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IMPACT OF DIFFERENT DRYING TREATMENTS ON THE BIOCHEMICAL
AND ANTIOXIDANT ACTIVITY PROPERTIES OF EGYPTIAN RED BEETROOT
Eman A. Shehatta, Salah H. Abo-Raya, Ahmed A. Baioumy*

Food Science Department, Faculty of Agriculture, Cairo University, Giza, Egypt

ABSTRACT

This paper aims to provide an overview of the main findings and conclusions of the research on freshly sliced Egyptian red
beetroot (Beta vulgaris). Beetroot belongs to the botanical family of Chenopodiaceae and encompasses various variations
with bulb hues that span the spectrum from yellow to crimson. It is known that the ethanolic extract from beet contains
many health-beneficial and bioactive chemicals, such as alkaloids, carotenoids, phenols, tannins, and flavonoids; it also con-
tains vitamins C, B3, B6, and B9. Hence, the beetroot extract exhibits both antioxidant and nutritional properties. The study
was conducted to investigate the effects of two different drying processes, oven-drying (OD) and freeze-drying (FD), on the
physicochemical qualities of betalain pigments and antioxidants. Overall, freeze-dried (FD) samples demonstrated superior
retention of beetroots proximate composition when compared to those dried in the oven. This was observed in terms of min-
erals and antioxidants, with freeze-drying resulting in higher levels of these components compared to oven drying. On the
other hand, reductions in some phenolic compounds were found in the samples treated with the freeze-drying method when
compared with the oven-drying method. It was proven that red beets have a lot of phenolic compounds, including kaempferol,
caffeic acid, vanillic acid, gallic acid, catechin acid, rutin, hesperidin, naringin, quercetin, and ferulic acid.
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eHono8blE cBekbl (Beta vulgaris). CBekJia OTHOCUTCS K 60TaHMYeckoMy cemeiicTBy Chenopodiaceae v BKio4aeT B ce6s pa3inuHble pas-
coeduHeHus, HOBMJIHOCTH C JIYKOBMYHBIMI OTTEHKaMM, KOTOpbIe OXBAThIBAIOT CIIEKTP OT YKEITOTO 10 MaJMHOBOTO. VI3BeCTHO, UTO 3TAHOJIO-
aHMuUoOKCUOaHmMHas BbIIi 9KCTPAKT CBEKJIbI COAEPKUT MHOTO ITOJIE3HBIX [IJIS1 3A,0POBbSI U OMOIOTMYECKM aKTUBHBIX BEIIIECTB, TAKMUX KaK aJIKaIOUIbI,
aKkmueHocms, KapOTMHOMIBI, HEHOJIBI, IyOUIbHbIE BelecTBa U (hriaBOHOMIbI; OH TakKe comepskuT Butamuusbl C, B3, B6 u B9. Takum o6pa-
CyONUMAayUoOHHAs 30M, 9KCTPAKT CBEKJ/IbI 06JIafaeT KaK aHTMOKCUIAHTHBIMM, TaK M MUTATEIbHBIMU CBOVICTBaMu. ViccienoBaHue 6bUIO TTPOBe-
cywka IIEHO C IeJIbI0 M3YUEHMS BIMSHMS IBYX PA3IMUHBIX IIPOLIECCOB CYIIKM — CYLIKM B yXoBoM Ikady (OD) u cy6nmumManmoHHO

cymiku (FD) — Ha GU3MKO-XMMUUECKME CBOJCTBA MUTMEHTOB GeTasiaiHa ¥ aHTMOKCUIAHTOB. B 11€710M, 00pasiibl CBEKIIBI,
MOJBEPTHYThIE CYOIMMaIMOHHOM cyiike (FD), MpofeMOHCTPUPOBAIN JTydlllee COXpaHeHMe VICXOLHOr0 COCTaBa 1o CpaBHe-
HMIO ¢ 06pa3liaMu, BHICYLIEHHBIMY B IyXOBKe. DTO GbIJIO OTMEUEHO B OTHOIIEHUM MUHEPAIOB ¥ aHTUOKCUIAHTOB, TIPU 3TOM
CcyGnMMalMOHHast CYIKa IIpuBesia K 60Jiee BhICOKOMY COEPsKaHMIO ITUX KOMIIOHEHTOB 10 CPaBHEHUIO C CYIIKOM B YXOBOM
mkady. C apyroit cTopoHsl, B 06pasiiax, 06paboTaHHBIX METOLOM CyGIMMAIMOHHO CYLIKY, 6bIII0 06GHAPY)KEHO CHIDKEHVE
cofiepskaHusl HEKOTOPBIX (DEHOJIbHBIX COeMHEHMII 10 CPABHEHMIO C METO[IOM CYILIKM B TIeu. BbUTo JoKa3aHo, YTO B KPacHOI
CBEKJIe COIePKUTCSI MHOTO (DeHObHBIX COeIMHEHMIA, B TOM umcie KeMidepos, KodeiiHas KMCI0Ta, BAHMIbHAS KUCTOTa, Taj-
JIOBast KMCJIOTa, KATEXMHOBASI KUCJIOTA, PYTUH, TeCTIePUIVH, HAPUHTUH, KBepLeTHH 1 dhepyaoBast KUCIOTa.

