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Abstract

Background: The composition and activities of essential oil of common sage from Saudi Arabia have not yet been
reported.

Objectives: To analyze the composition and antibacterial and antioxidant activities of essential oil from leaves of the
common sage Salvia officinalis L. from Abha, Saudi Arabia.

Methods: Essential oil was extracted from the leaves of S. officinalis by hydrodistillation, and its composition was
analyzed using gas chromatography and mass spectrometry. Phenolics and flavonoids were determined using gallic acid
and quercetin standards. Antioxidant activity was determined using a 2,2-diphenyl-1-picrylhydrazyl radical scavenging
method. Activity against various gram-positive and gram-negative bacteria was determined by disk diffusion and
microdilution.

Results: The yield of essential oil was 3.24 + 0.55% (w/dry weight). Major compounds identified were camphor
(20.3%), 1,8-cineole (15.0%), a-thujone (14.9%), viridiflorol (9.9%), carvone (6.2%), and B-thujone (5.7%). Phenolic
content was 134.3 + 17.61 ug/mL and flavonoid content was 119.5 + 18.75 pg/mL. Antioxidant IC, was 970 + 5.5 ug/
mL. The highest gram-positive antibacterial activity was for Bacillus subtilis and the highest gram-negative activity
was for Escherichia coli. Minimum inhibitory concentrations ranged from 62.2 £ 3.9 to 1398.1 £ 50.7 pg/mL for gram-
positive bacteria and from 323.4 + 69.5 to 968.4 + 120.6 ug/mL for gram-negative bacteria. Minimum bactericidal
concentrations ranged from 120.3 £ 7.6 to 1387.4 + 161.8 pg/mL for gram-positive bacteria and from 386 + 8.3 to
1225.2 £ 100.9 pg/mL for gram-negative bacteria.

Conclusions: Essential oil of S. officinalis L. from Abha, Saudi Arabia, showed compositional, antioxidant, and
antibacterial properties generally consistent with essential oil of S. officinalis L. from other locations as reported in the
literature.
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In various countries, the demand for medicinal and aroma-
tic plants is increasing because of their use in many fields,
including medicine, nutrition, beverages, insect repellents,
perfumes, flavors, cosmetics, and dyeing [1]. The diversity
of these plants and their indispensable use as a source of raw
materials as natural products potentially has considerable eco-
nomic benefits. Various secondary metabolites are produced
by these plants. Among these metabolites, volatile molecules
with olfactory activity and high added value comprise essen-
tial oils [2].

The common sage (Salvia officinalis L.), belonging to
the Lamiaceae family [3], is considered a medicinal and culi-
nary herb and is widely used either in its natural state or in the
form of extracts or essential oil. Besides its traditional use in
common food and folk medicine, sage contains many substan-
ces having various interesting properties [4]. Sage has effects
on human health through the biological properties of its com-
ponents, such as anti-inflammatory, antibacterial, fungistatic,
virostatic, astringent, eupeptic, and antihydrotic properties [4,
5]. These have potential applications in the pharmaceutical
and medicinal sectors, such as in the management of Alzhei-
mer disease [6], and from their hypoglycemic and antimutage-
nic activities [7]. Sage is integrated as an active ingredient in a
mixture of plant preparations and it is useful for the treatment
of bronchitis [8].

