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Algae are of particular importance because they synthesize a variety of biomaterials of high 
commercial value, such as lipids, carbohydrates, amino acids, pigments, and carotenoids. One of 
the several carotenoids produced by microalgae, lutein is a very important pigment for the retina 
of the eye, used as a dietary supplement and pigment for diet, cosmetic, and medicinal purposes. 
Most ecological parameters, including light, which is an important growth regulator affecting the 
productivity of algal cells and synthesis and distribution of their by-products under different 
qualities and intensities, have great influence on lutein production and accumulation in algae. In 
the present study, we investigated the effect of different light irradiance (120, 100, 80, 60, and 40 
µmol/m2/s using white LEDs) on the increment of growth and lutein content in the algae 
Coelastrella saipanensis grown in Chu 10 media at a steady condition of 28° C and pH 7. The results 
of the present study showed that light irradiance influences both growth efficiency and lutein 
content in the alga. The highest value of lutei-n was 0.562 µg/mg at 80 µmol/m2/s, while the lowest 
was 0.055 µg/mg at 120 µmol/m2/s. It can be concluded from this that Coelastrella saipanensis has 
a good production of lutein when exposed to appropriate light intensity, as these results are 
supported by statistical analyses at P≤0.05. 
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INTRODUCTION 

Algae are autotrophic organisms, grow in different 
environmental conditions, and vary in shape and size 
(Badar et al., 2021). They are either unicellular with a 
length of about 1-0.5 microns (Skriptsova and Kalita, 
2020), or multicellular macroalgae, such as kelp, 
which can reach a length of about 60 meters 
(Jayasankar, 2022). It comprises of approximately 
25,000 species with the majority being eukaryotic, 
except the cyanophytes which are prokaryotic. 
Cyanophyta and Chlorophyta are two of the most 
important type of algae, and it is found to be very 
common in several environments, which include 
aquatic, terrestrial, and atmospheric environments, 
(Sahoo and Seckbach, 2015). Algae are active CO2-
reliant microorganisms with high efficiency of 
photoautotrophic relative to land-based vegetation, 
producing commercially valuable biomaterials such 
as pigments, amino acids, lipids, and carbohydrates 
(Cruz-Balladares et al., 2021). In addition, algae have 
higher levels of carotenoids compared to those in 
terrestrial plants (Gong and Bassi, 2016; Singh et al., 
2019). Among the various carotenoids produced by 
microalgae that are in high market demand are beta-
carotene, astaxanthin, and lutein, due to the fact that 
beta-carotene is related to vitamin A and is an 
industrially important coloring agent, while 
astaxanthin has antioxidant and anti-inflammatory 
characteristics useful for health care (Razz, 2024). 
Lutein is an important pigment for the retina (Li et al., 
2020). Lutein is important for enhancing 
immunological defenses, improving eyesight and eye-
care, and preventing cancer, diseases of the retinal 

nerve, degeneration and disorders of the macula, 
cardiovascular diseases, arterial sclerosis, coronary 
heart disease (acute and chronic), apoplexy, 
retinopathy of diabetes, diseases of Alzheimer's, and 
many more (Chen et al., 2019a). Based on its 
recognized bioavailability as an effective bio-
antioxidant and anti-inflammatory agent, lutein is 
widely used as a source of natural food color and as a 
dietary pigment in the food, cosmetic, and pharma 
industries (Muhammad et al., 2024). Lutein is a 
xanthophyll of the oxygenated carotenoids, found in 
high amounts in vegetables and algae, it is a 
yellowish-orange crystalline and lipophilic pigment 
(Mora-Gutierrez et al., 2018). Microalgae, because of 
their superior lutein content, short-term lifespan, and 
resistance to seasonal fluctuations, have been 
recognized as an alternative source of lutein 
production (Zheng et al., 2022). 

