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Biotechnology of microalgae is a promising field for obtaining renewable sources of biomass rich in pro-
teins, lipids, and pigments; this makes the search for optimal cultivation conditions highly relevant. Rep-
resentatives of the genus Scenedesmus Meyen, 1829 feature rapid growth, resistance to environmental
changes, and high content of biologically active compounds, which determines their potential for use
in the food, pharmaceutical, and energy industries. The aim of the study was to analyze the growth per-
formance and photosynthetic pigment content in a culture of Scenedesmus rubescens (P. J. L. Dangeard)
E. Kessler, M. Schafer, C. Hummer, A. Kloboucek & V. A. R. Huss, 1997 on three types of mineral
nutrient media: complete Tamiya medium, its half-strength modification (Tamiya }2), and Bold’s basal
medium (BBM) (variants No. 1, 2, and 3, respectively). In the experiment, S. rubescens was cultured
for 16 days under continuous illumination and additional carbon dioxide supply. On BBM and Tamiya
medium, a high specific growth rate (u) was recorded: 0.48 and 0.49 day™', respectively. When using
Tamiya % nutrient medium, S. rubescens specific growth rate was lower: 0.33 day™!. Linear growth
on all three media was observed up to the 4™ day. During this period, the cell density of S. rubescens
in experimental variants No. 1 and 3 increased nearly 7-fold, and in variant No. 2, by 3.7 times.
The maximum productivity of S. rubescens for the experimental variants No. 1, 2, and 3 was 0.35,
0.18, and 0.31 gdry weight-L™"-day™!, respectively, with no morphological changes in cells. Significant
differences were revealed in the biochemical and kinetic growth characteristics of S. rubescens cul-
tured on the three nutrient media. High concentrations of chlorophyll a and b were recorded in cells
grown on Tamiya medium and BBM. The obtained results indicate very similar growth characteristics
of S. rubescens for variants No. 1 and 3 during the exponential and linear growth phases. This suggests
that cultivation on BBM can provide productivity and accumulation of valuable compounds comparable
to those reached on Tamiya medium.

Keywords: Scenedesmus rubescens, Bold’s basal medium, Tamiya nutrient medium, batch culture,
productivity, photosynthetic pigments
Microalgae biotechnology contributes much to solving global problems related to the population

growth, environmental pollution, depletion of fossil fuel reserves, and need for sustainable food and en-
ergy resources. As a renewable source of a range of biologically active substances with numerous po-
tential applications, microalgae offer enormous opportunities for innovation. In other words, microal-
gae attract attention due to the multifunctionality of products obtained and significant potential for use
in various industries (in land reclamation, as well as in the production of dietary supplements, feed, fuel,
and cosmetics) [Levasseur et al., 2020; Suresh, Benor, 2020].
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The growth rate of microalgae allows for the production of enormous amounts
of biomass (10-20 times higher than that of corn or soybeans per unit area), with a high content
of proteins, pigments, lipids, and microelements. The biochemical composition of biomass can be
controlled by changing the physical and chemical parameters of the habitat. Representatives of the genus
Scenedesmus Meyen, 1829 (the class Chlorophyceae) are often revealed in freshwater bodies. These
immobile colonial green microalgae consist of cells about 8 um wide and 14 um long and are of high
nutritional value. Many species of this genus are used worldwide in various commercial projects because
of their rapid growth, ease of cultivation, and ability to adapt to different environmental conditions.

The nutritional value of Scenedesmus green microalgae is due to high content of protein, poly-
unsaturated fatty acids, vitamins, and biologically active compounds [Chu, 2012]. Interestingly, each
species has its own ratio of lipids, carbohydrates, and proteins [Nur et al., 2014]. Scenedesmus rubescens
(P. J. L. Dangeard) E. Kessler, M. Schafer, C. Hummer, A. Kloboucek & V. A. R. Huss, 1997 was used
as a model organism for the production of -carotene, omega-3 fatty acids, and glycerol [Jo et al.,
2020]; those are important in combating various diseases, inter alia cardiovascular pathologies, chronic
inflammation, atherosclerosis, and cancer, as well as in delaying aging processes.

Scenedesmus biomass is rich in chlorophylls and carotenoids which can significantly improve over-
all health of humans and animals. These pigments effectively inhibit microbial growth; they are anti-
oxidants; and they promote the health of eyes and skin, and boost the immune system. The pigments
are of great importance in the food industry, as they expand the possibilities for the functional agricul-
ture and improve nutritional profiles of various products [Fan et al., 2013; Guedes et al., 2013; Ishaq
et al., 2016; Patil, Kaliwal, 2019]. Due to this fact, Scenedesmus algae have significant commercial
potential for use in medicine and in food and cosmetics industries. In addition, Scenedesmus biomass
is one of the main live feeds that ensure the proper development of hydrobionts: rotifers, zooplankton
representatives, as well as fish and shrimp larvae [Mayeli et al., 2004; Rudenko, Tkacheva, 2021].

However, mass production of microalgae involves overcoming many obstacles. One of the problems
is the high cost of macro- and microelements for culture medium preparation: according to data provided
in [Fasaei et al., 2018], it accounts for about 34% of the total production cost, while harvesting cost
is about 20-30%. While problems associated with biomass harvesting can be solved by using efficient
and low-cost methods, such as flocculation [Rahman et al., 2022], the search for a productive, sustainable,
and cost-effective culture medium remains crucial for reducing the overall cost of microalgal production.
The results of many experimental studies, including our own, have shown that Scenedesmus representa-
tives can noticeably boost their growth rate when mineral components of nutrient media are partially
or completely replaced with wastewater [Ishaq et al., 2016; Muluye et al., 2021]. This can really cut down
the cost of media preparation. However, in most cases, it is advisable to use microalgal biomass obtained
in this way to extract valuable substances, to fertilize agricultural crops, or to make a feed supplement
for animals (not for humans) [Gorbunova, Gudvilovich, 2020; Gorbunova, Zubko, 2010].

