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Article Info Abstract: Microalgae, such as those from the genus Chlorella, produce 
biochemical compositions such as lipids, protein, and pigment. This research 
investigated the effects of different salinity levels in a nutrient medium on the 
growth and pigment synthesis of Chlorella sorokiniana. Microalga C. 
sorokiniana was cultured and grown in 500 mL glass bottle with varying 
concentrations of sodium chloride (10,15, 20, and 25 g L-1 NaCl) in a BG-11 
medium, starting at an initial cell density of 2.68 x 105 cell mL-1. The cultures 
were maintained at 20 ± 1 °C, under continuous aeration, with a light intensity 
of 200 µmol photons m⁻² s⁻¹, a 24 h light photoperiod, and pH 7.5 ± 0.2. The 
results revealed that the optimal salinity concentration for enhancing the cell 
density, and the specific growth was 10 g L-1, demonstrating the highest cell 
density, exceeding the control group by 1.27-fold cell mL-1 at day 15 of the 
culture period. Additionally, the specific growth rate (SGR) was significantly 
higher in the 10 g L-1 of salinity concentration, achieving (0.05 ±0.14 day-1) as 
early as day 6 of the culture period compared to the other experimental groups. 
Cell size also increased significantly with 20 g L-1 of salinity concentration 
(49.91 ± 2.39 µm). Regarding the pigment accumulation, total carotenoid 
levels and chlorophyll-a, the elevated salinity concentration of 20 g L-1 

suppresses chlorophyll-a accumulation and exhibited a reduction in total 
carotenoid pigment accumulation. Thus, these findings suggest that lower 
salinity levels (10 g L⁻¹ NaCl) can effectively enhance the growth of Chlorella 
sorokiniana, while higher salinity levels (20 g L⁻¹ NaCl) tend to suppress 
pigment production, particularly chlorophyll-a and total carotenoids 
accumulation. 
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1. Introduction  

Microalgae are a diverse group of sunlight-powered organisms, ranging from single-celled 
species to more complex multicellular forms. They exhibit polyphyletic evolution across multiple 
biological kingdoms. It is estimated that 200 000 to 800 000 algal species exist worldwide, with 
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approximately 35,000 officially classified (Ebenezer et al., 2012; Guiry et al., 2014). These 
microorganisms flourish in a wide range of environments, including marine, freshwater ecosystems, and 
extreme conditions like hypersaline lakes and hot springs (Richmond, 2013; Singh and Saxena, 2015; 
Sarri and Elp, 2024). As primary producers, microalgae are essential to aquatic ecosystems, serving as 
the foundation of the food web and significantly contributing to global oxygen production (Richmond, 
2004; Koç et al., 2024). Beyond their ecological importance, microalgae possess immense technological 
potential as an eco-friendly source of high-value bioactive compounds. They are known for producing 
high-value biomolecules, including pharmaceuticals, nutraceuticals, and biofuels (Chisti, 2007). 
Expanding the production and applications of microalgae is essential for enhancing their role in the 
global and European bioeconomy. However, achieving this requires overcoming technological and 
regulatory challenges, such as efficient water management, while maintaining optimal growth 
conditions for different microalgal strains. Additionally, integrating microalgae cultivation with its 
sustainability can be further enhanced through wastewater treatment and nutrient recovery systems 
(Wang et al., 2017; Verdelho Vieira et al., 2022). 

