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Abstract. Variations in salinity levels are a critical environmental factor influencing the physiology,
growth, and productivity of microalgae. This study evaluated the effects of different salinity
concentrations on the cell density, growth response, dry weight, and pigment accumulation of
Nannochloropsis sp. Five experiments were prepared: control (0 gLt NaCl), 5gL™%, 10g L% 15gL7,
and 20 g L1, each in triplicate, and cultures were maintained for 21 days. Results showed that a low
salinity level (5 g L 1) significantly enhanced growth, with the highest cell density (21.69+1.36 x 10°
cells mL™1) and specific growth rate (SGR) (0.47+0.03 day~1), outperforming the control and higher
salinity experiments. In contrast, maximum dry weight was observed at 20 g L1, suggesting that
elevated salinity induced cellular accumulation of storage compounds rather than rapid proliferation.
Pigment analysis revealed that 5 g L ! salinity promoted the highest chlorophyll-a concentration
(15.40£5.55 pg mL"1), while all salinity treatments except the control increased total carotenoid
accumulation. These findings indicate that low salinity favors growth and pigment production, whereas
higher salinity enhances biomass accumulation, highlighting distinct physiological responses of
Nannochloropsis sp. to salinity stress.
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Introduction. Microalgae are microscopic photosynthetic organisms found in diverse
aquatic environments, where they play an essential role in primary production, nutrient
cycling, and oxygen generation (Coélho et al 2019; Tan et al 2020; Hu et al 2023; Sarri
et al 2024). Among them, Nannochloropsis sp. has gained particular attention because of
its high lipid content, valuable pigments, and suitability as a feedstock for aquaculture
and biofuel applications (Saadaoui et al 2021; Hashmi et al 2023). These microalgae are
rich in proteins, lipids, vitamins, minerals, and omega-3 fatty acids, making them critical
as live feed for zooplankton and, consequently, for fish and shellfish larvae (Chakraborty
et al 2007). In addition to their nutritional value, the ability of Nannochloropsis to
synthesize chlorophyll-a and carotenoids underscores their importance for both ecological
and biotechnological purposes (Hosikian et al 2010). In addition, microalgal growth and
biochemical composition are strongly influenced by external environmental factors,
including nutrient availability, light, temperature, pH, and salinity (Gani et al 2019;
Dolganyuk et al 2020).

Microalgae exhibit vibrant colors due to the presence of natural pigments, which
are among their most important biochemical compounds (Silva et al 2020). Chlorophylls
are the primary pigments, driving oxygenic photosynthesis and supplying the energy
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needed for metabolic and reproductive processes (Da Silva & Lombardi 2020; Ahajan et
al 2025). Carotenoids, on the other hand, act as accessory pigments with antioxidant
properties and have growing applications in food, feed, and pharmaceutical industries
(Jain et al 2022). Together, chlorophyll and carotenoids are essential for microalgal
growth and survival, while also representing valuable bioactive compounds for human
use (Brotosudarmo et al 2018; Ampofo & Abbey, 2022). Importantly, the synthesis and
accumulation of these pigments can be strongly influenced by environmental conditions
such as salinity, making them key indicators of physiological response in Nannochloropsis
sp.

The microalga Nannochloropsis is recognized for its high fat content, making it
very useful for producing biofuels, aquaculture feed, and nutritional supplements (Mazard
et al 2016). Nannochloropsis sp. is a common microalgae species used in research and
commercial applications because it grows quickly and can adapt to various environments
(Premachandra et al 2023). Salinity, in particular, is a key determinant of microalgal
physiology because it directly affects osmotic balance, photosynthesis, and metabolite
accumulation. For Nannochloropsis, understanding the response to salinity stress is
especially relevant since this genus is widely cultivated in coastal aquaculture systems
where salinity can fluctuate. However, systematic evaluation of how different salinity
concentrations influence growth, pigment accumulation, and biomass production in
Nannochloropsis sp. remains limited. This study, therefore, investigates the effects of
varying salinity levels on the cell density, growth rate, pigment accumulation, and
biomass yield of Nannochloropsis sp., providing insights for optimizing its cultivation
under controlled conditions.

