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Abstract. The relevance of this study lies in developing a method to increase 
biologically active substances (BAS) in Chlorella vulgaris biomass by chemically 
modifying the Bogdanov medium. To enhance the growth and metabolic characteristics 
of Chlorella vulgaris, the availability of nitrogen, iron and other trace elements that 
regulate photosynthetic activity and biosynthesis of BAS is necessary. This article 
examines the effect of adding urea and iron nanoparticles on the increase in the cell 
concentration of Chlorella vulgaris and the content of pigments and antioxidant 
substances. The study applies spectrophotometric methods to measure optical density 
and chlorophylls, carotenoids, flavonoids, and polyphenolic compounds. The results 
of the study show that the use of the modified medium resulted in a 22% increase 
in the biomass and optical density of the suspension. Chlorophylls a and b levels 
increased to 11.1 and 5.2 mg/mL, respectively, indicating improved photosynthetic 
activity resulting from the integration of nitrogen and iron into metabolic pathways. 
Carotenoid concentrations were 3.3 mg/mL, while flavonoids and polyphenols 
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concentrations - 0.2%, indicating enhanced cellular antioxidant activity. The conducted 
studies demonstrate the effectiveness of chemical modification of Bogdanov’s medium 
for stimulating the biosynthesis of pigments and antioxidant compounds in Chlorella 
vulgaris. The practical significance of this study lies in the potential use of Chlorella 
vulgaris for the development of effective feed additives and biostimulants that enhance 
animal productivity, soil fertility, and seed germination.
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Аннотация. Бұл зерттеудің өзектілігі хлорелла үшін қолданылатын 
Богданов өсіру ортасын химиялық модификациялау арқылы Chlorella vulgaris 
биомассасындағы биологиялық белсенді заттардың (ББЗ) мөлшерін мақсатты 
түрде арттыру әдісін әзірлеумен байланысты. Chlorella vulgaris-тің өсуі мен 
метаболитикалық сипаттамаларын жақсарту үшін фотосинтетикалық белсенділікті 
және ББЗ биосинтезін реттейтін азот, темір және басқа да микроэлементтердің 
болуы қажет. Бұл мақалада несепнәр мен темір нанобөлшектерін өсіру ортасына 
қосудың Chlorella vulgaris микробалдырларының жасушалық концентрациясының 
артуына және пигменттер мен антиоксиданттық заттардың мөлшеріне әсері 
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қарастырылады. Зерттеуде микробалдырдың оптикалық тығыздығы мен 
хлорофиллдердің, каротиноидтардың, флавоноидтардың және полифенолды 
қосылыстардың құрамын бағалау үшін спектрофотометриялық талдау әдісі 
қолданылады. Зерттеу нәтижелері модификацияланған ортаны пайдалану 
биомасса мен суспензияның оптикалық тығыздығының 22%-ға артуына әкелгенін 
көрсетеді. Хлорофилл а және b деңгейлері сәйкесінше 11,1 және 5,2 мг/мл 
дейін өсті, бұл азот пен темірдің жасушалық метаболизмге енуіне байланысты 
фотосинтездің күшеюін көрсетеді. Каротиноидтардың концентрациясы 3,3 мг/
мл тең болды, ал флавоноидтар мен полифенолдардың концентрациясы 0,2%-ті 
құрады, бұл жасушалардың антиоксиданттық белсенділігінің артқанын көрсетеді, 
бұл қарқынды фотосинтез кезінде микробалдырды тотығу стрессінен тиімдірек 
қорғауды қамтамасыз етеді. Жүргізілген зерттеулер Chlorella vulgaris-тегі 
пигменттер мен антиоксидантты қосылыстардың биосинтезін ынталандыру үшін 
Богданов өсіру ортасын химиялық модификациялаудың тиімділігін көрсетеді 
және бұл тәсілді құнды метаболиттердің жоғары деңгейімен биомасса алу үшін 
перспективалы етеді. Бұл зерттеудің практикалық маңыздылығы жануарлардың 
өнімділігін, топырақтың құнарлығын және тұқымның өнуін жақсартатын тиімді 
жем қоспалары мен биостимуляторларды әзірлеу үшін Chlorella vulgaris-ті 
пайдалану мүмкіндігінде жатыр.

