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Abstract 

 

Background and Objective: Arthrospira cyanobacteria are important freshwater blue-green 

microalgae as food protein sources for humans. Arthrospira maxima phototrophic cultivation 

was carried out under various minimum media formulations to enhance biomass and protein 

productions. Macronutrients and micronutrients are vital for biomass production and protein 

accumulation of Arthrospira maxima for food supplemented uses. 

Materials and Methods: Photoautotrophic cultivation of Arthrospira maxima IFRPD 1183 

was carried out using various Zarrouk culture media and inoculum preparation conditions for 

biomass and protein productions. Arthrospira maxima IFRPD 1183 was cultivated using algal 

chamber under closed and open photobioreactor systems. 

Results and Conclusion: Micronutrients of B6 solution; NH4VO3, K3Cr2 (SO4)4. 24H2O, NiSO4. 

7H2O, Na2WO3, Co (NO3)2. 6H2O and Ti2 (SO4)3 did not affect cell growth and protein accumul-

ation in absence of media for inoculum production. Inoculum preparation under various 

conditions of Arthrospira maxima IFRPD 1183 was studied using filtration of the old media 

before use (cell filtration inoculum) with no filtrations of the old media before use (cell non-

filtration inoculum). Cell non-filtration inoculum preparation was reported appropriate for 

biomass production and protein accumulation. For large-scale productions, open pond system 

of Arthrospira maxima IFRPD 1183 resulted in maximum biomass and protein production at 

nearly 1 g l-1 and 64% (DW), respectively, for repeat batch photoautotrophic cultivation. 

Absence of micronutrients with cell non-filtration inoculum was reported as an easy process to 

achieve large biomass and protein productions for closed and open photoautotrophic 

cultivations of Arthrospira maxima at decreased costs. 
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1. Introduction 

The Arthrospira genus includes a group of photo-

synthetic, filamentous multicellular cyanobacteria (blue-

green microalgae) such as Arthrospira platensis and 

Arthrospira (A.) maxima [1,2]. Arthrospira spp. include rich 

sources of protein contents of 50-70% dry weight, vitamins 

and minerals, which depend on cultivation conditions [1,3]. 

Lack of cellulose in the cell wall of Arthrospira spp. faci-

litates digestion, compared to microalgae and macroalgae. 

Moreover, Arthrospira spp. have been reported to include 

therapeutic properties such as antivirus, antitumor, anti-

oxidant, anti-inflammatory, antiallergic, antidiabetic and 

antibacterial properties with the ability to treat several 

diseases [4]. Arthrospira spp. have been used as edible 

nutrients and protein and amino acid sources for 

malnourished people in several regions of the world. 

Moreover, Arthrospira biomass can be used in foods as 

generally recognized as safe, granted by Food and Drug 

Administration [5]. Arthrospira spp. occur naturally under 

alkaline culture conditions. Developing trichomes of 

Arthrospira include a couple of millimeter in length and 

cylindrical cells of 3-12 µm in diameter. Trichome is 

typically masterminded as a tight helix and replicates by the 
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discontinuity of the developing trichome into shorter 

filaments through the breakdown of particular intercalary 

cells of necridia [6].  

Arthrospira spp. can grow under various conditions, 

including photoautotrophically (using light as the energy 

and CO2 as the carbon sources), heterotrophically (on 

organic carbon compounds) and mixotrophically (sim-

ultaneously in light and on organic carbon compounds). 

Photoautotrophic is an economically viable method for 

large-scale commercial cultivations of microalgae. Open 

outdoor autotrophic cultivation methods are widely carried 

out to minimize energy requirements [7]. Moreover, open 

raceway pond system was initially used for the commercial 

culture of Arthrospira and is now used for mass biochemical 

production of several other microalgal strains [8]. Open 

systems are widely used for large-scale microalgal cultures 

due to their low production costs, low power needs, appro-

priate scale ups and easy cleaning processes, compared to 

closed photobioreactors (PBRs) [9].  

Several factors have been reported for Arthrospira spp. 

biomass and value-added productions, including light, tem-

perature and nutrient availability [10]. Moreover, culture 

media of Arthrospira include high concentrations of 

hydrogen carbonate as inorganic salts with alkaline pH 

values of 9-10 [11]. Arthrospira spp. grow under high 

alkaline conditions leading to high hydrogen carbonate 

quantity and production costs of the culture media. 

Cultivation media include great effects on productivity of 

biomass and other compounds in cells [12]. Nitrogen 

concentrations in media importantly affect Arthrospira 

productivity [13]. Previous studies have been focused on 

other sources of nitrogen macronutrients such as urea, 

ammonium nitrate, ammonia and ammonium chloride to 

decrease production costs of Arthrospira spp. [14-18]. 

However, a few studies have investigated micronutrients for 

the cultivation of Arthrospira spp. Arthrospira media 

contain several nutrients that affect costs [16]. Therefore, 

phototrophic cultivation of A. maxima was carried out under 

various minimum media formulations to maximize biomass 

and protein productions in the current study.  

2. Materials and Methods 

2.1. Microalgal strain and media maintenance 

The A. maxima IFRPD 1183 microalga was provided by 

the Institute of Food Research and Product Development 

(IFRPD), Kasetsart University, Thailand. First, A. maxima 

IFRPD 1183 was cultured in Zarrouk liquid media, 

containing the following compounds (g l-1): NaHCO3 (16.8), 

NaNO3 (2.5), K2HPO4 (0.5), K2SO4 (1.0), NaCl (1.0), 

MgSO4. 7H2O (0.2), CaCl2. 7H2O (0.04), FeSO4.7H2O 

(0.01) and EDTA (0.08). Micronutrients as 1 ml of each A5 

and B6 solutions were added into Zarrouk media. The A5 

solution contained compounds as follows (g l-1): H3BO3 

(2.86), MnCl2. 4H2O (1.81), ZnSO4. 7H2O (0.22), CuSO4. 