BJIATOOAPHOCTD: ABTOpBI BhIpaXKaloT ITy6OKYIO MPU3HATETbHOCTH Mpodeccopy mokropy Mone M. A6mens-Marug, npodeccopy Kadbeapsl mm-
IeBBIX HayK, CEJIbCKOXO03sI/ICTBEHHOTo (aKyibreTa Kanupckoro yHMBepCMUTeTa, 3a €e 3HAUUTeIbHbIe YCUIIMS UTIOAAEPKKY IIPY MTPOBEIEHUN ITOTO
MCCTIeIOBaHMSL.

1. Introduction the cold climate promotes the development of the vibrant red pigment

The Chenopodiaceae family consists of the red beetroot (Beta vulgaris)
[1]. The family Dicotyledonous and the genus Chenopodiaceae include ap-
proximately 1400 species that are classified into 105 genera [1]. The spe-
cies belonging to the genus Beta vulgaris include Beta vulgaris ssp. mari-
tima, Beta vulgaris ssp. vulgaris, and Beta vulgaris ssp. adanensis [2]. The
beetroot is an edible root of robust or tapered structure. The roots exhibit
a globular or cylindrical morphology and display a range of colors, includ-
ing red-purple, golden yellow, or red-white, which is contingent upon the
specific beet cultivar. Beets are readily available throughout the year, and
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in the beetroot. The harvesting period for beetroot in summer typical-
ly ranges from 75 to 90 days after planting, while in winter it extends
to 100 to 120 days after planting. The availability of nitrogen controls
the amount of beet sugar during the initial stages of development [3].
Beetroot has historically been used in traditional medicine for the treat-
ment of several ailments, such as dandruff, stomach and joint discomfort,
constipation, and other related conditions [4]. Recently, red beet extract
has been used as a pharmacological intervention for hypertension, in ad-
dition to its recognized properties as an antioxidant and hypoglycemic
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agent [5]. Root vegetables, namely beets, include a variety of essential
nutrients, including carotenoids, nitrates, flavonoids, vitamins, and min-
erals like calcium, magnesium, potassium, salt, phosphorus, copper, iron,
zinc, and manganese. Betalains refer to a class of plant pigments that
possess nitrogen and are capable of dissolving in water. The chemical
structures and compositions of two betalains, namely betacyanin (a red
pigment) and betaxanthin (a yellow pigment), have been ascertained.
Beetroot is a highly abundant source of betanin pigment, which serves
as a valuable component in dying various culinary products with visually
appealing red or yellow hues. The determination of beetroot types and
redness is contingent upon the proportion of betacyanin and betaxan-
thins, as established by [6]. According to [7] betaxanthin can be classified
into two distinct varieties, namely vulgaxanthin-I and vulgaxanthin-II.
The shell of beetroot was found to contain betacyanins, which include
betanin, prebetanin, isobetanin, and neobetanin [8]. Betanin, an active
component found in beetroot, comprises a significant proportion, rang-
ing from 75% to 95%, of the total betacyanin content. The synthesis of
betalain is initiated with the amino acid tyrosine.