Chlorella sp. is one of the most extensively researched and commercially utilized microalgae. 
This unicellular, eukaryotic, and non-motile freshwater green alga is widely used as a dietary supplement 
for humans due to its pharmacological health and numerous biological benefits. (Day et al., 2009; Jehlík 
et al., 2019). Chlorella consists of loosely structured, spherical cells ranging from 2 to 4 μm in diameter, 
classifying them as planktonic organisms (Converti et al., 2009; Ahmad et al., 2013 and 2014). 
Belonging to the Chlorophyta division within the Trebouxiophyceae family, Chlorella species thrive in 
both marine and freshwater environments (Wu et al., 2001; Lizzul et al., 2018). Driven by its diverse 
applications, the global Chlorella market is projected to grow steadily at an annual rate of 6.3% between 
2021 and 2028, with an estimated valuation of USD 412.3 million (Abreu et al., 2023). Moreover, a 
specific species, Chlorella sorokiniana, has garnered significant attention for its high nutritional value 
and versatile applications. Its biomass is valued for its abundance of vitamins, carbohydrates, and 
proteins, positioning it as a promising resource for food and animal feed (Lucakova et al., 2022; Kumar 
et al., 2022). The rich vitamin content of C. sorokiniana makes it an ideal feed option for aquaculture 
systems, while its high protein levels make it serve as a promising substrate for single-cell protein 
production (Kumar and Das, 2012; Bratosin et al., 2021; Onyeaka et al., 2022). Additionally, C. 
sorokiniana has been reported to produce clean biohydrogen and energy, making it a potential 
contributor to renewable energy sources (Jiménez-Llanos et al., 2020). It is also widely employed in the 
production of high-value antioxidants, including α/β-carotene, lutein, α/β-tocopherol, and zeaxanthin 
(Matsukawa et al., 2000; Bianchini et al., 2024). 

Carotenoids and chlorophylls are key components of microalgae, widely utilized across various 
industries. In the food sector, chlorophylls serve as natural colorants and nutraceuticals, offering 
multiple health benefits (Lourenço-Lopes et al., 2021; Martins et al., 2023). In pharmaceuticals and 
cosmetics, these pigments are valued for their anti-mutagenic, anti-inflammatory, and antibacterial 
properties (Ferruzi et al., 2006; Da Silva Ferreira and San’tAnna, 2017). Carotenoids, known for their 
antioxidant properties, are utilized as food supplements, natural dyes in human food products, and 
aquaculture feed colorants (Singh et al., 2019). Additionally, they offer a range of health benefits for 
both people and animals, acting as antibacterial, anti-inflammatory, and anti-carcinogenic agents in 
pharmaceutical and cosmetic formulations (Cezare-Gomes et al., 2019; Novoveská et al., 2019; 
Ogbonna et al., 2021). Chlorella sorokiniana is widely recognized for its ability to produce chlorophyll-
a, carotenoids, and other essential pigments, which are crucial for photosynthesis and antioxidant 
defense (Banskota et al., 2024). Beyond their biological role, these pigments support health by helping 
lower the risk of cardiovascular diseases and certain cancers (Ampofo and Abbey, 2022). Furthermore, 
chlorophyll pigments are being explored as natural food colorants, providing a sustainable alternative 
to synthetic additives (Guiry et al., 2014). Although several studies have investigated the effects of 
salinity on microalgae, most have concentrated on general growth performance or biomass yield, with 
limited focus on pigment biosynthesis. In the case of Chlorella sorokiniana, research has primarily 
emphasized its nutritional value, antioxidant production, and applications in bioenergy and aquaculture. 
However, the combined influence of salinity on both growth parameters (such as cell division rate and 
cell size) and pigment production (chlorophyll-a and carotenoids) remains insufficiently explored. 
Addressing this gap is essential, as salinity is a critical factor in large-scale cultivation, influencing not 
only biomass productivity but also the accumulation of high-value bioactive compounds. This study 
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therefore aims to clarify how different salinity levels shape the growth and pigment profile of C. 
sorokiniana, contributing to the optimization of culture conditions for biotechnological applications. 
This study hypothesizes that moderate salinity levels enhance the growth of C. sorokiniana, whereas 
higher salinity suppresses pigment accumulation. It investigates the effects of different salinity levels 
on cell division rate, cell size, and pigment accumulation, such as chlorophyll-a and carotenoid. 
Understanding how salinity influences growth and biochemical composition is essential, as higher salt 
concentrations can inhibit cell growth and production. The results of this study will offer important 
insights into the relationship between salinity, growth performance, and pigment synthesis, contributing 
to the optimization of C. sorokiniana culture. 

2. Material and Methods  

2.1. Site of the study 

This study was conducted over a period of 24 days of culture with sampling performed every 
three days at the Marine Integrated Laboratory, College of Fisheries, Mindanao State University Tawi-
Tawi College of Technology in Sanga-Sanga, Bongao, Tawi-Tawi, Philippines.  