Material and Method

The culture conditions of microalgae. Microalga Nannochloropsis sp. culture was
conducted at the Regional Fisheries Research Center, Ministry of Agriculture, Fisheries,
and Agrarian Reform, Pangasinan, Bongao, Tawi-Tawi, Philippines. 500 mL glass bottles
were used for the culture. Cultures were maintained in 500 mL sterilized glass bottles
containing BG-11 medium prepared with distilled water (Tables 1 and 2). Different
concentrations of sodium chloride were added to the bottles to create various salinity
levels, as shown in Table 3. The control sample did not contain any sodium chloride. The
experiment was performed in triplicate. Each solution was autoclaved for 20 minutes at
121°C. After autoclaving, the samples were inoculated at an initial density of 1.83 x 10°
cells mL!. Cultures were maintained under artificial laboratory lighting, with fluorescent
lamps providing a continuous 24-hour photoperiod at an intensity of 200 pmol photons
m™2 s, Ventilation was provided by an air motor, supplying ambient air (approximately
0.04% CO.,) filtered through 0.2 um syringe filters to prevent contamination (Figure 1).
An air conditioner maintained the temperature at 20+1°C.

Table 1
BG-11 nutrient medium

Solution A For 500 mL
NaNOs 75.0¢
Solution B For 500 mL
K2HPO4 2.0g
MgS04.7H20 3.75¢
CaCl2.2H20 1.80 g
Citric acid 0.30 g
Ammonium ferric citrate green 0.30 g
EDTANa:z 0.05¢
Na>CO3 1.00 g
Source: Erbil et al 2021.
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Trace element composition

Table 2

Trace element solution For 1000 mL
H3BOs 2.86g
MnCl..4H20 1.81¢
ZnS04.7H20 0.22 g
Na2Mo004.2H20 0.39¢g
CuS04.5H20 0.08 g
Co(NO3)2.6H20 0.05 g

Experimental samples and salinity concentration

Table 3

Experiment Unit Salinity Concentration
Experiment A (Control) glL? BG-11 without added NacCl
Experiment B gLt 5
Experiment C gL? 10
Experiment D glLt? 15
Experiment E gL? 20

Figure 1. Experimental set-up. The glass bottles were enriched with different salinity
concentrations (g L) in a nutrient medium.
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Growth response analysis. Each experimental sample of Nannochloropsis sp.
microalga cultures was collected for cell counting and analysis every three days. A
Neubauer hemocytometer was used to count cells daily under a light microscope, and
contamination was visually checked daily. An analysis of the biomass of microalgae was
conducted on a dry-weight basis. The dried weight of microalgae was determined by
drying 5 mL of each experimental sample in an oven at 105°C for 2 hours. The specific
growth rate (SGR) was calculated as follows.

_ In(N2) — In(N,)
- fo—ty

1

Where:
N2 = the cell number at the time (t2).
N: = the beginning cell number at time t;.

Pigment analysis. Pigment analysis followed the method of Durmaz & Erbil (2020).
Spectrophotometric analysis of Nannochloropsis sp. was determined by the chlorophyll-a
and total carotenoid levels, respectively. Moreover, in experimental culture, a 5 mL test
sample was centrifuged for 10 minutes at 3500 rpm, and then the supernatant was
removed. Afterward, the tubes were then filled with 5 mL of methanol, which was then
vortexed for 30 seconds to homogenize the sample. Finally, samples were remixed and
centrifuged for 10 minutes at 3500 rpm. Analyses of supernatants were performed by
spectrophotometry (DYNAMICA). Calculations of the values read at 666 nm for
chlorophyll-a and 475 nm for total carotenoids in the spectrophotometer were made
using the formulas given below.

Chlorophyll-a (ug mL1) = 13.9 Aeess (Macias-Sanchez et al 2005)
Ases wavelength 666 nm absorbance value

Total carotenoids (ug mL!) = 4.5 As7s (Zou & Richmond 2000)
A475 wavelength 475 nm absorbance value

Statistical analysis. The collected data on cell densities, growth responses, and
pigment accumulation in Nannochloropsis sp. cultures were analyzed using IBM SPSS
software version 20, with a significance level set at p < 0.05. Results were expressed as
mean = standard error of the mean. Significant differences between groups were
evaluated through One-way Analysis of Variance (ANOVA), while Levene’s Test was
applied to assess the homogeneity of variances. Duncan’s post hoc Test was
subsequently used to rank and compare the means (Hairol et al 2022; Sanuddin et al
2023).