Essential oils are commonly used in the pharmaceutical
industry, cosmetics, perfumery, food processing, and aroma-
therapy [8]. The essential oils of sage are complex mixtures
of various active ingredients. Moreover, the reported medici-
nal properties (including antiseptic, antispasmodic, soothing,
cephalic, digestive, and febrifuge activities) of sage essential
oil make this plant valuable [9]. The chemical composition
of essential oil from sage grown in many regions worldwide
has been studied (including Tunisia, Greece, Algeria, Serbia,
Montenegro, Iran, Kashmir, Turkey, and Croatia) [10-17].
These studies found variability in the chemical composition
and biological properties of sage essential oil. Generally, cha-
racteristics of sage essential oil depend on various factors,
such as the location, the season, abiotic factors (including
temperature, sunlight, humidity, acidity, and soil), and the
extraction procedure. The importance of these factors has
stimulated the investigation of the chemical composition and
the biological activities of essential oil of sage harvested in
various locations worldwide [18]. Saudi Arabia is among the
attractive countries for sage production and is characterized by
substantial plant diversity; however, all data for sage are from
plant origins other than in Saudi Arabia. Our research was in
part motivated by the economic and environmental concerns
related to medicinal plants from Saudi Arabia, which could
make important contributions to the conception of new uses
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for natural products. Because the essential oil composition
of sage varies, based on different factors including the geo-
graphical location of plant growth, the purpose of the present
study was to investigate the phytochemical characterization
and the biological activities of the essential oil of the leaves
of the common sage, S. officinalis L., collected from the Abha
region in Saudi Arabia.

Methods

Plant material

Leaves of S. officinalis L. were sampled from natural popula-
tions situated in Abha (southern region of Saudi Arabia; lati-
tude: 18° 13’ 0.4692" N, longitude: 42° 30" 19.01" E, altitude:
2,400 m) in winter—spring 2018. The plant is not considered an
endangered or protected species, and no specific permit was
required for its collection. Plants were identified by Professor
Wissem Mnif (Faculty of Sciences and Arts in Balgarn, Uni-
versity of Bisha, Saudi Arabia), and voucher specimens (SO1)
have been deposited in the Higher Institute of Applied Biology
of Medenine (Tunisia). Samples were dried in the shade
while ventilated at room temperature for 15 days. A disc mill
machine (model FFC-45; Zhengzhou Kaishan Mechanical &
Electrical Equipment Co., China) was used for decortication
of the stem-free leaf samples.

Essential oil extraction

The essential oil was extracted from the air-dried leaves
(200 g) by hydrodistillation using a Clevenger-type apparatus
(4 h). Petroleum ether was used to extract the aqueous phase
(3 X 50 mL), then dried with anhydrous sodium sulfate. After
filtration, the petroleum ether was removed using a rotary eva-
porator (model 94200; Heidolph Instruments, Germany) under
reduced pressure to ensure its complete removal. Samples
were stored in amber glass bottles (at 4 °C) until use [18]. The
extracted oil was weighed to determine the yield as estimated
based on the dry weight of the plant material.

Gas chromatography-mass spectrometry analysis

The composition of the essential oil from leaves of Salvia
officinalis L. was determined using a Hewlett Packard HP 5890
gas chromatography system coupled with an HP 5972 Mass
Selective Detector (Agilent Technologies), set to scan from
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20 m/z to 550 m/z. The gas chromatography-mass spectrome-
try (GC-MS) analysis was conducted using a DB-5 capillary
column (length 25 m, internal diameter 0.25 mm, and 0.25 pm
film thickness; Agilent Technologies). The carrier gas was
helium at a linear velocity (u) of 30.1 cm/s with an inlet pres-
sure of 99.8 kPa. The detector temperature was adjusted at 250
°C at a carrier gas flow rate of 1.2 mL/min. Feed oil with 1%
hexane was injected in a split mode in a volume of 0.2 pL. at 240
°C. The ionization energy was 70 eV. The GC-flame ionization
detection (FID) peaks are indicative of various chemical cons-
tituents of the oil, which were recognized based on comparing
their retention time and mass spectra with entries in the Wiley
version 7.0 and National Institute of Standards and Technology
05 MS (NIST) spectral data libraries. The peak area normaliza-
tion was applied to determine the component percentages [19].
The GC-MS method was validated under the supervision of
the Tunisian Ministry of Research and Higher education. The
precision and interassay variation were evaluated as >97%.