The genus Colastrella sp. was discovered almost a 
century ago and contains only a few species. It is a 
unicellular green alga, or rarely in small groups, its 
cells are oval to lemon shaped. The cell wall of 
Colastrella species bears 16-40 longitudinal ribs, 
sometimes with polar thickenings. In culture media, 
this species accumulates several carotenoids, 
especially in the stationary phase, such as 
neoxanthin, pheophytin A, astaxanthin, 
canthaxanthin, lutein and violaxanthin (Goecke et al., 
2020). This pigment profile is a very important 
taxonomic feature of microalgae (Serive et al., 2017), 
and in this case, these pigments support the 
classification of the genus Colastrella sp. (Ali et al., 
2022). Also, Chang et al. (2021) proposed that 
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Colastrella sp. has been a candidate for the 
commercial production of carotenoids, which are 
important in many medical, pharmaceutical and 
therapeutic aspects. Lutein is the major xanthophyll 
in the green algae and is tightly bound to the light 
harvester apparatus of the photosynthesizing 
machinery. In Chlamydomonas reinhardtii, it was 
noted that the pigment is responsible for maintaining 
the light-harvesting apparatus against oxidative 
damage brought about by high intensity light 
(Erickson et al., 2015). Therefore, lutein is crucial for 
microalgae to adapt to varying regimes of light 
(Camarena-Bernard and Pozzobon, 2024). The 
production and enrichment of algal carotenoids is 
influenced by light intensity; however, the effects of 
light intensity vary between different 
microorganisms, regardless of whether an increase or 
decrease in light duration or intensity results in 
improved carotenoid productivity (Maltsev et al., 
2021). Light quality and intensity is considered an 
important growth factor and has fundamental effects 
on algal cells in terms of productivity, synthesis and 
diffusion of their by-products (Wu et al., 2024). 
Several investigations have proven that light sources 
have strong impacts on cell growth rate, productivity 
and pigment formation in algae, as different algal 
species respond differently to light spectra 
(Saefurahman, 2015; Singh and Singh, 2015). 

Light intensity is considered one of the most 
important factors that influence carotenoid 
production in microalgae, according to (Xie et al., 
2013b). Different algal species respond differently to 
light regimes, and changes in different photoperiods 
affect productivity and efficiency (Grobbelaar, 2009). 
Many scientists have observed that the length of light 
and darkness affects microalgae development and its 
biochemical components, where the optimal length 
of light increased the efficiency of photosynthesis, 
promoting lutein formation. (Krzemińska et al., 2014; 
Chen et al., 2019b). In addition, the use of optimized 
photoperiods instead of continuous lighting is able to 
save energy, since the majority of the researchers 
employ 16:8-hour light-dark periods in their studies 
(McClure et al., 2019; Rajendran et al., 2020). Light 
intensity for ideal formation of lutein within the algae 
is strain-dependent for microalgae, hence microalgae 
Tetraselmis sp. reached an increased lutein content 
under optimal light conditions (Schüler et al., 2020). 
Due to the lack of studies on the lutein pigment 
produced by Coelastrella saipanensis and the 
influence of environmental factors on it, therefore, 
the current study aimed to investigate the effect of 

light intensity on lutein production by Coelastrella 
saipanensis.  

Algal sampling and purification 

Water samples were collected from the Al Diwaniyah 
River in central Iraq (31° 59' 34.40" N, 44° 55' 31.87" 
E), and for the purpose of obtaining a unialgal culture, 
the method of streaking agar plates described by 
(Stein-Taylor, 1973) was used, placing 1 ml of the 
sample containing algae in one edge of a Petri dish 
containing the previously prepared Chu 10 nutrient 
medium solidified with agar. Using a sterile loop of 
inoculum sterilized by fire with a burner lamp, cool it 
at the edge of the dish, then use it to spread the algae 
sample in the form of lines on the agar in all 
directions. When growth appears, a sample is taken 
from the edge of the dish containing the target algae 
and the streaking method is repeated several times 
until a single agar culture is obtained. In order to 
obtain an axenic culture of the algae under study, the 
method of density gradient centrifugation was used, 
it was followed for 10ml of liquid from the unialgal 
culture to be purified were placed in a 15 ml thick-
walled centrifuge tube and placed in centrifuge for 
3000 rpm for about 5 minutes, the supernatant was 
discarded and the precipitate was washed with 
sterilized distilled water and the procedure was 
repeated as 12 times minimally (Wiedeman et al., 
1964). The final test was the inoculation of a sample 
of the algal culture on the solid culture medium 
Nutrient Agar for bacterial testing, incubated at 37°C 
for (72 hours) to ensure that the culture is free of 
bacteria and fungi (Andersen, 2005). The 
identification of Coelastrella saipanensis was based 
on compound light microscopy and taxonomic keys 
(Wang et al., 2019 a,b).  

Algal cultivation and biomass production 

Pure culture from Coelastrella saipanensis under 
study as shown in (Figure 1) was obtained from the 
Advanced Environment Laboratory at the University 
of Al-Qadisiyah. For biomass production, the algal 
isolates which was isolated from water and identified 
according to  Hanagata (2001) were cultivated into a 
500 ml sterile flask containing 400 ml of Chu10 
medium (Chu, 1942) adapted from (Kassim et al., 
1999). To grow and propagate green algae cultures, 
and incubated at 25°C and 40 µmol/m2/s light 
intensity, and the algal samples and were incubated 
until use about 10 days after cultivation (Tredici, 
2004). 
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Figure 1. Photograph of Coelastrella saipanensis at 40x 
magnification Using light microscope. 

