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Abstract

Red Beet, Beta vulgaris L., is a plant known since ancient times for its
nutritional and therapeutic properties. The development of beet cultivation has
been linked to the discovery of the possibility of extracting sugar from its roots.
Studies on its analytical composition have highlighted the richness in micro and
macromutrients and currently red beet is highly appreciated both in the food
and pharmacological fields. It contains many pigments, including betadine and
betalains which, in addition to being used as natural dyes in many industrial
sectors, are used as supplements for their medicinal properties, without
presenting any toxicity or addictive phenomena and being able to be used even
for a long time.
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Introduction

Red Beet is a plant belonging to the Chenopodiacee family,
of which many varieties are known: vegetable, fodder, sugar beet,
which differ from each other mainly in the shape and color of the
root. The currently known species, Beta vulgaris L. was obtained by
cultural improvement of the wild variety, Beta maritima, known since
ancient times and used in all its parts both as food and for medicinal
properties. Originally from northern Africa, wild beet was already
known to the Assyrians and Babylonians; in Greece and Aristotle and
his disciples describe the different varieties of beet, known at that time
by classifying them according to color.

Among the Romans it was used as food and for its medicinal
properties, in particular the roots were used mainly for the curative
broth, to treat fever and other ailments. Its diffusion in France and in
Spain was favored by the cultivation of beetroot in the monasteries,
but the greatest consumption in Europe is strictly connected to the
possibility of extracting sugar from the roots. In 1747, in fact, the
Prussian chemist Andreas Sigismund Marggraf began to produce
sugar commercially and opened the first factory in 1801 in Cunern,
Poland.

Many varieties of this vegetable are known: table beet, Beta
vulgaris red variety, forage beet , Beta vulgaris crassa variety or the
red mammouth; garden beet, Beta vulgaris var cruenta; rib beet, Beta
vulgaris var cicla, sugar beet, Beta vulgaris var saccarifera. The latter
is a Mediterranean plant that has been intensively cultivated in Italy
since the end of the eighteenth century, especially in the Po Valley
and in the provinces of Ferrara and Rovigo, where most of the sugar
beet factories are located.

Table Beet, Beta vulgaris rubra variety (Red Beet) is a biennial
herbaceous plant with stems that can reach 1-2 m in height, with
heart-shaped leaves 5-20 cm long, green with reddish streaks and
globular roots, round or elongated of an intense purple-red color,
with a light and sweet taste, which are included in many recipes

and are an excellent base for centrifuged. The Red Beet is harvested
between August and February and the roots are mainly consumed;
the leaves are also used as a food being very rich in vitamins.

Chemical composition

Red Beet is a low-calorie vegetable 19Kcal/100g and has a
very complex composition. Its main components are: Water 91%
Carbohydrates (sucrose) 4%; Protein 1.10%; Total fiber 2.60%;
Minerals: Sodium 84mg; Potassium 300mg; Iron 0.40mg; Calcium
20mg; Phosphorus 21mg; Magnesium 23mg; Zinc 0.4mg; Selenium
0.7mcg; Nitrates 400-600 mg; Folic acid 109 mcg; Biotin 10.5 mcg;
Vitamins: C=7mg; B1=0.03 mg; B2=0.02 mg; B3=0,20mg; A=33 IU;
Amino acids: aspartic acid, glutamic acid, arginine, alanine, cystine,
glycine, phenylalanine, histidin, isoleucine, leucine, lysine, proline,
methionine, serine, tyrosine, tryptophan, valine and threonine;
Flavonoids: Quercetin, Myricetin, Rutin and kaempferol; a bicyclic
alcohol, Geosmin; Pigments.

The purplish red of the Red Beet is a natural dye formed by
different pigments belonging to the class of Betalains, substances
indole derived, which have as a precursor Betalamic acid and are
characteristic of the Caryophyllate plants. To these belong the
Betacyanins, red purple pigments, whose main component is Betanin,
others are: isobetanin, probetanin and neobetanin; Betaxanthins,
yellow-orange pigments which in plants include vulgaxanthin,
miraxanthin, portulaxanthin and indicaxanthin; other of Betalains
degradation products are light brown .

Betalains are water-soluble pigments found in the vacuoles of
plant cells in the form of glucosides. Betalains extracted from beetroot
are made up of about 90% of Betacyanine and are used by the food
industry as a colorant E162, which being harmless to humans, can
be present in various pastry products, in fruit jellies, in gum chew, in
sauces and condiments, in packaged ice cream and popsicles [1,2].