5H2O (0.08), MoO3 (0.01). The B6 solution contained the 

following compounds (mg l-1) of NH4VO3 (22.9), K3Cr2 

(SO4)4. 24H2O (96.0), NiSO4. 7H2O (47.8), Na2WO3 (17.9), 

Co (NO3)2. 6H2O (44.0) and Ti2 (SO4)3 (40). All chemicals 

were purchased from Ajax Finechem, NZ. Cell cultures 

were stored in Zarrouk liquid media at a controlled 

temperature of 25 °C [19]. 

2.2. Inoculum preparation  

Inoculum preparation of A. maxima IFRPD 1183 was 

carried out using light-transparent glass bubble columns 

with 3.22 cm of internal diameter, 0.39 cm of thickness and 

33.61 cm of height. The PBR was incubated in chamber 

equipment with temperature controlled at 30 °C. Light 

intensity included 162 µmol m-2 s-1 with 18-W daylight 

fluorescent lamps and 16:8 h light/dark cycles. Continuous 

air bubbles mixed with 2% CO2 at a flow rate of  

0.67 v v-1 m-1 were passed through PTFE membrane filters. 

Inoculums of A. maxima IFRPD 1183 were prepared in 50 

ml of Zarrouk media and stored for three days. Then, 

inoculums were added with 100 ml of Zarrouk media into 

the culture column and stored for three days or until the 

optical density at 560 nm was 1. An A. maxima IFRPD 1183 

preculture was used as inoculum. The inoculum density was 

10% (v v-1), corresponding to an OD560 of 0.1. 

2.3. Photoautotrophic cultivation 

2.3.1. Inoculum media 

Various media were studied for the inoculum preparation 

and cell cultivation (Table 1). The A. maxima IFRPD 1183 

was used as inoculum and adjusted to 10% (v v-1) in working 

volume of photoautotrophic cultivation (OD560 0.1) studied 

in a similar inoculum media. Initial pH of the media was 9.0 

±1.0. All experiments were carried out in triplicate. 

 

Table 1. Media composition of Arthrospira maxima 

IFRPD 1183 under photoautotrophic cultivation 

Component 
Medium composition 

ZM* ZM1 ZM2 ZM3 ZM4 

K2HPO4 (g l-1) 0.5 0.5 0.5 0.5 0.5 

NaNO3 (g l-1) 1.5 1.5 1.5 1.5 1.5 

K2SO4 (g l-1) 1.0 1.0 1.0 1.0 1.0 

NaCl (g l-1) 1.0 1.0 1.0 1.0 1.0 

MgSO4.7H2O (g l-1) 0.2 - 0.2 0.2 0.2 

CaCl2.2H2O (g l-1) 0.04 0.04 0.04 0.04 0.04 

FeSO4.7H2O (g l-1) 0.01 - 0.01 0.01 0.01 

EDTA (g l-1) 0.08 0.08 0.08 0.08 0.08 

A5 (ml) 1  1 - 1 - 

B6 (ml) 1 1 1 - - 

NaHCO3 (g l-1) 8.5 8.5 8.5 8.5 8.5 
* Modified Zarrouk medium used as a standard medium 

A5 solution (g l-1): H3BO3, 2.86; MnCl2.4H2O, 1.81; ZnSO4.7H2O, 0.22; 

CuSO4.5H2O, 0.08; MoO3, 0.01. 

B6 solution (mg l-1): NH4VO3, 22.9; K3Cr2 (SO4)4.24H2O, 96.0; 

NiSO4.7H2O, 47.8; Na2WO3, 17.9; Co (NO3)2.6H2O, 44.0; Ti2 (SO4)3, 40. 
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2.3.2. Growth media 

Two various methods of inoculum preparation (10%  

v v-1) were carried out, including 1) filtration of the media 

residues through 60-µm nylon membranes and washing 

cells with sterile water before use as inoculum (cell 

filtration, CF) and 2) cell with no filtrations (cell non-

filtration, CNF). First, A. maxima IFRPD 1183 was cultured 

in culture media protein accumulation in cells, which was 

improved using various inoculum preparation methods and 

growth media. The A. maxima IFRPD 1183 photo-

autotrophic cultivation was carried out in five various 

culture media compositions (Table 1). Various nutrient 

compositions were modified from Zarrouk media to 

minimum essential nutrients, while modified Zarrouk media 

(ZM) were used as control media. Cultures were incubated 

under similar conditions using chambers for CNF and CF 

inoculum preparations. Initial pH of the media was 9.0 ±1.0. 

All experiments were carried out in triplicate. 

2.3.3. Photoautotrophic cultivation in open raceway 

The A. maxima IFRPD 1183 was cultivated in 500-l 

raceway ponds with length of 2.08 m, width of 1.10 m and 

depth of 0.26 m. Open ponds were controlled using a paddle 

wheel speed of 15 rpm. The A. maxima IFRPD 1183 culti-

vation was carried out with added inoculums of 10%  

(v v-1) in a working volume of 200 l in modified Zarrouk 

media (ZM). Cells were grown to exponential phase and 

then harvested and mixed with an equal volume of fresh 

modified Zarrouk media for repeat photoautotrophic 

cultivation. All experiments were carried out in triplicate.  

