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This study aimed to optimise the growth conditions of 

Arthrospira platensis by modifying the ionic composition 

of the standard Zarrouk medium using a seawater-based 

medium (MK1B). The optimisation process involved three 

stages: adjusting the ionic composition, optimizing iron 

concentration, and comparing different iron sources. The 

final mass concentrations for the control, G1, and G2 were 

1.25, 1.1, and 1.15 g. L-1, respectively, with no significant 

differences (p>0.05). The specific growth rate of the 

control group was significantly higher than G2 and G1. 

Carbohydrate content was higher in G1 and G2 compared 

to the control, while the protein content was lower in G1 

and G2 compared to the control. In the semi-industrial 

phase, A. platensis cultivated in MK1B medium showed a 

productivity of 27.066 mg. L-1 per day and a total biomass 

of 0.862 g. L-1 after 30 days. The average chlorophyll 

content was 7.82 mg. g-1, beta-carotene 1.9 mg. g-1, protein 

57.96%, lipid 9.35%, and carbohydrate 26.52%. The 

microbial load of A. platensis in MK1B medium met 

USP43 and ISIRI11166 safety standards, confirming its 

suitability for food and pigment applications. Finally, 

using seawater for the sustainable production of Spirulina 

microalgae, with potential applications in food 

supplements and natural pigment resources is feasible. 

Article info 

 

Received: February 2025 

Accepted: July 2025 

Published: January 2026 

 

 

 

 

 

 

Copyright: © 2025 by the authors. 

Licensee MDPI, Basel, Switzerland. 

This article is an open access article 

distributed under the terms and 

conditions of the Creative Commons 

Attribution (CC BY) license 

(https://creativecommons.org/license 

s/by/4.0/). 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

fr
o.

ir
 o

n 
20

26
-0

2-
05

 ]
 

                             1 / 24

http://www.jifo.ir/
http://jifro.ir/article-1-6005-en.html


42 Khaledi et al., Optimizing a seawater-based medium for large-scale cultivation of Arthrospira ... 

 

Introduction 

Microalgae have garnered significant 

global attention for their ability to address 

pressing challenges such as food security, 

renewable energy production, and 

environmental sustainability. These 

photosynthetic microorganisms are capable 

of producing a wide array of valuable 

compounds. These compounds have 

potential applications across various 

industries, including food, feed, 

nutraceutical, pharmaceutical, cosmetic, 

and biofuel sectors. In addition, their rapid 

growth rates, ability to thrive in diverse 

environments, outstanding capacity of 

carbon dioxide sequestration and the 

production of a wide array of bioactive 

compounds make them a promising 

resource for the future (Dehghani et al., 

2018; Hussian, 2018; Akbarnezhad et al., 

2020, Barati et al., 2021, 2022). Among the 

microalgae, the cyanobacterium 

Arthrospira platensis, commonly known as 

Spirulina, is one of the most widely 

cultivated and consumed species due to its 

high nutritional value, easy cultivation, and 

environmental adaptability (Joventino et 

al., 2012; Hoseini et al., 2013; El-daim et 

al. 2021). A. platensis contains 60-70% of 

protein, 5-10% of lipids, 10-20% of 

carbohydrates, and various vitamins, 

minerals, and pigments, such as 

phycocyanin, chlorophyll, and beta-

carotene (Narala et al., 2016; Rafa et al., 

2021). This microalga has been repeatedly 

reported to have various health benefits, 

such as antioxidant, anti-inflammatory, 

immunomodulatory, antiviral, anticancer, 

antidiabetic, antihypertensive, and 

hepatoprotective effects (Syarina et al., 

2015). 

The cultivation of A. platensis can be 

performed in different types of systems, 

such as open ponds, closed 

photobioreactors, or hybrid systems, using 

different types of culture media, such as 

freshwater, seawater, or wastewater (Narala 

et al., 2016). The choice of the cultivation 

system and the culture media depends on 

several aspects, such as biomass 

productivity, quality, stability, cost, and 

environmental impact (Colla et al., 2007; 

Mehar et al., 2019). Among the different 

types of culture media, seawater-based 

media have some advantages over 

freshwater-based media, such as the 

availability, sustainability, and low cost of 

seawater, as well as the reduced risk of 

contamination and the improved quality of 

the biomass (Leema et al., 2010).  

In regions like Iran, where freshwater 

resources are increasingly scarce, seawater 

cultivation of freshwater cyanobacteria can 

reduce freshwater consumption in 

biorefinery, potentially improving 

biosynthesis of amino acids and reducing 

water use in biorefinery processes (Iijima et 

al., 2015). Nevertheless, seawater-based 

media may require some modifications and 

optimizations to enhance the growth and 

the biochemical composition of A. 

platensis, such as the addition or 

adjustment of nutrients, including but not 

limited to nitrogen, phosphorus, potassium, 

and iron (Olguín et al., 1997; Leema et al., 

2010; Dineshkumar et al., 2016). Recent 

research has demonstrated that seawater-

based cultivation not only reduces reliance 

on freshwater resources but also contributes 

to environmental sustainability by 

minimizing the ecological footprint 

associated with large-scale A. platensis 
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production. Recent research demonstrates 

the potential of seawater-based cultivation 

for Arthrospira platensis (Spirulina) 

production, offering environmental and 

economic benefits. While seawater 

cultivation may reduce biomass 

productivity compared to freshwater 

(Villaró et al., 2023), it can enhance the 

production of valuable compounds such as 

essential amino acids, carotenoids, and 

specific fatty acids (Wu et al., 2021; Villaró 

et al., 2023). In addition to seawater, other 

sustainable water sources have been 

explored for Spirulina cultivation, 

demonstrating high biomass productivity 

and efficient nutrient removal (Leca et al., 

2023). These findings highlight the 

potential for more sustainable large-scale 

production of Spirulina using alternative 

water sources. Studies have shown that A. 

platensis can be successfully adapted to 

seawater environments through the careful 

adjustment of nutrient levels and 

optimization of growth conditions, 

resulting in biomass production that is 

competitive with traditional methods while 

maintaining product quality. Furthermore, 

seawater cultivation systems have the 

potential to decrease the dependency on 

synthetic fertilizers by utilizing the natural 

mineral content inherent in seawater. This 

approach is well-aligned with broader 

sustainability objectives, offering a means 

to further reduce the environmental impact 

of algae production (Berden Zrimec et al., 

2024). These developments hold significant 

promise for enhancing the economic 

viability of microalgae-based industries, 

particularly in regions where the scarcity of 

freshwater poses a substantial challenge to 

growth. 