2.2. Culture condition  

Chlorella sorokiniana was cultured in improvised 500 mL glass bottles with BG-11 medium used 
as the nutrient source (Erbil et al., 2021; Sarri et al., 2024b). Sodium chloride (NaCl) was then introduced 
into the flasks at various concentrations, as described in Table 1. Each solution was autoclaved for 20 
minutes at 121 °C to ensure sterility using the autoclave portable steam sterilizer (YX24LOJ). The 
experimental groups were inoculated at an initial density of 2.68 x 105 cell mL-1. To ensure statistical 
robustness, each treatment was performed in triplicate, resulting in three independent replicates per 
salinity level. The cultures were maintained in a laboratory environment under artificial 24-hour lighting 
provided by fluorescent lamps. Aeration was facilitated by an air motor, and syringe filters with a 0.2 
µm pore size were utilized to prevent contamination. The temperature was meticulously maintained at 
20 ± 1 °C using an air conditioner to provide optimal growth conditions throughout the experiment.  The 
pH of the culture medium was maintained to 7.5 ± 0.2 before inoculation and monitored daily to maintain 
optimal growth conditions. Cultures were maintained under continuous illumination using cool-white 
fluorescent lamps, providing an average photon flux density of 200 µmol photons m⁻² s⁻¹ at the surface 
of the culture flasks. A 24-hour photoperiod regime was applied to maximize photosynthetic activity 
and biomass yield, as continuous light has previously been reported to enhance growth in Chlorella 
species, including C. sorokiniana (Sonmez et al., 2023; Yılmaz Öztürk et al., 2024). While natural light–
dark cycles are common, continuous illumination has been widely adopted in laboratory-scale 
cultivation to optimize productivity. Figure 1 illustrates the layout of the experimental design, showing 
the arrangement of replicate flasks for each treatment under randomized positioning to minimize 
environmental bias. 

 
Figure 1. Layout of experimental design. 



YYU J AGR SCI 35 (4): 587-602 
Jeva et al. /Microalga Chlorella sorokiniana Response to Salinity: Effects on Cell Density, Size, and Pigment Accumulation 

590 

Table 1. Experimental treatments with salinity (NaCl) in a nutrient medium in C. sorokiniana 

2.3. Growth analysis 

Microalgae C. sorokiniana samples were collected for counting and analysis every three days. A 
Neubauer hemocytometer was used to count cells under a light microscope, and regular visual checks 
for contamination were performed. The specific growth rate (µ) was calculated using the method 
described by Sanuddin et al.,2023. 
 

µ =
ln(𝑀₂) − ln(𝑀₁)		

𝑡₂ − 𝑡₁
 (1) 

   
Where: M2 is the cell number at the time (t2). 
M1 is the initial cell number at a time (t1).  

2.4. Cell size measurement 

Images were taken and uploaded to ImageJ software, which was created by the National Institutes of 
Health in the United States. This software was utilized to conduct measurements on individual cell 
clusters and a total of 10 randomly selected cells were measured. 

2.5. Pigment analysis 

Pigment analysis was conducted for the C. sorokiniana experimental groups following the methods 
described by Durmaz and Erbil (2020). From each experimental group, a 5 mL sample was collected, 
which then underwent centrifugation at 3,500 rpm for 10 minutes. After centrifugation, the supernatants 
were collected, and the water was removed. Next, 5 mL of methanol was added to the microalgae 
samples, followed by 30 seconds of vortexing. The samples were then centrifuged at 3500 rpm for 10 
minutes. The obtained supernatant was analyzed using a spectrophotometer, measuring absorbance at 
666 nm for chlorophyll-a and 475 nm for total carotenoids. Pigment concentrations were then 
determined using the equations below. 
 

Chlorophyll-a (µg/ml) = 13.9 A 666 (2) 
 

Total carotenoids (µg/ml) = 4.5 A 475 (3)  

2.6. Statistical Analysis  

The collected data on the growth and pigment accumulation of C. sorokiniana cultured in different 
concentrations of salinity were analyzed using IBM SPSS software version 20 at a significance level of 
p<0.05. The data were expressed as the mean ± standard error of the mean (SEM). Statistical 
significance was evaluated using One-way Analysis of Variance (ANOVA), while Levene’s Test 
assessed the homogeneity of variance. Duncan’s Post-Hoc Test was conducted to rank the means (Hairol 
et al., 2022; Sanuddin et al., 2023; Sarri et al., 2024c). 
 
