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Annomayusn. Ilposedennnvili ananu3 uUcied008anuUli OMe4ecmeeHHbIX U 3apyOedNCHbIX YUEeHHbIX 8
obracmu UCNOIbL308AHUSL MOPCKUX 800POCIEU 8 NPOU3B0OCHEe (DYHKYUOHATLHBIX NPOOYKIMO8 NUMAHUSL C
WUPOKUM — CNEKMPOM — OUOLOSUYECKOU — AKMUBHOCMU. — AHMUOAKMEPUATbHOU, — NPOMUBOSUPYCHO,
AHEMUKAHYEPOSEHHOU U AHMUKOASYIAHMHOU NOKA3AL, YMO UCNOAb308aHUe OYpulx 800pociel,
codepolcawyux — 2emepozeHuvle  NOAUCAXAPUOLL  «PYKOUOAHDBLY, CRUPYIUHYL, codepoicauyell
NOMUHEHACHIUEHHbIE HCUPHBIME KUCTOMDBL: V-TUHOJICHOBYIO, ONEUHOBYIO, A MAKICE HYKNCUHOBbLE KUCIOMbL
U OMAUNAIOWYTOCH BLICOKUM codepoicanuem sumamuna Bl2, f-kapomuna, scenesa, karoyus u pocpopa u
umerowell HellmpaibHble opeanoienmuyeckue ceoucmea, a makoice xaopeinvt (Chlorella vulgaris) —
UCMOYHUKA HCUPOPACMBOPUMBIX GUIMAMUHOS, XOTUHA, NUWEBLIX GOJIOKOH U MUHEPALO8 6 Kadecmee
NEPCREeKMUBHO20 HAMYPbIbHO2O CbIPbsL SGNAEMC AKMYAIbHbIM U  NEePCHEeKMUGHbLIM HANpAleHueM
DYHKYUOIHATLHOO U Ie4eDOHO-NPOPUIAKIMUYECKO20 NUMAHUSL 8 NEPUOO peadbuiebayu NOcie Pa3iuyHbiX
3a601e8aHUlL.

KioueBble ci0Ba: MOPCKHE BOAPOCIH, CIHPYJIHMHA, XJIOPEUIa, OHMOJOTWYECKH AaKTHBHBIC
BEIIeCTBa, (YHKIIMOHAIBHBIE IIPOTYKThI TUTAHUS
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Abstract. The analysis of research conducted by domestic and foreign scientists in the field of the
use of marine algae in the production of functional food products with a wide range of biological activity:
antibacterial, antiviral, angticarcinogenic and anticoagulant showed that the use of brown algae
containing heterogeneous polysaccharides “fucoidans”, spirulina containing polyunsaturated fatty acids:
y-linolenic, oleic, and nucleic acids acid and characterized by a high content of vitamin B12, g-carotene,
iron, calcium and phosphorus and having neutral organoleptic properties, as well as chlorella (Chlorella
vulgaris) — a source of fat-soluble vitamins, choline, dietary fiber and minerals as a promising natural
raw material is an urgent and promising application of functional and therapeutic and preventive
nutrition during the period of rehabilitation after various diseases.

Keywords: marine algae, spirulina, chlorella, biologically active substances, functional food
products
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Introduction. Undernutrition is a public health problem, especially in developing
countries and the Russian Federation.

Seaweed contains valuable bioactive molecules with a wide spectrum of action:
antimicrobial, antioxidant, antiviral, antifungal, antitumor, contraceptive, anti-inflammatory,
anticoagulant (Fig. 1.).
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Figure 1 — Biological activity of seaweed

Materials and research methods. Algae extracts contain secondary metabolites such
as fucoidan polysaccharide, sulfoquinovosyldiacylglycerols and caulerpin, with a wide range of
biological activities

Brown algae are an inexhaustible source of sulfated polysaccharides with a high content
of fucose of complex structure, containing FCS and SF and other monosaccharides such as
galactose, xylose, mannose, glucuronic acid [ 1,2,3,4,5,6,7,8 ].

These heterogeneous polysaccharides are characterized by the term “fucoidans”.
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The polysaccharide fraction obtained from algae is a mixture of biopolymers of various
structures with SF as the main component. The composition may vary depending on the type and
age of algae, as well as on growing conditions.

SF chains can be formed from repeating (1—3)-linked fucose residues [ 1,2,3,4,5,6,7,8 ]
or from alternating (1—3)- and (1—4)- linked fucose chains [ 1,2,3,4,5,6,7,8 ], often with
branches in the form of single fucose residues or multiple short oligosaccharides

Polysaccharide extract from algae usually contains other sulfated polysaccharides such
as galactofucans, fucoglucuromannans and fucoglucuronans [ 1,2,3,4,5,6,7,8 ] (Fig. 2).
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Figure 2 — Examples of sulfated polysaccharides produced by brown algae: (a) Chordaria flagelliformis
[10]; (b) Fucus evanescens [11]; (c) Saccharina latissima [12]. Sulfates in fixed positions and variable
substituents R are highlighted in red [Kiselevskiy, M. V., Anisimova, N. _ Y., Bilan, M. _ 1. _etal. Source:
compiled by the authors based on data (Prospects for the Use of Marine Sulfated Fucose-Rich Polysaccharides in
Treatment and Prevention of COVID-19 and Post-COVID-19 Syndrome // Russ J Bioorg Chem 48, 1109-1122
(2022). https://doi.org/10.1134/S1068162022060152)

Research results and their discussion. Sulfated polysaccharides exhibit various types
of biological activities due to their interaction with proteins.