Түйін сөздер: Chlorella vulgaris, химиялық модификация, Богданов өсіру 
ортасы, хлорофилдер, каротиноидтар, флавоноидтар, полифенолдар
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Аннотация. Актуальность исследования связана с разработкой способа 
целенаправленного увеличения содержания биологически активных веществ 
(БАВ) в биомассе Chlorella vulgaris путем химической модификации питательной 
среды Богданова для культивирования хлореллы. Для усиления ростовых и 
метаболических характеристик Chlorella vulgaris необходимы доступность 
азота, железа и микроэлементов, регулирующих фотосинтетическую активность 
и биосинтез БАВ. В статье рассматривается влияние добавления мочевины и 
наночастиц железа на увеличение концентрации клеток микроводоросли Chlorella 
vulgaris, а также содержания пигментов и антиоксидантных веществ. В работе 
используется спектрофотометрический метод анализа, позволяющий оценивать 
оптическую плотность культуры, содержание хлорофиллов, каротиноидов, 
флавоноидов и полифенольных соединений. Результаты показывают, что 
применение модифицированной среды привело к увеличению биомассы и 
оптической плотности суспензии на 22 %. Содержание хлорофиллов a и b 
увеличилось до 11,1 и 5,2 мг/мл соответственно, отражая усиление фотосинтеза за 
счет включения азота и железа в метаболизм клетки. Концентрации каротиноидов 
составили 3,3 мг/мл, а флавоноидов и полифенолов — 0,2 %, что указывает на 
увеличение антиоксидантной активности и более эффективную защиту клеток от 
окислительного стресса при интенсивном фотосинтезе. Проведенные исследования 
демонстрируют эффективность химической модификации среды Богданова для 
стимуляции биосинтеза пигментов и антиоксидантов в Chlorella vulgaris, что 
делает данный подход перспективным для получения биомассы с повышенным 
содержанием ценных метаболитов. Практическая значимость работы состоит 
в возможности использования Chlorella vulgaris при создании эффективных 
кормовых добавок и биостимуляторов, повышающих продуктивность животных, 
плодородие почв и всхожесть семян.

Ключевые слова: Chlorella vulgaris, химическая модификация, питательная 
среда Богданова, хлорофиллы, каротиноиды, флавоноиды, полифенолы

Introduction. The rapid development of biochemical research into natural compounds 
is focusing attention on the search for effective sources of biologically active substances 
(BAS). The single-celled microalga Chlorella vulgaris is characterized by rapid growth, 
high adaptability to environmental changes, and the ability to synthesize a wide range of 
BAS (Kelebek et al., 2025; Rinawati et al., 2020). 

The biosynthesis of BAS is a complex of interconnected biochemical reactions 
involving primary photosynthetic metabolism and secondary metabolism, which 
produces pigments, phenolic compounds, and antioxidants. During the first stage of 
photosynthesis, carbohydrates are synthesized in Chlorella vulgaris cells. These serve 
as the primary source of the carbon skeleton for the subsequent formation of BAS 
through the assimilation of nitrogen, phosphorus, and sulfur. Secondary metabolites are 
formed from the products of primary metabolism through sequential chemical reactions 
- condensation, oxidation, reduction, and cyclization. These chemical transformations 
result in the formation of chlorophylls, carotenoids, flavonoids, and phenolic compounds, 
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which perform protective and antioxidant functions, preventing photo oxidative damage 
to cellular structures (Zúñiga et al., 2016). According to research (Daliry et al., 2017; El-
fayoumy et al., 2020), the chemical composition of microalgae depends on cultivation 
conditions, which regulate the biochemical metabolic reactions in Chlorella vulgaris 
cells. The most important parameters influencing the biosynthetic activity of microalgae 
are the concentration of mineral salts in the nutrient medium, illumination, temperature, 
and pH of the medium. Changing the physical parameters and the content of macro- 
and microelements allows for targeted control of metabolism and stimulation of the 
synthesis of individual groups of BAS. For example, nitrogen starvation promotes the 
accumulation of not only lipids, but also carotenoids and phenolic compounds, which 
is due to an adaptive and protective response to metabolic stress. At the same time, the 
addition of Mg2+, Fe2+, and Fe3+ salts activate an increase in chlorophylls content (Fang, 
et al., 2024; Cichonski, 2022). 

One of the accessible and rapid methods for assessing the intensity of biosynthetic 
processes in Chlorella vulgaris cells based on the content of pigments and phenolic 
compounds is spectrophotometric analysis (Rinawati et al., 2020). Based on a literature 
review, secondary metabolites characteristics were compiled for conducting spectral 
analysis (Table 1).

Table 1. Characteristics of the main biologically active substances of microalgae Chlorella vulgaris
Biologically 

active 
substance

Functions Maximum 
absorption 
spectra, nm

Extraction 
agent

Sources

Chlorophyll a Photosynthesis, photoprotection, 
antioxidant activity

662 acetone Rinawati et al., 2020
Chlorophyll b 645 acetone Rinawati et al., 2020
Carotenoids 470 acetone Rinawati 2020
Flavonoids Antimicrobial and antioxidant 

activity, anti-inflammatory effect
420 ethanol Mitishev et al., 2023

Polyphenols 745 methanol Fomenko et al., 2023

Chlorophyll’s photosynthetic activity is explained by its chemical structure, which 
consists of a porphyrin ring with a magnesium atom and a hydrophobic side chain. 
Conjugated double bonds in the porphyrin ring absorb photons in the red region of the 
spectrum, enabling electron transport. During photochemical degradation, the electronic 
structure of the porphyrin complex is disrupted by the removal of magnesium from the 
molecule, resulting in the formation of brown pheophytin (Figure 1). This leads to a 
change in the absorption spectrum and a loss of the characteristic green color:
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Figure 1 – Conversion of chlorophylls to pheophytin as a result of protonation and removal of Mg2+ from 
the porphyrin ring (R for chlorophyll a is -CH3, chlorophyll b is -CHO)

In their study Nilova and co-authors (Nilova et al., 2021) attribute the photosynthetic 
and antioxidant activity of carotenoids to the presence of a long chain of conjugated 
double bonds. This structure allows the molecule to effi  ciently absorb light in the blue 
region of the spectrum, transfer energy to chlorophylls, and quench excited states of 
chlorophylls, preventing the formation of reactive oxygen species. Conjugated bonds also 
provide carotenoids with a high ability to neutralize free radicals. During photochemical 
degradation, cleavage of double bonds leads to a change in the absorption spectrum 
and a decrease in the antioxidant activity of carotenoids, accompanied by a loss of their 
characteristic yellow-orange color.