 

Experimental treatment  NaCl (g L-1) BG-11 Medium (ml L-1) 
Group 1 (Control) 0 10 
Group 2 10 10 
Group 3 15 10 
Group 4 20 10 
Group 5 25 10 
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3. Results 

3.1. Cell density  

Below demonstrates the cell density of C. sorokiniana cultured at different concentrations of salinity in 
nutrient medium (Figure 2). The initial density of C. sorokiniana was started at 2.68 x 105 cells mL-1, 
and the culture was done in triplicate. Based on the result of this study, the maximum cell density of 
groups 1, 2, 3, and 4 were 23 ± 1.73 x 106 cell mL-1, 29.3 ± 3.08 x 106 cell mL-1, 14.6 ± 1.18 x 106 cell 
mL-1, 0.71 ± 0.18 x 106 cell mL-1, respectively after 15 days of culture period. No growth was observed 
in group 5 starting from the 12th day of the culture period and onwards. Analysis of variance (ANOVA) 
revealed that group 2 was significantly higher (p<0.05) than the other experimental groups and the 
control group. Additionally, the mean cell density of group 1 (11.49 ±1.2 x 106 cell mL-1) and group 2 
(12.29 ± 0.88 x 106 cell mL-1) significantly different (p<0.05) than the group 3 (6.94 ± 0.51 x 106 cell 
mL-1), group 4 (0.74 ± 0.05 x 106 cell mL-1), and group 5 (0.23 ± 0.06 x 106 cell mL-1) (Figure 3). 

 
Figure 2. This graph shows the cell density (n x 106 cells mL-1) of C. sorokiniana grown under 

different salinity levels (NaCl). The groups are as follows: Group 1 (0 g L-1 NaCl – control), Group 2 
(10 g L-1 NaCl), Group 3 (15 g L-1 NaCl), Group 4 (20 g L-1 NaCl), and Group 5 (25 g L-1 NaCl). Bars 
that share the same letter are not significantly different (p > 0.05). Data are presented as mean ± SEM 

(Standard Error Mean).  

 
Figure 3. This graph shows the mean cell density (n x 106 cells mL-1) of C. sorokiniana grown under 
different salinity levels (NaCl). The groups are as follows: Group 1 (0 g L-1 NaCl – control), Group 2 
(10 g L-1 NaCl), Group 3 (15 g L-1 NaCl), Group 4 (20 g L-1 NaCl), and Group 5 (25 g L-1 NaCl). Bars 
that share the same letter are not significantly different (p > 0.05). Data are presented as mean ± SEM 

(Standard Error Mean).  

a

a
a

a
b a

a a

b

a a

a

a

ab a

a

b

b a
b

c

bc a
b

b
c

b c d c b c
0

5

10

15

20

25

30

35

Day 3 Day 6 Day 9 Day 12 Day 15 Day 18 Day 21 Day 24

Ce
ll 

D
en

sit
y 

 (n
 x

 1
06

ce
ll 

m
L-
1 )

Days of Culture

Group 1
Group 2
Group 3
Group 4
Group 5

a a

b

c c
0

2

4

6

8

10

12

14

Group 1 Group 2 Group 3 Group 4 Group 5

M
ea

n 
ce

ll 
de

ns
ity

 (n
 x

 1
06

 c
el

l 
m

L-
1 )

Experimental group



YYU J AGR SCI 35 (4): 587-602 
Jeva et al. /Microalga Chlorella sorokiniana Response to Salinity: Effects on Cell Density, Size, and Pigment Accumulation 

592 

3.2. Specific growth rate 

The following demonstrates the specific growth rate (SGR, day-1) of C. sorokoniana cultured at different 
concentrations of salinity in a nutrient medium (Figure 4). Based on the results of this study, the 
maximum SGR was achieved in group 2 (0.05 ±0.14 day -1), which was significantly different (p<0.05) 
than the control group (0.03 ± 0.02 day -1) as early as day 6 of culture period, however, it decreases at 
the succeeding culture period. Moreover, Figure 5 showed that the mean SGR of groups 1, 2, 3, and 4 
were 0.15 ± 0.005 day -1, 0.16± 0.006 day -1, 0.13± 0.006 day -1, and 0.01 ± 0.008 day -1, respectively. 
ANOVA revealed that group 2 (0.16 ± 0.01 day -1) was significantly higher (p<0.05) than group 3 (0.01 
± 0.01 day -1). 