When organizing production of microalgae, not only their productivity is important, but also quality
of the obtained yield. This fact governs the search for the optimal nutrient medium for Scenedesmus.
To date, various types of nutrient media have been described in literature and are actively used world-
wide for the cultivation of microalgae of the family Scenedesmaceae. These are Uspensky medium,
Bold’s basal medium (BBM), Chu’s media No. 10 and 13, Tamiya medium, Tamiya %2> medium, Setlik
medium, and BG-11 medium. Although all of them are suitable for Scenedesmus culturing, the growth
rate of a microalga, its yield, and pigment content can vary significantly due to different composition
and concentration of chemical compounds used for media preparation.
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Thus, rapid growth, high concentration of antioxidants, and physiological plasticity make
Scenedesmus representatives a promising target for biotechnology. However, it is possible to re-
alize the commercial potential only by improving strategies and optimizing microalgae cultiva-
tion parameters, and these are the key goals of researchers. The aim of this study was to an-
alyze the growth characteristics and pigment content in the culture of Scenedesmus rubescens
(Chlorophyta: Scenedesmaceae, Scenedesmus) grown on three mineral media: Tamiya, Tamiya Y2,
and BBM.

MATERIAL AND METHODS

The object of the study was the green microalga S. rubescens, strain IBSS-91 from IBSS core
facility “Collection of Hydrobionts of the World Ocean” (Sevastopol). The microalga was grown
on three nutrient media: Tamiya [Tamiya, 1957], Tamiya %2 [Hase et al., 1957; Sandmann et al., 2022],
and BBM [Bischoff, Bold, 1963] (hereinafter variants No. 1, 2, and 3 respectively). These media differ
from each other not only in composition and levels of concentration of chemical compounds, but also
in the cost (Table 1).

Table 1. Average market cost of mineral nutrient media for industrial cultivation of Scenedesmus rubescens

Chemical compound | Price per 1 kg, rubles Cost (.)f a reagent for prepara.tion of I,QOO L of the medium, rubles
Tamiya medium Tamiya Y2 medium BBM
NaNO; 285 - - 71.25
KNO, 357 1,785 892.5 -
MgSO,-7H,0 134 335 167.5 10.05
NaCl 95 - - 2.38
K,HPO, 693 - - 52
KH,PO, 534 667.5 333.75 93.45
CaCl,-2H,0 172 - - 4.3
Na,EDTA-2H,0 790 29.2 14.6 39.5
FeSO-7H,0 433 1.3 0.65 2.15
KOH 254 - - 7.85
H;BO, 344 0.98 0.5 0.39
MnCl,-4H,0 865 1.57 0.78 1.25
ZnSO,-7H,0 365 0.08 0.04 3.25
MoO; 2,500 0.04 0.02 1.8
NH,VO 9,400 0.22 0.11 -
CuS0O,-5H,0 555 - - 0.87
Co(NO3),-5H,0 2,376 - - 1.16
In total 2,822 1,411 292

For each variant, the experiment was conducted in three replicates. The nutrient media were prepared
on distilled water. S. rubescens was pre-adapted to each medium for 5 days. The microalga was grown
in 5 cm thick plane-parallel glass cultivators [Trenkenshu et al., 2017]. The working volume of the cul-
tivator was 3 L. The culture was grown under continuous illumination; a light grid consisting of 18-W
fluorescent lamps was used. The light intensity on the surface of the photobioreactors was recorded using
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a LI-250A light meter with a photometric sensor (Li-COR, the USA). The mean illumination was 10 kIx.
The cultures were bubbled with air; a Hailea ACO-308 air compressor pump was used. The mean air
flow rate was about 1 L-L™! of culture per minute (with additional carbon dioxide supply to stabilize pH
and introduce a carbon source into the medium). An Aqua Medic pH controller (Germany) was used
to maintain the optimal pH level, 6.5-7, in the cultivators. The temperature was stabilized in a range
of +28...430 °C. In order to compensate for evaporation, water volume was maintained in the cultiva-
tors throughout the experiment by adding distilled water to a 3-L mark once a day before measurements.
The water volume we added averaged 60 mL.

To inoculate experimental cultivators, a culture pre-adapted to a specific medium was used, with
an initial density of 0.16 g dry weight-L™".

The culture density was assessed by an optical method. The optical density of the microalgal
culture (D) was calculated using the formula:

D =—1g(T), ey

where T is the transmittance value determined with a Unico photometer at a wavelength of 750 nm
in cuvettes with a working length of 0.5 cm (an absolute error did not exceed 1.0%).

The cuvettes were placed as close as possible to the photodetector to reduce the effect of light
scattering on the instrument readings.

The optical density units were converted to microalgal dry weight (DW) according to the equation:
DW =k X Doy, )

where k is an empirically determined conversion factor equal to 0.77 g-L™1.D.