2.4. Assessment of biomass cultivation 

Biomass concentration was assessed using filtration of 

the sample through GF/C Whatman filter papers (Whatman, 

Maidstone, UK). Filter papers were dried to a constant 

weight at 105 ºC. The protein content was analyzed using 

Kjeldahl method with a conversion factor from nitrogen to 

protein of 6.25. Assessment of pH was carried out using pH 

meter (Model Lab850; Schott, Germany). 

2.5. Kinetic parameters  

Cell growth and protein production parameters were 

assessed and the kinetic parameters were calculated using 

modified method of Yang et al. [20]. The maximum specific 

growth rate ( 𝜇𝑚 ) was achieved from the calculation of 

cultivation parameters. The microalgal growth was 

calculated based on the Eq (1): 

𝑑𝑋 𝑑𝑡⁄ =  𝜇𝑚(1 − 𝑋 𝑋𝑚⁄ )𝑋   Eq. (1) 

where 
𝑑𝑋

𝑑𝑡
 was the rate of microalgal growth, 𝜇𝑚 was the 

maximum specific growth rate of microalgae, 𝑋  was the 

concentration of microalgae in media and 𝑋𝑚  was the 

maximum value of cell concentration. The volumetric rate 

of protein production (𝑄𝑝) was calculated as follows: 

𝑄𝑝 =  𝑃𝑚 −  𝑃0 𝑑𝑡⁄    Eq (2) 

Protein productivity (𝑄𝑝) was calculated as a ratio of the 

corresponding variation in protein concentration (𝑃𝑚 −  𝑃0) 

to cultivation time. The yield coefficient for the protein 

production was calculated based on the Eq (3): 

𝑌𝑃/𝑋 = ∆𝑃 ∆𝑋⁄    Eq (3) 

2.6. Statistical analysis 

Triplicate data were statistically analyzed using one-way 

analysis of variance and SAS software v.8.1 (SAS Inst., 

Cary, NC, USA). Differences between the treatment means 

were analyzed using Fisher’s least significant difference 

(LSD). Statistical significances were reported at p ≤ 0.05. 

3. Results and Discussion 

Preliminary studies of various sodium hydrogen 

carbonate concentrations in Zarrouk media were carried out 

to investigate biomass concentrations of A. maxima IFRPD 

1183 (Fig. 1). Sodium hydrogen carbonate at 4.2-16.8 g l-1 

in culture media showed that biomass concentrations 

increased with increases in cultivation times. Sodium 

hydrogen carbonate at 8.5 and 12.6 g l-1 resulted in similar 

biomass growth rates. The maximum biomass concentration 

of 8.3 g l-1 was reported in culture media with a sodium 

hydrogen carbonate level of 8.5 g l-1. Therefore, modified 

Zarrouk media at 8.5 g l-1 sodium hydrogen carbonate were 

used as control media in this study. 

 

 
 

Figure 1. Biomass concentration of Arthrospira maxima 

IFRPD 1183 cultivated in Zarrouk media with various 

sodium hydrogen carbonate concentrations 

 

 

 

 

 

 

0

2

4

6

8

10

0 2 4 6 8 10 12

B
io

m
as

s 
co

n
ce

n
tr

at
io

n
 (

g
l-1

)

Cultivation time (day)

16.8 g/l

12.6 g/l

8.5 g/l

4.2 g/l



Wanida Pan-utai, et al ___________________________________________________________________________________________________________ 

 

228_______________________________________________________________________________________ Appl Food Biotechnol, Vol. 7, No. 4 (2020)  

 

3.1. Inoculum preparation and cultivation media 

Biomass concentration and protein accumulation of A. 

maxima IFRPD 1183 in ZM for inoculum preparation and 

growth of culture media are shown in Fig. 2. Cell growth 

increased with cultivation time with the highest biomass 

concentration of 7 g l-1. The highest protein content included 

64% (DW), which then decreased with increases in time. 

Various media were studied for the inoculum preparation 

and growth cultivation (Fig. 3). The A. maxima IFRPD 1183 

cell biomass concentrations in ZM1, ZM2, and ZM4 

increased within 4-6 days of cultivation and then decreased 

rapidly into death phase, while cultivation of A. maxima 

IFRPD 1183 in ZM3 for inoculum and growth showed 

increases in biomass concentration with increases in time of 

cultivation. Therefore, ZM3 with no B6 micronutrients for 

inoculum preparation and cultivation of A. maxima IFRPD 

1183 for biomass and protein productions resulted in 

appropriate growth and protein accumulation, compared to 

control media. Furthermore, A. maxima IFRPD 1183 was 

cultivated in various media for inoculum preparation and 

cultivation. Parameters of 𝑋𝑚  and 𝜇𝑚  from ZM3 were 

similar to those from ZM (control media) (Table 2). 

However, protein production and other parameters were 

lower than those in control media. Although ZM3 

formulation with no B6 was used in inoculum and 

production in this study, protein accumulation in cells 

decreased. Therefore, the best inoculum and production 

media of A. maxima IFRPD 1183 included ZM (modified 

Zarrouk media). 

