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Abstract: The use of melatonin (MEL) on plants has recently become widespread. Melatonin (MEL) was 
used as elicitor in the leaf-derived sage (Salvia officinalis L.) callus culture, which allows production in a short 

time regardless of environmental factors. MEL was applied to the calli in various concentrations, and the 
effect on the amount and quality of phytochemicals was determined. MEL stimulated the production of the 
maximum quantity of sage calli and the synthesis of secondary metabolites when applied as an elicitor at a 
certain ratio (100 M). The callus induction rate decreased while the MEL concentration increased. Among the 
phytochemicals scanned by HPLC and GC-MS, especially the amount of rosmaniric acid was found to 
increase by 75% (100 µM). The amount of rosmarinic acid decreased gradually in the 200 µM and control 
groups. The color differences of the callus cultures were also considerable. The color, which was quite dark 
brown at 100 µM MEL, turned into a light color as the amount of rosmariniric acid decreased. In addition, 
phytochemicals such as α-thujone (27.56%), 1.8-cineole (5.9%), camphor (16.84%) analyzed in 100 µM MEL 
application have the highest rates compared to other applications. Phytochemicals present in the control 
group but not in the MEL treatments, and components present in the treatments but not in the control were 
detected (1.8-cineol, some aldehyde groups). Therefore, stimulating the production of pharmacologically 

HIGHLIGHTS 
 

• Melatonin (MEL) affected the phytochemical content of sage in callus culture. 

• MEL had the best stimulating effect at 100 µM concentration. 

• The quantity and quality of volatile compounds depend on the concentration of it. 

• The amount of rosmarinic acid was associated with callus color change. 
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valuable phytochemicals that can be obtained with a certain amount of MEL application in sage cell culture 
medium will provide an important commercial advantage. 

Keywords: Callus; Melatonin; Rosmarinic acid; Sage; Salvia. 

INTRODUCTION 

Plants have to deal with various stress factors they are exposed to protect themselves and survive. Their 

most effective mechanism in this fight is to produce phytochemicals called secondary metabolites and thus 
to adapt to changing environmental conditions [1, 2]. More than 100,000 phytochemicals have been identified 
until yet in more than 250,000 plant species in nature. This number will reach enormous values as the 
molecular structure of phytochemicals is deciphered [3]. Many studies done conducted to resolve the 
extraction, biological activities, and chemical composition of phytochemicals. These chemicals, which are 
soldiers in the defense task of the plant, are widely used by people for various purposes in medicine, and 
pharmaceutical industries [4]. The limited plant resources in the face of this demand have led to efforts to 
increase the yield of phytochemicals [5]. The biosynthesis of phytochemicals generally occurs in an organ or 
specific tissue of the plant. This synthesis occurs after a particular developmental period of the plant. There 
are difficulties in the extraction of phytochemicals from some medicinal plants grown in their natural 
environment. When these plants are grown in in vitro culture medium competence of the cells synthesizing  
phytochemicals is increased. In this way, more efficient phytochemicals get by quality and quantity [6]. In 

vitro methods provide a high rate of phytochemical products from biological materials in a short time and offer 
easy and economical solutions due to the ease of manipulation of growing conditions. The use of the in vitro 
method is a turning point in this sense [7,8]. Plant structures (cell, tissue, or organ) produced by cell culture 
have a higher metabolic rate than differentiated mature plants. So, plant tissue cultures are also used in the 
industrial field to produce valuable compounds [9]. At the same time, the use of biotic and abiotic stimulators 
[10] and elicitors [11] in differentiated cell cultures has become widespread to stimulate the production of 
much more phytochemicals in vitro. 

Plants can contend with abiotic stress sources, such as salinity, drought, temperature, and pH just as 
they can contend with biotic stress factors such as animal organisms, fungi, bacteria, and viruses. In this 
case, they show a series of morphological, physiological, biochemical and molecular responses to ensure 
the sustainability of their quality of life. The morphological and physiological responses of the plant exposed 
to biotic and abiotic stress factors, to protect itself from stress, physical such as high hydrostatic pressure 

(HP) [12], chemical such as organic and inorganic macromolecules [13,14] or biotic [15] are provided by 
elicitors [16]. The effect of elicitors in different biosynthetic pathways in a plant depends on its type and 
amount, but also varies according to both the plant in which the elicitor is used and the type of explant [17,18].  

