determination

The fresh beetroots were washed and carefully peeled manually (0.5-1 mm thick) with
a standard hand-held vegetable peeler. The beetroot flesh was also separated and cut into
slices with a thickness of approximately 1 cm. The beetroot flesh and skins were oven-dried
at a temperature of 60 °C for 12 h and then pulverized in a Grindomix GM 200 laboratory
mill (Retsch GmbH, Haan, Germany). The obtained powder was packed in plastic bags
and kept in the dark until analyses were carried out.

2.3.1. Fiber, Ash, Proteins and Totals Sugars Analysis

The amount of fiber from dried beetroot flesh and skin was determined by the Associ-
ation of Official Agricultural Chemists (AOAC) official methods, the amount of ash was
determined by combustion at 550 °C [23], and the amount of proteins was determined by
the Kjeldahl method using KJELDATHERM (Gerhardt, Kénigswinter, Germany). The total
sugar content was established based on the Luff Schoorl method [23]. The results of the
total sugar content were recalculated in fresh matter (FM).

2.3.2. Macro- and Microelement Analysis

The elements of calcium (Ca), potassium (K), phosphorus (P), iron (Fe), magnesium
(Mg), zinc (Zn), manganese (Mn), copper (Cu), and boron (B) were measured in dried
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beetroot flesh and skin. Inductively coupled plasma atomic emission spectrometry (ICP-
AES) was used to identify these elements [24]. Beetroot skin and flesh samples were
treated with hydrogen peroxide and nitric acid at 100 °C until digestion was complete in
order to mineralize them before ICP-AES testing. A total of 1 g of beetroot sample was
mixed with known quantities of nitric acid and hydrogen peroxide and then heated. After
digestion, the resulting solution was examined using an Optima 2100 DV atomic-emission
spectrometer (Perkin Elmer, Waltham, MA, USA). The appropriate standards for each
mineral were made within the concentration range of the mineral elements in the beetroot
(skin and flesh) samples. Standard blank solutions were prepared in the same conditions
as the samples. The amount of N (nitrogen) was determined using the Kjeldahl method
with a KJELDATHERM (Gerhardt, Kénigswinter, Germany). All chemical analyses were
performed in triplicate. The results for N, Ca, K, P, and Mg were expressed in mg 100 g~ !
DM, while the results for Fe, Zn, B, Mn, and Cu were expressed in mg 1<g_1 DM.

2.4. Sample Preparation for Bioactive Compounds Determination

The fresh beetroots were washed extensively with water to remove all dirt and sand.
After that, they were carefully peeled (0.5-1 mm thick) with a common hand-held vegetable
peeler. Additionally, the beetroot flesh was separated and divided into slices with a
thickness of about 1 cm. The flesh and skin were frozen at —20 °C until lyophilisation.
Then, they were lyophilized using the freeze-dryer Sublimator (ZIRBUS Technology GmbH,
Bad Grund, Germany). Using a lab mill, the Grindomix GM 200 (Retsch GmbH, Haan,
Germany), the freeze-dried beetroot flesh and skin samples were ground into a fine powder.
The obtained powder was vacuum-packed and kept until analyses were carried out.

2.4.1. Total Phenolic Amount Analysis

By using the Folin—Ciocalteu spectrophotometric method, as reported by Tamil-
selvi et al. [25], the total phenolic amount of freeze-dried beetroot flesh and skin was
determined. A total of 0.1 g of freeze-dried beetroot sample was mixed with 10 mL of 70%
ethanol and extracted for 30 min in an ultrasonic laboratory bath AU-65 (Argolab, Torino,
Italy). After that, the extract was centrifuged at 3000 rpm for 30 min. The obtained extract
was then combined with 1 mL of sodium carbonate (20%), 0.2 mL of the Folin—Ciocalteu
reagent, and 5 mL of pure water. A spectrophotometer (Labomed Inc., Los Angeles, CA,
USA) was used to measure the absorbance at 760 nm after 30 min of incubation at 20 °C in
the dark. The total phenolic content was calculated with the calibration curve using gallic
acid equivalent standards. The results for the total phenolic content were expressed as mg
of gallic acid equivalent (GAE) per g of DM.

2.4.2. Total Anthocyanins Amount Analysis

The total anthocyanin amount of freeze-dried beetroot flesh and skin samples was
determined using the pH differential method with a spectrophotometer (Labomed Inc.,
Los Angeles, CA, USA) [26]. A total of 0.1 g of beetroot sample was dissolved in 10 mL of
solvent (85 % ethanol + 015% 1 M HCI). The obtained extract was extracted in an ultrasonic
laboratory bath AU-65 (Argo lab, Torino, Italy) for 10 min, then centrifuged at 3500 rpm for
10 min. After that, 9 mL of pH 1.0 buffer solution were combined with 1 mL of the filtered
extract; the same steps were repeated by dilution with 9 mL of pH 4.5 buffer solution.
The absorbance at 510 nm and 700 nm was measured after 30 min of incubation at room
temperature. For quantification of total anthocyanins, the molecular weights (449 g/mol)
and molar extinction coefficients (26,900 M~! cm~!) were applied. The results were given
in mg of cyanidin-3-glucoside per kg of dry matter.

2.4.3. Betalains Analyses

The amount of betalains in freeze-dried beetroot flesh and skin was identified by
spectrophotometric method, as outlined by Ravichandran et al. [27]—with minor modifica-
tions. A total of 0.1 g of freeze-dried sample was dissolved in 10 mL of ethanol (50% v/v)
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and agitated for 10 s. The extract was then centrifuged at 6000 rpm for 10 min. After
centrifugation, the extract was collected and the same procedure was repeated twice more
to assure maximum extraction of betalains. The betalains in this extract were measured
using a spectrophotometer (Labomed Inc., Los Angeles, CA, USA). The absorbance of
betacyanins was measured at 480 nm, and for betaxanthins it was measured at 538 nm.
For quantification of betacyanins and betaxanthins, the molecular weights (550 g/mol and
308 g/mol, respectively) and molar extinction coefficients (60,000 L/mol cm in H,O and
48,000 L/mol cm in HyO, respectively) were applied. The results for betalains were given
in mg per g of dry matter.