 

 

 

 

 

 

 

 

 

 

Figure 2. Biomass concentrations and protein contents of 

Arthrospira maxima IFRPD 1183 cultivated in modified 

Zarrouk media for inoculum and growth cultivation (CNF, 

non-filtration; CF, cell filtration) 

 

 

 

 

 

Figure 3. Biomass concentrations and protein contents of 

Arthrospira maxima IFRPD 1183 cultivated in various 

media of inoculum and growth cultivation, including (A) 

ZM1, (B) ZM2, (C) ZM3 and (D) ZM4 (CNF, non-

filtration; CF, cell filtration) 
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Table 2. Kinetic parameters of Arthrospira maxima IFRPD 1183 cultivated using various inoculum and growth media 

conditions 

Medium* Xm m Protein Pm QP YP/X 

(g l-1) (d-1) (% DW) (g l-1) (g l-1 d-1) (g g-1) 

ZM (control) 7.02±0.67a 0.470±0.02a 64.43a 1.57±0.12a 0.245±0.02a 0.463±0.08a 

ZM1 1.36±0.14bc 0.374±0.00c 29.80c 0.28±0.03c 0.040±0.00cd 0.197±0.00b 

ZM2 0.81±0.15c 0.397±0.04bc 39.53b 0.17±0.02d 0.026±0.00d 0.165±0.01b 

ZM3 6.85±0.14a 0.478±0.01a 39.51b 0.88±0.03b 0.104±0.00b 0.218±0.02b 

ZM4 1.66±0.11b 0.417±0.00b 39.83b 0.32±0.02c 0.045±0.00c 0.176±0.00b 

* Medium composition shows in Table 1.  

Xm: Maximum biomass concentration, μm: Maximum specific growth rate, Pm: Maximum protein concentration, QP: Volumetric rates of protein production  

and YP/X: Protein yield coefficient 
a,b,…Means in the same column with different letters are significantly different (P < 0.05). Data were calculated from triplicate experiments ±standard 

deviation. 

3.2. Inoculum and cultivation media 

Biomass concentration and protein production of A. 

maxima IFRPD 1183 were studied under various treatments 

using inoculum preparation methods as CNF and CF in 

various culture media of ZM and ZM1–ZM4. Results of ZM 

and ZM1–ZM4 are shown in Figs. 4 and 5, respectively. 

Figure 4 shows A. maxima biomass concentration and 

protein production in ZM culture media. Biomass 

concentration increased for the two inoculum preparation 

methods with increases in cultivation time, including similar 

trends in various inoculum preparation methods. Protein 

production increased with increases in cultivation time until 

Days 4 and 6 of cultivation and then decreased. The highest 

protein content from CNF included 75% (DW), compared 

to CF inoculum methods. The A. maxima was cultivated 

under various photoautotrophic conditions in various 

culture media (Fig. 5). Treatments showed that biomass 

concentration increased with increases in cultivation time, 

whereas protein content increased to a maximum of 43-78% 

(DW) and then decreased with continuous cultivation. The 

CNF inoculum method achieved protein contents higher 

than those the CF method did. Various inoculum preparation 

methods, the highest biomass concentration and protein 

content revealed that the CNF condition was better than the 

CF condition.  

 
Figure 4. Biomass concentrations and protein contents of 

Arthrospira maxima IFRPD 1183 cultivated in modified 

Zarrouk media using various inoculum preparation methods 

Parameters of A. maxima IFRPD 1183 photoautotrophic 

cultivation in various culture media conditions for the high-

est biomass production and protein accumulation are shown 

in Tables 3 and 4 as CNF and CF inoculum preparation, 

respectively. The maximum biomass concentration (Xm) in 

various culture media ranged 4.8-7.5 g l-1 with the highest 

concentration recorded for ZM4 media with no significant 

differences from ZM and ZM3 (Table 3). In contrast, low 

maximum protein contents were achieved from ZM4. 

Maximum protein contents under various media ranged 56-

78% (DW) with no significant differences between ZM to 

ZM3. Moreover, maximum specific growth rate (m), 

maximum protein concentration (Pm) and protei 

productivity (QP) did not significantly vary within various 

culture media. Yield of protein production from cell 

biomass (YP/X) ranged 0.3-0.8 g g-1, which was not similar 

to that from control media (ZM).  
Table 4 shows the parameters of A. maxima IFRPD 1183 

with CF inoculum preparation in various culture media. The 

Xm value of cultivation in various media treatments ranged 

3-6.6 g l-1 with no significant differences for ZM2, whereas 

𝜇𝑚 showed the highest value in ZM control media. Protein 

productions in ZM2 and ZM3 were similar to that in ZM, 

whereas ZM1 and ZM4 showed lower protein productions 

in terms of dry weight (p ≤ 0.05). However, no significant 

differences of Pm and QP were seen between the culture and 

control media. These ranged 1.4-1.7 g l-1 and 0.14-0.19 g l-1 

d-1, respectively. Protein yield from cell YP/X was the highest 

in ZM2, with a low biomass concentration and high protein 

production. The ZM control media showed YP/X, similar to 

ZM3 culture media. Various media and inoculum prepara-

tion conditions of A. maxima IFRPD 1183 achieved various 

kinetic results; however, inoculum preparation with no CF 

showed increased cell growth and protein accumulation 

during cultivation. 
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Figure 5. Biomass concentrations and protein contents of Arthrospira maxima IFRPD 1183 cultivated in various media using 

various inoculum preparation methods, including (A) ZM1, (B) ZM2, (C) ZM3 and (D) ZM4 

Table 3. Kinetic parameters of Arthrospira maxima IFRPD 1183 cultivated using various conditions and cell non-filtered 

inoculum preparation methods (CNF) 

