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Abstract 
 

Algal biostimulants are a promising strategy to improve crop yield and plant bioactive compounds. Arthrospira 

platensis (Spirulina) alga has received attention due to its low cost of cultivation and nontoxicity to induce plant 

growth and development. Optimizing cell culture mediums using biostimulants can be applied to scale up cell 

biomass in medicinal plants. This study examined the impact of various concentrations of Spirulina extract (0, 

20, 40, and 80 mg L-1) on Matricaria chamomilla cell growth and antioxidant defense system after three weeks. 

The algal extract markedly increased the fresh and dry weights of M. chamomilla, and the maximum contents 

were obtained at 40 mg L-1 by a 2.7 and 2.3-fold raise compared to the control, respectively. Protein and 

carbohydrate contents increased by raising the extract concentrations, and the highest contents were observed in 

cells treated with 80 mg L-1 extract. H2O2 content decreased significantly in cells treated with 40 and 80 mg L-1 

extract due to enhanced antioxidant enzymes of superoxide dismutase, catalase, and peroxidase activities. 

Moreover, the algal extract (80 mg L-1) maximized total phenolics (1282.7 mg GAE g-1 DW), flavonoids (790.6 mg 

g-1 DW), and DPPH scavenging activity (89.5%) in M. chamomilla cells. These findings demonstrate that A. 

platensis extract at 80 mg L-1 is a suitable concentration to scale up the cell biomass and secondary metabolite 

production in M. chamomilla cells.    
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Introduction 

Matricaria chamomilla L. (chamomile) is a medicinal 

plant from the family Asteraceae. It is distributed in 

Europe and Western Asia and has grown spontaneously 

in various parts of Iran (Lim, 2012; Hassanpour et al., 

2020). It is widely used in the pharmaceutical, cosmetic, 

and food industries (Saeedi et al., 2024). Chamomile 

extract is composed of organic acids and  

phenolics, flavonoids, sterols, and terpene compounds 

and exhibits various pharmacological properties, 

including anticancer, anti-inflammatory, antioxidant, 

antimicrobial, antiallergic, antidiabetic, and 

neuroprotective effects (Dai et al., 2022; Xu et al., 

2020; Hassanpour and Niknam, 2020; Wan et al., 2019). 

Plant cell tissue and organ culture provide a valuable 

method to produce secondary metabolites and propagate 

medicinal plants. Secondary metabolites are usually 

produced in low amounts in specific tissues of plants, 

but they can be induced by cell suspension culture under 

controlled conditions. An alteration in the culture 

medium composition could promote metabolite 

production in plant cells (Bapat et al., 2023). 

Biostimulants act as inducers of plant growth and elicit 

secondary metabolite production by activating the plant 

defense system. These compounds have different types, 

including protein hydrolysate, humic substances, and 

extracts of plants, algae, fungi, and bacteria (Du Jardin, 

2015). Seaweed extract could affect plant growth, 

nutritional quality, and bioactive compound production 

(Stirk et al., 2020). The positive influence of microalgae 
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and cyanobacteria extract on plant growth and 

development was identified through their impacts on 

enzyme activities, gene expressions, and antioxidant 

defense systems (Prisa and Spagnuolo, 2023; Stirk et 

al., 2020; Van Oosten et al., 2017). There is little data 

about the impact of algal extract on callus induction and 

growth (Amin et al., 2009), but no information exists on 

the plant cell suspension culture. So, applying algal 

extract into the cell medium is so beneficial to improve 

valuable secondary metabolites.  

Arthrospira platensis (commonly named Spirulina 

platensis) is a cyanobacteria used as a dietary 

supplement for humans and applied as a biofertilizer in 

agriculture (Arahou et al., 2023). It has been reported 

that the Spirulina extract is composed of proteins (60-

70%) and essential amino acids (47% of the total 

protein weight), chlorophylls, carbohydrates (15-20%), 

lipids (5-8%), phytohormones (indole acetic acid, 

gibberellin, abscisic acid, jasmonic acid, and benzyl 

adenine), minerals, vitamins (C, B1, B2, B5, and B6), 

and organic acids (Arahou et al., 2023; Hassanpour et 

al., 2024; Lupatini et al., 2017; Amin et al., 2009; Silva 

et al., 2020). Proteins and phytohormones are involved 

in various physiological processes, including cell 

division, elongation, cellular metabolism, and 

differentiation (Shedeed et al., 2022). Moreover, 

Spirulina produces extracellular polymeric substances, 

and its polysaccharide moiety can help with nutrient 

absorption (Kapoore et al., 2021; El-Sayed, 2018). 