2.5. Statistical and Multivariate Analysis

A two-way analysis of variance (ANOVA) method was used to statistically process all
data. Fisher’s LSD (least significant difference) test (p < 0.05) was performed to determine
the statistical significance of the differences between the means. The software program,
STATISTIKA (Statistica 10; StatSoft, Inc., Tulsa, OK, USA), was employed to analyse
the data. The arithmetic means and standard deviations were used to express the data.
The beetroot skin and flesh samples were classified using principal components analysis
utilizing Software XLSTAT (XLSTAT, 2018, New York, NY, USA)—based on their proximate
and mineral compositions, as well as their bioactive substances.

3. Results
3.1. Proximate Composition

The proximate composition results for the skin and flesh of four red beetroot genotypes
are reported in Table 1.

Table 1. Proximate composition in skin and flesh of different red beetroot genotypes.

Beetroot Root Part Dry Matter TSS Protein Fiber Ash Total Sugars

Genotype (%) (°Brix FM) (% DM) (% DM) (% DM) (% FM)
‘Alto F1" flesh 880+006d*  840+001b 1084+ 0.0f 6.27 +0.03d 8.66 + 0.04 490 +£0.03d
Alto F1 skin 133+ 04b 7.20+0.14d 158 +0.1a 124+04a 11.4+0.1a 7.26 £0.04b
Kosak! flesh 11.0+0.1¢ 9.90 + 0.01 a 1254 0.0d 541+020ef 805+0.07cd  6.06=+0.05¢c
osa skin 150+ 07 a 7.85+0.07 ¢ 155+0.1b 9.44 4+ 0.56 ¢ 102+0.0b 8234 0.05a
Pablo F1’ flesh 104+ 0.1¢ 835+ 0.07b 11.7+0.1e 5.14 + 0.06 7.65+0.03d 265+ 0.03g
ablo Fl skin 138 +£0.1b 6.45 4+ 0.07 e 131+0.1¢ 10.6 £0.0b 10.1+£0.0b 400+ 0.04 e
. - flesh 9.44 +0.17d 853 +0.11b 11.6£02e 6.044+039de  8.86+0.04c 262+0.03g
aunus skin 1404 03b 7.50 + 0.42 dc 13240.1c¢ 109+ 0.3b 1024 0.0b 3.60 £ 0.04 e

p-Value:

f{f)g‘t’tygf <0.001 <0.001 <0.001 <0.001 0.011 <0.001

Interas tins of <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

NS 0.006 <0.001 0.009 NS <0.001

genotype X root part

Average flesh 104+1b 88+07a 1.6+ 0.7 b 572+ 053b 831+ 0.56 b 406+171a
& skin 140+07a 7.25 4 0.60 b 144+ 1.0a 108+12a 105+ 0.6a 577 +232a

* Averages in the same column marked with different letters differ significantly at p < 0.05. FM-fresh matter;
DM-dry matter. NS—no significant differences.

One of the most relevant components of raw vegetables is dry matter. Its amount
varies depending on genotype, cultivation method and year, as well as the part of the
plant [28]. The findings of the present study suggest that genotype differences and root
part significantly influenced the dry matter amount of the tested samples. The values of
this component in the skin of the investigated red beetroot ranged from 13.3-15.0%, which
are significantly higher than those in the flesh. The skin of ‘Kosak’ showed the highest
amounts of dry matter. On the contrary, red beetroot flesh showed significantly higher
amounts of total soluble solids (TSS) than skin. The "Kosak’ flesh had the highest amounts
of this component (9.90 °Brix) among genotypes. According to the literature, the amounts
of dry matter and TSS for the whole beetroot varied widely from 11.0-18.1% [28] and from
6.40-10.8 °Brix [29], respectively.
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The amounts of fiber, protein, ash, and total sugars can be affected by various factors. A
statistical analysis of the data from this study established the significant impact of beetroot
genotype, root part, and the interactions of beetroot genotype and root part on the amount
of fiber, protein, and total sugars. Only red beetroot genotype differences and root part
differences significantly influenced the ash amount. The current research showed that the
skin tissue had, on average, 23.5% higher amounts of protein, 89.2% higher amounts of
fiber, 26.0% higher amounts of ash, and 42.1% higher amounts of total sugars compared
to the flesh. Among genotypes, ‘Alto F1’ skin had the highest amounts of fiber, protein,
and ash; this suggests that this skin genotype can be considered a source of previously
mentioned components. The highest total sugar content is contained in ‘Kosak’ skin.

The obtained results for fiber and protein in beetroot skin in this study were higher
than the results reported by Shuaibu et al. [30]. These researchers stated that beetroot skins
contained 6.98% fiber and 4.1% protein; however, they also reported a similar amount of
ash for beetroot skin (10.6%). Seremet et al. [19] investigated red beetroot skin and reported
higher amounts of crude protein (18.3%), crude mineral (12.1%), dietary fiber (36.6%), and
soluble sugars (12.5%). These differences in the proximate composition of beetroot skin can
be caused by many factors, such as genotype, growing location and conditions, as well as
different extraction procedures and different determination methods.

3.2. Mineral Elements

Mineral elements in plants and humans play a relevant role in many physicochemical
processes and can affect overall health. Humans require not only proteins, lipids, carbohy-
drates, and vitamins, but also require some essential nutrients, such as minerals. Therefore,
the nutritive value of vegetables such as beetroot is based on the amount of minerals,
which are necessary for a healthy body [31,32]; however, there is lack of information in
the literature on the mineral element amounts in beetroot flesh and skin. According to
the literature, the amount of minerals in beetroot is affected by the genotype, weather
conditions, soil nutrient amount, fertilizer use, and harvest maturity state [33,34].

The amount of macroelements in the skin and flesh of four red beetroot genotypes is
shown in Table 2. A two-way ANOVA indicated significant variations in the amounts of
macroelements such as K, Mg, Ca, and N, depending on the beetroot genotype, root part,
and their interaction. The amount of P was significantly affected by beetroot genotype and
root part only.

