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Abstract Complementary medicine has emerged with
the history of humanity and has become widespread with
the use of natural products in the treatment of many
diseases. People have used many plant species in the
treatment of diseases by benefiting from trial and error
and knowledge. Plants have been used as shelter, food,
medicine, spices, cosmetics, and tools for use in religious
rituals. Different communities around the world have
widely used local plants. In addition, the cosmopolitan
species are used by all people in the treatment of diseases.
Genus Salvia is a plant species that is widely known and
used worldwide for its nutritional properties as well as its
many biological activities. There are many secondary
metabolites in different parts of the plant. Thanks to these
secondary metabolites, it shows different biological
properties. Salvia species have remarkable activities such
as antioxidant, antimicrobial, anticancer. It is also an
important natural resource with its high nutritional content.
In this study, the nutritional contents, usage areas, chemical
compositions and pharmacological properties of Genus
Salvia were reviewed. In this context, the use of Salvia
species in pharmacological designs and their nutritional
importance were emphasized. As a result, it has been
determined that members of Genus Salvia are one of the

important plant species used in complementary medicine.
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1. Introduction

Nature offers people many natural products of unique
beauty. Many natural products such as plants, animals and
mushrooms form the basis for the treatment of human
diseases [1]. Today, the demand for medicinal plants is
increasing day by day. Plants play a very important role in
the ecosystem. From past to present, plants have been used
by humans as fuel, clothing, shelter, food and medicine [2].
Different communities of the world such as China, Greece,
Egypt, India, and Turks have used plants for medicinal
purposes and have accessed very important information on
this subject. The earliest evidence for the use and
preparation of herbal medicines was found in a Sumerian
clay slab dating from Nagpur about 5000 years ago [3].
According to some inscriptions, it is assumed that the
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Egyptians and Chinese were among the first people to use
plants as medicine since the 27th century BC. The use of
medicinal plants in the treatment of diseases dates back to
the beginning of human life. In the early days, people used
plants in the treatment of diseases by trial and error method
and observing animals. There are habitat-specific plant
species in different parts of the world [4]. These plant
species are used locally in the treatment of diseases.
Medicinal plants are expressed as plants that contain
compounds that have medicinal effects. Many plant
species show medicinal properties thanks to the bio-active
compounds they produce in their bodies. With these
properties, plants are important natural materials used in
complementary medicine [5]. In addition, plants attract
attention with their nutritional properties. In this study,
comprehensive information such as pharmacological
properties and nutritional properties of Salvia species
spreading worldwide are given.

2. Genus Salvia

Genus Salvia is the largest genus of herbaceous
perennials in the Lamiaceae family. The two most widely
known species are Salvia officinalis (sage) and Salvia
rosmarinus (rosemary). There are nearly 1000 different
species around the world. Species of this genus spread
cosmopolitanly [6]. The name Salvia derives from the
Latin sage. Salvia species include annual, biennial or
perennial herbaceous plants with woody subshrubs. The
flowers are produced in clusters or clusters and often
display a showy display with flower colors ranging from
blue to red, with white and yellow being less common [7].

2.1. Usage Areas

Salvia, which is one of the wealthiest genera of
flowering plants and one of the most valuable medicinal,
aromatic plants, consists of approximately 1000 species
[8]. Salvia is spread on many continents around the world.
Regions such as the Mediterranean region, eastern and
southwestern Asia, and Mexico/South America are
regions with high Salvia diversity. Turkey, on the other
hand, has more Salvia species than the southwest Asian
regions along with the Mediterranean region. There are
100 species in Turkey, and approximately 53% are
endemic [9].

Medicinal and aromatic plants contain steroids,
flavonoids, saponins, alkaloids, terpenes, and phenolic
compounds that are bioactive secondary metabolites and
have traditionally been used as preservatives in medicines
and foods since ancient times [10]. Salvia has also been
used in many areas from the past to the present. For
example, it was used for healing by people living in
Mesopotamia 6000 years ago. During the excavations in
the region, helpful information about Salvia and how to

use it was found in writing tablets. It is also believed
among the locals that the Salvia plant brings luck. In
addition, Salvia, which was discovered to have a relaxing
effect, was dried and drunk with a pipe. They used the
new version of their leaves for teeth cleaning. Today,
some species of Salvia are dried and consumed in the
form of tea [11].

Determining the active ingredients and biological
activities of Salvia, which has been made into tea,
ointment, or extracted from past to present and benefited
from its functions such as painkillers and expectorants,
will be helpful to obtain more accurate and effective
results in the areas used. In many studies conducted in this
field, it has been seen that the contents of Salvia species
mainly contain phenolic acids, flavonoids, terpenes, and
terpenoids. In isolation studies, it was understood that
secondary metabolites provide pharmaceutical and
biological benefits such as antimicrobial, antifungal,
antiseptic, analgesic, anticancer, and insecticide [12].
Medicinal sage is known as Salvia officinalis L. Its leaves
are economically important. Additionally, when S.
officinalis essential oils are examined, they gain
antimicrobial and antioxidant properties due to substances
such as 1,8-cineole, a-tuyon, B-tuyon, and camphor [13].

