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Abstract 

This research was conducted at Yozgat Bozok University to define the antioxidant activity of Salvia viridis 
L. grown in the field and in vitro conditions. The leaves of the plants grown under field conditions were 
collected in the pre-flowering period. The leaf extracts prepared with methanol were used in the analysis. 
DPPH (1,1-Diphenyl-2-picrylhydrazyl) free radical screening activity was used to identify antioxidant 
activity. The total phenolic, flavonoid, and DPPH IC50 values of S. viridis L. grown in the field and under in 
vitro conditions were found as 184.15 ± 36.70 mg GAE g-1 and 66.46 ± 0.19 mg GAE g-1, 212.92 ± 11.18 mg 
QE g-1 and 212.92 ± 11.18 mg QE g-1, 117.51 mg ml-1and 185.40 mg ml-1, respectively. According to the 
findings of this study, it was determined that leaves of S. viridis L. grown in field conditions exhibited more 
antioxidant activity than in vitro conditions. 
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1. Introduction  

Most taxa in the family Labiatae/Lamiaceae 
are important sources of secondary 
metabolites (essential oils, alkaloids, 
saponins, etc.). For this reason, they have a 
high potential to be used in different sectors 
such as food, medicine, and cosmetics 
(Carović-Stanko et al., 2016). Sage, the largest 
member of the Lamiaceae family, is the 
general name of the species in the genus 
Salvia. It is reported that there are over 1000 
species of the genus Salvia worldwide. In the 
Flora of Turkey, ninety-nine Salvia species 
are naturally distributed and fifty-one of 
these species are endemic  Salvia viridis L., 
one of these species, is an annual plant that 

grows erect (11-34 cm in height), has a hairy 
structure, and has lilac-purple flowers. This 
species shows spread throughout Turkey 
except for Eastern Anatolia Region (Celep 
and Kahraman, 2012). While the seeds and 
leaves of this plant are used in fermentation 
barrels to increase the quality of the liquor, 
the powdered leaf of the plant is also used in 
the remedy of gum and throat infections 
(Cosge Senkal, 2019). 

In the food industry, mainly synthetic 
antioxidants (butyl hydroxytoluene (BHT), 
butyl hydroxy anisole (BHA), tertiary butyl 
hydroxyquinone (TBHQ), and propyl gallates 
(PG), etc.) are used to protect foods from 
oxidative degradation and to extend their 
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storage periods. Although these synthetic 
antioxidants are highly effective, stable, and 
cheap, they have potential side effects such as 
mutagenic, carcinogenic, and teratogenic 
(Mammadov, 2014). During the functioning 
of normal metabolic activities in both 
humans and animals, free radicals occur 
under the influence of various external 
factors or environmental factors. Reactive 
oxygen species are short-lived and unstable. 
Therefore, they can easily react with various 
biological molecules (nucleic acids, lipids, 
carbohydrates, proteins, etc.) in organisms. 
As a result, they cause the development of 
many diseases (cancer, liver diseases, 
immune system diseases, etc.), especially 
aging in humans (Halliwell and Gutteridge, 
1990).  

It is known that antioxidant substances 
destroy these free radicals. For this reason, 
consumer preferences have led the industry 
to seek natural sources of antioxidants, and 
medicinal and aromatic plants have become 
increasingly important. Also, flavonoids, 
antioxidant substances and phenolic 
compounds obtained from natural plants are 
effective in protecting from these free 
radicals formed in the human body 
(Kahkönen et al.,1999). Plants are a major 
source of natural antioxidant compounds. 
Therefore, plants are considered important 
antioxidants. Among natural antioxidants, 
phenolic substances (flavonoids, coumarins, 
tocopherols, phenolic acids, cinnamic acid, 
etc.) are the most common. Under normal 
conditions, the damage caused by oxygen 
radicals is kept under control by the 
organism's effective antioxidant systems. 
Studies have shown that certain phenolic 
antioxidants prevent cell death caused by 
oxidative stress. Studies have shown that 
phenolic and flavonoid substances are 
abundant in Salvia taxa. It is stated that 
various phenolics (caffeic acid and 
chlorogenic acid etc.) and flavonoids 
(apigenin and luteolin etc.) are found in the 
extracts obtained from aerial parts of S. 
viridis (Rungsimakan and Rowan, 2014). 