There are a lot of phenolic compounds and phenolic acids in red
beetroot [9]. These include catechin and epicatechin, as well as vanillic,
p-coumaric, caffeic, protocatechuic, and ferulic acids. Previous studies
have demonstrated that betalains exhibit favorable bioavailability and
stability in the gastrointestinal tract, hence enhancing their potential as
functional foods [10]. Numerous studies have indicated that beetroot is a
significant source of phytochemicals that possess the ability to promote
overall well-being. The antioxidant, anti-inflammatory, anticarcinogenic,
and hepatoprotective properties of beetroot polyphenols, carotenoids,
and vitamins contribute to the prevention of diabetes, reduction of blood
pressure, mitigation of heart disease, and promotion of wound healing.
Consequently, the inclusion of beetroot as an ingredient in many food
products has been found to provide positive effects on human health, and
it offers the potential for creating a wide range of nutritious food [11].
Using the red beetroot in human nutrition encompasses various applica-
tions. The use of this substance as a red food colorant is prevalent across
a diverse range of applications, including tomato paste, sauces, sweets,
jams and jellies, ice cream, candies, and cereals [12,13]. Additionally, it
is added in dehydrated formats such as chips, tea, and powder in baker-
ies, as well as in food supplements and other related products. Numerous
studies have shown that beetroot is a significant source of phytochemi-
cals that possess the ability to promote overall well-being. The antioxi-
dant, anti-inflammatory, anticarcinogenic, and hepatoprotective proper-
ties of beetroot polyphenols, carotenoids, and vitamins contribute to the
prevention of diabetes, reduction of blood pressure, mitigation of heart
disease, and promotion of wound healing. Consequently, the inclusion
of beetroot as an ingredient in many food products has been found to
provide positive effects on human health, and it offers the potential for
creating a wide range of nutritious food [11].

The study’s goal was to find out how different drying methods, such
as oven-drying and freeze-drying, affect the physicochemical properties,
antioxidant activity, and composition of phenolic and betalains com-
pounds in beetroot that has been dried. The present study investigated
the chemical composition and bioactive antioxidant properties of beta-
lains in red beetroots. Additionally, the extraction and identification of
phenolic compounds and flavonoids in beetroots were examined. Fur-
thermore, the impact of thermal procedures on the antioxidant activity
of red beetroots was assessed.

2. Objects and methods

2.1. Chemicals and reagents

(1) Sigma Aldrich, Germany, that supplied the DPPH (2, 2- diphenyl-1-pic-
rylhydrazyl).

(2) El-Nasr Pharmaceutical Chemical Co., Egypt, that supplied ethanol al-
cohol 50%.

(3) Sigma-Aldrich Chemie provided the Folin-Ciocalteu reagents (Stein-
heim, Germany). All of the used reagents were of analytical grade.

2.2. Plant materials

The botanical sample used in the study was Beta vulgaris, commonly
referred to as fresh beetroot or red beet. The product was cultivated in
Egypt and subsequently purchased from a nearby marketplace. The red
beets underwent a cleaning process with the running tap water and were
thereafter sliced.

2.3. Preparation of fresh beetroots

A 30-kilogram batch of entire red beetroot was used for the experi-
ment. A representative amount was taken from this batch to evaluate its
composition. Subsequently, the newly harvested beetroot roots were split

into two parts. One part was subjected to lyophilization, while the other
was dried in an oven. The samples obtained were then crushed and stored
at 20 °C until they were analyzed [14].

2.4. Drying process
2.4.1. Oven-drying

The drying method in an oven is utilized for a broad range of hor-
ticulture products, such as pumpkin, red beetroot, marrow squash, and
onion, among others. In this study, the beetroot samples were dried in
a convection air dryer (SHEL LAB, USA) for 390 minutes at 60°C using
natural convection. The drying process was carried out according to the
described method in [15].

2.4.2. Freeze-drying

Initially, beetroot slices were subjected to a temperature of —20 °C for
12 hours before being placed in a freeze dryer. The freeze-drying pro-
cedure lasted for 48 hours using a vacuum freeze-dryer Advantage Plus
(Virtis, Gardiner, NY, USA). The condenser temperature was set at —60 °C,
and the vacuum pressure inside the dryer was 0.027 kPa. After complet-
ing the drying process, all samples were pulverized using an IKA A-11
analytical mill (Wilmington, USA) and then sifted through a No. 35-mesh
sieve with a size of 500 pm (U. S. Standard Sieve Series, Dual Manufactur-
ing Co., Illinois, USA). The powdered samples were hermetically packed
in vacuum bags and kept at a temperature of 4 °C until they were ready
for further analysis [16].

2.5. Chemical composition of raw beetroot

The chemical composition content was assessed using the methods
recommended by AOAC [17], and carbohydrate was calculated by the dif-
ference.

2.6. Mineral content determination

The mineral composition of dried beetroot was analyzed using induc-
tively coupled plasma-mass spectrometry (ICP-MS) (Agilent 7500, USA).
A dried beetroot sample weighing 0.5 g was subjected to extraction in a
heated digester using a mixture of 10 ml of 69% HNO?3 and concentrated
HCl in a 3:1 volume-to-volume ratio (DK 20, VELP Scientifica, Milan, Ita-
ly). The extract (DISMIC-25HP, Advantec, Tokyo, Japan) was filtered using
0.2 ml PTFE syringe filters. The reference materials obtained certification
from Merck, a company based in Germany[18,19].