The most studied property is the anticoagulant effect, similar to the effect of heparin [1, 2,
3,4,5,6,7,8].

Fucoidans are non-toxic, biocompatible and relatively readily available compounds and
can be used as a promising ingredient for the production of new drugs with antiviral, anti-
inflammatory, antitumor activity, as well as biologically active additives with
immunomodulatory and anticoagulant effects.

The biological effect of fucoidans is associated with their high degree of sulfation,
although other minor features of structure and molecular weight also play a significant role in
their functions.
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Detailed structural analysis of fucoidans is extremely difficult due to their irregularity and
heterogeneity [1, 2, 3, 4, 5, 6, 7, 8].

To date, most of the biological studies conducted on fucoidans with obtained samples,
without a confirmed chemical structure, make it difficult to accurately correlate the structure and
biological activity of these compounds.

Most studies are aimed at studying the biological activity of sulfated fucose-containing
polysaccharides with the study of the characteristics of their anticoagulant and antithrombotic
effects [1, 2, 3, 4,5, 6, 7, 8].

However, recently, due to the spread of the SARS-CoV-2 virus, more attention has been
paid to the antiviral functions of these polysaccharides [1, 2, 3, 4, 5, 6, 7, 8], which are similar to
the functions of heparin [1, 2, 3,4, 5, 6, 7, 8].

The clinical presentation of COVID-19 ranges from asymptomatic illness to potentially
life-threatening pneumonia, which can ultimately lead to acute respiratory distress syndrome
(ARDS) [1,2,3,4,5,6,7,8].

While most COVID-19 cases can be classified as mild or moderate disease, about 15% are
severe cases requiring oxygen support, and about 5% require mechanical ventilation.

The coronavirus is distinguished by the manifestation of 2 types of severe acute respiratory
syndrome (SARS-CoV-2) that affects various cells, including alveolar macrophages, which
activates them and can induce a cytokine storm [ 34, 35].

Studies have shown that COVID-19 can significantly affect hematopoiesis and the immune
system, leading to lymphopenia, thrombocytopenia, neutrophil dysfunction and anemia [1, 2, 3,
4,5,6,7,8].

Currently, drugs with different mechanisms of action are used to treat COVID-19, which,
along with clinical effectiveness, may cause adverse events.

A particular challenge is the development of an appropriate treatment regimen and further
rehabilitation process for patients after COVID-19 who require long-term supportive care and
therapy.

Natural substances are particularly interesting because they include bioactive compounds
that can be used to develop drugs and dietary supplements with a wide range of biological
activities with minimal side effects [ 1,2,3,4,5,6,7,8 ].

The microalgae spirulina is of interest.

The use of microalgae dates back to the sixteenth century. For example, spirulina was
harvested from Lake Texcoco and sold in markets in Tenochtitlan (today Mexico City).

C pyrulina are prokaryotic cyanobacteria capable of photosynthesis.

It has valuable potential for use as ingredients in the development of new functional
foods in the prevention or treatment of disorders associated with metabolic syndrome, which is
one of the leading trends in the food industry.

Figure 3 — Microscopy of cyanobacteria (spirulina)
Source: compiled by the authors based on data (https://shopozz.ru/items/291744101812-organic-
spirulina-500 mg- tablets-detox-immune-system-weight-loss-b-vitamins-/)
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The use of algae, especially spirulina, as a functional food was proposed several
decades ago due to the fact that this raw material is not only a protein-rich food source, but also
has a rich amino acid composition with high biological value.

Spirulina is rich in polyunsaturated fatty acids: y -linolenic, oleic, as well as nucleic
acids and is characterized by a high content of vitamin B 1, , B -carotene, iron, calcium and
phosphorus, has neutral organoleptic properties, does not exhibit acute and chronic toxicity, and
is safe for humans . All of the above indicators prove that spirulina is a promising source for
obtaining functional products and dietary supplements.

Blue-green algae is a storehouse of not only macro- and microelements, including iron,
calcium, chromium, copper, magnesium, manganese, phosphorus, potassium, sodium and zinc,
but it is also rich in pigments such as chlorophyll A, as well as phycobiliproteins: C-

phycocyanin and allophycocyanin .

It is known that spirulina has anticarcinogenic activity and also has an antispasmodic
effect. The safe recommended dosage of spirulina is 3-10 g/day for adults.

Spirulina is one of the leading trends in the food industry In 1967, the International
Association of Applied Microbiology recognized spirulina as the food source of the future.

Microalgae are now being incorporated into many food formulations, resulting in a
significant increase in the number of food products containing microalgae that have been
released into the market, although most of them use microalgae as a colorant or as a marketing
strategy.

