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ABSTRACT: Basil (Ocimum basilicum), a member of the mint family (Lamiaceae), is a significant medicinal 

plant with potential applications in treating various diseases. This plant contains diverse phenolic compounds, with 

rosmarinic acid being the most abundant. One method to enhance the production of secondary metabolites such as 

rosmarinic acid in tissue culture involves the use of biological and non-biological stimuli. In this study, the effects of 

different concentrations of salicylic acid (0, 100, 200, 300, 400, and 500 μM) and BAP (0, 1, 2, 3, 4, and 5 mg L-1) on 

rosmarinic acid production were evaluated in vitro using a factorial design in a completely randomized format with 

three replications. The results revealed that all treatments significantly increased rosmarinic acid production compared 

to the control. The highest rosmarinic acid production (25.14 mg g-1 dry weight) was observed at 200 μM salicylic 

acid, while the lowest production occurred at 1, 2, and 3 mg L-1 BAP hormone levels. Overall, salicylic acid had a 

greater impact on rosmarinic acid production than BAP. It appears that hormonal treatments enhance this compound in 

basil by influencing growth processes, metabolism, and the activity of enzymes involved in rosmarinic acid 

biosynthesis. 

 

                         INTRODUCTION 

Despite the advancements in synthetic and chemical 

drugs, medicinal plants and their derived formulations 

continue to be extensively used and are considered an 

integral part of the medicinal and therapeutic systems in 

many countries [1]. Secondary metabolites are complex 

organic chemical substances produced by plants during 

their lifecycle. While these compounds do not play a 

direct role in growth or vital processes, they serve critical 

functions, such as repelling pests, attracting pollinators, 

and combating microbial diseases. Examples of 

secondary metabolites include aromatic substances, 

medicinally active compounds, seasonings, natural 

sweeteners, antimicrobial agents, pheromones, 

insecticides, herbicides, fungicides, plant hormones, and 

allelopathic compounds [2]. 

Plant tissue culture has emerged as a reliable alternative 

for producing biologically active compounds, offering a 

biotechnological approach to enhancing valuable plant 

characteristics. This method facilitates the rapid 

production of secondary metabolites, such as phenolic 

acids and flavonoids, within a short time frame. 

Basil (Ocimum basilicum L.), a member of the mint 

family (Lamiaceae), is an annual aromatic herb 

renowned for its medicinal properties due to the high 

concentration of essential oils in its vegetative organs. 

Widely used in traditional medicine [3], basil contains  
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diverse phenolic compounds, with rosmarinic acid being 

the most abundant [4]. Rosmarinic acid possesses 

numerous biological properties, including antioxidant, 

antiviral, antibacterial, anti-allergy, antipyretic, anti-

inflammatory, and anticancer activities. Its antioxidant 

capacity surpasses that of vitamin E, offering protection 

against damage caused by free radicals and preventing 

lipoprotein oxidation. Additionally, reports highlight its 

anti-AIDS potential. Rosmarinic acid is recommended 

for treating arthritis, cataracts, cancer, rheumatic 

inflammation, and respiratory conditions [5]. 

The composition of basil essential oil varies among 

cultivars, with key components such as linalool, methyl 

chavicol, citral, eugenol, cineole, camphor, and methyl 

cinnamate. These components hold significant value in 

the global markets for essential oils, perfumes, 

medicines, and the food industry. Usable parts of the 

basil plant include the leaves, flowering branches, and 

seeds. In traditional medicine, basil seeds are regarded 

for their calming, tonic, aphrodisiac, and diuretic 

properties [6]. Research has shown that purple basil 

varieties are rich in anthocyanins, making them a potent 

source of antioxidants [7]. 

Tissue culture techniques enable the production of 

secondary metabolites by optimizing plant selection, 

nutrient composition, plant hormones, vitamins, and 

environmental factors such as temperature. These 

techniques, including the use of elicitors, are particularly 

valuable for producing economically significant 

anticancer compounds on a small scale and at reduced 

costs [8]. With numerous species and cultivars in the 

Ocimum genus, understanding genotype-specific 

responses to culture conditions and treatments can 

inform the development of effective protocols to enhance 

secondary metabolite production [9]. 