To determine k, a series of samples was taken from all the experimental cultivators. The series
included at least three replicates, 15 mL each. For each sample, optical density (D) and dry weight
were measured in parallel. Prior to determining D, the microalgal suspension in a sample was thor-
oughly mixed. To measure dry weight, an aliquot of the suspension (10 mL) was placed in test tubes
pre-heated to constant weight in a drying oven at (+105 + 3) °C for 24 h. Using a laboratory portable
centrifuge OPn-3, with a maximum separation factor of g = 1.870 at 3,000 rpm, cells were precipitated
for 15 min, and then the supernatant was carefully decanted. Microalgal cells were washed from salts
with the same volume of distilled water and centrifuged again. At the final stage, the test tubes with
biomass were dried in an oven at (+105 %= 3) °C for 24 h. The difference between the initial and fi-
nal weight of the test tubes was used to determine dry weight of S. rubescens in the filtered volume;
then, it was calculated to 1 L.

The specific growth rate (u) was assessed by approximating the biomass growth curve
in the exponential phase using the formula:

) 3
— 3)

1

where InB, and InB, are biomass values at the beginning and end of the exponential growth phase;

t; and t, are time values at the beginning and end of the exponential growth phase [Trenkenshu,
2019].
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The maximum productivity of the culture (P) for each experimental variant was calculated
by approximating the biomass growth curve in the linear growth phase by the formula:

BZ_Bl
t2_t1

P = , “)

where By and B, are biomass values at the beginning and end of the linear growth phase [Trenkenshu,
2005].
The culture yield for each experimental variant (H) was determined using the formula:

H=2B,, —By. 5)

where By is a biomass value at the beginning of the experiment;
Binax 18 the maximum biomass during the experiment [Lelekov, Trenkenshu, 2007].

The condition of S. rubescens cells and the purity of the microalgal culture were monitored under
a Carl Zeiss Axiostar Plus light microscope (Germany) at magnification of 400x.

The content of pigments (chlorophyll a, chlorophyll 5, and carotenoids) was determined by spec-
trophotometry. Samples were taken in triplicate on the 2", 4™, 6 10", and 16" days of the experiment
after thorough culture mixing. The suspension was centrifuged for 10 min at 3,000 rpm; the supernatant
was decanted; and the precipitated biomass was frozen for 24 h and used for determining pigments.
The latter ones were extracted from microalgal cells with 100% pure acetone (“EKOS-1” JSC, Russia).
Absorption spectra of acetone extracts were recorded on a SF-2000 spectrophotometer (“OKB SPECTR”
LLC, Russia) in a range of 400-800 nm in quartz cuvettes with an optical path length of 1 cm.

Concentrations of chlorophyll a and b and the total content of carotenoids were calculated using
the formulas proposed by [Wellburn, 1994], based on the optical density (D) values at wavelengths
corresponding to the absorption maxima of these pigments:

Chla = 11.75 X Dggy — 2.35 X Dygys;
Carotenoids = (1,000 X D,,, — 2.7 x Chla — 81.4 x Chlb)/227 .

We determined arithmetic means (X ), standard deviations (S), standard errors of a mean, and con-
fidence intervals for a mean (Ax ). Calculations involved LibreOffice and SciDAVis software; a signif-
icance level a@ was 0.05. The tables show mean values and established confidence intervals (x * AX)
for three replicates.

RESULTS

For 16 days, the microalga was grown on three types of nutrient media in three laboratory cultivators
under continuous illumination. The dynamics of microalgal culture density is described by cumulative
curves (Fig. 1).

The specific growth rate (u) on Tamiya nutrient medium and BBM was calculated for the mi-
croalga based on biomass concentrations during the exponential phase [see Equation (3)]. The data
on determined kinetic characteristics for S. rubescens during the cultivation on three media is presented
in Table 2.
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Fig. 1. Dynamics of the density of Scenedesmus rubescens batch culture when grown on Tamiya nutrient
medium (@), BBM (O), and Tamiya %2 nutrient medium (A)

Table 2. Kinetic characteristics of Scenedesmus rubescens growth

Parameter Tamiya medium Tamiya /2 medium BBM
Biomass yield, g dry weight-L™! 1.94 £ 0.06 0.84 £0.02 1.03 £0.04
Maximum productivity, 2 2 2
o dry weight-L " day"! 0.35 (R“=0.97) 0.18 (R“=0.98) 0.31 (R“=0.99)
Specific growth rate, day™! 0.48 (R2=0.99) 0.31 (R?=0.99) 0.49 (R?=0.99)

For all the experimental variants, S. rubescens linear growth was recorded from the 1° to the 4™ day.
Biomass values for this period were used to calculate the growth rate of the alga. After 6 days, the growth
of the culture on BBM stopped, and the phase of the microalgal death began. By that point, the biomass
increase was 1.03 g-L™!. Notably, during the linear growth phase on Tamiya Y2 medium, S. rubescens
growth rate was almost twice as low as that for the other variants. On the 10" day of the experiment,
the density of the cultures in variants No. 2 and 3 became equal. Then, the phase of the microalgal death
was recorded on Tamiya %2 medium.

Biochemical analysis of the microalgal biomass when grown on complete Tamiya nutrient medium
showed as follows: chlorophyll a content in its cells rose during cultivation from 2.34% at the beginning
of the linear growth phase to 2.62% (Fig. 2). Then, the concentration of this pigment gradually decreased;
a minimum value of 1.77% was noted on the 16™ day of the experiment.

