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Abstract: Microalgae are a natural source of lipids, carotenoids, and other value-added compounds.
The combination of nutrients and their precise ratio have a significant impact on the productivity of
microalgae-mediated compounds. The biomass, lipid, chlorophyll, and carotenoid production of three
microalgae species, namely, Monoraphidium sp., Chlorella sorokiniana, and Scenedesmus obliquus, were
investigated by employing standard photoautotrophic media, namely, BG-11, BBM, and HS CHU-10.
BBM was found as the most effective medium since it obtained higher biomass, lipids, and carotenoids
from microalgae. The lipids and carotenoids were identified using chromatographic and microscopy
techniques. The findings showed that although the Monoraphidium sp. biomass productivity was
the lowest, it emerged as a substantial producer of astaxanthin, whereas the Chlorella sorokiniana
culture could grow in a variety of media and produced β-carotene as a major carotenoid. On the
other hand, Scenedesmus obliquus was found to be a considerable source of lipids and β-carotene. This
study provided a comprehensive understanding of the appropriate medium selection in order to
extract an assortment of value-added compounds from freshwater microalgae species.
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1. Introduction

The booming population has triggered a food, feed, and power dilemma, redirecting
the emphasis of researchers to alternative sources. The scarcity of nonrenewable resources
has switched biotechnologists’ attention to certain renewable resources, among which pho-
tosynthetic autotrophs have received significant attention. Plants appear to be a prospective
feedstock at first glance, but there are several limitations, including food sufficiency, huge
arable area consumption, time-demanding production, lower yield, and seedling toxi-
city. Algae progressively replaced plants owing to a multitude of advantages, such as
inexpensive cultivation costs, increased yield, utilization of non-arable land, nutrient re-
covery from wastewater, and effective carbon capture. Microalgae have emerged as a key
contributor to the food, feed, pharmaceutical, and energy industries as researchers seek
an economically and sustainably viable alternative [1]. Aside from biofuels, microalgae
are a possible feedstock for pharmaceutical, nutraceutical, and cosmeceutical products.
Microalgae from the Chlorophyceae family contain 20–70% lipids in addition to a variety
of valuable biomolecules, such as proteins, carbohydrates, and pigments [2]. Only a few
species, including plants, algae (Chlorophyceae, Cyanophyceae, and Eustigmatophyceae),
marine bacteria (Agrobacterium aurantiacum), and yeast (Xanthophyllomyces dendrorhous),
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can produce carotenoids with pharmaceutical significance [3,4]. Microalgae have received
recognition from several sectors as the preferred alternative for producing a wide range
of value-added chemicals, including biofuels, medications, cosmetics, food, and feed [5].
However, researchers have concentrated on a few strains that were considered to be com-
mercially useful amid the large range of microalgae species. Individual modification is
necessary among this wide range of microalgae in order to achieve a good yield through
careful medium selection [6].

Microalgae can potentially thrive in freshwater, ocean, and wastewater; however,
due to cellular toxicity, wastewater-cultivated algae are the least frequently explored for
nutraceutical and medicinal applications [7]. As the growth of microalgae is greatly influ-
enced by the macronutrients and micronutrients of the culture medium, optimization of
the culture medium is a necessity for their commercialization [8]. Numerous studies inves-
tigated marine microalgae, while there have been fewer studies on freshwater microalgae.
In this study, three commercially recognized freshwater microalgae strains were used in
order to evaluate the impact of various culture media on their biomass, lipid, chlorophyll,
and carotenoid outputs. Three recognized culture media (BG-11, BBM, and HS-CHU 10)
were used for the cultivation of these freshwater microalgae. This study allowed for the
selection of the most appropriate medium for a strain-specific culture. The media were also
evaluated for the yields of lipids and carotenoids.