Betalamic acid is the chromophore common to all betalainic
pigments and the nature of the residue added to it determines
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its classification in Betacyanin or Betaxantin; Betanin glucoside
(betanidine-5-O-B-glucoside) is the main component of Betacyanin
(Figure 1, Figure 2) [3,4].

Betalains are substances very sensitive to various factors: pH,
temperature, light, oxygen, water activity, presence of metal ions,
enzymes, which lead to a degradation process of these substances, the
most evident manifestation of which is the fading of the color [5-10].

Few studies are present in the literature regarding the change
in the properties of Betalains when are added to foods to improve
appearance. Following interaction with the food matrix, in fact,
pigments can change their color and adversely affect the final
appearance of the food: the food matrix can act positively as a color
stabilizer, but it can also exert a negative action if the color it is altered
following browning caused by enzymatic reactions or other factors.
It is very important to know the composition of the food and the
stability conditions of the pigments to obtain a satisfactory result. The
pH value of four was determined to stabilize the color and allow the
use of red beet juice as a natural coloring agent in foods with a low
acid content such as meat and dairy products, to extend the storage
time [11-14]. The addition of beetroot extracts to mayonnaise also
showed a greater inhibitory effect on lipid oxidation than synthetic
antioxidants [15,16] Conservation at low temperatures is necessary
to maintain the characteristics of the food and its coloring over time.

Instability to heat and neutral pH favors the degradation of
Betalains which, forming brown pigments, cannot be used to color
cakes or baked goods. Temperature is another factor influencing
the decomposition of these substances and it has been noted, for
the purpose of food preservation, that it is preferable not only a
pasteurization process at low temperatures instead of sterilization,
but also storing the products in place fresh to allow color regeneration
of betacyanin after thermal exposure [17].

A food attracts the attention of consumers both for its appearance
and for its taste. Red Beet is a very pleasant vegetable with a sweetish
taste that lends itself well to various preparations: it can be eaten raw;
grated and seasoned with only lemon juice; boiled, cooked in the oven,

fried in a pan; mixed with other ingredients for the preparation of
soups and vegetable soups. Geosmin, a volatile terpenoid substance,
commonly produced by many soil microorganisms, is responsible
for the earthy, not always welcome, taste of Red Beet. Despite many
studies, there is still no certainty on the origin of the presence of this
substance: it is not known, in fact, whether Geosmin is a by-product
of beet metabolism or rather it is synthesized by the cyanobacteria
present in the soil and absorbed by beets during maturation [18-20].
For sensorial delicate foods some methods have been proposed to best
remove this odor, such as a membrane process or a simple distillative
removal during the concentration of the juice [21-24].

For its complex chemical composition, Red Beet has been
attributed dietary and health-giving properties, already known
in traditional medicine, which have been supported by modern
analytical techniques; in particular, Betalains have shown remarkable
antioxidant, anti-inflammatory and anticancer properties.

Pharmacological activity

Red Beet for its composition in mineral salts, vitamins, trace
elements can be considered a natural tonic that intervenes favorably
against fatigue, lack of appetite and anemia, revitalizing red blood
cells and increasing the level of iron in the blood. It is also very rich
in nitrates, precursors of nitric oxide, a very important molecule for
the health of the cardiovascular system, lowering blood pressure
and promoting the flow of blood, oxygen and nutrients to the
cells. Nitrates also improve athletic performance, reducing oxygen
consumption and preventing the formation of lactic acid. Integration
with beetroot juice can improve cardiorespiratory endurance in
athletes by increasing muscle efficiency, improving performance
at various distances, mitigating the ergolytic effects of hypoxia on
cardiorespiratory endurance. Considering these positive effects, beet
juice has been proposed as a therapeutic support supplement for
patients with chronic obstructive pulmonary disease, hypertension,
heart failure [25-29].

Betain known as Trimethylglycine is a natural substance that
can be extracted from beetroot which is considered to be a group B
vitamin. Betain in nature is ubiquitous: it is found in plants, animals,
microorganisms and rich food sources including seafood, spinach
and bran of wheat. The main physiological role of Betain is to function
as a methyl donor and as an osmolyte, maintaining the cellular and
ionic balance of water, protecting against heat stress, preventing
dehydration and osmotic inactivation. This compound has the
ability to release methyl groups to various substances transforming
itself into dimethylglycine. In the body it is capable of methylating
homocysteine into methionine, in the presence of vitamin B12
and folic acid and for this activity it is used in the treatment of
homocystinuria and hyperhomocysteinemia, the presence of which
is associated with a high cardiovascular risk [30]. A high presence
of homocysteine, the amino acid sulphide metabolite of methionine,
increases the risk of ischemic stroke, thrombo-embolism and senile
dementia in addition to arteriosclerosis in the blood [31].