Phytomelatonin, a bio-stimulator that increases the stress tolerance of plants, was recently discovered 
in plants, and has attracted attention with its presence in very high concentrations in plants compared to 
vertebrates. In particular, the effective defense mechanism of plants that have to live dependent on the soil 
can be explained by the high levels of phytomelatonin they contain [19]. On the other hand, phytomelatonin, 
which is defined as the 'plant master regulator' since it is claimed to regulate all hormonal production and 
secretion of the plant, regulates the morphological, physiological and biochemical processes of the plant [20]. 
The impact of MEL (Melatonin), which is used exogenously in a various stress conditions, to the plant has 
been examined in recent studies [21, 22]. However, by adding to MEL's in-vitro growth medium, the influence 
of Sage as an elicitor on the quantity and quality of phytochemicals was one of the subjects that needed to 

be investigated. 
Sage (Salvia officinalis L.), a member of Lamiaceae, is an aromatic plant native to the Middle East and 

Mediterranean areas, which is used extensively in the food and pharmaceutical industry [23]. Sage is used 
in the treatment of many diseases such as nervous, circulatory, and respiratory system diseases thanks to 
the antioxidant and antimicrobial properties of the phytochemicals contained (phenolic, terpenoids, and 
volatile organic compounds) [24]. On the other hand, because it is antimicrobial, sage has become the 
sought-after product of the food industry, as it contains the most effective phytochemicals against food 
spoilage and foodborne pathogens [25]. This study, it was aimed to determine MEL as an elicitor of sage 
which has a wide range of use in the industrial field in the callus culture medium [26, 27]. For this purpose, 
the effect of exogen MEL applied, which have various concentrations, in vitro on the quantity and quality of 
sage phytochemicals were analyzed. 
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MATERIAL AND METHODS  

Source of Explants and Culture Conditions 

Sage calli (Salvia officinalis L.) were produced from leaf explants, grown in a controlled growth cabinet 
in a tissue culture laboratory for 6 weeks (PAR: 135 μmol m−2 s−1; photoperiod: 16/8 h day/night; temperature: 
24 ± 2 °C; relative humidity: 51–54%). Sage leaves were washed with running water for 1 h and then waited 
in 70% (v/v) ethanol solution for 20 s and 10% (v/v) sodium hypochlorite solution for 5 min. for surface 
sterilization. For callus induction of leaf explants (0.5 × 0.5 cm), MS medium (Sigma-Aldrich® M0404, St. 
Louis, MO) containing 1 mgL−1 6-benzylaminopurine (BAP) and 2 mg L−1 1-naphthaleneaceticacid (NAA) was 
solidified with 7.0 g L−1 agar and 30 g L−1 sucrose (pH: 5.7 ± 1). 0.0 (as control), 100 µM, and 200 µM amounts 
of MEL (Melatonin) were added to the MS medium and autoclaved for 20 min under 103 kPa at 121°C. All 
groups (with three replications) were incubated at 25 ± 1 °C in darkness for six weeks in a growth chamber. 

The formula for calculating the callus induction frequency: 

Callus induction frequency (%) = [(Number of explants with callus) / (Total number of explants)] x 100     (1) 

Quantification of Secondary Metabolites in Callus 

The phytochemicals of sage calli applied with different concentrations of MEL were determined by 
GC/MS and HPLC. 

Sample Preperation: Sage calli (1g) were homogenized with 10 mL methanol and were centrifuged at 
4000 rpm for 5 min. The supernatant was dried in a vacuum rotary evaporator at 40 °C. Dry residues were 
dissolved in 500 µL methanol and filtered a 0.02 µm Millipore filter. 

HPLC Analysis: The HPLC system was equipped with LC-10 ADvp pump, SIL–10A Dvpauto-sampler, 
and CTO-10 Avp column oven (Shimadzu, Kyoto, Japan). Agilent Eclipse XDB-C18 (250×4.60mm, 5 μm) 
column and a mobile phase consisting of methanol and acetic acid (3%v/v) in water were used. The flow rate 
was 0.8 mL min−1 and the injection volume was 20 μL. The column temperature was adjusted to 30 °C. Diode 

Array Detector (DAD) was working at a value of λmax=278nm, and chromatograms were acquired at different 
wavelengths according to the absorption maxima of the analyzed compounds. 