In addition to the salvia plant mentioned in the
historical process, it is used in different areas today. In the
food industry, synthetic antioxidants such as BHA, BHT,
and PG are often used to increase the shelf life of products.
However, while the chemicals used as antioxidants have
both toxic and adverse effects on the taste and color of the
products, these adverse effects have not been encountered
when Salvia is used as a food preservative [14].
Additionally, Salvia is used in the meat and fish sector as
a natural anti-bacterial, in the cosmetic industry as a
perfume and soap additive, and in textile and landscape
architecture as a herbal dye. It is also used for medical
purposes in oral inflammations and gum diseases, in the
regulation of digestive systems. The composition of its
essential oil includes 30%-50% thujone, 15% cineole, and
10% borneol. Therefore, it is used internally and
externally due to its strengthening, anti-gassing, antiseptic
(in throat and nose diseases), and stimulating effect as a
tonic. Components of the genus Salvia are extensively
used in biological control. Substances contained in the
compounds of essential oils, such as alkaloids, flavonoids,
and terpenoids, are used as insecticides against harmful
insects. It has a fumigant effect, especially against insects
that damage stored products [15]. Studies have shown that
essential oils and their components have egg-killing-ovisit,
insecticide-insecticide, attractive-attractant-repellent, and
repellent-repellent effects [16,17]. Kostic et al. [18],
Salvia essential oil, F1-F5 fractions, and camphor,
obtained Leptinotarsa decemlineata Say. (potato beetle)
and reported that Salvia essential oil and its components
produced 29.16% mortality in larvae and 20.83% in adult
individuals.
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2.2. Nutritional Contents

There are not many studies on the nutritional contents of
Genus Salvia. The nutritional composition of Salvia
hispanica is given in Table 1.

Table 1.  Nutrient composition of Salvia hispanica [19,20]
Chemical Composition Values
Protein (%) 15- 25.32
Carbohydrate (%) 26-45
Moisture (%) 5.82
Ash (%) 355
Total dietary fiber (%) 18-37.50
Lipids (%) 16-33
Energy value (Kcal/100g) 576.50

Protein, total fiber, fat and carbohydrate contents of S.
hispanica plant were reported as 25.32%, 37.50%,
30.22% and 34.57%, respectively [19]. Considering the
nutritional content of the S. hispanica plant, it appears as a
plant that is a source of high levels of fiber and protein.

2.2.1. Amino Acid

In a study investigating the amino acid content using
the ion exchange method; Asparagine, Threonine, Serine,
Glutamic acid, Proline, Glycine, Alanine, Cysteic acid,
Valine, Methionine sulfone, Isoleucine, Leucine, Tyrosing,
Phenylalanine,  Histidine, Lysine, Arginine and
Tryptophan were determined as 18 amino acid
compositions. Considering the amino acid content, it
contains the highest level of glutamic acid between 34.9-
37.91%. Arginine, Asparagine, Leucine, Serine and others
are followed by glutamic acid in percentage terms,
respectively. The lowest level of total amino acid content
is between 5.56% and 6%, and there is tryosine amino
acid [21]. In another literature study investigating the
amino acid composition, they reported that the highest
level was Glutamic acid, followed by Arginine and
Asparagine [22].

2.2.2. Mineral Nutrition

The mineral substance levels detected in the bodies of
members of the Genus Salvia (S. reflexa, S. numorosa, S.
glutinosa and S. officinalis) in the literature are given in
Table 2 (mg/100g).

When the mineral content of the members of Genus
Salvia is examined, it has been determined that macro
mineral substances such as N, P, K, Ca are present in high
proportion. It has been reported that the N content is
1.5-4% in dry matter [23]. P dry matter is a mineral
substance that is important in terms of many functional
tasks such as photosynthesis, glycolysis, and energy
conversion with its 0.1-0.8% content. In a study examining
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the mineral, amino acid composition and physical
properties of S. hispanica, it was determined that it had
higher calcium, magnesium, copper and iron content [24].
In similar studies, it has been determined that the amount
of mineral substances such as Fe, Zn, Cu, Mn and so on is
at a macro level compared to the amount of other mineral
substances and that the mineral substance content is
effective on the amount of mineral substance in the soil, the
region and soil structure, climate [25].

Table 2. Mineral Levels of Genus Salvia [23]
Mineral Values (mg/100g)

N 0.68-2.82

P 0.150-0.441
K 1.58-3.75
Ca 1.29-1.66
Pb 3.05-9.00
Ni 2.19-5.94
Cd 0.34-2.87
Cr 0.37-1.97
Cu 25.10-59.75
Zn 18.84-93.75
Fe 167-508
Mn 39.25-49.47

2.3. Chemical Composition

Many compound analysis studies have been conducted
on different Salvia species around the world. Table 3
shows which species are studied, the geographical region,
the part used, the basic phytochemical compounds and by
whom. When table 3 is examined, when the chemical
composition of essential oils obtained from the aerial parts
of the plants belonging to the genus Salvia is examined,
B-pinene, a-pinene, 1,8-cineole, camphor, 3-carene,
campene, limonene, p-cymene, [B-myrcene, sabinene,
B-caryophyllene, a-gurjunene are the dominant
components. When the chemical composition of essential
oils obtained from the fresh aerial parts is examined,
camphor, 1,8-cineole, camphene, limonene, B-pinene,
a-pinene. When the chemical composition of the essential
oils obtained from the leaves is examined, the dominant
components are [3-pinene, a-pinene, 1,8-cineole, 3-carene,
camphor, camphene, limonene, p-cymene p-myrcene,
sabinene, p-caryophyllene, o-gurjunene. When the
chemical composition of essential oils obtained from
flowers is examined, 1,8-cineole, B-caryophyllene,
y-muurolene, bicyclogermacrene, gcxlemlenmektedir,
bicyclogermacrene are observed as the dominant
components.
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Table 3.  The main phytochemical composition of different Salvia species