Results

Cell density. The experimental sample of Nannochloropsis sp. was initiated at an initial
density of 1.8 x 10° cells mL! and was maintained for 21 days of culture. Five
experimental samples were investigated: experiment A (no salinity concentration),
experiment B (5 g L salinity concentration), experiment C (10 g L concentration),
experiment D (15 g L concentration), and experiment E (20 g L'! concentration). Figure
2 shows the cell number of Nannochloropsis sp. culture at different concentrations of
salinity in a nutrient medium. Before ANOVA, Levene’s Test was performed to assess the
homogeneity of variances, and the results indicated no significant differences among
groups (p > 0.05), confirming that the assumption of equal variances was met. Results
revealed that experiment B achieved the highest performance, reaching a maximum cell
density of 21.69+1.36 x 10° cell mL!, which was significantly greater (p < 0.05) than
experiment A (16.98+0.44 x 10° cell mL?!) and all higher-salinity treatments
(experiments C and E, 7.85+0.44 x 10% to 6.19+0.22 x 10° cell mL?). In addition, the
mean cell density of experiment B reached 8.82+1.80 x 10° cell mL?, and experiment A
reached 8.08+2.42 x 10° cell mL?, were statistically higher (p < 0.05) than experiment C
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(3.51+£0.84 x 10° cell mL™?), experiment D (3.38+0.40 x 10° cell mL), and experiment E
(2.80+0.22 x 108 cell mL?) (Figure 3). Overall, moderate salinity (5 g L™!) supported the
highest growth, while elevated salinity (10-20 g L) strongly suppressed cell
proliferation.
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Figure 2. Cell density (n x 108, cell mL™) of Nannochloropsis sp. culture at different
concentrations of salinity in a nutrient medium. Experiment A (no salinity concentration),
experiment B (5 g L ™! salinity concentration), experiment C (10 g L'! concentration),
experiment D (15 g L™! concentration), and experiment E (20 g L™! concentration).
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Figure 3. Mean cell density (n x 10°, cell mL!) of Nannochloropsis sp. culture at different
concentrations of salinity in a nutrient medium. Experiment A (no salinity concentration),
experiment B (5 g L' salinity concentration), experiment C (10 g L'! concentration),
experiment D (15 g L™! concentration), and experiment E (20 g L™! concentration).

Specific growth rate and dry weight. The maximum SGR was obtained at nine days
of culture for all experimental samples. SGR of experiments A, B, C, D, and E were
0.38+0.05 day?, 0.47+0.03 day!, 0.15+0.07 day!, 0.18+0.04 day!, and 0.15+0.12
day!, respectively (Figure 4). Levene’s Test confirmed homogeneity of variances (p >
0.05), allowing valid ANOVA comparisons. As a result of the study, experiment B was
significantly different (p < 0.05) from the other experimental samples. Additionally, in
terms of mean SGR, experiment B obtained an SGR of 0.23+0.00 day' and experiment
A obtained an SGR of 0.22+0.01 day™!* which was significantly different p<0.05) than
experiment C (0.18+0.01 day), experiment D (0.18+0.00 day™), and experiment E
(0.17+0.00 day™) (Figure 5). Moreover, the dry weight was determined at the end of the
culture period for the Nannochloropsis sp. culture. It has been revealed in the present
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study that maximum dry weight was obtained from experiment E (26.21+0.33 g L),
which was significantly greater (p < 0.05) than experiment D (20.34+0.40 g L),
experiment C (15.28+0.43 g L!), experiment B (10.51+0.17 g L '), and experiment A
(4.42+0.11 g LY) (Figure 6). This finding appears contradictory to the SGR and cell
density results, where higher salinity reduced growth performance. A likely explanation is
that elevated salinity (20 g L) imposed stress that limited cell division but promoted the
accumulation of storage compounds, thereby increasing dry weight per unit volume.
Thus, while moderate salinity (5 g L'!) enhanced growth rates and proliferation, extreme
salinity (20 g L) suppressed cell division yet triggered stress-induced biomass
accumulation, reconciling the observed discrepancy.
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Figure 4. Specific growth rate (SGR, day™!) of Nannochloropsis sp. culture at different
concentrations of salinity in a nutrient medium. Experiment A (no salinity concentration),
experiment B (5 g L'! salinity concentration), experiment C (10 g L'! concentration),
experiment D (15 g L™! concentration), and experiment E (20 g L'! concentration).
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Figure 5. Mean specific growth rate (SGR, day™!) of Nannochloropsis sp. culture at
different concentrations of salinity in a nutrient medium. Experiment A (no salinity
concentration), experiment B (5 g L! salinity concentration), experiment C (10 g L
concentration), experiment D (15 g L™! concentration), and experiment E (20 g L!
concentration).
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Figure 6. Dry weight (g L'!) of Nannochloropsis sp. culture at different concentrations of

salinity in a nutrient medium. Experiment A (no salinity concentration), experiment B (5

g L salinity concentration), experiment C (10 g L'! concentration), experiment D (15 g L
! concentration), and experiment E (20 g L' concentration).