Recent studies have shown that using algal extract is a 

sustainable and promising technique. These extracts can 

enhance crop yield and promote agricultural 

sustainability (Gharib et al., 2024). For instance, 

Nannochloropsis salina extract of up to 1% improved 

the root and shoot length, number of leaves, and flowers 

in common beans by increasing growth regulators and 

antioxidant defense systems (Gharib and Ahmed, 2023). 

The S. platensis and Chlorella vulgaris extracts 

increased tomato tolerance against salinity by promoting 

chlorophyll synthesis and micronutrient absorption 

(Mostafa et al., 2023). In Cyamopsis tetragonoloba, 

Chlorella vulgaris extract stimulates phenolic 

compounds and photosynthetic rate (Kusvuran, 2020). 

There is no study about the effect of Spirulina extract on 

M. chamomilla cell culture. Enhancing cell  

biomass under Spirulina extract can help to  

enhance pharmaceutical raw materials and sustainable 

production of bioactive compounds in M. chamomilla. 

So, this research was conducted on the impact of 

Spirulina extract on the growth and antioxidant defense 

system by investigating the dynamic responses of H2O2, 

antioxidant enzyme activities, and antioxidant 

metabolites. Moreover, the regulatory impact of 

spirulina extract on the protein and carbohydrate 

contents in chamomile cells was examined for the first 

time.  

 

Materials and methods 

Plant material, callus induction, and cell suspension 

culture: M. chamomilla seeds were purchased from 

Pakan Bazr Isfahan. Seed disinfection and friable callus 

induction were conducted by the Hassanpour and 

Niknam (2020) method. The obtained calli were 

transferred into the liquid MS medium (Murashige and 

Skoog, 1962) supplied with 1.5 mg L-1 2.4-D and 0.5 

mg L-1 Kin and put on a rotary shaker (110 rpm, 25°C) 

in darkness. The cell suspension was subcultured into 

the fresh MS liquid medium every two weeks for two 

months, and the cell growth cure was calculated 

according to our previous study (Hassanpour and 

Niknam, 2020). Afterward, 2 ml of cell suspension was 

added to the solid MS medium containing different 

Spirulina extracts (0, 20, 40, and 80 mg L-1) and was 

adjusted to pH 5.7. For preparation of the extract, 0.2 g 

spirulina tablets from Ashbal Chemi Company 

(www.spiruvit.com) were homogenized in 10 mL 

sterilized deionized water by an IKA homogenizer 

(ULTRA-TURRAX Disperser, T18, German) and then 

filtered with a 0.45 µm filter. Afterward, the desired 

concentrations were added to the autoclaved MS 

medium at 40°C in a laminar hood. After 3 weeks of 

cell culture, cells were harvested for physiological and 

biochemical analysis. For each treatment, four 

replications were applied in two series of cultures.  

Carbohydrates and hydrogen peroxide levels: 

The total carbohydrate was determined by the phenol-

sulfuric method (DuBois et al., 1956). Dried cells (0.2 

g) were homogenized in 3 mL of distilled water and 

incubated at room temperature for 24 h. The 

homogenate was centrifuged at 4500 × g for 5 minutes 

by a microcentrifuge (Zigma, 1-16K, Germany). The 

reaction solution was 0.5 ml of extract, 0.5 mL of 5% 

phenol, and 2 mL of 97% sulfuric acid. The absorbance 

was recorded at 485 nm, and the total carbohydrate 

content was determined using a glucose standard curve. 