Palmetic acxd

N—= N —— 2 A OH
Gamma-hinolenic acxd

Figure 4 — Valuable molecules of biologically active substances found in spirulina phycobiliproteins:

phycocyanin and allophycocyanin in a ratio of 10: 1 (.1-8 ). Along with palmitic and linolenic acids, ( 1-8)
thiamine (vitamin B1 yand riboflavin (vitamin B2,

Most spirulina biomass produced today is consumed as a dietary supplement, marketed as
a “superfood,” and sold as dry powder, flakes, or capsules.
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The rich chemical composition and average values are given in Table 1 [1, 2, 3,
4,5,6,7,8]. Spirulina is certified as a Generally Recognized as Safe ( GRAS ) - GRN number .127
- by the US Food and Drug Administration (FDA) and, due to its long history of use, it can also
be commercialized in the European Union (EU) without the need to comply with Novel Foods
Regulation (EU) 2015/2283 (EU, 2015).

Table 1 — Chemical composition of spirulina powder [1, 2, 3,4, 5, 6, 7, 8].

Name of biologically active Content per 100 g | Name of biologically active Content per 100
substance substance g
Macronutrients Vitamin B2, mg 3.7
Calorie content, kcal 290 Vitamin B3, mg 12.8
Water, g 4.7 Vitamin B6, mg 0.4
Total amount of lipids, g 7.7 Vitamin E, mg 50
Total protein, g 57.5 Amino acids
Carbohydrates, g 23.9 Tryptophan, g 0.93
Ash, g 6.2 Threonine, g 2.97
Micro-macroelements Isoleucine, g 3.21
Calcium, mg Vitamin C, mg Leucine, g 4.95
Iron, mg 28.5 Lysine, g 3.02
Magnesium, mg 195.0 Methionine, g 1.15
Phosphorus, mg 118.0 Cysteine, ¢ 0.66
Potassium, g 14 Phenylalanine, g 2.77
Sodium, g 1.0 Tyrosine, ¢ 2.58
Zinc, mg 2.0 Valin, ¢ 3.51
Copper, mg 6.1 Arginine, g 4.15
Manganese, mg 19 Histidine, g 1.08
Selenium, mcg 7.2 Alanin, g 451
Vitamins Aspartic acid, g 5.79
Vitamin A, 1U 570 Glutamic acid, g 8.39
Vitamin K, mcg 25.5 Glycine, g 3.09
Vitamin B 1, mg 2.4 Proline, ¢ 2.38
Serin, Mr. 2.99

The chemical composition of spirulina can vary depending on environmental and
cultivation conditions (temperature, light, salinity, etc.).

For example, insufficient content of nitrogen compounds contributes to the accumulation
of high lipid content and affects the amount of polyunsaturated fatty acids such as y-linoleic and
linolenic acids and varies with content per 100g in the range from 13.1 to 34.9% of the total fatty
acids.

These biologically active compounds help prevent cardiovascular diseases, have a
positive effect on the central nervous system, prevent the harmful effects of cholesterol, and
accelerate metabolic processes.
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The advantage of using spirulina in the production of functional foods rich in proteins is

the content of essential amino acids, according to the definition of the “ideal protein”

Phycobiliproteins: C-phycocyanin and allophycocyanin and phycoerythrin (Fig. 2) are
high molecular weight compounds used in the nutraceutical, cosmetic, pharmaceutical and food
industries.

Spirulina contains carotenoids, a class of pigments naturally synthesized by microalgae,
in the form of provitamin A, which is biotransformed in the body into vitamin A. Natural
carotenoids are a mixture of trans and cis isomers, unlike synthetic compounds, which are
completely trans isomers.

Vitamin A functions: growth promotion, regulation of visual function, differentiation of
epithelial tissues and embryonic development (Tang, 2010).

Carotenoids make up 30% of daily vitamin A intake (Tang, 2010). Carotenoids present in
spirulina: astaxanthin, zeaxanthin and p-carotene.

Lubich et al. (2018) found the contents of zeaxanthin, p-carotene and astaxanthin in A.
platensis to be 1.46, 1.74 and 0.43 mg/g on a dry weight basis. Canthaxanthin and lutein
detected, but in lower concentrations

A valuable biologically active substance is chlorophyll, which is present in a
concentration of approximately 6.0-20.0 mg/g dry weight.

This green pigment can be used not only as a dye, but also as an ingredient with
antimutagenic, chemoprotective, antioxidant, anti-inflammatory and antimicrobial properties.

The limited use of spirulina in the food industry is due to its intense green color and
distinctive flavor, but with the transition in the last decade of many large foreign companies to
the "green™ path and the commercialization of green food and beverages. These innovative
products are becoming popular.

An example is the Spanish company Fitoplancton Marino SL (Cadiz, Spain)
commercializing freeze-dried Tetraselmis chuii biomass under the name Plancton Marino Veta
la Palma to enhance the marine flavor of the products.

Research by Niccolai (2019) and others, when used as an ingredient in the production of
toasted bread at a concentration of 2 to 6%, enriched the product with high protein content and
polyphenols.

The introduction of spirulina at a concentration of 1.5% into the product enriches it with a
high content of iron and selenium.

The inclusion of spirulina in a concentration of 5-20% allowed Fradinho to develop a
gluten-free pasta.

Useyin Bozkurt (2019) in his work emphasized the high potential of spirulina for the use
of microalgae as an ingredient in the production of ayran, which increases the protein content
and promotes the growth of probiotic cultures even in small concentrations (from 1%).