Salvia species Gi_(;gg?gﬁ?m Used Part Essential oil main phytochemicals References
- . . a-copaene (17.4%), P-caryophyllene (24.8%), germacrene
S. aethiopis Romania Aerial (31.68%) [26]
S. africana Italy Aerial p-cymene (21.2%), y-terpinene (15.5%), t-cadinol (13.6%) [27]
- i 0, 0, i
S. africana-caerulea South Africa Aerial a- pinene (4.1%), spathulenol (29.1%), caryophyllene oxide 28]
(14.6%)
- i 0, 0, - 0,
S. africana-lutea South Africa Aerial o- Pinene (6.0%), myrcene (11.5 %), p-cymene (7.6 %), [28]
y-Cadinene (4.7%)
N L . B-pinene (10.2-10.3%), 1,8-cineole (46.0-55.6%), camphor
S. aremiensis Tukiye Aerial (5.7-8.7%) [29,30]
- 0, 0,
S. atropatana Iran Aerial Bc_aryophyllene (14.5%), germacrene D (19.7%), caryophyllen 31]
oxide (17.6)
S. aucheri subsp. L . a-pinene (4.3%), camphene (4.3%), -pinene (10.2%), 1,8-cineole
aucheri Takiye Aerial (55.6%), camphor (5.7%) [29]
S. aucheri subsp. . a-pinene (4.1%), camphene (6.3%), limonene (4.0%), camphor
blancoana Morocco Aerial (57.3%), (E)-caryophllene (5.4%) [32]
Fresh a- pinene (7.2%), camphene (8.2%), 3-carene (3.0%), camphoor
S. auera Italy aerial (29.1%) [33]
Caryophyllene oxide (16.6%), B-caryophyllene (4.1-18.2%),
S. bracteata Iran, Lebanon Aerial a-copaene (3.4%), B -pinene (2.3%), pulegone (3.9%), terpineol-4 |  [31,34]
(3.8%), camphor (2.1%), carvacrol (3.1%), a-cardinol (7.8)
S. chamelaegnea South Africa Aerial a- pinene (6.0%), 1,8-cineole (40.5%), viridiflorol (9.3%) [28]
. . Fresh .
S. cinnabarina Italy aerial linalool (32.8%), borneol (5.5%), elemol (7.4%) [33]
S. dorisiana Italy Aerial limonene (7.6%), a-gurjunone (17.0%), aromandrene (25.7%) [35]
. . a-pinene (11.7%), camphene (13.4%), 1,8-cineole (12.9%),
S. dracocephaloides Iran Aerial camphor (53.1%), [31]
. cis-thujone (38.7%), garniol (6.5%), geranyl acetate (6.9%),
S. elegans Italy Aerial 5-cadinene (11.5%) [27]
S. fruticosa Tirkiye Aerial a-pinene (5.8%), 1,8-cineole (52.8%), camphor (5.8%) [29]
S. greggii Italy Aerial cis-thujone (43.4%), geranyl acetate (8.7%), 8-cadinene (14.0%) [27]
. . . . a-thujone (30.1%), camphor (16.8%), 1,8-cineole (9.3%),
S. hispanica China Aerial a-caryophllene (5.8%) [36]
L . Camphor (46.0%), 1,8-cineole (7.5%), camphene (6.8%),
$. hydrangea Takiye Aerial limonene (6.5%), B-pinene (6.11%) and a-pinene (5.6%) [37]
. . Fresh .
S. ianthina Italy aerial a- pinene (6.1%), B- elemene (30.1%), germacrene-d (36.1%) [33]
. Fresh trans-  caryophyllene  (43.7%), a- humulene (8.5%),
$. lodantha Italy aerial bicyclogermacrene (8.1%) [33]
S. lanceolata South Africa Aerial spathulenol (18.3%), caryophyllene oxide (14.3%), ledol (5.2% 28
p yopny
B-pinene (27.05%), a-pinene (14.29%), 1,8-cineole (13.03%),
o 3-carene (6.80%), camphene (4.70%), limonene (4.66%),
- leriifolia Iran Leaves p-cymene (4.53%) p-myrcene (3.40%), sabinene (2.32%), [38]
B-caryophyllene (2.12%) a-gurjunene (2.09%)
S. longifolia Jordan Aerial B-pinene (8.0%), spathuleol (10.2%), globulol (8.4%) [35]
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Table 3 Continued