Chlorophyll-a pigment accumulation. Figure 7 shows the chlorophyll-a pigment
accumulation of Nannochloropsis sp. culture at various salinity concentrations in a
nutrient medium. The measurement of chlorophyll-a pigment accumulation was done in
triplicate. The chlorophyll-a concentrations of experiments A, B, C, D, and E were
9.46+2.14 y mL?', 15.40+£5.55 p mL?, 9.68+2.27 p mL?, 9.61+2.07 y mL?, and
9.19+1.28 y mL!, respectively. The Levene’s test confirmed variance homogeneity (p >
0.05), and ANOVA results indicated no significant differences (p > 0.05) among
treatments. Thus, no treatment can be considered superior in terms of culture-level
chlorophyll-a accumulation, and the higher mean observed in experiment B should be
interpreted only as natural variability rather than a meaningful trend.

In terms of cellular chlorophyll-a content, experiments A, B, C, D, and E vyielded
0.64+1.10 pg. cell!, 0.73+0.28 pg. cell’’, 1.23+0.38 pg. cell!, 1.24+0.23 pg. cell’},
1.50+0.21 pg. cell’!, respectively (Figure 8). Although no statistically significant
differences were found (p > 0.05), the results suggest wide variability across treatments,
with some indication of higher cellular chlorophyll-a values at elevated salinity. However,
this pattern remains inconclusive without statistical support.
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Figure 7. Chlorophyll-a pigment accumulation of Nannochloropsis sp. culture at different
concentrations of salinity in a nutrient medium. Experiment A (no salinity concentration),
experiment B (5 g L' salinity concentration), experiment C (10 g L'! concentration),
experiment D (15 g L™! concentration), and experiment E (20 g L™! concentration).
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Figure 8. Cellular chlorophyll-a pigment accumulation of Nannochloropsis sp. culture at
different concentrations of salinity in a nutrient medium. Experiment A (no salinity
concentration), experiment B (5 g L salinity concentration), experiment C (10 g L!
concentration), experiment D (15 g L concentration), and experiment E (20 g L!
concentration).

Total carotenoid pigment accumulation. Figure 9 shows the total carotenoid pigment
accumulation of Nannochloropsis sp. culture at different salinity concentrations in a
nutrient medium. The total carotenoid concentrations in experiments A, B, C, D, and E
were 2.95+0.34 p mL?, 3.62+0.82 p mL?, 3.46+0.54 p mL?, 3.67+0.35 p mL?, and
4.71+0.84 p mL?, respectively. The Levene’s Test confirmed variance homogeneity (p >
0.05), and ANOVA indicated no significant differences (p > 0.05) among treatments.
Nevertheless, experiment E showed a trend toward higher total carotenoid accumulation
compared with the other treatments. In terms of cellular carotenoid content, experiments
A, B, C, D, and E yielded 0.20+0.03 pg. cell’!, 0.17+0.03 pg. cell’!, 0.45+0.13 pg. cell’},
0.51+0.02 pg. cell’!, 0.78+0.17 pg. cell’!, respectively (Figure 10). Here, experiment E
was significantly higher (p < 0.05) than the other experimental samples, indicating that
increased salinity promoted carotenoid accumulation on a per-cell basis. This suggests
that while overall culture carotenoid yield did not increase substantially, individual cells
under high salinity invested more in carotenoid production, likely as part of a stress-
adaptive mechanism.
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Figure 9. Total carotenoid pigment accumulation of Nannochloropsis sp. culture at
different concentrations of salinity in a nutrient medium. Experiment A (no salinity
concentration), experiment B (5 g L salinity concentration), experiment C (10 g L™!
concentration), experiment D (15 g L concentration), and experiment E (20 g L!
concentration).
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Figure 10. Cellular total carotenoid pigment accumulation of Nannochloropsis sp. culture
at different concentrations of salinity in a nutrient medium. Experiment A (no salinity
concentration), experiment B (5 g L™* salinity concentration), experiment C (10 g L

concentration), experiment D (15 g L* concentration), and experiment E (20 g L!
concentration).