The second promising source is chlorella

Chlorella is a green unicellular algae, a source of high-quality protein and bioactive
molecules with potential use against disorders of lipid-carbohydrate metabolism (obesity and two

Figure 5 — Microscopy of chlorella
Source: compiled by the authors based on data (https://pro-dachnikov.com/uploads/posts/2021-
11/1638013581_55-pro-dachnikov-com-p-khlorella-foto-61.)/
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Chlorella has long been a popular functional food in Asian countries, including Korea,
Japan and Taiwan, due to its digestibility and bioavailability (Cherng & Shih, 2005a).

Chlorella vulgaris is a source of fat-soluble vitamins, choline, dietary fiber and minerals.

Chlorella is rich in proteins, the protein contains essential amino acids such as isoleucine,
leucine, lysine, methionine, phenylalanine, threonine, tryptophan, valine and histidine, dietary
soluble and insoluble fiber, carotenoids, chlorophyll.

Studies by Sherafati N, Bideshki MV, Behzadi M, Mobarak S, Asadi M, Sadeghi O. have
proven that dietary supplements based on chlorella normalize lipid-carbohydrate metabolism [9].

In experimental studies in vivo Kang H, Lee CH, Kim JR have proven the positive effect of
chlorella extract as a dietary supplement on atopic dermatitis, a chronic inflammatory disease.

A dietary supplement from Chlorella vulgaris modulates allergy-causing factors when
ingested [10].

Experimental studies were carried out in experiments in vivo on an experimental model
of atopic dermatitis in Wister rats for six weeks, a decrease in dermatitis rates was noted
throughout the entire period of the experiment.

Histological analysis showed positive dynamics - a decrease in DFE-induced eosinophil
infiltration in the epidermis of skin cells and a decrease in the expression level of IL-4 and IFN-y
mRNA, which proves the possibility of using Chlorella vulgaris CV extract as a nutraceutical
ingredient for the prevention of atopic dermatitis [11].

Previous studies in a model of type 1 diabetes have proven that chlorella does not affect
insulin secretion but improves insulin resistance, which does not explain the hypoglycemic effect
of chlorella in type 2 diabetes, and there was a need to study the effect of chlorella in a model of
type 2 diabetes. In experimental studies, Hyejin Jeong et al. proved the hypoglycemic effect of
chlorella in in vivo experiments on experimental Wistar rats. By using 3 diets containing
different concentrations of powdered chlorella composite: (0%, 3%, 5%) with the same amount
of calories, corn starch, sucrose, dextrinized corn starch (manufacturer Dyets, Inc., USA) were
used as carbohydrate sources ), soybean oil (manufactured by CJ Co., Korea) was used as a
source of lipids. Optimal glucose reduction occurred with diets containing 3 and 5% chlorella.
Chlorella may have a plasma glucose-lowering effect, but this has no effect on insulin secretion.
Which requires further research [12].

By using the computer modeling method in Excel Anistratova O.V., Onikenko V.G. and
others developed recipes for enriched bio-yogurts with the addition of chlorella, grapefruit,
ginger, by searching for solutions to nonlinear problems using the enriched decreasing gradient
method [12]

Products are being developed using spirulina and chlorella in the production of bakery
products and introducing them into the human diet [13, 14].

Krolevets A.A., Glotova S.G. used a nanostructured alcoholic extract of chlorella to
produce ice cream for prophylactic purposes for iron and iodine deficiency conditions [15].

Chlorella is widely used in the production of therapeutic and prophylactic confectionery
products. Chlorella vulgaris due. high iodine content, more than 10 types of vitamins, micro- and
macroelements (Ca, K, Fe, Na, Mg, Zn, Cu, P, Se, etc.) are used to prevent iodine deficiency
diseases, anemia, reduce blood cholesterol levels and etc., also contain.

Scientific developments Nikonovich S.N., Tarasenko N.A., Novozhenova A.D. in the field
of using powdered chlorella composite in the production of confectionery products, are a
promising direction in the production of functional food products [16, 17, 19, 20]

Table 2 — Food value chlorella [16,17, 19,20]

Indicators of chlorella Contents per 100 g of product Amino acids,%
powder
Proteins, g 56 lysine 10.2
Fats, g 6.7 methionine 1.4
Carbohydrates, g 11.2 tryptophan 2.26
Alimentary fiber 2.5 arginine 15.8,
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Calorie content, kcal 326 histidine 3.3,
leucine 6.1
isoleucine 3.5
phenylanine 2.8
threonine 2.9
valine 5.5

As Irgalieva K.S. notes in her research. “...Chlorella represents an attractive alternative to
currently well-known bacterial, yeast and mammalian cell-based expression systems for the
production of recombinant proteins (e.g. enzymes, vaccines, monoclonal antibodies and growth
factors). Unlike bacteria, Chlorella is a eukaryotic organism and can perform the post-
transcriptional and post-translational modifications necessary to produce functional eukaryotic
proteins; therefore, Chlorella has long been used as a medicinal food and has been approved as
safe for humans...” [18].

Although chlorella is one of the few microalgae that have been commercialized for health
food, animal feed and fine chemicals, the global market for chlorella is still small, largely due to
the high costs associated with existing production systems and processes. Another R&D priority
should be given to the development of a stable and reliable gene transformation system in
Chlorella, so that this organism becomes a true cellular factory for the production of high-quality
recombinant proteins [18,19,20].