When using Tamiya 2 nutrient medium, the dynamics of chlorophyll a in microalgal cells was similar,
but the pigment concentration was 2 times lower. When culturing S. rubescens on BBM, chlorophyll a
content increased from 2.25 to 2.63%. At the final stage of the experiment, when the microalga reached
the stationary growth phase and the phase of death, chlorophyll a concentration values for the three
variants, calculated per 1 L of culture, were almost equal.
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Fig. 2. Dynamics of pigment accumulation: A, C, E, in Scenedesmus rubescens culture when grown

on Tamiya nutrient medium, Tamiya Y5 nutrient medium, and BBM, mg~L‘1; B, D, F, in the dry biomass
of the microalga, %

DISCUSSION

The choice of three media — Tamiya, Tamiya Y2, and BBM - is governed by the difference in com-
position and the wide range of concentrations of nutrients needed for their preparation. Thus, Tamiya
nutrient medium is one of the most concentrated mineral media used to obtain intensive, dense cultures
of green microalgae. In contrast, BBM requires a low mineral content. As an intermediate option in terms
of concentration, Tamiya %> medium was used: the media with half the nutrient composition.

Exponential growth of S. rubescens on Tamiya nutrient medium and BBM was observed on the 1% day,
and on Tamiya Y2 medium, within the first 2 days. As known, the specific growth rate remains
constant during this period and reaches its maximum [Lelekov, Trenkenshu, 2007]. When cultured
on BBM and Tamiya nutrient medium, S. rubescens was characterized by high specific growth rate,
0.48 and 0.49 day™!, while on Tamiya %2 medium, the value was 0.33 day'. In [Nur et al., 2014],
Scenedesmus specific growth rate on BBM was (0.22 + 0.04) day™!, which is 2.2 times lower than
the values we obtained.
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As already mentioned, S. rubescens linear growth was registered until the 4" day for all the vari-
ants. The growth rate of the microalga on Tamiya nutrient medium and BBM significantly exceeded
that on Tamiya %> medium. Over 4 days of our experiment, the microalgal biomass in variants No. 1
and 3 increased almost 7-fold, while in variant No. 2, it rose 3.7-fold. The maximum productivity
of S. rubescens for variants No. 1, 2, and 3 was 0.35, 0.18, and 0.31 gdry weight-L™"-day™!, respec-
tively. Importantly, at this stage, no changes in cell morphology were recorded in any of the experi-
mental variants. From the 5™ to the 9" day, linear growth of the culture was observed with a smaller
slope of the accumulation curve for Tamiya and Tamiya %2 media. This seems to result from the shift
in the growth-limiting factor.

Within a linear section, the growth rate of microalgae is known to be determined by the amount
of light flux or the content of carbon dioxide: those are completely absorbed by a culture, and this
results in a decrease in productivity. However, given that in our experiment, the culture was continu-
ously bubbled with a CO,-containing gas-air mixture, it can be assumed that its content in a medium
was sufficient to maintain the optimal level of photosynthesis and microalgal growth. Thus, carbon lim-
itation of S. rubescens growth during this period can be ruled out. Apparently, in variants No. 2 and 3,
the intensive growth of the microalga was limited by a lack of biogenic elements.

During the entire period of S. rubescens cultivation on BBM, the highest density was 1.2 gL},
and this value exceeds the maximum for Scenedesmus sp. reported in [Muluye et al., 2021]: 0.75 g-L™!
after 7 days of cultivation on BBM without additional CO, supply. The authors also determined the max-
imum productivity of Scenedesmus sp.: 107 mg-L™!-day™!, which is 3 times lower than the value we ob-
tained. Such a difference in kinetic characteristics of microalgal growth can be explained by the addi-
tional carbon dioxide supply to the culture in our experiments, while pH of media in all the variants
did not increase and remained within a range of 6.5-7.

The acidity of a culture medium is very important, as pH level determines availability of CO, and nu-
trients for a microalga, and also significantly affects its metabolism. At high pH values, carbonates
are formed, and this limits the availability of carbon dioxide; as a result, we are dealing with a drop
in the efficiency of photosynthesis and suppression of microalgal cell growth. As known, for each species,
the optimal pH level lies within a narrow range and usually depends on both the alga itself and its spe-
cific strain [Drira et al., 2017]. This is due to the physiological characteristics of microalgae, which
determine their ability to adapt to different environmental conditions. For most freshwater algae, in-
cluding Chlorella vulgaris Beijerinck, 1890 and S. rubescens, pH optimum is between 7 and 8. High
CO; content (> 5%) can negatively affect the rate of substrate and light absorption by a microalga and,
accordingly, its growth rate and cell morphology. For example, the studies [Jena et al., 2012; Zhang et al.,
2022] showed that elevated levels of carbon dioxide contributed to the formation of larger colonies
of Scenedesmus obliquus (Turpin) Kiitzing, 1833. Thus, it is critical to maintain a required pH value
during microalgae cultivation and have the ability to control it, as pH deviation from the optimal level
can inhibit the growth or even lead to cell death. Since S. rubescens cultures were additionally supplied
with CO,, and pH of the media was maintained at an optimal level, it can be stated that these factors
did not affect the results of our study. The differences between the experimental variants were due solely
to the composition of the nutrient media.

At the initial stage, in all the variants, most microalgal cells were bright green and had intact chloro-
plasts. Subsequently, in S. rubescens cells, morphological changes occurred; those appear to be related
to the composition of the media used. Starting from the second week of cultivation on BBM, we observed
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single cells with damaged chloroplasts. From the 6""~7" day of growth on Tamiya ¥2 medium, up to 10%
of cells had partially fragmented chloroplasts. Starting from the 10" day of culturing on Tamiya ¥2 nutri-
ent medium and BBM, the microalga became yellowish-green, which was likely to be caused by partial
degradation of its pigment complex.