The results, as supplied in Table 2, indicate that all investigated samples contained
higher amounts of K followed by N, Mg, P, and Ca. Furthermore, ‘Kosak’ skin contained the
highest amount of K. According to EU Regulation No. 1169/2011 [35], the recommended
daily allowance (RDA) of K for adults is 2000 mg/day. Therefore, the consumption of
55.5 g per day of ‘Kosak’ skin powders supplies 100% of the RDA for K. In the case of flesh,
‘Alto F1” and ‘Kosak’ exhibited the maximum values of K (3331 and 3283 mg 100 g~ DM,
respectively). The intake of approximately 60 g per day of ‘Alto F1” or ‘Kosak’ flesh powder
supplies 100% of the RDA for K. ‘Taunus F1’ showed the lowest values of K in the flesh
and skin with 2901 mg 100 g~! DM and 2803 mg 100 g~! DM, respectively.

Beetroots are also a valuable source of Mg. The flesh samples demonstrated 1.65-2.68
times lower values of Mg. In the skin samples, the highest amount of this mineral was
observed for ‘Alto F1’ (831 mg 100 g~ !). In the flesh samples, the greatest amount of Mg
was found for ‘Kosak’ (401 mg 100 g !). The RDA for Mg is 375 mg per day [35]. Therefore,
the consumption of 50 g per day of ‘Alto F1” skin powders supplies 111% of the RDA for
Mg, while 100 g of ‘Kosak’ flesh supplies only 53.5%.

Our study indicated that an average N amount in the skin was 2366 mg 100 g~ !, which
is significantly higher than that of the flesh. ‘Alto F1’ skin showed the highest N amount.

A comparison of the amount of P between the skin and flesh of red beetroot indicated
that the amount of this mineral was significantly higher, from 41.4-80.5%, in the skin
than in the flesh. ‘Kosak” and ‘Pablo F1’ skin samples had the greatest amounts of this
element (472 mg 100 g_1 DM and 456 mg 100 g_1 DM, respectively). The RDA of P is
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700 mg/day [32]. The consumption of 100 g per day of the investigated beetroot skin
powders supplies between 54.3% and 67.5% of the RDA for P, while 100 g of flesh powders
supplies between 30.1% and 46.1% of the RDA for P.

Table 2. Macro- and microelement amounts in skin and flesh of different beetroot genotypes.

Beetroot

Macroelements (mg 100 g—1 DM)

Genotype Root Part Potassium (K) Nitrogen (N) Phosphorus (P) Calcium (Ca) Magnesium (Mg)
, ) flesh 3331 £30b* 1720 £ 57 e 211+ 144d 1514+ 9¢ 310+11g
Alto F1 skin 3200 + 78 2720 + 49 a 380+ 7b 400 + 21 b 831+ 13a
, . flesh 3283 £ 24b 1901 + 13d 310 £ 13 ¢ 140 £ 4cd 401+ 16e
Kosak skin 3602+ 11a 2462 + 54 b 472 +18a 450 + 14 a 661 +11d
) , flesh 3000 & 28 d 1772 £ 139 de 323+ 32¢ 120+ 4d 292+11g
Pablo F1 skin 3151 + 12 ¢ 2150 + 57 ¢ 456+ 5a 381+ 16b 701 + 13 ¢
- flesh 2901 + 16 e 1504 + 9 f 21+12d 125 +4cd 370 + 14 f
skin 2803 £ 10 f 2131 +41¢ 390+ 9b 390 £ 6b 762 £17b
p-Value:
Genotype <0.001 <0.001 <0.001 0.002 <0.001
Root part 0.007 <0.001 <0.001 <0.001 <0.001
Interactions of <0.001 <0.001 NS 0.025 <0.001
beetroot genotype x root part
Average flesh 3129 + 210 a 1724 + 166 b 266 + 58 b 134 + 14 b 344 +51b
skin 3189 & 33 a 2366 & 281 a 425+ 46 a 406 +31a 739 £ 74 a
Beetroot Microelements (mg kg~! DM)
Root part
genotype Iron (Fe) Zinc (Zn) Boron (B) Manganese (Mn) Copper (Cu)
Alto FI flesh 458 4+1.0d 2394+13d 20.74 £ 09d 153 +04d 104+ 04 ¢
skin 564 + 14 ¢ 788 +03a 274+00b 479+13¢ 187 £05b
Kosak' flesh 53.0 £0.2d 257 +£1.0d 193+ 04e 173+0.1d 1044+ 04 ¢
skin 759 £ 20 a 645+1.0b 273+£06b 523+19a 177 £03b
) ) flesh 4934+03d 2174+ 10e 193+07e 119+ 04e 8.58 £ 0.82 d
Pablo F1 skin 646 + 14b 790+ 14a 290+ 05a 49.6 + 0.9 cb 175+ 0.1b
) , flesh 35.6+ 0.8 e 246+05d 19.5 £ 0.7 de 159 + 0.4 d 1044+ 04 ¢
Taunus F1 skin 785+ 16 a 56.3 + 0.4 c 255 + 0.4 513+ 1.6 ab 204+13a
p-Value:
Genotype <0.001 <0.001 0.013 0.002 0.004
Root part <0.001 <0.001 <0.001 <0.001 <0.001
Interactions of <0.001 <0.001 0.010 NS NS
beetroot genotype x root part
Average flesh 459+ 75b 240+ 17b 19.7 £ 0.7b 1514+23b 9.98 £ 0.94b
skin 689 & 103 a 69.7 £11.2a 273+15a 50.3 £ 2.0 a 186+13a

* Averages in the same column marked with different letters differ significantly at p < 0.05. DM-dry matter. NS-no

significant differences.

Beetroot skin also had a 2.66-3.21 times greater amount of Ca than beetroot flesh;

this shows that skin removal may cause significant losses of this mineral. ‘Kosak” had a
higher amount of Ca in the skin. ‘Kosak’, ‘Pablo F1’, and ‘Taunus F1’ flesh had the lowest
amount of Ca with no significant difference between them. The RDA of K is 800 mg per
day [35]. The intake of 100 g per day of the investigated beetroot skin powders supplies
between 47.6% and 56.3% of the RDA for Ca, while 100 g of the flesh powders supplies
only 15.0-18.8% of the RDA for Ca.

Research by Seremet et al. [19] also indicates that the main macroelement in red
beetroot skin was K (4185 mg 100 g~! DM), followed by a lower quantity of P (781 mg
100 g~! DM), Mg (657 mg 100 g~ DM), Na (438 mg 100 g~ DM), and Ca (285 mg 100 g~
DM). According to the findings of Shuaibu et al. [30], the macroelement composition of
beetroot skin was supplied as follows: potassium, phosphorus, and magnesium, while
calcium was not detected.