Various studies have investigated in vitro basil culture, 

including cell culture strategies to improve secondary 

metabolite production [10], cultivation of hairy roots 

[11], micropropagation [12–14], and the use of elicitors 

to increase rosmarinic acid content [15- 25]. 

Salicylic acid (SA), a plant signaling molecule, has been 

extensively studied for its ability to enhance the 

production of secondary metabolites in various plants. As 

an abiotic elicitor, SA plays a significant role in plant 

defense mechanisms by inducing systemic acquired 

resistance (SAR) and activating several biosynthetic 

pathways, including those responsible for the synthesis 

of phenolic compounds. Several studies have 

demonstrated the positive effects of SA on the 

production of secondary metabolites in basil. In 

particular, SA at a concentration of 200 μM has been 

shown to significantly enhance the production of 

rosmarinic acid in basil under in vitro conditions [26]. 

This effect has been attributed to SA’s ability to activate 

the phenylpropanoid pathway, which is responsible for 

the biosynthesis of phenolic compounds like rosmarinic 

acid. These findings align with earlier studies where SA 

was found to increase the production of antioxidant 

compounds in various plants [27]. Salicylic acid has also 

been reported to stimulate the production of flavonoids 

and alkaloids in other medicinal plants, highlighting its 

role as an important elicitor in secondary metabolite 

biosynthesis [28]. Furthermore, SA’s ability to act as a 

stress signal that promotes the synthesis of defensive 

metabolites makes it particularly useful in plant tissue 

culture, where controlled stress conditions can lead to 

higher yields of bioactive compounds. 

Benzylaminopurine (BAP), a synthetic cytokinin, is 

commonly used in plant tissue culture to promote cell 

division, shoot proliferation, and overall growth. While 

BAP is primarily used to enhance vegetative growth, its 

effect on secondary metabolite production can vary 

depending on the concentration, species, and 

experimental conditions. In basil, BAP has been studied 

for its impact on both growth and metabolite production, 

but its effects on rosmarinic acid accumulation appear to 

be less pronounced compared to other growth regulators 

and elicitors like salicylic acid. In a study by Saha et al. 

[29], the application of BAP at concentrations of 1, 2, 

and 3 mg L-1 did not significantly increase rosmarinic 

acid production in basil, suggesting that BAP’s impact 

on metabolite accumulation is secondary to other 

treatments like salicylic acid. These findings were 

echoed in studies on other medicinal plants, where BAP 

was found to promote overall growth but did not 

significantly enhance secondary metabolite production 

compared to treatments with other elicitors or hormones 

[30]. In contrast, BAP’s role in promoting cell 

proliferation and shoot formation remains essential for 

generating large quantities of plant material for further 
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metabolite analysis and extraction. 

Elicitation is a well-established strategy used to enhance 

the production of secondary metabolites in plant tissue 

culture. Both biotic and abiotic elicitors, such as salicylic 

acid, jasmonic acid, and methyl jasmonate, have been 

shown to effectively stimulate the accumulation of 

bioactive compounds. Elicitors induce the plant’s stress 

response pathways, which in turn activate the 

biosynthetic pathways responsible for secondary 

metabolite production. In a study by Liu et al. [31], the 

combination of SA with other growth regulators was 

found to enhance the production of secondary 

metabolites in medicinal plants. However, the results of 

the current study align with those of earlier studies that 

suggest salicylic acid has a more significant role in 

promoting rosmarinic acid production than BAP. 

According to Sharma et al. [28], the use of SA as an 

elicitor in basil not only enhances rosmarinic acid 

production but also improves the antioxidant activity of 

the plant tissue, making it a highly effective strategy for 

obtaining plants with higher therapeutic potential. 

Biotechnological methods provide a means to produce 

significant quantities of plant material, often rare in the 

natural environment, while enhancing the concentration 

of biochemical compounds through optimized cultivation 

conditions [32]. Given the medicinal importance of basil 

and the high value of its secondary metabolites, 

particularly rosmarinic acid, identifying effective 

methods to stimulate their production is crucial. This 

study aims to evaluate the use of abiotic stimuli to 

enhance rosmarinic acid concentration in basil under 

tissue culture conditions. 