As noted by Fomenko and co-authors (Fomenko et al., 2023), the antioxidant 
properties of phenolic compounds (polyphenols and fl avonoids) are due to the presence 
of aromatic rings with hydroxyl groups capable of donor-acceptor reactions. Due to their 
ability to donate hydrogen atoms, transfer electrons, and chelate transition metal ions, 
polyphenols suppress free-radical oxidation chain reactions. Light-induced degradation 
leads to the formation of quinones, simple phenols, and low-molecular-weight organic 
acids, accompanied by a decrease in color intensity and antioxidant activity. This also 
weakens the absorption spectrum in the UV region and leads to a loss of biological 
activity. Despite diff erences in structure, all of the listed secondary metabolites are 
susceptible to photo degradation when exposed to light, accompanied by disruption 
of their π-systems, changes in absorption spectra, and a decrease in biological activity. 
This must be taken into account during their isolation and spectrophotometric analysis 
of Chlorella vulgaris. Therefore, to preserve the chemical and physiological properties 
of the biologically active substances and obtain accurate spectrophotometric data, 
extraction is performed in the dark or under dim, diff used light.

According to patents (Grabarnik et al., 2018; Bogdanov, 2018), modifying N.I. 
Bogdanov’s nutrient medium with microelements and organic matter optimizes 
the supply of mineral ions to enhance the photosynthetic and metabolic activity of 
cells. Despite the presence of a signifi cant number of studies (Wong et al., 2017; El-
fayoumy et al., 2020) devoted to the study of individual groups of BAS in microalgae, 
a comprehensive analysis of the infl uence of the mineral composition of Bogdanov’s 
medium on the biosynthesis of pigments and phenolic compounds remains insuffi  ciently 
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studied. Therefore, analytical monitoring of BAS synthesis in Chlorella vulgaris
biomass cultivated on a chemically modifi ed nutrient medium is becoming increasingly 
important. 

The aim of the study was to evaluate the infl uence of the composition of the control 
and modifi ed Bogdanov nutrient media on the accumulation of BAS (chlorophylls, 
carotenoids, polyphenols and fl avonoids) in Chlorella vulgaris cells using 
spectrophotometric analysis.

Materials and methods. The object of the study was a commercial strain of 
Chlorella vulgaris IFR C-111 (Figure 2), acquired from the laboratory of the “Scientifi c 
and Technological Water Center” LLP (Petropavlovsk, Republic of Kazakhstan). 
Micrographs of the cells were obtained using an optical microscope. (Micros, Austria).

Figure 2 – Microscopic image of Chlorella vulgaris IFR C-111 cells

The cultivation procedure was carried out in laboratory conditions in a light-tight 
grow box (Figure 3), which includes: 1) high-pressure sodium lamp (HPS); 2) air 
circulation fan; 3) exhaust fan; 4) ventilation holes; 5) thermostat; 6) timer; 7) conical 
fl asks with microalgae suspension; 8) gas outlet tubes; 9) laboratory shaker; 10) carbon 
dioxide cylinder.

Figure 3 – Light-tight grow box for growing microalgae

Chlorella vulgaris was grown in 250 mL fl asks, each with a working volume of 
160 mL of medium and 40 mL of inoculum. The photoperiod was 16 hours of light 
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and 8 hours of darkness. The temperature of the culture medium was maintained at 
280C±2 0C, and the pH was adjusted by bubbling an air mixture containing 1.5% carbon 
dioxide until a value of 7.0±0.2 was reached. The cultivation duration was 14 days. 
The microalgae suspension was continuously stirred on a shaker to prevent settling of 
the microalgae cells. Bogdanov’s nutrient medium was used as a control. A modifi ed 
medium was prepared by adding urea (3 mg/L) and iron nanoparticles stabilized with 
chitosan. The synthesis of iron nanoparticles is described in our work (Orazzhanova et 
al., 2024).

Microalgae cell growth was assessed spectrophotometrically (UV/VIS, Specord 210 
plus, Germany) at 683 nm, and cell counts were performed daily in a Goryaev chamber 
for 14 days.

After cultivation, the biomass was separated by centrifugation at 3000 rpm, washed 
twice with deionized water, and decanted. The Chlorella vulgaris paste was then freeze-
dried (Scientz-12) at -59.10C until dry biomass was obtained (Figure 4).