2. Materials and Methods
2.1. Cultivation and Morphometric Analysis

Three freshwater green microalgae, namely, Monoraphidium sp. (NCIM 5585), Chlorella
sorokiniana (NCIM 5561), and Scenedesmus obliquus (NCIM 5586), were acquired from the
National Chemical Laboratory (NCL) Pune, India. Microalgae were selected due to their
fast growth and high carotenoid production ability, along with other lipids. To begin the
microalgae growth process, 100 mL Erlenmeyer flasks were filled with 50 mL of sterilized
BG-11 media and inoculated with exponentially growing cells till the OD reached 0.1.
The flasks were placed in an incubator chamber that was held at a constant temperature
of 28 ◦C with regular illumination of 100 µmol·m−2·s−1 (24 h, 40 W, white light) and
intermittent shaking. Light microscopy (Nikon A1, Tokyo, Japan) was used to determine
the morphology of the axenic microalgal cells.

2.2. Screening of Cultivation Media for Maximum Biomass, Lipids, and Carotenoids

The composition of the cultivation medium has a considerable influence on carotenoid,
lipid, and biomass yields in microalgae. Three media were employed for photoautotrophic
cultivation of microalgae species: Bold’s basal medium (BBM), BG-11, and half-strength
CHU-10 (HS CHU-10) medium and their compositions were shown in Table 1. All species
were grown in 500 mL Erlenmeyer flasks with 250 mL medium by keeping other culture
conditions the same as before. The media compositions of the three growth media used are
shown below.

2.3. Biomass Estimation

Microalgae growth was monitored after 48 h at 680 nm using a Microplate Reader
Synergy H1 (BioTek, Winooski, VT, USA). On alternate days, the growth was measured
using a 200 µL culture loaded on 96-well plates (Nuncmaxisorp, Waltham, MA, USA) [9].
Equations (1)–(3) were used to determine the biomass concentration, productivity, and
specific growth rate (3).

Biomass concentration (g/L) = 0.675 × A680 − 0.0841 (1)

Biomass productivity (g/L/d) =
Biomass concentration (g/L)

Cultivation duration (d)
(2)
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Speci f ic growth rate (µ)(per day) =
ln

(
X2
X1

)
T2 − T1

(3)

T stands for the time in days; X2 and X1 represent the specific final and initial biomass
concentrations, respectively; and T2 and T1 stand for the specific final and initial times,
respectively.

Table 1. Freshwater algal culture media compositions.

BG-11 g/L BBM g/L HS-CHU10 g/L

NaNO3 1.5 NaNO3 0.25 Ca(NO3)2.4H2O 2
K2HPO4 0.04 K2HPO4 0.075 K2HPO4 0.25

MgSO4.7H2O 0.075 MgSO4.7H2O 0.075 MgSO4.7H2O 1.25
CaCl2.2H2O 0.036 CaCl2.2H2O 0.025 Na2CO3 1

Na2CO3 0.02 KH2PO4 0.175 Na2SiO3 1.25
Na2EDTA 0.001 NaCl 0.025 FeCl3 0.04

Ferric ammonium citrate 0.006 H3BO3 0.011
Citric acid 0.006 FeSO4.7H2O 0.004

Na2 EDTA 0.05
KOH 0.031

H2SO4 conc. 1 µL

Micronutrients

g/L mg/L mg/L

H3BO3 2.86 ZnSO4.7H2O 8.82 H3BO3 0.24
MnCl2.4H2O 1.81 MnCl2.4H2O 0.44 MnSO4.H2O 0.147
ZnSO4.7H2O 0.22 MoO3 0.71 ZnSO4.7H2O 0.023

Na2MoO4.2H2O 0.039 CuSO4.5H2O 1.57 CuSO4.5H2O 0.010
CuSO4.5H2O 0.079 Co(NO3)2.6H2O 0.49 (NH4)6Mo7O24.4H2O 0.007

Co(NO3)2.6H2O 0.049 Vit B1 10 µg Co(NO3)2.6H2O 0.014
Vit B12 10 µg Vit B1 5

Vit B7 2.5
Vit B12 2.5

2.4. Quantification of Lipids

Total lipids were extracted from 1 g of dried microalgal biomass using the Bligh and
Dyer method and quantified using the gravimetric method [10]. Equations (4)–(6) were
used to calculate the total lipid production, productivity, and content