Discussion. The goal of producing microalgae is to maintain a high cell density in
continuous culture, as this is necessary for microalgae to reproduce efficiently.
Continuous culture enables cells to proliferate more rapidly and effectively. A significant
factor affecting the growth of microalgae cultures is salinity. This study investigated the
effect of varying salinity concentrations on the culture of the microalga Nannochloropsis
sp. As a result, a lower salinity of 5 g L'! obtained a higher cell density of 21.69+1.36 X
10° cell mL? than the control experiment, with a mean cell density of 8.82+1.80 x 10°
cell mL'., However, higher concentrations of salinity lower the cell density of
Nannochloropsis sp. culture. Thus, the present study indicated that Nannochloropsis sp.
produced high cell density at lower salinity compared to higher salinity and control
experiments. This study, similar to that of Gu et al (2012), found that Nannochloropsis
oculata exhibited better growth in low-salinity conditions and slower growth when
cultivated in high-salinity conditions. In addition, Nannochloropsis sp. cultivated at a
salinity level of 5 g L'! reached a maximum cell density of 12.00 x 10° cells mL* (Fakhri
et al 2017).

Additionally, microalga Chlorella capsulate cultivated at a salinity level of 25 g L
reached a maximum cell density of 3.1 x 10° cells mL? (Ebrahimi & Salarzadeh, 2016).
Their study had a lower cell density than the current study, in which a salinity level of 5 g
LY in a nutrient medium achieved a cell density of 21.69 x 10° cells mL? in
Nannochloropsis sp. culture. Several studies have demonstrated that salt fluctuations
induce an oxidative stress response in microalgae, alter the water's external water
potential, disrupt its turgor pressure, and inhibit cell division and growth (Kirst, 1990;
Kaur et al 2022; Vrana et al 2022). It has been reported that microalgae have adapted to
salt stress by altering their photosynthesis and adjusting their osmotic balance (Mutale-
joan et al 2021). Although higher salinity (20 g L™1) reduced cell density and growth rate,
it simultaneously resulted in the highest dry weight. This apparent contradiction can be
explained by stress-induced accumulation of storage compounds (such as lipids and
carbohydrates), which increase biomass even when cell proliferation is suppressed.
Similar stress-driven biomass accumulation has been reported in other microalgae under
salt stress (Mutale-joan et al 2021; Kaur et al 2022). Therefore, while lower salinity
favored rapid cell division and higher cell numbers, extreme salinity promoted stress
tolerance strategies that increased per-cell biomass, leading to greater dry weight
despite reduced cell density. The present study confirmed that higher salinity
concentrations in a nutrient medium lower the cell growth of Nannochloropsis sp. culture,
but may simultaneously promote stress-induced biomass accumulation.
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The SGR of Nannochloropsis sp. culture in a lower salinity concentration was
higher at 0.47 day™! for the first nine days of the culture period than in the higher salinity
concentration and the control experiment; however, it decreased after 21 days of the
culture period. Additionally, the lower salinity concentration also achieved a higher mean
SGR of 0.23 day! than other experimental samples. Erbil et al (2021) produced
microalga Chlorella sp. using the BG-11 medium in a tubular photobioreactor with no
salinity concentration. They achieved a mean SGR of 0.078 day™! which is lower than the
present study, where microalga Nannochloropsis sp. culture enriched BG-11 medium with
lower salinity obtained a higher SGR. Generally, determining growth-limiting substances
can be done by analyzing the SGR of cell cultures. Jaiswal et al (2020) reported that
several factors can influence the growth of microalgae, including salinity. Due to their
ability to overcome osmotic pressure, algal species can adapt to salinity (Zafar et al
2021). The present study found that in Nannochloropsis sp. culture, the SGR increased
when lower salinity concentrations were present in the nutrient medium.