Figure 4 – Biomass of Chlorella vulgaris before (left) and after freeze-drying (right)

The main BAS (chlorophylls, carotenoids, fl avonoids, and polyphenols) were 
isolated from the dry biomass of Chlorella vulgaris using sequential extraction with 
various solvents (Table 2). Sample preparation included homogenization in a porcelain 
mortar to a powder state and extraction under various conditions depending on the 
chemical nature of the compounds (Figure 5). The extracts were incubated for 30 min at 
room temperature, and the liquid phase was separated by centrifugation at 3000 rpm for 
10 minutes. The precipitate was re-treated with a fresh portion of solvent, the extracts 
were combined, and fi ltered before spectrophotometric analysis (Butova et al., 2018).

Figure 5 – Flow chart of biologically active substances extraction with organic solvents
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To isolate lipophilic pigments, 90% acetone was used, ensuring efficient dissolution 
of chlorophylls a and b, and carotenoids. Spectrophotometric measurements were 
performed at wavelengths of 662 nm (chlorophyll a), 645 nm (chlorophyll b), and 470 
nm for carotenoids (Wong et al., 2017) using formulas (1-4).

                   	 (1)

                    	 (2)

              	 (3)

                    	 (4)

Flavonoids extraction was performed with 60% ethanol, as flavonoid compounds 
exhibit moderate polarity and readily dissolve in aqueous alcohol. Quantitative 
determination of flavonoids was performed using a complexation reaction with AlCl3. 
1 mL of 2% AlCl3 solution was added to 1 mL of the ethanol extract, the mixture was 
incubated for 30 min at room temperature, and the optical density was measured in the 
range 390-420 nm relative to the control. Complex formation between flavonoids and 
aluminum ions proceeds according to the following scheme:

The content of total flavonoids, recalculated for rutin and absolutely dry matter (X, 
%), was determined using the formula 5 (Mitishev et al., 2023):

                                   		  (5)   

Polyphenolic compounds were isolated using 70% methanol, which ensures a high 
degree of phenolic group extraction due to its high polarity. Polyphenols content was 
determined using the Folin-Ciocalteu method in accordance with GOST R ISO 14502-
1-2010. The 0.5 mL of methanol extract, 2.5 mL of Folin-Ciocalteu reagent, and 2 mL of 
7.5% Na2CO3 solution were added to the reaction mixture. The mixture was incubated 
for 30 min at 25 0C in the dark, after which the optical density was measured at 765 nm. 
The concentration of phenolic compounds was calculated using a gallic acid calibration 
curve.

All experiments were performed in biological and analytical triplicate. We used the 
descriptive statistics method, the results are presented as the mean ± standard deviation.

Results. Cultivation of Chlorella vulgaris in Bogdanov’s nutrient medium (control) 
and its modified form reveals differences in culture growth intensity depending on the 
composition of the nutrient medium. Enhanced growth was observed with the modified 
nutrient medium compared to the control. Analysis of optical density dynamics (683 



206

ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

nm) in the control medium revealed a slow increase from 0.653 to 1.389 by day 14. 
Meanwhile, the optical density of the Chlorella vulgaris suspension reached 1.691 on 
a medium modifi ed with urea and iron nanoparticles. Diff erences in culture growth 
rates depending on the composition of the nutrient medium were also observed in the 
dynamics of Chlorella vulgaris cell counts. In the control Bogdanov’s medium, the 
increase in cell concentration was gradual and remained the lowest among the studied 
variants throughout the entire cultivation period (1.16×107 cells/mL). The addition of 
urea and iron nanoparticles resulted in enhanced growth, cells entered the exponential 
phase earlier, and maximum concentrations reached 1.4×107 cells/mL, indicating 
improved nitrogen availability and intensifi ed cell division processes (Figure 6).

This growth dynamic is consistent with literature and our data indicating the ability 
of iron nanoparticles to increase the bioavailability of micronutrients and enhance the 
metabolic and photosynthetic activity of microalgae (Plutakhin et al., 2017; Orazzhanova 
et al., 2024).

Figure 6 – The eff ect of chemical modifi cation of Bogdanov’s nutrient medium on the growth dynamics 
of Chlorella vulgaris cells

The obtained results of spectrophotometric analysis of BAS showed that modifi cation 
of Bogdanov medium leads to an increase in the content of all BAS in Chlorella 
vulgaris cells (Figures 7-9). In the control medium, the concentrations of chlorophylls 
a and b were 29.3 and 25.6 mg/mL, respectively, while the addition of urea and iron 
nanoparticles increased the amount of chlorophyll a to 31.7 mg/mL, chlorophyll b to 
44.8 mg/mL, and total chlorophylls reached 76.5 mg/mL. The content of carotenoids 
increased from 1.6 mg/mL (control) to 3.4 mg/mL upon the introduction of urea with 
iron nanoparticles. The concentration of fl avonoids in the control medium was 0.059%, 
while in the modifi ed medium it increased to 0.073%, which corresponds to an increase 
of 23.7%. Similar changes were noted for polyphenols, with their content increasing 
from 0.11% in the control to 0.20% in the modifi ed medium. When using a medium 
containing urea and iron nanoparticles, the concentration of polyphenols increased by 
81.8%.
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Figure 7 – Chlorophylls content (a, b) in Chlorella vulgaris cultivated in control and modifi ed media

