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Аннотация. Введение Лекарственные растения играют важную роль в медицине, особенно в 
традиционных системах, где растительные экстракты составляют треть всех средств, особенно для 

лечения кожных заболеваний. В последние десятилетия возрос интерес к их биоактивным 

компонентам, таким как флавоноиды и терпеноиды, благодаря их антиоксидантным, 

противовоспалительным и иммунорегуляторным свойствам. Эти экстракты эффективны в борьбе 

с возрастными изменениями кожи, улучшении её внешнего вида и функций. Они используются в 

безрецептурных препаратах, БАДах и пищевых продуктах для профилактики хронических 

заболеваний. Современные исследования подтверждают их эффективность в лечении 

дерматологических заболеваний. Экстракты алоэ, ромашки и календулы применяются в 

косметических средствах, а куркумы и зелёного чая — в пищевой промышленности как 

антиоксидантные добавки. Растительные экстракты представляют перспективное направление. 

Благодаря их биоактивным свойствам и многовековому опыту применения, играют ключевую 

роль в создании инновационных продуктов для улучшения здоровья и качества жизни. 

Материалы и методы. Целью настоящего исследования является комплексное изучение влияния 

гидромодуля (соотношение "сырье (г): экстрагент (мл)") на физико-химические характеристики 

экстрактов биологически активных соединений (БАС), полученных из различных растительных 

источников, а также оптимизация параметров микрокапсулирования альгината натрия. В рамках 

исследования были выбраны следующие объекты: Цветки календулы лекарственной (Calendula 

officinalis L.),Листья шалфея лекарственного (Salvia officinalis L.),Трава тысячелистника 

обыкновенного (Achillea millefolium L.),Надземная часть каллизии душистой (Callisia fragrans). 

Параметры экстракции были стандартизированы следующим образом: температура 50 °C, 

гидромодули 1:5, 1:10 и 1:15, метод мацерации продолжительностью 2 часа с использованием 

дистиллированной воды. Для микрокапсулирования применялись альгинат натрия и хлорид 

кальция. Результаты и обсуждение. Получены уравнения для определения значений 

установившихся амплитуд колебаний. Исследовано влияние дисперсии, вызванной несовпадением 

температур и скоростей фаз газовзвеси, на нелинейное взаимодействие стоячих волн. Заключение. 

Исследования показали, что микрокапсулированные экстракты календулы и шалфея перспективны 

для косметики и функциональных продуктов питания благодаря высокой биодоступности и 

стабильности активных компонентов. Микрокапсулирование улучшает физико-химические 

характеристики экстрактов, повышая их растворимость и дисперсность. Это улучшает 

потребительские свойства продуктов.  
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Экстракты обладают антиоксидантными, противовоспалительными и регенеративными 

свойствами, а также содержат биологически активные вещества, положительно влияющие на 

здоровье. Внедрение микрокапсулированных экстрактов открывает новые возможности для 

создания инновационных продуктов, соответствующих современным требованиям рынка. 

Ключевые слова: календула лекарственная, шалфей лекарственный, тысячелистник 

обыкновенный, каллизия душистая, экстракты, альгинат натрия, микрокапсулы 
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Abstract. Introduction. Introduction Medicinal plants play an important role in medicine, especially in 

traditional systems, where plant extracts account for a third of all remedies, especially for the treatment of 

skin diseases. In recent decades, there has been an increased interest in their bioactive components, such 

as flavonoids and terpenoids, due to their antioxidant, anti-inflammatory, and immunoregulatory 

properties. These extracts are effective in combating age-related skin changes and improving skin 

appearance and function. They are used in over-the-counter medications, dietary supplements, and food 

products for the prevention of chronic diseases. Modern research confirms their effectiveness in the 

treatment of dermatological diseases. Extracts of aloe, chamomile, and calendula are used in cosmetics, 

while extracts of turmeric and green tea are used in the food industry as antioxidant additives.. Materials 

and methods. Materials and methods. The aim of the present study is a comprehensive study of the effect 

of the hydro-modulus (the ratio "raw material (g): extractant (ml)") on the physical and chemical 

characteristics of extracts of biologically active compounds (BAS) obtained from various plant sources, 

as well as the optimization of the parameters of microencapsulation of sodium alginate. The following 

objects were selected as part of the study: Calendula officinalis L. flowers, Salvia officinalis L. leaves, 

Yarrow grass (Achillea millefolium L.), and the aerial part of Callisia fragrans. The extraction parameters 

were standardized as follows: temperature 50 °C, hydro-moduli 1:5, 1:10 and 1:15, 2-hour maceration 

method using distilled water. Sodium alginate and calcium chloride were used for microencapsulation. 