The H2O2 content was evaluated using the procedure 

explained by Alexieva et al. (2001). The fresh cell 

pellets (100 mg) were extracted in trichloroacetic acid 

0.1% (2 mL, w/v) in an ice bath. After centrifugation at 

12,000 × g for 15 min, the extract (0.5 mL) was added 

to the reaction mixture containing 100 mM phosphate 

buffer (0.5 mL, pH 7.4) and 1 M KI (1 mL). The 

absorption was read at 390 nm, and H2O2 content was 

computed through a standard curve.  

Protein level and antioxidant enzyme activities: 

Fresh cells (0.25 g) were homogenized in Tris-HCl (1 

M, pH 6.8) buffer at 4°C, and the supernatant was used 

for protein and enzyme assays. The Bradford method 

evaluated the protein content spectrophotometrically at 

595 nm (Bradford, 1976). 

To evaluate superoxide dismutase (SOD) activity, 

200 µL extract was mixed with nitroblue tetrazolium 

(NBT, 75 µmol), EDTA (0.1 mmol), potassium 

phosphate buffer (50 mmol), methionine (13 mmol), 

and riboflavin (75 mmol). After 10 min, the absorbance 

was measured spectrophotometrically (UNICO UV/Vis, 

4802, USA) at 560 nm (Giannopolitis and Ries, 1977). 

The enzyme activity was presented as units per mg-1 
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protein, and one unit was considered the amount of 

enzyme causing 50% inhibition of NBT reduction. The 

catalase (CAT) enzyme activity was measured at 240 

nm using the Aebi method (1984). The reaction mixture 

was 0.625 mL of 50 mM sodium phosphate buffer (pH 

7), 0.075 mL of 3% hydrogen peroxide solution, and the 

enzyme extract (10 µL). The enzyme activity was 1 

µmol of H2O2 oxidized per minute per mg protein. The 

peroxidase (POX) activity was determined using the 

method of Abeles and Biles (1991). A reaction mixture 

contained acetate buffer (pH = 4.8, 0.2 M), H2O2 (3%), 

benzidine solution (15 mM), and the enzyme extract (20 

µL). The absorbance was recorded at 530 nm. The 

enzyme activity was presented as µmol min-1 mg-1 

protein. 

Total phenolic content: The total phenolic content 

was measured using a modified Folin-Ciocalteu method 

(Akkol et al., 2008). Dried cells (200 mg) were 

homogenized in 5 ml of 80% methanol and were 

centrifuged at 4500 × g for 5 minutes. The reaction 

mixture was extract (100 μL), 500 μL of Folin-

Ciocalteu reagent [previously diluted with water at a 

ratio of 1:9 (v/v)], and 400 μL of sodium carbonate 

(20% w/v). After 90 minutes, the absorbance was 

recorded at 760 nm. The total phenolic content was 

quantified using a gallic acid calibration curve and 

expressed as mg gallic acid equivalent. 

Flavonoid content: Flavonoid content was 

estimated using the aluminum chloride colorimetric 

method with some modifications (Hatamnia et al., 

2014). In brief, 500 µL of cell extract was combined 

with 50 µL of sodium nitrate solution (5%), 50 µL of 

aluminum chloride solution (10%), and 250 µL of 

sodium hydroxide solution (4%). The mixture was then 

put at room temperature for 30 minutes. Absorbance 

was immediately measured at 518 nm. Total flavonoid 

content was expressed as mg rutin equivalent per 1 g 

dry weight. 

DPPH radical scavenging: The reduction of 2,2-

diphenyl-2-picryl hydroxyl (DPPH) solution was 

assessed following the method described by Patro et al. 

(2005). The 200 µL of the extract solutions were mixed 

with 300 µL of DPPH solution (0.1 mM DPPH in 

methanol). The absorbance was measured at 517 nm at 

room temperature after 30 min incubation. The radical 

scavenging activity was expressed as the percentage 

inhibition of the DPPH radical (%) = 100 × (A − B) / A, 

where A is the absorbance of the control, and B is the 

absorbance of the sample reaction mixture. 