 
Light intensity treatment 

For light treatments, algal isolates were grown under 
various light intensities (40, 60, 80, 100, 120) 
µmol/m2/s using white LEDs to study its effect on 
lutein synthesis of Coelastrella saipanensis grown in 
Chu10 medium at 28°C, pH 7.2 and 16:8 light: dark 
period.  

Estimation of chlorophyll a 

Chlorophyll a concentration were determined 
according to Jeffrey and Humphrey (1975), where 10 
ml from the algal sample were centrifugated at 5000 
rpm for 5 min., the supernatant was discarded, the 
debris of algal cell were collected and washed with 
distilled sterile water for several consecutive times, 
this process of precipitating and washing is repeated 
numerous consecutive times in order to dispose of 
the supernatant and take the precipitate 
representing the algae, adding 5 ml of acetone (90%) 
V / V vortex for (90) seconds, then put in a shaker 
water bath at 25°C for one hour or more until it turns 
white.   If the algae precipitate doesn't turn white, 
repeat the process, then centrifuge at 6000 rpm for 
10 min and collect the filtrate to measure the optical 
density at wavelengths (664, 647, and 630 nm) using 
a spectrophotometer according to the chlorophyll 'a' 
were calculated using the following equation. 

Chlorophyll a µg/L =11.85 E664 - 1.54 E647 - 0.08 
E630 

Lutein quantification by HPLC 

Lutein values was estimated by an HPLC device 
adapted by (Xu et al., 2023); A C18 column, 5µm 250 
x 4.6 mm was eluted using acetone and water as a 
mobile phase. The chromatogram was recorded on 
450 nm at flow rate 1.0 mL / min. Identification of 
lutein was confirmed by comparability of its retention 

time and absorption spectra with a lutein standard 
(Sigma Aldrich, 07168-5MG). Quantification of lutein 
amount was performed from calibration curve 
constructed from the peak area of the standard 
according to the following formula (Figure 2). 

Statistical analysis 

For statistical analysis, the LSD ANOVA test was 
applied to compare the treatments regarding 
different light intensities and white light and their 
impacts on lutein production by the studied algae. 

RESULTS AND DISCUSSION 

Growth determination 

The growth curve of Coelastrella saipanensis is given 
by the chlorophyll 'a' content in terms of absorbency 
values and represented in Figure 3. It was observed 
that the exponential growth phase of the algae began 
after the fourth day and the growth increased and 
continued until it reached the stationary phase after 
the tenth day, but the growth decreased after the 
13th day and continued until the death of the algae. 
Since the findings showed that the highest growth 
rate was detected when the algae were exposed to a 
light intensity of 80 µmol/m2/s, while the lowest 
growth rate was registered when the algae was 
exposed to 40 and 120 µmol/m2/s, respectively. 

Lutein production    

The results of lutein production from Coelastrella 
saipanensis under different light intensity conditions 
are tabulated in a table1 from which it was concluded  
that the maximum value of lutein was 0.562 µg/mg at 
80 µmol/m2/s and the lowest value was 0.055 µg/mg 
at 120 µmol/m2/s, as shown in Table 1. there was a 
significant difference between the various light 
intensities used in the experiment and their impact on 
lutein production at P ≤ 0.05. Light is closely related 
to microalgal photosynthesis under different growth 
conditions and therefore considered a critical variable 
that will affect cell development and lutein 
accumulation (Dinh et al., 2022). Lutein production in 
algae differs not only between species, but even 
among various environmental parameters, such as 
light intensity and culture media composition (Yeh et 
al., 2017).   Among the physicochemical factors 
affecting lutein biosynthesis in microalgae, light 
intensity, carbon dioxide and several other 
components such as nitrate, manganese, and copper 
are the main parameters that significantly affect the 
growth rate and lutein accumulation (Dineshkumar et 
al., 2015). 
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Figure 2. Coelastrella saipanensis produced lutein (blue color), as confirmed by its identical retention time (6.38 minutes) and absorption 
spectrum to the lutein standard (red color). 
 

 
Figure 3. Growth curve related to chlorophyll a of Coelastrella 
saipanensis. 
 
