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Abstract:  This study aimed to optimize the process of obtaining 
antioxidant extracts rich in β-carotene from the remaining biomass of 
Arthrospira platensis. Optimal extraction procedures using ultrasound, 
homogenization and temperature were investigated at the laboratory level. 
The results demonstrated that the highest yield of β-carotene in the extracts 
was obtained using 96 % ethylic alcohol at a temperature of +45 °C for  
30 minutes and a biomass/solvent ratio of 1 : 50 g·mL-1 and 1 : 10 g·mL-1. 
The activity of the antioxidant enzymes catalase and superoxide dismutase 
varied depending on the extraction method, and the highest activity was 
obtained in the experimental variants that were placed at the temperature of 
+35 °C and +45 °C. Considering the valuable biochemical composition and 
enzymatic activity, the antioxidant extracts obtained have a relevant potential 
for implementation in various fields such as animal husbandry, medicine and 
food. 
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INTRODUCTION 
 
Currently, particular attention of biotechnological research is directed towards the use of 
microalgae Arthrospira platensis which possesses high biological activity to produce 
extracts with a beneficial effect on human and animal health [1, 2]. A basic component 
of interest in cyanobacterial biomass are carotenoid pigments such as β-carotene and 
lycopene that protect vulnerable biomolecules in the cell from the damaging effects of 
environmental stress and reactive oxygen species [3, 4]. According to the literature, β-
carotene protects humans from serious disorders associated with oxidative and 
inflammatory stress, including skin degeneration and aging, cardiovascular disease, 
certain cancers, and age-related eye diseases [5]. In addition, research has suggested that 
β-carotene extracted from Arthrospira platensis may have neuroprotective effects and 
may be useful in the prevention and treatment of neurodegenerative diseases such as 
Alzheimer's and Parkinson's disease [6 – 8]. 
Extracts rich in β-carotene also play an important role in the zootechnical sector, being 
used to increase the productive and reproductive potential of animals. In animal studies, 
it has been established that β-carotene protects the plasma membrane against lipid 
peroxidation and loss of sperm viability [9, 10]. The susceptibility of spermatozoa to 
oxidative stress is a consequence of the abundance of polyunsaturated fatty acids in the 
sperm plasma membrane, the presence of which gives the membranes fluidity and 
flexibility that help sperm engage in the membrane fusion events associated with 
fertilization. Unfortunately, the presence of double bonds in these molecules makes them 
vulnerable to free radical attack and the initiation of the lipid peroxidation cascade. This 
results in subsequent loss of membrane integrity, creates morphological defects, impairs 
cellular functions, along with decreased sperm motility and induction of sperm apoptosis 
[11]. 
Also, the results of the studies provided that feeding chickens with microalgae extracts 
enriched with β-carotene contributes to a dark yellow color of the yolk [12] and 
significantly improves egg quality parameters such as shell thickness, albumin height, 
increases the ability of antioxidant and immune response of chickens [13]. Positive effects 
on quality have been recorded when using β-carotene for cattle feed and aquaculture as a 
supplement for shrimp and fish [14]. Consequently, the use of β-carotene to improve the 
quality of meat, eggs and dairy products will provide more benefits for animals as well 
as for human health when consumed [15 – 17]. 
Thus, studies on the optimization and obtaining of extracts with high β-carotene content 
for application in food, medicine and the zootechnical sector are becoming necessary, 
especially for stimulating the productive and reproductive potential of animals. 
Based on the above, the research aims to optimize the process of obtaining antioxidant 
extracts rich in β-carotene from the remaining biomass of Arthrospira platensis. 
 