Statistical analysis: Statistical analysis was 

conducted using one-way analysis of variance 

(ANOVA) with SPSS Ver 21 software. Duncan’s range 

test was applied to identify statistical differences 

between the treatments and control. Each experiment 

was repeated four times at a confidence level of P ≤ 0.5. 

Principal component analysis (PCA) was carried out 

through the XLSTAT 2021.2.2 software.  

 

Results 

Effects of algae extract on the cell biomass: A 

depiction of Chamomilla cells is shown in Fig. 1 and 

presents a significant difference in cell growth under 

different concentrations of Spirulina extract. The fresh 

and dry weights increased significantly with Spirulina 

extract at concentrations of 40 and 80 mg L-1 (Figs. 2a 

and b). The maximum fresh and dry weights were 

identified in cells treated with 40 mg L-1 by a 2.7 and 

2.3-fold rise compared to the control, respectively. The 

biomass decreased slightly in cells treated with 20  

mg L-1 extract. However, there was no significant 

difference compared to the control.  

Total carbohydrates and protein: Carbohydrate 

content increased by applying algal extract into the 

culture medium (Fig. 3a). Treatments of 40 and 80 mg 

L-1 showed the maximum carbohydrate content with a 

62.04 and 45.08.7% rise compared to the control, 

respectively. 

Protein content changed differently under various 

extract concentrations. Treatments of 40 and 80 mg L-1 

promoted protein content in cells with about a 1.7-fold 

rise compared to the control (Fig. 3b). However, its 

content did not change significantly in the treatment of 

20 mg L-1 extract compared to the control. 

Antioxidant enzymes and H2O2 level: Antioxidant 

enzyme activities changed markedly under Spirulina 

extract in M. chamomilla cells (Fig. 4). SOD activity 

was more induced in M. chamomilla cells treated with 

40 and 80 mg L-1 of extracts, with a 64.1% and 50% rise 

compared to the control, respectively (Fig. 4a). There 

was no significant difference between cells treated with 

20 mg L-1 extract and the control. POX activity 

displayed the maximum activity at 20 and 80 mg L-1 

extract by a 54.9 and 63.9% rise compared to control, 

respectively (Fig. 4b). Treatment of 40 mg L-1 also 

caused a 37.4% induction in POX activity. CAT activity 

increased in cells treated with Spirulina extract at all 

concentrations, and the maximum activity was obtained 

at 40 and 80 mg L-1 with a 38.1 and 30.2% rise 

compared to the control, respectively (Fig. 4c). 

Treatments of 20 mg L-1 also caused an insignificant 

rise (17.1%) in enzyme activity.  

The H2O2 level showed a different response under 

Spirulina extracts (Fig. 4d). As its activity displayed a 

26.9% rise in cells treated with 20 mg L-1 extract, while 

its content decreased in 40 and 80 mg L-1 treatments. 

The algal extract at 40 mg L-1 caused a 52.9% decline in 

H2O2 level in M. chamomilla cells.  

Total phenolics, flavonoids, and DPPH 

scavenging activity: Spirulina extracts changed 

antioxidant metabolites in M. chamomilla cells (Table 

1). The maximum phenolic content (1282.7 mg g-1 DW) 

obtained in cells treated with 80 mg L-1 extract was a 

2.18-fold rise compared to the control, followed by 

treatments of 20 and 40 mg L-1. Flavonoid content 

increased under algal extract, and the high content was 

identified in cells treated with 40 and 80 mg L-1 by a 

1.41 and 1.55-fold rise compared to the control. There 

was no significant difference between the 20 mg L-1 
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Figure 1. Depiction of M. chamomilla cell culture on solid MS medium supplied with different concentrations of Spirulina 

extract (0, 20, 40, and 80 mg L-1) (a). The scale bar was 10 cm. 
 

      
Figure 2. The fresh (b) and dry (c) weights of M. chamomilla cells under algal extracts. Different letters indicate significant 

differences based on the Duncans test at a significance level of P ≤0.05. 