GC-MS Analysis: Aromatic content was measured by gas chromatography/mass spectrometry (GC/MS). 
The name of the system was fused silica SPME fiber CAR/PDMS with a column of Restek Rx-5Sil MS (30 m 
× 0.25 mm i.d., 0.25 μm film thickness). The flow rate of helium as carrier gas was 1.61 ml/min. The injector 
temperature was 250 °C, set for splitless injection. After waiting 2 min at 40 °C, the system reached 250 °C 
in 4 °C increments per min and waited for 5 min at 250 °C. Mass spectra were taken at 70 eV. The sample 
was kept to stand for 30 min with fiber, for 15 min without fiber at 60 °C, and desorbed at 250 °C. Relative 
percentage amounts of the separated aromatic compounds were calculated from total ion chromatograms by 
the computerized integrator. 

Statistical Analysis 

The obtained data were statistically analyzed using SPSS version 19 (Chicago, IL, USA). All applications 

were repeated three times, and the results were expressed as mean ± standard deviation (SD) values. One-
way analysis of variance (ANOVA) and Duncan’s multiple range test was performed for comparing the means 
of different applications (P < 0.05). Different letters indicate statistically significant differences. 

RESULTS AND DISCUSSION 

In in vitro culture media, in a short time, the qualitative and quantitative of phytochemicals generally 
increase significantly with the effect of different inducing materials and biotic and abiotic elicitors that trigger 
defense [28]. Well-developed calli were obtained from young and healthy leaf explants of sage and they were 
placed in MS medium at concentrations of 100 and 200 µM MEL (Melatonin), together with the control group 
(0.0). The callus induction rate decreased in parallel with the increase in MEL concentration, 98%, 56.2% 
and, 35.4%, and 0.0, 100, 200 µM MEL concentrations, respectively. The best callus growing was in MEL 
application at 100 µM concentration. Morphological changes that occur in vitro with callus induction can be 
identified to a significant extent [29]. In particular, the callogenesis process is affected by some elicitors [30]. 
In addition, changes in callus induction rates and callus sizes also help determine the optimal components 

of the cultures. While very low rates of some bioactive compounds such as α-pinene, α-thujone, and camphor 
were detected in undifferentiated callus tissues in A. spicigera, the rate of callus induction increased with the 
application of 1 mgL-1 NAA (naphthalene acetic acid) to the MS medium. This event demonstrates the 
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existence of a relationship between in vitro shoot induction and the production of volatile compounds [31]. 
The maximum determination of callus size at 100 µM MEL concentration (14.57 mm, 21.83mm, 19.33 mm; 
0.0, 100, 200 µM MEL concentrations, respectively) (P˂0.05) can be defined as a clear indicator of the 
optimum effect of MEL in the callus medium (Figure 1). The highest rate of callus size at 100 µM MEL 
concentration may indicate that MEL alters some physiological processes such as phytochemical synthesis 
this concentration. 

 

 

Figure 1. Callus induction; a: control (0.0); b: 100 µM MEL; c:200 µM MEL. 

The phytochemicals of sage calli applied with different concentrations of MEL were analyzed by GC/MS 
and HPLC. Phytochemical contents of sage calli (mono-, sesquiterpene hydrocarbons and oxygenated 

mono-sesquiterpenes) have different responses according to MEL concentration, compared to control 
(P˂0.05). The main components commonly used to evaluate phytochemicals for essential oil are of sage: α-
pinene, camphene, β-pinene and myrcene (monoterpene hydrocarbons), β-caryophyllene and α-humulene 
(sesquiterpene hydrocarbons), 1,8-cineole, camphor, α-thujone, β-thujone, borneol, bornyl acetate 
(oxygenated monoterpenes), viridiflorol, manool (oxygenated sesquiterpenes). The amount of these 
components obtained from sage shows the quality of the sample in terms of essential oil [32, 33, 34, 35]. 
Mono- and sesquiterpene hydrocarbons at 100 µM MEL concentration in tissue culture medium 
supplemented with different concentrations of MEL; from α-pinene (1.33%), camphene (2.8%), α–humulene 
(6.2%) and oxygenated monoterpenes; α-thujone (27.56%), 1,8-cineole (5.9%), camphor (16.84%) were 
defined highest ratios content (Figure 2). These ratios decreased in the control group and 200 µM MEL 
concentration, respectively (P˂0.05). 27.56% of the volatile compounds of sage calli at 100 µM MEL is α-
thujone, the highest proportion of all content. α-thujone, a volatile monoterpene ketone, can only be produced 