Figure 8 – Carotenoids content in Chlorella vulgaris cultivated in control and modifi ed media

Figure 9 – Content of fl avonoids and carotenoids in Chlorella vulgaris cultivated in control and modifi ed 
media
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Discussions. The addition of urea and iron nanoparticles to Bogdanov’s nutrient 
medium provides nitrogen and iron nutrition, enhancing the biosynthesis of secondary 
metabolites (chlorophylls, carotenoids, flavonoids, and polyphenols). According to 
research (Kim et al., 2016; Yaakob et al., 2021), nitrogen forms in the form of nitrate 
and urea accelerate microalgae growth, as the end product NH4

+ is formed during 
metabolism during the reduction of nitrate and urea. However, these nitrogen sources are 
incorporated into microalgae metabolism differently. For example, in the biochemical 
process, nitrates are first reduced to nitrites by iron-containing enzymes, and then nitrites 
are reduced to ammonium ions:

 + 2  

   

Both reactions require large amounts of NADPH and ATP, as well as the active 
participation of iron-containing enzymes. The presence of iron nanoparticles in the 
nutrient medium increases the availability of trace elements necessary for the functioning 
of iron-containing enzymes in the redox reactions of phototrophic metabolism in 
microalgae. Therefore, when culturing with a nitrate nitrogen source, biomass growth 
and the synthesis of metabolites (pigments and antioxidant compounds) are slower due 
to the energy expenditure on nitrate reduction (Moore et al., 2025).

Unlike nitrates, urea is incorporated into nitrogen metabolism more quickly and 
without the need for additional energy expenditure, as it is directly hydrolyzed to 
ammonium ions by the enzyme urease:

+

The resulting ammonium ion is involved in the synthesis of protein amino acids, 
which are main precursors for the synthesis of secondary metabolites. Urea, as a 
source of readily available nitrogen, enhances this biosynthesis, thereby increasing 
photosynthetic and antioxidant activity (Kim et al., 2016).

The results of our study show that chemical modification of Bogdanov’s nutrient 
medium by adding urea and iron nanoparticles leads to increased metabolic efficiency 
in Chlorella vulgaris. The increased content of chlorophylls a and b in the modified 
medium reflects the activation of the enzymatic formation of porphyrin rings. The 
simultaneous increase in the concentration of carotenoids, flavonoids, and polyphenols 
enhances photo protective mechanisms, which may be a compensatory response to the 
increased intensity of photochemical processes.

Conclusion. The modified Bogdanov medium supplemented with urea and iron 
nanoparticles promotes the bioproductivity of Chlorella vulgaris and increases 
the biosynthesis of pigments and antioxidants, resulting in changes in the cellular 
biochemical composition. Cultivation in the modified medium promoted microalgal 
growth during the exponential phase, accompanied by a 22% increase in culture optical 
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density relative to the control. The concentrations of chlorophylls a and b increased 
from 8.3 to 11.1 mg/mL and from 3.9 to 5.2 mg/mL, respectively, reflecting enhanced 
photosynthetic performance. The concentration of carotenoids increased from 2.1 
mg/mL (control) to 3.3 mg/mL, which is associated with enhanced photoprotective 
functions. An increase was also observed the changes in antioxidant compounds were 
also observed: flavonoids content increased from 0.059% (control) to 0.073%, and 
polyphenolic compounds from 0.11% (control) to 0.2%, indicating an increased ability 
of cells to neutralize free radicals. Flavonoids and polyphenols content increased by 
23.7% and 81.8%, respectively, ensuring the antioxidant activity of the biomass.

Thus, the obtained Chlorella vulgaris biomass with an increased content of 
biologically active substances (pigments, polyphenols and antioxidants) can be 
considered as a promising feed additive and biofertilizer for increasing the productivity 
of animals and birds, soil fertility and the viability of agricultural crop seeds.

Литература
Богданов Н.И. (2019) Суспензия хлореллы в рационе сельскохозяйственных животных. Патент 

№ 201810414, Российская Федерация.
Бутова С.Н., Щеголева И.Д., Тхоржевская К.А. (2018) Получение экстрактов косметического 

назначения из микроводоросли Chlorella vulgaris. Физические и химические методы переработки 
сельхозпродукции. ― 3. ― C. 20-26.

Грабарник В.Е., Карелин Н.В., Богданов Н.И. (2019) Штамм микроводоросли Chlorella vulgaris 
для получения биологически активных веществ. Патент RU 2685955 C1, Российская Федерация.