a-thujone (17.84%), y-terpinene (14.75%), B-caryophyllene
. (9.92%), p-cymene (7.25%) 1,8-cineole (5.82%), 2-hexenal
$. macrosiphon Iran Leaves (5.81%), a-thujene (4.28%), limonene (2.73%), D-germacrene [38]
(2.14%)
S. mellifera Italy Aerial a- pinene (9.2%), 1,8-cineole (39.8%), camphoor (12.2 %) [27]
A . a-pinene (15.5%), camphene (10.41%), 1,8-cineole (13.59%),
§ multicaulis Iran Aerial camphor (9.71%), caryophllene (5.74-16.25%) [39,40]
S. munzii Italy Aerial cis-thujone (33.3%), camphoor (27.2 %), 3-cadinene (8.9%) [27]
. . sabinene (38.2%), p-caryophyllene (19.03%), germacrene
S. nemorosa Romania Aerial (18.62%) [26]
Trans-Thujone (17.74%), 1,8-cineole (12.63-15.40%), Camphor
s, officinalis China, Egypt, Aerial, | (3.00-21.86%), Caryophyllene (9.87%), a-pinene (7.82%), [41-44]
' Morocco, Turkiye Leaves | eucalyptol (14.82-16.12%), viridiflorol (7.1%), p-thujone
(14.86-33.87%), borneol (10.17%)
- . camphor (23.76%), sabinol (19.%), a-thujone (14.2%), eucalyptol
S. pisidica Turkiye Leaves (1.8-cineole) (5.8%) [45]
y-terpinene (22.67%), B-caryophyllene (18.93%), p-cymene
S. reuterana Iran Leaves (9.92%) 1,8-cineole (4.89%), 2-hexenal (5.08%), sabinene [38]
' (4.20%), a-thujone (3.65%), bicyclogermacrene (3.49%), B-pinene
(3.26%)
- . a-pinene (7.1%), p-Cymene (3.4%), a-Thujone (5.1%), a-copaene
S. rubifoli Lebanon Aerial | 4 5%), y-Muurolene (11.8%), y- cardinene (5.5%) [34]
S cclaren ol Ukcaine Fr’:;:ifa'w Linalol (10.06-38.98%), linaliyl _acetate (5.51-65.72%), | 13c 4o
' Y " | germacrene D (7.58%), o-terpineol (5.85-5.90%) T
Leaves
i . a- humulene (17.52%), 2,5,9-Trimethylcycloundeca-4,8-dienone
S. tigrina Takiye Leaves | |6 3504). a-cedrene (5.92%), a-cardinol (5.68%) [48]
L Aerial, a-pinene (25.10-33.03%), 1,8-cineole (7.0-31.70%), camphor
S. tomentosa Takiye Leaves | (14.40-14.90%), borneol (13.2%) [29,49,50]
. . a-thujone  (20.1%), 1,8-cineole (15.7%), camphor (12.6),
S. triloba Italy Aerial B-caryophyllen (11.8%) [51]
. . 1,8-cineole (51.0%), camphor (9.3%), camphene (6.3%), a-pinene
S. veneris Cyprus Aerial (5.8%), B-pinene (5.4%) [52]
-, . viridiflorol (3.4-17.7%), a-pinene (0.7-15.9%), B-caryophyllene
S. verbenaca Tunisia Aerial (1.0-15.3%) and p-cymene (1.3-14.2%) [53]
Flowers 1,8-cineole (10.4%), B-caryophyllene (15.5-21.3%), y-muurolene
S. verticillata Italy, Romania Leaves’ (10.0%), bicyclogermacrene (21.4%), germacrene D (38.4%), | [26,54]
Caryophyllene oxide (15.24%), a-caryophyllene (14.54%)
S. verticillata subsp. . . . .
- Tukiye Aerial B-pinene (21.4%), 1,8-cineole (16.1%) [29]
amasiense
2.4. Biological Activity 2.4.1. Antioxidant Activity

DPPH radical scavenging and ferrous ion chelation
tests were used for the antioxidant activity of S. divaricata.
It was reported that the highest value was obtained from
the DPPH radical scavenging test as 90.32 pg/ml [55].
The antioxidant activity of S. aucheri var. canescens has
been reported as 41.31 pg/ml [56]. DPPH, ABTS, FRAP
and pB-carotene bleaching tests were used for the
antioxidant activity of S. fruticosa and S. lanigera. It was
reported that the highest value was obtained from the

Essentials oil, dichloromethane, ethyl acetate, methanol,
ethanol, water extracts, hydrodistillation, hexane extracts
and steam distillation were used to determine the
pharmacological effects of Salvia species that are
naturally distributed in different regions of the world. The
plant species studied, the determined biological activity,
the extraction method and by whom it was studied are
shown in Table 4.
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B-carotene bleaching test as 85.11% in S. fruticosa species
and 77.66% in S. lanigera [58]. DPPH and
B-carotene-linoleic acid tests were used for the antioxidant
activity of S. tomentosa. It has been reported that the
highest value of 90.6% was obtained in the
B-carotene-linoleic acid test of methanol extract [59].
DPPH and B-carotene-linoleic acid tests were used for
antioxidant activity of S. aramiensis, S. aucheri var.
aucheri, S. pilifera. Compared to other species, S.
aramiensis was reported to have the highest value of
92.46% in both tests [60]. It has been reported that the
antioxidant activities of S. kurdica, S. macrochlamys, S.
kronenburgii, S. euphratica var. euphratica, S. huberi are
between 84.1% and 96.8% [61]. DPPH, TEAC, CUPRAC

and FRAP tests were used for the antioxidant activity of S.

bracteata. The highest value was reported as LC50 103.13
pg/ml in the DPPH test of hexane extract [66]. DPPH,
ABTS, Nitric oxide radical scavenger, Lipid peroxidation
and Ferrous ion chelation tests were used for the
antioxidant activity of S. verticillata. The highest value
was reported to be 73.12 pg/ml in nitric oxide radical
scavenger [68]. The DPPH test was used for the
antioxidant activity of S. pisidica. It has been reported that
the result is between 4.88 and 6.41 ng/ml [62]. DPPH,
ABTS, FRAP and CUPRAC tests were used for the

antioxidant activity of S. candidissima subsp. occidentalis.

It has been reported that the highest value was obtained
from the CUPRAC test as 670.39 pg/ml [77]. DPPH and
Lipid peroxidation tests were used for the antioxidant
activity of S. cryptantha. It has been reported that the
highest value was obtained from the DPPH test as LC50
18.1 pg/ml [79]. DPPH, Superoxide radical, Ferrous ion
chelator and FRAP tests were used in the antioxidant
activity of S. cyanescens. The highest value was reported
as 86.59 pg/ml in the DPPH test [80]. DPPH, ABTS,
Ferrous ion chelator and Lipid peroxidation tests were
used for the antioxidant activity of S. frigida and S.
russellii. 1t was reported that the highest value for S.
frigida was 98.14 pg/ml, and the highest value for S.
russellii was 98.85 pg/ml ABTS test [81]. DPPH, linoleic
acid peroxidation and iron reduction tests were used for
the antioxidant activity of S. officinalis. It has been
reported that the highest value was obtained from the iron
reduction test as LC50 284 pg/ml [83]. Hydrogen
peroxide was used in the antioxidant activity of Salvia
multicaulis. It has been reported that the total antioxidant
(TAS) value is 6.434 pg/ml [84]. DPPH and B-carotene
tests were used for the antioxidant activity of S. sclarea. It
has been reported that the highest value was obtained
from the B-carotene test as 134.20 mg GAE/g [86]. DPPH,
CUPRAC, FRAP and phosphomolybdenum tests were
used for the antioxidant activity of S. heldreichiana. It has
been reported that the highest value was obtained from the
DPPH test as 606.5 pg/ml [88]. The DPPH test was used
for the antioxidant activity of S. caespitosa. It has been
reported that the effect parallelism between the

