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INTRODUCTION 

 

Microalgae are a broad class of organisms classified as 

prokaryotes or eukaryotes and unicellular, siphona-

ceous, filamentous, or multi-cellular. However, they are 

all photosynthetic microorganisms. They are consid-

ered a rich source of bioactive and health-promoting 

substances such as vitamins, proteins, and carotenoids 

(Scoglio et al., 2024; Y. Wang et al., 2021). Due to their 

great metabolic flexibility, adaptability to different cul-

ture conditions, and potential for fast growth, studies on 

their use as a source of biologically valuable com-

pounds are rapidly increasing. There are approximately 

200,000 species of microalgae and they are the largest 

primary producers (Hamid et al., 2025). They are ex-

ploited for commercial purposes to produce various 

bioactive compounds that find applications in the phar-

maceutical, cosmeceutical, nutraceutical, biofertilizers, 

feed, and biofuel industries (Asadi et al., 2020; Dol-

ganyuk et al., 2020). In Europe, microalgae and sea-

weed are currently produced by about 420 companies 

across 23 countries; 46% of these companies produce 

Spirulina 36% produce seaweed, and 10% produce 

microalgae. The remaining 8% produces Spirulina and 

several other microalgae. The market for algae is ex-

pected to reach EUR 1131 million by 2027, from EUR 

594 million in 2018 (Mendes et al., 2022).  

Chlorella is commonly found in soil, marine, and fresh-

water. The genus of Chlorella comprises 37 taxonomi-

cally acknowledged species. Due to their rapid growth 

Abstract 

Microalgae are a good source of antioxidants and natural bioactive compounds utilized in the pharmaceutical and food indus-

tries.The present study aimed to explore Ochromonas gloeopara as an alternate microalgal biomass for synthesising proteins 

and carotenoids.The freshwater samples of microalgae collected from a lake had microalgae and macroalgae that feed on mi-

croalgae. This sample was further subcultured in BG-11 media with 20nM phosphate to inhibit the growth of predator species. 

The isolated microalgae were identified as Ochromonas cf. gloeopara by 18S rRNA sequencing. A comparison of growth char-

acteristics and protein production by the isolate with Chlorella vulgaris  indicated that O. gloeopara had a uniform growth rate 

and a better protein production of 33.83mg/g. Carotenoid production was found to be 424.64 µg/g and 263.87 µg/g dry biomass 

by O. gloeopara and C. vulgaris, respectively. Thin Layer Chromatography analysis revealed three types of carotenoids: β-

carotene, astaxanthin mono and diesters produced by C. vulgaris, whereas Ochromonas produced only β-carotene. Physical 

parameter studies revealed that the optimum growth condition for C. vulgaris was at 1% salinity and pH 7, but it had a better 

carotenoid production at 0.5% salinity. O. gloeopara had better growth and production of carotenoids at 0% salinity and pH 7. 

These carotenoids and proteins can be used in various food and pharma industries. 

 

Keywords: β-carotene, Carotenoid, Chlorella vulgaris, Ochromonas cf. gloeopara, Proteins 

How to Cite 

Prakash, M. et al. (2025). A study on Ochromonas sp. as an alternate microalgal biomass for the synthesis of proteins and  

carotenoids. Journal of Applied and Natural  Science,  17(1), 293 - 301.https://doi.org/10.31018/jans.v17i1.6258    

mailto:dhamu.bio@gmail.com
https://doi.org/10.31018/jans.v17i1.6258
https://doi.org/10.31018/jans.v17i1.6258
https://doi.org/10.31018/jans.v17i1.6258


 

294 

Prakash, M. et al. / J. Appl. & Nat. Sci. 17(1), 293 - 301 (2025) 

and high photosynthetic ability, they are considered a 

promising biological resource(Schüler et al., 2020). The 

industrial applications of Chlorella vulgaris are very 

broad because of its ability to produce carotenoids, 

which are used to produce nutraceuticals and feed 

(Chia et al., 2019; Jo et al., 2020). There are several 

dietary sources of carotenoids, predominantly plants 

and animals (Mapelli-Brahm et al., 2020). There is 

growing attention to other dietary sources of carote-

noids, Including macroalgae and microalgae (Deamici 

et al., 2025; Meléndez-Martínez et al., 2022). 

The microalgae Ochromonas, the ubiquity, ecological 

significance, and nutritional versatility of Ochromonas 

species make them ideal model candidates for research 

on nutrient production. The mixotrophic chrysophytes of 

the genus Ochromonas are found mostly in freshwater, 

brackish, marine, and even extreme environments like 

hypersaline ponds (Lie et al., 2017). They use a wide 

variety of feeding methods. It has been found that many 

Ochromonas species, such as Ochromonas danica, are 

phagotrophic. They can grow in total darkness, provid-

ed there is bacterial prey present. Some species of 

Ochromonas are exclusively dependent on light, and 

others rely largely on phototrophy(Lie et al., 2018). In 

addition, Ochromonas species have been shown to 

grow exclusively on phenol as a carbon source and to 

be osmotropic, albeit only at elevated levels of labile 

organic compounds(Lie et al., 2017).  