MATERIALS AND METHODS 

Plant materials and culture medium preparation 

In this experiment, seeds of basil (Ocimum basilicum), 

Genovese variety—a modified cultivar imported from 

Italy—were used. The culture was established on 

Murashige and Skoog (MS) basal medium, supplemented 

with 3% sucrose and 0.7% agar. The pH of the medium 

was adjusted to 5.7, and the medium was autoclaved at 

121°C under a pressure of 1.2 kg cm²-1 for 20 minutes. 

The seeds were disinfected using 3% sodium 

hypochlorite and subsequently treated with 70% ethanol. 

To ensure better contact between the disinfectant and the 

seed coat, 1–2 drops of Tween 20 were added during the 

process. Ten seeds were planted in each jar, and the 

cultures were incubated in a controlled growth chamber 

at 25 ± 1°C with a 16-hour photoperiod under fluorescent 

light at an intensity of 2200 lux. After four weeks, 

terminal buds with four leaves were used as isolated 

explants. To ensure a sufficient number of 

contamination-free samples, subcultures were prepared 

every two weeks [33]. 

Plant regulator treatments 

Two types of plant growth regulators were applied in this 

study. BAP (6-Benzylaminopurine) was used at 

concentrations of 0, 1, 2, 3, 4, and 5 mg L-1, while 

salicylic acid was applied at concentrations of 0, 100, 

200, 300, 400, and 500 µM. These treatments were 

incorporated into the MS basal culture medium. After 

one month, the samples were subcultured and grown for 

an additional month. 

Preparation of methanol extracts of basil 

Fresh samples (0.5 g) from aerial plant parts were ground 

with 3 mL of 96% ethanol. The resulting extract was 

transferred to a test tube, sealed with cotton, and 

wrapped in aluminum foil. The tubes were placed on a 

shaker for 24 hours to facilitate extraction, and the 

extracts were then purified. 

Preparation of standard solution 

A standard solution of rosmarinic acid at a concentration 

of 1 × 10⁻ ³ µM was prepared by dissolving 1 mg of 

rosmarinic acid in ethanol. Zirconium (IV) oxide 

chloride solution (1 µM) was prepared by dissolving 0.61 

g of zirconium oxide chloride octahydrate 

(ZrCl₂ O·8H₂ O, sourced from Merck, Germany) in 10 

mL of water [33]. 

Spectrophotometric test for rosmarinic acid 

Portions of 50, 75, 100, 125, 150, 175, and 200 µL of the 

standard rosmarinic acid solution were separately 

transferred into 5 mL flasks. To each, 4.6 mL of ethanol, 

x µL of the rosmarinic acid solution, and [(200 − x) µL] 

of ethanol were added. Subsequently, 200 µL of 
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zirconium (IV) oxide chloride solution was added to the 

mixture to make a final volume of 5 mL. After 5 

minutes, the absorbance at 362 nm was recorded against 

a reagent blank using a UV–vis spectrophotometer 

equipped with quartz cuvettes. 

A calibration curve of rosmarinic acid was generated by 

plotting absorbance against concentration, and the molar 

absorptivity was determined from the slope of the 

calibration line [33]. 

Determination of rosmarinic acid level 

To determine the rosmarinic acid concentration in basil 

extracts, 200 µL of the extract was mixed with 4.6 mL of 

ethanol and 200 µL of zirconium (IV) oxide chloride 

solution in a test tube. The absorbance was measured at 

362 nm at room temperature after 5 minutes. The 

concentration of rosmarinic acid in the extract was 

calculated using the following equation derived from the 

standard calibration curve: 

(Absorbance) Y = 0.1003X – 0.1283 

(R2 = 0.9869) 

Statistical analysis 

The experiment was conducted using a completely 

randomized design, with three replications and five 

explants per treatment. Data were analyzed using SAS  

software, and mean comparisons were performed using 

Duncan's multiple range test at a 5% significance level. 

Correlations between traits were also evaluated. 