2.7. Extraction Techniques of Betalain

Betalains are a group of water-soluble compounds that include nitro-
gen and consist of over 55 ammonium derivatives of the chromophore be-
talamic acid. The experiment was conducted the methodology provided
by [20,21], with the subsequent alterations: A total of 1 gram of each de-
hydrated substance was dissolved in 10 milliliters of an ethanol solution
containing 50% ethanol. The solution was agitated at a speed of 800 rpm
for 10 minutes, followed by centrifugation at a speed of 6,000 rpm for
10 minutes. To obtain the highest concentration of betalains, the liquid
portion was collected in two portions using centrifugal force.

2.8. Betalain content

The quantification of betalain content was performed using a modi-
fied methodology as described in reference [22]. The homogenizer was
employed to homogenize individual samples, each weighing 50 grams, in
150 milliliters of distilled water for 1 minute. The mixture was moved to a
volumetric flask and strained through a glass funnel using Whatman No.
1 filter paper. The filter cake was rinsed with distilled water until the fil-
trate became devoid of color. The sample was thereafter subjected to cen-
trifugation at a speed of 10,000 rpm using (Sigma 3K30, United Kingdom)
for 15 minutes. A membrane filter with a diameter of 0.45 millimeters was
used to separate the supernatant. The extracts were further diluted with
a phosphate buffer solution (0.05 M, pH 6.5) until the absorbance reached
a range of 0.4-0.5 AU. Ultimately, the process of betalain absorption was
quantified by employing (T80 UV-VIS Spectrophotometer (PG Instru-
ments, United Kingdom), which evaluated the absorption at two specific
wavelengths (476 and 538 nm) [23].

2.9. Total phenolics determination

The quantification of total phenols was performed by combining
0.5 mL of an extract with 2.5 mL of a 10% folin-reagent of Ciocalteu’s so-
lution, followed by incubation at room temperature for 2 minutes. Next,
the combination is subjected to the addition of 2 mL of sodium carbon-
ate solution with a concentration of 7.5%. The resulting mixture is then
maintained at a temperature of 50 °C for 15 minutes. The solution was
cooled to room temperature before measuring its absorbance at 760 nm
using a T80 UV-VIS Spectrophotometer (PG Instruments, United King-
dom), with distilled water as a reference sample. Gallic acid was used as
a reference standard, and the results were calculated as the average of
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three measurements expressed in milligrams of gallic acid equivalent
(GAE) per milliliter of the extract [24].

2.10. Antioxidant capacity assay

The free radical scavenging activity was determined using a 2,2-di-
phenyl-1-picrylhydrazyl (DPPH) assay. In this test, the violet color of
DPPH was diminished to a faint yellow shade as a result of the extraction
of a hydrogen atom from the antioxidant molecule. An observation was
made that enhancing the antioxidant activity resulted in a decrease in
DPPH. The test reaction mixture consisted of 100 microliters of beetroot
extract obtained from independent solvent extractions at different con-
centrations, which were prepared by diluting the extract with the extrac-
tion solvent. Additionally, 1 milliliter of a 0.1 millimolar solution of DPPH
radical in methanol was added. Following intense agitation, the mixture
was subjected to incubation at a temperature of 37 °C for 30 minutes. The
absorbance was measured at a wavelength of 517 nm (Jenway 6305 Spec-
trophotometer, United Kingdom). As a means of comparison, ascorbic
acid was used as a positive control reference. The free radical scavenging
activity is inversely proportional to the absorbance of the reaction mix-
ture, as expressed by the following equation:

k!

DPPH scavenging activity (%) =100 x OT
0
where A and A are the control and sample absorbance, respectively.

The findings are shown as the average of three replicate analyses, with
the major values and standard deviations provided [25].