Table 1.  Lutein production by Coelastrella saipanensis at different 
light intensities 

Light Intensities µmol m-2 s-1 Lutein µg/mg 

40 0.085±0.006 CD 
60 0.184±0.040 C 
80 0.562±0.062 A 

100 0.443±0.051 B 
120 0.055±0.006 D 
LSD 0.103 

 

The results of the present study showed that the 
optimal lutein Production of Coelastrella saipanensis 
occurred at 80 μmol/m2/s, which may be due to the 
optimum light intensity for the growth of algae. 
Lutein biosynthesis can be optimized by providing 
appropriate and optimal light intensity since the 
photosynthetic antenna complexes contain the lutein 
component (Leong and Chang, 2023). In most studies 
related to light intensity, the effect on lutein 
production in various algal species showed that 
increased lutein content can be observed at higher 

light intensities compared to low irradiance (Xie, 
2015). The results obtained by Sibi et al. (2020) in his 
study of different low, medium and high light 
intensities 50,125,160,268,300 μE/m²/sec, showed 
that optimal growth conditions for carotenoid 
produced by Chlorella vulgaris were at 160 
μE/m²/sec. 

Also, light ratios necessary for the greatest algal 
productivity and high carotenoid content 
photovoltaic systems since in C. vulgaris light 
intensity at 160µE/m²/sec was suitable for a good 
proportion of lutein which was 8.8%, with the 
production of astaxanthin which was 4.6% and Beta-
carotene 3.9% (Nwoba et al., 2020). Xie et al. (2013a) 
investigated the effect of light intensity on lutein 
accumulation in Desmodesmus sp. F51 cultured 
under different light intensities. Highest amount of 
lutein value was 5.05 mg/g at light intensity of 600 
µmol/m2/s, and lutein yield decreased at higher and 
lower light intensities than 600 µmol/m2/s. This 
means that 600 µmol/m2/s is an appropriate light 
intensity for lutein accumulation. In a study by 
Gayathri et al. (2021), the effect of different light 
intensities, 100, 200, and 400 µmol/m2/s, on 
Chlorella salina, was studied and observed that 200 
µmol/m2/s was very suitable for lutein generation, 
reaching a maximum level of 30% of dry weight, 
which was twice as high as that found at low light 
intensities. 

Lutein content started to decrease when the light 
intensity was exceeded above 200 µmol/m2/s. 
Furthermore, illustrated that an abrupt variation of 
light intensity from low, high to medium or moderate 
increased the lutein content in the microalgae 
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Coccomyxa onubensis (Vaquero et al., 2014). The 
present study also showed that lutein also decreased 
under low and high exposure levels, which can be 
associated with the fact that less oxygen radicals are 
produced under low irradiance and when under high 
exposure, cells cannot manage to utilize all the energy 
produced, so a drop of lutein may be a result from the 
functional group in lutein molecule, as found by 
(Guedes et al., 2011). Moreover, low light limits 
photosynthesis, while high light hampers cell division 
with lysis of cells since the photosynthetic apparatus 
is impaired by excess light (Sibi et al., 2020). 

Low and high light intensities affect microalgae cell 
growth and production of lutein, low light due to 
photoperiodic limitation, and high light due to 
photosynthetic inhibition (Dineshkumar et al., 2016). 

On the other hand, in the present study, a decrease 
in lutein content in algae exposed to 120 µmol/m2/s 
may be due to increased oxidative stress. Indeed, it 
has been reported that under conditions of high light 
intensity, microalgae suffer increased oxidative 
stress. This decreases key reaction center proteins, 
photosynthetic rates, respiration rates, 
photochemical performance associated with a 
deterioration of photosystem II (Li et al., 2011). 
Photooxidative stress caused by light intensity 
fluctuation and environmental stressful agents may 
damage the photosynthesis mechanism of 
chloroplasts (Ledford and Niyogi, 2005).  

Mild light stress can irreparably injure the physiology 
of algal cells, causing reduced biomass production 
(Carvalho et al., 2011). In some cases, algae do not 
need high light intensities throughout the growth 
phase because of light inhibition, as the dose of light 
exceeds the absorptive capacities of the chloroplasts 
and reach the light saturation point (Han et al., 2000). 
Also, the excessive light can result in photo-
saturation, photoinhibition or photo-oxidation 
leading to cell damage, in same time led to 
carotenoids accumulate to avoid photooxidative 
damage (Toyoshima et al., 2020). In green algae, 
lutein is the major carotenoid with additional light-
harvesting and light-protecting functions. Many 
researchers have suggested that the decline in 
microalgal content of lutein at high light intensity of 
the medium is due to the decrease in the magnitude 
of the light-harvesting complex, which is the storage 
and synthesis site of lutein (Mulders et al., 2014). Ma 
et al. (2020)  showed that, even though the higher 
light intensity resulted in higher biomass 
concentrations for some species of algae, lutein 

formation was inversely related to light intensity, 
likely due to a light suppression action where the size 
of the light-harvesting complexes was reduced at 
higher light intensities. 