Carotenoids are lipophilic pigments that appear in dif-

ferent colors, such as red, orange, and yellow. These 

pigments are abundantly found in nature and over 700 

different compounds have been identified. Non-

chlorophyll pigments 4are crucial in light harvesting and 

photoprotection in all photosynthetic organisms. Prima-

ry and secondary carotenoids are the two categories of 

carotenoids. Primary carotenoids are essential to the 

organism's survival because they directly contribute to 

photosynthesis. Lutein, α-carotene, and β-carotene are 

the most common primary carotenoids(Dalal and Sid-

diqui, 2025). Secondary carotenoids are compounds 

produced by carotenogenesis when the organism is 

subjected to a particular stimulus. The most widely 

used carotenoids in the global market are lutein, can-

thaxanthin, lycopene, zeaxanthin, β-carotene, and 

astaxanthin (Hamidi et al., 2019). Carotenoids have 

numerous applications across the pharmaceutical and 

nutraceutical sectors. The demand for carotenoids has 

surged worldwide due to their increasing significance in 

enhancing food quality. They are also used in poultry 

and fish feed. They are used as supplements in func-

tional foods as they are a good source of nutrients, anti-

oxidants, and vitamins (Pashkow et al., 2008; Wang et 

al., 2022). They can be used as an alternative to fish 

oils (Novoveská et al., 2019).Most of the research on 

carotenoid compounds has focused on how they can 

protect against and prevent various chronic illnesses, 

including cancer, diabetes, metabolic syndrome, and 

cardiovascular disease. However, recent studies indi-

cate that carotenoids might also be crucial in the man-

agement of several different illnesses (Sathasivam and 

Ki, 2018).   

Red algae contain a pigment called phytocyanin, which 

has anti-inflammatory and antioxidant properties and is 

used in food and cosmetic products. Astaxanthin has 

significant antioxidant activity, which benefits human 

health by providing the carotenoid with anti-

inflammatory and UV light-protective qualities(Aslam et 

al., 2019; Gokbulut, 2024). These new findings make 

beta-carotene much more valuable and may lead to an 

increase in demand for it.   Few food coloring products 

are made from microalgae. The present study aimed to 

determine the carotenoid and protein production by C. 

vulgaris and microalgae isolated from lake water  

samples. 

 

MATERIALS AND METHODS 

 

Isolation and screening of microalgae 

The water sample collected at 13.0360° N, 77.6586° E 

was serially diluted and used as inoculum for BG-11 

media. The dilution with ample growth after 5 days was 

used for spread plating on 1% BG-11 agar. When colo-

nies grew on the plate, one colony was selected and 

suspended in BG-11 media and allowed to grow for 5 

days. This was inoculated in fresh BG-11 media with 20 

mM phosphate to inhibit the growth of predator species. 

(Toda et al., 2021). After 7 days, the microscopic exam-

ination of broth was done at 100x to determine the 

presence of microalgae. After centrifuging the broth for 

ten minutes at 8000 rpm, the pellet was used to extract 

DNA followed by 18S rRNA sequencing, where the 

sample was processed and subjected to the “PCR 

Sanger Sequencing” method using the following pri-

mers 

Forward primer: 5’-CGGACGGGTGAGTAACGCGTGA-3’ 

Reverse primer: 5’-GACTACAGGGGTATCTAAT CCC 

TTT-3’ 

Using Nucleotide BLAST, the obtained data sequence 

was analyzed, and the phylogenetic tree was generat-

ed. A standard culture of Chlorella vulgaris obtained 

from Biopol Bioscience Pvt.Ltd., Bangalore was used 

as a reference for further studies.  

 

Growth Kinetic Studies  

5% sample was inoculated in BG11 media, this culture 

was studied daily, where 3ml of the cultured sample 

was drawn out periodically at an interval of 24 hours 

and subsequently, The OD of the sample was taken at 

680 nm, where OD of one corresponds to 4.858x104 

cells/ml (Christwardana and Hadiyanto, 2017). 

The growth rate of the sample was determined using 

the formula:1  
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μ = 3.3 (log10N-log10N0)/t                                            (1) 

Where μ: growth rate N and N0: final and initial growth, 

respectively, t: time (Singh et al., 2019a). 

 

Estimation of proteins and carotenoids 

Lowry's method was used to estimate the amount of 

protein present in the samples, and the optical density 

was measured at 660 nm (Novoveská et al., 2019). To 

estimate the carotenoid content, 2 ml of the sample 

was taken and centrifuged for 10 minutes at 8000 rpm. 

The pellets were closely resuspended in 2 ml acetone 

and kept in the water bath for 2 hours with agitation 

every 10 minutes. The optical density of the solution 

was taken at different wavelengths 660, 645, and 470 

nm. The carotenoid content was determined using the 

following formulas: 

Chlorophyll a (μg/mL) = (11.24*A660) - (2.04*A645)      (2) 

Chlorophyll b (μg/mL) = (20.13*A645) - (4.19*A660)      (3) 

Carotenoids (μg/mL) =   (1000*A470) - (1.90*Chl a) - 

(63.14*Chl b)                       (4) 

Where A660, A645, and A470 represent absorbance at 

660 nm, 645 nm, and 470 nm, respectively. 