Conclusion. Having analyzed preclinical and clinical studies, domestic and foreign
scientists have shown that spirulina has antioxidant, immunomodulatory and anti-inflammatory
activity.

These studies were conducted on cell lines, tissue homogenates and animal models

Spirulina has an activating effect on the cellular system of antioxidants and enzymes,
promoting the removal of free radicals, reducing the harmful effects of oxidative stress.

Research in vivo showed that biologically active substances (BAS) spirulina, used as a
dietary supplement for fish, protect against oxidative stress by inhibiting lipid peroxidation and
preventing DNA damage.

Further research is needed to determine the threshold concentration of biologically active
substances, exceeding which reduces the antioxidant activity of spirulina.

Since spirulina has been proven to have an effective antioxidant effect against mycotoxins:
trichothecenes and fumonisins, which increase oxidative stress. Thus, spirulina may be a
potential treatment for mycotoxin intoxication in animals and humans.

Spirulina prevents skeletal muscle damage under conditions of exercise-induced oxidative
stress.

Animal studies of the dietary supplement Spirulina have shown that it reduces the effects
of toxicity caused by heavy metals, especially lead, making spirulina a potential treatment for
heavy metal poisoning.

The main active compound, phycocyanin, has immunomodulatory and anti-inflammatory
properties, stimulates the production of antibodies and activates genes encoding cytokines.

Phycocyanin and  -carotene are among the most important active ingredients of spirulina,
which have antioxidant, immunomodulatory and anti-inflammatory properties.

The ERK 1/2, JNK, p38 and IkB signaling pathways but more research into the underlying
mechanisms is needed.

Research is needed on the interaction between the biologically active compounds of
spirulina and the biologically active substances of food products to which it is added.

Chlorella is a microalgae recommended for healthy diets and as an additive in animal feed.

Developments are underway to stabilize the gene transformation system in Chlorella for
the production of highly purified recombinant proteins.

126 Bbinyck Ne 4, 2023



Modern Science and Innovations. 2023. No. 4 (44)

JUTEPATYPA

1. Wu Q. Liu L., Miron A., Klimova B., Wan D., Ku¢a K. The antioxidant, immunomodulatory, and
anti-inflammatory activities of Spirulina: an overviewArch Toxicol. 2016. Vol. 90. No. 8. P. 1817-40.
https://doi.org/ 10.1007/s00204-016-1744-5

2. Grosshagauer S., Kraemer K., Somoza V. The True Value of Spirulina. J Agric Food Chem. 2020. Vol. 68.
No. 14. P. 4109-4115. https://doi.org/10.1021/acs.jafc.9b08251

3. Gutiérrez-Salmean G., Fabila-Castillo L., Chamorro-Cevallos G. Nutritional and toxicological aspects of
spirulina (arthrospira). Nutr Hosp. 2015. Vol. 32. No. 1. P. 34-40. https://doi.org/10.3305/nh.2015.32.1.9001

4. Vadala M., Palmieri B. Dalle alghe ai "functional foods" [From algae to "functional foods"]. Clin Ter.
2015. Vol. 166. No. 4. P. €281-300. Italian. https://doi.org/ 10.7417/T.2015.1875

5. Lafarga T., Fernandez-Sevilla J.M., Gonzalez-Lopez C., Acién-Fernandez F.G. Spirulina for the food and
functional food industries. Food Res Int. 2020. Vol. 137. P. 109356. https://doi.org/10.1016/j.foodres.2020.109356

6. Arthur-Ataam J., Bideaux P., Charrabi A., Sicard P., Fromy B., Liu K., Richard S. Dietary supplementation
with silicon-enriched Spirulina improves arterial remodeling and function in hypertensive rats. Nutrients. 2019. Vol.
11. No. 11. P. 2574,

7. Gershwin M.E., Belay A. eds. Spirulina in human nutrition and health. CRC Press, Boca Raton, US. 2008.
P. 1-26.

8. Barkallah M., Dammak M., Louati I., Hentati F., Hadrich B. Effect of Spirulina platensis fortification on
physicochemical, textural, antioxidant and sensory properties of yogurt during fermentation and storage / LWT-
Food Science and Technology. 2017. Vol. 84. No. 1. P. 323-330.

9. Sherafati N., Bideshki M.V., Behzadi M., Mobarak S., Asadi M., Sadeghi O. Effect of supplementation
with Chlorella vulgaris on lipid profile in adults: A systematic review and dose-response meta-analysis of
randomized  controlled  trials. = Complement  Ther Med. 2022. Vol. 66. No. 102822.
https://doi.org/10.1016/j.ctim.2022.102822

10. Kang H., Lee C.H., Kim J.R., Kwon J.Y., Seo S.G., Han J.G., Kim B.G., Kim J.E., Lee K.W. Chlorella
vulgaris Attenuates Dermatophagoides Farinae-Induced Atopic Dermatitis-Like Symptoms in NC. Int J Mol Sci.
2015. Vol. 16. No. 9. P. 21021-34. https://doi.org/10.3390/ijms160921021

11. Jeong H., Kwon H.J., Kim M.K. Hypoglycemic effect of Chlorella vulgaris intake in type 2 diabetic Goto-
Kakizaki and normal Wistar rats. Nutr Res Pract. 2009. Vol. 3. No. 1. P. 23-30.
https://doi.org/10.4162/nrp.2009.3.1.23