Medium* 
Xm m Protein Pm QP YP/X 

(g l-1) (d-1) (% DW) (g l-1) (g l-1 d-1) (g g-1) 

ZM (control) 6.85±1.04a 0.539±0.02a 77.83a 1.96±0.49a 0.318±0.08a 0.788±0.22a 

ZM1 4.75±0.54b 0.564±0.05a 60.34ab 1.50±0.32a 0.243±0.05a 0.365±0.10bcd 

ZM2 5.25±0.20b 0.493±0.02a 78.24ab 1.61±0.02a 0.258±0.00a 0.539±0.03b 

ZM3 6.91±0.81a 0.614±0.02a 66.65ab 1.58±0.06a 0.257±0.01a 0.228±0.03d 

ZM4 7.53±0.06a 0.465±0.18a 55.59b 1.64±0.06a 0.265±0.01a 0.312±0.02cd 

* Medium composition shows in Table 1.  

Xm: Maximum biomass concentration, μm: Maximum specific growth rate, Pm: Maximum protein concentration, QP: Volumetric rates of protein production  

and YP/X: Protein yield coefficient 
a,b,…Means in the same column with different letters are significantly different (P < 0.05). Data were calculated from triplicate experiments ±standard 
deviation. 

Table 4. Kinetic parameters of Arthrospira maxima IFRPD 1183 cultivated using various conditions and cell filtered 

inoculum preparation methods (CF) 

Medium* 
Xm m Protein Pm QP YP/X 

(g l-1) (d-1) (% DW) (g l-1) (g l-1 d-1) (g g-1) 

ZM (control) 6.34±0.98a 0.641±0.02a 72.19a 1.68±0.22a 0.166±0.02ab 0.266±0.04c 

ZM1 5.27±0.93a 0.574±0.03b 57.30b 1.37±0.43a 0.166±0.05ab 0.412±0.14b 

ZM2 2.97±0.50b 0.454±0.01c 73.47a 1.58±0.00a 0.151±0.00ab 0.727±0.00a 

ZM3 6.65±0.71a 0.588±0.03b 61.72ab 1.73±0.28a 0.141±0.02b 0.257±0.04c 

ZM4 6.46±1.05a 0.585±0.02b 43.49c 1.58±0.04a 0.191±0.01a 0.455±0.03b 

* Medium composition shows in Table 1.  

Xm: Maximum biomass concentration, μm: Maximum specific growth rate, Pm: Maximum protein concentration, QP: Volumetric rates of protein production  

and YP/X: Protein yield coefficient 
a,b,…Means in the same column with different letters are significantly different (P < 0.05). Data were calculated from triplicate experiments ±standard 

deviation. 
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3.3 Open raceway cultivation  

Open photoautotrophic raceway cultivations of A. 

maxima IFRPD 1183 for biomass production and protein 

accumulation were carried out in modified Zarrouk media 

for inoculum preparations of CNF and culture media. Open 

pond systems of A. maxima IFRPD 1183 cultivation are 

open to the environment; therefore, nutrient formulation of 

the culture media is the only factor controlled. Biomass and 

protein productions are shown in Fig. 6. A period of one 

month A. maxima IFRPD 1183 cultivation was studied in a 

raceway pond with a working volume of 200 l. Biomass 

concentration and protein content of the cells were assessed. 

The A. maxima cells showed increased growth until the 

early stationary phase within 10-14 days of cultivation at 

nearly 0.8 g l-1. Then, 100 l of the cells were harvested as 

Batch I and mixed with 100 l of fresh culture media. Cells 

were harvested as Batch II and a fresh culture media was 

added for production up to 28 days. In fact, A. maxima 

IFRPD 1183 achieved the maximum biomass concentration 

of 0.9 g l-1. This was lower than that of lab-scales because 

the environmental factors could not be controlled precisely. 

However, cells rapidly grew after harvesting. Moreover, 

accumulation of protein contents during cultivation was 

observed with a stable protein accumulation and the highest 

protein content of 64% (DW) with an average of nearly 53% 

(DW). The average pH, light intensity and temperature 

values included 9.6, 471 µmol m-2 s-1 and 37 °C, respec-

tively, during open pond cultivation. Therefore, decrease of 

modified Zarrouk media is appropriate for biomass and 

protein production from A. maxima IFRPD 1183. 

Arthrospira spp. are microalgal photoautotrophic 

filamentous cyanobacteria, commonly used as sources of 

human foods, animal feeds and cosmetic colorants [21]. The 

most accessible commercial products are primarily derived 

from A. platensis and A. maxima with high protein contents 

[22]. Furthermore, proteins from Arthrospira spp. include 

various amino acid and protein qualities, which are 

principally assessed by the concentration, proportion and 

availability of its amino acids. Optimization of Arthrospira 

growth conditions for mass production targets progress of 

production efficiency and decrease of costs. Several factors 

affect biomass production and biochemical accumulation in 

cells such as light intensity and temperature. However, 

environmental factors limit control in open systems in 

commercial productions. The economically significant 

cyanobacteria, Arthrospira, generally appear in large 

production ponds under sunlight sources. Moreover, 

nutrients in culture media play important roles in costs of 

massive productions. Therefore, nutrient formulations in 

cell productions are significant options for cost decreases. 

Various nutrient formulations in culture media composition 

change the biochemical compositions of microalgal 

accumulation for valuable products such as proteins, 

carbohydrates, lipids and pigments. 

Macronutrients and micronutrients are essential for media 

cultivation of Arthrospira biomass and protein production. 