 
MATERIALS AND METHODS 
 
Objects of research 
The dried biomass of Arthrospira platensis cyanobacteria, which remained after the 
production of the commercial BioR remedy, was used as research material. The biomass 
was provided by the company "Ficotehfarm" SRL, Chisinau, Republic of Moldova. 
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The remaining Arthrospira platensis cyanobacteria biomass was dried at a temperature 
of +50 ± 5 °C after which it was subjected to grinding in a grinder (Saturn ST-CM1231) 

for 3 min. The procedures for obtaining the extracts with the application of temperature 
were carried out using 96 % ethyl alcohol and performing the extraction at the following 
temperatures: +20 °C with permanent stirring at to rotary agitator to 200 rpm, +35 °C and 
+45 °C for 30 min with manual stirring of the flasks every 5 minutes. At the end of the 
process, the extracts were separated from the biomass by centrifugation (MPW-310) at 
3500 rpm for 10 minutes. 
The following experimental variants were carried out by homogenizing (Heidolph 
SilentCrusher M) the biomass for 5 minutes or 10 minutes, then the β-carotene content 
was extracted using 96 % ethyl alcohol, at room temperature, by permanent stirring at 
200 rpm, for 30 minutes, centrifugation at 3500 rpm for 10 minutes. 
The effect of ultrasound on obtaining β-carotene based extracts was studied by mixing 
biomass with 96 % ethyl alcohol and subjecting the mixture to ultrasonic treatment using 
a 50 W ultrasound processor. The ultrasound was applied at 50 % amplitude for varying 
durations of 3 minutes or 5 minutes, all conducted at room temperature. Following 
ultrasonication, the samples underwent centrifugation at 3500 rpm for  
10 minutes. 
 
Methods of achieving research 
 
The β-carotene content was determined spectrophotometrically (Shimadzu UV-1280) 
according to the method described by Delia et al. (2001) [18]. The method is based on 
extracting the pigments using 96 % ethyl alcohol and determining the absorbance of the 
extract at a wavelength of 450 nm. 
The activity of the antioxidant enzyme catalase (CAT) was determined by the 
spectrophotometric method [19]. The principle of the method is based on the ability of 
hydrogen peroxide to interact with molybdenum salts, which in turn leads to the formation 
of a resistant colored complex.  
Superoxide dismutase (SOD) activity was determined by the method based on the 
inhibition of the reduction of tetrazolium-nitro blue salt in the presence of 
tetramethylethylenediamine and riboflavin [20]. The protein content of the samples was 
determined according to the method described [21]. The principle of the method is based 
on the formation of a copper complex with peptide bonds and its subsequent reduction in 
an alkaline environment. 
 
Statistical analysis 
 
All experiments shown were performed in 3 replicates. The results were expressed by 
calculating the mean, ± standard deviation and confidence interval for a mean. All 
differences between calculated values were considered statistically significant for  
P  ≤ 0.05. 
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RESULTS AND DISCUSSION 
 
In this study, the impact of ultrasound, homogenization, and temperature on the process 
of obtaining antioxidant extracts with high content of β-carotene from the residual 
biomass of Arthrospira platensis was evaluated. According to the obtained results, it was 
determined that the content of β-carotene in the extracts varies within the limits of 0.2395 
± 0.002 - 0.6875 ± 0.010 mg/100 g (Figure 1). The highest results were recorded in the 
experimental variant of obtaining extracts with 96 % ethyl alcohol, at a temperature of 
+45 °C, for 30 minutes, with periodic stirring, the content being  
0.6875 mg/100g, with 187 % more compared to the control variant. The lowest  
β-carotene content was obtained in the variant in which the extraction was carried out at 
room temperature 0.2395 ± 0.002 mg/100 g and in the experimental variant in which the 
biomass was subjected to homogenization for 10 minutes 0.4591 ± 0.027 mg /100 g. 
 

 

Figure 1. The content of β-carotene in the ethanolic extracts obtained from the 
remaining biomass of Arthrospira platensis 