In the present investigation, optimization of 

the seawater-based culture media for the 

cultivation of A. platensis by testing 

different formulations and concentrations 

of nutrients was studied. In addition, the 

performance and the quality of the 

optimized media were compared to a 

conventional freshwater-based media, the 

Zarrouk medium. Moreover, an evaluation 

of the feasibility and cost-effectiveness of 

the optimized medium was conducted 

through pilot-scale cultivation. To the best 

of our knowledge, this is the first study to 

optimize seawater-based media and 

compare them to freshwater-based media 

for A. platensis cultivation in Iran. 

This approach aligns with broader 

efforts to enhance water-use efficiency and 

sustainability in resource-limited 

environments and the findings of this study 

hold potential significance, offering 

valuable insights and guidance for the 

advancement and enhancement of the A. 

platensis industry in Iran and analogous 

regions characterized by comparable 

climatic and environmental conditions. 

Nevertheless, despite the promising 

potential of seawater-based cultivation, 

research on optimizing such systems for A. 

platensis remains limited, particularly in 

regions like Iran. This study addresses this 

critical knowledge gap by systematically 

optimizing seawater-based media and 

comparing them to traditional freshwater 

systems, offering new insights that could 

transform microalgae cultivation practices 

in Iran and similar regions. 

 

Materials and methods 

Microalgal strain and inoculum 

preparation 
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The microalgae strain, A. platensis 

(abdf2224), was obtained from the Algae 

Bank of Iran, Fars Province, Shiraz and 

cultured in Zarrouk medium under 

optimum conditions, including 30±1 °C, 

14:10 light/dark cycle, constant aeration 

(2vvm), and controlled light intensity (135 

μ𝑚𝑜𝑙 𝑝ℎ𝑜𝑡𝑜𝑛 𝑚−2𝑆−1). The inoculum 

was prepared by centrifuging a sample of 

the microalgae culture at 4000 rpm for 10 

min, washing the pellet twice with 

physiological saline (8.5 g. L-1 NaCl)  (Soni 

et al., 2019), and resuspending the cells in 

a known volume of saline. All groups were 

inoculated with 10 % v. v-1 (mean cell 

concentration 0.025 g. L-1 dry weight) 

exponentially growing inoculum under 

aseptic conditions (Raoof et al., 2006). 

 

Measurement of growth indices 

The dry weight of the cells was measured 

as a growth characteristic. For this purpose, 

15 mL of the microalgae sample after 

centrifugation at 4000 rpm for 10 minutes 

and washing twice with distilled water (to 

remove salts) was suspended with the help 

of distilled water and poured into a pre-

weighed foil container. It was oven-dried 

for 24 hours at 60-70°C and weighed again. 

Through the difference of these two 

weights, the cell dry weight was calculated 

in g. L-1 (Madkour et al., 2012). A 

relationship between OD680 and biomass 

(g. L-1) of dry microalgae was obtained: 

Xd (
g

L
) = 0.890 OD − 0.0481   R2 =  0.9964 

Growth induction of A. platensis was 

evaluated using the following equations, 

where Xm  and Xi  are the biomass 

concentrations at times t2 and t1, 

respectively. Production efficiency was 

calculated according to Danesi et al. 

(2011): 

P(g/L/day) =
Xm−Xi 

t2−t1
                       

The maximum specific growth rate (μm) 

was calculated according to the method of 

Madkour et al. (2012): 

µm(div/day) =
l n(Xm−Xi)

t2−t1
  

Productivity was calculated following the 

method described by Richmond (2013): 

𝑃𝑉 (g/L/day) = 𝑉 ∗ 𝑋 ∗ µ                  

Where PV is the productivity in volume, V 

is the culture volume (liter), X is the 

biomass production in 1 L of culture 

medium (g. L−1), and μ is the maximum 

specific growth rate (μmax day−1). 

 

Chlorophyll and carotenoids analyses 

The pigment extraction procedure was 

adapted from the method described by 

Teresa Papalia et al. (2019) with minor 

modifications. Briefly, 0.1 g of the 

specimen was mixed with 10 mL of HPLC-

grade acetone (80% v/v) in glass tubes. The 

mixture was homogenized using a vortex 

mixer for 1 minute and then left to extract 

in the dark at 4°C for 24 hours to ensure 

complete pigment release. The extract was 

centrifuged at 4,500 ×g for 15 minutes at 

4°C to separate the supernatant from the 

biomass residue. The supernatant was 

filtered through a 0.45 μm PTFE membrane 

filter to remove any cellular debris. 

Pigment quantification was performed 

using a UV-visible spectrophotometer 

(UV-1800, Shimadzu, Japan) at room 

temperature (23±2°C). Absorbance 

measurements were recorded at specific 

wavelengths: 662 nm and 645 nm for 

chlorophyll-a, and 450 nm for beta-

carotene (Mohebi Najafabadi, and 
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Naeimpoor., 2023). All measurements were 

conducted in quartz cuvettes with a 1 cm 

path length, using 80% acetone as a blank. 

The concentrations of chlorophyll-a and 

beta-carotene were calculated using the 

equations established by Lichtenthaler and 

Buschmann (2001). 

 

Biochemical analysis 

Biochemical analyses were performed on 

samples collected during the late 

exponential growth phase. Culture aliquots 

were filtered through 0.45 μm GF/C filters 

to capture biomass and then the harvested 

biomass was freeze-dried and preserved for 

analysis. Total protein content was 

quantified by homogenizing filters in 10% 

v. v-1 trichloroacetic acid to precipitate 

proteins (Dortch et al., 1984), followed by 

colorimetric determination using a 

modified Lowry assay after re-dissolving 

the precipitated proteins in 1 M NaOH 

(Lowry et al., 1951; Madkour et al., 2012). 