concentration and the radical scavenger and the mean
value is 75% [89]. The DPPH test was used for the
antioxidant activity of S. suffruticosa. The result has been
reported to be 12.1 pg/ml [92]. DPPH, CUPRAC, ABTS
and FRAP tests were used for the antioxidant activity of S.
cadmica. It has been reported that the highest value was
obtained from the DPPH test as 311.96 pg/ml [93]. DPPH,
CUPRAC, ABTS and FRAP tests were used for the
antioxidant activity of S. blepharochlaena. It has been
reported that the highest value was obtained from the
CUPRAC test as 330.54 pg/ml [94]. DPPH, ABTS, FRAP
and p-carotene bleaching tests were used for the
antioxidant activity of S. pomifera. It has been reported
that the highest value was obtained from the DPPH test as
43.7 g/ml [95]. CUPRAC, DPPH and FRAP tests were
used for the antioxidant activity of S. hydrangea. The
highest value was reported in the 60.6 pg/ml DPPH test
[37]. FRAP, DPPH, ABTS, O2+— and Lipid peroxidation
tests were used for the antioxidant activity of S. viridis.
One of the best results was reported as 31.99 pg/ml in the
DPPH test [97]. The DPPH test was used for the
antioxidant activity of S. palestina. The highest value was
reported to be 20.0 pg/ml [101]. DPPH, ABTS, DMPD,
FRAP, Copper reduction and Iron reduction tests were
used for the antioxidant activity of S. eriophora. It has
been reported that the highest value was obtained from the
DMPD test as 38.10 pg/ml [102]. DPPH, B-carotene
linoleic acid, superoxide anion radical, hydroxyl radical
and reducing power tests were used for the antioxidant
activity of S. brachyantha. It has been reported that the
highest value was obtained from the reducing power test
as 100.0 ug/ml [103]. It has been reported that DPPH and
B-carotene bleaching tests are used in the antioxidant
activity of S. chrysophylla [104]. B-carotene linoleic acid
bleaching, DPPH, ABTS, CUPRAC tests were used for
the antioxidant activity of S. chionantha. It has been
reported that the highest value was obtained from the
DPPH test as 96.7 pg/ml [106]. The DPPH test was used
for the antioxidant activity of S. longipedicellata. The
result of the study was reported to be 10.0 pg/ml [107].
DPPH test was used for the antioxidant activity of S.
xanthocheila, S. atropatana, S. limbata and S. nemorosa.
The values obtained as a result of the study were reported
as 457.0 pg/ml, 89.47 ug/ml, 557.40 pg/ml and 138.43
pg/ml, respectively [109]. DPP, ABTS, CUPRAC and
FRAP tests were used for the antioxidant activity of S.
modesta. It has been reported that the highest value was
obtained from the CUPRAC test as 330.58 pg/ml [110].
DPPH, Iron chelation and FRAP tests were used in the
antioxidant activity of S. tobeyi. The highest value was
reported in the iron chelation test of 27.59 pg/ml [111].
B-carotene linoleic acid bleaching, Superoxide anion
radical scavenging and ABTS tests were used to
determine the antioxidant activity of S. poculata. They
reported that the B-carotene linoleic acid bleaching test is
more effective [112]. The DPPH test was used for the
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antioxidant activity of S. glutinosa. As a result of the
study, it was reported that the best DPPH value was 13.20
pg/ml [114]. The DPPH test was used for the antioxidant
activity of S. staminea. It has been reported that the DPPH
value is 60.4 pg/ml [115]. DPPH, ABTS, FRAP and
B-carotene bleaching tests were used for the antioxidant
activity of S. amplexicaulis. It has been reported that one
of the best values belongs to the DPPH test as 17.9 pg/mL
[116].