Total lipid production (mg/L) =
Mass o f lipid (mg)

Volume (L)
(4)

Lipid productivity (mg/L/D) =
Mass o f lipid (mg)

Volume(L)× Cultivation duration (d)
(5)

Lipid content (%) =
Mass o f lipid (g)

Mass o f culture (g)
× 100 (6)

2.5. Pigment Estimation

Every other day, 200 µL of microalgal culture was placed in 96-well plates (Nunc-
maxisorp, Waltham, MA, USA), and microalgae pigment was measured using a Synergy
H1 microplate reader (BioTek, Winooski, VT, USA). The pigment concentrations were
calculated for chlorophyll a (Chl a), chlorophyll b (Chl b), and total carotenoids (Car) using
Equations (7)–(9), respectively [11].

Chl a (µg/mL) = 13.36 A664 − 5.19A648 (7)
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Chl b (µg/mL) = 27.43 A648 − 8.12A664 (8)

Car (µg/mL) =
(1000 A470 − 2.13Chl a − 97.64 Chl b)

209
(9)

2.6. Microscopic Examination of Chlorophyll, Lipid, and Lipophilic Compounds

Confocal laser scanning microscopy was used to examine the chlorophyll and lipid
fluorescence of cells. Cell suspensions were collected and centrifuged for 5 min at 8000 rpm.
Pellets were rinsed twice with PBS buffer before being exposed to 1 mL (20%) dimethyl
sulfoxide (DMSO, Merck, Darmstadt, Germany, 99.9%) for 10 min. Following centrifugation,
100 µL PBS was added to each tube, which was then incubated at room temperature
for 10 min. Confocal microscopy (Nikon A1, Tokyo, Japan) was used to measure the
chlorophyll fluorescence in the microalgae cells [12]. The presence of neutral lipids and
lipophilic compounds in the microalgae was evaluated using Nile red staining and confocal
microscopy by employing laser light with excitation and emission wavelengths of 552 and
636 nm, respectively [13].

2.7. Pigments Quantification

A total of 1 g of biomass was crushed with a mortar and pestle, and the pigment was
extracted by adding 10 mL of DCM to the disrupted cells. The extraction was carried out
three more times until the cell debris became colorless. The pigment-rich DCM extract
was evaporated using a rotary evaporator (Buchi, R-210) and saponified for 3 h at room
temperature in the dark. The mixture of 2.25 mL acetone, 0.25 mL methanol, and 0.5 mL of
0.05 M NaOH in methanol was poured into the obtained pigments. Then, 3 mL petroleum
ether was poured. The mixture was centrifuged for two minutes at 5500 rpm and cleaned
using 3 mL of 10% dilute NaCl solution. The lowest phase was then discarded, and the
remaining solution was washed twice using NaCl solution [14].

2.8. TLC Analysis

Silica-gel-coated plates (Merck 20 × 20 cm) were employed for the TLC of the extracted
carotenoids content and a 4:1 mixture of the solvent system (n-hexane/acetone). Initially,
the solvent was employed to pre-saturate chromatography sheets. The sheets were then
lightly covered with 5 µL of the carotenoid samples before drying. Once the sheets were
loaded, they were carefully positioned in a pre-saturated tank so that the applied samples
did not accidentally fall further into the solvent system. The system was left undisturbed,
and the solvent was permitted to move up to a height of 5 cm. The sheets were then
removed from the tank and the spots were promptly noted [12].

2.9. Statistics

The acquired data were analyzed using one-way ANOVA in OriginPro 2021 (Origin-
Lab, Northampton, MA, USA). Tukey’s honestly significant difference test at p < 0.05 was
used to distinguish the mean differences. All data were collected in triplicate, as mentioned
in the figures and tables [13].