From the 5 day of the experiment, the content of carotenoids in S. rubescens cells when grown
on Tamiya medium and BBM increased proportionally to a boost in biomass and then gradually de-
creased. The observed pattern of carotenoid accumulation in the microalga within the cultivation cycle
is consistent with the results presented in [Bozhkov, Menzyanova, 1997]. When culturing S. rubescens
on Tamiya > medium, with the transition of the culture to the stationary phase of growth, we noted
a sharp increase in the concentration of carotenoids (see Fig. 2). As known, their elevated content in mi-
croalgae is usually related to various stress conditions. For example, when microalgae encounter a defi-
ciency of essential nutrients (nitrogen, phosphorus, potassium, or magnesium), they can synthesize more
carotenoids to protect their cells [Hu et al., 2013].

For variants No. 1 and 3, it is worth noting as follows: at the end of the linear growth phase, the cul-
tures had equal values of biomass concentration, and the relative content of chlorophyll a and b was also
characterized by almost equal values. Considering the fact that the cost of the complete Tamiya nu-
trient medium is an order of magnitude higher than that of BBM, it can be concluded that the use
of BBM is economically feasible, but only if harvesting is organized on the 4"-5" day of batch cultiva-
tion, or if a quasi-continuous cultivation is ensured.

When culturing S. rubescens on Tamiya %2 medium, higher concentrations of carotenoids were
recorded in its biomass during the final stages of growth than those for the other two experimental vari-
ants; however, this medium cannot be recommended for intensive S. rubescens cultivation for the purpose
of obtaining biochemically valuable substances. It was found that the cost of preparation of Tamiya 2 nu-
trient medium was 5 times higher than that for BBM, while the growth rate of the microalga was 2 times
lower.

After analyzing the dynamics of the relative content of carotenoids in S. rubescens cells grown
on the three media, we revealed that their final concentration for Tamiya /2 medium was 35% higher
than for variants No. 1 and 3. Considering that Tamiya /2 nutrient medium is less balanced and suitable
for intensive cultivation of this species, the accumulation of carotenoids is assumed to be protective
reaction of S. rubescens for unfavorable growth conditions. This fact once again highlights the optimal
choice of Tamiya nutrient medium or BBM for intensive cultivation of this species.

The results obtained in the experiment indicate very similar growth characteristics of S. rubescens
in variants No. 1 and 3 within the exponential and linear growth phases. This allows providing
conditions that can ensure high productivity and accumulation of photosynthetic pigments on BBM,
similar to those for the variant on Tamiya medium.

Based on the studies and calculations carried out, it can be concluded that the use of BBM is eco-
nomically justified, if the full yield is harvested on the 4™-5" day of batch cultivation, or a quasi-
continuous cultivation mode is used. To confirm, it is necessary to test S. rubescens cultivation on BBM
in a quasi-continuous mode with a microalgal culture density of 0.4-1.2 g-L™.

Conclusions. The study analyzed the growth characteristics and photosynthetic pigment content
in Scenedesmus rubescens cultured on three types of mineral nutrient media: complete Tamiya medium,
its half-strength modification (Tamiya %2), and Bold’s basal medium (BBM). Significant differences
in the biochemical and kinetic characteristics of S. rubescens growth were established. The maximum
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productivity for experimental variants No. 1, 2, and 3 was 0.35, 0.18, and 0.31 gdry weight-L™"-day™!,
respectively. The highest concentrations of chlorophyll a and b were recorded when the microalga
was grown on Tamiya nutrient medium and BBM. The results obtained in the experiment indicate very
similar growth characteristics of S. rubescens culture in variants No. 1 and 3 in the range of exponential
and linear growth phases. This allows us to consider BBM as an alternative to more expensive Tamiya
medium for batch cultivation of S. rubescens. Of the types of nutrient media studied, Tamiya 2 medium
was recognized as the third most effective in terms of the microalgal growth.

This work was carried out within the framework of IBSS state research assignment “Comprehensive study
of the functioning mechanisms of marine biotechnological complexes with the aim of obtaining bioactive substances
from hydrobionts” (No. 124022400152-1).

REFERENCES

1. Bozhkov A. 1., Menzyanova N. G. The growth morya, 2005, iss. 67, pp. 89-97. (in Russ.).

dynamics, lipid composition and B-carotene
content in Dunaliella viridis Teod. cells at cul-
tivation in different types of photobioreactors.

https://repository.marine-research.ru/handle/
299011/4658

. Trenkenshu R. P. Calculation of the spe-

Al’gologiya, 1997, vol. 7, no. 1, pp. 78-86. cific growth rate of microalgae. Ma-
(in Russ.) rine Biological Journal, 2019, vol. 4,
. Gorbunova S. Yu., Zubko V. A. Use no. 1, pp. 100-108. (in  Russ.).
of Scenedesmus bijugatus (Lageth.) for abate- https://doi.org/10.21072/mbj.2019.04.1.09
ment of waste waters pollution. In: Current 7. Trenkenshu R. P., Lelekov A. S,
Problems of the Azov-Black Sea Region Borovkov A. B., Novikova T. M. Uni-
Ecology : materials of the V International fied installation for microalgae labo-
Conference, 8-9 October, 2009, Kerch, ratory  studies. Voprosy  sovremennoi

YugNIRO. Kerch : YugNIRO Publishers,
2010, pp. 105-110. (in Russ.)