Heo et al. (2018) reported that a decline in the lutein 
content in Tetraselmis sp. and Schizochlamydella sp. 
with the increase in light intensities. It is further 
confirmed by the work of (Del Campo et al., 2004), 
where lutein content in Chlorella zofingensis 
diminished by 50% due to increased light intensity 
from 90 μmol/m2/s to 460 and 920 μmol/m2/s, 
respectively. Ho et al. (2014) showed that the 
Scenedesmus obliquus cells developed highly with 
increased light intensity, while lutein contents 
declined. Chen and Liu (2018) found that the 
maximum yield of lutein by Chlorella sorokiniana was 
4.1 mg/L/d at a light intensity of 150µmol/m2/s, and 
at higher light intensities it decreased slightly.    

CONCLUSION  

This study concludes that light intensity has an 
appreciable effect on lutein production. Thus, 
80µmol/m2/s light intensity gave the best growth and 
productivity of lutein in Coelastrella saipanensis and 
is considered ideal and suitable intensity while high 
and low light intensities resulted in low lutein 
content. 

CONFLICT OF INTEREST 

There is no conflict of interest 

REFERENCES 

Ali, H. E. A., Vorisek, F., Dowd, S. E., Kesner, S., Song, Y., 
Qian, D.,  Crocker, M. (2022). Formation of Lutein, β-
Carotene and Astaxanthin in a Coelastrella sp. Isolate. 
Molecules, 27, 6950. 

Andersen, R. A. (2005) "Algal culturing techniques", Elsevier 
Academic Press, New York. USA.  

Badar, S. N., Mohammad, M., Emdadi, Z.,  Yaakob, Z. (2021). 
Algae and their growth requirements for bioenergy: A 
review. Biofuels. 

Camarena-Bernard, C.,  Pozzobon, V. (2024). Evolving 
perspectives on lutein production from microalgae-A 
focus on productivity and heterotrophic culture. 
Biotechnology advances, 108375. 

Carvalho, A. P., Silva, S. O., Baptista, J. M.,  Malcata, F. X. 
(2011). Light requirements in microalgal 
photobioreactors: an overview of biophotonic aspects. 
Applied microbiology and biotechnology, 89, 1275-
1288. 

Chang, Y. C., Chu, T. H., Yu, P. C., Wang, E. M., Huang, C. C., 
Hu, T. H., Wen, Z. H., Ko, C. Y., Chen, C. N. N.,  Tai, M. 
H. (2021). Microalgal extract from thermotolerant 
Coelastrella sp. F50 retards the liver tumor progression 



Jawad and Alghanmi, 2025 
 

 

 

Egypt. J. Bot. Vol. 65, No.3 (2025) 276 

by targeting hepatic cancer stem cells. Phytotherapy 
Research, 35, 3954-3967. 

Chen, C.-Y.,  Liu, C.-C. (2018). Optimization of lutein 
production with a two-stage mixotrophic cultivation 
system with Chlorella sorokiniana MB-1. Bioresource 
technology, 262, 74-79. 

Chen, J.-H., Chen, C.-Y., Hasunuma, T., Kondo, A., Chang, C.-
H., Ng, I. S.,  Chang, J.-S. (2019a). Enhancing lutein 
production with mixotrophic cultivation of Chlorella 
sorokiniana MB-1-M12 using different bioprocess 
operation strategies. Bioresource technology, 278, 17-
25. 

Chen, J.-H., Kato, Y., Matsuda, M., Chen, C.-Y., Nagarajan, 
D., Hasunuma, T., Kondo, A., Dong, C.-D., Lee, D.-J.,  
Chang, J.-S. (2019b). A novel process for the 
mixotrophic production of lutein with Chlorella 
sorokiniana MB-1-M12 using aquaculture wastewater. 
Bioresource technology, 290, 121786. 

Chu, S. (1942). The influence of the mineral composition of 
the medium on the growth of planktonic algae: part I. 
Methods and culture media. The Journal of Ecology, 
284-325. 

Cruz-Balladares, V., Marticorena, P.,  Riquelme, C. (2021). 
Effect on growth and productivity of lutein from the 
chlorophyta microalga, strain MCH of Muriellopsis sp., 
when grown in sea water and outdoor conditions at 
the Atacama Desert. Electronic Journal of 
Biotechnology, 54, 77-85. 

Del Campo, J. A., Rodríguez, H., Moreno, J., Vargas, M. A., 
Rivas, J.,  Guerrero, M. G. (2004). Accumulation of 
astaxanthin and lutein in Chlorella zofingiensis 
(Chlorophyta). Appl Microbiol Biotechnol, 64, 848-854. 

Dineshkumar, R., Dhanarajan, G., Dash, S. K.,  Sen, R. (2015). 
An advanced hybrid medium optimization strategy for 
the enhanced productivity of lutein in Chlorella 
minutissima. Algal Research, 7, 24-32. 