3. Results and Discussion

Screening for adequate media for microalgae cultivation is the fundamental method-
ological step to attain ideal control conditions. A culture medium is described as a medium
that provides an adequate amount of nutrients to microalgae for optimal growth and
development, and it is necessary to optimize to find a suitable medium that may encourage
the development of a wide range of microalgae species [14].
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3.1. Biomass Analysis

Green freshwater microalgae Scenedesmus obliquus, Monoraphidium sp., and Chlorella
sorokiniana were grown in different media for 25 days by utilizing light and atmospheric
CO2. The growth profiles of the Scenedesmus obliquus, Monoraphidium sp., and Chlorella
sorokiniana cultures evaluated in BG-11, BBM, and HS CHU-10 media are shown in Figure 1.
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Figure 1. Graphical illustrations of a comparative growth examination of Scenedesmus obliquus (SO),
Monoraphidium sp. (MP), and Chlorella sorokiniana (CS) in three different growth media: BG-11, BBM,
and HS CHU-10. Where, (A–C) represents growth curves of Scenedesmus obliquus, Monoraphidium sp.,
and Chlorella sorokiniana correspondingly.

Among the media studied, BBM supported high-biomass yields, followed by HS
CHU-10 and BG11. The growth curve of Scenedesmus obliquus in BG-11, BBM, and HS
CHU-10 media, shown in Figure 1, revealed that in the stationary phase, the maximum
biomass productions of 881.2 mg/L, 1002.7 mg/L, and 918.98 mg/L were obtained, respec-
tively. Figure 1 depicts the growth curves of Monoraphidium sp. and Chlorella sorokiniana
in the three media, resulting in the highest biomass productions of 567.6 mg/L (BG-11),
724.3 mg/L (BBM), and 586.4 mg/L (HS CHU-10) and 974.3 mg/L (BG-11), 1004.7 mg/L
(BBM), and 904.5 mg/L (HS CHU-10), respectively. Chankhong et al. (2018) reported that
when cultivating Chlorella sp. T12 in BBM, the maximum biomass yield was obtained, i.e.,
0.20 ± 0.05 g/L/d [15].

Scenedesmus obliquus, Monoraphidium sp., and Chlorella sorokiniana showed significant
differences in growth with p-values of 0.042 and 0.02 for BBM and HS CHU-10, respectively,
as shown in Figure 2. In this scenario, the p-values were smaller than the generally
accepted significance level of 0.05, indicating that the differences identified in the growth
of microalgal species were statistically significant in different media.

Therefore, we could deduce that there were species-specific differences in the impacts
of BBM and HS CHU-10 media compositions on biomass productivity. In contrast, the
p-value for BG-11 was 0.10, which is more than 0.05, meaning that the composition of BG-11
had no significant influence on the biomass production of the aforementioned species.
Therefore, the investigation of media selection demonstrated that different media composi-
tions had substantial effects on the growth of freshwater microalgal species. According to
George et al. 2014, when grown on BG-11 or CHU-10 medium, the Ankistrodesmus falcatus
biomass production was almost identical. Nevertheless, the effects of different media
compositions on the morphology of microalgal cells varied greatly [16]. This indicates that
the media compositions significantly affect the microalgal species being studied. Among
modified Bold’s basal medium (BBM), modified CFTRI medium, modified BG11 medium,
and modified CHU medium, Sangapillai et al. 2019 found that modified BBM is the optimal
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medium for freshwater Asterarcys quadricellulare. A maximal biomass of 1.44 ± 0.015 g/L
was produced using modified BBM, which was the best result from the four experimental
media [17].
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Figure 2. Statistical analysis of the impacts of media compositions on the biomass productivity of
different species of freshwater microalgae displayed by grouped mean graphical representation.
Scenedesmus obliquus (SO), Monoraphidium sp. (MP), and Chlorella sorokiniana (CS) cultivated in three
different growth media: BG-11, BBM, and HS CHU-10. Data are represented as mean ± SD, n = 3.
* represents p < 0.05, and NS signifies non-significantly different.