 

Figure 4. This graph shows the specific growth rate (SGR, day-1) of C. sorokiniana grown under 
different salinity levels (NaCl). The groups are as follows: Group 1 (0 g L-1 NaCl – control), Group 2 
(10 g L-1 NaCl), Group 3 (15 g L-1 NaCl), Group 4 (20 g L-1 NaCl), and Group 5 (25 g L-1 NaCl). Bars 
that share the same letter are not significantly different (p > 0.05). Data are presented as mean ± SEM 

(Standard Error Mean).  

 
Figure 5. This graph shows the mean SGR (day-1) of C. sorokiniana grown under different salinity 

levels (NaCl). The groups are as follows: Group 1 (0 g L-1 NaCl – control), Group 2 (10 g L-1 NaCl), 
Group 3 (15 g L-1 NaCl), Group 4 (20 g L-1 NaCl), and Group 5 (25 g L-1 NaCl). Bars that share the 

same letter are not significantly different (p > 0.05). Data are presented as mean ± SEM, with n = 15. 
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3.3. Cell size 

Figure 6 revealed the cell size (µm) of C. sorokiniana cultured at different concentrations of Salinity in 
a nutrient medium. The ANOVA revealed that group 4 (49.91 ± 2.39 µm) was significantly different 
(p<0.05) from group 2 (14.68 ± 0.66 µm), group 3 (42.64 ± 2.05 µm), and the control group. This 
indicates that the addition of Salinity concentration in nutrient medium increases the cell size of C. 
sorokiniana culture.  

 
Figure 6. This graph shows the cell size (µm) of C. sorokiniana grown under different salinity levels 

(NaCl). The groups are as follows: Group 1 (0 g L-1 NaCl – control), Group 2 (10 g L-1 NaCl), Group 3 
(15 g L-1 NaCl), Group 4 (20 g L-1 NaCl), and Group 5 (25 g L-1 NaCl). Bars that share the same letter 
are not significantly different (p > 0.05). Data are presented as mean ± SEM (Standard Error Mean).  

3.4. Chlorophyll-a pigment 

Figure 7 demonstrates the chlorophyll-a pigment accumulation of C. sorokiniana cultured at different 
concentrations of salinity in a nutrient medium. Based on the results of the study, the chlorophyll-a 
pigment accumulation in groups 1, 2, 3, and 4 were 13.38 ± 2.30 µg mL-1, 13.17 ± 1.62 µg mL-1, 12.73 
± 2.24 µg mL-1, and 0.48 ± 0.04 µg mL-1, respectively. ANOVA revealed that group 1 (13.38 ± 2.30 µg 
mL-1), group 2 (13.17 ± 1.62 µg mL-1), and group 3 (12.73 ± 2.24 µg mL-1) were significantly different 
(p<0.05) from group 4 (0.48 ± 0.04 µg mL-1). The figure indicates that increasing salinity concentrations 
enhanced chlorophyll-a pigment accumulation in C. sorokiniana cultures. Additionally, Figure 8 
revealed that the cellular chlorophyll-a (pg. cell-1) pigment accumulation in groups 1, 2, 3, and 4 were 
1.31 ± 0.10 pg. cell-1, 1.07 ± 0.15 pg. cell-1, 1.96 ± 0.43 pg. cell-1, 1.36 ± 0.21 pg. cell-1, respectively. 
ANOVA revealed that group 3 was significantly different (p<0.05) from Group 2.  
 

 
Figure 7. This graph shows the chlorophyll-a pigment accumulation of C. sorokiniana grown under 

different salinity levels (NaCl). The groups are as follows: Group 1 (0 g L-1 NaCl – control), Group 2 
(10 g L-1 NaCl), Group 3 (15 g L-1 NaCl), Group 4 (20 g L-1 NaCl), and Group 5 (25 g L-1 NaCl). Bars 
that share the same letter are not significantly different (p > 0.05). Data are presented as mean ± SEM 

(Standard Error Mean).  
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Figure 8. This graph shows the cellular chlorophyll-a (pg. cell-1) of C. sorokiniana grown under 

different salinity levels (NaCl). The groups are as follows: Group 1 (0 g L-1 NaCl – control), Group 2 
(10 g L-1 NaCl), Group 3 (15 g L-1 NaCl), Group 4 (20 g L-1 NaCl), and Group 5 (25 g L-1 NaCl). Bars 
that share the same letter are not significantly different (p > 0.05).  Data are presented as mean ± SEM 

(Standard Error Mean).  