Total phenols

The essential oil phenol content was determined using a
Folin—Ciocalteau reagent method as previously described
[20]. In brief, the extracted essential oil was mixed with 10%
Folin—Ciocalteau reagent in a ratio (10 pL:750 pL) and further
mixed with 20% Na,CO, solution. After 1 h of reaction at
room temperature, the absorbance was determined at 765 nm
with a spectrophotometer (Shimadzu). Gallic acid was used as
a standard for the calibration curve, which is used to determine
the total phenol content. Results are presented as pg/mL of the
gallic acid equivalent (GAE).

Total flavonoids

To determine the flavonoid content, the essential oil was
diluted in ethanol in a ratio of 1:10. Then, 75 pL of 5% NaOH
solution was added to 250 pL of the diluted oil solution. After
a few minutes of incubation, 150 uL of 7% AICI, solution was
added to the mixture. After 1 h of incubation at room tem-
perature, the absorbance was determined at 510 nm using a
spectrophotometer (Shimadzu). The flavonoid content was
determined using a calibration curve of quercetin as a stan-
dard. Results were presented as pg/mL of the quercetin equi-
valent (QE) [21].

Antioxidant activity

The essential oil antioxidant activity was determined using
the 2,2'-diphenyl-1-picrylhydrazyl (DPPH) free radical
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scavenging method [22]. Essential oil was diluted to 1 mL
with methanol (range between 0 pg/mL and 1,000 pg/mL),
and 0.25 mL of DPPH radical solution (0.2 mM) was added
[23]. The absorbance was determined at 517 nm using a spec-
trophotometer (Shimadzu). The antioxidant activity percen-
tage was calculated as follows [18]:

Inhibition (%)= (

where OD .

Control

plus methanol) and OD

is the absorbance of the control (DPPH solution
sampie 15 the absorbance of the sample
including DPPH plus the oil. The essential oil concentration
that could scavenge 50% of DPPH (IC,)) was determined as

specified by Shimada et al. [24].

Antibacterial activity

Bacteria

We used 5 gram-positive bacteria (Enterococcus faecalis
ATCC 29212, Micrococcus luteus ATCC 4698, Salmonella
enterica ATCC 35664, Bacillus subtilis ATCC 6633, and Sta-
phylococcus aureus ATCC 29213) and 5 gram-negative bac-
teria (Escherichia coli ATCC 8739, Klebsiella pneumoniae
ATCC 10031, Shigella sonnei ATCC 29930, Agrobacterium
tumefaciens ATCC 23308, and Pseudomonas aeruginosa
ATCC 9027). Strains were grown on tryptone—casein—soy
agar plates and cultivated at 37 °C for 24 h. All strains were
obtained from the Medical Faculty of Sfax (Tunisia) and were
isolated as reported in the literature [25].

Disk diffusion assay

A disk diffusion assay was applied to determine the antibac-
terial activities of the essential oil. We spread 100 pL of bac-
terial suspension (10® colony-forming units (CFU)/mL) on
trypticase soy agar contained in Petri plates. We individually
impregnated 6 mm diameter paper disks (Sigma Aldrich) with
50 pL of the essential oil and placed the impregnated disks
on the agar plate previously inoculated with the selected bac-
terial strain. Gentamicin (10 pg/disk) was used as a positive
control. As a negative antibacterial control, a disk soaked in
hexane was used. After incubating the plates with the disks
for 1 h at 4 °C, they were then incubated at 37 °C for 24 h.
For each bacterial strain, the antibacterial activity was evalua-
ted by measuring the diameter (in millimeters) of the growth-
inhibition zone [26].
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Minimum inhibitory concentration and minimum

bactericidal concentration

The minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC) for the essential oil were
determined using an agar dilution method [27].

Statistical analyses

Experiments were conducted in triplicate, and results are pre-
sented as means * standard deviation. The results were com-
pared only for the antibacterial activity of the essential oil
against various strains. Comparisons of means between groups
were assessed using a one-way analysis of variance (ANOVA)
with XLSTAT (version 10). Differences were considered sig-
nificant at P < 0.05.
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Results

Chemical composition of essential oil from leaves of
S. officinalis L.

