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SUMMARY

Arthrospira platensis is a valuable source of diverse minerals and essential amino acids, enriched with
antioxidants such as chlorophyll and phycocyanin, known to enhance health and boost the immune system. This
study aimed to assess the growth capability and phycocyanin accumulation of A. platensis under varying
environmental conditions, including different concentrations of NaCl, 1AA supplementation, and their combined
effects in Zarrouk medium. The results indicated that after 10 days of cultivation at 28-30°C, with a light
intensity of 3500-4000 lux and pH 9, the highest fresh biomass of A. platensis was achieved in the medium
supplemented with 1 mg/L IAA, reaching 8.45 £ 0.286 g. The highest phycocyanin accumulation occurred in the
medium supplemented with 100 mM NacCl, reaching 9.81 £ 0.36 mg/g. Simultaneously, parallel investigations
explored phycocyanin extraction using a 1.5% CacCl, solvent, yielding the highest concentration of 19.71 £ 2.50
mg/g with ultrasonic assistance. These findings underscore that supplementing Zarrouk medium with 100 mM
NaCl and 1 mg/L IAA enhances both fresh biomass and phycocyanin content in A. platensis. This approach
holds promise for applications in research focused on maximizing biomass production and phycocyanin yield in
A. platensis.
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INTRODUCTION

Arthrospira platensis, commercially known as Spirulina platensis, is a genus of Cyanobacteria characterized by
photosynthetic, filamentous, helical-shaped, multicellular structures. Typically measuring between 50-500 pym in
length and 3-12 ym in diameter, it thrives in alkaline environments with high temperatures and strong sunlight
(Akbarnezhad et al., 2020; Wan et al., 2016). It has high protein content (up to 70%) and significant amounts of
essential fatty acids, amino acids, minerals, vitamins, and antioxidant pigments such as Chlorophyll-a (Chl-a),
Carotenoids (Cart), Phycocyanin (PC) and polysaccharides. These components have potential health-promoting
benefits and applications in non-communicable diseases such as diabetes mellitus, hyperlipidemia, oxidative
stress-induced diseases, inflammations, allergies, hypertension, and some types of cancer (Lafarga et al., 2020).
The growth and accumulation of biological pigments in A. platensis are influenced by various factors in the culture
medium, including light, high pH, salinity, temperature and nutrient composition such as Indole-3-acetic acid (I1AA)
and sodium chloride (NaCl). These factors impact the growth stages of A. platensis, altering the composition and
ratio of pigments (Jasuja, 2014). This study aims to explore the effects of nutritional factors in the culture medium,
specifically IAA, NaCl, and their combinations, on the growth, biomass accumulation, and pigment production
(Chl-a, Cart, PC) of A. platensis. The research provides insights into enhancing the production of nutrient-rich foods
derived from microalgae.

MATERIALS AND METHODS

Materials: A. platensis was obtained from the Research Institute for Aquaculture No.2 (Ho Chi Minh City,
Vietnam) and stored at 4°C. Before each experiment, the microalgae were inoculated for 10-14 days in 500 mL of
Zarrouk medium (Zarrouk, 1966) to achieve an optical density (OD) of approximately 1.0 at 680 nm. All containers
were continuously aerated and maintained at 30 £+ 2°C under continuous white fluorescent illumination at an
intensity of 3500-4000 lux.

Methods
Investigation of suitable solvents for the extraction of C-Phycocyanin from A. platensis

The ultrasound-assisted method represented an advanced scientific method in research and industrial
applications. This technique employed ultrasound equipment comprising a transducer and a reaction vessel to
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generate high-frequency waves, effectively disrupting algae cells and liberating phycocyanin into the processing
medium. This approach was characterized by its rapidity, efficiency, and preservation of the biological activity of
phycocyanin, thereby ensuring optimal yield and quality of the final product. (Zhang et al., 2017).