Here,chlorophyll a and b concentrations were deter-

mined, as they interfere with the carotenoid reading at 

470 nm. Determining the chlorophyll a and b concentra-

tions subtract these values from the final carotenoid 

reading to get an accurate carotenoid concentration 

(Singh et al., 2019a). 

 

Qualitative test for carotenoids:  

The solvent for Thin Layer Chromatography (TLC) was 

made by combining acetone, benzene, and hexane in 

the ratio of 10:7:1. 30 ml of sample was centrifuged at 

8000 rpm for 10 minutes. The obtained pellets were 

crushed with mortar and pestle using acetone as the 

solvent. The crushed sample was centrifuged at 8000 

rpm for ten minutes, and the supernatant was stored at 

50° C until the sample shrunk to half of its initial vol-

ume. TLC was performed using 30μl of the sample. 

The Rf values of the bands were calculated and the 

type of carotenoid was determined from the standard 

Rf values (Minyuk and Solovchenko, 2018). 

 

Optimization of physical parameters:  

The parameters pH and salinity were varied to find the 

optimal microalgae growth. Salinity is expressed as the 

(w/v) concentration of NaCl in media expressed in per-

centage. Varying salt concentrations (0%, 0.5%, 1%, 

and 1.5%) were used and the optimal growth was de-

termined for a period of 7 days. To find the optimal 

growth at varying pH, the media was adjusted to vari-

ous pH values (7, 7.5, 8, 8.5, and 9) and was added to 

different culture bottles, and the algae sample was in-

oculated. The growth was observed for a span of sev-

en days and the maximum growth rate observed for the 

algae was noted. The protein and carotenoid contents 

were measured on the seventh day. 

 

RESULTS AND DISCUSSION  

 

One of the biggest threats of the twenty-first century is 

food insecurity, which is worsened as population 

growth and climate change put further strain on our 

already overburdened food production systems 

(Gordon-Strachan et al., 2025; Howe et al., 2025). 

New, nutritious food sources with a low ecological foot-

Poterioochromonas malhamensis   Ochromonas cf. gloeopara  

Fig. 1. Ochromonas cf. gloeopara with Poterioochromonas malhamensis  at 100x 

Fig. 2. Phylogenetic tree showing the relationship of Poterioochromonas malhamensis with closely related taxa based 

on partial 18S rRNA gene sequence 
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print must be developed to offset the negative effects of 

current agricultural practices. Many of these problems 

can be solved by utilizing algae as an inevitable food 

source (Diaz et al., 2023; Mangena, 2024). Microalgae 

are considered a reliable source of vitamins, proteins, 

carbohydrates, and substances that are good 

for health, such asarotenoids (Khanashyam et al., 

2025; Ślusarczyk et al., 2021). Microalgal strains have 

been gaining popularity in response to the industrial 

demand for natural substitutes, due to their ability to 

produce unique carotenoids under stress, such as lute-

in, β-carotene, α-carotene, violaxanthin, neoxanthin, 

and others (Sharma et al., 2024) 

 

Isolation and screening of microalgae 

Isolated Microalgae showed circular greenish cells of 

two different sizes when inoculated in BG-11 broth me-

dia (Fig. 1). The sequencing results of this sample indi-

cated the presence of Poterioochromonas malhamensis 

(Fig. 2), a predator species that feeds on microalgae 

(Ma et al., 2018). By using 20nM phosphate the growth 

of predator Species was retarded (Psachoulia et al., 

2024) and resulted in the isolation of only one type of 

green cells (Fig. 3). Molecular sequencing of these iso-

lated microalgae confirmed Ochromonas cf. gloeopara 

strain CCMP2718 (Fig. 4).  

 

Growth Kinetic Study  

The standard C. vulgaris exhibited a maximum growth 

on 3rd day (16.724 h-1), whereas the isolate O. gloeo-

para had a lower growth rate (15.594 h-1). The growth 

rate of the isolate was marginally better on the 5th day 

where it exhibited a maximum growth rate (15.599 h-1) 

as compared to the standard C. vulgaris (14.319 h-1). 

However, O. gloeopara when compared to C. vulgaris 

showed a uniform growth rate throughout observation 

(Fig. 5). Additionally, O. gloeopara had a higher bio-

mass yield of 2.2 g/l (Fig. 6) in comparison to C. vulgar-

is with a yield of 2.1 g/l after an incubation period of 7 

days. The higher yield and uniform growth rate indicate 

that O. gloeopara can be cultured for periods greater 

than 7 days to increase the biomass. Despite the vast 

array of microalgae, only Haematococcus pluvialis and 

Fig. 3. Microscopic image of Ochromonas cf. gloeopara 

at 100x 

Fig. 4. Phylogenetic tree showing the relationship of Ochromonas cf. gloeopara with closely related taxa based on 

partial 18S rRNA gene sequence 

Fig. 5. Growth rate exhibited by the Chlorella vulgaris 

and Ochromonas cf. gloeopara 

Fig. 6. Microalgal biomass yield of Chlorella vulgaris and 

Ochromonas cf. gloeopara 
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Dunaliella salina are commercially used for their carote-

noids. However, these microalgae need particular con-

ditions to grow and produce carotenoids(Singh et al., 

2019) 

 

Protein and carotenoid production  

The protein content of C. vulgaris was found to be 

24.663 mg/g and the O. gloeopara had 32.837 mg/g 

(Fig.14) of proteins. The protein yield from O. gloeo-

para was higher than Chlorella, but was similar to other 

microalgal species reported(El-Naggar et al., 2020). 