Arthrospira spp. include a high hydrogen carbonate 

requirement, not only as a carbon source but also to maintain 

alkaline conditions that are favorable for their growth [25]. 

 

Figure 6. Biomass concentrations and protein contents of Arthrospira maxima IFRPD 1183 cultivated in open 

photoautotrophic raceway 
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Nitrogen deprivation debilitates protein accumulation 

and thus stimulates depletion of adenosine diphosphate 

(ADP) and nicotinamide adenine dinucleotide phosphate, 

supporting dysfunction of cell growth [26]. Phosphorus is 

an important element for microalgae, which is used in 

energy metabolism [27]. Phosphorus supplementation 

offers an effective procedure to resolve nitrogen limitation 

and is utilized to improve microalgal biomass production 

under nitrogen limitation conditions [28]. Moreover, 

micronutrients are important components in media to 

support cell growth and biochemical composition. Zarrouk 

medium is a complete medium that affects Arthrospira 

growth at limited costs. However, lack of micronutrients 

including magnesium, iron and A5 and B6 solutions in 

inoculum and cultivation media adversely affect cell 

expansion and protein production. Micronutrients such as 

magnesium, selenium, sulfur, iron and calcium and trace 

elements such as boron, copper, manganese, zinc and 

molybdenum are important in media, mostly used in 

enzymatic reactions [24]. These micro-nutrients are found 

in growth media at low levels; however, they are essential 

for the microalgal growth [29]. However, metals such as 

iron, magnesium and copper are toxic at high 

concentrations, while magnesium is an important cofactor 

in chlorophyll synthesis [30]. Therefore, lack of these 

micronutrients in media for a long time of growth culture 

induces cell weakness, chlorophyll synthesis decreases and 

rapid death phase. Indeed, A. maxima showed growth and 

protein production in media lacking B6 (ZM3). Inoculum 

preparation of A. maxima IFRPD 1183 with CNF resulted in 

cell growth and protein accumulation. The residual nutrients 

from the old inoculum assisted cells to preserve and produce 

protein accumulation. Moreover, cells with no filtrations of 

the old inoculum media are appropriate for the process of 

large-scale productions.  

4. Conclusion 

Arthrospira spp. are significant protein sources, which 

are used as food supplements. In this study, optimization of 

biomass and protein productions by Arthrospira spp. in 

decreased nutrient concentrations was carried out. The A. 

maxima IFRPD 1183 was cultivated under various media of 

inoculums and productions as well as inoculum prepa-

rations. Modified Zarrouk media with no B6 micronutrients 

can be used for inoculum preparation and culture media. 

The complete media of inoculum preparation with no 

filtrations in production stages were optimized to enhance 

cell growth and protein accumulation. The A. maxima 

photoautotrophic cultivation was carried out in modified 

Zarrouk media as the inoculum and production media using 

open systems.  

5. Acknowledgements 

This research was financially supported by the Kasetsart 

University Research and Development Institute (KURDI), 

No. [P-T(D)101.55], Kasetsart University, Thailand.  

6. Conflict of Interest  

The authors declare no conflict of interest. 

References 

1.  Pelizer LH, de Carvalho JCM, de Oliveira Moraes I. Protein 

production by Arthrospira (Spirulina) platensis in solid state 

cultivation using sugarcane bagasse as support. Biotechnol 

Reports. 2020; 5: 70-76.  

doi:10.1016/j.btre.2014.12.006 

2.  Nuhu AA. Spirulina (Arthrospira): An important source of 

nutritional and medicinal compounds. J Mar Biol. 2013; 

2013: 1- 8. 

doi:10.1155/2013/325636 

3.  Borowitzka MA. Microalgae in Medicine and Human 

Health: A Historical Perspective. Microalgae Heal Dis Prev. 

first edition. Academic Press. 2018; 195-210.  

doi:10.1016/B978-0-12-811405-6.00009-8 

4.  Finamore A, Palmery M, Bensehaila S, Peluso I. Anti-

oxidant, immunomodulating, and microbial-modulating 

activities of the sustainable and ecofriendly Spirulina. Oxid 

Med Cel Longev. 2017: 2017:1-14.  

doi: 10.1155/2017/3247528. 

5.  Matos AP. Microalgae as a potential source of proteins. 

Proteins Sustain Source. Process Appl. 2020; 63-96.  

doi:10.1016/B978-0-12-816695-6.00003-9 

6.  Borowitzka MA. Biology of microalgae. Microalgae Heal 

Dis Prev. 2020; 23-72.  

doi:10.1016/B978-0-12-811405-6.00003-7 

7.  Aishvarya V, Pradhan N, Nayak RR, Sukla LB, Mishra BK. 

Enhanced inorganic carbon uptake by Chlorella sp. 

IMMTCC-2 under autotrophic conditions for lipid 

production and CO2 sequestration. J Appl Phycol. 2012; 

24(6): 1455-1463.  

doi:10.1007/s10811-012-9801-9 

 

8.  Sun Z, Liu J, Zhou Z-G. Algae for Biofuels. In: Handbook 

of Biofuels Production.Second Edition. 2016:pp.673-698  

9.  Costa JAV, de Morais MG. An Open Pond System for 

Microalgal Cultivation. In: Biofuels from Algae. 2014:1-22.  

doi: 10.1016/B978-0-444-59558-4.00001-2.  

10.  Furmaniak MA, Misztak AE, Franczuk MD, Wilmotte A, 

Waleron M, Waleron KF. Edible cyanobacterial genus 

Arthrospira: Actual state of the art in cultivation methods, 

genetics, and application in medicine. Front Microbiol. 