RESULTS AND DISCUSSION 

The analysis of variance (ANOVA) revealed that 

salicylic acid had a significant effect on the concentration 

of rosmarinic acid at the 1% significance level. 

Furthermore, the results of ANOVA indicated a 

significant difference among the various concentrations 

of BAP. 

A comparison of the average salicylic acid levels in this 

study showed that the highest concentration of 

rosmarinic acid was observed at 200 µM. The differences 

between the various concentrations were highly 

significant in terms of effectiveness. While increasing the 

concentration to 500 µM resulted in a reduction in 

rosmarinic acid content, all tested concentrations 

produced higher levels of rosmarinic acid compared to 

the control. 

According to Figure 1, the results showed that increasing 

the concentration of salicylic acid from 0 to 200 µM 

significantly increased rosmarinic acid production, rising 

from 2.31 to 25.14 mg g-1 dry weight. However, further 

increasing the salicylic acid concentration from 200 to 

500 µM led to a decrease in rosmarinic acid production, 

dropping from 25.14 to 9.92 mg g-1 dry weight. 
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Figure 1. Comparison of the average effect of different levels of salicylic acid on the amount of rosmarinic acid in basil. 

 

Thus, the highest production of rosmarinic acid was 

observed at 200 µM, while the lowest was recorded at 

500 µM. Based on these results, 200 µM salicylic acid is 

recommended for maximizing rosmarinic acid 



F. Yahyaei et al / Journal of Chemical Health Risks 15(0) (2025) 0-0 

production in basil. 

Statistical analysis of the data also revealed significant 

differences in rosmarinic acid production across different 

levels of BAP. Increasing BAP from 0 to 1 mg L-1 raised 

the average production of rosmarinic acid from 2.31 to 

6.26 mg g-1 dry weight. Between 1 and 3 mg L-1, 

rosmarinic acid production remained stable, as indicated 

by similar statistical groupings. However, increasing 

BAP from 3 to 5 mg L-1 
significantly boosted rosmarinic 

acid production, rising from 7.49 to 15.4 mg g-1 dry 

weight. The highest production was achieved at 5 mg L-1 

of BAP, while the lowest was observed at 1 mg L-1, 

which was statistically equivalent to the levels at 2 and 3 

mg L-1 (Figure 2). 

d

c
c c

b

a

0

4

8

12

16

20

0 1 2 3 4 5

R
o

sm
ar

in
ic

 a
ci

d
 (

m
g
g

-1
D

W
)

BAP (mg/L)

 

Figure 2.  Comparison of the average effect of different levels of BAP on the amount of rosmarinic acid in basil. 

                             DISCUSSION 

The present study evaluated the impact of two plant 

regulators (salicylic acid (SA) and 6-Benzylaminopurine 

(BAP)) on the production of rosmarinic acid, a 

prominent secondary metabolite, in Ocimum basilicum 

(basil) grown in vitro. Secondary metabolites like 

rosmarinic acid are important due to their antioxidant, 

anti-inflammatory, antimicrobial, and anti-cancer 

properties. Enhancing the production of such metabolites 

is a major goal in medicinal plant biotechnology, as these 

compounds hold significant therapeutic value. In this 

study, the effects of various concentrations of salicylic 

acid and BAP on rosmarinic acid production were 

systematically investigated plant tissue culture; elicitors 

are external agents (either biological or abiotic) that 

stimulate the production of secondary metabolites. Both 

salicylic acid and BAP are known to affect plant growth 

and metabolic pathways. The results of this study 

confirm that both salicylic acid and BAP have significant 

effects on the accumulation of rosmarinic acid in basil, 

though the response varied between the two regulators. 

Salicylic acid (SA) is a plant hormone that plays a key 

role in plant defense responses, particularly in inducing 

the biosynthesis of phenolic compounds. Previous 

research has established that SA acts as a signal 

molecule, activating stress-related pathways and 

triggering the production of secondary metabolites like 

flavonoids, alkaloids, and phenolic acids [34]. The 

significant increase in rosmarinic acid production at 200 

µM SA observed in this study supports the notion that 

SA serves as an effective elicitor in basil tissue culture. 