However, the carotenoid content in C. vulgaris and O. 

gloeopara was found to be 263.87µg/g and 424.645µg/

g (Fig.15) which surpasses the levels of carotenoids 

reported in other microalgae(Yadav et al., 2020). These 

results show that O.gloeopara has higher protein and 

carotenoid content than C. vulgaris. Carotenoids from 

plants and animals have their limitations because of 

availability and consistency in production throughout 

the year. Chemical production of carotenoids is hazard-

ous to human health because of the leftover intermedi-

ates and by-products (Senesse et al., 2005). Mixo-

trophic and photoautotrophic production of Chlorochro-

monas danica (Ochromonadales) and Hibberdia 

magna (Hibberdiales) showed 4.5-fold productivity of 

fucoxanthin by C. danica, showing that the presence of 

light enhanced the content compared with darkness. 

(Střížek et al., 2024).  

 To meet the growing demand for carotenoids, it is im-

perative to identify alternate sources. Thus the microal-

gae isolated in the present study have the potential to 

produce new human nutrition products because of their 

higher protein and carotenoid content. Carotenoids with 

anti-oxidant capabilities may be able to treat illnesses 

brought on by radicals(Adedoyin and Schmidt, 2023).In 

addition, microalgae are a renewable supplier of high-

value, naturally occurring bioactive compounds(Cheng 

Fig. 7. Carotenoids observed on the TLC plate (Lane S: 

Chlorella vulgaris and Lane A: Ochromonas cf. gloeopara)  

Fig. 8. Effect of salinity on the growth rate of Chlorella 

vulgaris and Ochromonas cf. gloeopara  

Fig. 10. Effect of salinity on the carotenoid content in dry 

biomass of Chlorella vulgaris and  Ochromonas cf.  

gloeopara 

Fig. 9.  Effect of salinity on the protein content in dry bio-

mass of Chlorella vulgaris and Ochromonas cf.  

gloeopara 
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et al., 2017; Rumin et al., 2021).  

Qualitative test for carotenoids 

Based on the repository of Rf values (Minyuk and 

Solovchenko, 2018) and their corresponding carotenoid 

type, it was found that the C. vulgaris produced three 

different carotenoid types i.e. β-carotene, Astaxanthin 

diesters, and Astaxanthin monoesters; whereas the O. 

gloeopara produced only β-carotene (Fig. 7). In earlier 

reports, Haematococcus sp. AA3 strain AA3 cell ex-

tracts were found to contain astaxanthin and β-

carotene by TLC analysis (Adedoyin and Schmidt, 

2023).Because of their high capacity to accumulate 

carotenoids under particular stress conditions, microal-

gae are particularly recognized as an effective cell fac-

tory for the production of carotenoids. 93% of chlorella 

is lutein, 2.6% is α- and β-carotene, and 1.3% is ze-

axanthin. The minor components of chlorella are lutein, 

astaxanthin, β-cryptoxanthin, and other carotenoids, 

but β-carotene accounts for 80% of the total carote-

noids produced by Arthrospira (Sharma et al., 2024). 

 

Optimization of physical parameters:  

Salinity optimization 

The O. gloeopara sample showed a maximum growth 

rate of 12.0909 at 0% salinity (Fig. 8) when compared 

to the C. vulgaris which showed a growth rate of 

10.3226 at 1% salinity. It can also be observed that O. 

gloeopara exhibited a better growth rate than C. vulgar-

is at all levels of salinity. O. gloeopara has the highest 

protein content of 39.0576 (Fig. 9) at a 0% salinity rate, 

whereas the C. vulgaris sample produced its highest 

protein content of 23.7266 at a 1% salinity rate. It can 

also be said that the salinity parameters do not affect 

the protein production rate of C. vulgaris as much as 

Fig. 12. Effect of pH on the protein content in dry biomass of 

Chlorella vulgaris and Ochromonas cf. gloeopara 

Fig. 11.  Effect of pH on the growth rate of Chlorella 

vulgaris and Ochromonas cf. gloeopara  

Fig. 14.  Protein content in dry biomass of Chlorella  

vulgaris and Ochromonas cf. gloeopara 

Fig. 13.  Effect of pH on the carotenoid content in dry bio-

mass of Chlorella vulgaris and O. gloeopara  

Fig. 15.Carotenoid content in dry biomass of Chlorella 

vulgaris and Ochromonas cf. gloeopara  
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that of O. gloeopara.  

C. vulgaris was found to produce carotenoids of 

394.3593(µg/g) at a saline concentration of 0.5% (Fig. 