The microalgae suspension was centrifuged at 4000 rpm at room temperature and washed twice with distilled
water. Then, 1 g of fresh sample was extracted using 1.5% CaCl; solution, 0.1 M phosphate buffer (pH 7), and
distilled water with an algae ratio of 1:100 (g/mL). The tubes were then frozen at -20°C for 24 hours. After
thawing, the sample was sonicated at 120 W/40 kHz for 10 minutes at 20°C using an ultrasound device (WUC-32,
Jiayuanda, China), followed by centrifugation at 4000 rpm for 10 minutes, performed in triplicate. The supernatant
was collected and OD values of the microalgae suspension were measured on days 3, 5, and 10.

Investigating the effects of NaCl and IAA on the fresh biomass of A. platensis

The chemical compositions of Zarrouk medium includes (g/L): NaHCO3 16.8; NaCl 1.0; NaNOs 2.5; K;HPO4 0.5;
K2SQO4 1.0; EDTA 0.08; MgS04.7H20 0.2; FeS0,4.7H20 0.01; CaCl,.2H20 0.04 and micronutrient A5 1 mL (g/mL:
H3BO3 286; MnSO4.7H20 250; ZnSO4.7H20 22.2; CuS04.5H20 7.9; NaM004.2H,0 2.1.

The experiment was divided into four groups: (1) Zarrouk medium; (2) Zarrouk medium supplemented with 100
mM NaCl equivalent to 4.87 g/L NaCl; (3) Zarrouk medium supplemented with 1 mg/L IAA prepared by dissolving
10 mg of IAA in 1M KOH; (4) Zarrouk medium supplemented with 100 mM NaCl and 1 mg/L IAA. Each treatment
was conducted in triplicates. All containers were continuously aerated and maintained at 30 + 2°C under
continuous fluorescent illumination at an intensity of 3500-4000 lux. Biomass samples were collected on days 5
and 10 for analysis.

Fresh algae biomass was collected by filtering through 50-um nylon membranes on days 5 and 10 of cultivation.
Each experimental group underwent triple filtration to maximize biomass recovery. Subsequently, the fresh algal
biomass from each treatment was weighed and the fresh biomass was recorded.

Analysis of phycocyanin, chlorophyll a, and carotenoids content

The concentration of phycocyanin was determined using molecular absorption spectroscopy equipment (Model
752N, Jenway, England), the extracts in the solvents were measured for absorbance at wavelengths of 620 nm
and 652 nm as described by Bennett and Bogorad (1973) and Silveira va déng tac gia (2007). Chlorophyll a and
carotenoid were measured for absorbance at wavelengths of 665, 652 and 470 nm following the method
described by Xiong va dong tac gia (2017).

Statistical analysis

Data were presented as mean + standard deviation (n = 3). Statistical significance was determined using one-way
ANOVA with GraphPad Prism 9.5 software, with a significance level of p-values < 0.05. Charts and figures were
created using GraphPad Prism 9.5 software.

RESULTS AND DISCUSSION
Selecting the appropriate solvent for extracting phycocyanin from A. platensis

Fresh A. platensis biomass were extracted using various solvents, including 1.5% CaCl, solution, 0.1 M
phosphate buffer (pH 7), and distilled water at a ratio of 1 g algae per 100 mL of each solvent. After three
consecutive extraction cycles, 1.5% CaCl; solution exhibited the highest phycocyanin yield, with mean values of
14.38 + 3.31 mg/g, 4.28 + 1.52 mg/g and 2.15 + 0.55 mg/g, respectively. Phycocyanin productivity from distilled
water was significantly lower compared to 1.5% CaCl,, with average values of 2.97 + 0.77 mg/g, 10.68 + 1.68
mg/g, and 1.01 + 0.57 mg/g. Yield from phosphate buffer solution was also lower than from 1.5% CacCl,, with
average values of 0.92 + 0.18 mg/g, 9.78 + 0.11 mg/g, and 3.08 + 1.05 mg/g. Statistical analysis showed no
significant difference among the three solvents after three extraction cycles (p < 0.05) (Figure 1). However, the
total phycocyanin yield obtained from 1.5% CaCl, was higher than from distilled water and phosphate buffer
(Figure 2) and this difference was statistically significant (p < 0.05). This finding aligned with Ilter va déng tac gia
(2018), who investigated the extraction of phycocyanin using various solvents. They found that 1.5% CaCl.
solvent yielded the highest amount of phycocyanin when using frozen algal biomass and a ratio of 1 g algae:
100 mL solvent.
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Figure 1. Phycocyanin yields after three cycles of extraction Figure 2. Total phycocyanin yields after three cycles

. . of extraction
In the same extraction cycle, columns topped by different letters

are significantly different from each other (p < 0.05). Columns topped by different letters are significantly
different from each other (p < 0.05).