12. Asnwmctparoa O. B, Onuknenko B. I'., 'aureckas H. M. Pa3zpabotka penentypsl iorypra, 000TrameHHOro
pactutensHBIME KoMrtoHeHTamu // Marepuansl VII Mexnyrapognoro bantmiickoro mopckoro ¢gopyma. B 6-tu
tomax. Tom 5. 2019. U3n-Bo: banTmiickas rocymapcTBeHHas akaJeMHs PHIOOIPOMEICTIOBOTO (pioTa (emepaabHOTo
TrocyaapCTBEHHOI'O 6IO,I[)KGTHOFO O6pa3OBaT€J'II>HOI‘O YUYpCIKACHUS BbICHICTO HpO(I)eCCI/IOHaJ'IBHOFO 06p330BaHI/IH
«KammHUHTpaicKuii TOCYAapCTBEHHBIN TeXHIUECKU yHIBepcuTeT». 2019. C. 7-12.

13. bemses A. I'., Anpmaxosa E. A., boes C. I'. u np.; mox pen. 2. A. [IbssHukoBo#t. CoCTOSIHHE W TEHACHIUH
MOTPEOUTETHCKIX TOBAPOB: PETHOHANBHBIN acmekT: MoHOoTpadust; 3AO «YHuBepcureTckas kHura». Kypck, 2019.
308 c.

14. TlesauxoBa JD. A., EBnokumoBa O. B., KoBaneBa A. E. Orenka kadecTBa U MOTPEOUTEIHCKUX CBOWMCTB
xJ1e000YIOYHBIX M3JIeNNnii, pealn3yeMbIX B po3HUUHOW TOproBoii cetn Kypcka // ToBapoBes Ipo1OBOJILCTBEHHBIX
ToBapos. 2013. Ne 11. C. 61-71.

15. Kponesenr A. A., I'moroBa C. I'. Cioco6 mosrydeHrss MOPOXKXEHOTO ¢ HAHOCTPYTYPHUPOBAHHBIM CITHPTOBBIM
9KCTpakTOM XJopeiutbl // [lpoBuHIMansHEIe HayqHbIe 3amucku. 2020. C. 66—70.

16. AyxanoBa H. b. Mopdonorndeckas u cucreMaTideckas XapakKTepUCTHKA XJopelutbl. Ee mpou3BoacTBO 1
npumenenue // Hayuanbiit Bectauk. 2014. Ne 1 (1). C. 113-126. https://doi.org/10.17117/nv.2014.01.113

17. Huxonosmu C. H., Tapacenko H. A., HoBoxenoBa A. JI. Crtoco® mpou3BoACTBa MapIMIIAHOBEIX ITUIUTOK
¢yHKIHOHATBHOTO HazHaueHus // [lumeBrle MHHOBammK W OworexHomoruu. Marepuansl [V MexayHapomHOH
Hay4HOU KoH(pepeHuun. M3a-Bo: KemepoBckuii rocynapcrBennsiii yausepeuret. 2016. C. 330-332.

18. Uprammesa K.C. BosmeiictBue xsopeiisl Ha wmukpodiaopy opraamsma // «CoBpeMeHHBIC YCIOBHSI
WHTETPAIMOHHBIX MPOIIECCOB B Hayke W 00pa3oBaHUM», COOPHUK CTaTel MEXAYHApOJAHOW HAYYHO-TIPAKTHUECKON
koH(epenuuu. M31-Bo: OGIIECTBO ¢ OrpaHHUEHHOM OTBeTCTBeHHOCThIO «OMEIA CAMHC» (Ya). 2019. C. 16-
18.

19. Bertagnolli B. L., Nadakavukaren M. J. An ultrastructural study of pyrenoids from Chlorella pyrenoidosa.
J. CellSci. 1970. Vol. 7. P. 623-630.

20. Borovsky D. Trypsin - modulating oostatic factor: a potential new larvicide for mosquito control. J. Exp.
Biol. 2003. Vol. 206. P. 3869-3875.

REFERENCES
1. Wu Q, Liu L, Miron A, Klimova B, Wan D, Kuéa K. The antioxidant, immunomodulatory, and
anti-inflammatory  activities of  Spirulina: an overviewArch Toxicol. 2016;90(8):1817-40.
https://doi.org/10.1007/s00204-016-1744-5

Issue No. 4, 2023 127


https://doi.org/10.3305/nh.2015.32.1.9001
https://doi.org/10.1016/j.ctim.2022.102822
https://doi.org/10.3390/ijms160921021
https://elibrary.ru/contents.asp?id=43846474
https://www.elibrary.ru/publisher_about.asp?pubsid=15121

CoBpemMeHHast Hayka 1 nHHOBaruu. 2023. Ne 4 (44)

2. Grosshagauer S, Kraemer K, Somoza V. The True Value of Spirulina. J Agric Food Chem.
2020;68(14):4109-4115. https://doi.org/10.1021/acs.jafc.9b08251

3.  Gutiérrez-Salmean G, Fabila-Castillo L, Chamorro-Cevallos G. Nutritional and toxicological aspects of
Spirulina (Arthrospira). Nutr Hosp. 2015;32(1):34-40. https://doi.org/10.3305/nh.2015.32.1.9001