The amount of microelements in the skin and flesh of beetroot is summarized in
Table 2. The statistical analysis revealed significant variations in the amounts of Fe, Zn,
and B, depending on the beetroot genotype, root part, and the interactions between the
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genotype and root part; however, only the beetroot genotype and root part significantly
influenced the amounts of Mn and Cu.

The dominant microelement in both the flesh and skin of the investigated beetroot was
Fe. The amount of this element varied widely in the beetroot tissue. The skin contained
significantly higher amounts of Fe—by 12.3-22.0 times compared with the flesh. Whereas
the removal of skin highly decreases the nutritional value of some beetroot genotypes
(especially the amounts of Fe). The skins of ‘Kosak” and ‘Taunus F1” had significantly
greater amounts of Fe (759 and 785 mg kg~ ! DM, respectively). The results of this study
showed that beetroot skin (especially the skins of ‘Kosak” and “Taunus F1’) could be used
as an alternative source of Fe, which could increase the amount of this element in food
products. The RDA for Fe is set at 14 mg per day for adults [35]. Therefore, 10 g of ‘Kosak’
or ‘Taunus F1’ skins can provide approximately 55% of the RDA of Fe.

An analysis of the Zn amount in the individual parts of the beetroot showed that
the average amount of this mineral in the skin reached 69.7 mg kg~! DM, and in flesh it
was lower—by over 2.9 times. The skins of “Alto F;” and ‘Pablo F;” showed the greatest
amount of Zn at 78.8 and 79.0 mg kg~! DM, respectively. The results from the current
study indicate that the values of B were significantly higher in the skin than the flesh.
‘Pablo Fy’ skin had the highest amount of B, while the flesh of this hybrid had the lowest
amount of this mineral. The amount of Mn in the skin of beetroot was significantly higher
compared to the flesh. Our findings suggest that the removal of this part of the beetroot
greatly reduced the amount of Mn by 3.02-4.15 times. Consequently, the highest amount of
Mn was accumulated in the skin of ‘Kosak’ (52.3 mg kg ! DM). This study also revealed
that the amount of Cu was significantly higher, from 68.2-103.9%, in the skin compared to
the flesh of beetroot. The ‘“Taunus F;’ genotype contained the greatest Cu amount (20.4 mg
100 gf1 DM) in the skin. The RDAs are 10 mg/day for Zn, 2 mg/day for Mn, and 1 mg/day
for Cu in adults [35]. Consequently, the consumption of 100 g of the investigated beetroot
skin powders supplies between 56.3% and 79.0% of the RDA for Zn, between 240% and
262% of the RDA for Mn, and between 175% and 204% of the RDA for Cu. Meanwhile,
100 g per day of the flesh powder supplies between 21.7% and 25.7% of the RDA for Zn,
between 59.5% and 86.5% of the RDA for Mn, and between 86% and 105% of the RDA
for Cu.

A study by Szekely et al. [36] also showed that the skin of beetroot was characterized
by a large amount of Fe. These researchers also found that higher amounts of Ca, Mn,
and Mg were present in the skin and the top part of the tested beetroots compared to its
end and middle parts. Seremet et al. [19] reported that beetroot skin has an Fe content of
159 mg kg~! DM, Zn content of 49 pug kg~! DM, Cu content of 19 ug kg~! DM, and Mn
content of 52 ug kg’1 DM. According to Shuaibu et al. [30], fresh beetroot skins contain
sodium (41.7 mg 100 g~ 1), iron (264.6 mg 100 g~ 1), and copper (2.1 mg 100 g~ !)—while
zinc was below the detectable limit.

3.3. Bioactive Compounds

Phenolic compounds are the secondary metabolites of plants and contribute to the
plant’s growth, pigmentation, and reproduction, as well as affecting the sensorial attributes
(flavour, taste, and colour) and functional properties of plant food products [37,38]. Accord-
ing to the literature, the highest amount of these compounds is located in the skin (50%) of
fruits and vegetables, followed by the crown (37%) and the flesh (13%) [20].

The total phenolic, total anthocyanins, total betalains and individual betalains contents
in the skin and flesh of four red beetroot genotypes are presented in Table 3.

A statistical analysis showed a significant impact of beetroot genotype, root part, and
the interactions between the genotype and root part on the amount of investigated bioactive
compounds. The skin of beetroot contained 1.27-2.37 times more total phenolic compounds
compared with the flesh samples. Among the skin samples, the highest amount was found
in ‘Kosak’ (35.5 mg g~! DM) and ‘Pablo F1’ (36.1 mg g~ ! DM). Among the flesh samples,
‘Alto F1’ had the greatest total phenolic content (19.5 mg g~! DM). This was in line with a
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study by Zin et al. [39], which reported that the total phenolic content values in the skin
extract and flesh extract were 34.5 mg GAE g ! DM and 12.7 mg GAE g~ ! DM, respectively.
Kujala et al. [40] evaluated red beetroot skin extracts prepared by different extraction
methods and solvents and found that the total phenolic content in them was lower and
varied from 17.4 to 24.1 mg GAE g~! DM. Carrillo et al. [41] detected that the total phenolic
content for the whole beetroot grown under conventional and organic conditions ranged
from 5.6-19.1 mg GAE g~! DM. Data collected in the scientific literature show that the total
phenolic content in red beetroot is quite variable and may be influenced by many factors.
The quantities of phenolic compounds vary even among plants of the same species due
to the differences in various aspects of the plants, such as genotype, growing conditions,
developmental stage of the plant, maturity, and analysed plant part, as well as pre-harvest
factors [42,43].

Table 3. Bioactive compound amounts in skin and flesh of different beetroot genotypes.