Efficiency of 1.5% CaCl; in Phycocyanin Extraction from A. platensis Using Ultrasound-Assisted Method

This study demonstrates that 1.5% CacCl; solution is the most effective solvent for extracting phycocyanin from A.
platensis using ultrasound-assisted extraction. This effectiveness is attributed to CaCl,'s appropriate ion strength,
which facilitates phycocyanin dissolution without compromising the algae cell structure. In contrast, while distilled
water effectively disrupts algae cells, it can also degrade phycocyanin, leading to lower extraction yields.

Phosphate buffer solution, though gentler on algal cells compared to distilled water, may form complexes with
phycocyanin, thereby reducing extraction efficiency. In a study by lliter va ddng tac gia (2018), it was found that
1.5% CacCl; does not disrupt the cell structure of A. platensis algae (Figure 3). The efficacy of 1.5% CacCl, is likely
due to its specific ion strength, capable of dissolving sodium-calcium channels without compromising the overall
cell structure. In contrast, distilled water results in a deep blue color due to complete cell disruption by ultrasound,
releasing all synthesized pigments within the cells. Despite its higher ion density, phosphate buffer solution (pH 7)
causes less cell disruption compared to distilled water (Figure 3) (ilter et al., 2018). Therefore, 1.5% CaCl,
solution was selected as the preferred extraction solvent for achieving the highest phycocyanin content compared
to the other two solvents. Subsequently, the 1.5% CacCl., solution was chosen for further experiments at a ratio of
1 g algae per 100 mL solvent using the ultrasound-assisted extraction method.
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Figure 3. Microscopic images of A. platensis biomass extracted with three different solvents

(A): non-extracted A. platensis, (B): A. platensis extracted with sodium phosphate buffer (pH 7.4),
(C): A. platensis extracted with distilled water, and (D): A. platensis extracted with 1.5% CaCl, solution (llter et al., 2018).

Investigating the effects of NaCl and IAA on fresh biomass of A. platensis

The standard cultivation medium: In the standard Zarrouk medium, A. platensis showed consistent growth,
yielding 4.309 + 0.1028 g and 7.596 + 0.245 g of fresh biomass on days 5 and 10, respectively (Figure 4). After 5
days, biomass was higher without IAA supplementation compared to 1 mg/L IAA (4.309 + 0.1028 g versus 2.236 +
0.139 g), indicating stable growth without IAA.

The impacts of NaCl: A. platensis could tolerate up to 100 mM (equivalent to 5.8%0) NaCl without significant
biomass reduction. Over 10 days, the fresh biomass obtained in the 100 mM NaCl treatment were 4.42 + 0.418 g
and 6.652 + 0.461 g on days 5 and 10 (Figure 4), showing statistical significance (p < 0.05). Biomass was lower in
the treatment containing only 100 mM NaCl compared to that in the treatment with both 100 mM NaCl and 1 mg/L
IAA (6.652 + 0.461 g versus 8.193 + 0.173 g). This study highlighted that while NaCl supports stable growth,
optimal biomass production requires IAA supplementation. Similarly, the research by Yu et al. (2024) also found
that the salinity of the culture environment significantly improved the content and yield of phycocyanin. Evidence
of this was that when adding 100 mM NacCl, the highest biomass content (1.89 g/L) and phycocyanin yield (30.61
mg/L) were achieved after 10 days of cultivation.