Due to limited quantities of production, 
difficulties in obtaining standard quality 
products, being far away from industrial 
areas of production areas, and high 
extraction and purification costs, some 
medicinal and aromatic plants with economic 
and industrial value in certain countries of 
the world are produced with tissue or cell 
techniques under controlled conditions as an 
alternative method. Micropropagation is the 
obtaining of new plants from plant parts 
(seed,  leaf, root,  stem, shoot, embryo, callus, 
single-cell or pollen grain, etc.) taken from a 
plant and have the potential to form a 
complete plant, in artificial nutrient 
environments and under aseptic conditions 
(Baydar, 2013). 

The aim of this study was to compare the 
antioxidant capacities of the leaves obtained 
in the vegetative period of the plants in vitro 
culture and in field-grown of S. viridis L. 

2. Material and Methods  
2.1. Plant Material 

In this research, S. viridis L. seeds collected 
from the collection plots in Yozgat Bozok 
University Gedikhasanlı Application and 
Research Station (35 ° 09 '34 "E-39 ° 35 '13" 
N, Altitude: 1135 m) in 2017 were used as 
material. The collected seeds were placed in 
a paper bag and stored in the shade in room 
condition. 

2.2. Viability and Germination Tests 

The viability of the seeds was determined 
with the Tetrazolium (2, 3, 5- Triphenyl 
Tetrazolium Chloride-TTC) test and 50 seeds 
were used (AOSA, 2000). Standard 
germination tests were set up in Petri dishes 
with 4 replicates using 20 seeds. The average 
germination rate was determined on the 21st 
day (Subasi and Guvensen, 2010). 

2.3. Growing of Plants in Field Conditions 

The research was carried out in the Yozgat 
Bozok University Research and Application 
Area/Turkey. Seeds were sown in vials 
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containing peat. The seedlings that grow well 
under greenhouse conditions and reach 
sufficient size were planted in the collection 
plot at 70x70 cm intervals (30.05.2018). The 
parts of S. viridis used in folk medicine are the 
leaves, flowering stems, and seeds. In this 
study, we used leaves for comparison with in 
vitro culture. Leaf samples before flowering 
were taken from the plants to do the 
necessary maintenance (hoeing, irrigation, 
etc.) on 15.08.2018. According to the soil 
analysis results, the clay, silt, and sand 
content of the experimental area soil is 476 g 
kg-1, 138 g kg-1, and 386 g kg-1, respectively, 
pH is neutral (7.09), slightly salty (0.178%), 
lime content and (CaCO3, 7.15%), organic 
matter content is moderate (2.49%), total 
nitrogen is sufficient (N, 0.15%), phosphorus 
(P, 78 μg g-1) and potassium (K, 728 μg g-1 ) 
amounts are high has been determined 
(Yakupoglu, 2018). During the vegetation 
period (June, July, and August) in the 
experimental area, the total precipitation was 
41.8 mm, the average temperature was 22.23 
oC, and the average relative humidity was 
53.6% (MGM, 2019). 

2.4. Production under in vitro Conditions 

S. viridis L. seeds, which will be produced 
under aseptic conditions, were sown in 
Caisson brand MS medium on 27.08.2018. 
All operations during the study were carried 
out in an ESCO brand laminar flow sterile 
cabin. First of all, MS (Morishige and Skoog) 
medium was prepared where seeds will be 
sown and the pH was fixed to 5.7-8. For the 
surface sterilization of the seed, the first 
20% sodium hypochlorite solution was 
prepared and 2 drops of Tween 20 for every 
100 ml were dropped into it. Seeds were 
soaked in this solution for 10 minutes and 
then washed 3 times with sterilized distilled 
water. The seeds planted in glass plates 
were placed in a climate chamber operating 
under a 16/8-hour photoperiod at 4.000 lux 
light intensity during the day and 20 ° C at 
night. Plants germinated in Petri and then 
were taken into glass test tubes and their 
development was regularly monitored. 

Plants that reached the required maturity 
for the determination of antioxidants were 
taken from the tubes and taken to a shaded 
place to dry. Later, the samples, dried as 
desired, were ground and made suitable for 
analysis. 
 