10), while O. gloeopara exhibited the highest amount of 

Carotenoid (640.168 µg/g) at 0% saline concentration. 

The C. vulgaris exhibited an optimum growth rate and 

carotenoid production in saline conditions of 1% and 

0.50% respectively. Nonetheless, the production of 

proteins was unaffected by the salinity of the medium. 

In contrast, O. gloeopara demonstrated optimal protein 

production, carotenoids, and growth rate at 0% salinity. 

 

pH optimization 

The O. gloeopara sample exhibits a higher growth rate 

than the C. vulgaris sample. At a pH of 7, O. gloeopara 

and C. vulgaris showed maximum growth rates (Fig. 

11) of 12.984 h-1 and 11.649 h-1. Additionally, it can be 

seen that both species' growth rates decline as pH ris-

es. O. gloeopara had a maximum protein content of 

29.404 mg/g (Fig. 12) dry biomass at a pH of 7 and C. 

vulgaris had a maximum protein content of 28.186 mg/

g dry biomass at a pH of 7.  It can also be observed 

that as the pH increases the protein content decreases 

for both the species and O. gloeopara decreases dras-

tically when compared to C. vulgaris.  

 Chlorella vulgaris shows higher carotenoid content 

than the O. gloeopara sample. O. gloeopara had a 

maximum carotenoid content of 391.967 µg/g (Fig. 13) 

dry biomass at a pH of 7 and C. vulgaris had a maxi-

mum protein content of 662.795 µg/g dry biomass at a 

pH of 7.  It can also be observed that as the pH in-

creases, the carotenoid content decreases drastically in 

O. gloeopara compared to C. vulgaris.  

 

Conclusion  

 

The study demonstrated that O. gloeopara can be used 

as a source for the production of protein and carote-

noids. The O. gloeopara sample had a higher protein 

content of 32.837 mg/g when compared to Chlorella 

vulgaris, which had a protein content of 24.664 mg/g. 

The O. gloeopara also had a better carotenoid produc-

tion of 424.645 µg/g than Chlorella vulgaris with 

263.872 µg/g. The O. gloeopara could only produce β-

carotene whereas Chlorella vulgaris produced β-

carotene, Astaxanthin mono and diesters. Chlorella 

vulgaris had optimum growth at 1% salinity but better 

carotenoid production at 0.5% salinity and the salinity 

of the media did not affect the protein content on the 

other hand the O. gloeopara has better growth and pro-

duction of Carotenoids and protein in the absence of 

NaCl. In media with neutral pH, both the O. gloeopara 

sample and Chlorella vulgaris showed enhanced 

growth, carotenoid, and protein production. Comparing 

the isolate’s growth rate to that of the standard 

C.vulgaris (14.319 h-1) on the fifth day showed a slightly 

higher maximum growth rate (15.599h-1). O. gloeopara 

exhibited a constant growth rate throughout the obser-

vation period in contrast to C. vulgaris. Furthermore, 

during a 7-day incubation period, O. gloeopara pro-

duced a greater biomass production of 2.2 g/l com-

pared to C. vulgaris. This indicates the increased yield 

and consistent growth rate of O. gloeopara. Therefore, 

O. gloeopara is a good candidate for producing protein 

and carotenoids, particularly β-carotene, which can be 

explored for production on a large scale. 

 

Conflict of interest 

The authors declare that they have no conflict of  

interests.  

 

REFERENCES 

 

1. Adedoyin, A. E., & Schmidt, S. (2023). Demonstration of 

the Antioxidant Potential of Three Newly Isolated Carote-

noid-Producing Microscopic Algae from KwaZulu-Natal 

(South Africa). Journal of Pure and Applied Microbiology, 

17(2), 1163–1178. https://doi.org/10.22207/JPAM.17.2.46 

2. Asadi, P., Rad, H. A., & Qaderi, F. (2020). Lipid and bio-

diesel production by cultivation isolated strain Chlorella 

sorokiniana pa.91 and Chlorella vulgaris in dairy 

wastewater treatment plant effluents. Journal of Environ-

mental Health Science and Engineering, 18(2), 573–585. 

https://doi.org/10.1007/s40201-020-00483-y 

3. Aslam, A., Fazal, T., Zaman, Q. U., Shan, A., Rehman, F., 

Iqbal, J., Rashid, N., & Rehman, M. S. U. (2019). Biorefin-

ery of microalgae for nonfuel products. In Microalgae Cul-

tivation for Biofuels Production (pp. 197–209). Elsevier. 

https://doi.org/10.1016/B978-0-12-817536-1.00013-8 

4. Cheng, D., Li, D., Yuan, Y., Zhou, L., Li, X., Wu, T., Wang, 

L., Zhao, Q., Wei, W., & Sun, Y. (2017). Improving carbo-

hydrate and starch accumulation in Chlorella sp. AE10 by 

a novel two-stage process with cell dilution. Biotechnology 

for Biofuels, 10(1), 75. https://doi.org/10.1186/s13068-017

-0753-9 

5. Chia, S. R., Chew, K. W., Zaid, H. F. M., Chu, D.-T., Tao, 

Y., & Show, P. L. (2019). Microalgal Protein Extraction 

From Chlorella vulgaris FSP-E Using Triphasic Partition-

ing Technique With Sonication. Frontiers in Bioengineer-

ing and Biotechnology, 7. https://doi.org/10.3389/

fbioe.2019.00396 

6. Christwardana, M., & Hadiyanto, H. (2017). The Effects of 

Audible Sound for Enhancing the Growth Rate of Microal-

gae Haematococcus pluvialis in Vegetative Stage. 