Conclusion.  Research has shown that microencapsulated extracts of calendula and sage are promising for 

cosmetics and functional food products due to their high bioavailability and stability of active 

components. Microencapsulation improves the physical and chemical characteristics of the extracts, 

increasing their solubility and dispersion. This enhances the consumer properties of the products. The 

extracts have antioxidant, anti-inflammatory, and regenerative properties, as well as contain biologically 

active substances that have a positive impact on health. The introduction of microencapsulated extracts 

opens up new opportunities for creating innovative products that meet modern market requirements. 
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Introduction 

Virtually all cultures around the world have historically relied or continue to rely on 

medicinal plants for primary health care. Approximately one-third of all traditional medicines are 

intended for the treatment of wounds or skin diseases, compared to only 1-3% of modern 

medicines [10]. 

Biologically active substances (BAS) from medicinal plants has grown worldwide, as 

substances capable of positively influencing biochemical reactions in the human body. Skin 

aging is considered a natural physiological process, and photoaging, pigmentation, and damage 

to the epidermal barrier due to lipid peroxidation and other factors can be treated with cosmetics 

based on biologically active plant components [8]. 

Plant extracts and individual compounds are increasingly used in cosmetics, as well as in 

over-the-counter medications and dietary supplements for functional nutrition. Experimental 

research using plant components is a promising area for the near future. [12].  

Scientific research proves the positive effect on the human body, in particular on the skin, 

of extracts from medicinal plants containing valuable biologically active substances with a 

calming, anti-inflammatory and antioxidant effect [15]. 

Natural plant-based skin care ingredients are being actively developed and used not only 

for their rejuvenating effect, but also for use on problem skin [14]. 

Currently, extracts from medicinal plants are effectively used as additives to food 

products to improve their properties and functional significance [2]. 

Calendula extract (Calendula officinalis) contains biologically active substances: 

polyphenols, p-hydroxybenzoic, salicylic, vanilla, coffee, gallic acids, acylated flavonoid-O-

glycosides, methoxylated flavonoids, amino acids, alkaloids, carotenoids, saponins, tannins, 

high-molecular polysaccharides and triterpenoid monoesters [11]. It has been experimentally 

established that marigold flowers have bactericidal, anti-inflammatory, soothing and healing 

effects. 

Sage extract ( Salvia officinalis ) contains coumarins, alkaloids, flavonoids, saponins, 

polyphenols, phenolic and flavonoid glycosides, sclareol, rosmarinic , gallic, chicory and ferulic 

acids, dihydroquercetin, rutin, coumarin, umbelliferone, salts of K, Ca, Fe, Mn, Zn, Li, Sn, 

essential oil [1, 5]. 

The active components of sage extract have a powerful antifungal, anti-inflammatory and 

soothing effect, have antioxidant properties, tighten pores, and are used in the fight against acne 

[16]. 

Yarrow extract (A. chilea millefolium) contains the alkaloid achilleine, volatile oils, 

sesquiterpene lactones, tannins, flavonoids, phytoncides, vitamins C and K, carotene, organic 

acids (isovaleric, formic, acetic), essential oil [4, 7]. It has anti-inflammatory, antioxidant, and 

wound-healing effects [13]. 

The chemical composition of Callisia fragrans extract is represented by different classes 

of compounds: carbohydrates, amino acids, organic acids, phenolic compounds, triterpene 

compounds and alkaloids. Palmitic, linoleic, oleic and linolenic acids, carotenoids (α-, β-
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carotenes, neoxanthin, antheraxanthin), chlorophylls (a and b), ascorbic acid and anthocyanins 

[9], as well as salicylic, vanillic and chlorogenic acids, phytol, vanillin, biformene, squalene, 

lupeol and betulin [3] have been found. 

Gallic, caffeic, chicory, and ferulic acids, quercetin, kaempferol, umbelliferone, 

scopoletin, and aloe-emodin were identified among the phenolic compounds. The data obtained 

indicate the presence of antioxidant activity due to the presence of phenolic compounds and 

ascorbic acid [6].  

When used in topical products, the main challenge is instability caused by external 

factors (such as oxygen, temperature, and light) during transportation and storage, which affects 

the product's shelf life. In this regard, microencapsulation has shown great potential for 

increasing the stability of biologically active substances. 

Materials and methods 

The aim of the research was to study the influence of the hydromodulus values (the ratio 

of “raw material (g): extractant (ml)”) on the physicochemical parameters of various extracts of 

biologically active substances of selected plants and to optimize the parameters of the process of 

obtaining sodium alginate microcapsules with plant extracts. 

The following raw materials were used as research objects for the preparation of plant 

extracts: 

- crushed calendula flowers, produced by Krasnogorskleksredstva, Krasnogorsk, Reg. 

No.: LP-003154; 

- crushed sage leaves, produced by Krasnogorskleksredstva, Krasnogorsk, Reg. No.: 

LSR-005376/07; 

- crushed yarrow herb, produced by Krasnogorskleksredstva, Krasnogorsk, Reg. No.: LP-

004327; 

- the above-ground part of fragrant callisia, produced by the experimental farm of the 

Saratov State Agricultural University named after N.I. Vavilov, Saratov. 

For the initial stage of the research, the following extraction process parameters were 

selected: temperature 50°C. The water-to-water ratios were 1:5, 1:10, and 1:15. The maceration 

extraction procedure lasted 2 hours. Distilled water was used as the extractant. 