3.2. Lipids Analysis

The freshwater microalgae species used in this study had significant lipid contents and
might be explored for industrial applications. Alongside lipids and carotenoids, cell density
is an essential feature that defines microalga viability for use as a biofuel or medicinal
feedstock [18]. As a result, the species was grown in three distinct culture media (BG-11,
BBM, and HS CHU-10).

For Scenedesmus obliquus, the lipid production was highest in BBM, i.e., 246.8 mg/L,
with the highest lipid accumulation of 24.6%, whereas the lipid production was nearly
equivalent in the other two media, accruing nearly 15.7% and 17.8% lipid contents with the
highest productions of 138.7 mg/L and 163.3 mg/L in BG-11 and HS CHU-10, respectively.
Nonetheless, statistical analysis was carried out, as shown in Figure 3, to ascertain the
significance of the lipid production and lipid content by Scenedesmus obliquus on the 16th
day of inoculation in different media. BBM had significantly greater lipid productivity
than the BG-11 medium with 15.4 mg/L/d. The lowest lipid productivity of 11.3 mg/L/d
was found in HS CHU-10. The results show that the medium composition had a direct
influence on the productivity of the value-added compounds in microalgae. Conversely,
in Monoraphidium sp. and Chlorella sorokiniana, the maximum lipid productions were
obtained using BBM, i.e., 162.9 mg/L and 198.8 mg/L, respectively, with the highest lipid
accumulations of 22.7% and 19.8%, respectively. Furthermore, as indicated in Figure 3,
the substantial lipid productions in both Monoraphidium sp. and Chlorella sorokiniana
were recorded in BBM, followed by HS CHU-10 and BG-11 media. The lipid production
in the case of Monoraphidium sp. was at a maximum on the 18th day after inoculation in
BBM. Similarly, the highest lipid content was obtained on the 16th day after inoculation of
Chlorella sorokiniana in BBM. In order to ascertain the statistical significance of the impacts
of various media on lipid production, the aforementioned days were considered. It is
evident that BBM had the highest biomass and lipid concentration. A. falcatus accumulated
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the highest amount of lipids in ZM, although the biochemical makeups of BG-11 and
CHU-10 media are fairly comparable [19]. Kirrolia et al. 2011 determined that BBM was
the best-suited cultivation medium for Chlorococcum sp. lipid accumulation, with 19.25%
lipid content in comparison to HS CHU-10, Allen, BG-11, and CHU-10 media [20]. In the
present study, Scenedesmus obliquus emerged as a prospective strain for the biofuel business
due to the greatest lipid content of the three freshwater microalgal species. For promoting
microalgae toward the production of lipids, BBM was a more efficient medium compared
with BG-11 and HS CHU-10.
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(A–C) corresponds to Scenedesmus obliquus (SO), Monoraphidium sp. (MP), and Chlorella sorokiniana
(CS) respectively. Bars with the same letters were non-significantly different at p ≤ 0.05.

3.3. Pigment Analysis

Chlorophyll and carotenoids are the most substantial pigments found in freshwa-
ter green microalgae. The intriguing family of natural pigments known as microalgae
carotenoids has several potential uses [21]. Although they have been employed as color-
ing agents in food for many years, prospective uses for them are fast evolving as further
research has allowed for utilizing their characteristics and advantages. The antioxidant
and anti-inflammatory properties of microalgae carotenoids, as well as their potential
application in dietary supplements and capacity to replace artificial coloring in food items,
are all being explored [22].