. Gorbunova S. Yu., Gudvilovich I. N. Cul-
tivation of Spirulina platensis (Nordst.)
Geitler on waste water of poultry farms.
Teoreticheskaya i prikladnaya ekologiya,
2020, no. 4, pp. 68-74. (in Russ.).
https://doi.org/10.25750/1995-4301-2020-4-
068-074

. Lelekov A. S., Trenkenshu R. P. Sim-

al’gologii, 2017, no. 1 (13). (in Russ.).
URL: http://algology.ru/1097
23.11.2024].

[accessed:

. Rudenko R. A., Tkacheva 1. V. Algae

biotechnology in aquaculture. Mezhdunarod-
nyi nauchno-issledovatel’skii zhurnal, 2021,
no. 8 (110), pt 1, pp. 136—-138. (in Russ.).
https://doi.org/10.23670/irj.2021.110.8.021

. Bischoff H. W., Bold H. C. Some Soil Al-

gae from Enchanted Rock and Related Al-

plest models of microalgae growth. 4. gal Species. Austin, TX : University of Texas,
Exponential and linear growth phases 1963, vol. 6318, 95 p. (Phycological Studies.
of microalgae culture. Ekologiya morya, V).

2007, iss. 74, pp. 47-49. (in Russ.). 10. Chu W. L. Biotechnological applications
https://repository.marine-research.ru/handle/ of microalgae. International  e-Journal
299011/4780 of Science, Medicine and Education,

. Trenkenshu R. P. Simplest models of mi-
croalgae growth. 1. Batch culture. Ekologiya

Marine Biological Journal 2026 Vol. 11 No. 1

2012, 1iss. 6, suppl. 1, pp. s24-s37.
https://doi.org/10.56026/imu.6.suppl1.s24


https://doi.org/10.25750/1995-4301-2020-4-068-074
https://doi.org/10.25750/1995-4301-2020-4-068-074
https://repository.marine-research.ru/handle/299011/4780
https://repository.marine-research.ru/handle/299011/4780
https://repository.marine-research.ru/handle/299011/4658
https://repository.marine-research.ru/handle/299011/4658
https://doi.org/10.21072/mbj.2019.04.1.09
http://algology.ru/1097
https://doi.org/10.23670/irj.2021.110.8.021
https://doi.org/10.56026/imu.6.suppl1.s24

24

S. Gorbunova, A. Borovkov, and R. Trenkenshu

11.

12.

13.

14.

15.

16.

17.

Drira N., Dhouibi N., Hammami S., Piras A.,
Rosa A., Porcedda S., Dhaouadi H. Fatty acids
from high rate algal pond’s microalgal biomass
and osmotic stress effects. Bioresource Tech-
nology, 2017, vol. 244, pt 1, pp. 860-864.
https://doi.org/10.1016/j.biortech.2017.08.052
Fan M., Liao Z., Wang R., Xu N. Isola-
tion and antibacterial activity of Anabaena
phycocyanin. African Journal of Biotechnol-
ogy, 2013, vol. 12, no. 15, pp. 1869-1873.
https://doi.org/10.5897/ajb12.2575

Fasaei F., Bitter J. H., Slegers P. M.,
van Boxtel A. J. B. Techno-economic

evaluation  of  microalgae  harvesting
and dewatering systems. Algal Re-
search, 2018, vol. 31, pp. 347-362.

https://doi.org/10.1016/j.algal.2017.11.038

Guedes A. C., Gido M. S., Matias A. A.,
Nunes A. V. M., Pintadko M. E.,
Duarte C. M. M., Malcata F. X. Super-
critical fluid extraction of carotenoids

and chlorophylls a, b and ¢, from a wild strain
of Scenedesmus obliquus for use in food pro-
cessing. Journal of Food Engineering, 2013,
vol. 116, iss. 2, pp. 478-482. https://doi.org/
10.1016/j.jfoodeng.2012.12.015

Hase E., Morimura Y., Tamiya H.
Some data on the growth physiology
of Chlorella studied by the technique

of synchronous culture. Archives of Bio-
chemistry and Biophysics, 1957, vol. 69,
pp. 149-165. https://doi.org/10.1016/0003-
9861(57)90482-4

Hu Q. Environmental effects on cell com-
position. In: Handbook of Microbial Culture.
Biotechnology and Applied Phycology. 2™ edi-
tion / A. Richmond, Q. Hu (Eds). Chichester :
Wiley Blackwell, 2013, pp. 114-122.

Ishaq A., Peralta H. M. M., Basri H.
Bioactive compounds from green microalga
Scenedesmus and its potential applications:
A brief review. Journal of Tropical Agricul-
tural Science, 2016, vol. 39, iss. 1, pp. 1-16.

18.

19.

20.

21.

22.

23.

