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Article Info ABSTRACT

Article type: Background and Obijectives: The projected global population of 9.7
Full Length Research Paper  pj|ljon by 2050 intensifies challenges related to food security, freshwater
scarcity, and environmental sustainability. United Nations reports indicate

Article history: that food production must increase by 70%, yet arable land and freshwater

Received: 06.09.2025 resources are limited. Climate change, including drought and soil salinity,
Revised: 07.29.2025 threatens traditional agriculture. Nannochloropsis oculata, a microalga
Accepted: 08.11.2025 with 60% protein, essential fatty acids (omega-3, EPA), and antioxidant

pigments (chlorophyll, carotenoids), offers sustainable solutions for

, nutrition, biofuel, and CO, sequestration. This species thrives in saline
Keywords: . L. .

Food Security water, reducing dependence on freshwater. However, its industrial

Environmental Sustainability, ~ Production is limited by low biomass yields and high costs. Salinity stress

Microalgae, (20-40 ppt) directs metabolism toward lipid production, while ultrasound,
Photobioreactor, by disrupting cell walls, enhances growth and extraction efficiency. This
Statistical Optimization study aimed to optimize Nannochloropsis oculata cultivation using a

combination of salinity stress and ultrasound to increase biomass,
chlorophyll, and carotenoid production, addressing challenges in food
security, renewable energy, and environmental sustainability.

Materials and Methods: This research was conducted in a controlled
phycology laboratory. Nannochloropsis oculata was cultivated in 1-liter
flasks with enriched f/2 medium (containing sodium nitrate, phosphate,
silicate, and vitamins B12 and biotin). Conditions included a temperature
of 24°C, light intensity of 5000 lux with a 12-hour light/dark cycle, pH 8,
baseline salinity of 20 ppt, and filtered aeration (0.22-micron filter). A
salinity stress of 20 ppt was applied, as studies indicate this level enhances
lipid production. Ultrasound was applied with varying parameters: duration
(10-60 seconds), power (10-30 watts), and duty cycle (10-100%) over the
initial days (0 to 9) across 28 treatments, including a control without
ultrasound. Growth was measured by optical density (750 nm), chlorophyll
(650 and 665 nm), carotenoids (470 nm), and cell counts using a plate
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reader, spectrophotometer, and microscope. Biomass was harvested via
centrifugation (3500 rpm) and dried (oven or freeze-drying). Data were
analyzed using Design Expert software and statistical methods including
ANOVA, Tukey HSD, and a genetic algorithm.

Results: The combination of 20 ppt salinity stress and ultrasound
synergistically improved biomass and pigment production. Treatment 7
(60 seconds, 30 watts, 100%) increased carotenoid content to 1.992 pg/mL
(control: 0.924 pg/mL), indicating enhanced antioxidant synthesis.
Treatment 9 (10 seconds, 30 watts, 100%) raised chlorophyll at 665 nm to
1.998 pg/mL (control: 0.894 ug/mL), Treatment 24 (60 seconds, 20 watts,
100%) increased chlorophyll at 650 nm to 1.014 pg/mL (control: 0.724
pg/mL), and Treatment 17 (30 seconds, 30 watts, 55%) elevated optical
density at 750 nm to 1.272 (control: 0.77). Cell counts in the best
treatments reached 1 million cells per milliliter (control: 0.35 million cells
per milliliter). ANOVA confirmed significant differences (P<0.01) with
high F-values for carotenoids (218.724) and chlorophyll (227.089). Tukey
HSD tests demonstrated the superiority of Treatments 7, 9, 16, 17, and 24.
The genetic algorithm identified optimal conditions, such as those in
Treatment 16. These results align with a 20-30% increase in lipid yield
reported in similar studies.

Conclusion: Salinity stress and ultrasound synergistically enhanced
biomass and pigment production in Nannochloropsis oculata, overcoming
barriers to industrial production. Treatments 7, 9, 24, and 17 exhibited
superior performance. These sustainable, cost-effective methods are
suitable for industrial photobioreactors, supporting food production,
biofuel, and CO, sequestration. Experiments in saline waters (e.g., Persian
Gulf) are recommended to reduce reliance on freshwater, potentially
expanding production in arid regions.
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Table 1. Ultrasound treatment parameters for Nannochloropsis oculata cultivation.

0

S sl s Ol Ol doly (Ol Aoy Al e 3o s S

1 10 10 10 5 1,10,10,10,5
2 10 10 55 5 2,10,10,55,5
3 10 10 100 5 3,10,10,100,5
4 10 20 10 5 4,10,20,10,5
5 10 20 55 5 5,10,20,55,5
6 10 20 100 5 6,10,20,100,5
7 10 30 10 5 7,10,30,10,5
8 10 30 55 5 8,10,30,55,5
9 10 30 100 5 9,10,30,100,5
10 30 10 10 5 10,30,10,10,5
11 30 10 55 5 11,30,10,55,5
12 30 10 100 5 12,30,10,100,5
13 30 20 10 5 13,30,20,10,5
14 30 20 55 5 14,30,20,55,5
15 30 20 100 5 15,30,20,100,5
16 30 30 10 5 16,30,30,10,5
17 30 30 55 5 17,30,30,55,5
18 30 30 100 5 18,30,30,100,5
19 60 10 10 5 19,60,10,10,5
20 60 10 55 5 20,60,10,55,5
21 60 10 100 5 21,60,10,100,5
22 60 20 10 5 22,60,20,10,5
23 60 20 55 5 23,60,20,55,5
24 60 20 100 5 24,60,20,100,5
25 60 30 10 5 25,60,30,10,5
26 60 30 55 5 26,60,30,55,5
27 60 30 100 5 27,60,30,100,5
28 0 0 0 5 28,0,0,0,5

1- Treatment
2- Time

3- Power

4- Duty Cycle
5- Day

4
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Comparison of Chlorophyll 665nm on Day 1 and Day 5 by Treatment (Sorted by Day 5)
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Figure 1. Chlorophyll at 665 nm on days 1 and 5 across treatments.
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Distribution of OD (750nm) Across Treatments (Day 5)
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