At this concentration, the production of rosmarinic acid 

reached 25.14 mg g-1 dry weight, which represents a 

substantial increase compared to the control. The 

positive response of basil to SA treatment can be 

attributed to the activation of specific enzymes involved 

in the phenylpropanoid pathway, which is the 

biosynthetic route leading to the production of phenolic 

compounds such as rosmarinic acid. In particular, 

phenylalanine ammonia lyase (PAL), a key enzyme in 

this pathway, is known to be upregulated by SA [35, 36]. 

The activation of PAL by SA promotes the conversion of 

phenylalanine into trans-cinnamic acid, the precursor for 
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rosmarinic acid and other phenolic compounds [37, 38]. 

This enzymatic activity results in enhanced production of 

secondary metabolites, as observed in this study. 

Furthermore, SA has been shown to enhance the plant's 

defense mechanisms by inducing the production of 

phytoalexins and antioxidants, which may also contribute 

to the increased production of rosmarinic acid [39, 40]. 

Similar findings were reported from the research of 

Tortosa et al. [41], who demonstrated that increasing the 

concentration of salicylic acid up to 10 µM significantly 

elevated the levels of rosmarinic acid and total phenolic 

compounds in thyme. This increase in phenolic 

compounds also enhanced the antioxidant capacity of the 

thyme plant. However, when the concentration of SA 

was raised to 100 µM, the levels of rosmarinic acid and 

phenolic compounds declined, suggesting a 

concentration-dependent effect. 

Weitzel and Petersen [42] observed a direct relationship 

between increased activity of phenylalanine 

ammonialyase enzyme and rosmarinic acid production in 

lemongrass. Jiao et al. [43] reported that the application 

of salicylic acid at a concentration of 6.2 mg L-1 

significantly increased rosmarinic acid content in sage 

plants. These findings align with the results of the 

current study, where optimal concentrations of SA 

elicited a marked increase in rosmarinic acid production. 

 However, it is crucial to note that the effectiveness of 

SA is highly concentration-dependent. While 200 µM 

SA induced the highest yield of rosmarinic acid, higher 

concentrations (400 µM and 500 µM) resulted in a 

decline in metabolite production. This decrease may be 

attributed to an overactivation of stress pathways, leading 

to metabolic disturbances. Excessive levels of SA can 

suppress metabolic processes, potentially through the 

inhibition of enzyme activity or gene expression [44]. 

This highlights the importance of optimizing elicitor 

concentrations in plant tissue culture to avoid detrimental 

effects on plant metabolism [45]. 

6-Benzylaminopurine (BAP), a synthetic cytokinin, is 

widely used in plant tissue culture for promoting cell 

division and shoot proliferation. Cytokinins like BAP can 

influence the accumulation of secondary metabolites by 

altering plant growth and modulating enzyme activities. 

The results of this study suggest that BAP at higher 

concentrations (3-5 mg L-1) was effective in enhancing 

rosmarinic acid production, with the highest yield 

observed at 5 mg L-1 BAP (15.4 mg g-1 dry weight). This 

response could be attributed to the role of BAP in 

promoting cellular growth and differentiation, which 

may indirectly enhance the production of secondary 

metabolites. Cytokinins like BAP have been shown to 

increase the activity of PAL in various plant species, 

thereby facilitating the biosynthesis of phenolic 

compounds [46, 47]. The increase in rosmarinic acid at 

higher BAP concentrations observed in this study is 

consistent with previous reports that cytokinins can 

enhance the production of secondary metabolites by 

stimulating the phenylpropanoid biosynthetic pathway. 

Karalija and Paric [48] showed that the use of benzyl 

adenine at a concentration of 0.5 mg L-1 produced the 

highest amount of phenolic compounds in thyme plants. 