Carbohydrate content was measured by the 

phenol-sulfuric acid method described by 

Dubois et al. (1956). The Sulfo-Phospho-

Vanillin (SPV)  colorimetric method 

described by Mishra et al. (2014) was 

utilized for the quantification of total 

cellular lipids. This analytical approach 

allowed characterization of the protein, 

carbohydrate, and lipid fractions 

composing the A. platensis biomass grown 

under the experimental cultivation 

conditions. 

 

Seawater preparation 

Seawater was collected from the shore of 

the Persian Gulf Biotechnology Park on 

Qeshm Island, Iran. The seawater had a 

salinity of 39.23 ppt and a pH of 8.01. To 

conduct pretreatment, the seawater 

underwent the following procedural steps: 

1. Pre-filtration through a felt bag filter to 

remove large particles and debris. 

2. Coagulation with iron chloride (1.7 mg. 

L-1) to precipitate heavy metals and 

suspend solids  (Johnson et al., 2008; 

Abushaban et al., 2021), followed by 24-

hour sedimentation to allow coagulated 

matter to settle. 

3. Post-filtration through a second felt bag 

filter to remove any remaining particles.  

4. Disinfection with active chlorine (1 mg. 

L-1) for 2 hours, then de-chlorination 

with sodium thiosulfate to remove 

residual chlorine (confirmed by chlorine 

test) (Abushaban et al., 2021). 

5. Hardness reduction by precipitating 

calcium and magnesium as their 

respective carbonates and sulfates upon 

the addition of calculated amounts of 

sodium carbonate (2.821 g) and sodium 

sulfate. Sodium carbonate was preferred 

due to its lower solubility product (Table 

1).  

6. Final sterile filtration through a two-

stage 1 μm polypropylene pre-filter and 

0.22 μm polytetrafluoroethylene (PTFE) 

filter.  

These pretreatment steps effectively 

removed contaminants and reduced the 

hardness of the seawater, rendering it 

suitable for the cultivation of the microalga 

A. platensis medium development. 

 

Designing the cultivation environment 

The cultivation medium was optimized in 

three stages based on seawater 

composition: (1) adjusting the ionic 

composition, (2) optimizing iron 
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concentration, and (3) comparing iron 

sources. 

Stage 1 involved comparing the ionic 

composition of Zarrouk medium (standard 

medium) and seawater, then excluding ions 

present in sufficient quantities in seawater 

from the formulation (Table 2).  

 

 

Table 1: Analysis of Persian Gulf Water (used for cultivating Spirulina microalgae). 

ION Before Hardness Removal (g/L) After Hardness Removal (g/L) 

Na 7.906 13.266 

CO2 0.154 10.422 

Cl 20.885 20.885 

Mg 1.268 0.0224 

SO4 2.466 2.466 

Ca 0.478 0.0204 

K 0.543 0.543 

 

Table 2: Ion Concentrations in Seawater, Zarrouk Medium, and Modified Zarrouk Medium. 

ION 
Zarrouk Medium 

(g/L) 

Before Hardness 

Removal (g/L) 

After Hardness 

Removal (g/L) 

Modified Zarrouk 

Medium (g/L) 

Na 5.672648 7.906000 13.266000 0 

CO2 8.801267 0.154000 10.422000 0 

Cl 0.626596 20.885000 20.885000 0 

Mg 0.019722 1.268000 0.019000 0 

SO4 0.632900 2.466000 2.466000 0 

EDTA 0.069538 - - 0.069538 

Ca 0.010904 0.478000 0.010000 0 

NO3 1.823787 - - 1.823787 

K 0.673183 0.543000 0.543000 0.130183 

PO4 0.272593 - - 0.272593 

Fe 0.002009 0.000010 0.000010 0.002009 

Alternative nitrogen sources (NH3
-, NH4

+, 

NO3
-) were tested to optimize ionic ratios 

and prevent precipitation. The pH was 

adjusted to 9. The new formulations were 

designated MK, MI, MH, and MZ (Table 3) 

and evaluated for A. platensis growth to 

select the best medium. The second step 

was to investigate the effect of different 

iron concentrations on the growth of A. 

platensis. Desired media for A. platensis 

generally have low iron concentration 

(0.002 g. L-1 Fe for Zarrouk and Hiri and 

0.0002 g. L-1 Fe for Jordan media). 

Therefore, concentrations of 0.002, 0.003, 

0.005 and 0.007 g. L-1 Fe was used to 

investigate the growth process under 

different iron ion concentrations. The 

microalgae growth media consisted of three 

groups with varying iron (Fe) 

concentrations: MK contained 0.002 g. L-1 

Fe, MK1 contained 0.003 g. L-1 Fe, MK2 

contained 0.005 g. L-1 Fe, and MK3 

contained 0.007 g. L-1 Fe. 

In the third step, MK1 medium containing 

FeSO4 6H2O (0.003 g. L-1 Fe) and EDTA 

(50 mg. L-1), which was coded as MK1A 

was compared to a MK1B medium that 

contained commercial Fe-EDTA chelate 

fertilizer (13% FeNa-EDTA 3H2O) as the 

iron source. A. platensis growth in each 

medium was evaluated to select the final 

formulation. The details of the media 

composition and the growth parameters are 

shown in Tables 3 and 4, respectively. The 

final medium (MK1B) was selected based 
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on the highest biomass productivity and 

yield. 

 

Microalgae cultivation and comparison of 

culture media 

The purpose of this experiment was to 

evaluate the performance and the quality of 

the MK1B medium, which was optimized 

based on seawater and alternative sources 

of nitrogen, phosphorus and iron, for the 

cultivation of A. platensis. 