2.11. High-performance liquid chromatography (HPLC) analysis

of phenolic acid and flavonoids in red beetroot

20 ml of a 2.0 M NaOH solution was added to 1 g of red beetroot in
a quick-fit conical flask. Nitrogen gas (N2) was used to purge the flask,
and the cork was subsequently reinserted. The material was subjected to
magnetic stirring for four hours at ambient temperatures. The pH of the
solution was subsequently modified to 2.0 by adding 6.0 M HCI. The mix-
ture was subjected to centrifugation at a speed of 5000 rpm for 10 minutes,
resulting in the recovery of the supernatant. The liquid component was
extracted two times using 50 mL of a mixture consisting of equal parts
of ethyl ether and ethyl acetate. The recovered solvents in the organic
phases were evaporated completely at a temperature of 45 °C, resulting
in a dry residue. This residue was then diluted again in 2 mL of metha-
nol. An Agilent Technologies 1100 series liquid chromatography system
with an autosampler and a diode array detector was used for the HPLC
analysis. A Phenomenex Eclipse XDB-C18 analytical column of 150 mm
in length and 4.6 mm in diameter, with a C18 guard column, was used
in the experiment conducted in Torrance, CA. The mobile phase con-
sisted of acetonitrile (solvent A) and a solution of 2% acetic acid in water
(v/v) (solvent B) [26]. The flow rate was maintained at 0.8 ml/min dur-
ing the whole 70-minute run, and the gradient program was as follows:
the concentration of B decreases from 100% to 85% in 30 minutes, then
from 85% to 50% in 20 minutes, then from 50% to 0% in 5 minutes, and
finally increases from 0% to 100% in 5 minutes. The injection had a vol-
ume of 50 pl. The peaks corresponding to benzoic acid and cinnamic acid
derivatives were simultaneously detected at the wavelengths of 280 nm
and 320 nm, respectively. Before injection, all samples underwent filtra-
tion using a 0.45 ml Acrodisc syringe filter (Gelman Laboratory, MI). The
retention times of the peaks were compared to those of standards and UV
spectra [26].

2.11. Statistical analysis.

All results were expressed as mean values+standard deviation (SD),
and values are mean three replicate analyses. Comparisons were per-
formed by analysis of variance (ANOVA). Statistical analyses were run
using SAS software.

3. Results and discussion

3.1. Chemical properties and mineral composition of beetroot

The data about the chemical and mineral compositions, including the
content of moisture, ether extract, ash, protein, crude fiber, and carbohy-
drate (calculated by difference), were analyzed and the findings are pre-
sented in Table 1 and Table 2.

Multiple studies indicate that the nutritional composition of fresh
beetroots is affected by factors such as the variety of beetroot as well as
the conditions in which it is grown and harvested [27]. Beetroot possesses
a significant nutritional benefit due to its elevated sugar concentration
[11]. According to the statistics from the United States Department of Ag-
riculture, 100 g of raw beetroot has an average of 43 kcal of energy, 2.8 g
of dietary fiber, 1.61 g of protein, 6.76 g of sugar, and 0.17 g of fat. Red

beetroot can be consumed as a fresh vegetable or processed into frozen or
dried food. Red beetroot possesses significant potential for utilization as
a bio-functional meal with substantial added value [28]. The data shown
in Table 1 indicates that beetroots are a valuable source of both carbs
and protein. Due to its minimal fat content and complete absence of cho-
lesterol, it leads to reduced consumption of calories. This is a key fac-
tor contributing to its suitability for inclusion in a weight-loss regimen.
The body efficiently turns the easily metabolizable sugar content of this
food into energy, regardless of its relatively high carbohydrate and sugar
content. For athletes, it is advantageous to have a high sucrose content
and low fructose concentration in their diet, as sucrose is more useful for
them than fructose [29].

Table 1. Proximate chemical composition of fresh red beetroot
Ta6nuua 1. [Ipu6IU3UTeIbHBI XMMIUYECKUIi COCTaB CBeXeil KPaCHO CBEKJIbI

Chemical composition (g/100 g)
Moisture 84.95+0.09
Ether extract 1.63+0.03
Ash 1.49+0.05
Crude fiber 2.50£0.08
Crude protein 1.49+0.04
Carbohydrate 7.94

Values are mean* SD of three replicate analyses.

The mineral composition of the dehydrated beetroot was analyzed us-
ing inductively coupled plasma-mass spectrometry (ICP-MS). The data is
displayed in Table 2.