 

      
Figure 3. Effect of different extract concentrations on the total carbohydrate (a) and protein (b) contents of M. chamomilla 

cells. Different letters indicate significant differences based on the Duncans test at a significance level of P ≤0.05. 

 
Table 1. Effect of spirulina extract on total phenolics, flavonoids, and DPPH scavenging activity of M. chamomilla cells   

Parameters 
Spirulina extract (mg L-1) 

0 20 40 80 

Total phenolics (mg GAE g-1 DW) 587.4 ± 22.3 d 993.1 ± 34.9 b 863.5 ± 63.1 bc 1282.7 ± 52.7 a 

Total Flavonoids (mg g-1 DW) 509.1± 29.4 c 519.2 ± 31.7 c 718.5 ± 40.6 ab 790.6 ± 32.8 b 

DPPH scavenging activity (%) 53.1± 2.35 b 60.8± 3.12 b 83.1± 2.93 a 89.5± 3.89 a 

Different letters indicate significant differences based on the Duncans test at a significance level of P ≤0.05. 

 

treatment and the control regarding flavonoid 

production.  

DPPH activity increased by applying algal extract in 

the medium. Treatments of 80 mg L-1 and 40 mg L-1 

significantly enhanced DPPH activity compared to the 

control, which was in agreement with the results of 

antioxidant metabolites. The maximum activity obtained 

in cells treated with 80 mg L extract was a 68.5% rise 

compared to the control.  

Relationships between physiological and 

biochemical parameters: The correlation between 

growth parameters and antioxidant capacity in the cells 

treated with algal extract and control was exhibited by 

the PCA graph in Fig. 5. Principal component 1 (F1) 

presented 77.42% of the total variation, and principal 

component 2 (F2) presented 18.99%. As presented in 

the PCA graph, the results from growth, SOD and CAT 

enzymes, protein, flavonoids, and DPPH are closely 

loaded to F1 axis and are positively related together.  
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Figure 4. Effect of different extract concentrations on the SOD (a), POX (b), CAT (c), and H2O2 (d) contents of M. 

chamomilla cells. Different letters indicate significant differences based on the Duncan's test at a significance level of P ≤0.05. 

 

Discussion 

Spirulina is found to be a bio-fertilizer supporting plant 

growth, and its composition is environmentally friendly 

and nontoxic for adding to the culture medium. It can be 

used as a low-cost alternative compared to traditional 

fertilizers. This study was established to clarify the 

underlying mechanisms of Spirulina extract on biomass 

and secondary metabolite production in M. chamomilla. 

The findings of this research displayed that Spirulina 

extracts at 40 mgL-1 markedly promoted the fresh and 

dry weights of M. chamomilla cells after 3 weeks, and 

this concentration can be used as a suitable tool for 

promoting cell growth in culture medium. The PCA 

graph displayed the results from protein, antioxidant 

enzymes of CAT and SOD; fresh and dry weights are 

closely loaded to F1 axis under 40 mg L-1 extract and 

are positively related together (Fig. 5).  

The impact of spirulina extract on growth promotion 

is more studied in intact plants, and less research has 

been done on the cell culture. For instance, Amin et al. 

(2009) reported that Spirulina extract improved callus 

and cell biomass yield in Sisymbrium irio, which was 

due to the promotive impact of phytohormones 

(cytokinin and auxins) and vitamins (C and B) existed 

in the extract on the cell division. In rosemary, Spirulina 

extract promoted the growth parameters under cadmium 

and lead stress by improving photosynthetic pigments, 

nutrient absorption, and activating the antioxidant 

defense system (Gharib and Ahmed, 2023). Moreover, 

the potential impact of seaweed extracts on the growth 

and protein content has been identified in Phaseolus 

vulgaris L. (Kocira et al., 2020) and Spinacia oleracea 

L. (Rouphael et al., 2018). Spirulina extract contains 

various bioactive molecules (polysaccharides, amino 

acids, organic acids, minerals, etc.), which can be 

considered as potent chelating agents (Arahou et al., 

2023) and help to increase absorption and availability of 

nutrients into cells and following cell growth (Mostafa 

et al., 2023). On the other hand, Enan et al. (2016) 

stated that the considerable impact of algae extract on 

the growth and protein content may be due to its 

influence on enhancing cell membrane permeability and 

plant capability in improving nutrient absorption.  