Daliry S., Hallajisani A., Mohammadi Roshandel J., Nouri H., Golzary A. (2017) Investigation of 
optimal condition for Chlorella vulgaris microalgae growth. Global Journal of Environmental Science and 
Management. ― Vol. 3(2). ― P. 217-230. https://doi.org/10.22034/gjesm.2017.03.02.010 

El-fayoumy E.A., Shanab S.M.M., Shalaby E.A. (2020) Metabolomics and biological activities of 
Chlorella vulgaris grown under modified growth medium (BG11) composition. Chiang Mai University 
Journal of Natural Sciences. ― Vol. 19(1). ― P.  91-108. https://doi.org/10.12982/CMUJNS.2020.0007 

Zúñiga C., Li C.-T., Huelsman T., Levering J., Zielinski D.C., McConnell B.O., Long C.P., Knoshaug 
E.P., Guarnieri M.T., Antoniewicz M.R., Betenbaugh M.J., Zengler K. (2016) Genome-scale metabolic 
model for the green alga Chlorella vulgaris UTEX 395 accurately predicts phenotypes under autotrophic, 
heterotrophic, and mixotrophic growth conditions. Plant Physiology. ― Vol. 172(1). ― P. 589-602. https://
doi.org/10.1104/pp.16.00593 

Kelebek H., Uzlasir T., Sasmaz H.K. (2025) Bioactive compounds and health benefits of Arthrospira 
platensis and Chlorella vulgaris: A comprehensive review. Food Nutrition. ― Vol. 1(2). ― P. 100033. 
https://doi.org/10.1016/j.fnutr.2025.100033 

Kim G., Mujtaba G., Lee K. (2016) Effects of nitrogen sources on cell growth and biochemical 
composition of marine chlorophyte Tetraselmis sp. for lipid production. Algae. ― Vol. 31(3). ― P. 257–
266. https://doi.org/10.4490/algae.2016.31.8.18 

Митишев А.В., Курдюков Е.Е., Семенова Е.Ф., Феднина А.С., Евтушенко А.И. (2023) 
Идентификация и количественное определение флавоноидов в биомассе хлореллы (Chlorella 
vulgaris IPPAS C-2019). Вестник Смоленской государственной медицинской академии. ―№  22(3). 
― C. 193-199. https://doi.org/10.37903/vsgma.2023.3.26 

Moore J.M., Miller T.J., Mu M., Peñas-Defrutos M.N., Gullett K.L., Elford L.S., Quintero S., García-
Melchor M., Fout A.R. (2025) Selective stepwise reduction of nitrate and nitrite to dinitrogen or ammonia. 
Journal of the American Chemical Society ― Vol.  147. ― P. 8444–8454. https://doi.org/10.1021/
jacs.4c16585 

Нилова Л.П., Потороко И.Ю. (2021) Каротиноиды в растительных пищевых системах. Вестник 
ЮУрГУ. Серия «Пищевые и биотехнологии». ― № 9(4). ― C. 54–69 https://doi.org/10.14529/
food210407 

Оразжанова Л.К., Касымова Ж.С., Нуртазина Ж.Ж., Ассержанов Д.К., Кабдулкаримова 
К.К.(2025) Синтез и применение наночастиц железа для получения биологически активных веществ 
Chlorella vulgaris. Известия Национальной академии наук Республики Казахстан. ― № 2(354). ― C. 
275-290. https://doi.org/10.32014/2025.2518-1483.358 



210

ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

Плутахин Г.А., Мачнева Н. Л., Трохимчук Н.Н. (2017) Интенсификация культивирования 
хлореллы с использованием наночастиц железа. Научный журнал КубГАУ. ― № 126(02). https://
orcid/10.21515/1990-4665-126-054

Rinawati M., Sari L.A., Pursetyo K.T. (2020) Chlorophyll and carotenoids analysis spectrophotometer 
using method on microalgae. IOP Conference Series: Earth and Environmental Science. ― Vol. 441. ― P. 
012056. https://doi.org/10.1088/1755-1315/441/1/012056 

Cichoński J., Chrzanowski G. (2022) Microalgae as a source of valuable phenolic compounds and 
carotenoids. Molecules. ― Vol. 27(24). ― P. 8852. https://doi.org/10.3390/molecules27248852 

Yaakob M.A., Radin Mohamed R.M.S., Al-Gheethi A., Ravishankar Gokare A., Ambati R.R (2021). 
Influence of nitrogen and phosphorus on microalgal growth, biomass, lipid, and fatty acid production: an 
overview. Cells. ― Vol. 10(2). ― N 393. https://doi.org/10.3390/cells10020393 

Fang Y., Cai Y., Zhang Q., Ruan R., Zhou T. (2024) Research status and prospects for bioactive 
compounds of Chlorella species: Composition, extraction, production, and biosynthesis pathways. 
Process Safety and Environmental Protection. ― Vol. 191(A). ― P. 345-359. https://doi.org/10.1016/j.
psep.2024.08.114  

Фоменко С.Е., Кушнерова Н.Ф., Спрягин В.Г., Другоева Е.С., Мерзляков В.Ю., Лесникова Л.Н. 
(2023) Исследование содержания полифенолов и антиоксидантной активности экстракта морской 
зеленой водоросли Ulva lactuca L. Химия растительного сырья. ― № 1. ― C. 385–393. https://doi.
org/10.14258/jcprm.20230111742 