2017: 8: 1-21.  

doi: 10.3389/fmicb.2017.02541.  

11.  Masojidek J, Torzillo G. Mass Cultivation of Freshwater 

Microalgae. In: Reference Module in Earth Systems and 

Environmental Sciences. 2014: 2226-2235. 

doi: 10.1016/B978-008045405-4.00830-2.  

12.  Delrue F, Alaux E, Moudjaoui L, Gaignard C, Fleury G, 

Perilhou A,  Petitjean M, Sassi JF. Optimization of 

Arthrospira platensis (Spirulina) growth: From laboratory 

scale to pilot scale. Fermentation. 2017; 3(4):1-14.  

doi: 10.3390/fermentation3040059. 

https://sciprofiles.com/profile/author/SzY2ZlhBSDIvWHQxc0hhdVl6cFYvUWY0VGNGZXdwMFhPTE4wcGNPM3JuTDFxYU9nUitMeldRVVljL25BUDFUSQ==
https://sciprofiles.com/profile/149082


Protein production by A. maxima ___________________________________________________________________________________________________ 

 

Appl Food Biotechnol, Vol. 7, No. 4 (2020) _______________________________________________________________________________________233  

 

13.  Celekli A, Yavuzatmaca M. Predictive modeling of biomass 

production by Spirulina platensis as function of nitrate and 

NaCl concentrations. Bioresour Technol. 2009. 100(5): 

1847-1851.  

doi: 10.1016/j.biortech.2008.09.042. Epub 2008 Nov 6. 

14.  Yuan X, Kumar A, Sahu AK, Ergas SJ. Impact of ammonia 

concentration on Spirulina platensis growth in an airlift 

photobioreactor. Bioresour Technol. 2011; 102(3): 3234-

3239.  

doi: 10.1016/j.biortech.2010.11.019. Epub 2010 Nov 12.  

15.  Sassano CEN, Gioielli LA, Ferreira LS, Rodrigues MS, Sato 

S, Converti A, Carvalho JCM. Evaluation of the composition 

of continuously-cultivated Arthrospira (Spirulina) platensis 

using ammonium chloride as nitrogen source. Biomass 

Bioenergy. 2010. 34(12): 1732-1738. 

doi: 10.1016/j.biombioe.2010.07.002. 

16.  Madkour FF, Kamil AEW, Nasr HS. Production and 

nutritive value of Spirulina platensis in reduced cost media. 

Egypt J Aquat Res. 2012. 38(1): 51-57.  

doi: 10.1016/j.ejar.2012.09.003.  

17.  Affan MA, Lee DW, Al-Harbi SM, Kim HJ, Abdulwassi NI, 

Heo SJ, Oh C, Park HS, Ma CW, Lee HY, Kang DH. 

Variation of Spirulina maxima biomass production in 

different depths of urea-used culture medium. Brazilian J 

Microbiol. 2015. 46(4): 991-1000.  

doi: 10.1590/S1517-838246420140188.  

18.  Soni RA, Sudhakar K, Rana RS. Comparative study on the 

growth performance of Spirulina platensis on modifying 

culture media. Energy Rep. 2019. 5: 327-336.  

doi: 10.1016/j.egyr.2019.02.009. 

19.  Pan-utai W, Kahapana W, Iamtham S. Extraction of C-

phycocyanin from Arthrospira (Spirulina) and its thermal 

stability with citric acid. J Appl Phycol. 2018; 30(1): 231-

242.  

doi:10.1007/s10811-017-1155-x. 

20.  Yang J, Rasa E, Tantayotai P, Scow KM, Yuan H, Hristova 

KR. Mathematical model of Chlorella minutissima 

UTEX2341 growth and lipid production under photo-

heterotrophic fermentation conditions. Bioresour Technol. 

2020; 102(3): 3077-3082. 

doi:10.1016/j.biortech.2010.10.049 

21.  Pagels F, Guedes AC, Amaro HM, Kijjoa A, Vasconcelos V. 

Phycobiliproteins from cyanobacteria: Chemistry and bio-

technological applications. Biotechnol Adv. 2019; 37(3): 

422-443.  

doi:10.1016/j.biotechadv.2019.02.010 

22.  Ritala A, Hakkinen ST, Toivari M, Wiebe MG. Single cell 

protein-state-of-the-art, industrial landscape and patents 

2001-2016. Front Microbiol. 2017; 8: 1-18.  

doi: 10.3389/fmicb.2017.02009.  

23.  Juneja A, Ceballos RM, Murthy GS. Effects of en-

vironmental factors and nutrient availability on the 

biochemical composition of algae for biofuels production: A 

review. Energies 2013. 6(9): 4607-4638.  

doi: 10.3390/en6094607. 

24.  Panahi Y, Khosroshahi AY, Sahebkar A, Heidari HR. Impact 

of cultivation condition and media content on Chlorella 

vulgaris composition. Adv Pharm Bull. 2019; 9(2): 182-194.  

doi: 10.15171/apb.2019.022.  

25.  Ismaiel MMS, El-Ayouty YM, Piercey-Normore M. Role of 

pH on antioxidants production by Spirulina (Arthrospira) 

platensis. Braz J Microbiol. 2016; 47(2): 298-304.  

doi: 10.1016/j.bjm.2016.01.003. 

26.  Fields MW, Hise A, Lohman EJ, Bell T, Gardner RD, 

Corredor L, Moll K, Peyton BM, Characklis GW, Gerlach R. 