Carotenoids have been linked to the reduced risk of certain diseases, as well as im-
proved vision and skin health [21]. The total pigment accumulations in Scenedesmus obliquus,
Monoraphidium sp., and Chlorella sorokiniana under three different culture media at spe-
cific time intervals are shown in Figure 4. This result reveals the significant difference
between the pigment productivity of the aforementioned microalgal species cultivated
under distinct media compositions at specific time intervals. The maximum quantities
of total chlorophyll and carotenoid produced by these microalgae for various media and
independent of the time interval are revealed in Table 2. Time-dependent pigment analysis
was done to compare the significant difference in quantities of pigments obtained at specific
time intervals. However, we found that the best yield of microalgae among all selected
media compositions was obtained using time-independent pigment analysis, which con-
firmed the maximum efficacy of all selected media on distinct microalgal species. From
the time-independent pigment analysis, we could find the highest efficacy of a particular
medium among all the selected media. The results obtained in the current investigation
from the time-independent pigment analysis showed less variation in chlorophyll and
total carotenoids production. Nevertheless, the number of days required to obtain that
yield varied drastically. However, from both the time-dependent and time-independent
pigment analysis, BBM was found to be an efficient medium for freshwater microalgae. In
Asterarcys quadricellulare cultivated under four different growth media, namely, modified
Bold’s basal medium (BBM), modified CFTRI medium, BG11 medium and CHU medium,
the highest chlorophyll a (23.07 ± 0.049 mg/L), chlorophyll b (16.76 ± 0.010 mg/L) and
total carotenoids (8.92 ± 0.031 mg/L) was obtained with the modified Bold’s basal medium
(BBM) [17].
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Figure 4. Pigments obtained from microalgae under three different media at specific time inter-
vals. The microalgae pigments investigated where (A–C) corresponds to Scenedesmus obliquus (SO),
Monoraphidium sp. (MP), and Chlorella sorokiniana (CS) respectively. Bars with the same letters were
non-significantly different at p ≤ 0.05.

Table 2. Time-independent pigment analysis showing the maximum concentrations of chlorophyll a,
chlorophyll b, chlorophyll a + b, chlorophyll a/b, and total carotenoids obtained in three microalgal
strains cultured in different media (BG-11, BBM, and HS CHU-10). Each statistic is the average of
three replicates.

Species Pigment Compositions BG-11 BBM HS CHU10

Scenedesmus obliquus Chlorophyll-a (µg/mL) 12.8 ± 0.64 13.9 ± 0.69 13.2 ± 0.66
Chlorophyll-b (µg/mL) 10.9 ± 0.54 11.6 ± 0.58 11.3 ± 0.56

Chlorophyll a + b (µg/mL) 23.7 ± 1.18 25.5 ± 1.27 24.5 ± 1.22
Chlorophyll a/b 1.17 ± 0.05 1.19 ± 0.05 1.16 ± 0.05

Carotenoid (µg/mL) 7.6 ± 0.07 8.2 ± 0.08 7.9 ± 0.07

Monoraphidium sp. Chlorophyll-a (µg/mL) 10.7 ± 0.53 12.5 ± 0.62 11.2 ± 0.56
Chlorophyll-b (µg/mL) 9.5 ± 0.47 10.2 ± 0.51 9.9 ± 0.49

Chlorophyll a + b (µg/mL) 20.2 ± 1.01 22.7 ± 1.13 21.1 ± 1.05
Chlorophyll a/b 1.12 ± 0.05 1.22 ± 0.06 1.13 ± 0.05

Carotenoid (µg/mL) 6.8 ± 0.34 7.4 ± 0.37 8.9 ± 0.44
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Table 2. Cont.