 

 

Table 3: Ion concentration of Zarrouk’s medium (standard medium) and the revised media (MK, MI, MH, 

and MZ) 

ION 
Concentration (g. L-1) 

Zarrouk MK MI MH MZ 

Na 5.673 - - - - 

CO2 8.801 10.422 10.526 10.422 - 

Cl 0.627 - - - - 

Mg 0.020 - - - - 

SO4 0.633 - - - - 

EDTA 0.070 0.050 0.050 0.050 0.070 

Ca 0.011 - - - - 

NO3 1.824 1.227 - 0.912 1.824 

K 0.673 0.818 - 0.880 0.130 

PO4 0.273 0.165 0.042 0.136 0.273 

Fe 0.002 0.002 0.002 0.002 0.002 

Mn 0.001 - - - - 

Zn 0.000 - - - - 

MoO4 0.000 - - - - 

Cu 0.000 - - - - 

NH4 - 0.089 - - - 

NH3 - - 0.080 - - 

Water DW SW SW SW SW 
 

 

Table 4: Growth components of Zarrouk’s medium (standard medium) and the revised media in three 

stages (Mean±SD, n=3). 

Stage Treatment Specific growth rate µ (day-1) Px (g. L-1. day-1) PV 

Stage 1 

Zarrouk 0.1760±0.03 0.1056 ±0.02 0.1332±0.02 

MK 0.1568±0.02 0.0979±0.01 0.1201±0.02 

MH 0.1446±0.04 0.0636±0.01 0.1097±0.03 

IR25 0.1297±0.04 0.0520±0.009 0.0857±0.04 

MZ 0.1232±0.01 0.0453±0.01 0.0732±0.03 

Stage 2 

MK 0.1585±0.03 0.0846±0.01 0.1304±0.02 

MK1 0.1606±0.02 0.0884±0.008 0.1371±0.04 

MK2 0.1495±0.03 0.0699±0.003 0.1052±0.05 

MK3 0.1474±0.04 0.0670±0.01 0.1003±0.04 

Stage 3 
MK1A 0.1621±0.04 0.0916±0.04 0.1426±0.04 

MK1B 0.1634±0.03 0.0943±0.02 0.1473±0.01 
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The MK1B medium was compared with the 

Zarrouk medium, which is a conventional 

freshwater-based medium widely used for 

A. platensis cultivation (Raoof et al., 2006; 

Soni et al., 2019). The comparative analysis 

encompassed a thorough examination of 

biomass productivity, lipid content, protein 

content, carbohydrate content, chlorophyll 

concentration, and carotenoid levels. Since 

one of the goals of this study is to reduce 

freshwater consumption, the experiment 

was conducted in three different groups, 

specifically to reduce freshwater use. The 

microalgae inoculum was prepared from a 

pre-culture in Zarrouk medium and added 

to each flask at a concentration of 0.025 g. 

L-1 dry weight. The control group (C) used 

Zarrouk medium prepared with distilled 

water. The first experimental group (G1) 

used MK1B medium prepared with 

seawater. The second experimental group 

(G2) used MK1B medium prepared with 

coastal well water, which had a lower 

salinity than seawater (salinity of 28.32 and 

a pH of 8.3). The coastal well water was 

obtained from an artificial well located in 

the Zist Darya Parvaran Anahita 

Company, Persian Gulf Bio-Technology 

Park, Qeshm Island. The preparation 

process of coastal well water was like the 

preparation process of seawater. The 

experiment lasted for 25 days, and samples 

were taken every 3 days to measure the 

growth parameters and the biochemical 

composition of the microalgae. 

Briefly, the optimization of A. platensis 

semi-industrial culture medium was 

conducted in three stages in this study. In 

the first stage, optimization of ionic 

composition was conducted and five media 

formulations, including Zarrouk, MK, MH, 

IR25 and MZ using different sources of 

nitrogen (NH3
-, NH4

+, NO3
-), phosphorus 

(KH2PO4, (NH4)2HPO4), and medium 

water (freshwater, seawater) were 

examined. In the next stage, MK medium 

was used as the base medium, and 

optimization of iron concentration was 

accomplished, where different iron 

concentrations (0.002, 0.003, 0.005, and 

0.007 g. L-1 Fe) were tested and coded as 

MK, MK1, MK2, and MK3. Finally, in the 

third stage, comparison of iron sources was 

carried out. 

 

Morphological studies 

Cell morphology was evaluated using light 

microscopy during the exponential growth 

phase for cultures grown in Zarrouk 

medium, seawater-based MK1B medium, 

and coastal well water-based MK1B 

medium. Slides were examined under 100X 

magnification using a compound light 

microscope. 

 

Semi-industrial cultivation 

Based on optimal growth in the coastal well 

water-based MK1B medium at laboratory 

scale, semi-industrial cultivation of A. 

platensis was performed as follows: 

The plastic tubs (200 L) were used as the 

culture vessels. Before each run, the tanks 

were cleaned by washing with detergent, 

alkaline hypochlorite solution (5 g. L-1 

NaOH, 0.5 g. L-1 NaOCl), 0.1 M HCl, and 

filtered sterile water to remove 

contamination (Bamba et al., 2014). The 

tanks were filled to 120 L (total volume) 

with coastal well water and sterile MK1B 

medium. Mixing the medium was 

conducted using aeration (2 vvm) and the 

media temperature was adjusted to 30 °C. 
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Inoculum was prepared by a semi-

continuous subculture of A. platensis, with 

a regular exchange of 2.5 L culture volume 

with fresh medium to reach a density of 1.1 

g. L-1 dry biomass. The inoculum was 

added to the tanks to provide biomass 

density (50±3 mg. L-1) and the measured 

inoculum concentration according to the 

following formula. An equivalent volume 

of tank medium was removed before 

inoculum addition.  

V = (
(120 x 50)

Xm
)                                

Where, V is inoculum volume (L), 120 is 

tank volume (L), 50 is initial biomass 

density (mg. L-1), and Xm is inoculum 

biomass (g. L-1). Cultivation conditions 

were 31°C/27°C Day/night temperature, 

250 μ𝑚𝑜𝑙 𝑝ℎ𝑜𝑡𝑜𝑛 𝑚−2𝑆−1 illumination 

with 14h: 7h light: dark cycle, and 

intermittent stirring. Evaporative water loss 

(approx. 0.5 L. Day-1) was replaced with 

sterile distilled water equilibrated to tank 

temperature. Growth was monitored by 

regular measurement of biomass 

concentration. 