Table 2. Mineral content of red beetroot treated with different
drying methods
Tabnuia 2. MuHepaJIbHBI COCTaB KPACHO CBEKJ/IbI, BHICYIIEHHOM
Pa3IMYHBIMY CIIOCOO0aMM

mg/g (DW)

Element Oven-dried Freeze-dried
Na 95.631+0.005° 138.623+0.017°
K 40.327+0.015° 54.672+0.009°
Mg 10.889+0.016" 13.388+0.015°
In 0.293+0.005" 2.815+0.0112
B 0.014+0.005* 0.014£0.0042
Li 0.004+0.001° 0.013£0.001°
Al 0.367%0.001° 0.869+0.0022
Ca 0.479+0.002° 0.539+0.001°
Ti 0.036+0.002° 0.034+0.003"
Cr 0.022+0.002° 0.067£0.005%
Mn 0.045+0.001° 0.072+0.005°
Fe 0.090+0.001° 0.102£0.0022
Co 0.003+0.001° 0.020£0.001#
N 0.003+0.001° 0.008+0.001°
Cu 0.078+0.001° 0.112+0.002?
Zn 0.093+0.001° 0.084+0.003°
Ga 0.019+0.001° 0.078+0.0022
Sr 0.142+0.002° 0.180+0.004°
Ag 0.037+0.001° 0.020+0.001°
Cd 0.001+0.0012 0.004+0.002°
Ba 0.010+0.002° 0.024£0.003*
Pb 0.031+0.002° 0.097£0.004°
Bi 0.124+0.001° 0.778+0.003*

*Values are mean = SD of three replicate analyses, the letters (a, and b) represent

the statistically significant differences between treatments (p<0.05).

The current study is among the limited number of research publica-
tions investigating the mineral composition of freeze-dried and oven-
dried beetroot powder. Table 2 displays the mineral composition (alumi-
num, calcium, iron, potassium, magnesium, sodium, lithium, zinc, lead,
chromium, boron, and copper) of all red beetroot samples obtained using
the chemical reference technique of ICP-MS. The freeze-dried and oven-
dried powder contained significant amounts of nutritional components
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such as sodium (Na), potassium (K), magnesium (Mg), and indium (In).
The concentrations of these components amounted to 138.6, 54.67, 13.38,
and 2.8 mg/g (dry weight) for the freeze-dried powder and 95.6, 40.3,
10.89, and 0.293 mg/g (dry weight) for the oven-dried powder respec-
tively. The range of amounts of these four elements aligned with the ref-
erence value provided by the AIJN (Association of the Industry of Juices
and Nectars) from the Fruits and Vegetables of the European Union [30].
Copper (Cu) and other harmful metals such as manganese (Mn), lead (Pb),
and chromium (Cr) were detected in very small quantities (0.112, 0.072,
0.097, and 0.067 mg/g (DW), respectively) and (0.078, 0.045, 0.031, and
0.022 mg/g (DW), respectively). This indicates that red beetroot is safe
for human consumption and that the levels of these metals are within the
acceptable limit and do not pose a health risk [30].

3.2. Betalain content

The primary pigments found in beetroot are called betalains, and they
are found in extremely high concentrations (greater than 99.0%) [31].
Data presented in Figure 1 illustrates the samples that were prepared by
the freeze-drying method were found to have the highest concentration
of betacyanin pigments in the current research.

Analysis of betalains content (mg/g d.m.)

60

49,3
50

40
30
20
10

. ]

Freeze-dried Oven dried
® Betalains (Betaxanthins) = Betalains (Betacyanins)
Figure 1. Effect of the oven and freeze-drying process

on betalain content of red beetroot
PucyHOK 1. BausiHMe CymIKM B JyX0BOM mKady ¥ CyoIMManyiOHHOM
CYIIKM Ha copepikaHue GeTanayHa B KPACHOI CBeK/Ie

4,63

It is important to mention that the use of a temperature of 60 °C led to
a decrease in the stability of betalain pigments. Compared to the freeze-
dried samples, the betaxathin and betacyanin contents decreased by
83.22% and 88.09%, respectively. Three key factors could explain this de-
cline: at a temperature of 60 °C, the presence of a relatively high amount
of water in a dried sample can speed up the breakdown of betalains [27].
It has also been observed that freeze-drying can stop the activity of en-
dogenous enzymes like glucosidase (BGL), polyphenol oxidases (PPO),
and peroxidases (POX), and this can happen at both low and slightly
high temperatures. However, these enzymes would remain functional
at temperatures around 60 °C, thus leading to a significant increase in
the degradation of betalain pigments [5,30]. Subjecting these pigments
to prolonged heating at 60 °C (for 390 minutes) can cause their degrada-
tion when betacyanins convert into decarboxylated forms, leading to al-
terations in the hue of the product [14,23]. The levels of betalain pigment
obtained in this experiment fell within the previously reported ranges
[15,27,31].

