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THERAPEUTIC AND PREVENTIVE PROPERTIES OF AMARANTH SEEDS

Actuality. Numerous studies conducted over the past decades have proven the high therapeutic efficiency of the squalene
hydrocarbon, obtained for the first time as part of shark liver lipids. A significant content of squalene was also found in amaranth seed
oil and its therapeutic and preventive properties were shown. However, amaranth seeds contain a large amount of not only squalene,
but also other physiologically active compounds (proteins, phospholipids, vitamins, trace elements, dietary fibers), which also have
therapeutic properties.

The aim of the study. Present information about the therapeutic and preventive properties of all components of amaranth seeds.

Material and methods. An analysis of scientific publications in the PubMed, Google Semantic Scholar systems, as well as from
domestic sources was carried out. A total of 250 sources were analyzed, of which 38 are cited in this work.

Research results. The article presents information about the curative and preventive properties of amaranth seeds, due to the
presence of a significant amount of protein that is complete in terms of amino acid composition, free of gluten and with a significant
content of tryptophan. Amaranth protein oligopeptides have hypotensive and immunostimulating activity. Amaranth lipids are
represented by amaranth oil with a high content of the hydrocarbon squalene and phospholipids. Amaranth starch belongs to the group
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of resistant starches and has prebiotic properties. The dietary fibers of amaranth seeds have prebiotic properties and stimulate the
growth of probiotic bacteria. Squalene has antioxidant, antihypoxant, anti-inflammatory properties and exhibits hepatoprotective and
cardioprotective activity.

Conclusion. Amaranth seeds are a source of a large number of compounds with high nutritional and therapeutic activity, which
indicates the relevance of its widespread use.

Key words: amaranth, squalene, nutrition, treatment, prevention.
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JIKYBAJIBHO-TIPO®IJIAKTUYHI BJACTUBOCTI HACIHHSA AMAPAHTY

Axmyansuicme. YucenvHi 00CciodiceHHs:, NPo8edeHti 3a OCMAHHI 0eCAMUPIuYs, 3aC8iOUUNU GUCOKY MEPANesmUuyHy eqheKmueHicims
8Y271€800HI0 CKBANLEHY, OMPUMAHO20 énepuie y CKAaoi 1inidie nevinku axkyi. 3HayHuil émicm ckéaneHy 6yi1o UAGNeHO i 6 Olii 3 HACIHHA
amapanmy i noKazamo 1020 JiKy8arbHo-npoghinakmuyuni enacmusocmi. OOHAK, HACIHHA aMAPAHMYy MICMUmb GeluKy KIIbKICMb He
MITLKU CKBANEHY, a U iHWi (i3ionoeiuno akmugHi cnoayku (npomeinu, gocghoniniou, gimaminu, MiKpoereMeHmiL, Xapyosi 80J10KHA), SKI
MaKooic Maromsb MmepanesmuiHi 61aCMuUGOCMi.
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Mema oocnioxncenns. [Ipeocmasumu ingopmayito npo niky8anbHO-NPOPIIAKMULHE GLACMUBOCTI YCIX KOMIOHEHMI6 HACIHHA amMa-
panmy.

Mamepianu ma memoou. Ilposedeno ananiz Haykosux nyonixayii 6 cucmemax PubMed, Semantic Scholar Google, a makooic
3 gimuusHAHUX Oxcepell. Bcboeo npoananizosano 250 oxcepern, 3 saxux 38 npoyumosano 6 0auiti pobomi.

Pezynomamu docniddcenns. Y cmammi npedcmasnena inghopmayis npo niky8anbHO-npo@Pinakmuimi 61acmueocmi HACIHHI ama-
panmy, 06yMoeneHi HasA6HICMIO Y 3HAYHIU KiTbKOCMI NOGHOYIHHO20 3 AMIHOKUCIOMHUM CKIIAOOM npomeiiy, no3dasienozo 2uomemny
i 31 snaunum emicmom mpunmoghany. Onieonenmuou amapanmoso2o npomeiny npoAsiAlomy SiNOMEH3UBHY | IMYHOCIMUMYIOIOWY
axmusnicmio. JIiniou Hacinus amapanmy npeocmasieni amapanmosolo O1i€io 3 GUCOKUM BMICHOM 8Y2le800HIO CKeaneHy i ¢hocghoni-
niois. Amapanmosuil Kpoxmans GiOHOCUMbCS 00 SPYNU PEe3UCTNEHMHUX KPOXMAI8 I Mae npebiomuyni enacmugocmi. Xapuosi 6010KHa
HACIHHA amapanmy mMaioms npediomuyni 61acmusocmi, Cmumya00ms picm npodiomuunux 6axkmepii. CKeéanen npoasisie aHmuoKcu-