3.5. Total carotenoid pigment  

Figure 9 shows the total carotenoid pigment accumulation of C. sorokiniana cultured at different 
concentrations of salinity in a nutrient medium. Based on the results of this study, the total carotenoid 
pigment accumulation in groups 1, 2, 3, and 4 were 4.56 ± 0.73 µg mL-1, 5.77 ± 0.50 µg mL-1, 4.93 ± 
0.87 µg mL-1, and 0.09 ± 0.03 µg mL-1, respectively. ANOVA revealed that group 4 was significantly 
lower (p<0.05) than group 1, group 2, and group 3. Moreover, the cellular total carotenoid pigment 
accumulation in groups 1, 2, 3, and 4 was 0.45 ± 0.03 pg. cell-1, 0.48 ± 0.08 pg. cell-1, 0.76 ± 0.18 pg. 
cell-1, 0.24 ± 0.06 pg. cell-1, respectively (Figure 10). ANOVA revealed that group 3 has a significant 
difference (p<0.05) from the control group.  
 

 
Figure 9. This graph shows the total carotenoid pigment accumulation of C. sorokiniana grown under 
different salinity levels (NaCl). The groups are as follows: Group 1 (0 g L-1 NaCl – control), Group 2 
(10 g L-1 NaCl), Group 3 (15 g L-1 NaCl), Group 4 (20 g L-1 NaCl), and Group 5 (25 g L-1 NaCl). Bars 
that share the same letter are not significantly different (p > 0.05). Data are presented as mean ± SEM 

(Standard Error Mean).  
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Figure 10. This graph shows the cellular total carotenoid (pg. cell-1) of C. sorokiniana grown under 

different salinity levels (NaCl). The groups are as follows: Group 1 (0 g L-1 NaCl – control), Group 2 
(10 g L-1 NaCl), Group 3 (15 g L-1 NaCl), Group 4 (20 g L-1 NaCl), and Group 5 (25 g L-1 NaCl). Bars 
that share the same letter are not significantly different (p > 0.05). Data are presented as mean ± SEM 

(Standard Error Mean).  

4. Discussion  

Cell density refers to the number of cells present within a given volume (Chadha et al., 2024; Sarri and 
Elp, 2024; Jalilul et al., 2025). The results of this study illustrated the influence of different salinity 
levels on the growth of Chlorella sorokiniana cultured in a nutrient medium. Maximum cell density was 
achieved after 15 days of cultivation, with 10 g L⁻¹ salinity yielding the highest density compared to the 
control group. This indicates that moderate salinity enhances growth, likely by stimulating osmotic 
balance and ion homeostasis. However, higher salinity concentrations (15–20 g L⁻¹) significantly 
reduced cell density, and no growth was observed at 25 g L⁻¹, confirming that excessively high salinity 
surpasses the tolerance threshold of C. sorokiniana. Additionally, due to the highest concentration of 
salinity, particularly the 25 g L-1, the cells exhibited no growth after 12 days of the culture period, 
emphasizing that salinity at this level exceeded the tolerable limit for C. sorokiniana culture. Prior 
research supports the results of this study, which showed an ideal salinity level for Chlorella sorokinina 
development, followed by inhibition at higher salinities. For instance, Gu et al. (2012) reported that 
Nannochloropsis oculata exhibited better growth in low-salinity conditions, while its growth rate slowed 
when cultivated in higher salinities. Additionally, Chlorella capsulata cultivated at a salinity level of 25 
g L-1 achieved a maximum cell density of 3.1 × 10⁶ cells mL-1 (Ebrahimi and Salarzadeh, 2016). Their 
study reported a lower cell density compared to the present study, where Chlorella sorokiniana cultured 
in a nutrient medium with a salinity level of 10 g L-1 reached a cell density of 9.3 ± 3.08 × 10⁶ cells mL-