HAYATI Journal of Biosciences, 24(3), 149–155. https://

doi.org/10.1016/j.hjb.2017.08.009 

7. Dalal, N., & Siddiqui, S. (2025). Tailoring the Biomass, 

Nutritional Value, Shelf Life and Food Use of Microgreens. 

In Recent Trends and Applications of Leguminous Micro-

greens as Functional Foods (pp. 541–578). Springer Na-

ture Switzerland. https://doi.org/10.1007/978-3-031-75678

-8_25 

8. Deamici, K. M., Figueiredo, D., Guerra, I., Letras, P., & 

Pereira, H. (2025). Global market and future trends of 

microalgae-based products. In Algal Bioreactors (pp. 11–

25). Elsevier. https://doi.org/10.1016/B978-0-443-14058-



 

300 

Prakash, M. et al. / J. Appl. & Nat. Sci. 17(1), 293 - 301 (2025) 

7.00048-8 

9. Diaz, C. J., Douglas, K. J., Kang, K., Kolarik, A. L., Mali-

novski, R., Torres-Tiji, Y., Molino, J. V., Badary, A., & 

Mayfield, S. P. (2023). Developing algae as a sustainable 

food source. Frontiers in Nutrition, 9. https://

doi.org/10.3389/fnut.2022.1029841 

10. Dolganyuk, V., Belova, D., Babich, O., Prosekov, A., 

Ivanova, S., Katserov, D., Patyukov, N., & Sukhikh, S. 

(2020). Microalgae: A Promising Source of Valuable Bi-

oproducts. Biomolecules, 10(8), 1153. https://

doi.org/10.3390/biom10081153 

11. El-Naggar, N. E. A., Hussein, M. H., Shaaban-Dessuuki, 

S. A., & Dalal, S. R. (2020). Production, extraction and 

characterization of Chlorella vulgaris soluble polysaccha-

rides and their applications in AgNPs biosynthesis and 

biostimulation of plant growth. Scientific Reports, 10(1). 

https://doi.org/10.1038/s41598-020-59945-w 

12. Gokbulut, C. (2024). Cosmetic and Dermatological Appli-

cation of Seaweed: Skincare Therapy-Cosmeceuticals. In 

Seaweeds and Seaweed-Derived Compounds (pp. 309–

365). Springer International Publishing. https://

doi.org/10.1007/978-3-031-65529-6_11 

13. Gordon-Strachan, G. M., Parker, S. Y., Harewood, H. C., 

Méndez-Lázaro, P. A., Saketa, S. T., Parchment, K. F., 

Walawender, M., Abdulkadri, A. O., Beggs, P. J., Buss, D. 

F., Chodak, R. J., Dasgupta, S., De Santis, O., Guthrie-

Dixon, N. G., Hassan, S., Kennard, H., Maharaj, S. B., 

Marshall, K. G., McFarlane, S. R., … Romanello, M. 

(2025). The 2024 small island developing states report of 

the Lancet Countdown on health and climate change. The 

Lancet Global Health, 13(1), e146–e166. https://

doi.org/10.1016/S2214-109X(24)00421-2 

14. Hamid, I., Wanjari, R. N., Abass, Z., & Abubakr, A. (2025). 

Algal Biotechnology for the Production of Food. In Food 

Security, Nutrition and Sustainability Through Aquaculture 

Technologies (pp. 345–361). Springer Nature Switzerland. 

https://doi.org/10.1007/978-3-031-75830-0_19 

15. Hamidi, M., Kozani, P. S., Kozani, P. S., Pierre, G., 

Michaud, P., & Delattre, C. (2019). Marine Bacteria versus 

Microalgae: Who Is the Best for Biotechnological Produc-

tion of Bioactive Compounds with Antioxidant Properties 

and Other Biological Applications? Marine Drugs, 18(1), 

28. https://doi.org/10.3390/md18010028 

16. Howe, P., Fitzpatrick, M., & Maxwell, D. (2025). Five lev-

els of famine prevention: towards a framework for the 

twenty‐first century and beyond. Disasters, 49(1). https://

doi.org/10.1111/disa.12668 

17. Jo, S.-W., Do, J.-M., Kang, N. S., Park, J. M., Lee, J. H., 

Kim, H. S., Hong, J. W., & Yoon, H.-S. (2020). Isolation, 

Identification, and Biochemical Characteristics of a Cold-

Tolerant Chlorella vulgaris KNUA007 Isolated from King 

George Island, Antarctica. Journal of Marine Science and 

Engineering, 8(11), 935. https://doi.org/10.3390/

jmse8110935 

18. Khanashyam, A. C., Mundanat, A. S., Sajith Babu, K., 

Thorakkattu, P., Krishnan, R., Abdullah, S., Bekhit, A. E. 