Species Pigment Compositions BG-11 BBM HS CHU10

Chlorella sorokiniana Chlorophyll-a (µg/mL) 11.6 ± 0.58 12.6 ± 0.63 12.3 ± 0.61
Chlorophyll-b (µg/mL) 9.7 ± 0.48 10.8 ± 0.54 10.2 ± 0.51

Chlorophyll a + b (µg/mL) 21.3 ± 1.06 23.4 ± 1.17 22.5 ± 1.12
Chlorophyll a/b 1.19 ± 0.05 1.16 ± 0.05 1.2 ± 0.06

Carotenoid (µg/mL) 5.7 ± 0.28 6.2 ± 0.31 7.36 ± 0.36

This indicates that while the growth continued, the level of chlorophyll rose to a
specific level and then decreased, indicating the end of the stationary phase. However,
during the stationary phase, the concentration of carotenoids increased [23].

3.4. Confocal Imaging for the Visualization of Lipophilic Compounds

Scenedesmus obliquus, Monoraphidium sp., and Chlorella sorokiniana were grown on
photoautotrophic optimal BBM and studied morphologically under confocal microscopy.
Figure 5 shows confocal images of Scenedesmus obliquus, Monoraphidium sp., and Chlorella
sorokiniana cultures taken in the exponential phase.
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ary carotenoids are the two categories into which carotenoids are often divided. Primary 
carotenoids are photosynthetic pigments that are structurally and functionally linked to 

Figure 5. Light micrographs and microalgae fluorescence images treated with Nile Red and viewed
at 60× magnification, where (A–C) represents Scenedesmus obliquus, Monoraphidium sp., and Chlorella
sorokiniana, respectively. Dynamic duplex filters were used to differentiate between the presence of
lipids (shown in red) and the presence of chlorophyll (shown in green) (scale bar 10 µm).

Carotenoids are lipophilic molecules that are present both within and outside of
chloroplasts; consequently, lipids and carotenoids may be detected as red globular forms
using confocal microscopy and the Nile Red strain, as seen in Figure 5. Primary and
secondary carotenoids are the two categories into which carotenoids are often divided.
Primary carotenoids are photosynthetic pigments that are structurally and functionally
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linked to the mechanism of photosynthesis. The photosynthetic apparatus is not connected
to secondary carotenoids, and their concentration is not restricted by stoichiometry with
other cellular components [11]. Chlorophyll was identified as green globules present in
both the light micrograph and fluorescence images of different microalgae species.

3.5. Carotenoid Chromatography

The thin layer chromatography technique was used with the astaxanthin and beta
carotene standards, along with carotenoids extracted from Scenedesmus obliquus, Mono-
raphidium sp., and Chlorella sorokiniana. The Rf values for the standard astaxanthin and
beta carotene were 0.45 and 0.98, respectively, and this matched the retention time for the
extracted samples.

TLC was used to detect the presence of two economically relevant carotenoids in the
extracts of Scenedesmus obliquus, Monoraphidium sp., and Chlorella sorokiniana. As shown
in Figure 6, the chromatogram revealed that astaxanthin was found in the Monoraphidium
sp. and Scenedesmus obliquus carotenoid extracts. Despite this, Scenedesmus obliquus and
Chlorella sorokiniana are recognized for the presence of beta-carotene. While optimizing
the culture conditions for the development and carotenoid synthesis, Rajput et al. 2022
discovered the occurrence of both carotene and astaxanthin in Scenedesmus sp. [24]. A study
done by Kaha et al. 2021 on the effect of black light on astaxanthin production validated
the presence of astaxanthin in Monoraphidium sp. [25]. In Roth et al. 2017, beta-carotene
pigment was isolated from the green algae Chlorella vulgaris and Scendesmus regularizes [26].
Rajput et al. 2021 stated that in Scenedesmus quadricauda PUMCC 4.1.40 under ideal growing
conditions, there were presences of 23.8, 19.0, 6.5, and 4.0 µg astaxanthin, β-carotene,
lutein, and canthaxanthin/mg dry biomass, respectively [24]. To obtain these carotenoid
profiles, high-performance thin-layer chromatography (HPTLC) separation followed by
flash chromatography purification and HPLC quantification was employed [24]. The
carotenoid profile of Monoraphidium sp. grown under optimal conditions produces a
significant amount of astaxanthin, as reported by Yadav et al. 2023 [11]. The current study
revealed the presence of commercially significant carotenoids in two freshwater microalgal
species. Consequently, freshwater microalgal species cultivated in suitable media have
immense potential of becoming commercially viable microalgal strains.