To prepare microcapsules, food grade sodium alginate, CAS 9005-38-3, and food grade 

anhydrous calcium chloride, CAS 10043-52-4 were used. 

Results and discussion 
To study the dynamics of the extraction process, the following physicochemical 

parameters were used: pH of the medium, mass fraction of dry substances (%), freezing 

temperature (°C), optical density (D), antioxidant activity (AOA, mM trolox). 

Tables 1, 2, 3 and 4 present experimental data reflecting the dynamics of changes in the 

physicochemical parameters of plant extracts with hydraulic module values of 1:5, 1:10 and 

1:15. 
Table 1. Physical and chemical properties of calendula extract at different hydromodules 

N

o. 

Hydro-module pH of the 

environ

ment 

Mass fraction of 

dry matter, % 

Freezing 

point, ° C 

Optical 

density, D 

AOA, Mm 

trolox 

1 1:15 5.28 2.9 -0.407 7.35 3.87 

2 1:10 5.23 4.2 -0.561 11.35 5.40 

3 1:5 5.1 5.5 -1,123 15.79 11.4 
Source: compiled by the authors by authors 
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Table 2. Physical and chemical properties of Callisia fragrans extract at different hydromodules 

No. Hydro-

module 

pH of the 

environment 

Mass fraction 

of substances, 

% 

Freezing 

point, ° C 

Optical 

density, D 

AOA, mM 

Trolox 

1 1:15 5.83 0.1 -0.038 3.4 1.2 

2 1:10 5.76 0.7 -0.058 5.9 2.6 

3 1:5 5.68 0.9 -0.103 7.3 4.7 
Source: compiled by the authors by authors 

 
Table 3. Physical and chemical properties of yarrow extract at different hydromodules 

No. Hydro-

module 

pH of the 

environment 

Mass fraction 

of substances, 

% 

Freezing 

point, ° C 

Optical 

density, D 

AOA, mM 

Trolox 

1 1:15 5.6 1.6 -0.188 4.66 5.2 

2 1:10 5.55 2.25 -0.248 4.86 5.3 

3 1:5 5.49 4.1 -0.475 4.89 10.6 
Source: compiled by the authors by authors 

 

Table 4. Physical and chemical properties of sage extract at different hydromodules 

No. Hydro-

module 

pH of the 

environment 

Mass fraction 

of substances, 

% 

Freezing 

point, ° C 

Optical 

density, D 

AOA, mM 

Trolox 

1 1:15 6.39 1.9 -0.169 7.79 10.1 

2 1:10 6.32 2.9 -0.241 10.55 19.1 

3 1:5 6.13 4.2 -0.456 18.04 36.8 
Source: compiled by the authors by authors 

 

Based on the results of studies of the physicochemical properties of plant extracts, it can 

be concluded that the optimal hydromodulus in terms of the dynamics of increase in dry matter 

and optical density is 1:10. 

A further increase in the hydromodulus did not lead to a significant increase in the mass 

fraction of dry substances in the extracts, optical density and antioxidant activity and increased 

the consumption of raw materials. 

Extracts of yarrow and fragrant callisia were characterized by a reduced dry matter 

content, high raw material consumption and relatively low antioxidant activity values, therefore 

extracts of calendula and sage were selected for further research. 

Encapsulation of plant extracts of calendula and sage was carried out on an experimental 

setup for microencapsulation of colloidal raw materials II 0.35-1.5 (OOO MZTA, Murom) at a 

disperser drive speed of 2000 rpm. 

The morphological features and sizes of hydrated microcapsules were analyzed using an 

Axio ZOOM.V16 light microscope (Carl Zeiss Microscopy, Oberkochen, Germany) with a 

magnification of x50. 
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 Figure 1. Appearance of sodium alginate microcapsules with calendula extract 

 

 
 

Figure 2. Appearance of sodium alginate microcapsules with sage extract 

Microscopy analysis of microcapsule samples containing calendula and sage plant 

extracts showed an average size of 280 to 500 micrometers at an optimal sodium alginate 

solution flow rate of 2.5 ml/min and a CaCl2 concentration in the curing solution of 1.5%. 

Increasing the flow rate above 2.5 ml/min resulted in increased sodium alginate 

consumption and deterioration of the microcapsule formation process in the microencapsulation 

unit. 

Conclusion 

According to the results of the experiments, the optimal hydraulic module is 1:10. A 

further increase in the content of medicinal plants in the solution did not lead to a significant 

increase in dry matter, optical density and antioxidant activity and increased the consumption of 

raw materials. 

Samples of yarrow and fragrant callisia extracts were found to have low dry matter 

content and antioxidant activity, so it was decided not to conduct further studies with these 

extracts. 

The parameters of microencapsulation were established with an optimal flow rate of 

sodium alginate solution of 2.5 ml/min and a CaCl2 concentration in the hardening solution of 

1.5%. 

The research has shown that microencapsulated extracts of calendula and sage can be 

used in the production of cosmetics and functional food products. 
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