2.4.2. Antimicrobial Activity

Alternaria sp., Penicillium expansum and Rhizopus
stolonifer were used in the antimicrobial activity of the
essential oil of S.aucheri. As a result, it has been reported
that the species used inhibit mycelium growth [57]. S.
fruticosa and S. lanigera bacteria in antimicrobial activity
(Gram negative: Escherichia coli, Salmonella typhimurium,
S. enteritidis, Pseudomonas tolaasii, P. aeruginosa,
Proteus mirabilis, Gram positive: Staphylococcus aureus,
Bacillus cereus, Micrococcus flavus, Sarcina lutea and
Listeria monocytogenes) and fungi (Candida krusei, C.
albicans, C. parapsilosis, Aspergillus glaucus, A.
fumigatus, A. flavus and Trichophyton mentagrophytes)
were investigated. As a result, it has been reported that S.
lanigera has better antifungal and S. fruticosa better
antibacterial properties in essential oils [58]. It has been
reported that the essential oil of S. tomentosa is effective
against S. aureus, S. pneumoniae, M. catarrhalis, B. cereus,
A. lwoffii, C. perfringens, M. smegmatis [59]. It was
determined that the highest value in the antimicrobial
activity of S. aramiensis, S.aucheri var. aucheri and S.
pilifera was in S. aramiensis and the lowest value was in S.
pilifera. It has also been reported that essential oils are
effective on A. lwoffii and C. albicans [60]. It has been
reported that essential oils of S. kurdica, S. macrochlamys,
S. kronenburgii, S. euphratica var. euphratica and S.
huberi have antibacterial properties against E. coli and S.
aureus [61]. It has been reported that the essential oils of S.
tigrina are effective against C. albicans, Cryptococcus
neoformans and Botrytis cinerea [62]. It has been reported
that essential oils of S. cassia are effective against B.
subtilis, S. aureus, Enterococcus faecalis and Candida
species [63]. It has been reported that the antimicrobial
effect of essential oils of S. recognita is low [64]. It has
been reported that the antimicrobial activity of S. pinnata is
very effective on S. aureus, E. faecalis, E. coli, S. enterica
[65]. It has been reported that S. bracteata has a weak
effect on Alternaria solani [66]. It has been reported that S.
reeseana is very effective on gram-positive bacteria [34]. It
has been reported that the antimicrobial activity of S.
verticillata is moderate [68]. It has been reported that S.
cedronella is effective against B. cereus, B. subtilis, E.
aerogenes, E. faecalis, S.aureus, S. epidermidis, P.
mirabilis and C. albicans [69]. It has been reported that S.
rosifolia is effective against S. aureus, E. coli, P.
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aeruginosa, E. aerogenes, S. typhimurium, S. epidermidis,
C. albicans, Colletotrichum acutatum, C. fragariae, and C.
gloeosporioides [70]. It has been reported that S.
wiedemannii and S. dichroantha are effective against C.
albicans, C. glabrata and Saccharomyces cerevisiae [86].
It has been reported that the antimicrobial activity of S.
pisidica is at normal levels [72]. It has been reported that S.
potentillifolia is effective against C. glabrata, S. aureus, E.
faecalis and Haemophilus influenzae [73,74]. It has been
reported that S. cryptantha is effective against C. albicans,
C. krusei, M. smegmatis, A. Iwoffii, S. pneumoniae and C.
perfringens [79]. It has been reported that S. russellii and S.
frigida are effective against S. aureus, K. pneumoniae, B.
megaterium and C. albicans [81]. It has been reported that
S. officinalis is effective against S. aureus, M. luteus, B.
cereus and B. subtilis [83]. It has been reported that S.
multicaulis is effective against P. aeruginosa, A.
baumannii, C. glabrata and C. krusei [84]. It has been
reported that S. sclarea is effective against Candida species
[86]. It has been reported that S. heldreichiana shows
against S. aureus, P. aureginosa, E. coli and C. albicans
[88]. It has been reported that S. caespitosa is effective
against C. parapsilosis [89]. It has been reported that S.
pachystachys is effective against S. aureus, B. subtilis, E.
coli, P. aeruginosa, C. albicans, C. acutatum, C. fragariae,
C. gloeosporioides [90]. It has been reported that S.
pomifera shows against B. subtilis and L. innocua [95]. It
has been reported that S. hydrangea is effective against S.
aureus and C. utilis [37]. It has been reported that S.
sericeo-tomentosa is effective against S. aureus, B. subtilis
and P. aeruginosa [96]. It has been reported that S.
hypargeia is effective against A. baumannii, C. glabrata, C.
tropicalis and C. parapsilosis [98]. It has been reported
that S. spinosa is effective against S. aureus, P. aeruginosa
and B. subtilis [100]. It has been reported that S. palestina
is effective against S. aureus, E. coli and C. albicans [101].
It has been reported that S. aethiopis is effective S. aureus,
S. epidermidis, Micrococcus luteus, B. subtilis and
Bordetella bronchiseptica [105]. It has been reported that S.
longipedicellata is effective against S. aureus, B. subtilis,
E. coli, C. albicans, C. tropicalis and C. glabrata [107]. It
has been reported that S. argentea is effective against S.
aureus [108]. S. xanthocheila, S. atropatana, S. limbata,
and S. nemorosa have been reported to be effective against
E. coli, K. pneumoniae, S. typhi, S. aureus, S. epidermidis,
B. subtilis [55]. It has been reported that S. cilicica is
effective against B. cereus, S. cholerasuis and C. albicans
[109]. It has been reported that S. glutinosa is effective
against S. cerevisiae and C. albicans [113]. It has been
reported that S. staminea is effective against E. coli,
Yersinia pseudotuberculosis, S. aureus, E. faecalis, B.
cereus, L. monocytogenes and C. albicans [114]. It has
been reported that S. verbenaca is effective against S.
aureus and S. faecalis [118].
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2.4.3. Cytotoxic Activity

It has been reported that the ethanol extract of S.
fruticosa has cytotoxic activity on the Human carcinoma
cell line (HCT-116) [58]. It has been reported that S.
kurdica, S. macrochlamys, S. kronenburgii, S. euphratica
var. euphratica, S. huberi have cytotoxic effects on human
lymphocytes with the MTS test [61]. (S. albimaculata, S.
candidissima subsp. occidentalis, S. ceratophylla, S.
cryptantha, S. cyanescens, S. frigida, S. halophila, S.
multicaulis, S. syriaca, S. sclarea have been reported to
have cytotoxic activity. It has also been reported that the
highest effect belongs to S. cyanescens [76]. It has been
reported that S. suffruticosa has cytotoxic activity using the
MTT test [92]. S. blepharochlaena has been reported to
have cytotoxic activity using adenocarcinomic human
alveolar basal epithelium (A-549) and human breast cancer
(MCF-7) cell lines [94]. It has been reported that S.
hypargeia and S. napifolia have high cytotoxic activity
against human ovarian cancer cell lines [99]. It has been
reported that S. aethiopis has cytotoxic activity [105]. S.
argentea has been reported to show cytotoxic activity
against myelogenous leukemia (K562) and fibrosarcoma
(HT1080) cell lines [108]. It has been reported that S.
xanthocheila, S. atropatana, S. limbata and S. nemorosa
are effective against 3 cancer cell lines using the MTT test
[109]. It has been reported that S. nutans has a cytotoxic
effect on human cervical adenocarcinoma (HelLa), skin
carcinoma (A431) and breast adenocarcinoma (MCF7)
cells using the MTT test [117].