2.5. Preparation of Extracts 
 
The leaves of S. viridis L., both grown in field 
(a) and in vitro conditions (b), were dried in 
the shade after harvest (Figure 1). The 
leaves of the plants grown under field 
conditions were collected in the pre-
flowering period. Dry leaf samples were 
ground using a blender. This powdered 
sample was weighed at 0.5 g and 5 mL of 
methanol (1/10 w  v-1) was added to each 
sample. The incubation time and 
temperature of the samples in the oven 
(Elekto-mag M 5040 P) were set as 24 h and 
40 oC, respectively. The samples removed 
from the oven were filtered through filter 
paper (Whatman No1). Methanol was 
removed from the samples with a rotary 
evaporator (Heating Bath B-491, BUCHI). 2 
ml methanol was added into the balloon 
flasks that were dried in the oven for 24 h 
and vortexed. The extracts were preserved 
at 4 °C until the analysis began (Zakaria et 
al., 2019). 
 

 
Figure 1. Salvia viridis in field (a) and in 
vitro (b) conditions 
 
2.6. Determination of DPPH Radical 
Scavenging Activity 
 
The antioxidant capacity of the extracts was 
detected using the DPPH (1,1-diphenyl-2-
picrylhydrazyl) radical (Frezzini et al., 
2019). In order to be able to compare the 
samples, first, the amount to neutralize a 

a 

B 

b 
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certain amount of DPPH radical was 
determined. 16 mg of DPPH was dissolved in 
100 ml of CH3OH (methanol) and adjusted to 
0.1 µM. DPPH readings were made in the 
spectrophotometer at 517nm. Dilution with 
methanol was done until the absorbance 
value was 1000. Samples prepared at six 
different concentrations (10, 20, 40, 80, 160, 
320) were incubated for 30 minutes. The 
prepared samples were incubated for 30 
minutes in the dark. In the study, in which 
BHT (butylhydroxytoluene) and BHA (butyl 
hydroxyanisole) were used as controls, 
analyzes were carried out with four 
replications. The equation used to calculate 
the %DPPH radical scavenging activity of 
the samples: "% DPPH scavenging efficiency 
= [(A control - Extract) / A control] x100". 
PerkinElmer Lambda 25 UV / VIS 
spectrophotometer device was used for 
spectrophotometric measurements. 
 
2.7. Determination of Total Phenolic 
Content 
 
The total phenolic content of the extracts 
was determined using the Folin-Ciocalteu 
Reagent (FCR) method (Gezer et al., 2006). 
100 ml (Na2CO3) solution was prepared for 
the study. 40 µL of the extract was added to 
glass tubes containing 2.4 mL of distilled 
water. In the control application, the same 
amount of methanol was added instead of 
the extract. The samples were added 200 µL 
of folin and 600 µL of saturated Na2CO3, and 
then 760 µL of distilled water was added 
and vortexed. The absorbance 
measurements of the samples incubated for 
2 hours at room temperature were made at 
765 nm. Gallic acid was used for standard 
phenolic control. The values obtained are 
expressed as Gallic acid equivalents. To 
prepare the Gallic acid solution, 3 mg of 
Gallic acid was dissolved well in 15 mL of 
methanol. Then, by dilution, 100, 125, 150, 
175, and 200 µg mL-1 control groups were 
prepared and the Gallic acid curve was 
drawn. The procedures were carried out in 
four replications. The total phenolic 

contents of the samples were determined as 
a result of the measurements in the 
PerkinElmer Lambda 25 UV/VIS 
spectrophotometer device.  
 
2.8. Determination of Total Flavonoid 
Content 
 
The total flavonoid compound amounts of 
the extracts were determined by optimizing 
the aluminum chloride colorimetric method 
of Biju et al. (2014). 50 µL of the previously 
prepared 1mg mL-1 extract was put into 
glass tubes. 950 µL methanol was added to 
it. Then 4 mL of distilled water was added 
and mixed for thorough dissolution. 
Subsequently, 0.3 mL sodium nitrate NaNO2 
of 5% was added and incubated for 5 
minutes. Then 0.3 mL of 10% aluminum 
chloride (AlCl3) was added and incubated 
for 6 minutes. After incubation, 2mL of 1mol 
L-1 sodium hydroxide (NaOH) was added. 
2.4 mL of distilled water was added to the 
obtained solution and it was completed to 
10mL. The solution was incubated for 15 
minutes and then absorbance was 
measured at 510 nm. For the Quercetin 
standard, 1 mg mL-1 was prepared as the 
main stock, and 6 different concentrations 
(10, 20, 40, 60, 80,100 µg mL-1) were 
obtained by dilution. The analysis was 
carried out in four replications. The total 
flavonoid content of the samples was 
determined according to the measurements 
made in the PerkinElmer Lambda 25 
UV/VIS spectrophotometer device. 
 