A yield of 3.24 £ 0.55% (weight/dry weight) of essential
oil, with a colorless or yellowish color and a characteristic
spicy odor, was obtained by extraction from S. officinalis
leaves using hydrodistillation. The percentages and the reten-
tion times (RI) of the identified compounds of the essen-
tial oil are shown in Figure 1 and summarized in Table 1.
A total of 26 constituents, representing 99.92% of the total
oil, were identified. The essential oil was dominated by
the oxygenated monoterpenoids representing a fraction of
67.36%. This fraction was composed of mainly camphor
(20.3%), 1,8-cineole (15.01%), and a-thujone, with a lesser
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Figure 1. Gas chromatogram of essential oil from leaves of Salvia officinalis L. A Hewlett Packard HP 5890 gas chromatography system coupled
with an HP 5972 Mass Selective Detector set to scan from 20 m/z to 550 m/z was used with a DB-5 capillary column (length 25 m; Agilent
Technologies). The carrier gas was helium at a linear velocity of 30.1cm/s and an inlet pressure of 99.8 kPa. The detector temperature was

250 °C with a 1.2 mL/min carrier gas flow rate. Feed oil with 1% hexane was injected in a split mode in 0.2 uL at 240 °C. The ionization energy was
70 eV.The flame ionization detection peaks are indicative of various constituents of the essential oil that were recognized by comparing their
retention time and mass spectra with entries in the Wiley version 7.0 and National Institute of Standards and Technology 05 MS (NIST) spectral

data libraries. Relative abundance and retention times are shown for the following: (a) c=pinene; (b) camphene; (c) B-pinene; (d) myrcene; (e) 1,8-
cineole; (f) o-thujone; (g) camphor; (h) carvone; (i) bornyl acetate; (j) B-bourbonene; (k) trans-B-caryophyllene; (/) germacrene D; (m), globulol; and
(n) viridiflorol.



Asian Biomed (Res Rev News) 2020; 14(6):261-270

Essential oil from S. officinalis characterization == 265

Table 1. Composition of essential oil extracted from leaves of Salvia officinalis L. by hydrodistillation

Volatile compoundt and chemical class Retention time (min) RIF Percentage of total EO§ Formula
o-Pinene 4.42 938 1.15+0.1 CoHis
Camphene 4.64 954 2.58+0.17 CoHie
f3-Pinene 5.04 980 2.06 £0.05 CoHe
Myrcene 5.18 994 1.26+0.11 CoH6
a-Terpinene 5.59 1,018 0.32+0.03 Cle6
p-Cymene 573 1,026 0.36+0.02 C,H,
y-Terpinene 6.21 1,062 0.59+0.05 Cle6
o-Terpinolene 6.66 1,090 0.53+0.04 CmH16
Monoterpene hydrocarbons 8.85

1,8-Cineole 5.86 1,035 15.0+0.51 C,H,0
o-Thujone 7.02 1,109 149+0.35 CH,0
B-Thujone 7.15 1,120 57+027 C,H,0
Camphor 7.64 1,148 20.3+0.91 C,H,0
Pinocamphone 7.80 1,161 0.38+0.03 CmeO
Borneol 7.89 1,168 2.16+0.14 C,,H, 0
a-Terpineol 8.03 1,176 1.15+0.06 CmeO
Carvone 9.01 1,248 6.2+0.15 CwHMO
Bornyl acetate 9.54 1,286 1.6 £0.07 C,H,.0,
Oxygenated monoterpenes 67.36

-Bourbonene 10.93 1,385 0.89+0.03 C15H24
f3-Elemene 10.98 1,391 0.82£0.03 C.H,,
trans-B-Caryophyllene 11.41 1,419 4.01+0.73 15
a-Humulene 11.85 1,455 2.13+0.11 CH,,
Germacrene-D 12.18 1,462 2.52+0.53 C15H24
Germacrene-B 12.37 1,535 0.9+0.08 C]SH24
Sesquiterpene hydrocarbons 11.27

Globulol 13.48 1,590 1.67+0.16 C,H,0
viridiflorol 13.61 1,591 9.9+0.67 C,H,0
Oxygenated sesquiterpenes 11.58

Humulene epoxide 13.78 1,606 0.86+0.02 C,H,,0
Oxygenated sesquiterpenoid 0.86

Total identified 99.92

T Identification of components based on the GC-MS Wiley version 7.0 library and National Institute of Standards and Technology 05 MS (NIST) data

library.
F R, retention index.