 

Microbial load analysis 

The microalgae harvested from the semi-

industrial stage, after drying, were sent to 

the microbial laboratory of Behesht Ain 

Laboratory Complex (partner of the 

reference laboratory diagnosis and applied 

studies center of the country’s veterinary 

organization) located in Tehran for 

microbial load analysis. Microbial tests 

were performed to measure Escherichia 

coli, coliforms sp., salmonella sp., fungi 

and Staphylococcus aureus according to 

USP43 and ISIRI11166 standards.  

Statistical analysis 

The data were expressed as mean ± 

standard deviation (SD) of three replicates. 

The statistical analysis was performed 

using GraphPad Prism software (version 9). 

One-way analysis of variance (ANOVA) 

and Tukey’s test were used to compare the 

differences among the groups. A p-value of 

less than 0.05 was considered statistically 

significant.  

 

Results  

The objective of this test was to select and 

evaluate an optimized seawater-based 

medium for cultivating the microalga A. 

platensis through modifying the ionic 

composition of the standard Zarrouk 

medium and using alternative sources of 

nitrogen, phosphorus and iron suitable for 

growth in seawater. In the First stage, five 

media formulations using different sources 

of nitrogen phosphorus and medium water 

were examined and the highest specific 

growth rate (0.1760± 0.03 day-1), biomass 

productivity (Px=0.1056±0.02 g. L-1. day-1) 

and volumetric productivity 

(PV=0.1332±0.02 g. L-1) were achieved in 

the standard Zarrouk medium followed by 

MK medium.  

In the secound stage, the iron 

concentration was optimized, resulting in 

the highest growth rate (0.1606±0.02 

day⁻¹), Px (0.0884±0.02 g L⁻¹ day⁻¹), and 

PV (0.1371±0.04 g L⁻¹) when using the 

MK1 medium supplemented with 0.003 g 

L⁻¹ Fe. In stage 3, the effect of the iron 

source was evaluated, where the use of a 

commercial Fe-EDTA chelate fertilizer 

produced comparable results, yielding a 

growth rate of 0.1621±0.04 day⁻¹, Px of 

0.0916±0.04 g L⁻¹ day⁻¹, and PV of 
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0.1426±0.04 g L⁻¹ in the MK1B medium 

(Table 4). 

Morphological studies were conducted 

to investigate the effect of the MK1B 

medium on the growth and morphology of 

A. platensis compared with Zarrouk 

medium. Zarrouk medium supports optimal 

growth of A. platensis, however, it is not 

economically feasible for large-scale 

cultivation. The MK1B medium was 

expected to allow comparable growth since 

it contains similar ingredients; however, the 

use of seawater and coastal well water 

rather than fresh water posed potential 

challenges. 

In this study, cells cultured in Zarrouk 

medium exhibited tighter coil morphology 

compared to those in MK1B medium 

prepared with seawater or coastal well 

water (Fig. 1). In addition, trichomes were 

slightly less coiled in seawater-based 

MK1B compared to coastal well water. 

However, overall cell size, number of coils, 

and general spiral structure were similar 

across all three culture media. This suggests 

that the MK1B medium maintained 

standard growth and morphology despite 

the use of saline water sources. The 

comparable morphology indicates the 

suitability of the MK1B medium for large-

scale cultivation of A. platensis using 

seawater or coastal well water. 

 

 

 
Figure 1: Effect of different culture media on the coil shape and size of A. platensis cells (magnification 

100X). 

 

The effect of different media and water 

sources on the growth and biochemical 

composition of A. platensis was 

investigated. Table 5 shows the cell 

productivity (Px), maximum specific 

growth rate (μm) and final biomass 

concentration (g.L-1) of A. platensis grown 

in control medium (Zarrouk) and MK 

medium with different water sources 

(coastal well water and seawater). The 

statistical analysis revealed that there was 

no significant difference (p>0.05) in the 

specific growth rate and cell productivity 

among the treatments. However, the final 

biomass concentration was significantly 

higher (p<0.05) in the control medium than 

in the MK medium with either water source 

(Fig. 2). 

The protein, carbohydrate, and lipid 

content (% dry weight) of A. platensis, 

grown in the media (as detailed in Table 3) 

and water sources (as outlined in Table 4), 

is presented in Table 7. Additionally, Table 

6 shows the pigment content (mg. g-1 dry 
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weight) of A. platensis cultivated under the 

same conditions. The statistical analysis 

showed that there was a significant 

difference (p<0.05) in the chlorophyll and 

beta-carotene content among the treatments 

(Fig. 3). The control medium had the 

highest chlorophyll and beta-carotene 

content, followed by the MK 0medium with 

seawater and then the MK medium with 

coastal well water. The beta-

carotene/chlorophyll ratio was also 

significantly different (p<0.05) among the 

treatments, with the MK medium with 

coastal well water having the highest ratio, 

followed by the MK medium with seawater 

and then the control medium. 

 

 

 

Table 5:  Cell productivity (Px), maximum specific growth rate (μm) and final biomass concentration (g.L-1) 

of A. platensis grown in control medium (Zarrouk) and MK with different water media (water from 

coastal wells and seawater). (Mean±SD, n=3).

Media Treatment Specific growth rate µ (day-1) Px (g. L-1. day-1) 
biomass production  

(g. L-1) 

Zarrouk Control 0.156± 0.001 0.049± 0.002 1.252 ± 0.04 

     

MK1B 
G1 0.1513± 0.003 0.043±0.007 1.104± 0.07 

G2 0.1531± 0.002 0.045± 0.001 1.156± 0.05 
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Figure 2: Statistical Analysis of Cell Productivity (Px), Maximum Specific Growth Rate (μm), and Final 

Biomass Concentration (g/L) of S. platensis in Zarrouk Control Medium and MK Medium with 

Varied Water Sources (G1 and G2) (Mean±SD, n=3; *p<0.05, **p<0.01, ***p<0.001). 
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The statistical analysis indicated that there 

was a significant difference (p<0.05) in the 

protein, carbohydrate and lipid content 

among the treatments (Fig. 4). 

 

 

Table 6:  pigment content (mg. g-1 dry weight) of A. platensis MK medium in seawater, coastal well water 

and control medium (Zarrouk) after 25 days of cultivation (Mean±SD, n=3). 