A., McClements, D. J., Santivarangkna, C., & Nirmal, N. 

P. (2025). Emerging alternative food protein sources: pro-

duction process, quality parameters, and safety point of 

view. Critical Reviews in Biotechnology, 45(1), 1–22. 

https://doi.org/10.1080/07388551.2024.2341902 

19. Lie, A. A. Y., Liu, Z., Terrado, R., Tatters, A. O., Heidel-

berg, K. B., & Caron, D. A. (2017a). Effect of light and 

prey availability on gene expression of the mixotrophic 

chrysophyte, Ochromonas sp. BMC Genomics, 18(1), 

163. https://doi.org/10.1186/s12864-017-3549-1 

20. Lie, A. A. Y., Liu, Z., Terrado, R., Tatters, A. O., Heidel-

berg, K. B., & Caron, D. A. (2017b). Effect of light and 

prey availability on gene expression of the mixotrophic 

chrysophyte, Ochromonas sp. BMC Genomics, 18(1), 

163. https://doi.org/10.1186/s12864-017-3549-1 

21. Lie, A. A. Y., Liu, Z., Terrado, R., Tatters, A. O., Heidel-

berg, K. B., & Caron, D. A. (2018). A tale of two mixo-

trophic chrysophytes: Insights into the metabolisms of two 

Ochromonas species (Chrysophyceae) through a compar-

ison of gene expression. PLOS ONE, 13(2), e0192439. 

https://doi.org/10.1371/journal.pone.0192439 

22. Ma, M., Gong, Y., & Hu, Q. (2018). Identification and feed-

ing characteristics of the mixotrophic flagellate Poterioo-

chromonas malhamensis, a microalgal predator isolated 

from outdoor massive Chlorella culture. Algal Research, 

29, 142–153. https://doi.org/10.1016/j.algal.2017.11.024 

23. Mangena, P. (2024). Harnessing the Potential of Macroal-

gae Biomass as Alternative Feedstocks to Grain Leg-

umes: A Step Towards Food Security. In Biomass Valori-

zation (pp. 239–260). Springer Nature Singapore. https://

doi.org/10.1007/978-981-97-8557-5_11 

24. Mapelli-Brahm, P., Barba, F. J., Remize, F., Garcia, C., 

Fessard, A., Mousavi Khaneghah, A., Sant’Ana, A. S., 

Lorenzo, J. M., Montesano, D., & Meléndez-Martínez, A. 

J. (2020). The impact of fermentation processes on the 

production, retention and bioavailability of carotenoids: An 

overview. Trends in Food Science & Technology, 99, 389

–401. https://doi.org/10.1016/j.tifs.2020.03.013 

25. Meléndez-Martínez, A. J., Mandić, A. I., Bantis, F., Böhm, 

V., Borge, G. I. A., Brnčić, M., Bysted, A., Cano, M. P., 

Dias, M. G., Elgersma, A., Fikselová, M., García-Alonso, 

J., Giuffrida, D., Gonçalves, V. S. S., Hornero-Méndez, D., 

Kljak, K., Lavelli, V., Manganaris, G. A., Mapelli-Brahm, 

P., … O’Brien, N. (2022). A comprehensive review on 

carotenoids in foods and feeds: status quo , applications, 

patents, and research needs. Critical Reviews in Food 

Science and Nutrition, 62(8), 1999–2049. https://

doi.org/10.1080/10408398.2020.1867959 

26. Mendes, M., Navalho, S., Ferreira, A., Paulino, C., 

Figueiredo, D., Silva, D., Gao, F., Gama, F., Bombo, G., 

Jacinto, R., Aveiro, S., Schulze, P., Gonçalves, A. T., Pe-

reira, H., Gouveia, L., Patarra, R., Abreu, M. H., Silva, J., 

Navalho, J., … Speranza, L. (2022). Algae as Food in 

Europe: An Overview of Species Diversity and Their Appli-

cation. Foods, 11(13), 1871. https://doi.org/10.3390/

foods11131871 

27. Minyuk, G. S., & Solovchenko, A. E. (2018). Express 

Analysis of Microalgal Secondary Carotenoids by TLC and 

UV-Vis Spectroscopy (pp. 73–95). https://

doi.org/10.1007/978-1-4939-8742-9_4 

28. Novoveská, L., Ross, M. E., Stanley, M. S., Pradelles, R., 

Wasiolek, V., & Sassi, J.-F. (2019). Microalgal Carote-

noids: A Review of Production, Current Markets, Regula-

tions, and Future Direction. Marine Drugs, 17(11), 640. 

https://doi.org/10.3390/md17110640 

29. Pashkow, F. J., Watumull, D. G., & Campbell, C. L. 

(2008). Astaxanthin: A Novel Potential Treatment for Oxi-

dative Stress and Inflammation in Cardiovascular Dis-



 