§ Percentages of the total of the essential oil (EO) from the leaves of S. officinalis are the means of 3 runs and were obtained from electronic

integration measurements using a selective mass detector.

amount of carvone (6.2%), B-thujone (5.7%), and borneol
(2.2%). Among the sesquiterpene fraction (22.85%), ses-
quiterpene hydrocarbons (11.58%) were dominated by
trans-PB-caryophyllene (4.0%) while viridiflorol (9.9%)

was recognized as the major constituent of the sesquiter-
pene oxygenated portion. This essential oil also showed
a low-oxygenated sesquiterpenoid content of humulene
epoxide (0.86%).
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Total phenolic and flavonoid contents of the essential
oil from S. officinalis L.

The phenolic content was 134.3 + 17.61 pg GAE/mL. The fla-
vonoid content was 119.5 £ 18.75 ng QE/mL.

Evaluation of the antioxidant activity of the essential oil
from S. officinalis L.

The essential oil had an antioxidant activity to scavenge DPPH
free radicals with an IC, = 970 £ 5.5 pg/mL (Figure 2).
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Figure 2. 2,2"-Diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging
activity (% inhibition) of essential oil from the leaves of Salvia officinalis L.
in methanol. Absorbance was determined at 517 nm. Means and standard
deviations of triplicate measurements are presented. A regression line
shows y =0.033x + 17.99; R* = 0.898. IC, = 970 + 5.5 ug/mL. Error bars
indicate standard deviation.

Table 2. Antibacterial activity of essential oil from Salvia officinalis L.

A

T SIAN
| BIOMEDICINE

1l

A

Antibacterial activity of essential oil from S. officinalis L.

The essential oil inhibits both gram-positive (E. faecalis,
M. luteus, S. enterica, B. subtilis, and S. aureus) and gram-
negative bacteria (E. coli, K. pneumoniae, A. tumefaciens,
and P. aeruginosa) (Table 2). For gram-positive bacteria, the
highest inhibition diameter (24.8 £ 0.11 mm) was obtained
for B. subtilis. This value was significantly higher (P < 0.001)
than the lowest value (9.5 + 0.47 mm) obtained for M. luteus.
For gram-negative bacteria, the essential oil was highly
active against E. coli ATCC 8739 and slightly active against
A. tumefaciens with significantly different inhibition diame-
ters of 25.2 £ 0.41 mm and 8.7 £ 0.28 mm, respectively. The
MIC values of the essential oil ranged from 62.2 + 3.9 g/
mL to 1398.1 £ 50.7 pg/mL for gram-positive bacteria and
from 323.4 + 69.5 pg/mL to 968.4 + 120.6 pg/mL for gram-
negative bacteria. The lowest MIC (most potent activity) was
observed against B. subtilis (62.2 £ 3.9 pg/mL). The MBC
values of essential oil ranged from 120.3 + 7.6 pg/mL to
1387.4 £ 161.8 pg/mL for gram-positive bacteria and from
386 + 8.3 ng/mL to 1225.2 + 100.9 pg/mL gram-negative bac-
teria, respectively. The most potent activity (386 + 8.3 ug/mL)
was observed against E. coli.