Treatment 
Pigment content (mg/g dry weight) 

b-carotene/ chlorophylls ratio 
chlorophylls (mg. g-1) Beta-carotene (mg. g-1) 

Control 15.31± 1.14 3.25± 0.04 0.2106± 0.004 

G1 7.49± 0.14 2.40± 0.08 0.3291± 0.004 

G2 9.12± 0.50 2.68± 0.01 0.2919± 0.002 

 

Table 7: protein, carbohydrate and lipid content (% dry weight) of A. platensis in Zarrouk culture medium 

(control), MK1B medium in seawater, coastal well water (Mean±SD, n=3). 

Media Treatment Protein (%) Carbohydrate (%) Lipid (%) 

Zarrouk Control 69.32 ± 0.75 14.27 ± 0.75 10.42 ± 0.60 

     

MK1B 
G1 58.71 ± 3.25 27.03 ± 0.75 9.17 ± 0.55 

G2 65.68 ± 2.30 22.15 ± 0.75 11.32 ± 0.12 
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Figure 3: Comparative Analysis of Pigment Content (mg/g Dry Weight) in S. platensis Cultivated in MK1B 

Medium with seawater, Coastal Well Water, and Zarrouk Control Medium Over a 30-Day 

Period (Mean±SD, n=3; *p<0.05, **p<0.01, ***p<0.001).
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Figure 4: Statistical Comparison of Protein, Carbohydrate, and Lipid Content (% Dry Weight) in S. 

platensis Cultured in Zarrouk Control Medium and MK1B Medium with seawater and Coastal 

Well Water (Mean±SD, n=3; *p<0.05, **p<0.01, ***p<0.001). 
 

The control medium had the highest protein 

and lipid content, followed by the MK 

medium with seawater and then the MK 

medium with coastal well water. The MK 

medium with coastal well water had the 

highest carbohydrate content, followed by 

the MK medium with seawater and then the 

control medium. 

Table 6 illustrates the growth parameters, 

pigment content and biochemical 

composition of A. platensis grown in 

MK1B culture medium in three cycles with 

the same culture conditions. The results 

indicate that the growth rate and final 

biomass concentration of A. platensis were 

consistent across the three cycles, with an 

average of 0.115 day-1 and 0.863 g. L-1, 

respectively. The protein content of A. 

platensis was also stable, ranging from 

57.14% to 58.68%. The carbohydrate and 

lipid contents varied slightly among the 

cycles, with the lowest values in cycle 2 

(25.21% and 9.83%, respectively) and the 

highest values in cycle 1 (27.43% and 
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8.96%, respectively). The chlorophylls and 

beta-carotene contents also showed some 

variation, with the highest values in cycle 2 

(8.96 mg. g-1 and 2.04 mg. g-1, respectively) 

and the lowest values in cycle 3 (6.83 mg. 

g-1 and 1.75 mg. g-1, respectively). To 

further validate consistency between cycles 

(Fig. 5 and Table 8), the non-parametric 

Kruskal-Wallis test was applied for all 

growth and compositional parameters. No 

significant differences were found between 

any cycles (Kruskal-Wallis statistic=1.12, 

p=0.49, df=6). These results suggest that 

MK1B culture medium is suitable for the 

cultivation of A. platensis in semi-industrial 

volume, as it provides high and stable 

biomass and protein yields, as well as 

moderate carbohydrate, lipid, chlorophylls 

and beta-carotene contents. 
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Figure 5: Reproducibility of growth kinetics for A. platensis production cycles on a semi-industrial scale in 

MK1B medium. 

 

Table 8: Growth parameter, Pigment content and Biochemical composition of A. platensis grown in MK1B 

culture medium in three cycles with the same culture conditions. 

Production cycles cycle 1 cycle 2 cycle 3 

Px (mg. L-1. day-1) 27.0 26.8 27.4 

Specific growth rate µ (day-1) 0.1147 0.1134 0.1169 

Final biomass concentration (g. L-1) 0.860 0.858 0.872 

Protein% 57.14 58.07 58.68 

Carbohydrate% 27.43 25.21 26.94 

Lipid% 8.96 9.83 9.28 

chlorophylls (mg. g-1) 7.68 8.96 6.83 

Beta-carotene (mg. g-1) 1.92 2.04 1.75 
 

Discussion 

A seawater-based medium (MK1B) for the 

cultivation of A. platensis was developed 

and optimized in this study. The MK1B 

medium was formulated by modifying the 

ionic composition of standard Zarrouk 

medium and using alternative sources of 

nitrogen and iron suitable for growth in 

seawater. The growth performance and 

productivity of A. platensis in the MK1B 
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medium were comparable to those in the 

standard Zarrouk medium, which is 

prepared with freshwater, demonstrating 

the suitability of MK1B medium for 

cultivating A. platensis using seawater. 

The optimization of the MK1B medium 

involved three stages including adjustment 

of the ionic composition, optimization of 

iron concentration, and comparison of iron 

sources. In the first stage, ions present in 

sufficient quantities in seawater were 

excluded from the formulation and 

different nitrogen and phosphorus sources 

were tested to prevent precipitation. In the 

second stage, the effect of different iron 

concentrations on the growth of A. 

platensis was investigated and 0.003 g. L-1 

Fe was found to be optimal. Finally, 

FeSO4·6H2O and commercial Fe-EDTA 

chelate fertilizer were applied and 

compared as iron sources and they were 

found to have comparable effects on 

growth. 

This study demonstrated that increasing 

iron concentration in the MK medium 

resulted in a reduction of the specific 

growth rate (µ), Px, and PV. Specifically, 

the highest growth rate (0.1606 day-1), Px 

(0.0884 g. L-1 day-1), and PV (0.1371 g. L-1 

day-1) were observed in the MK1 medium 

containing 0.003 g. L-1 Fe. As the iron 

concentration increased to 0.007 g. L-1 in 

the MK3 medium, the specific growth rate 

decreased to 0.1474 day-1, Px to 0.0670 g. 