Beetroot Root Part Total Phenolics Total Anthocyanins Betacyanins Betaxanthins Total Betalains
00 ar
Genotype (mg g—1 DM) (mg kg—1 DM) (mg g~1 DM)
Alto FI’ flesh 19.5+0.9d* 417 +1.0d 831+0.01d 426 +0.03 e 126 +£00e
to skin 249+ 1.1c 58.7 +3.0c 8.51 4+ 0.03 ¢ 4924+0.01b 13.4+0.0¢
Kosak' flesh 179+ 0.1e 283 +42e 810+ 0.02 e 447 +0.04d 126 +£00e
osa skin 355+ 02a 108 £2.8a 9.04+0.01a 5.09 +0.01 a 141+0.0a
Pablo F1’ flesh 152+ 0.0 f 426+25d 7.90 & 0.01 f 4244001 e 122 +£0.0f
ablo skin 361+ 1.1a 63.9+3.6¢ 8.84 +0.01b 493 +0.01b 13.8+0.0b
p - flesh 144 +£0.1f 278 +33e 812 +0.02e 44140.03d 125+00e
aunus skin 275+0.0b 780+ 17b 8.55 + 0.05 ¢ 473 +£0.01c¢ 133 +0.1d
p-Value:
Genotype <0.001 0.002 <0.001 <0.001 <0.001
Root part <0.001 <0.001 <0.001 <0.001 <0.001
Interactions of <0.001 <0.001 <0.001 <0.001 <0.001
beetroot genotype x root part
Average flesh 16.8 £2.2b 351+99b 8.1140.15b 434 +0.10b 124+02b
& skin 31.0+52a 772 +209a 874+ 023a 491+0.13a 13.6 £03a

* Averages in the same column marked with different letters differ significantly at p < 0.05. DM-dry matter.

Anthocyanins are natural plant pigments belonging to the class of polyphenolics [44].
According to the literature, the amount of total anthocyanins in beetroot is very low
compared with betalains [45].

The skin showed, on average, 2.20 times higher values of total anthocyanins. Con-
sequently, the highest amount of total anthocyanins was recorded in the skin of “Kosak’
(108 mg kg~ !). The anthocyanins of different parts of beetroot are not well covered in
the scientific literature, so it is not possible to make comparisons. Kovarovi¢ et al. [45]
evaluated the content of total anthocyanins in four cultivars ("Kahira’, ‘Cylindra’, ‘Crosby
Egyptian’, and ‘Chioggia’) of red beetroot at fresh weights. They detected that the amount
of this pigment in investigated beetroot samples ranged from 14.5-84.5 mg kg ~!. Guiné
etal. [46] reported that the total anthocyanins amount, which was determined using the SO,
bleaching method and expressed as malvidin equivalents, varied from 230-770 mg kg~! in
fresh beetroot. The different anthocyanins extraction and analytical methods could be the
causes of the differences in these investigations.

Betalains are water-soluble plant pigments that are divided into two groups: red-violet
betacyanins and yellow—orange betaxanthins. These pigments provide beet roots with their
typical color [47]. Our results showed that the amount of total betalains in the skin were
about 10.0% significantly higher than those in the flesh. The predominant betalains in
beetroot were betacyanins, which accounted for 41.0-66.1% of the total amount of betalains.
The highest amount of both pigments, betacyanins and betaxanthins, were found in the skin
compared to the flesh. The skin of "Kosak’ showed the highest amounts of total betalains and
individual betalains. These results agree with previously received results. Kujala et al. [20]
and Slatnar et al. [48] announced that there are different betalains distributions between the
different parts of red beetroot and these pigments have higher concentrations in beetroot skin
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than in the flesh. Sawicki et al. [11] also reported that the total amount of betalains varied
significantly across genotypes (10.3-17.2mg g~ ! DM) and root parts (7.20-17.2mg g~ ! DM).
In the case of root parts, the skin was noted for having the greatest amount of betalains. These
authors found betacyanins from 4.44 (ring 6)-12.8 (skin) mg g~ ! DM and betaxanthins from
2.75 (ring 2)-4.46 (skin) mg g~! DM in seven parts of the root, the skin, and the six inner
rings. In Czech Republic, Barta et al. [49] investigated the betalains for different beetroot
cultivars and the amount of these pigments in freeze-dried, peeled beetroot powders,
which ranged from 10.9-18.1 mg g~! DM. Betaxanthins and betacyanins concentrations
in beetroot powders of red root cultivars varied from 4.29-6.95 mg g~! DM and from
6.63-11.1 mg g~ ! DM, respectively.

3.4. Principal Component Analysis (PCA)

A PCA was used to estimate the relationships between the different sample types and
variables shown in Tables 1-3. According to the PCA results, the first two axes explained
89.0% of the total variance: the first principle component (PC1) explained 79.1% and the
second principal component (PC2) accounted for 9.98% of the variation (Figure 1). The
eigenvalues of PC1 and PC2 were greater than one (16.1 and 2.09, respectively). The dry
matter, fiber, protein, ash, investigated mineral elements (except K), and bioactive com-
pounds were highly positively associated with PC1, whereas the total soluble solids content
was negatively associated with PC1; sugars and potassium (K) were positively associated
with the second factor (PC2). As shown in Figure 1, PC1 separated the skin samples from
the flesh samples. The skin samples are defined by high amounts of dry matter, protein,
ash, fiber, investigated mineral elements (except K), and bioactive compounds, while the
flesh samples are particularly characterized by high amounts of total soluble solids.

Biplot (axes PC1 and PC2: 89.0%)

(@)
1.5 ‘Kosak" S
'Kosak' F
(&)
1
'‘Alto F;' F s
¢ ugars
05 6} 155 -
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& o
= © AltoF,'S
) © 'PabloF'F
A~-05
© TaunusF,'F Pablo F;'S o
-1
‘Taunus F;' S
-1.5 (0]
-1.5 -1 -0.5 0 0.5 1 1.5

PC1 (79.1 %)

Figure 1. PCA results for the relationship between variables (contents of dry matter (DM), total
soluble solids (TSS), protein (PRO), ash (Ash), fibre (FIB), N (nitrogen), potassium (K), magnesium
(Mg), phosphorus (P), calcium (Ca), iron (Fe), boron (B), zinc (Zn), copper(Cu), manganese (Mn), total
phenolics (TP), total anthocyans (TA), betacyanins (betac), betaxanthins (betax), total betalains (TB),
and beetroot samples (‘Alto F;’ skin (Alto F;” S), ‘Kosak’ skin ("Kosak’ S), ‘Pablo F;” skin (‘Pablo F;”
S), ‘Taunus F;’ skin (‘Taunus F;” S), (‘Alto F;’ flesh (Alto F;’ F), “Kosak’ flesh (‘Kosak’ F), ‘Pablo F;’
flesh (‘Pablo Fy” F), “Taunus Fy’ flesh (‘Taunus F;’ F)).
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4. Conclusions

The proximate and mineral compositions, bioactive compounds (total phenolics, total
anthocyanins, betalains) in the skin and flesh tissues of different genotypes of beetroot
grown in Lithuania were compared. The findings of this investigation allow for the
conclusion that beetroot is a valuable source of macro- and micronutrients. The amounts
of these nutrients in the skin of most of the investigated beetroot far exceed their quantity
in the flesh. Therefore, special attention should be paid to the potential use of skin as an
additive for improving the quality of food products, for the development of new functional
products, or for use in the pharmaceutical industry.