The impacts of IAA: The addition of 1 mg/L IAA had contrasting effects on A. platensis growth. By day 5, the
algae exhibited reduced growth with a fresh biomass of 2.236 + 0.139 g (Figure 4), which was significantly lower
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compared to the nutrient-unamended control (p < 0.05). However, by day 10, biomass in the IAA-supplemented
medium had increased substantially to 8.45 + 0.286 g (Figure 4), surpassing the control biomass of 7.596 + 0.245
g. The cost-effective nature of IAA supplementation proved beneficial in enhancing A. platensis biomass, which
could be advantageous for future biomass production studies.

Combined effect of NaCl and IAA: Simultaneous supplementation of 100 mM NaCl and 1 mg/L IAA had notable
effects on A. platensis growth. After 5 days, the algae reached their highest fresh biomass in the nutrient-
unamended control supplemented with both NaCl and IAA, achieving 5.314 + 0.242 g (Figure 4) with significant
differences observed (p < 0.05). By day 10, biomass in this combined supplement condition further increased to
8.193 + 0.173 g, demonstrating superior growth compared to the control supplemented with NaCl alone (6.652 +
0.461 g). The synergistic effects of these supplements significantly boosted biomass production, highlighting
potential applications in future research.

3 Zarrouk medium

=3 100 mM NaCl

o . 3{ =3 1mg/L1AA

) s Zarrouk medium + 100
T e ==\ mM NaCl + 1 mg/L I1AA
s

g e wie ] —

S ad = =

3 = =

= b =

el = =

s = =

Day 5 Day 10

The investigation period( Day)
Figure 4. Fresh biomass accumulation of A. platensis over cultivation time
Analysis of phycocyanin, chlorophyll-a and carotenoid contents

Phycocyanin content: On days 5 and 10 of cultivation (Figure 5), the phycocyanin productivity in the treatment
supplemented with 100 mM NaCl were 5.72 + 0.06 mg/g and 9.81 + 0.36 mg/g, respectively. In contrast, the
treatment supplemented with 1 mg/L IAA exhibited the lowest phycocyanin accumulation of 4.69 + 0.427 mg/g on
day 5 and 6.813 = 0.505 mg/g on day 10. Additionally, phycocyanin accumulation in the treatment supplemented
with both 100 mM NaCl and 1 mg/L IAA showed relatively stable growth, with values of 5.91 + 0.16 mg/g and 8.98
+ 0.233 mg/g on days 5 and 10, respectively. Rangkuti va déng tac gia (2023) also found that a salinity range of
5-10%0 was the most optimal for increasing phycocyanin accumulation in algae, which was similar to the salt
concentration used in the current study.
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Figure 5. Phycocyanin productivity in A. platensis over 10 days of cultivation

Chlorophyll-a and Carotenoids Contents: The study indicates that supplementation with 100 mM NaCl
significantly enhances phycocyanin accumulation in A. platensis. Conversely, supplementation with 1 mg/L IAA
does not increase phycocyanin content in the algae. Furthermore, phycocyanin productivity also shows a
significant increase in the medium supplemented with both 100 mM NaCl and 1 mg/L IAA. This suggests that the
NaCl concentration used in this study (100 mM) did not exert any negative influences on the accumulation of
phycocyanin in the algae. Therefore, this approach could be promising for maximizing the phycocyanin production
in A. platensis. The study observed changes in the pigment compositions of A. platensis under different nutrient
environments (100 mM NaCl, 1 mg/L IAA, and both factors). After 10 days of cultivation, chlorophyll-a content in
the medium supplemented with 100 mM NaCl and 1 mg/L IAA significantly decreased compared to the nutrient-
unamended control. This suggests that supplementation with 100 mM NaCl and 1 mg/L IAA appeared to inhibit
the biosynthesis of chlorophyll-a and carotenoids by A. platensis. Additionally, after 10 days of cultivation,
carotenoid content in the nutrient-unamended control was higher than in environments supplemented with
nutrients (100 mM NacCl, 1 mg/L IAA, and both factors). This indicates that nutrient supplementation, including 100
mM NaCl and 1 mg/L IAA, may influence carotenoid synthesis differently or potentially inhibit its accumulation
compared to the standard Zarrouk medium.
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Figure 6. Chlorophyll-a and carotenoids in A. platensis over 10 days of cultivation

Numerous studies highlighted that phycocyanin was used in food as a dietary supplement and as a natural
colorant. It was also employed in the cosmetics and biotechnology industries as a biochemical marker, including
as a fluorescent probe for cellular analysis and immunological tests. The role of phycocyanin in cancer was
demonstrated by its ability to inhibit tumor cell growth, suppress the cell cycle, and induce apoptosis and
autophagy in these cells (Braune et al., 2021; Fernandes et al., 2023). The biosynthesis of pigments in A.
platensis was complex and dependent on environmental culture conditions, making it crucial to research various
nutritional supplements to enhance pigments production.