 
Similar findings regarding β-carotene extraction methods from Arthrospira platensis 
were obtained by other researchers, who determined that temperature significantly 
influences the extraction process. The results presented by Palma et al. (2013) suggest 
that temperature influences solubility, solute diffusivity and liquid viscosity and should 
be selected according to the applied organic solvent [21]. Additionally, the study 
presented by Soumen et al., 2013 demonstrates that the low temperature of +10-20 °C 
decreases the extraction yield of β-carotene content, as the temperature increased to  
+30 °C, the extraction capacity becomes relatively higher [22]. The use of ultrasound in 
the extraction of β-carotene from Arthrospira platensis also presents a promising way to 
improve the efficiency and effectiveness of the extraction process. The remarkable ability 
of ultrasound to destroy cell walls and membranes plays a key role in its impact on the 
extraction of β-carotene [23] and other bioactive compounds.  
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One of the most important parameters for the optimization of the extraction process is the 
biomass-to-solvent ratio. Therefore, the extraction yield was measured at different 
biomass-to-solvent ratios,   ranging from 1 : 10 to 1 : 200 g·mL-1, at a temperature of     
+20 °C. The results obtained are presented in Figure 2. 
It was determined that the biomass/solvent ratio of 1 : 50 g·mL-1 and 1 : 10 g·mL-1 gave 
maximum extraction yield, the content being 1.1685 ± 0.01 mg/100 g and 1.0247 ± 0.025 
mg/100 g. The increase in extraction yield with changes in the biomass-to-solvent ratio 
can be attributed to the initial conditions,   where   a high solvent volume at a 1 : 200 
g·mL-1 ratio resulted in a low concentration of extracted β-carotene.  
As the biomass concentration increases the concentration gradient between the solid 
biomass and the liquid ethanol becomes more favorable, enhancing the mass transfer of 
β-carotene from the solid phase to the liquid phase, thereby resulting in increased 
extraction yields. 
 

 
Figure 2. The content of β-carotene in the ethanolic extracts obtained from the 
remaining biomass of the Arthrospira platensis cyanobacteria depending on the 

biomass-solvent ratio 
      
In the next step, the activity of the antioxidant enzymes CAT and SOD, which are 
indispensable in many biochemical processes including intracellular signaling, defense 
and cell function was evaluated [24, 25]. As a result, it was established that in the 
experimental variants, CAT activity varies within the limits of 165.6 ± 8.9-763.85 ± 8.13 
mmol·min-1·mg-1 protein and SOD activity is within the limits of 89.89 ± 4.41-660.04 ± 
1.49 U·mg-1 protein. The highest activity of CAT and SOD was recorded in the extraction 
variants at the temperature of +35 °C and +45 °C (Figure 3). Conversely, the variant in 
which homogenization was performed for 10 minutes showed an inhibitory effect on 
enzyme activity. 
Comparing the results of this study with other sources, we can see that the levels of CAT 
and SOD activity vary depending on the extraction methods [26]. In the study presented 
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by Ramos-Romero et al., (2017) it was determined that the activity of SOD and CAT 
enzymes in Spirulina platensis extract was affected by the extraction temperature and 
time. Higher enzyme activity was recorded at temperatures of +40 
-60 °C which is consistent with the findings of this study [27]. 
 

 
Figure 3. The activity of the antioxidant enzymes CAT and SOD in the ethanolic 

extracts obtained from the remaining biomass of Arthrospira platensis cyanobacteria 
 
Furthermore, the inhibitory effect of homogenization on enzyme activity was also 
observed in the study reported by Kim et al., (2014) who established that excessive 
homogenization led to a decrease in SOD activity in Spirulina platensis biomass [28]. 
Based on the aforementioned information, the results obtained present substantial 
advantages from both an environmental standpoint, as they can contribute to reducing 
expenses related to industrial waste management and from the perspective of biological 
properties and economic potential. 
 

 
CONCLUSIONS 
 
The optimization of the methods for obtaining antioxidant extracts rich in β-carotene 
resulted in the highest yield in the experimental variant of extraction with 96 % ethyl 
alcohol, at a temperature of +45 °C, for 30 minutes and a biomass/solvent ratio of and 1 
: 10 g·mL-1. The obtained extract is also characterized by high activity of the antioxidant 
enzymes CAT and SOD. It was established that the values of CAT enzyme activity are 
763.85 ± 8.13 mmol·min-1·mg-1 protein and SOD 545.95 ± 1.16 U·mg-1 protein. 
Considering the valuable biochemical composition and the established enzymatic 
activity, the biologically active extract based on β-carotene obtained from the remaining 
biomass of Arthrospira platensis cyanobacteria has a relevant potential for application in 
various fields. Therefore, it represents a valuable resource for future research and 
development. 
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