Dineshkumar, R., Subramanian, G., Dash, S. K.,  Sen, R. 
(2016). Development of an optimal light-feeding 
strategy coupled with semi-continuous reactor 
operation for simultaneous improvement of 
microalgal photosynthetic efficiency, lutein 
production and CO2 sequestration. Biochemical 
Engineering Journal, 113, 47-56. 

Dinh, C. T., Do, C. V. T., Nguyen, T. P. T., Nguyen, N. H., Le, 
T. G.,  Tran, T. D. (2022). Isolation, purification and 
cytotoxic evaluation of lutein from mixotrophically 
grown Chlorella sorokiniana TH01. Algal Research, 62, 
102632. 

Erickson, E., Wakao, S.,  Niyogi, K. K. (2015). Light stress and 
photoprotection in Chlamydomonas reinhardtii. Plant 
J, 82, 449-465. 

Gayathri, S., Rajasree, S. R., Suman, T., Aranganathan, L., 
Thriuganasambandam, R.,  Narendrakumar, G. (2021). 
Induction of β, ε-carotene-3, 3′-diol (lutein) production 
in green algae Chlorella salina with airlift 
photobioreactor: interaction of different aeration and 
light-related strategies. Biomass Conversion and 
Biorefinery, 11, 2003-2012. 

Goecke, F., Noda, J., Paliocha, M.,  Gislerød, H. R. (2020). 
Revision of Coelastrella (Scenedesmaceae, 
Chlorophyta) and first register of this green coccoid 
microalga for continental Norway. World J Microbiol 
Biotechnol, 36, 149. 

Gong, M.,  Bassi, A. (2016). Carotenoids from microalgae: A 
review of recent developments. Biotechnology 
advances, 34, 1396-1412. 

Grobbelaar, J. U. (2009). Upper limits of photosynthetic 
productivity and problems of scaling. Journal of 
applied phycology, 21, 519-522. 

Guedes, A. C., Amaro, H. M.,  Malcata, F. X. (2011). 
Microalgae as sources of carotenoids. Marine drugs, 9, 
625-644. 

Han, B.-P., Virtanen, M., Koponen, J.,  Straškraba, M. (2000). 
Effect of photoinhibition on algal photosynthesis: a 
dynamic model. Journal of plankton research, 22, 865-
885. 

Hanagata, N. (2001). New species of Coelastrella and 
Scenedesmus (Chlorophyceae, Chlorophyta). Journal 
of Japanese Botany, 7,129-136. 

Heo, J., Shin, D.-S., Cho, K., Cho, D.-H., Lee, Y. J.,  Kim, H.-S. 
(2018). Indigenous microalga Parachlorella sp. JD-076 
as a potential source for lutein production: 
Optimization of lutein productivity via regulation of 
light intensity and carbon source. Algal Research, 33, 
1-7. 

Ho, S.-H., Chan, M.-C., Liu, C.-C., Chen, C.-Y., Lee, W.-L., Lee, 
D.-J.,  Chang, J.-S. (2014). Enhancing lutein productivity 
of an indigenous microalga Scenedesmus obliquus FSP-
3 using light-related strategies. Bioresource 
technology, 152, 275-282. 

Jayasankar, R. (2022). Classification of algae with special 
reference to seaweed. 

Jeffrey, S. W.,  Humphrey, G. F. (1975). New 
spectrophotometric equations for determining 
chlorophylls a, b, c1 and c2 in higher plants, algae and 
natural phytoplankton. Biochemie und Physiologie der 
Pflanzen, 167, 191-194. 

Kassim, T. I., Al-Saadi, H.,  Salman, N. (1999). Production of 
some phyto-and zooplankton and their use as live food 
for fish larva. Iraqi J. Agric. Proc, 2, 188-201. 

Krzemińska, I., Pawlik-Skowrońska, B., Trzcińska, M.,  Tys, J. 
(2014). Influence of photoperiods on the growth rate 
and biomass productivity of green microalgae. 
Bioprocess and Biosystems Engineering, 37, 735-741. 

Ledford, H. K.,  Niyogi, K. K. (2005). Singlet oxygen and 
photo-oxidative stress management in plants and 
algae. Plant, Cell & Environment, 28, 1037-1045. 

Leong, Y. K.,  Chang, J.-S. (2023). Lutein biosynthesis from 
microalgae — Recent advances and circular economy. 
Environmental Technology & Innovation, 30, 103097. 

Li, J., Zhu, D., Niu, J., Shen, S.,  Wang, G. (2011). An economic 
assessment of astaxanthin production by large scale 
cultivation of Haematococcus pluvialis. Biotechnology 
advances, 29, 568-574. 