L-1 day-1, and PV to 0.1003 g.L-1. These 

findings align with previous research 

indicating that while iron is essential for the 

growth and metabolic activities of A. 

platensis, excessive iron concentrations can 

have inhibitory effects. Kougia et al. (2023) 

reported that iron concentrations up to 244 

mg Fe.L-1 do not inhibit growth, but our 

results suggest that even lower 

concentrations can negatively impact 

growth parameters if not optimized. Delrue 

et al. (2017) found that replacing iron 

sulfate with iron EDTA increased iron 

content in biomass, but the effectiveness of 

Fe-EDTA can be influenced by pH and 

light conditions (Kean et al., 2015). This 

study highlights the importance of 

optimizing iron concentrations to balance 

the benefits of iron supplementation with 

the potential inhibitory effects of excessive 

iron. The results indicate that 0.003 g.L-

1.day-1 Fe is the optimal concentration for 

maximizing growth and productivity in the 

MK medium. This is consistent with 

findings from El-sheekh et al. (2024), who 

reported that a FeSO4 concentration of 0.1 

g. L-1 resulted in the highest growth rate and 

pigment content, suggesting that careful 

optimization of iron levels is crucial for 

achieving optimal growth. This study 

underscores the need for precise control of 

iron concentrations in A. platensis 

cultivation. The observed reduction in 

growth parameters with increased iron 

concentration highlights the delicate 

balance required to optimize nutrient 

supplementation for enhanced biomass 

production and biochemical composition.  

The optimization of nitrogen sources for 

A. platensis cultivation has been a subject 

of extensive research, with varying results 

depending on the specific conditions and 

desired outcomes. Our study indicates that 

NH4
+ is a more suitable source of nitrogen, 

as evidenced by its higher productivity 

compared to other nitrogen sources. 

Previous studies have shown mixed results 

regarding the optimal nitrogen source for A. 
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platensis cultivation. El-sheekh et al. 

(2021) reported potassium nitrate as the 

best nitrogen source. In contrast, Cruz-

Martínez et al. (2015) demonstrated that 

ammonium nitrate was an effective 

alternative, providing both readily 

assimilable nitrogen and a reserve source, 

achieving high cell concentration and 

productivity. Mirhosseini et al. (2021) 

investigated ammonium sulfate and sodium 

nitrate, finding that nitrogen starvation 

surprisingly resulted in the highest biomass 

and phycobiliprotein production. However, 

increasing ammonium sulfate 

concentrations decreased both biomass and 

phycobiliprotein content. These conflicting 

results suggest that the optimal nitrogen 

source may vary depending on specific 

cultivation conditions and desired 

outcomes. 

Our findings align with the results of Cruz-

Martínez et al.(2015), demonstrating that 

ammonium-based nitrogen sources can be 

highly effective for A. platensis cultivation. 

The higher productivity observed with 

NH4+ in our study suggests that it provides 

a readily available nitrogen source that 

supports robust growth and biomass 

accumulation. The variation in results 

across different studies highlights the 

complexity of optimizing nitrogen sources 

for A. platensis cultivation. Factors such as 

the specific strain of A. platensis, the 

composition of the culture medium, and 

environmental conditions can all influence 

the effectiveness of different nitrogen 

sources. Therefore, further research is 

needed to explore the interactions between 

these factors and to identify the most 

suitable nitrogen source for various 

cultivation scenarios. Nutritional, physical, 

or chemical stresses can cause 

abnormalities in the typical spiral trichome 

structure of A. platensis. Continuous 

morphological monitoring during 

cultivation is necessary to avoid suboptimal 

conditions. Increased salinity has been 

shown to cause the trichome spiral to 

become looser in Arthrospira spp. (Wu et 

al., 2005). This study demonstrated that A. 

platensis cells cultured in Zarrouk medium 

exhibited a tighter coil morphology 

compared to those in the MK1B medium 

with seawater or coastal well water. 

Trichomes in the seawater-based MK1B 

medium were observed to be slightly less 

coiled compared to those in coastal well 

water. Despite these differences, the cell 

size, number of coils, and spiral structure 

remained consistent across all media. These 

findings align with previous research 

indicating that morphological changes can 

occur in different media. Toyoshima et al. 

(2015) observed that cells in seawater-

based media showed more loosely coiled 

trichomes, similar to our observations in the 

MK1B medium. Additionally, Chen (2011) 

reported that media shifts could induce 

fragmentation and straightening of 

filaments, which may explain the slight 

differences in trichome coiling observed in 

our study. The consistency in cell size, 

number of coils, and spiral structure across 

all media suggests that while the medium 

composition can influence trichome 

morphology, it does not significantly affect 

the overall structural integrity of A. 

platensis cells. This is an important 

consideration for large-scale cultivation, as 

maintaining consistent cell morphology is 

crucial for the quality and functionality of 

the biomass produced. Trichomes in the 
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seawater-based MK1B medium were 

observed to be slightly less coiled 

compared to those in coastal well water. 

Despite these differences, the cell size, 

number of coils, and spiral structure 

remained consistent across all media. These 

findings suggest that MK1B medium can 

support the standard growth and 

morphology of A. platensis, even when 

saline water sources are used. The 

preservation of morphological 

characteristics across different media 

underscores the potential of MK1B 

medium for the large-scale cultivation of A. 

platensis in varied saline conditions. 

The MK1B medium not only supported 

the acceptable growth of A. platensis in 

seawater, but also enhanced some of its 

biochemical and pigment characteristics. 

The carbohydrate content, beta-carotene 

content, and beta-carotene/chlorophylls 

ratio of A. platensis were increased in the 

MK1B medium compared to the control 

medium (Zarrouk). The control group, 

which was cultivated in conventional 

media, exhibited the highest chlorophyll 

content, with a concentration of 15.31 mg. 

g-1, and the highest beta-carotene 

concentration, measured at 3.25 mg. g-1. 