by a few plants in nature. Besides being used to sweeten foods, this compound is most well known for its 
neurotoxicity. Thereby, it uses in the cure of various diseases (hepatoprotection, bronchial catarrh, 
rheumatism, psoriasis and uterine carcinomas) [36] antiviral and antitumor effects, as well as showing 
different wound healing and pain relief properties [37] and stimulates the immune response with its 
immunomodulatory properties [38]. Although the α-thujone ratio was low in the control group calli of sage 
(4.23%), this ratio increased approximately seven times to 27.56% with the addition of 100 µM MEL. The fact 
that the α-thujone ratio in the volatile content of in-vitro grown sage is higher than the naturally collected 
samples [39] is an indication of the contribution of in-vitro MEL application as an elicitor. However, at 200 µM 
MEL, the rate of α-thujone was close to control (6.81%). For example, the α-thujone ratios of Salvia officinalis 
L. collected from 5 different natural habitats were determined as 14.8-19.0% [33]. Sage volatiles, collected 
from various European countries, contains α-thujone 6.8-26% [34]. This result shows that when a certain 
MEL concentration is being used can significant amounts of the α-thujone be synthesized. This concentration 

(100 mM of MEL) might be the one that may be raised the most by interfering with MEL's process for 
synthesizing α-thujone. On the other hand, this can also be explained by the fact that sabinene, which is 
responsible for the synthesis of the main monoterpenes in sage, was the lowest in 100 µM MEL (0.22%, 
0.05% and 0.12% at 0.0, 100, 200 µM MEL, respectively). Because sabinene is the precursor compound 
responsible for the formation of monoterpenes such as α- and β-thujone [40]. Similarly, camphor (16.84%) 
from oxygenated monoterpenes was determined as the 2nd highest amount of compound at 100 µM MEL, 
compared to control. Interestingly, this compound was not detected in the control group (0.0 MEL) but at 200 
µM MEL, it decreased by 58%, with a value of 7.17%, showing a 1.3-fold reduction, compared to 100 µM 
MEL (P˂0.05). The antiviral and antimicrobial effect of sage is directly proportional to the amount of α-thujone 
and camphor, in its phytochemical content [35]. The increase of α-thujone and camphor content with MEL 
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application (100 µM), may indicate that MEL is a considerable elicitor to improve the phytochemical quality 
of sage. In addition, the stimulating and positive effect of MEL can promote the synthesis of different 
compounds under various biotic/abiotic stresses by stimulating the biosynthesis of substances and by 
inducing different metabolic and physiological pathways [41]. For example, 1.8-cineole and β–thujone from 
oxygenated sesquiterpenes were not detected at the control but in the 100 µM and 200 µM of MEL 
applications. It has decreased in the 200 µM application (1.8-cineole decreased from 5.9% to 1.5%, β–thujone 
decreased from 2.3% to 1.98%), compared to 100 µM MEL (P˂0.05). It is mater to increase the quantity and 
quality of these products with various applications, especially for the industrial field. 1.8-cineole is used as a 
food preservative active ingredient in the food and flavoring industry, and has attracted attention for its 
insecticidal properties as a bioactive component of volatile-based 'green pesticides' in recent years [42]. 
Increasing the quantity and quality of these compounds means an increase in green pesticide sources, and 

serious environmental and health problems caused by synthetic pesticides can be solved to a great extent. 
Furthermore, by the examination of sage phytochemicals, the content that were been in the control group but 
not in the applications was found. In particular, the detection of some compounds from the aldehyde group 
(isobutanal, p-dichlorobenzene, hexanal, n-octanal) just at the control group may be due to the effect of MEL 
on some enzymes involved in the volatile biosynthesis.  

 

Figure 2. Callus induction rates and volatile profile varying according to MEL concentration of sage. Bars indicate 

standard errors of the means. Separately for each measured parameter, different letters indicate statistically significant 
difference (Duncan post-hoc test; P<0.05). 