Kintzios et al. [49] in salvia plant concluded that 

increasing the concentration of Tofordi and Kintin at a 

concentration of 4.5 μM produced the highest amount of 

rosmarinic acid. The type of cytokinin, or the ratio of 

auxin to cytokinin, changes the formation and 

accumulation of secondary metabolites in cultured plant 

cells and has had a significant effect on the amount of 

compounds and secondary plant metabolites in Aconitum 

violaceum. Benzyladenine was more effective than 

thidiazrone, and the presence of auxin in the culture 

medium in combination with cytokinin increased the 

secondary metabolite of acetone [50]. However, the 

study also showed that lower concentrations of BAP (0-2 

mg L-1) did not significantly increase rosmarinic acid 

production compared to the control, indicating that there 

may be a threshold effect for the elicitor's efficacy. This 

suggests that the concentration of BAP needs to be 

optimized to balance cell growth and secondary 

metabolite production effectively. The study focused on 

two different classes of plant regulators, SA and BAP, 

which work through distinct signaling pathways. 

Salicylic acid is primarily involved in plant defense and 

stress response, while BAP acts as a growth regulator 

that promotes cell division and differentiation. The 

contrasting modes of action of these regulators suggest 

that they might act synergistically or antagonistically 

when combined in the same culture system. However, 

this study did not directly assess the combined effects of 

both elicitors, but based on the results, it is clear that 
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both have distinct roles in influencing rosmarinic acid 

production. 

While salicylic acid was more effective at inducing 

rosmarinic acid at lower concentrations (200 µM), BAP 

demonstrated its potential to increase metabolite 

production at higher concentrations (3-5 mg L-1). The 

synergy between growth stimulation (via BAP) and 

stress-induced secondary metabolite biosynthesis (via 

SA) could be explored further to understand how these 

two regulators might work together to enhance both 

growth and metabolite accumulation in basil. Further 

research could focus on testing combined treatments to 

explore potential additive or synergistic effects, which 

could lead to more efficient production protocols for 

rosmarinic acid. The findings from this study underscore 

the importance of optimizing culture conditions to 

maximize secondary metabolite production. The 

concentration of elicitors, the type of plant growth 

regulator used, and the nutrient composition of the 

culture medium all play crucial roles in influencing the 

yield of secondary metabolites. In the case of basil, 

salicylic acid was identified as a particularly effective 

elicitor at a concentration of 200 µM, while higher 

concentrations of BAP (3-5 mg L-1) also significantly 

increased rosmarinic acid production.  

Further optimization could involve testing additional 

factors such as light intensity, temperature, and the 

composition of the culture medium to enhance 

metabolite yields. Additionally, exploring the interaction 

between various elicitors, including biotic elicitors (such 

as fungal or bacterial treatments) and abiotic ones like 

SA and BAP could provide new insights into enhancing 

the production of bioactive compounds in basil. The 

ability to increase the production of rosmarinic acid in 

basil using in vitro culture techniques has practical 

implications for medicinal plant biotechnology. 

Rosmarinic acid’s wide range of biological activities 

makes it a valuable compound in pharmaceutical, 

cosmetic, and nutraceutical applications. Enhancing its 

production through tissue culture and elicitation can help 

meet the growing demand for rosmarinic acid while 

reducing dependence on natural harvests, which are 

limited by environmental and seasonal factors. 

Furthermore, using elicitors like salicylic acid and BAP 

in controlled culture systems offers a sustainable and 

cost-effective method for producing high-quality basil-

derived products. The results of this study can inform 

industrial-scale production of rosmarinic acid, 

contributing to the commercialization of medicinal plant-

based products. 

CONCLUSIONS 

This study demonstrates the effectiveness of salicylic 

acid and BAP as elicitors of rosmarinic acid production 

in basil under in vitro conditions. Salicylic acid, in 

particular, was found to significantly increase the yield 

of rosmarinic acid at concentrations of 200 µM, while 

higher concentrations of BAP (3-5 mg L-1) also enhanced 

production. The differential effects of these elicitors 

highlight the need for careful optimization of culture 

conditions, including elicitor concentration, to maximize 

metabolite yields. The findings have important 

implications for the production of rosmarinic acid in 

basil for medicinal and commercial use. 

Future research should explore the combined effects of 

salicylic acid and BAP, as well as the impact of 

additional environmental factors, to further improve the 

production of secondary metabolites in basil tissue 

cultures. Moreover, studies on the mechanistic pathways 

involved in elicitor-induced metabolite biosynthesis 

could provide deeper insights into how these compounds 

enhance plant defense and secondary metabolite 

production. 
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