Among all investigated beetroot samples, the skins of “Alto F1” and ‘Kosak” were the
most valuable. The highest amounts of protein, fiber, ash, N, Mg, and Zn were found in
‘Alto F1’ skin, while the skin of ‘Kosak’ contained the greatest amounts of dry matter, total
sugars, K, P, Ca, Fe, Mn, total anthocyanins, and betalains. The skins of ‘Kosak” and ‘Pablo
F1’ had a maximum total phenolic content.
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tion, A.S.; data curation, A.S.; writing—original draft preparation, N.V.,, ] K. and A.S.; writing—review
and editing, N.V,, AS. and ] K,; visualization, N.V.; supervision, N.V. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Ceclu, L.; Oana-Viorela, N. Red beetroot: Composition and health effects—A review. J. Nutri. Med. Diet Care 2020, 6, 1-9.

2. Jasmitha, S.K; Shenoy, A.; Hegde, K. A review on Beta Vulgaris (beet root). Int. ]. Pharma Chem. Res. 2018, 4, 136-140.

3.  (lifford, T.; Howatson, G.; West, D.J.; Stevenson, E.J. The potential benefits of red beetroot supplementation in health and disease.
Nutrients 2015, 7, 2801-2822. [CrossRef]

4. Sawicki, T.; Wiczkowski, W. The effects of boiling and fermentation on betalain profiles and antioxidant capacities of red beetroot
products. Food Chem. 2018, 259, 292-303. [CrossRef] [PubMed]

5. Chhikara, N.; Kushwaha, K.; Sharma, P.; Gat, Y.; Panghal, A. Bioactive compounds of beetroot and utilization in food processing
industry: A critical review. Food Chem. 2019, 272, 192-200. [CrossRef]

6. Chawla, K.; Parle, M.; Sharma, K.; Yadav, M. Beetroot: A health promoting functional food. Inventi Rapid Nutraceuticals 2016, 1,
0976-3872.

7. Kugler, F; Graneis, S.; Stintzing, F.C.; Carle, R. Studies on betaxanthin profiles of vegetables and fruits from the Chenopodiaceae
and Cactaceae. Z. Nat. C J. Biosci. 2007, 62, 311-318. [CrossRef]

8.  Stintzing, F.C.; Carle, R. Functional properties of anthocyanins and betalain in plants, food and in human nutrition. Trends Food
Sci. Technol. 2004, 15, 19-38. [CrossRef]

9. Lazar, S.; Constantin, O.E.; Stanciuc, N.; Aprodu, I.; Croitoru, C.; Rdpeanu, G. Optimization of betalain pigments extraction using
beetroot by-products as a valuable source. Inventions 2021, 6, 50. [CrossRef]

10. Kale, R.G.; Sawate, A.R.; Kshirsagar, R.B.; Patil, B.M.; Mane, R.P. Studies on evaluation of physical and chemical composition of
beetroot (Beta vulgaris L.). Int. ]. Chem. Stud. 2018, 6, 2977-2979.

11.  Sawicki, T.; Baczek, N.; Wiczkowski, W. Betalain profile, content and antioxidant capacity of red beetroot dependent on the
genotype and root part. J. Funct. Foods 2016, 27, 249-261. [CrossRef]

12.  Costa, A.P.D.; Hermes, V.S.; Rios, A.O.; Fléres, S.H. Minimally processed beetroot waste as an alternative source to obtain
functional ingredients. J. Food Sci. Technol. 2017, 54, 2050-2058. [CrossRef] [PubMed]

13. Sadh, PK; Duhan, S.; Duhan, ].S. Agro-industrial wastes and their utilization using solid state fermentation: A review. Bioresour.
Bioprocess. 2018, 5, 1. [CrossRef]

14. Deng, Q.; Penner, M.; Zhao, Y. Chemical composition of dietary fiber and polyphenols of five different genotypes of wine grape
pomace skins. Food Res. Int. 2011, 44, 2712-2720. [CrossRef]

15. Sagar, N.A.; Pareek, S.; Sharma, S.; Yahia, E.M.; Lobo, M.G. Fruit and vegetable waste: Bioactive compounds, their extraction, and
possible utilization. Compr. Rev. Food Sci. Food Saf. 2018, 17, 512-531. [CrossRef]

16. Lazar, S.; Constantin, O.E.; Horincar, G.; Andronoiu, D.G.; Stanciuc, N.; Muresan, C.; Rdpeanu, G. Beetroot by-product as a
functional ingredient for obtaining value-added mayonnaise. Processes 2022, 10, 227. [CrossRef]

17. El-Beltagi, H.S.; EI-Mogy, M.M.; Parmar, A.; Mansour, A.T.; Shalaby, T.A.; Ali, M.R. Phytochemical characterization and utilization

of dried red beetroot (Beta vulgaris) peel extract in maintaining the quality of Nile tilapia fish fillet. Antioxidants 2022, 11, 906.
[CrossRef]


http://doi.org/10.3390/nu7042801
http://doi.org/10.1016/j.foodchem.2018.03.143
http://www.ncbi.nlm.nih.gov/pubmed/29680057
http://doi.org/10.1016/j.foodchem.2018.08.022
http://doi.org/10.1515/znc-2007-5-601
http://doi.org/10.1016/j.tifs.2003.07.004
http://doi.org/10.3390/inventions6030050
http://doi.org/10.1016/j.jff.2016.09.004
http://doi.org/10.1007/s13197-017-2642-4
http://www.ncbi.nlm.nih.gov/pubmed/28720962
http://doi.org/10.1186/s40643-017-0187-z
http://doi.org/10.1016/j.foodres.2011.05.026
http://doi.org/10.1111/1541-4337.12330
http://doi.org/10.3390/pr10020227
http://doi.org/10.3390/antiox11050906