Wong Y.-K., Man L.H., Ho K.C., et al. (2017) Growth medium screening for Chlorella vulgaris growth 
and lipid production. Journal of Applied Microbiology and Biotechnology. ― Vol. 1. ― P. 203-209 https://
doi.org/10.15406/jamb.2017.06.00143 

References
Bogdanov N.I. (2019) Suspenziya khlorelly v ratsione sel’skokhozyaystvennykh zhivotnykh [Chlorella 

suspension in the diet of farm animals]. Patent RU 201810414, Rossiyskaya Federatsiya. (in Russian)
Butova S.N., Shchegoleva I.D., Tkhorzhevskaya K.A. (2018) Poluchenie ekstraktov kosmeticheskogo 

naznacheniya iz mikrovodorosli Chlorella vulgaris [Obtaining cosmetic extracts from Chlorella vulgaris 
microalgae]. Fizicheskie i Khimicheskie Metody Pererabotki Selkhozproduktsii. ― N 3. ― P. 20-26. (in 
Russian)

Grabarnik V.E., Karelin N.V., Bogdanov N.I. (2019) Shtamm mikrovodorosli Chlorella vulgaris dlya 
polucheniya biologicheski aktivnykh veshchestv [Strain of microalgae Chlorella vulgaris for the production 
of biologically active substances]. Patent RU 2685955 C1, Rossiyskaya Federatsiya. (in Russian)

Daliry S., Hallajisani A., Mohammadi Roshandel J., Nouri H., Golzary A. (2017) Investigation of 
optimal condition for Chlorella vulgaris microalgae growth. Global Journal of Environmental Science and 
Management. ― Vol. 3(2). ― P. 217-230. https://doi.org/10.22034/gjesm.2017.03.02.010 (in English)

El-fayoumy E.A., Shanab S.M.M., Shalaby E.A. (2020) Metabolomics and biological activities of 
Chlorella vulgaris grown under modified growth medium (BG11) composition. Chiang Mai University 
Journal of Natural Sciences. ― Vol.  19(1). ― P. 91-108. https://doi.org/10.12982/CMUJNS.2020.0007 
(in English)

Zúñiga C., Li C.-T., Huelsman T., Levering J., Zielinski D.C., McConnell B.O., Long C.P., Knoshaug 
E.P., Guarnieri M.T., Antoniewicz M.R., Betenbaugh M.J., Zengler K. (2016) Genome-scale metabolic 
model for the green alga Chlorella vulgaris UTEX 395 accurately predicts phenotypes under autotrophic, 
heterotrophic, and mixotrophic growth conditions. Plant Physiology. ― Vol.  172(1). ― P. 589-602. https://
doi.org/10.1104/pp.16.00593 (in English)

Kelebek H., Uzlasir T., Sasmaz H.K. (2025) Bioactive compounds and health benefits of Arthrospira 
platensis and Chlorella vulgaris: A comprehensive review. Food Nutrition. ― Vol.  1(2). ― P. 100033. 
https://doi.org/10.1016/j.fnutr.2025.100033 (in English)

Kim G., Mujtaba G., Lee K. (2016) Effects of nitrogen sources on cell growth and biochemical 
composition of marine chlorophyte Tetraselmis sp. for lipid production. Algae. ― Vol. 31(3). ― P. 257–
266. https://doi.org/10.4490/algae.2016.31.8.18 (in English)

Mitishev A.V., Kurdyukov E.E., Semenova E.F., Fednina A.S., Evtushenko A.I. (2023) Identifikatsiya 
i kolichestvennoe opredelenie flavonoidov v biomasse khlorelly (Chlorella vulgaris IPPAS C-2019) 
[Identification and quantification of flavonoids in chlorella biomass (Chlorella vulgaris IPPAS C-2019)]. 
Vestnik Smolenskoy Gosudarstvennoy Meditsinskoy Akademii. ― N 22(3). ― P. 193-199. https://doi.
org/10.37903/vsgma.2023.3.26 (in Russian)

Moore J.M., Miller T.J., Mu M., Peñas-Defrutos M.N., Gullett K.L., Elford L.S., Quintero S., García-
Melchor M., Fout A.R. (2025) Selective stepwise reduction of nitrate and nitrite to dinitrogen or ammonia. 



211

Volume 4, Number 465 (2025) 

Journal of the American Chemical Society. ― Vol.  147. ― P. 8444–8454. https://doi.org/10.1021/
jacs.4c16585 (in English)

Nilova L.P., Potoroko I.Yu. (2021) Karotinoidy v rastitel’nykh pishchevykh sistemakh [Carotenoids 
in plant food systems]. Vestnik YuUrGU. Seriya «Pishchevye i Biotekhnologii». ― N 9(4). ― P. 54–69 
https://doi.org/10.14529/food210407 (in Russian)