Furthermore, the yield of Nannochloropsis sp. cells cultured at different salinity
levels was estimated by measuring the biomass of Nannochloropsis sp. after 21 days of
culture. The present study revealed significant differences among the experimental
samples, with the highest salinity concentration of 20 g L' producing a dry weight of
26.21+0.33 g L', which was higher than the dry weight of the other experimental
samples. Researchers from various studies have cultured the microalga Nannochloropsis
oculata in a fiberglass-reinforced plastic panel photobioreactor enriched with F/2 medium,
achieving a dry weight of 0.81 g L* (Durmaz & Erbil, 2020). An additional study found
that continuous cultures enriched with f/2 medium achieved productivity levels of 2.02
and 3.03 g L! in helical tubular photobioreactors (Briassoulis et al 2010). Their results
were comparable to those of the present study, which found that higher salinity levels in
a BG-11 medium resulted in an increase in dry weight in Nannochloropsis sp. cultures.
However, researchers have stated that obtaining high biomass in microalgae cultures
depends on the salinity concentration of the nutrient medium (Liu & Yildiz, 2018;
Sanchez-Bayo et al 2020; Ratomski & Hawrot-Paw, 2021; Kissae et al 2025). This
creates an apparent contradiction: low salinity favored higher growth rates and cell
densities, while high salinity reduced cell division but still produced greater dry weight.
The most likely explanation is that under salinity stress, Nannochloropsis sp. diverts
energy away from cell proliferation and instead accumulates storage compounds such as
lipids and carbohydrates, increasing biomass per cell. This stress-induced accumulation of
storage products has been widely reported in microalgae exposed to unfavorable growth
conditions (Kaur et al 2022; Mutale-Joan et al 2021). Thus, the present study suggests
that while lower salinity promotes rapid population growth, higher salinity enhances
biomass accumulation per cell, reconciling the observed differences between cell
density/SGR and dry weight.

The pigment accumulation in the present study showed that the chlorophyll-a
accumulation of 15.40 ug mL! tended to increased with a lower salinity concentration (5
g L'') compared to a higher salinity concentration and the control experiment, although
this difference was not statistically significant. Researchers reported that a Bold Basal
medium with a 12 g L salinity concentration achieved a chlorophyll-a accumulation of
4.5 mg g’! in the microalga Chlorella vulgaris culture (Kebeish et al 2014). Additionally,
Teh et al (2021) reported that an F/2 medium with a higher salinity concentration of 30 g
L'l obtained a chlorophyll-a accumulation of 14.62 pg mL! for microalga Chlorella
vulgaris culture. These results support the general trend observed in the present study,
even though differences between treatments in chlorophyll-a content were relatively
small. The researchers reported that physical stress factors, such as salinity
manipulation, influence the accumulation of the chlorophyll-a pigment in microalgae
cultures (Esakkimuthu & Wang 2022). Moreover, a high total carotenoid pigment
accumulation of 4.71 pmol L'* was obtained in the highest salinity concentration of 20 g L
Lin Nannochloropsis sp. cultures. Ali et al (2021) reported that a salinity concentration of
10 g L' in BG-11 nutrient medium resulted in a total carotenoid content of 4.37 pg/mLin
Chlorella vulgaris microalga culture. The present study found that a higher salinity
concentration (20 g L) in BG-11 nutrient medium resulted in higher total carotenoid
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pigment accumulation, which is lower than the reported value. In a study of freshwater
microalgae species, salt stress is a more effective alternative to light stress in promoting
carotenoid production, as increased salinity levels result in increased biomass and
pigment production, particularly carotenoids. However, as the salinity concentration
increased, microalgae growth decreased (Asulabh et al 2012). The results of this study
showed that higher cell densities are not associated with higher carotenoid pigment
accumulation. Numerous studies have confirmed that microalgae accumulate carotenoids
at higher levels under conditions of nutrient stress, such as salinity (Ravi et al 2012;
Saha et al 2013).

Conclusions. Salinity is a significant factor influencing cell density, growth responses,
biomass, and pigment accumulation in Nannochloropsis sp. cultures. The present study
revealed that lower salinity (5 g L 1) promoted higher cell density and SGR, while higher
salinity (20 g L 1) favored greater dry weight biomass accumulation. Pigment responses
also varied, with chlorophyll-a tending to increase under lower salinity, whereas total
carotenoid content was enhanced at higher salinity. These results demonstrate that
different physiological parameters of Nannochloropsis sp. peak at different salinity levels,
highlighting the importance of tailoring culture conditions to desired outcomes, whether
maximizing cell density, biomass yield, or pigment production.
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