1. This is consistent with the findings of the present investigation, which showed that 10 g L-1 of salinity 
concentration had the maximum cell density.  
The specific growth rate (SGR) is a measure of how quickly a population of microorganisms or cells is 
increasing in size (Koch, 2005; Erbil et al., 2022; Sarri et al., 2025). The present study investigated the 
effect of salinity on the specific growth rate (SGR) of Chlorella sorokinina cultured in a nutrient 
medium. Cultures at 10 g L⁻¹ showed the highest SGR during early growth (day 6), exceeding the control 
group. However, prolonged exposure reduced the growth rate, suggesting metabolic adjustments to salt 
stress, such as increased energy allocation toward ion regulation and antioxidant defenses rather than 
cell proliferation. A sharp decline in SGR at 20 g L⁻¹ highlights the detrimental effect of osmotic 
imbalance, oxidative stress, and impaired nutrient uptake under extreme salinity (Church et al., 2017; 
Almutairi et al., 2021). Additionally, Pandit et al. (2014) looked at how Chlorella vulgaris was affected 
by salt stress and found comparable patterns. They discovered that growth was initially boosted by low 
to moderate salt levels. 
Cell size refers to the physical dimensions of a cell. It can vary dramatically depending on the type of 
cell and organism (Dusenbery, 2011; Milo and Phillips, 2015). Cell size increased significantly under 
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higher salinity conditions, with 20 g L⁻¹ cultures exhibiting the largest dimensions. This enlargement is 
consistent with adaptive responses involving vacuolation, water uptake, and accumulation of compatible 
solutes (e.g., glycerol, proline) that help maintain turgor pressure under osmotic stress. Mechanistically, 
cell swelling may also result from altered ion gradients across membranes, leading to changes in 
cytoplasmic osmolarity (Salama et al., 2013; Ji et al., 2018). In addition, the impact of salt stress on 
Chlorella vulgaris observed a significant increase in cell size at moderate salinity levels (Wang et al., 
2016; Pandit et al., 2017). They attributed this phenomenon to osmotic adjustments, where cells actively 
increase their volume to counterbalance the external osmotic pressure and maintain internal turgor. 
These findings collectively suggest that the observed increase in cell size in C. sorokiniana may 
represent an adaptive mechanism to cope with osmotic stress. By enlarging their cell volume, the 
microalgae can potentially dilute the internal solute concentration, thereby mitigating the detrimental 
effects of high external salinity and maintaining cellular homeostasis (Singh et al., 2024; Zhang et al., 
2024). Additionally, the impact of salinity on the growth of Tetraselmis suecica culture observed that 
low salinity levels did not significantly inhibit growth, of which they noted a reduction in cell size 
compared to optimal salinity conditions (Zhang et al., 2024). This finding suggests that while low 
salinity may not be detrimental, it might not be sufficient to support maximal growth and cellular 
proliferation.  

Chlorophyll-a, a green pigment found in most photosynthetic organisms like plants, algae, and 
cyanobacteria, is vital for photosynthesis. It facilitates the conversion of light energy into chemical 
energy, sustaining the organisms’ growth and metabolism (Allakhverdiev et al., 2016; Pareek et al., 
2017). The effects of salinity concentration on chlorophyll-a pigment accumulation in C. sorokiniana 
culture demonstrated that chlorophyll-a accumulation (µg mL⁻¹) was consistent across experimental 
groups with no significant differences. This reduction at higher salinity levels could result from 
physiological stress, oxidative damage, or metabolic shifts that prioritize survival over pigment 
synthesis (Zhang et al., 2024). However, at 20 g L⁻¹ salinity a statistically significant reduction was 
observed. This indicates that chlorophyll synthesis is stable under mild–moderate salt stress but becomes 
suppressed under severe stress, likely due to ROS-mediated degradation of chlorophyll molecules and/or 
downregulation of chlorophyll biosynthetic pathways (Ali et al., 2016; Kholssi et al., 2023). 
Additionally, according to Shetty et al. (2017), some microalgae may increase the amount of 
chlorophyll-a in each cell, hence improving their photosynthetic capability under mild salt stress. They 
also stated that to increase photosynthetic efficiency under less-than-ideal circumstances, this adaptation 
may entail the activation of genes related to chlorophyll production or the optimization of light-
harvesting complexes. 