Sources and resources: Importance of nutrients, resource 

allocation, and ecology in microalgal cultivation for lipid 

accumulation. Appl Microbiol Biotechnol. 2014; 98(11): 

4805-4816.  

doi: 10.1007/s00253-014-5694-7. 

27.  Fu L, Li Q, Yan G, Zhou D, Crittenden JC. Hormesis effects 

of phosphorus on the viability of Chlorella regularis cells 

under nitrogen limitation. Biotechnol Biofuels. 2019; 121:1-

9  

doi: 10.1186/s13068-019-1458-z.  

28.  Shen XF, Liu JJ, Chu FF, Lam PKS, Zeng RJ. Enhancement 

of FAME productivity of Scenedesmus obliquus by com-

bining nitrogen deficiency with sufficient phosphorus supply 

in heterotrophic cultivation. Appl Energy. 2015. 158(15): 

348-358.  

doi: 10.1016/j.apenergy.2015.08.057.  

29.  Tao R, Bair R, Lakaniemi AM, van Hullebusch ED, Rintala 

JA. Use of factorial experimental design to study the effects 

of iron and sulfur on growth of Scenedesmus acuminatus 

with different nitrogen sources. J Appl Phycol. 2020; 32: 

221-231.  

doi: 10.1007/s10811-019-01915-5.  

30.  Ward VCA, Rehmann L. Fast media optimization for 

mixotrophic cultivation of Chlorella vulgaris. Sci Rep. 

2019;9:1-9.  

doi: 10.1038/s41598-019-55870-9. 

 

 

  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Moll%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24695829
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peyton%20BM%5BAuthor%5D&cauthor=true&cauthor_uid=24695829
https://www.ncbi.nlm.nih.gov/pubmed/?term=Characklis%20GW%5BAuthor%5D&cauthor=true&cauthor_uid=24695829
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gerlach%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24695829


 
 

 

  Research Article 

APPLIED FOOD BIOTECHNOLOGY, 2020, 7 (4): 225-234 
Journal homepage: www.journals.sbmu.ac.ir/afb  

pISSN: 2345-5357 

eISSN: 2423-4214 

به منظور تجمع پروتئین در شرایط کمینه  دسترسی به  آرتروسپیرا ماکسیما 1کشت نورخودپرورد

 مواد مغذی
 2، پراماک پاراکالساکساتید1، ناتاپاس پوپات*1یوتای-ونیدا پان

 .، تایلند11911و تحقیقات مواد غذایی و توسعه فراورده، دانشگاه کاستسارت، بانکوک شناسی کاربردی، انستیتگروه میکروب -1

 .، تایلند11911کشاورزی، دانشگاه کاستسارت، چاتاکاک، بانکوک -فناوری، دانشکده صنعتگروه زیست -2

 تاریخچه مقاله

 2120 می 8دریافت 

 2121 ژوئن 2  داوری

 2121 جولای11پذیرش 

  هچکید 

برای  عنوان منبع پروتئین غذایی آبی آب شیرین به-های سبزسیانوباکترهای آرتروسپیرا ریزجلبک سابقه و هدف:

تحت آرتروسپیرا ماکسیما و تولید پروتئین، کشت نورخودپرورد  2تودهمنظور افزایش زی انسان اهمیت دارند. به

 ،کسیماآرتروسپیرا ماو تجمع پروتئین  تودهبرای تولید زیهای گوناگون کمینه محیط کشت انجام شد. فرمولاسیون

 باشند.حیاتی می 4هاو خرد مغذی 3هاکلان مغذیمنظور کاربردهای مکمل غذایی،  به

های گوناگون زاروک و شرایط تهیه تلقیح، توده و پروتئین، با استفاده از محیط کشتبرای تولید زی ا:مواد و روش ه

با استفاده از  IFRPD 1183آرتروسپیرا ماکسیما انجام شد.  IFRPD 1183آرتروسپیرا ماکسیما کشت نورخودپرورد 

 های روباز و بسته بیوراکتورهای نوری کشت داده شد.اتاقک جلبک تحت سامانه

، 3VO4NH، O224H 4)4(SO 2Cr3K ،O2. 7H4NiSO شامل 6Bهای محلول خردمغذی گیری:و نتیجهها یافته

3WO2Na، O26H.2)3Co (NO 3 و)4(SO 2Ti  محیط کشت برای تولید مایه بر رشد سلول و تجمع پروتئین در غیاب

با فیلتراسیون محیط  IFRPD 1183آرتروسپیرا ماکسیما تلقیح تاثیر نداشتند. تهیه مایه تلقیح در شرایط گوناگون 

ون فیلتراسیون بدتهیه مایه تلقیح )تلقیح فیلتراسیون سلولی ( مورد مطالعه قرار گرفت. کشت قدیمی قبل از استفاده 

توده و تجمع پروتئین مناسب تشخیص داده شد. در مقیاس بزرگتر، سامانه حوضچه روباز سلول برای تولید زی

 رتیبت توده و پروتئین بهکشت نورخودپرورد ناپیوسته، بیشینه تولید زی، در تکرار IFRPD 1183 آرتروسپیرا ماکسیما

صول منظور ح عنوان فرایندی آسان به ها در تلقیح سلول فیلتر نشده بهبود. نبود خردمغذی %44 (DW)و  g l 1-1 حدود

و با هزینه کاهش یافته  IFRPD 1183آرتروسپیرا ماکسیما های روباز و بسته توده و پروتئین در کشتتولید بالای زی

 گزارش شد.
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