Oanmui, AHMULINOKCanmMui, AHMU3ANATLHI BIACMUBOCMT MA GUABTIAE 2eNAMONPOMEKMOPHY I KapOioNPOMeKmopHy aKmusHicmb.
Bucnoeok. Hacinna amapanmy € 0dcepenom 8enuxoi Kilbkocmi CHONYK 3 GUCOKOIO XAPU0BOI0 | mepanesmuyHol0 akmugHicmio, ujo

CBIOYUMb NPO AKMYANLHICHb 1020 WUPOKO2O 3ACMOCYBAHHSI.

Kniouogi cnosa: amapanm, cxeanen, xapuy8anisl, niKy8anus, npoQirakmuxa.

Actuality. Numerous studies conducted over the past
decades have proven the high therapeutic efficiency of the
squalene hydrocarbon, obtained for the first time as part
of shark liver lipids. A significant content of squalene was
also found in amaranth seed oil and its therapeutic and
preventive properties were shown. However, amaranth
seeds contain a large amount of not only squalene, but
also other physiologically active compounds (proteins,
phospholipids, vitamins, trace elements, dietary fibers),
which also have therapeutic properties.

The aim of the study. Present information about the
therapeutic and preventive properties of all components
of amaranth seeds.

Material and methods. An analysis of scientific
publications in the PubMed, Google Semantic Scholar
systems, as well as from domestic sources was carried
out. A total of 250 sources were analyzed, of which 38
are cited in this work.

Research results

1. Biological characteristics of amaranth.

Amaranth belongs to annual herbs of the amaranth
family (Amarantus). In total, there are at least 60 species,
15 of which are found in Ukraine. Amaranth comes from
Central America (Mexico), from where it was brought to
Europe in the 16th century (Soriano-Garcia et al., 2018).

Amaranth is considered a weed, but a certain number
of species are grown for use as a food seasoning, as well
as in traditional medicine as an anti-inflammatory agent
(Shodiev, Rasulova, 2022).

The people of Central America (Aztecs) used
amaranth to obtain seeds as an important food component
(Laparra, Haros, 2016).

The most valuable are amaranth seeds, which differ
significantly from the grain of cereal crops in their small
size and, especially, their chemical composition (table 1).

Amaranth seeds contain less starch (30-35 %), much
more dietary fiber (over 30 %) and fat (8-9 %). Moreover,
a unique feature of fat (amaranth oil) is the high content
of the unique hydrocarbon squalene (6-8 %). Amaranth
seeds differ significantly from cereal grains in their high
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protein content (18-25 %), and amaranth seed protein
is among the complete proteins in terms of the content
of essential amino acids (Gabas-Rivera et al., 2014;
Gylling, Miettinen, 1994; Miettinen, Vanhanen, 1994).

Table 1
Chemical composition of amaranth seeds
Indexes Contents %

Protein 18-25
Starch 30-35

Lipids 9-15
Dietary fibers are water soluble 10-12
Dietary fibers are insoluble 15-20

Squalene in fat 5-8
Phospholipids 1,5-2,5
Tryptophan in protein 2,0-2,5
Lysine in protein 5,0-6,2

Amaranth seeds contain a significant amount of
vitamins, polyphenols, macro- and microelements,
in particular calcium, organic phosphorus, zinc and
manganese (Gunina et al., 2018).

2. Therapeutic and preventive properties of amaranth

seed proteins.
Amaranth seeds are 2-3 times higher the protein

content than cereal crops (wheat, rye, barley, corn, rice).
After remove fat from degreasing the amaranth seeds
with acetone protein content in the molding is 30 %
(Montoya-Rodriguez et al., 2014).

Amaranth proteins contain all essential (irreplaceable)
amino acids, most of which correspond to the FAO
WHO indices. The content of tryptophan even exceeds
the FAO indices by 3-4 times, which enables the
body to convert tryptophan into serotonin, which has
antidepressant properties (“hormone of happiness”)
(Gylling, Miettinen, 1994).

Under the conditions of partial enzymatic proteolysis
of amaranth proteins, oligopeptides are formed, which
exhibit hypotensive properties (Silva-Sanchez et al., 2008),
and also prevent blood clot formation, which is very
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important for the prevention of strokes and heart attacks
(Sabbione et al., 2015).