Jena J., Nayak M., Panda H. S., Pradhan N.,
Sarika C., Panda P. K., Rao B. V. S. K.,
Prasad R. B. N., Sukla L. B. Microal-
gae of Odisha coast as a potential source
for biodiesel production. World Environ-
ment, 2012, vol. 2, no. 1, pp. 11-16.
https://doi.org/10.5923/j.env.20120201.03

Jo S.-W., Hong J. W., Do J.-M., Na H,,
Kim J.-J., Park S.-I., Kim Y.-S., Kim I.-S,,
Yoon H.-S. Nitrogen deficiency-dependent
abiotic carotenoid pro-

stress enhances

duction in indigenous
Scenedesmus rubescens KNUAO042, for use
as a potential resource of high value prod-
ucts. Sustainability, 2020, vol. 12, iss. 13,
art. 5445 (25 p.). https://doi.org/10.3390/
sul2135445

Levasseur W., Perré P., Pozzobon V. A re-

view of high value-added molecules produc-

green microalga

tion by microalgae in light of the classifica-
tion. Biotechnology Advances, 2020, vol. 41,
art. 107545 (21 p.). https://doi.org/10.1016/
j-biotechadv.2020.107545

Mayeli S. M., Nandini S., Sarma S. S. S.
The efficacy of Scenedesmus morphology
as a defense mechanism against grazing
by selected species of rotifers and cladocer-
ans. Aquatic Ecology, 2004, vol. 38, iss. 4,
pp. 515-524. https://doi.org/10.1007/s10452-
005-0329-9

Muluye A., Sali B., Bahta B., Melese B.,
Girma B., Kebede M., Kebede M., Suresh A.
Potential of human urine as a nutrient
medium for the biomass production of mi-

croalga Scenedesmus sp. East African
Journal of Agriculture and Biotechnol-
ogy, 2021, vol. 3, no. 1, pp. 35-41.

https://doi.org/10.37284/eajab.3.1.409

Patil L., Kaliwal B. B. Microalga Scenedesmus
bajacalifornicus BBKLP-07, a new source
of bioactive compounds with in vitro pharma-
cological applications. Bioprocess and Biosys-
tems Engineering, 2019, vol. 42, iss. 6,

Marine Biological Journal 2026 Vol. 11 No. 1


https://doi.org/10.1016/j.biortech.2017.08.052
https://doi.org/10.5897/ajb12.2575
https://doi.org/10.1016/j.algal.2017.11.038
https://doi.org/10.1016/j.jfoodeng.2012.12.015
https://doi.org/10.1016/j.jfoodeng.2012.12.015
https://doi.org/10.1016/0003-9861(57)90482-4
https://doi.org/10.1016/0003-9861(57)90482-4
https://doi.org/10.5923/j.env.20120201.03
https://doi.org/10.3390/su12135445
https://doi.org/10.3390/su12135445
https://doi.org/10.1016/j.biotechadv.2020.107545
https://doi.org/10.1016/j.biotechadv.2020.107545
https://doi.org/10.1007/s10452-005-0329-9
https://doi.org/10.1007/s10452-005-0329-9
https://doi.org/10.37284/eajab.3.1.409

Estimation of the production characteristics and chemical composition of Scenedesmus rubescens. ..

25

24.

25.

26.

27.

pp- 979-994. https://doi.org/10.1007/s00449-
019-02099-5

Nur Z., Mohd S., Hasnun N. I., Chia C. T,,
Mutalib A. The growth performance of fresh-
water Chlorella sp. and Scenedesmus sp. in dif-
ferent media. Journal of Applied Science
and Agriculture, 2014, vol. 9, spec. iss. 11,
pp- 119-125.

Rahman M., Hosano N., Hosano H. Re-
covering microalgal bioresources: A review
of cell disruption methods and extraction tech-
nologies. Molecules, 2022, vol. 27, iss. 9,
art. 2786 (31 p.). https://doi.org/10.3390/
molecules27092786

Sandmann M., Miinzberg M., Bressel L., Re-
ich O., Hass R. Inline monitoring of high cell
density cultivation of Scenedesmus rubescens
in a mesh ultra-thin layer photobioreactor
by photon density wave spectroscopy. BMC Re-
search Notes, 2022, vol. 15, iss. 1, art. 54 (7 p.).
https://doi.org/10.1186/s13104-022-05943-2
Suresh A., Benor S. Microalgae-based
biomass production for control of air pol-
lutants. In: From Biofiltration to Promising
Options in Gaseous Fluxes Biotreatment. Recent

28.

29.

30.

Developments, New Trends, Advances, and
Opportunities | G. Soreanu, E. Dumon (Eds).
Amsterdam, Netherlands ; Oxford, UK ; Cam-
bridge, MA, US : Elsevier, 2020, pp. 345-372.
https://doi.org/10.1016/b978-0-12-819064-
7.00017-0

Tamiya H. Mass culture of algae. An-
nual Review of Plant Biology, 1957,
vol. 8, pp. 309-334. https://doi.org/
10.1146/annurev.pp.08.060157.001521
Wellburn A. R. The spectral determination
of chlorophylls @ and b, as well as total
carotenoids, using various solvents with spec-
trophotometers of different resolution. Jour-
nal of Plant Physiology, 1994, vol. 144, iss. 3,
pp.- 307-313. https://doi.org/10.1016/s0176-
1617(11)81192-2

Zhang X., Wei X.,, Hu X., Yang Y,
Chen X., Tian J., Pan T., Ding B. Ef-
fects of different concentrations of CO,

on Scenedesmus obliquus to overcome
sludge extract toxicity and accumulate
biomass. Chemosphere, 2022, vol. 305,

art. 135514 (10 p.). https://doi.org/10.1016/
j.chemosphere.2022.135514

OHEHKA MNPOAYKIIMOHHBIX XAPAKTEPUCTHUKR
N POTOCUHTETUYECKUX IIMI'MEHTOB SCENEDESMUS RUBESCENS
IIPU PA3JIMYHOV OBECIIEYEHHOCTH BUOTEHHBIMU 3JIEMEHTAMMU