A relationship between the increased presence of homocysteine
and the loss of memory of elderly people has been highlighted and also
to the onset of Alzheimer’s disease, generally observed in the elderly
population, due to the very low concentraction of homocysteine
remethylation cofactors [32]. Betain supplementation together with
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vitamin B12 and folic acid can improve methylation and protect the
brain from stroke risk and dementia. Betain as a donor of methyl
groups participates in a large number of metabolic processes and its
deficiency in nutrition can compromise liver function, increasing
lipid concentration due to impaired fat metabolism, with consequent
hepatic steatosis that often occurs in people with syndrome metabolic,
diabetic, which over time, if left untreated, can develop into cirrosi
[33]. Betain has shown a significant hepatoprotective effect both
in healthy subjects and in subjects with liver pathologies, against
damage due to excessive alcohol consumption; also important is the
lowering of the concentration of LDL cholesterol and triglycerides,
accompanied by an increase in the HDL fraction [34-38].

Red Beet is one of the few foods that contain bioactive pigments,
Betalains, which show important antioxidant and anti-inflammatory
properties both in vitro and in vivo, to suggest the use of this food in
pathologies promoted by oxidative stress and chronic inflammation
such as liver disease , arthritis, arthrosis, tumors, diabetes, obesity
[39-41]. Oxidizing molecules are reactive oxygen species and at low
concentration are produced by cellular metabolism; they participate
in many biological phenomena, such as mutation, carcinogenesis,
degenerative diseases, inflammation, aging and development. When
their concentration increases due to prolonged exposure of the cells
to xenobiotics, UV radiation or an inflammatory process, the normal
cellular redox balance is disturbed, causing a condition indicated as
oxidative stress in which, due to the lack of antioxidant defenses,
occur functional alterations of DNA, proteins, lipids, carbohydrates,
which are sensitive to oxidation [42-46].

Betalains and beet extracts also containing flavonoids and nitrates
have emerged as powerful anti-inflammatory agents. They have
shown to be able to interfere with the factor Nuclear Factor-Kappa
B (Nf-kB), which is the main cause of the presence of inflammatory
substances such as cytokines, chemokines, apoptotic and phagocytic
cells, which occur in chronic diseases. Studies in rats showed that
the use of beet extracts was able to attenuate both the response to
Nf-kB in a dose-dependent manner and inhibit the action of the
cyclooxygenase-2(COX-2) important precursor of prostaglandins.
The beet extract, rich in betanidine orally administered as caspules
,in patients suffering from osteoarthritis, alleviated the pain by
having decreased several inflammatory cytokines such as Tumor
Necrosis Factor-Alpha (TNF-alfa) and interleukin -6 (IL-6) [47,48].
Lipoxygenase (LOX), a catalytic enzyme essential for the synthesis
of leukotrienes, was also inhibited in a dose dependent manner, due
to the presence of betanidine. Intraperitoneal treatment reduced
carrageenan-induced rat paw edema and neutrophil migration into
skin tissue. The effectiveness of Red Beet extracts to fight inflammation
provides a response comparable to that of anti-inflammatory drugs
commonly used in medicine, increasing the possibility that Red Beet
supplements rich in Betanin and Betalains may be a valid alternative
to synthetic drugs. , being free of undesirable side effects.

Conclusion

Red Beet represents an important and economic source of
nutrients and functional products. To the beet are attributed many
properties for dietary and healthy in addition to being rich in sugars,
mineral salts and vitamins and other useful substances : it absorbs
toxins from the cell and facilitates its elimination, it is purifying,

mineralizing, restorative, promotes digestion, treats anemias,
pathologies of the brain system, stimulates the production of red blood
cells. The nitrates contained in beet juice protect the cardiovascular
system by controlling hypertension and preventing heart disease.
Modern pharmacology has highlighted the energizing, restorative,
hypoglycemic, antioxidant and anti-inflammatory properties of its
constituents. The secondary metabolites, Betalains, used in the food
industry as dyes show antitumor activity and play an important role
as antioxidants and anti-inflammatories.
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