301 

Prakash, M. et al. / J. Appl. & Nat. Sci. 17(1), 293 - 301 (2025) 

ease. The American Journal of Cardiology, 101(10), S58–

S68. https://doi.org/10.1016/j.amjcard.2008.02.010 

30. Psachoulia, P., Chatzidoukas, C., & Samaras, P. (2024). 

Study of Chlorella sorokiniana Cultivation in an Airlift Tub-

ular Photobioreactor Using Anaerobic Digestate Sub-

strate. Water, 16(3), 485. https://doi.org/10.3390/

w16030485 

31. Rumin, J., Gonçalves de Oliveira Junior, R., Bérard, J.-B., 

& Picot, L. (2021). Improving Microalgae Research and 

Marketing in the European Atlantic Area: Analysis of Major 

Gaps and Barriers Limiting Sector Development. Marine 

Drugs, 19(6), 319. https://doi.org/10.3390/md19060319 

32. Sathasivam, R., & Ki, J.-S. (2018). A Review of the Bio-

logical Activities of Microalgal Carotenoids and Their Po-

tential Use in Healthcare and Cosmetic Industries. Marine 

Drugs, 16(1), 26. https://doi.org/10.3390/md16010026 

33. Schüler, L., Greque de Morais, E., Trovão, M., Machado, 

A., Carvalho, B., Carneiro, M., Maia, I., Soares, M., Du-

arte, P., Barros, A., Pereira, H., Silva, J., & Varela, J. 

(2020). Isolation and Characterization of Novel Chlorella 

Vulgaris Mutants With Low Chlorophyll and Improved 

Protein Contents for Food Applications. Frontiers in Bioen-

gineering and Biotechnology, 8. https://doi.org/10.3389/

fbioe.2020.00469 

34. Scoglio, G. D., Jackson, H. O., & Purton, S. (2024). The 

commercial potential of Aphanizomenon flos-aquae, a 

nitrogen-fixing edible cyanobacterium. Journal of Applied 

Phycology, 36(4), 1593–1617. https://doi.org/10.1007/

s10811-024-03214-0 

35. Senesse, P., Touvier, M., Kesse, E., Faivre, J., & Boutron-

Ruault, M.-C. (2005). Tobacco Use and Associations of β-

Carotene and Vitamin Intakes with Colorectal Adenoma 

Risk. The Journal of Nutrition, 135(10), 2468–2472. 

https://doi.org/10.1093/jn/135.10.2468 

36. Sharma, C., Kamle, M., & Kumar, P. (2024). Microbial-

Derived Carotenoids and Their Health Benefits. Microbiol. 

Res, 15, 1670–1689. https://doi.org/10.3390/microbiolres 

37. Singh, D. P., Khattar, J. S., Rajput, A., Chaudhary, R., & 

Singh, R. (2019a). High production of carotenoids by the 

green microalga Asterarcys quadricellulare PUMCC 5.1.1 

under optimized culture conditions. PLOS ONE,  

14(9), e0221930. https://doi.org/10.1371/

journal.pone.0221930 

38. Singh, D. P., Khattar, J. S., Rajput, A., Chaudhary, R., & 

Singh, R. (2019b). High production of carotenoids by the 

green microalga Asterarcys quadricellulare PUMCC 5.1.1 

under optimized culture conditions. PLoS ONE, 14(9). 

https://doi.org/10.1371/journal.pone.0221930 

39. Ślusarczyk, J., Adamska, E., & Czerwik-Marcinkowska, J. 

(2021). Fungi and Algae as Sources of Medicinal and 

Other Biologically Active Compounds: A Review.  

Nutrients, 13(9), 3178. https://doi.org/10.3390/

nu13093178 

40. Střížek, A., Lukeš, M., Hrouzek, P., Mylenko, M., 

Lukavský, J., Nedbalová, L., & Přibyl, P. (2024). Alterna-

tive production of fucoxanthin and PUFAs using Chloro-

chromonas danica and Hibberdia magna, unicellular 

chrysophytes with different trophic modes. Algal Re-

search, 82, 103597. https://doi.org/10.1016/

j.algal.2024.103597 

41. Toda, N., Murakami, H., Kanbara, A., Kuroda, A., & Hiro-

ta, R. (2021). Phosphite Reduces the Predation Impact of 

Poterioochromonas malhamensis on Cyanobacterial Cul-

ture. Plants, 10(7), 1361. https://doi.org/10.3390/

plants10071361 

42. Wang, J., Hu, X., Chen, J., Wang, T., Huang, X., & Chen, 

G. (2022). The Extraction of β-Carotene from Microalgae 

for Testing Their Health Benefits. Foods, 11(4), 502. 

https://doi.org/10.3390/foods11040502 

43. Wang, Y., Tibbetts, S., & McGinn, P. (2021). Microalgae 

as Sources of High-Quality Protein for Human Food and 

Protein Supplements. Foods, 10(12), 3002. https://

doi.org/10.3390/foods10123002 

44. Yadav, S., Bansal, S., Chaithra, M. L., & Sibi, G. (2020). 

Assessment of optimal growth conditions for specific ca-

rotenoids production by chlorella vulgaris. Journal of Ap-

plied and Natural Science, 12(4), 550–555. https://

doi.org/10.31018/jans.v12i4.2399 