When the phenolic content of calli grown in MEL supplemented MS medium was investigated, it was 

found that rosmarinic acid was affected by the change in MEL concentration, and its amount was very 
different from the control group (P ˂0.05). The amount of rosmarinic acid was found to be the highest with 
475 µg g-1 at 100 µM MEL concentration. It was determined as 170 µg g-1 in 200 µM MEL, and 120 µg g-1 in 
the control group. This difference between applications is quite significant (P˂0.05). This difference between 
the amounts of rosmarinic acid was highest in 100 µM MEL application, with a 75% increase, compared to 
the control (Figure 3). Rosmarinic acid has very important biological activities such as antiviral, antibacterial, 
antiinflammatory and antioxidant. One of the main parameters of using sage as a medicinal plant is that the 
phytochemical it produces contains high levels of rosmarinic acid [43]. Studies to increase the synthesis of 
this chemical, which is a significant phenolic, show that the tissue culture method accumulates more 
rosmarinic acid than the in vivo method [44]. On the other hand, the callus colors of sage in applications were 
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also different from each other. Especially, dark brown dominated the MS medium at 100 µM MEL and color, 
lightened from 200 µM to the control (Figure 3). Browning occurring in callus cultures is a main morphological 
character in determining the success of phytochemical accumulation in plant tissue culture. Because 
phenolics such as rosmarinic acid have been produced in large quantities in callus culture, it is characterized 
by high browning [45]. Since MEL stimulates phenolic compound production by inducing specialized 
metabolite production [46], the ratios of rosmarinic acid and α-thujone  changed as a result of MEL treatments. 
On the other hand, when MEL was applied to propagate Salvia plant with tissue culture technique, 1.5 g L-1 
melatonin was determined to be the most effective in promoting callus formation and secondary metabolite 
production [47]. Additionally,  when the phytochemical content of Salvia absconditiflora Greuter & Burdet was 
examined, nine different phenolic compounds were detected, and five of them, including rosmariniric acid, 
were found to have substantial antioxidant effects. It was emphasized that the plant should be cultured in 

order to isolate the bioactive compounds of these compounds for use in the pharmaceutical and food 
industries [48]. 

 

Figure 3. Rosmarinic acid profile of sage calli: a:standart chromatogram; b: control; c: 100 µM MEL; d: 200 
µM MEL. 
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In summary, 100 µM MEL application increases the synthesis of terpenes and ketones but decreases 
the synthesis of aldehydes, whereas 200 µM MEL application shows an increase in these rates. However 
the favorable impact of MEL was demonstrated by the rise in terpenes and ketones production across all 
MEL applications. 

CONCLUSION 

Very significant results have got in the analysis of the contribution of different concentrations of MEL to 
the phytochemical content and amount of sage calli grown in MS medium. Especially the 100 µM 
concentration of MEL changed the phytochemical content and amount. While terpenes and ketones 
increased, aldehydes decreased at 100 µM MEL. Although the proportion of these compounds at 200 µM 
MEL decreased (compared to 100 µM MEL), they were higher than the proportions at the control (Figure 4). 
On the other hand, the presence of some phytochemicals found in the control group but not found in MEL 

applications or not found in the control group, but found in MEL applications indicates that MEL changes 
some synthesis mechanisms in phytochemical production. These results reflect the effect of the application 
of MEL at a certain concentration (100 µM) in MS medium on the quantity and quality of phytochemicals by 
activating or suppressing some enzymes that carry out the phytochemical synthesis of sage. Therefore, for 
future studies, it is crucial to define the contribution of MEL to enzymatic reactions in phytochemical synthesis.  

In our study, we applied MEL to sage, a plant produced for its aromatic contents, in cell culture, thus 
increasing the phytochemical content and quality of the plant significantly. Rosmaniric acid, in particular, has 
been synthesized in large quantities. Furthermore, several phytochemicals, such as 1.8-cineol, were only 
clearly produced in MEL application as a result of our research. These findings show that transforming sage 
phytochemicals generated in vitro and enhanced by MEL into commercial products would be more 
advantageous than the classical method. Because the processes of growing plants that produce secondary 
metabolites, which are essential components of the pharmaceutical, perfumery, and food industries, as well 

as obtaining products, are lengthy and complicated. In-vitro cultures provide significant advantages for high 
biomass production, enabling rapid growth and consistent metabolite productivity to keep up with rising 
demand [49]. 

 

 

Figure 4. Changes in the phytochemical content of sage. Bars indicate standard errors of the means. 
Separately for each measured parameter, different letters indicate statistically significant difference (Duncan 
post-hoc test; P<0.05). 
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