4.  Vadala M, Palmieri B. Dalle alghe ai "functional foods" [From algae to "functional foods"]. Clin Ter.
2015;166(4): €281-300. (In Ital.) https://doi.org/10.7417/T.2015.1875

5. Lafarga T, Fernandez-Sevilla JM, Gonzalez-Lopez C, Acién-Fernandez FG. Spirulina for the food and
functional food industries. Food Res Int. 2020;137:109356. https://doi.org/10.1016/j.foodres.2020.109356

6. Arthur-Ataam J, Bideaux P, Charrabi A, Sicard P, Fromy B, Liu K, Richard S. Dietary supplementation
with silicon-enriched Spirulina improves arterial remodeling and function in hypertensive rats. Nutrients.
2019;11(11):2574.

7. Gershwin ME, Belay A. eds. Spirulina in human nutrition and health. CRC Press, Boca Raton, US. 2008;1-
26.

8. Barkallah M, Dammak M., Louati I., Hentati F, Hadrich B Effect of Spirulina platensis fortification on
physicochemical, textural, antioxidant and sensory properties of yogurt during fermentation and storage. LWT-Food
Science and Technology. 2017;84(1)323-330.

9. Sherafati N, Bideshki MV, Behzadi M, Mobarak S, Asadi M, Sadeghi O. Effect of supplementation with
Chlorella vulgaris on lipid profile in adults: A systematic review and dose-response meta-analysis of randomized
controlled trials. Complement Ther Med. 2022;66:102822. https://doi.org/10.1016/j.ctim.2022.102822

10. Kang H, Lee CH, Kim JR, Kwon JY, Seo SG, Han JG, Kim BG, Kim JE, Lee KW. Chlorella vulgaris
Attenuates Dermatophagoides Farinae-Induced Atopic Dermatitis-Like Symptoms in NC. Int J Mol Sci.
2015;16(9):21021-34. https://doi.org/10.3390/ijms160921021

11. Jeong H, Kwon HJ, Kim MK. Hypoglycemic effect of Chlorella vulgaris intake in type 2 diabetic Goto-
Kakizaki and normal Wistar rats. Nutr Res Pract. 2009;3(1):23-30. https://doi.org/10.4162/nrp.2009.3.1.23

12. Anistratova OV, Onikienko VG, Gaplevskaya NM. Development of a yoga tour formulation charred with
vegetable components. Materials of the VII International Baltic Sea. In 6 volumes. Volume 5. 2019. Publishing
house: Baltic State Academy of the Fishing Fleet of the Federal State Budgetary educational institution of higher
professional Education "Kaliningrad State Technical University”. 2019;7-12.

13. Belyaev AG, Alshakova EA, Boev SG, etc.; ed. by E.A. Pyanikova, The state and trends of consumer goods:
a regional aspect: monograph; CJSC "University Book". Kursk, 2019. 308 p.

14. Pyanikova EA, Evdokimova OV, Kovaleva AE. Assessment of the quality and consumer properties of
bakery products sold in the Kursk retail chain. A commodity specialist of food products. 2013;11:61-71.

15. Krolevets AA, Glotova SG. A method for producing ice cream with nanostructured alcoholic chlorella
extract. Provincial scientific notes. 2020;66-70.

16. Auzhanova NB. Morphological and systematic characteristics of chlorella. Its production and application.
Scientific Bulletin. 2014;1(1):113-126. https://doi.org/10.17117/nv.2014.01.113

17. Nikonovich SN, Tarasenko NA, Novozhenova AD. Method of production of functional marzipan tiles. Food
innovations and biotechnologies. Materials of the IV International Scientific Conference. Publishing house:
Kemerovo State University. 2016;330-332.

18. Irgalieva KS. The effect of chlorella on the microflora of the body. "Modern conditions of integration
processes in science and education”, collection of articles of the international scientific and practical conference.
Publishing house: OMEGA SCIENCES Limited Liability Company (Ufa). 2019;16-18.

19. Bertagnolli BL, Nadakavukaren MJ. An ultra—structural study of pyrenoids from Chlorella pyrenoidosa. J.
CellSci. 1970;7:623-630.

20. Borovsky D. Trypsin - modulating oostatic factor: a potential new larvicide for mosquito control. J. Exp.
Biol. 2003;206:3869-3875.

NHOOPMAIIUA Ob ABTOPAX

Banepus HuxonaeBna OpoOuHCKasi — KaHIUJAT TEXHUYCCKUN HAYK, BEAYIIHMA HAYIHBINA
COTPYIOHHK OT/JeNa IUIAHUPOBAaHUS M OpraHu3allii Hay4YHO-MCCIIE0BATEIbCKOW pabOThI, TOIEHT
Kaeapel TEXHONOTMM MPOAYKLIMHM NHTaHHWS W TOBapoBeAeHbs, llaruropckuit uHCTUTYT ((Drman),
Cesepo-KaBkasckuii (eepanbHbIid yHUBEPCHUTET, I. [IsTuropek, Poccust