Discussion

The phytochemical characteristics of essential oil extracted
from the leaves of the common sage S. officinalis L. collected
from Abha (Saudi Arabia) are comparable to those reported
in the literature [10—17, 28]. Based on the comparative data

Gram staining Bacteria Inhibition diameter (mm) MICt (pg/mL) MBC# (ng/mL)
EO Gentamycin

Positive Enterococcus faecalis ATCC 29212 16.6 £0.23 17.4+£0.95 658.6 +37.2 869.6 +95.8
Micrococcus luteus ATCC 4698 9.5+047 19.8+0.89 1283+9.7 121.2£8.1
Salmonella enterica ATCC 35664 14.2+£0.51 18.2+0.51 1,398.1 £50.7 1,3874+161.8
Bacillus subtilis ATCC 6633 248+0.11 20.9+0.42 62.2+3.9 1203+7.6
Streptococcus aureus ATCC 29213 23.5+0.57 17.7 £0.55 1235+5.7 153+6.2

Negative Escherichia coli ATCC 8739 25.2+0.41 21.1£0.25 350.2+6.4 386+8.3
Klebsiella pneumoniae ATCC 10031 226+0.73 18.7+£0.93 450.3+56.6 557.1+£96.7
Shigella sonnei ATCC 29930 15.4+0.17 18.2+0.63 968.4+120.6 995.2 +145.6
Agrobacterium tumefaciens ATCC 23308 8.7+0.28 19.1£0.31 650.7 £40.8 1,225.2+100.9
Pseudomonas aeruginosa ATCC 9027 21.3+0.34 18.2+£0.54 323.4+69.5 394.8+86.8

EQ, essential oil from the leaves of S. officinalis.

1 MIC, minimum inhibitory concentration.

F MBC, minimum bactericidal concentration.

Values are presented as means of 3 measurements + standard deviation.
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Table 3. Comparative data for the regional chemical profiles of essential oils from the common sage Salvia officinalis.

267

Chemical class and components Abha (Saudi Arabia) Tunisia Greece Algeria Serbia and Iran Kashmir Turkey
[present work] [10] [11] [12] Montenegro [13] [14] [15] [16]
Monoterpene hydrocarbons
o-Pinene 1.15+£0.1 1.95 33 0.22 4.58 35 7.69 3.02
Camphene 2.58+0.17 0.98 1.31 0.41 5.28 0.25 6.11 0.6
f3-Pinene 2.06 £0.05 5.11 - 0.37 1.69 0.25 2833 13.08
Myrcene 1.26 £0.11 2.04 0.4 0.25 0.75 . - 1.02
o-Terpinene 0.32+£0.03 0.41 0.19 - 0.34 - 0.26 0.27
p-Cymene 0.36 £0.02 0.35 0.32 - 1.89 - 1.19 -
y-Terpinene 0.59+0.05 0.83 0.27 - 0.59 . 0.66 -
a-Terpinolene 0.53+£0.04 0.28 0.58 - 0.38 - 0.46 -
Monoterpenes, oxygenated
1,8-Cineole 15.0+£0.51 19.98 41.2 22.97 18.54 7.5 7.76 -
a-Thujone 149+0.35 18.35 7.2 36.74 25.35 - 40.45 4.68
B-Thujone 5.68£0.27 7.1 5.58 8.81 6.04 - 4.97 31.9
Camphor 20.3+0.91 7.23 253 11.34 24.8 . 36.97 -
Pinocamphone 0.38£0.03 0.55 - - 0.34 1.8 - -
Borneol 2.16£0.14 12 3.73 2.94 8.5 1.6 18.38 3.14
o-Terpineol 1.15+£0.06 0.79 0.14 0.25 0.22 3.8 0.5 -
Carvone 6.2£0.15 - - - - - - -
Bornyl acetate 1.6+0.07 0.25 1.8 - 4.91 0.12 2.1 -
Sesquiterpene hydrocarbons
-Bourbonene 0.89+0.03 0.03 - - - - - -
B-Elemene 0.82+£0.03 0.03 - - - - - -
trans-B-Caryophyllene 4.01+0.73 6.48 4.48 1.54 - 1.5 17.32 3.08
o-Humulene 2.13+0.11 6.27 2.56 3.15 12.49 - 3.6 10.17
Germacrene D 252+0.53 0.02 - - - 2.7 0.42 -
Germacrene B 0.9+0.08 - - - - - - -
Sesquiterpenes, oxygenated
Globulol 1.67+£0.16 0.12 - - - 0.74 - -
Viridiflorol 9.9+ 0.67 16.32 261 - 26.1 . 2.16 10.74
Sesquiterpenoid, oxygenated
Humulene epoxide 0.86 +£0.02 0.85 1.8 - 1.82 - 1.06 -