2.4.4. Anti-inflammatory Activity

It has been reported that S. verticillata and S. trichoclada
have anti-inflammatory effects on rat models by looking at
paw edema [67]. It has been reported that S. ceratophylla
has an anti-inflammatory effect based on cellular oxidative
stress test inhibition, Nitric Oxide (NO) measurement and
NF-kB activity inhibition test [78]. It has been reported that
S. virgata and S. halophila have anti-inflammatory effects
on carrageenan-induced hind paw edema in mice [82]. It
has been reported that S. sclarea has a moderate
anti-inflammatory effect in edema caused by carrageenan
[86].

2.4.5. Anticholinesterase Activity
It has been reported that S. divaricata has a low level of

anticholinesterase activity in the pathogenesis of
Alzheimer's [55]. When the anticholinesterase (anti-ChE)
enzyme activity of S. wiedemannii and S. dichroantha was
compared with galantamine at the same concentration, it
was reported that S. wiedemannii had a medium level and S.
dichroantha had a low level [71]. It has been reported that
S. hydrangea showed high anticholinesterase activity
compared to galantamine as a reference compound [37]. It
has been reported that S. chrysophylla has
acetylcholinesterase (AChE) activity with the Ellman test,
as the essential oil contains diterpene sclareol [104]. It has
been reported that S. chionantha has moderate
anticholinesterase activity in Alzheimer's disease [106].
The presence of anticholinesterase activity of S. tobeyi was
reported for the first time [111]. It has been reported that S.
poculata has high acetylcholinesterase activity because it
contains ursolic acid [112].

2.4.6. Other Activities

It has been reported that S. recognita has a low
antimalarial effect on Plasmodium falciparum [64]. It has
been reported that S. cedronella has a high antiviral effect
on influenza and Herpes simplex viruses. It has been
reported that S. albimaculata has a peripheral
antinociceptive effect in mice [75]. It has been reported
that S. albimaculata, S. candidissima subsp. occidentalis, S.
ceratophylla, S. cryptantha, S. cyanescens, S. frigida, S.
halophila, S. multicaulis, S. syriaca, S. sclarea have
antiviral effects against parainfluenza and H. simplex [76].
It has been reported that S. ceratophylla is rich in linaool
and has an antiprotozoal effect [78]. It has been reported
that the antinociceptive effect of S. virgata and S. halophila
is low [82]. In addition to its phytotoxic effect, S.
officinalis has been reported to have an insecticidal effect
on Spodoptera littoralis larvae and Tribolium castaneum
adults [83]. It has been reported that S. syriaca has an
antialzheimer effect [85]. It has been reported that S.
sclarea has antianxiety and antidiabetic effects [86]. It has
been reported that S. tchihatcheffii has an insecticidal effect
against Sitophilus granarius and S. oryzae insect species
[87]. It has been reported that S. modesta has an
antidiabetic effect [110]. It has been reported that the
ethanol extract of S. amplexicaulis has a stronger
antineurodegenerative effect compared to the commercial
inhibitor kojic acid [116].
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Table 4. Biological activities of different Salvia species

Salvia plants Biological activity Extraction References
S. divaricata Antioxidant, anticholinesterase Dichloromethane, ethyl acetate, [55]
methanol
S. aucheri var. canescens Antioxidant, antifungal Essentials oil [56,57]
. Antioxidant, antimicrobial, cytotoxic Essentials oil, water extracts,
S. fruticosa L [58]
activity methanol, ethanol
S. lanigera Antioxidant, antimicrobial Essentials oil, water extracts, [58]
methanol, ethanol
S. tomentosa Antioxidant, antimicrobial Essentials oil, Methanol [59]
S. aramiensis Antioxidant, antimicrobial Essentials oil [60]
S. aucheri var. aucheri Antioxidant, antimicrobial Essentials oil [60]
S. pilifera Antioxidant, antimicrobial Essentials oil [60]
S, kurdica Antioxidant, antlt_)a_cterlal, cytotoxic Essentials oil [61]
activity
$. macrochlamys Antioxidant, antll?af:terlal, cytotoxic Essentials oil 61]
activity
$. kronenburgii Antioxidant, antlk_)af:tenal, cytotoxic Essentials oil [61]
activity
S. euphratica var. euphratica Antioxidant, antll?af:terlal, cytotoxie Essentials oil [61]
activity
S. huberi Antioxidant, antlk_)af:tenal, cytotoxic Essentials oil [61]
activity
S. tigrina Antifungal Ethanol extracts [62]
S. cassia Antibacterial, antimycobacterial, antifungal Essentials oil, Ethanol extracts [63]
S. recognita Antimalarial, antimicrobial, antifungal Essentials oil, hydrodistillation [64]
S. pinnata Antimicrobial Essentials oil, hydrodistillation [65]
S. bracteata Antioxidant, antifungal Essentials oil, Methanol, Hexane [66]
extracts
S. reeseana Antimicrobial Essentials oil [34]
S. trichoclada Anti-inflammatory Essentials oil, Methanol [67]
S. verticillata Antlml_croplal, antlbz_ic_terlal, antifungal, Essentials oil, Methanol [67,68]
antioxidant, Anti-inflammatory
S. cedronella Antimicrobial, antiviral Essentials oil, Methanol [69]
S. rosifolia Antibacterial, antifungal, anticancer Essentials oil, hydrodistillation [70]
S. wiedemannii Antimicrobial, anticholinesterase activity Essentials oil, hydrodistillation [71]
S. dichroantha Antimicrobial, anticholinesterase activity Essentials oil, hydrodistillation [71]
S. pisidica Antioxidant, antimicrobial Essentials oil, Methanol [72]
S. potentillifolia Anticandidal activity Antimicrobial Essentials oil, hydrodistillation [73,74]
S. albimaculata Antinociceptive, fin_tlvwal, cytotoxic Ethanol, Essentials oil, Methanol [75,76]
activity
S candld_lssma_subsp. Antiviral, cytotoxic activity, antioxidant Essentials oil, Methanol, Ethanol [76,77]
occidentalis
Antiviral, cytotoxic
S. ceratophylla activity,anti-inflammatory, antiprotozoal Essentials oil, Methanol, Hexane [76,78]