Hpuna HwukonaeBna IlymMmHa — JOKTOp TEXHUYECKMX Hayk, mpodeccop Kadenaps
TEXHOJIOTUM M OpraHu3aliH OOIIeCTBEHHOro nuraHus, CuOupckuil QenepasbHbId YHUBEPCHUTET, M.
CsobomubIi, 79, r. KpacHospck, 660041, Poccusi, root1986@mail.ru

Tarbsana HuxonaesHa JIappoBa — HayaJbHUK OT/EJA IUIAHUPOBAHUS U OPraHHU3aLMU HAY4YHO-
uccleioBaTenbekoil padotsl, [lsturopckuii mHcetutyT (Qunuan), CeBepo-KaBkasckuii QenepanibHbIi
YHUBEPCHUTET, I'. [Iaturopck, Poccus, oponirlavrova@yandex.ru

Ouabra HukonaesHa Ilncapenko — kaHauaaT GMIOCOBCKUX HAyK, JOLEHT Ka(eapsl TEXHOJIOTHH

MPOAYKTOB THWTaHWS | ToBapoBedeHws, llaruropckuii maCTUTYT ((pmmman), Cesepo-Kaskaszckuid
(benepanbHbIid yHHBEpCUTET, T. [IaTHropck, Poccus, olga.pisarenko.65@mail.ru

128 Bbinyck Ne 4, 2023


https://doi.org/10.1016/j.ctim.2022.102822
https://doi.org/10.3390/ijms160921021
mailto:oponirlavrova@yandex.ru

Modern Science and Innovations. 2023. No. 4 (44)

Cepreii AnexcanapoBud EMenbsiHOB — KaHIUIAT OMOJOTHYECKUX HAYK, JOKTOP TEXHHUYIECCKUX
Hayk, mpodeccop kadeapsl mnpukiIagHoi OuorexHojoruu, CeBepo-KaBkasckuii —(enepaibHbIi
yHuBepcuTeT, r. CtaBpomnonb, Poccust, sergemelyan@mail.ru

JAvutpuii  AnexceeBuu KonoBamoB — gokrop (dapmameBTrdecux Hayk, mpodeccop,
3aBenyrommid Kadeapoir ¢dapMakorHO3WH, OOTaHWMKM M TeXHONOTWH (urompenapartos, llsturopckuit
MennKo-hapManeBTHdeckuii WHCTUTYT (duiwman), Bomrorpamcknii TOCynapCTBEHHBIH MeIUITMHCKUIN
yHHUBepCHTET MUHHCTEPCTBA 3apaBooxpanenus, . [Iaturopck, Poccus, d.a.konovalov@pmedpharm.ru

INFORMATION ABOUT THE AUTHORS

Valeria N. Orobinskaya — PhD in Technical Sciences, Leading Researcher of the Department of
Planning and Organization of Research Work, Associate Professor of the Department of Food
Technology and Commodity Science, Pyatigorsk Institute (branch), North Caucasus Federal University,
Pyatigorsk, Russia

Irina N. Pushmina — Dr. Sci. (Tech.), Professor of the Department of Technology and
Organization of Public Catering, Siberian Federal University, 79, Svobodny Avenue, Krasnoyarsk,
660041, Russia, root1986@mail.ru

Tatiana N. Lavrova — Head of the Department of Planning and Organization of Research Work,
Pyatigorsk  Institute  (branch), North Caucasus Federal University, Pyatigorsk, Russia,
oponirlavrova@yandex.ru

Olga Nikolaevna Pisarenko — PhD in Philosophy, Associate Professor of the Department of
Food Technology and Commodity Science, Pyatigorsk Institute (branch), North Caucasus Federal
University, Pyatigorsk, Russia, olga.pisarenko.65@mail.ru

Sergey A. Emelyanov — Cand. Sci. (Biol.), Dr. Sci. (Techn), Professor of the Department of
Applied Biotechnology, North Caucasus Federal University, Stavropol, Russia, sergemelyan@mail.ru

Dmitry A. Konovalov — Dr. Sci. (Pharm.), Professor, Head of the Department of
Pharmacognosy, Botany and Technology of Herbal Medicines, Pyatigorsk Medical and Pharmaceutical
Institute (branch), Volgograd State Medical University of the Ministry of Health of the Russian
Federation, Pyatigorsk, Russia, d.a.konovalov@pmedpharm.ru

Bruiaj aBTOpPOB: Bce aBTOPHI BHEC/IN paBHBIN BKJIA/ B IOATOTOBKY TyOJHKAIIHH.
KongaukT nHTEpecOB: aBTOPHI 3asIBISIOT 00 OTCYTCTBUU KOH(MIMKTA HHTEPECOB.

Contribution of the authors: the authors contributed equally to this article.
Conflict of interest: the authors declare no conflicts of interests.

Cmamwps nocmynuaa 6 pedaxyuro: 08.10.2023,;
0006pena nocne peyensuposanus: 09.11.2023;
npunama k nyonuxayuu: 10.12.2023.

The article was submitted: 08.10.2023;

approved after reviewing: 09.11.2023;
accepted for publication: 10.12.2023.

Issue No. 4, 2023 129


mailto:sergemelyan@mail.ru
mailto:d.a.konovalov@pmedpharm.ru
mailto:oponirlavrova@yandex.ru
mailto:olga.pisarenko.65@mail.ru
mailto:sergemelyan@mail.ru
mailto:d.a.konovalov@pmedpharm.ru