(Table 3), the chemical profile of the essential oil is generally
similar to that reported in the literature. The essential oil is
dominated by the oxygenated monoterpenoids representing
67.36%, which is slightly different from values reported for
samples from other countries [11-17, 28]. For example, the
oil from samples collected from Tunisia showed mainly 1,8-
cineole, a-thujone, B-thujone, borneol, B-elemene, camphor,
and o-pinene [10]. However, leaf essential oil contents from
S. officinalis collected from Serbia showed mainly a-thujone,
viridiflorol, camphor, 1,8-cineole, o-humulene, trans-p-
caryophyllene, borneol, and a-pinene [13]. Generally, the
yield and the chemical composition of S. officinalis essential

oil depend on various factors (including genetic background,
region, environmental conditions, season, plant parts used for
essential oil extraction, and the extraction method) as reported
by other investigators [16, 29-31]. The proportion of oxyge-
nated monoterpenes, such as camphor, 1,8-cineole, a-thujone,
and B-thujone, is considered to indicate the quality of the ext-
racted oil. According to the literature, good quality oil from
S. officinalis should contain >50% of a.-thujone and B-thujone
and <20% of camphor [2]. Several constituents (o-pinene,
camphene, limonene, 1,8-cineole, linalool and its esters,
cis-thujone ((+)-p-thujone), trans-thujone ((—)-o-thujone),
camphor, bornyl acetate, and a-humulene) are standardized
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in the essential oils of S. officinalis L. for its medicinal use
according to ISO 9909 [32]. Following the ISO 9909, stan-
dards are cis-thujone (18%—43%), camphor (4.5%—-24.5%),
cineole (5.5%—-13%), humulene (0%—12%), trans-thujone
(3%-8.5%), camphene (1.5%—7%), pinene (1%—6.5%), limo-
nene (0.5%-3%), bornyl acetate (maximum 2.5%), and lina-
lool (maximum 1%) [32]. In the present study, the extracted oil
contains a considerable percentage of carvone (6.2%), useful
as a natural inhibitor of sprouting in many preserved vegeta-
bles [32, 33]. Moreover, carvone can be used to inhibit seed
germination [34, 35] and as an insecticide [36]. The major
compound classes of essential oil from leaves of S. officinalis
were alkanes with C10-C15 chain lengths.

Based on the biochemical analysis, phenolic and flavo-
noid components in sage were found as reported by other
investigators [17, 37]. However, it is important to highlight the
variability of total phenolic and flavonoid components found
by other studies, which is related to the location, the harves-
ting season, parts of sage, and the solvent used for the extrac-
tion [38]. For example, the total phenolic content ranged from
98.84 mg GAE/g in extracts of S. officinalis collected from
Ples (Eastern Serbia) and 96.36 mg GAE/g in extracts of S.
officinalis collected from Lustica (Montenegro) and the total
flavonoids content ranged from 31.75 mg QE/g in extracts of
S. officinalis collected from Ples (Eastern Serbia) and 29.3 mg
QE/g in extracts of S. officinalis collected from Lustica (Mon-
tenegro) [37]. However, methanol extracts of S. officinalis
showed a total phenolic content ranging from 63.9 mg GAE/g
to 134.4 mg GAE/g [38]. Generally, flavonoids and phenolics
are present in large amounts in plant extracts [1, 3, 23].