The use of protein extrudates or protein isolates
from amaranth seeds in food contributes not only to the
normalization of protein metabolism in the body, but also
stimulates the growth of probiotic bacteria (Martinez-
Villaluenga et al., 2020), increases the formation
of short-chain fatty acids, in particular butyric acid
(C,H,0,), which is used not only as an energy substrate,
but also performs a number of regulatory functions.

It has been established that amaranth proteins and
the oligopeptides formed from them reduce the content
of cholesterol and low-density lipoproteins in the blood
plasma, which has a positive effect on the prevention of
atherosclerosis (Montoya-Rodriguez et al., 2014).

There are data on the anti-inflammatory effect of
amaranth proteins (Ibrahim, Mohamed, 2021), possibly
due to their ability to stimulate the growth of probiotic
bacteria and inhibit the growth of opportunistic bacteria.

It is possible that, in addition to proteins, amaranth
dietary fibers, phenolic compounds, and squalene also
participate in the regulation of endogenous microbiota
(Ciudad-Mulero et al., 2019).

Itis also very important that amaranth seeds proteins do
not contain the gluten fraction that affects the development
of celiac disease (Mansueto et al., 2014). Therefore,
amaranth seeds are recommended for consumption by
patients with celiac disease (Inglett et al., 2015).

3. Prebiotic properties of amaranth seed carbohydrates.

The total amount of carbohydrates in amaranth
seeds is 55-65 %, and up to 35 % is starch, 25-30 %
dietary fiber and less than 5 % mono- and oligosugars
(Miroshnichenko et al., 2009; Lamothe et al., 2015).

Amaranth seed starch is represented mainly by
amylose, which is resistant to the action of a-amylases
of saliva or pancreatic juice (Lou-Bonafonte et al.,
2018). Resistant starches have prebiotic properties and
stimulate the growth of probiotic bacteria that produce
short-chain fatty acids.

Food fibers of amaranth seeds are represented by
both water-soluble polysaccharides (approximately one
third) and water-insoluble ones, which include fiber
(Pasko et al., 2009). The peculiarity of dietary fibers is
that they are not hydrolyzed by digestive enzymes of the
macroorganism, but are easily broken down by enzymes
produced by bacteria, in particular, probiotics. The
process of enzymolysis of dietary fibers occurs mainly in
the large intestine and ends with the formation of lactic
acid and short-chain fatty acids, in particular, propionic
and butyric acids. Thanks to this, the pH of the intestinal
contents is equal to 5-6, and this makes it possible to
prevent the absorption of toxic ammonia (NH,), which
is formed in the intestines from amino acids under the
action of conditionally pathogenic bacteria.

== 36

It is important to emphasize that amaranth seeds have
a low glycemic index due to the presence of resistant
starch and dietary fibers (Yelisyeyeva et al., 2012). This
can make it possible to use amaranth seeds for diabetics.
Morcover, amaranth seeds contain a lot of the trace
element manganese, which takes part in the regulation
of carbohydrate metabolism (Yelisyeyeva et al., 2012).

4. Therapeutic and preventive properties of squalene.

Amaranth oil belongs to the linoleic type of oils
(table 2) and contains more than 40 % of linoleic acid
(C\4,» ®-6). Unlike ordinary sunflower oil, amaranth oil
contains 1-1.5 % linolenic acid (C g ,, ®-3), and more
than 15 % palmitic acid (C, ), while sunflower oil
contains no more than 5 % palmitic acid.

The main difference between amaranth oil and all
vegetable oils is the high content of squalene hydrocarbon
(C, Hy,) — more than 8 %. In olive oil, squalene is less
than 0.8 % (Popa et al., 2015).

Table 2
Fatty acid composition of amaranth oil
Fatty acid Abbreviated formula | Contents, %
Myristic acid C. 0,12
Palmitic acid Cio 16,36
Stearic acid Clg 3,62
Oleic acid C,, 09 22,16
Vaccenic acid C.., 1,10
Linoleic acid C,,0-6 42,47
Linolenic acid Co-3 1,10
Arachinic acid Cq 0,81
Eicosenoic acid C,,.. 0,83
Erucic acid C,., 1,38
Squalene C H, 9,08

The characteristics of squalene are presented in
table 3 (Senbagalakshmi et al., 2019).