C.10.T'opoynoBa, A. b. bopoBkos, P. I1. Tpenkenmy

®I'BYH PULL «MucTuTyT OMosorun 10xHbX Mopeid uMern A. O. Kosanesckoro PAH»,

Cesacromnosb, Poccuiickas ®enepanus

E-mail: svetlana_8423@mail.ru

BuoTexHoI0rMsT MUKpOBOJOPOC/IEH paccMaTpuBaeTcsl Kak IepCIIeKTUBHOE HalpaBieHHe Ui I10-
JIy4eHus1 BO30OHOBJISIEMBIX MCTOUYHMKOB OMOMAacchl, Ooraroi OejKamu, JUNMAAMH U MUTMEHTaMH,
YTO AENaeT aKTyaJlbHbIM MOMCK ONTHMAJIbHBIX YCJIOBHH MX KyJbTHBHUpoBaHMs. [IpencraButenu po-
na Scenedesmus Meyen, 1829 omiuaiorcsi ObICTPbIM POCTOM, YCTOWYMBOCTBIO K M3MEHEHHSIM BHEIII-
Hell cpellbl ¥ 3HAYMTEJIbHBIM COfIEpXKaHUeM OMOJIOTMYECKH aKTHBHBIX COCJMHEHW, UTO OMpeaes-
€T WX BBICOKWI TOTEHIMA JIJIsI TIPUMEHEHUs B THMINEBOW, (hapMareBTUIeCKON U SHEPreTHIecKOn
orpacnsx. Llenpio HacTosimelr paboThl OBUIO MPOAHATM3UPOBAThH MApaMETPhl POCTa U COAEpKAHMUS
(poToCHHTETHUYECKMX MTUTMEHTOB B KyJIbType Scenedesmus rubescens (P. J. L. Dangeard) E. Kessler,
M. Schafer, C. Hummer, A. Kloboucek & V. A. R. Huss, 1997, BblpanuBaemMoil Ha TpEX Tu-
[ax MUHEPAJIbHBIX MMUTATEJbHBIX Cpel — Ha MOJHOH cpene Tamus, e€ moJoBUHHOM MOAMpUKALIUK
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(Tamust ¥2) u cpene Bonga (Bold’s basal medium, BBM) (Bapuantsl Ne 1, 2 u 3 COOTBETCTBEH-
HO). B pamMkax uccienoBaHusI MUKPOBOIOPOCTH S. rubescens KyJIbTUBUPOBAIU B YCIOBUSX IOMOJI-
HUTEJbHOHN MOJAYM YIVIEKHCIIOrO ra3a M HEMpephIBHOIO OCBelIeHUs B TeueHue 16 cyt. OTMmeueHa
BBICOKAsl yJeNIbHAsl CKOPOCTh pocTa KyJbTyphl () Ha nutaTeabHbix cpeaax BBM u Tamusa — 0,48
u 0,49 cyr™' coorserctBenno. ITpy wcnonp3oBaHuy cpeasl Tamus Y2 yaenpHas CKOPOCTh PoOCTa
S. rubescens 6wina Hike — 0,33 cyr™!. JIuneiiHblii pocT MUKpOBOAOPOCEH Ha TPEX MUTATENbHBIX
cpenax HaGmogamy Mo 4-e CYTKHM BKJIIOUMTENBHO. 3a 3TOT MEpHOJl IUIOTHOCTh S. rubescens B BapH-
aHTax ombiTa Ne 1 1 3 yBenuuuiach NpakTMyeckud B 7 pa3, B BapuaHnte Ne 2 — B 3,7 pa3a. Makcu-
MaJlbHasl TIPOMYKTUBHOCTE S. rubescens Uisl TpEX BapHAHTOB 3KcriepuMeHTa coctapisuia 0,35, 0,18
u 0,31 rcyxoii maccs-!-cyr™!, ipu 9TOM KakMX-THO0 M3MeHeHHi B MOP(ONOrUeCcKOil CTPYKType
KJIETOK OOHAPYXeHO He ObUIO. BBISBJIEHB 3HAUMMBIC PA3NINUMsl B OMOXUMHUYECKUX U KMHETUYECKHUX
XapaKTepUCTUKaxX pocta S. rubescens, KylIbTUBUPYEMBIX HA TPEX Pa3HbIX MUTATEbHBIX cpernax. Brico-
K¥e KOHIIEHTpalu XJopodwiia a u b 3apuKCUpOBaHbI B KJIETKAX MUKPOBOJOPOCIEH, BRIPAIICHHBIX
Ha cpepax Tamus u BBM. IonyueHHble B 9KCIIepIMEHTE pe3yJIbTaThl CBUIETENbCTBYIOT 00 OUeHb OJTN3-
KHX POCTOBBIX XapaKTEPUCTUKAX KyJIbTYpHI S. rubescens B BapuanTtax Ne 1 1 3 B 1uana3oHe 9KCIOHEH-
LUAJIbHOM U JIMHEWHOM (pa3 pocTa, YTo MO3BOJISIET HOA0OPaTh YCIOBHS, CIIOCOOHBIE 00eCIIeUnTh Ha Cpe-
ne BBM nponyKTUBHOCTh M HAKOIUIEHWE IIEHHBIX BEIECTB, aHAJIOTHMYHBIE TAKOBBIM IJIs BapHaHTa
Ha cpene Tamus.

KaroueBrnlie cnoBa: Scenedesmus rubescens, utatenbHas cpena bonma, nuratensaas cpega Tamus,
HAKOITUTE/IbHAS KYJIbTYpa, IPOJLYKTUBHOCTh, (POTOCMHTETUYCCKUE ITMIMEHTHI
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