2.9. Statistical Analysis 
 
All studies were done in 4 repetitions. DPPH 
results of the samples were evaluated by 
analysis of variance and the LSD (Least 
Significant Difference) test was applied for 
the differences between the averages, and 
the extraction yields, phenolic, and 
flavonoid content were compared with the 
t-test. For analysis used the TARİST 
statistics program, and the results were 
presented as mean ± standard deviation 
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(SD). Also, the bilateral relationships were 
detected using the MINITAB 19 package 
program (Acikgoz et al.,2004). 
 
3. Results and Discussion 
3.1. Viability and Germination in Seeds  
 
Some physical properties were determined 
as well as the vitality and germination 
values of the seeds. The width, length, and 
1000 seed weight of seeds were determined 
as 1.05 mm, 1.96 mm, and 2.56 g, 
respectively. Yilar and Altuntaş (2017) 
reported that they recorded the length, 
width, and thickness values of S. viridis 
seeds between 2.57-2.88 mm, 1.52-1.64 
mm, and 1.04-1.24 mm, respectively. It was 
observed that there was no germination 
problem in the seeds of the plant and the 
germination value was 93% on average. 
According to the results of the Tetrazolium 
test; the viability rate of seeds belonging to 
the species was determined as 76%. Seeds 
belonging to the genus Salvia have a 
mucilaginous seed coat. For this reason, 
seeds either do not germinate at all or 
germinate very little (Hayta and Arabaci, 
2011, Ozcan et al., 2014). However, a high 
germination value was recorded in the 
seeds of S. viridis in our study. 
 
3.2. Extraction Yield of Samples 
 
The extract yields of the samples are 
presented in Table 1. When these data are 
examined, it is seen that the extract yield of 
the plants grown in the field is higher than 
those grown under in vitro conditions. 
 

Table 1. Extract yield of S. viridis leaves 

 Field-Grown in vitro 

Dry Matter 
Amount (g) 

0.5 0.5 

Extract 
Amount (g) 

0.0685±0.216 0.0509±0.0056 

Extract Ratio 
(%) 

13.03±4.0284 9.45±1.0401 

t-value 1.229ns 
ns: not significant 

3.3. Antioxidant Capacities of the 
Samples 
 
This test is based on the spectrophotometric 
determination of the characteristic purple 
discoloration by scavenging the stable free 
radical 2,2-diphenylpicrylhydrazyl (DPPH) 
by these chemicals in the presence of 
electron or hydrogen atoms-donating 
antioxidant chemicals (Cuendet et al., 1997, 
Esmaeili et al., 2015). The % scavenging 
activity obtained as a result of the 
determination of DPPH free radical 
scavenging activities of extracts obtained 
from the samples were subjected to linear 
regression analysis and the IC50 value was 
calculated. Accordingly, the IC50 values 
obtained in the analysis were determined in 
terms of mg extract mL-1. The concentration 
density required to scavenge half of the 
DPPH radical from the medium is expressed 
as the IC50 value. A low IC50 value indicates 
that the antioxidant activity of the sample is 
high, while a high value indicates that the 
activity of the sample is low (Aqil et al., 
2006). In terms of DPPH values in our study, 
the difference between samples was 
statistically significant at the 1% level. 
Considering that the antioxidant activity 
increases as the DPPH radical scavenging 
activity value decrease, it was observed that 
the antioxidant activity of the plants grown 
in the field is higher than the plants grown 
under in vitro conditions. On the other hand, 
it was determined that the DPPH radical 
scavenging activity of both samples 
included in the study was much lower than 
the synthetic antioxidants used as control 
(Table 2).  
 
While the phenolic substance contents of 
the samples were found statistically 
significant at a 1% level, the flavonoid 
substance contents were not significant. 
However, the leaves of plants grown in the 
field had 51.163 mg QE g-1 higher flavonoid 
content than in vitro conditions. While the 
phenolic substance contents of the samples 
were found statistically significant at a 1% 
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level, the flavonoid substance contents were 
not significant.  
 
Table 2. Antioxidant capacities of the 

samples 

 
Total 
Phenolic 
(mg GAE g-1) 

Total 
Flavonoid 
(mg QE g-1) 

DPPH  
IC50 
(mg ml-1) 

Field-Grown 184.15±36.70 212.92±11.18 117.51±6.60 b 

in vitro 66.46±0.19 161.76±56.13 185.40±4.78 c 

BHA (uq ml-1)   19.662 a 

BHT (uq ml-1)   13.818 a 

F-value   1275.76** 

** Statistically significant at the 0.01% level 

 
However, it was recorded that the leaves of 
plants grown in the field had 51.163 mg QE 
g-1 higher flavonoid content than in vitro 
conditions (Figure 2, Figure 3).  
 