Carotenoids are pigments that serve as secondary light absorbers in plants, aiding in the capture 
and conversion of light energy into chemical energy during photosynthesis (Zulfiqar et al., 2021; Kissae 
et al., 2025). The results demonstrated the effect of salinity concentration on the total carotenoid pigment 
accumulation in C. sorokiniana culture. The total carotenoid accumulation (µg mL⁻¹) was relatively 
stable in 10 g L -1 of salinity concentration, 15 g L -1 of salinity concentration, and the control group, 
with no significant differences among experimental groups.  However, 20 g L -1 of salinity concentration 
exhibited a drastic and significant reduction compared to the other groups. The observed decrease in 
total carotenoid concentration at the highest salinity level at 20 g L -1 salinity concentration in C. 
sorokiniana culture aligns with findings from previous studies investigating the effects of salt stress on 
microalgal pigments. For example, a significant reduction in carotenoid content in Chlorella vulgaris 
under high salinity conditions (Kebeish et al., 2014; Annamalai et al., 2016; Ali et al., 2021). They 
attributed this decline to a combination of increased oxidative stress and the inhibition of carotenoid 
biosynthesis pathways. Similarly, León et al. (2004) observed a decrease in carotenoid levels in various 
microalgal species exposed to high salinity, suggesting that excessive salinity can disrupt the metabolic 
processes involved in carotenoid synthesis (Sun et al., 2018; Elloumi et al., 2020; Ren et al., 2021). 
These findings collectively indicated that the observed reduction in carotenoid content in C. sorokiniana 
at the highest salinity level may be a common physiological response to salt stress. 

Carotenoids are pigments that serve as secondary light absorbers in plants, aiding in the capture 
and conversion of light energy into chemical energy during photosynthesis (Zulfiqar et al., 2021; Tunio, 
et al., 2022). The results demonstrated the effect of salinity concentration on the total carotenoid pigment 
accumulation in C. sorokiniana culture. Total carotenoid levels remained relatively stable in the control, 
10 g L⁻¹, and 15 g L⁻¹ groups, but a significant decline occurred at 20 g L⁻¹. This suggests carotenoids 
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may provide some protective role at moderate stress by scavenging ROS, but excessive salinity 
overwhelms their biosynthesis and stability. Previous research has shown that a significant reduction in 
carotenoid content in Chlorella vulgaris under high salinity conditions (Kebeish et al., 2014; Annamalai 
et al., 2016; Ali et al., 2021). They attributed this decline to a combination of increased oxidative stress 
and the inhibition of carotenoid biosynthesis pathways. Similarly, León et al. (2004) observed a decrease 
in carotenoid levels in various microalgal species exposed to high salinity, suggesting that excessive 
salinity can disrupt the metabolic processes involved in carotenoid synthesis (Sun et al., 2018; Elloumi 
et al., 2020; Ren et al., 2021). These findings collectively indicated that the observed reduction in 
carotenoid content in C. sorokiniana at the highest salinity level may be a common physiological 
response to salt stress. Collectively, these findings indicate that C. sorokiniana tolerates and even 
benefits from moderate salinity (up to ~10 g L⁻¹) but experiences severe physiological stress beyond this 
threshold. The enlargement of cell size under high salinity reflects adaptive osmotic adjustments, but 
such responses ultimately cannot compensate for the toxic effects of excessive salt exposure. 

Conclusion 

This study demonstrates that salinity exerts a significant influence on the growth dynamics and pigment 
production of Chlorella sorokiniana. Among the tested treatments, 10 g L⁻¹ NaCl proved to be the 
optimal concentration, yielding the highest cell density and specific growth rate—exceeding the control 
by 1.27-fold at day 15 and showing faster growth kinetics as early as day 6. In contrast, higher salinity 
levels, particularly 20 g L⁻¹ NaCl, significantly increased cell size but suppressed chlorophyll-a and total 
carotenoid accumulation, indicating a trade-off between biomass expansion and pigment synthesis under 
salt stress. These findings suggest that while moderate salinity can enhance the proliferation of C. 
sorokiniana, elevated salinity levels inhibit pigment accumulation, likely due to stress-induced 
physiological constraints. Overall, the study provides valuable insights for optimizing salinity conditions 
in controlled microalgal cultivation, balancing growth performance with pigment productivity. 
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