Agriculture 2022, 12, 1833 11 of 12

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Magbool, H.; Safeena, M.P.; Abubacker, Z.; Azhar, M.; Kumar, S. Effect of beetroot peel dip treatment on the quality preservation
of Deccan mahseer (Tor khudree) steaks during frozen storage (—18 °C). LWT 2021, 151, 112222. [CrossRef]

Seremet, D.; Durgo, K.; Joki¢, S.; Hudek, A.; Vojvodi¢ Cebin, A.; Mandura, A.; Jurasovi¢, J.; Komes, D. Valorization of banana
and red beetroot peels: Determination of basic macrocomponent composition, application of novel extraction methodology and
assessment of biological activity in vitro. Sustainability 2020, 12, 4539. [CrossRef]

Kujala, T.S.; Loponen, ].M.; Klika, K.D.; Pihlaja, K. Phenolics and betacyanins in red beetroot (Beta Vulgaris) root: Distribution and
effect of cold storage on the content of total phenolics and three individual compounds. J. Agric. Food Chem. 2000, 48, 5338-5342.
[CrossRef]

LST ISO 751: 2000; Fruit and Vegetable Products. Determination of Water—Insoluble Solids. Lithuanian Standards Board: Vilnius,
Lithuania, 2000; p. 9.

Latimer, G.W. Official Methods of Analysis of AOAC International, 20th ed.; Latimer, G.W., Jr., Ed.; AOAC International: Rockville,
MD, USA, 2016.

First Commission Directive of 15 June 1971 Establishing Community Methods of Analysis for the Official Control of Feeding-Stuffs
(71/250/EEC). p. 22. Available online: http://data.europa.eu/eli/dir/1971/250/2005-02-16 (accessed on 20 September 2022).
LST EN 15510:2017; Animal Feeding Stuffs: Methods of Sampling and Analysis—Determination of Calcium, Sodium, Phosphorus,
Magnesium, Potassium, Iron, Zinc, Copper, Manganese, Cobalt, Molybdenum and Lead by ICP-AES. Lithuanian Standards
Board: Vilnius, Lithuania, 2017; p. 29.

Tamilselvi, N.; Krishnamoorthy, P.; Dhamotharan, R.; Arumugam, P; Sagadevan, E. Analysis of total phenols, total tannins
and screening of phytocomponents in Indigofera aspalathoides (Shivanar Vembu) Vahl EX DC. J. Chem. Pharm. Res. 2012, 4,
3259-3262.

Tonutare, T.; Moor, U.; Szajdak, L. Strawberry anthocyanin determination by ph differential spectroscopic method—How to get
true results? Acta Sci. Pol. Hortorum. Cultus 2014, 13, 35-47.

Ravichandran, K.; Saw, N\M.M.T.; Mohdaly, A.A.A.; Gabr, AM.M,; Kastell, A.; Riedel, H.; Cai, Z.; Knorr, D.; Smetanska, I. Impact
of processing of red beet on betalain content and antioxidant activity. Food Res. Int. 2013, 50, 670-675. [CrossRef]
Yasaminshirazi, K.; Hartung, J.; Fleck, M.; Graeff-Hoenninger, S. Bioactive compounds and total sugar contents of different
open-pollinated beetroot genotypes grown organically. Molecules 2020, 25, 4884. [CrossRef] [PubMed]

Sloséar, M.; Kopta, T.; Hegedts, O.; Heged{isova, A.; Mezeyov4, L.; Timoracka, M.; Mezey, J. Yield parameters, antioxidant activity,
polyphenol and total soluble solids content of beetroot cultivars with different flesh colours. Folia Hortic. 2020, 32, 351-362.
[CrossRef]

Shuaibu, B.S.; Aremu, M.O.; Kalifa, U.J. Chemical composition and antioxidant activities of beetroot peel. Afr. J. Eng. Environ. Res.
2021, 2, 62-73.

Ekholm, P; Reinivuo, H.; Mattila, P.; Pakkala, H.; Koponen, J.; Happonen, A.; Hellstrom, J.; Ovaskainen, M.L. Changes in the
mineral and trace element contents of cereals, fruits and vegetables in Finland. J. Food Compos. Anal. 2007, 20, 487-495. [CrossRef]
Petek, M.; Herak Custi¢, M.; Toth, N; Slunjski, S.; Coga, L.; Pavlovi¢, I.; Karazija, T.; Lazarevi¢, B.; Cvetkovi¢, S. Nitrogen and
crude proteins in beetroot (Beta vulgaris var. conditiva) under different fertilization treatments. Not. Bot. Horti Agrobot. Cluj-Napoca
2012, 40, 215-219. [CrossRef]

Petek, M.; Toth, N.; Pecina, M.; KaraZija, T.; Lazarevi¢, B.; Pal¢i¢, I.; Veres, S.; Herak Custié¢, M. Beetroot mineral composition
affected by mineral and organic fertilization. PLoS ONE 2019, 14, e0221767. [CrossRef]

Niziot-Lukaszewska, Z.; Gaweda, M. Influence of cultivar on the content of selected minerals in red beet roots (Beta vulgaris L.).
Folia Hortic. 2016, 28, 143-150. [CrossRef]

EU Regulation no.1169/2011. EU Regulation of the European Parliament and of the Council of 25 October 2011 on the provision of
food information to consumers, amending Regulations (EC) No 1924/2006 and (EC) No 1925/2006 of the European Parliament
and of the Council, and repealing Commission Directive 87/250/EEC, Council Directive 90/496/EEC, Commission Directive
1999/10/EC, Directive 2000/13/EC of the European Parliament and of the Council, Commission Directives 2002/67/EC and
2008/5/EC and Commission Regulation (EC) No 608/2004. Off. |. Eur. Union 2011, 304, 18-63. Available online: https:/ /eur-lex.
europa.eu/legal-content/EN/TXT/PDF /?uri=CELEX:32011R1169&from=EN (accessed on 25 September 2022).