Carbohydrates are an important supplier of carbon 

and energy in plant metabolism, are involved in the 

plant defense system as a signaling molecule, and act as 

osmotic adjustments under stress conditions (Khornti, 

2023). In this study, Spirulina extracts gradually 
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Figure 5. PCA analysis of the investigated parameters of M. chamomilla cells under Spirulina extract. CAT-catalase, DW-dry 

weight, FW-fresh weight, POX-peroxidase, SOD-superoxide dismutase 

 

enhanced carbohydrate content in M. Chamomilla cells 

by raising the extract concentrations. Hamouda et al. 

(2022) reported that Spirulina extracts increased 

carbohydrate content in Triticum aestivum, which was 

related to inducing photosynthetic capacity (Aziz et al., 

2011). Puglisi et al. (2020) reported that microalgal 

extracts enhanced carbohydrates, proteins, and 

photosynthetic activity in lettuce by stimulating nitrogen 

and carbon metabolism. On the other hand, increasing 

carbohydrates can boost the enzymatic and metabolic 

antioxidative defense system against oxidative stress 

(Camejo et al., 2012). The PCA graph showed a 

positive relation between antioxidant metabolites and 

carbohydrates to scavenge ROS under 80 mg L-1 (Fig. 

5), suggesting a protective role of carbohydrates against 

ROS and oxidative damage in cells.  

Biostimulants can promote cell biomass by 

enhancing the antioxidant capacity to regulate ROS 

production and level in plants (Hassanpour, 2024). In 

this research, spirulina extract at 40 and 80 mg L-1 

boosted the efficiency of redox processes by decreasing 

the H2O2 level and stimulating enzymes linked to the 

defense system. H2O2 at a suitable level acts as a 

signaling molecule involved in many physiological 

processes by regulating gene expressions (Niu and Liao, 

2016), which is in accordance with the results of H2O2 

levels in cells treated with 40 and 80 mg L-1 extract. 

Similarly, Spirulina extract at 1% concentration 

significantly decreased H2O2, malondialdehyde, and 

electrolyte leakage in rosemary leaves (Gharib and 

Ahmed, 2023). Vignaud et al. (2025) reported that 

Spirulina, particularly its phycocyanin content, activates 

the Nrf2 pathway to regulate ROS levels. The Nrf2 

factor regulates the expression of antioxidant genes and 

is negatively regulated by binding to Kelch-like ECH-

associated protein (Keap1) in the cytosol. Upon 

oxidative stress, sensor cysteines in Keap1 are modified 

by ROS, leading to Nrf2 stabilization and translocation 

to the nucleus and activating the transcription of 

antioxidant genes. On the other hand, Spirulina extract 

at a low level (20 mg L-1) increased the H2O2 level, 

suggesting the metabolic balance of free radical 

regulation was disrupted in cells and caused oxidative 

damage and lipid peroxidation (Camejo et al., 2012). 

Similarly, the foliar spray of Chlorella vulgaris, 

Nannochloropsis salina, and S. platensis extracts on the 

bean leaf showed that the lower extract concentration 

(0.25%) of these extracts boosted the H2O2 level more 

than that of higher extract concentrations (0.5 and 1%), 

which was due to lower induction of antioxidant 

enzyme activities of glutathione reductase, ascorbate 

peroxidase, and SOD (Gharib et al., 2024). Findings 

showed that the extract at low concentration could not 

activate signaling pathways linked to ROS scavenging.  