Orazzhanova L.K., Kassymova Zh.S., Nurtazina Zh.Zh., Asserzhanov D.K., Kabdulkarimova K.K. 
(2025) Sintez i primenenie nanochastits zheleza dlya polucheniya biologicheski aktivnykh veshchestv 
Chlorella vulgaris [Synthesis and application of iron nanoparticles for the production of biologically active 
substances of Chlorella vulgaris]. Izvestiya Natsional’noy Akademii Nauk Respubliki Kazakhstan. ― N 
2(354). ― P. 275-290. https://doi.org/10.32014/2025.2518-1483.358 (in Russian)

Plutakhin G.A., Machneva N. L., Trokhimchuk N.N. (2017) İntensifikatsiya kultivirovaniya hlorelly s 
ispolzovaniem nanochastits jeleza [Intensification of chlorella cultivation using iron nanoparticles]. Scientific 
Journal of Kuban State Agrarian University. ― N 126(02). https://orcid/10.21515/1990-4665-126-054 (in 
Russian)

Rinawati M., Sari L.A., Pursetyo K.T. (2020) Chlorophyll and carotenoids analysis spectrophotometer 
using method on microalgae. IOP Conference Series: Earth and Environmental Science. ― Vol. 441. ― P. 
012056. https://doi.org/10.1088/1755-1315/441/1/012056 (in English)

Cichoński J., Chrzanowski G. (2022) Microalgae as a source of valuable phenolic compounds and 
carotenoids. Molecules. ― Vol. 27(24). ― P. 8852. https://doi.org/10.3390/molecules27248852 (in English)

Yaakob M.A., Radin Mohamed R.M.S., Al-Gheethi A., Ravishankar Gokare A., Ambati R.R (2021). 
Influence of nitrogen and phosphorus on microalgal growth, biomass, lipid, and fatty acid production: an 
overview. Cells. ― Vol. 10(2). ― N 393. https://doi.org/10.3390/cells10020393 (in English)

Fang Y., Cai Y., Zhang Q., Ruan R., Zhou T. (2024) Research status and prospects for bioactive 
compounds of Chlorella species: Composition, extraction, production, and biosynthesis pathways. 
Process Safety and Environmental Protection. ― Vol.  191(A). ― P. 345-359. https://doi.org/10.1016/j.
psep.2024.08.114  (in English)

Fomenko S.E., Kushnerova N.F., Spryagin V.G., Drugova E.S., Merzlyakov V.Yu., Lesnikova L.N. 
(2023) Issledovanie soderzhaniya polifenolov i antioksidantnoy aktivnosti ekstrakta morskoy zelyonoy 
vodorosli Ulva lactuca L. [Investigation of the content of polyphenols and antioxidant activity of the extract 
of marine green algae Ulva lactuca L.]. Khimiya Rastitelnogo Syriya. ― № 1. ― P. 385–393. https://doi.
org/10.14258/jcprm.20230111742 (in Russian)

Wong Y.-K., Man L.H., Ho K.C., et al. (2017) Growth medium screening for Chlorella vulgaris growth 
and lipid production. Journal of Applied Microbiology and Biotechnology. ― Vol. 1.  ― P. 203-209 https://
doi.org/10.15406/jamb.2017.06.00143 (in English)



Publication Ethics and Publication Malpractice
in the journals of the Central Asian Academic Research Center LLP

For information on Ethics in publishing and Ethical guidelines for journal publication see http://
www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the journals of the Central Asian Academic Research Center LLP 
implies that the described work has not been published previously (except in the form of an abstract or 
as part of a published lecture or academic thesis or as an electronic preprint, see http://www.elsevier.
com/postingpolicy), that it is not under consideration for publication elsewhere, that its publication 
is approved by all authors and tacitly or explicitly by the responsible authorities where the work was 
carried out, and that, if accepted, it will not be published elsewhere in the same form, in English or 
in any other language, including electronically without the written consent of the copyright-holder. In 
particular, translations into English of papers already published in another language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent 
data, incorrect interpretation of other works, incorrect citations, etc. The Central Asian Academic 
Research Center LLP follows the Code of Conduct of the Committee on Publication Ethics (COPE), and 
follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct (http://publicationethics.
org/files/u2/New_Code.pdf). To verify originality, your article may be checked by the Cross Check 
originality detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections, 
clarifications, retractions and apologies when needed. All authors of a paper should have significantly 
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works 
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be 
chosen in such a way that there is no conflict of interests with respect to the research, the authors and/
or the research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will 
only accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote 
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a 
paper automatically implies the copyright transfer to the Central Asian Academic Research Center LLP.

The Editorial Board of the Central Asian Academic Research Center LLP will monitor and 
safeguard publishing ethics.

Правила оформления статьи для публикации в журнале смотреть на сайтах:
www:nauka-nanrk.kz

http://chemistry-technology.kz/index.php/en/arhiv
ISSN 2518-1491 (Online), ISSN 2224-5286 (Print)

Ответственный редактор А. Ботанқызы 
Редакторы: Д.С. Аленов, Т. Апендиев

Верстка на компьютере Г.Д. Жадырановой

Подписано в печать 23.12.2025.
Формат 60х881/8. Бумага офсетная. Печать – ризограф. 

13,5 п.л. Заказ 4.

«Central Asian Academic Research Center» LLP
Алматы, Қонаев к-сі, 142