Essential oils from S. officinalis have been considered as
potential sources of bioactive compounds. In the second part
of the present study, our research focused on the determina-
tion of the antioxidant and the antimicrobial activities of the
extracted essential oil. The essential oil showed an antioxi-
dant capacity. This capacity of essential oil from S. officina-
lis has already been found in studies of the essential oil from
other locations. For example, the essential oil of the Tunisian
S. officinalis showed an IC_ of 6.7 mg/mL [39]. Two commer-
cial samples of dry leaves of S. officinalis from Poland presen-
ted a range of DPPH activities with inhibition of 60.9 £ 2.9%
and 41.5 +3.1% [38]. An IC, of 28.28 + 10.241 was reported
for extracts of S. officinalis from Ple§ (Eastern Serbia) and an
IC,, 48.62 £ 29.181 was reported for extracts from LuStica
(Montenegro) [37]. The observed antiradical activity of S.
officinalis is probably related to monoterpenes, like a-pinene,
which is recognized for its powerful antioxidant activity [40]
and to its high sesquiterpene content [39, 41]. The contribu-
tion of major and minor compounds in the antiradical acti-
vity may be synergistic and not related to one or more active
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biomolecules alone [40]. The observed antioxidant activities
may also be related to the presence of high quantities of flavo-
noid and phenolic compounds in the extract.

Our present findings confirm the antibacterial activity of
essential oil from sage as reported in the literature [39]. That
A. tumefaciens showed the smallest diameter of inhibition sug-
gests the lower sensitivity of gram-negative bacteria compared
with gram-positive bacteria as reported by other investigators
[39]. The maximum activity was observed against B. subtilis
as consistent with the literature [39]. The antibacterial acti-
vities of essential oil of S. officinalis are related to its chemi-
cal composition [42, 43] and are generally higher than those
reported for other plants such as Thuja occidentalis [27]. From
this perspective, the antibacterial activities of essential oil
from sage are considered to be linked with some specific com-
pounds in the oil including camphor, a-thujone, 1,8-cineole,
and oa-pinene. These compounds are known for their antimi-
crobial activity against a large spectrum of microorganisms
[44]. Moreover, phenolic compounds contribute effectively
to antibacterial activities as found by others [43]. The results
obtained support the use of this natural product in various
fields such as food preservation and disease treatment [30].
The variability of the chemical composition of essential oils of
S. officinalis, depending on various factors (including genetic
background, region, environmental conditions, season, plant
parts used for essential oil extraction, the extraction method)
[16, 29-31], affects its antimicrobial activity.

A limitation of the present work is that only a single method
was used to determine antioxidant activity. Measurement of
antioxidant content is not straightforward, as antioxidants
collectively are a diverse group of compounds with different
reactivities toward various reactive oxygen species. To gain a
better determination more than one method is necessary [45],
other methods include the oxygen radical absorbance capacity
(ORACQC), the 6-hydroxy-2,5,7,8-tetramethylchroman-2-carbo-
xylic acid (Trolox) equivalent antioxidant capacity assay, usually
combined with 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) (ABTS) decolorization, and ferric reducing antioxidant
power (FRAP), although any relationship between antioxidant
values and a health benefit has not been established [46].

Even though most of the compounds found in the essential
oil are well known, unequivocal identification can be difficult,
despite modern retention time/mass spectrometry/computer
searching algorithms, and differences in nomenclature exist
leading to misidentifications. The situation with ringed, hete-
rocyclic, and isomeric compounds is sometimes complicated.
Overloaded spectra and other problems with the gas chroma-
tography or mass spectrometer can severely affect results, and
occasionally library searches do not pick up subtle differen-
ces. Retention times may vary as columns age and if different
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carrier gases are used. We did not use internal standards, such
as octane, but noted the retention times of easily identified
major peaks. Nevertheless, unequivocal identification requires
the use of authentic reference standards [19], which were not
used in the present study.

Conclusion

Our findings for composition and antibacterial and antioxi-
dant activities are generally consistent with those for essen-
tial oils of S. officinalis L. collected at other locations as
reported in the literature. Any variability in the essential oil
composition or activity can be explained by factors including
location, altitude, terroir, plant part and developmental stage,
and extraction methods. Our data provide the composition of
essential oil from leaves of S. officinalis L. collected at Abha
and may be helpful for the future development of antibacte-
rial and antioxidant agents.
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