Int. J. Plant Biol. 2023, 14, FOR PEER REVIEW 13 
 

 

 
Figure 6. Thin-layer chromatography profile of carotenoids obtained from Scenedesmus obliquus 
(SO), Monoraphidium sp. (MP), and Chlorella sorokiniana (CS), along with astaxanthin standard (St1) 
and β-carotene (St2). 

4. Conclusions 
The current research examined the finest media for cultivating freshwater microalgae 

in order to maximize biomass, lipid, and carotenoid production. Green freshwater micro-
algae have enormous potential in the energy, medicinal, cosmeceutical, and nutraceutical 
industries. These microalgae were investigated to generate a variety of industrially im-
portant carotenoids. This investigation was carried out to screen for the appropriate media 
among BG-11, BBM, and HS CHU-10 for photoautotrophic cultures of these axenic spe-
cies. It was found that BBM was the best medium for cultivating these three freshwater 
microalgae species. These findings suggest that in addition to biodiesel, Scenedesmus 
obliquus, Monoraphidium sp., and Chlorella sorokiniana have the potential to grow in a vari-
ety of environments and generate astaxanthin and β-carotene as main carotenoids. Mono-
raphidium sp. could be a potential resource of astaxanthin, whereas Scenedesmus obliquus 
and Chlorella sorokiniana are excellent sources of beta carotene to be used in nutraceutical 
and pharmaceutical applications. 

Author Contributions: K.Y. is the first author and conducted all the experiments, recorded the re-
search observations, was responsible for the data curation, analyzed the research data, and wrote 
the original draft. G.C.N. data analysis; reviewed and edited the draft and acquired funding. D.P. 
reviewed and edited the draft. P.S. reviewed and edited the draft. M.P.R. conceptualized this study, 
methodology, and data analysis; supervised and validated the research work; reviewed and edited 
the manuscript; and acquired resources and funding. All authors have read and agreed to the pub-
lished version of the manuscript. 

Funding: M.P.R. expresses her gratitude to the Mission Innovation India Unit, Department of Bio-
technology (MI-DBT), Ministry of Science and Technology, New Delhi (India), for their financial 
support (file no. BT/PR31218/PBD/26/771/2019). 

Institutional Review Board Statement: Not applicable. 

Figure 6. Thin-layer chromatography profile of carotenoids obtained from Scenedesmus obliquus (SO),
Monoraphidium sp. (MP), and Chlorella sorokiniana (CS), along with astaxanthin standard (St1) and
β-carotene (St2).



Int. J. Plant Biol. 2023, 14 569

4. Conclusions

The current research examined the finest media for cultivating freshwater microal-
gae in order to maximize biomass, lipid, and carotenoid production. Green freshwater
microalgae have enormous potential in the energy, medicinal, cosmeceutical, and nutraceu-
tical industries. These microalgae were investigated to generate a variety of industrially
important carotenoids. This investigation was carried out to screen for the appropriate
media among BG-11, BBM, and HS CHU-10 for photoautotrophic cultures of these axenic
species. It was found that BBM was the best medium for cultivating these three freshwa-
ter microalgae species. These findings suggest that in addition to biodiesel, Scenedesmus
obliquus, Monoraphidium sp., and Chlorella sorokiniana have the potential to grow in a variety
of environments and generate astaxanthin and β-carotene as main carotenoids. Monoraphid-
ium sp. could be a potential resource of astaxanthin, whereas Scenedesmus obliquus and
Chlorella sorokiniana are excellent sources of beta carotene to be used in nutraceutical and
pharmaceutical applications.
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