 

Figure 2. Gallic acid (on top) and Quercetin 

(bottom) standard curves 

 

 
Figure 3. DPPH radical scavenging activity 
capacities of samples 
 
Similarly, in this study that antioxidant 
activity was investigated in both wild plants 
and callus cultures of three Ephedro spp. 
was observed that both wild plants and 
callus of all three Ephedro species had 
antioxidant activity, but callus exhibited 
lower activity than wild species. In addition, 
the phenol content of wild plants was found 
to be higher than callus (Parsaeimehr et al., 
2010). 
Due to its reproducibility and low cost, the 
DPPH test is the most commonly used 
method to evaluate the antioxidant 
potential of plant materials. It has been used 
to test the activity of extracts obtained from 
aerial parts of a large number of Salvia 
species (S.officinalis, S.aethiopis, 
S.candidissima, S. verticillate, S.virgata, S. 
hypargeia, S.sclarea, S. limbate, S. 
microstegia, and S.glutinosa, etc.) (Tosun et 
al.,2009; Tepe et al., 2006; Veličković et al. 
2011). Bayan and Genc, (2016), in their 
research to define the antioxidant capacity 
of methanol extract on S. verticillata species, 
determined the IC50 value of DPPH activity 
as 11.47±0.30 mg ml-1. They also recorded 
total phenolic and total flavonoid contents 
as 140.18±8.73 mg GAE g-1 extract and 
51.56±1.18 mg QE g-1 extract, respectively.  
The antioxidant capacities, total phenolic 
and flavonoid contents of Salvia species 
exhibit broad variation. For example, in the 
study carried out with different Salvia 
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species, the lowest and highest antioxidant 
capacity values were found in S. dichroantha 
(73.855 mg GAE g-1) and in S. heldreichiana 
(80.207 mg AAE g-1), respectively. The 
highest total phenolic content was found in 
S. tomentosa (13.316 mg GAE 100ml-1), 
while the lowest total phenolic content was 
recorded in S. halophila (6.168 mg GAE 100 
ml-1) (Er,  2012) 
Phenols are very important plant 
components that have free radical 
scavenging ability due to their hydroxyl 

groups (Hatano et al., 1989). Therefore, the 
phenolic content of plants directly 
contributes to their antioxidant effect and 
flavonoid biosynthesis (Bendini et al.,2006; 
Dlugosz et al.,2006; Wojdylo et al.,2007; 
Parsaeimehr et al.,2010). In our study, it was 
recorded that there was a positive 
correlation between the DPPH activities of 
the extracts and the total phenolic and 
flavonoid amounts (Figure 4). Similar 
findings were also expressed by Tosun et al. 
(2009).   

 

 
Figure 4. Bilateral Relations among TP (Total Phenolic), TF (Total Flavonoid) and DPPH 
 
Plants that are members of the Lamiaceae 
family contain many polyphenolic 
compounds. Rosmarinic acid (C18H16O8), 
carnosic acid (C20H28O4), and salvianolic 
acid (C26H22O10), are the main phenolic 
components identified in extracts from 
Salvia. Rosmarinic acid is present in the 
above-ground parts and roots of S. viridis, 
but the rosmarinic acid concentration in its 
leaves was very low (Fotovvat et al., 2019, 
Zengina et al.,2019) We only used leaves in 
our study. And it was determined that the 
antioxidant capacity of the leaves was low. 

4. Conclusion 

In this research, the antioxidant activity of 
leaves obtained from in vitro and field-grown 
plants of S. viridis was compared for the first 
time. Our findings showed that the 
antioxidant capacity determined in the leaves 
of field-grown S. viridis was higher than in 
vitro conditions. As it is known, various 
environmental stresses often cause an 
increase in plant secondary metabolites. In 
previous studies, it has been explained that 
aerial parts and roots of S. viridis show strong 
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antioxidant activity. Therefore, economically 
important raw materials from this species 
can be produced. This study showed that 
desirable bioactive substances for 
pharmaceutical purposes can be obtained 
from plants grown in vitro. However, in order 
to bring this species to the economy, its 
natural compounds and biological activity 
should be clarified with comprehensive 
studies. 
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