The role of light intensity in stimulating lutein production in Coelastrella saipanensis 
 

 

 

Egypt. J. Bot. Vol. 65, No.3 (2025)  277 

Li, L. H., Lee, J. C.-Y., Leung, H. H., Lam, W. C., Fu, Z.,  Lo, A. 
C. Y. (2020). Lutein supplementation for eye diseases. 
Nutrients, 12, 1721. 

Ma, R., Zhang, Z., Ho, S.-H., Ruan, C., Li, J., Xie, Y., Shi, X., Liu, 
L.,  Chen, J. (2020). Two-stage bioprocess for hyper-
production of lutein from microalga Chlorella 
sorokiniana FZU60: Effects of temperature, light 
intensity, and operation strategies. Algal Research, 52, 
102119. 

Maltsev, Y., Maltseva, K., Kulikovskiy, M.,  Maltseva, S. 
(2021). Influence of Light Conditions on Microalgae 
Growth and Content of Lipids, Carotenoids, and Fatty 
Acid Composition. Biology, 10, 1060. 

McClure, D. D., Nightingale, J. K., Luiz, A., Black, S., Zhu, J.,  
Kavanagh, J. M. (2019). Pilot-scale production of lutein 
using Chlorella vulgaris. Algal Research, 44, 101707. 

Mora-Gutierrez, A., Attaie, R., Núñez de González, M. T., 
Jung, Y., Woldesenbet, S.,  Marquez, S. A. (2018). 
Complexes of lutein with bovine and caprine caseins 
and their impact on lutein chemical stability in 
emulsion systems: Effect of arabinogalactan. Journal 
of Dairy Science, 101, 18-27. 

Muhammad, G., Butler, T. O., Chen, B., Lv, Y., Xiong, W., 
Zhao, X., Solovchenko, A., Zhao, A., Mofijur, M.,  Xu, J. 
(2024). Sustainable production of lutein—An 
underexplored commercially relevant pigment from 
microalgae. Biomass Conversion and Biorefinery, 14, 
7255-7276. 

Mulders, K. J., Lamers, P. P., Martens, D. E.,  Wijffels, R. H. 
(2014). Phototrophic pigment production with 
microalgae: biological constraints and opportunities. J 
Phycol, 50, 229-242. 

Nwoba, E. G., Parlevliet, D. A., Laird, D. W., Alameh, K.,  
Moheimani, N. R. (2020). Pilot-scale self-cooling 
microalgal closed photobioreactor for biomass 
production and electricity generation. Algal Research, 
45, 101731. 

Rajendran, L., Nagarajan, N. G.,  Karuppan, M. (2020). 
Enhanced biomass and lutein production by 
mixotrophic cultivation of Scenedesmus sp. using 
crude glycerol in an airlift photobioreactor. 
Biochemical Engineering Journal, 161, 107684. 

Razz, S. A. (2024). Comprehensive overview of microalgae-
derived carotenoids and their applications in diverse 
industries. Algal Research, 103422. 

Saefurahman, G. (2015). Effects of different light spectra on 
the growth, composition, and productivity of 
microalgae from 4 different taxa with different 
pigment profiles  

Sahoo, D.,  Seckbach, J. (2015). The algae world. Springer: 
Dordrecht, The Netherlands, Volume 26. 

Schüler, L. M., Santos, T., Pereira, H., Duarte, P., Katkam, N. 
G., Florindo, C., Schulze, P. S. C., Barreira, L.,  Varela, J. 
C. S. (2020). Improved production of lutein and β-
carotene by thermal and light intensity upshifts in the 
marine microalga Tetraselmis sp. CTP4. Algal Research, 
45, 101732. 

Serive, B., Nicolau, E., Bérard, J.-B., Kaas, R., Pasquet, V., 
Picot, L.,  Cadoret, J.-P. (2017). Community analysis of 
pigment patterns from 37 microalgae strains reveals 
new carotenoids and porphyrins characteristic of 
distinct strains and taxonomic groups. PloS one, 12, 
e0171872. 

Sibi, G., Yadav, S., Bansal, S.,  Chaithra, M. (2020). 
Assessment of optimal growth conditions for specific 
carotenoids production by Chlorella vulgaris. Journal 
of Applied and Natural Science, 12, 550-555. 

Singh, D. P., Khattar, J. S., Rajput, A., Chaudhary, R.,  Singh, 
R. (2019). High production of carotenoids by the green 
microalga Asterarcys quadricellulare PUMCC 5.1. 1 
under optimized culture conditions. PloS one, 14, 
e0221930. 

Singh, S. P.,  Singh, P. (2015). Effect of temperature and light 
on the growth of algae species: A review. Renewable 
and Sustainable Energy Reviews, 50, 431-444. 