activitiy
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Antiviral, cytotoxic activity, antimicrobial,

activity

S. cryptantha antioxidant Essentials oil, Methanol [76,79]
S. cyanescens Antiviral, cytotoxic activity, antioxidant Essentials oil, Methanol, Ethanol [76,80]
S. frigida Antiviral, cytotoxn? ac-tlwty, antimicrobial, Essentials oil, Methanol [76,81]
antioxidant
S. halophila Antl.\”rali cytoto_)(l_c activity Essentials oil, Methanol [76,82]
Antinociceptive, anti-inflammatory
s, officinalis Antioxidant, antimicrobial, insectidicial, Essentials oil, Methanol, 83]
' phytotoxicity hydrodistillation
S. multicaulis Antiviral, cytotoxu:' aCFIVIty’ Antimicrobial, Essentials oil, Methanol, Ethanol [76,84]
antioxidant
S. syriaca Antiviral, cytotoxic activity, anti-alzheimer Essentials oil, Methanol [76,85]
Antiviral, cytotoxic activity, antioxidant,
S. sclarea antimicrobial, anti-inflammatory, Essentials oil, Methanol [76,86]
antianxiety, antidiabetic
S. tchihatcheffii Insectidicial Essentials oil, Methanol [87]
S. heldreichiana Antioxidant, antimicrobial Essentials oil, Methanol [88]
S. caespitosa Antibacterial, anFlfungaI, antioxidant, Essentials oil, Methanol [89]
anticancer
S. pachystachys Antimicrobial, Antifungal Essentials oil, hydrodistillation [90,91]
S. suffruticosa Anticancer, cytotoxic activity, antioxidant Essentials oil, Methanol [92]
S. cadmica Antioxidant Essentials oil, Methanol [93]
S. blepharochlaena Antioxidant, cytotoxic activity Essentials oil, Methanol [94]
. L . . Essential oils, Ethanol,
S. pomifera Antioxidant, antibacterial Dichloromethane, ethyl acetate [95]
Antioxidant, antimicrobial, . .
S. hydrangea Anticholinesterase activity Essentials oil, Methanol, Hexane [37]
S. sericeo-tomentosa Antimicrobial Essentials oil, hydrodistillation [96]
S. viridis Antioxidant Essentials oil, hydroethanolic [97]
extracts
S. hypargeia Antibacterial, antifungal, Cytotoxic activity Essentials oil, Ethanol [98,99]
S. spinosa Antimicrobial Essentials oil, hydrodistillation [100]
S. palestina Antioxidant, antimicrobial Essentials oil, steam distillation [101]
S. eriophora Antioxidant Essentials oil [102]
S. brachyantha Antioxidant Essentials oil, Methanol [103]
. . . Essential oils, dichloromethan
S. chrysophylla Antioxidant, anticholinesterase ssential oils, dichloromethane [104]
extract
S. aethiopis Antibacterial, cytotoxic activity Essentials oil, Methanol [105]
S. chionantha Antioxidant, anticholinesterase Essentials oil, Hexane [106]
S. longipedicellata Antioxidant, antimicrobial Essentials oil,Ethanol [107]
S. argentea Antibacterial, cytotoxic activity Essentials oil, Methanol [108]
S. xanthocheila Antioxidant, antmjlc':roblal, cytotoxic Essentials oil, Methanol [109]
activity
S. atropatana Antioxidant, antimicrobial, cytotoxic Essentials oil, Methanol [109]
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S. limbata Antioxidant, antm'1|(':r0b|al, cytotoxic Essentials oil, Methanol [109]
activity
S. nemorosa Antioxidant, ant|r!1|(':rob|al, cytotoxic Essentials oil, Methanol [109]
activity
S. modesta Antioxidant, antidiabetic Essentials oil, Methanol [110]
S. tobeyi Antioxidant, anticholinesterase Essentials oil, Ethanol [111]
S. poculata Antioxidant, anticholinesterase Essentials oil, Methanol [112]
S. cilicica Antimicrobial Essentials oil, Ethanol [113]
S. glutinosa Antioxidant, antimicrobial Essentials oil, I\{Iet_hanpl, Ethanol, [114]
hydrodistillation
S. staminea Antioxidant, antimicrobial Essentials oil, hydrodistillation [115]
S. virgata Antinociceptive, anti-inflammatory Essentials oil, Methanol [82]
S. amplexicaulis Antioxidant, antlnngqrodegeneratlve Essentials oil, Methanol, Ethanol, [116]
activitiy
S. nutans Cytotoxic activity Essentials oil, Methanol [117]
S. verbenaca Antimicrobial Essentials oil, hydrodistillation [118]
S. russellii Antimicrobial, antioxidant Essentials oil, Methanol [81]
S. napifolia Cytotoxic activity Essentials oil, Ethanol [99]

3. Conclusions

In this study, the nutritional contents, usage areas,

phytochemical contents and biological activities of Genus
Salvia were compiled. Salvia species attract attention with
their nutritional properties. It also contains important
phytochemical compounds. In addition, it stands out with
its different biological activities such as antioxidant,
anticancer, antimicrobial, and antiproliferative. It is very
important to use Salvia species not only in in-vitro studies
but also in in vivo studies. In this context, members of

Genus Salvia can be used as natural

materials in

pharmacological designs.
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