Enzymatic antioxidants, such as SOD, CAT, and 

POX, play a crucial role in balancing cellular ROS 

levels. SOD plays an essential role in converting 

superoxide radicals to oxygen and H2O2 (Mohammadi et 

al., 2019), which is more activated in 40 mg L-1 of 

extract, followed by 80 mg L-1 (Fig. 3). POX and CAT 

enzymes reduce H2O2 into water and oxygen (Chen et 

al., 2013). Similar to SOD, CAT activity increased 

significantly under 40 and 80 mg L-1 of extract in M. 

chamomilla cells. POX activity was more heightened in 

cells treated to 20 mg L-1 and followed by 80 mg L-1 

compared to the control. The PCA graph also confirmed 

the negative relation between antioxidant enzymes and 

H2O2 level (Fig. 5). These results suggest the regulatory 

impact of extract concentrations on the response of 

these enzymes. SOD, CAT, and POX enzymes showed 

a central role in scavenging H2O2 at 40 and 80 mg L-1 

extract, while only POX activity was heightened at 20 

mg L-1 extract, oxidative damage increased, and then the 

cell growth decreased. Other research has shown that 
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seaweed extract could promote antioxidant enzymes in 

rosemary (Gharib and Ahmed, 2023), pistachio 

(Nikoogoftar-Sedghi, 2023), etc., in plants due to the 

inducing effect of compounds existed in extract on the 

enzymatic and non-enzymatic antioxidant defense 

system (Morillas-Espana et al., 2022). Spirulina 

polysaccharides (SPPs) have been found to have the 

potential to scavenge ROS radicals (Finamore et al., 

2017). SPPs (100 µg/kg) could downregulate the MDA 

level by promoting the activity of SOD, CAT, and GPX 

enzymes and eliminating hydroxyl radicals in rats 

(Elsonbaty and Ismail, 2020). SPPs could increase 

cytokines and signal transduction pathways of MAPKs 

and NF-kB factors to scavenge free radicals and 

immunomodulatory activity (Ai et al., 2023).  

Spirulina extract in the medium culture improved 

phenolic and flavonoid metabolites and DPPH 

scavenging activity in M. chamomilla cells, and the 

maximum antioxidant metabolites were obtained in cells 

treated with 80 mg L-1 compared to the control. 

Battacharyya et al. (2015) have reported that algae-

based extracts are able to promote the biosynthesis 

pathway of defense metabolites such as 

phenylpropanoids and flavonoids by changing primary 

and secondary metabolism. Applying A. platensis 

extract in onion increased total phenolic and flavonoid 

compounds (Gharib and Ahmed, 2023). Cyanobacterial 

(Calothrix elenkinii) inoculation enhanced the activity 

of phenylalanine ammonia-lyase (PAL), POX, and APX 

in the roots and shoots of rice seedlings (Priya et al., 

2015). The PAL enzyme plays a vital role in 

upregulating the phenylpropanoid pathway and 

producing phenolic compounds. On the other hand, 

Amin et al. (2009) pointed out that Spirulina extract 

stimulated antioxidant metabolites (total phenolics and 

flavonoids) and antioxidant capacity in the callus and 

cell suspension culture of Sisymbrium irio, which was 

found due to the elicitor function of algal extract. In 

addition, Spirulina extract contains amino acids, which 

can act as precursors for secondary metabolite synthesis 

and ameliorate the formation of reactive oxygen 

(Arahou et al., 2023).  

 

Conclusion 

The present study exhibits that organic materials like 

Spirulina are highly efficient in promoting the cell 

biomass yield and antioxidant capacity in chamomile 

cells. Spirulina at 40 and 80 mg L-1 can be applied as 

suitable concentrations to induce cell biomass and 

antioxidant defense systems. The algal extract (40 and 

80 mg L-1) prevented the generation and accumulation 

of ROS algal extract by raising SOD, CAT, and POX 

activities and antioxidant metabolite production 

(phenolics and flavonoids). Moreover, increasing cell 

biomass in cells treated with 80 mg L-1 was in 

accordance with more carbohydrate accumulation, 

phenolics, flavonoids, and DPPH scavenging activity. 

This research shows the possibility of utilizing spirulina 

extract as an effective method to scale up the raw 

materials for the pharmaceutical industry and 

sustainable production of bioactive compounds in 

chamomile cells. More details should be addressed in 

future studies using microscopic studies and patterns of 

gene expressions related to the metabolic pathways in 

extract-treated cells.   
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