Skriptsova, A.,  Kalita, T. (2020). The first record of the 
brown endophytic alga Laminariocolax aecidioides 
(Rosenvinge) AF Peters, 1998 in the Russian Far-
Eastern Seas. Russian Journal of Marine Biology, 46, 
42-48. 

Stein-Taylor, J. R. (1973) "Handbook of Phycological 
Methods: Culture methods and growth 
measurements, edited by JR Stein", Vol. 1, Cambridge 
University Press.  

Toyoshima, H., Takaichi, S.,  Kawasaki, S. (2020). Water-
soluble astaxanthin-binding protein (AstaP) from 
Coelastrella astaxanthina Ki-4 (Scenedesmaceae) 
involving in photo-oxidative stress tolerance. Algal 
Research, 50, 101988. 

Tredici, M. R. (2004). Mass production of microalgae: 
photobioreactors. Handbook of microalgal culture: 
Biotechnology and applied phycology, 1, 178-214. 

Vaquero, I., Mogedas, B., Ruiz-Domínguez, M. C., Vega, J. 
M.,  Vílchez, C. (2014). Light-mediated lutein 
enrichment of an acid environment microalga. Algal 
Research, 6, 70-77. 

Wang, Q., Song, H., Liu, X., Liu, B., Hu, Z.,  Liu, G. (2019a). 
Morphology and molecular phylogeny of coccoid 
green algae Coelastrella sensu lato (Scenedesmaceae, 
Sphaeropeales), including the description of three new 
species and two new varieties. Journal of phycology, 
55, 1290-1305. 

Wang, Q., Song, H., Liu, X., Zhu, H., Hu, Z.,  Liu, G. (2019b). 
Deep genomic analysis of Coelastrella saipanensis 
(Scenedesmaceae, Chlorophyta): Comparative 
chloroplast genomics of Scenedesmaceae. European 
Journal of Phycology, 54, 52-65. 

Wiedeman, V. E., Walne, P. L.,  Trainor, F. R. (1964). A new 
technique for obtaining axenic cultures of algae. 
Canadian journal of botany, 42, 958-959. 

Wu, K., Lai, J., Zhang, Q., Wang, Y., Cui, X., Liu, Y., Wu, X., Yu, 
Z.,  Ruan, R. (2024). Optimizing Chlorella vulgaris 
Cultivation to Enhance Biomass and Lutein Production. 
Foods, 13, 2514. 



Jawad and Alghanmi, 2025 
 

 

 

Egypt. J. Bot. Vol. 65, No.3 (2025) 278 

Xie, Y. (2015). Effect of light intensity and nitrate 
concentration on the correlation between lutein and 
chlorophyll contents of green algae Chlorella 
sorokiniana. Thesis. Washington State University. 
Pullman, Washington.   

Xie, Y., Ho, S.-H., Chen, C.-N. N., Chen, C.-Y., Ng, I.-S., Jing, 
K.-J., Chang, J.-S.,  Lu, Y. (2013a). Phototrophic 
cultivation of a thermo-tolerant Desmodesmus sp. for 
lutein production: effects of nitrate concentration, 
light intensity and fed-batch operation. Bioresource 
technology, 144, 435-444. 

Xie, Y., Ho, S.-H., Chen, C.-N. N., Chen, C.-Y., Ng, I. S., Jing, 
K.-J., Chang, J.-S.,  Lu, Y. (2013b). Phototrophic 
cultivation of a thermo-tolerant Desmodesmus sp. for 
lutein production: Effects of nitrate concentration, 
light intensity and fed-batch operation. Bioresource 
technology, 144, 435-444. 

Xu, J., Lin, J., Peng, S., Zhao, H., Wang, Y., Rao, L., Liao, X.,  
Zhao, L. (2023). Development of an HPLC-PDA method 
for the determination of capsanthin, zeaxanthin, 
lutein, β-cryptoxanthin and β-carotene simultaneously 
in chili peppers and products. Molecules, 28, 2362. 

Yeh, T.-J., Tseng, Y.-F., Chen, Y.-C., Hsiao, Y., Lee, P.-C., Chen, 
T.-J., Chen, C.-Y., Kao, C.-Y., Chang, J.-S., Chen, J.-C.,  
Lee, T.-M. (2017). Transcriptome and physiological 
analysis of a lutein-producing alga Desmodesmus sp. 
reveals the molecular mechanisms for high lutein 
productivity. Algal Reserch, 21, 103-119. 

Zheng, H., Wang, Y., Li, S., Nagarajan, D., Varjani, S., Lee, D.-
J.,  Chang, J.-S. (2022). Recent advances in lutein 
production from microalgae. Renewable and 
Sustainable Energy Reviews, 153, 111795. 

 