3.3. Effect of oven-dryinl,5g and freeze-drying on total phenolic content
and antioxidant capacity of red beetroot

Red beetroot’s antioxidant properties. The impact of antioxidants on
the scavenging of DPPH radicals was believed to stem from their capacity
to donate hydrogen. DPPH is a persistent radical that can easily accept an
electron or a hydrogen radical. This makes a stable diamagnetic molecule.
We checked how well DPPH radicals could be reduced by looking at the
drop in absorbance at 517 nm that antioxidants caused. The discoloration
is visually visible, transitioning from purple to yellow. Additionally, phe-
nolic compounds found in red beet have been shown to lower lipid oxida-
tive damage, boost antioxidant status in humans, remove free radicals,
reduce inflammation, fight cancer, and lower the risk of chronic diseases
like cancer and heart disease [36]. For another thing, phenolic compounds
are great antioxidants because of their redox potential, which lets them
work as reducing agents, hydrogen donors, metal chelators, and singlet
oxygen quenchers. The data in Table 3 illustrates the effect of oven-
drying and freeze-drying on the total phenolic content and antioxidant
capacity of the beetroot.

Table 3. Effect of oven-drying and freeze-drying on total phenolic
content and antioxidant capacity of red beetroot
Tabnuua 3. BaussHue cymku B fyXoBoM mKady v cy6aMmManyioHHOM
CYIIKM Ha oﬁmee cogep>xaHnue qJeHOJIOB ¥ AaHTUOKCHUIAHTHBIE
CBOMCTBA KPpaCHOM CBEKJIbI

Drying methods
Oven-drying Freeze-drying
Total phenolic acid mg/100 g dried sample ~ 1.40%0.02° 2.19+0.01¢
Antioxidant activity DPPH% 62.89+0.22° 69.05%0.43°

*Values are mean = SD of three replicate analyses, the letters (a, and b) represent
the statistically significant differences between treatments (p <0.05).

Beetroot has several phenolic compounds that provide significant an-
tioxidant properties. This analysis revealed the presence of betalain ex-
tracts with total phenolic content (TPC) and antioxidant properties. The
freeze-dried beetroot features the highest total phenolic content (TPC).
The oven-dried samples at 60°C exhibited reduced levels of phenolic
compounds, which contrasted with the results reported in [16]. Under
these conditions, the TPC loss could be attributed to a range of reasons.
Initially, exposure to the temperature of 60 °C for 390 minutes led to a de-
crease in TPC. It is worth noting that the DPPH result was identical to
that stated in the referenced work [16].

3.4. The impact of oven-drying and freeze-drying on the overall

phenolic content of red beetroot was assessed using

high-performance liquid chromatography (HPLC)

Samples were put through an HPLC-DAD analysis to get a better rep-
resentation of the specific phenolic compounds that were found in the
betalain extracts. However, the data obtained from this analysis only
provided identification of these compounds. Another extraction was per-
formed using 50% ethanol to quantify the phenolic components in the
samples. The summary results can be found in Table 4. Within this ex-
cerpt, a total of seventeen phenolic compounds were both qualitatively
and quantitatively detected. Notably, pyrogallol emerged as the predomi-
nant phenol found in dehydrated beetroot.

Table 4. The impact of oven-drying and freeze-drying
on the overall phenolic content of red beetroot assessed using
high-performance liquid chromatography (HPLC)
Ta6nuua 4. BiussHMe CyIIKY B JyXOBOM MIKady U CyGIMManiOHHOM CYIIKYU
Ha ob1ee copepkaHye ¢GeHOIOB B KPACHOJI CBeK/Ie, ONpee/IeHHOe
C IOMOIIBIO BEICOK03(dEKTUBHOI XUAKOCTHOI XpomaTtorpadum (BIXKX)

Total phenolics Drying process

(mg/100 g) Oven-dried Freeze-dried
Pyrogallol 37.79+0.04* 16.26+0.06"
Catechein 6.45+0.022 2.36=0.01°
Protocatchoic 1.45+0.01° 4.89+0.02?
Catechol 4.61+0.03° 2.63%0.01°
chlorogenic 3.69+0.05* 0.39+0.01°
P-OH- benzoic 1.27+0.02° 3.37%0.04*
Benzoic 1.73+0.022 1.12+0.01°
Gallic 1.26%0.022 1.05+0.01°
4-aminobenzoic 0.62%0.01# 0.26+0.02°
Caffeic 0.54%0.012 0.29+0.01°
Vanillic 0.97+0.022 0.38+0.01°
P-coumaric 0.28+0.03° 0.22+0.06°
Ferulic 0.15%0.03? 0.18+0.02¢
Iso-ferulic 0.26+0.01° 0.36+0.01¢
a-coumaric 0.19+0.03° 0.22+0.02°
Coumarin 0.17+0.01° 0.92+0.022
3,4,5-methoxy-cinnamic 0.72+0.022 0.61+0.01°

*Values are mean = SD of three replicate analyses, the letters (a, and b) represent
the statistically significant differences between treatments (p<0.05).