®ditoTtepanis. HYaconuc

Table 3
Chemical and physicochemical indicators
of squalene
Indexes Value Indexes Value
Molecular lodine
weight 410,73 g/mole number 381 ¢g/100 g
Melting o . 2788, 1668,
point 75°C Peaksin 446" 1380,
Boiling the infrared | 185" 1150
point #203°C SPECUUM | 964 35 con!
Hexane,
Specific . benzene,
weight 0,858 g/ml Solubility chloroform,
ether, alcohol
Viscosity at Solubility in
25 oC 12 cP water 0,124 mg/1
Ne 1,2024
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It has been established that squalene manifests itself
as an antioxidant, binding reactive oxygen species
(ROS), such as 03, ‘'00H,N0OO", and activating the
antioxidant defense system (superoxide dismutase,
catalase, glutathione peroxidase, heme oxygenase)
(Motawi et al., 2010; Gunes, 2013).

Squalene is able to bind oxygen molecules and transport
them through cell membranes to mitochondria, where fatty
acids are oxidized to CO, and H,0O with the formation of
ATP (Gunes, 2013; Sakul et al., 2019). It is believed that
squalene can replace oxygen by accepting electrons in the
tissue respiration system, which ensures the implementation
of oxidative phosphorylation (that is, the formation of
ATP), and squalene itself is transformed into the saturated
hydrocarbon squalane (C, H,,) (Chanput et al., 2010).

Biosynthesis of squalene occurs in animal and plant
organisms, as well as in microbes (bacteria, yeast, fungi)
(Senbagalakshmi et al., 2019). Squalene is considered
as an intermediate product in cholesterol biosynthesis
pathways (Xu et al., 2004).

Squalene biosynthesis also takes place in the human
body, mainly in the liver (Senbagalakshmi et al., 2019).
From the liver in the composition of very low-density
lipoproteins (VLDL), it is transported into the blood,
and further through the receptors for VLDL, it enters the
cells (Chanput et al., 2010).

The antioxidant properties of squalene ensure its positive
effect on the state of polyunsaturated fatty acids (PUFA),
which play a significant role in the structure of biomembranes
and in the implementation of anti-inflammatory and
reparative processes (Dhandapani et al., 2007).

Experimental studies on various models of such diseases
as myocarditis, hepatitis, dermatitis have shown sufficiently
high therapeutic efficiency of squalene (Farvin et al., 2006;
Yuxi et al., 2009; Gunes, 2013; Sivakrishnan, Muthu, 2014;
Lou-Bonafonte et al., 2018).

Squalene significantly increases the effectiveness of anti-
cancer drugs, eliminating to a certain extent their negative
side effects on the state of healthy cells and organs (Rao et
al., 1998; Senthilkumar et al., 2006; Quiroga et al., 2015).

Squalene is widely used as a vaccine adjuvant (Suli
et al., 2004). There is some evidence of its influence

on the state of the immune system, in particular on the
function of macrophages and lymphocytes (Spanova,
Daum, 2011).

Based on the fact that the main transporter of
squalene is VLDL, which contains a significant amount
of triglycerides with a high content of oleic acid
(more than 50 %), we proposed a dietary supplement
“Squalene-Olivka”, which contains squalene from
amaranth oil together with high-oleic sunflower
oil “Olivka” (contains more than 80 % oleic acid)
(Levitsky, Potapova, 2015). Due to the high content of
oleic acid, the dietary supplement “Squalene-Olivka”
stimulates the biogenic biosynthesis of long-chain
PUFAs of the ®-3 series: eicosapentaenoic (C, ;, ®-3)
i and docosahexaenoic C,,, ®-3). From these acids,
physiologically active eicosanoids and docosanoids are
formed in the body, which perform anti-inflammatory
and reparative functions (Levitsky et al., 2023).

Squalene has a positive effect on the condition and
physiological functions of PUFA of the ®-3 series,
which determines the high therapeutic effectiveness of
the “Squalene-Olivka” dietary supplement.

Conclusions

1. The presented data show that amaranth is not a
weed, but a very valuable food and medicinal plant.

2. Amaranth seeds contain 2-3 times more protein
than the grain of cereal plants, and amaranth protein
is close to the “ideal protein” in terms of amino acid
composition.

3. Amaranth proteins are free of gluten, which
gives reason to recommend its consumption for the
prevention and treatment of celiac disease.

4. The high content of tryptophan in amaranth
proteins, from which serotonin is formed, gives
reasons to recommend the consumption of amaranth
for the prevention and treatment of depressive states.

5. The high content of squalene in amaranth
oil, which has antioxidant, antihypoxant and anti-
inflammatory properties, gives reasons to recommend
its use for prevention and treatment, as well as for the
rehabilitation of the sick and wounded.

6. Amaranth suds has prebiotic properties.
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