This suggests that the standard cultivation 

media provide an optimal environment for 

the synthesis of these pigments. However, 

it is noteworthy that the experimental 

groups G1 and G2, which were cultivated 

in seawater-based media, displayed 

significantly different beta-

carotene/chlorophyll ratios compared to the 

control. This indicates a differential 

allocation of metabolic resources towards 

beta-carotene synthesis in the presence of 

seawater constituents. The altered ratio 

could be attributed to the ionic composition 

of seawater (Leema et al., 2010). This 

alteration in pigment production is further 

influenced by the presence of Mg2+ and 

Cu2+ ions, which can affect the levels of 

phycocyanin, allophycocyanin, and 

chlorophyll a (Urek and Kerimoglu, 2019). 

Additionally, the presence of trace elements 

in seawater might act as cofactors, 

enhancing the production of beta-carotene. 

The observed variations in pigment 

concentration and their ratios underline the 

potential of seawater-based media to 

modulate the metabolic profile of A. 

platensis, which could be leveraged for 

targeted bioproduct synthesis (Sandeep et 

al., 2015). 

Leema et al. (2010) found that A. 

platensis grown in seawater media had 

increased carbohydrate content, beta-

carotene content, and beta-

carotene/chlorophylls ratio compared to the 

control medium. Satchasataporn et al. 

(2022) further demonstrated that the 

combined supplementation of glycerol and 

phosphorus can lead to enhanced 

production of carotenoids in A. platensis. 

Similarly, Forján et al (2007) showed that 

the limitation of essential nutrients such as 

phosphate can also increase carotenoid 

production in marine microalgae. Lastly, 

Wu et al. (2021) reported that the use of a 

nitrogen-free and seawater-supplemented 

medium can lead to a significant increase in 

carbohydrate content in A. platensis. These 

findings collectively suggest that the 

MK1B medium, which is seawater-based, 

can indeed enhance the biochemical and 

pigment characteristics of A. platensis, 

making it a more valuable food supplement 

and source of natural pigments. 
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The cultivation of A. platensis in media 

with increased salinity levels, as observed 

in groups G1 and G2, resulted in a decrease 

in protein content and a concomitant 

increase in carbohydrate content 

(Panyakampol et al., 2016; Ismaiel et al., 

2018). This shift in metabolic allocation is 

a common stress response in many 

microorganisms, including cyanobacteria 

(Joset et al., 1996). The response of A. 

platensis to the combined stress of nitrogen 

depletion and high temperature is different 

from its response to individual stress, with 

a reduction in protein content and an 

increase in carbohydrate content 

(Panyakampol et al., 2016). Similarly, the 

cyanobacterium Synechococcus elongatus 

showed an increase in protein content under 

salt stress (Rezayian et al., 2016). These 

findings suggest that the decrease in protein 

content and increase in carbohydrate 

content in A. platensis under high salinity 

levels may be a result of the osmotic stress 

induced by the salt, leading to a reduction 

in nitrogen uptake and assimilation, and a 

shift in metabolic energy towards the 

synthesis of osmoprotectants. 

In contrast, the group cultivated in 

Zarrouk media, which is specifically 

formulated for the growth of Arthrospira 

species and is characterized by its optimal 

nutrient balance and lower salinity, 

exhibited a significantly higher protein 

content. This underscores the importance of 

a well-balanced growth medium for protein 

synthesis in A. platensis. The Zarrouk 

media's composition supports efficient 

nutrient absorption and utilization, leading 

to enhanced protein production (Diaconu et 

al., 2020).  

These observations highlight the 

intricate relationship between medium 

composition, particularly salinity levels, 

and the metabolic prioritization in A. 

platensis. Understanding this relationship is 

essential for tailoring cultivation conditions 

to maximize the desired bioproduct yield, 

whether it be protein or carbohydrate-based 

compounds.  

This study has some novel aspects and 

unexpected outcomes that distinguish it 

from previous studies. First, coastal well 

water was used as an alternative water 

source for preparing the MK1B medium, 

which had a lower salinity than seawater. 

The growth of A. platensis in coastal well 

water-based MK1B medium was 

comparable to that in seawater-based 

MK1B medium, suggesting that coastal 

well water can be a viable option for A. 

platensis cultivation in areas where 

seawater is not readily available. Second, 

the performance and quality of the MK1B 

medium were tested in semi-industrial 

cultivation using a 200 L plastic tub. The 

MK1B medium provided high and stable 

biomass and protein yields, as well as 

moderate carbohydrate, lipid, chlorophylls 

and beta-carotene contents, across three 

production cycles. This indicates that the 

MK1B medium is suitable for large-scale 

cultivation of A. platensis using seawater or 

coastal well water. 

The primary aim of this study was to 

develop a seawater-based culture medium. 

The results demonstrate that the novel 

MK1B medium rivals the performance of 

traditional spirulina cultivation media, as 

evidenced by comparable levels of 

chlorophyll, protein content, and dry 

biomass yield. Unlike the Zarrouk medium, 

which necessitates distilled or fresh water 
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for effective cultivation, the MK1B 

medium is specifically designed for and has 

been assessed in seawater-based cultivation 

systems. Furthermore, a cost analysis 

revealed that producing 1000 liters of 

Zarrouk medium incurs an expense of 

7,504,549.47 Iranian Rials, whereas the 

MK1B medium can be prepared at a 

significantly lower cost of 2,613,000.00 

Iranian Rials, representing a cost reduction 

of approximately 65.2%, based on the 

pricing provided by local chemical 

suppliers. The advantages of the MK1B 

medium are thus twofold: it serves as an 

economical alternative and a potent 

cultivation agent. This makes it an 

attractive option for coastal communities 

engaged in the large-scale production of 

spirulina-enriched biomass, offering both 

financial and productivity benefits. 

 

Conclusion 

This research contributes to the field of A. 

platensis cultivation by developing and 

optimizing a seawater-based medium 

(MK1B) that supports the growth and 

quality of A. platensis using seawater or 

coastal well water. This research has the 

potential to impact the development of a 

sustainable and cost-effective approach to 

producing this valuable microalga, which 

can be used as a food supplement and a 

source of natural pigments. This research 

also provides a basis for further 

improvement and application of the MK1B 

medium for large-scale A. platensis 

production and other microalgae 

cultivation. Future studies could further 

elucidate the role of specific nutrients in 

seawater characteristics in optimizing 

biomass production for commercial A. 

platensis cultivation. 
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