Table 4 illustrates the impact of processing methods on the content of
phenolic acids in red beetroot. Uniform HPLC patterns of phenolic acid
were observed in all processed samples, with varying amounts based on
the method of treatment. Based on the information in the table, pyrogal-
lol was the most common ingredient. Following it were catechin, protoca-
tchoic, catechol, chlorogenic, P-OH-benzoic, benzoic, and gallic. Ferulic
acid, vanillic acid, caffeic acid, coumarin, coumaric acids, and 4-amino-
benzoic acid were detected in low concentrations. Beetroot exhibited
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higher levels of phenolic acid in the oven-dried samples compared to the
freeze-dried samples, as the drying process appears to induce the degra-
dation of these compounds. Prior studies have shown significant reduc-
tions in phenolic compounds in the samples treated with the freeze-dry-
ing method. The authors hypothesized that the lyophilization-induced
reduction in phenolics might be primarily due to structural damage to the
sample cells caused by the formation of ice crystals, which could acceler-
ate the oxidation of these chemicals [32,33,34].

The impact of oven-drying and freeze-drying on the flavonoid content
of red beetroot was analyzed using high-performance liquid chromatog-
raphy (HPLC). Data is presented in Table 5.

As an additional point of interest, the ethanolic extract of red beet-
root contains a variety of flavonoid components, the most prevalent of
which is hesperidin. Following this are naringin, rutin, rosmarinic acid,
naringenin, quercetin, and apigenin. Nevertheless, traces of kaempferol,
hesperetin, and quercetin were discovered in the sample. The results
published in [32,35,36] were comparable. The fact that the freeze-dried
samples had higher quantities of hesperidin and naringin than the dried
powder in the oven suggests that the prolonged exposure to heat at those
vacuum temperatures may have caused damage to the beets’ cellular
structure [35,36].

4. Conclusion

Based on the research that was done and the information that was
collected, the different ways of drying red beetroot, like oven-drying
and freeze-drying, change its physicochemical properties, antioxidant
activity, and the composition of phenolic and betalains compounds. Ad-
ditionally, it is clear from this that the red beetroot (Beta vulgaris) has
the potential to significantly increase the amount of nutrients consumed
by both people and animals, regardless of its form. It is recommended
to use the beetroot as a source of nutrients to supplement other signifi-
cant sources of nutrients. Consuming vegetables throughout the year is

Table 5. Impact of oven-drying and freeze-drying
on the flavonoid content of red beetroot using high-performance
liquid chromatography (HPLC)
Ta6nuia 5. BiussHue 1eyHoi B JyX0BOM mKady ¥ cy6IMMaliOHHOI CYIIKMU
Ha cofiep)kaHMe ()IaBOHOMAOB B KPAaCHOJ CBeKJIe, ONpeneeHHOe NPy
noMouy BbicOK03(dGeKTUBHOI JXUAKOCTHOI XxpoMmaTorpaduu (BIXKX)

Flavonoids Drying process
(mg/100 g) Oven-dried Freeze-dried
Hesperidin 39.81+0.01° 48.47+0.03°
Naringin 1.45+0.01° 1.61+0.012
Rosmarinic 0.32+0.01° 0.72+0.02°
Naringenin 0.27+0.012 0.17+0.01°
Quercetrin 0.04+0.01° 0.13%£0.012
Quercetin 0.18+0.012 0.17+0.012
Hesperetin 0.03+0.012 0.02+0.012
Kaempferol 0.01£0.01° 0.01£0.01°
Apigenin 0.15%0.01° 0.01£0.01°
Rutin 1.01+0.01° ND

*Values are mean = SD of three replicate analyses, the letters (a, and b) represent
the statistically significant differences between treatments (p<0.05).

recommended since they are becoming an increasingly significant com-
ponent of the human diet. As a result of its low-fat content, B. vulgaris is
advised for people who are obese or diabetic because it does not include
a significant amount of carbohydrates compared to other foods. Due to
the fact that it contains a substantial amount of minerals, it is recom-
mended to consume beetroot in order to supplement the daily needs laid
forth by the FAO and the WHO for sodium, potassium, and magnesium,
respectively.
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