CONCLUSION

In summary, cultivating A. platensis under varied nutrient environments (100 mM NaCl, 1 mg/L 1AA, and both)
revealed distinct outcomes. Supplementation with 1 mg/L IAA enhanced growth, with the highest fresh biomass of
8.45 + 0.286 g after 10 days. Chlorophyll-a and carotenoid levels were 7.93 + 2.004 and 2.25 + 0.43 ug/mL in the
control. The highest accumulation of phycocyanin (9.81 + 0.36 mg/g) was observed with 100 mM NaCl treatment.
These findings indicate that while 1 mg/L IAA enhances biomass production without affecting phycocyanin levels,
100 mM NaCl consistently enhances both phycocyanin yield and biomass. To optimize nutrient conditions for
maximizing both biomass and phycocyanin content, simultaneous supplementation of 100 mM NaCl and 1 mg/L
IAA is recommended. This approach demonstrates the potential for scalable algae production while maintaining
high phycocyanin levels.
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KHAO SAT KHA NANG SINH TRUONG VA TICH LOY PHYCOCYANIN
CUA VI TAO ARTHROSPIRA PLATENSIS KHI NUOI CAY TRONG CAC
DIEU KIEN MOI TRUONG DINH DUONG KHAC NHAU

Tran Ngoc Han, Nguyén Hoai Bao Ngoc, Nguyén Thi Kiéu Duyén,
Pham Thanh Céng, Nguyén Thi Van Anh, Huynh Vinh Khang

Khoa Khoa hoc Sinh hoc - Trurong Pai hoc Néng Lam Thanh pho Hb Chi Minh

TOM TAT

Arthrospira platensis 13 ngudn cung cip cac khoang chit va acid amin thiét yéu, cung véi cac chit chéng oxy
héa nhu chlorophyll va phycocyanin, ¢ 1gi cho sirc khde va hd trg ting cudng hé mién dich. Nghién ciru duge
thuc hién nhdm danh gia kha nang sinh truong va tich liily phycocyanin cua A. platensis duéi cac diéu kién moi
truong nudi cdy khac nhau, bao gdm thay di ndng d6 NaCl, IAA, va khao sat anh hudng két hop cia cac yéu td
nay khi bd sung vao méi trudng Zarrouk. Két qua cho thdy sau 10 ngay nudi cdy & 28-30°C, véi cudng d6 anh
sang 3500-4000 lux va pH 9, lwong sinh khéi tuoi cao nhét cua A. platensis dat dugc trong moi trudng duge bd
sung 1 mg/L TAA, dat 8,45 + 0,286 g. Ham lugng phycocyanin tich lily cao nhat trong méi trudng nudi cay bod
sung 100 mM NaCl, dat 9,81 + 0,36 mg/g. Pong thoi, két qua tir dé tai cling cho thiy khi sir dung dung moi
CaCl, 1,5% v&i su hd trg cua thiét b siéu am ly trich dwgc phycocyanin cao nhat 1a 19,71 + 2,50 mg/g. Tir o,
¢6 thé két luan rang, viéc bd sung vao mdi truong Zarrouk 100 mM NaCl va 1 mg/L IAA khong chi giap tao
tang sinh khdi tuoi ma con tang tich liiy phycocyanin. Phuong phap nay c6 tiém ning 16n trong viéc nghién ctru
t6i wu hoa san xuat sinh khbi va ning suét phycocyanin tir Arthrospira platensis.

Tir khéa: Arthrospira platensis, sinh khéi tuoi, Phycocyanin, sic t6, méi trudng Zarrouk.
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