Szekely, D.; Furulyas, D.; Stéger-Maté, M. Investigation of Mineral and Vitamin C Contents in Different Parts of Beetroots (Beta
vulgaris L.). Not. Bot. Horti. Agrobo. 2019, 47, 615-620. [CrossRef]

Zhang, H.; Tsao, R. Dietary polyphenols, oxidative stress and antioxidant and anti-inflammatory effects. Curr. Opin. Food Sci.
2016, 8, 33-42. [CrossRef]

Ribas-Agusti, A.; Martin-Belloso, O.; Soliva-Fortuny, R.; Elez-Martinez, P. Food processing strategies to enhance phenolic
compounds bioaccessibility and bioavailability in plant-based foods. Crit. Rev. Food Sci. Nutr. 2018, 58, 2531-2548. [CrossRef]
Zin, M.M.; Alsobh, A.; Nath, A.; Csighy, A.; Banvolgyi, S. Concentrations of beetroot (Beta vulgaris L.) peel and flesh extracts by
reverse osmosis membrane. Appl. Sci. 2022, 12, 6360. [CrossRef]

Kujala, T.; Loponen, J.; Pihlaja, K. Betalain and Phenolics in Red Beetroot (Beta vulgaris) Peel Extracts: Extraction and Characterisa-
tion. Z. Naturforsch C . Biosci. 2001, 56, 343-348. [CrossRef]

Carrillo, C.; Wilches-Pérez, D.; Hallmann, E.; Kazimierczak, R.; Rembiatkowska, E. Organic versus conventional beetroot.
Bioactive compounds and antioxidant properties. LWT 2019, 116, 108552. [CrossRef]


http://doi.org/10.1016/j.lwt.2021.112222
http://doi.org/10.3390/su12114539
http://doi.org/10.1021/jf000523q
http://data.europa.eu/eli/dir/1971/250/2005-02-16
http://doi.org/10.1016/j.foodres.2011.07.002
http://doi.org/10.3390/molecules25214884
http://www.ncbi.nlm.nih.gov/pubmed/33105827
http://doi.org/10.2478/fhort-2020-0030
http://doi.org/10.1016/j.jfca.2007.02.007
http://doi.org/10.15835/nbha4027457
http://doi.org/10.1371/journal.pone.0221767
http://doi.org/10.1515/fhort-2016-0017
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32011R1169&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32011R1169&from=EN
http://doi.org/10.15835/nbha47311394
http://doi.org/10.1016/j.cofs.2016.02.002
http://doi.org/10.1080/10408398.2017.1331200
http://doi.org/10.3390/app12136360
http://doi.org/10.1515/znc-2001-5-604
http://doi.org/10.1016/j.lwt.2019.108552

Agriculture 2022, 12, 1833 12 of 12

42.

43.

44.

45.

46.

47.
48.

49.

Kavalcova, P; Bystrickd, J.; Tomas, J.; Karovi¢ov4, J.; Kovarovi¢, J.; Lenkova, M. The content of total polyphenols and antioxidant
activityin red beetroot. Potravinarstvo 2015, 9, 77-83. [CrossRef]

Kisiriko, M.; Anastasiadi, M.; Terry, L.A.; Yasri, A.; Beale, M.H.; Ward, J.L. Phenolics from medicinal and aromatic plants:
Characterisation and potential as biostimulants and bioprotectants. Molecules 2021, 26, 6343. [CrossRef]

Monica, J.; Neelakantan, V.; Seenappa, D. A Novel method of stabilization of anthocyanins using beetroot peel and red cabbage.
Int. J. Sci. Res. 2018, 8, 558-562. [CrossRef]

Kovarovig, J.; Bystricka, J.; Tomas, J.; Lenkova, M. The influence of genotype on the content of bioactive compounds in beetroot
(Beta vulgaris L.). Potravindrstvo Slovak . Food Sci. 2017, 11, 106-112. [CrossRef]

Guiné, R.PE; Gongalves, F; Lerat, C.; Idrissi, T.E.; Rodrigi, E.; Correia, PM.R.; Gongalves, ].C. Extraction of Phenolic Compounds
withAntioxidant Activity from Beetroot (Beta Vulgaris L.). Curr. Nutr. Food Sci. 2018, 14, 350-357. [CrossRef]

Strack, D.; Vogt, T.; Schliemann, W. Recent advances in betalain research. Phytochemistry 2003, 62, 247-269. [CrossRef]

Slatnar, A.; Stampar, F; Veberic, R.; Jakopic, ]. HPLC-MSn identification of betalain profile of different beetroot (Beta Vulgaris L.
Ssp. Vulgaris) parts and cultivars. ]. Food Sci. 2015, 80, 1952-1958. [CrossRef]

Baérta, J.; Bartova, V,; Sindelkova, T.; JaroSova, M.; Linhartovd, Z.; Mraz, J.; Bedrnicek, J.; Smetana, P; Samkova, E.; Laknerova, L.
Effect of boiling on colour, contents of betalains and total phenolics and on antioxidant activity of colourful powder derived from
six different beetroot (Beta vulgaris L. var. conditiva) cultivars. Pol. ]. Food Nutr. Sci. 2020, 70, 377-385. [CrossRef]


http://doi.org/10.5219/441
http://doi.org/10.3390/molecules26216343
http://doi.org/10.29322/IJSRP.8.5.2018.p7771
http://doi.org/10.5219/702
http://doi.org/10.2174/1573401313666170609102336
http://doi.org/10.1016/S0031-9422(02)00564-2
http://doi.org/10.1111/1750-3841.12977
http://doi.org/10.31883/pjfns/128613

	Introduction 
	Materials and Methods 
	Materials 
	Total Soluble Solids and Dry Matter Analysis 
	Sample Preparation for Fiber, Ash, Proteins, Total Sugars, Macro- and Micro-Elements Determination 
	Fiber, Ash, Proteins and Totals Sugars Analysis 
	Macro- and Microelement Analysis 

	Sample Preparation for Bioactive Compounds Determination 
	Total Phenolic Amount Analysis 
	Total Anthocyanins Amount Analysis 
	Betalains Analyses 

	Statistical and Multivariate Analysis 

	Results 
	Proximate Composition 
	Mineral Elements 
	Bioactive Compounds 
	Principal Component Analysis (PCA) 

	Conclusions 
	References

