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Abstract: The present study evaluated the potential of
Salvia balansae from the Aures Mountains as a source of
natural bioactive compounds. Leaves, flowers, and stems
were extracted separately using methanol, ethanol, and
acetone. Phenolic compounds were quantified colorimetri-
cally and identified using liquid chromatography coupled
with mass spectrometry (LC-MS). Antioxidant capacity was
assessed using six different in vitro assays, 2,2′-azinobis(3-ethyl-
benzothiazoline-6-sulfonic acid) diammonium salt, 1,1-diphenyl-
1-picrylhydrazyl, cupric reducing antioxidant capacity, ferric
reducing antioxidant power, ferrous ion chelating, and phe-
nanthroline assay, while the photo-protective capacity was
evaluated using the sun protective factor. The methanolic
flower extracts revealed the highest O-diphenol and phenolic

levels (287.9 ± 0.50 and 147.87 ± 0.21 μg GAE/mg, respectively),
whereas the acetonic and ethanolic leaf extracts contained
the highest flavonoid (72.17 ± 0.12 μg QE/mg) and flavonol
(35.28 ± 0.05 μg QE/mg) levels, respectively. LC-MS was used
to identify 18 phenolics, including quinic acid (5.051–69.69
ppm), luteolin-7-o-glucoside (7.802–44.917 ppm), apigenin-7-o-glu-
coside (3.751–68.507 ppm), and cirsiliol (2.081–15.608 ppm), dis-
tinguishing this Aures taxon. Principal component analysis and
unweighted pair-group method with arithmetic mean revealed
variability in phytochemicals, antioxidant properties, and photo-
protective activity influenced by biological activities and the
compound content. Overall, S. balansae demonstrated promising
photo-protective capacity, the presence of key bioactive com-
pounds, and wide-ranging antioxidant potential, presenting
this endemic plant as a valuable source of natural antiox-
idants and photo-protective agents with pharmaceutical and
cosmetic applications.
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1 Introduction

Throughout millennia, plants have been extensively uti-
lized in the field of medicine and have constituted a sig-
nificant component of the human diet. They serve as the
primary reservoir for the development of novel medica-
tions and healthcare products [1]. Recently, an increasing
amount of research has been dedicated to determining
and identifying phenolic chemicals in plant raw materials.
Consequently, herbal medicines have gained popularity
and are being used more frequently due to their lack of
adverse effects [2]. Over 80% of the global population con-
tinues to utilize medicinal herbs for health-related reasons.
Furthermore, almost a quarter of contemporary medica-
tions incorporate at least one active component derived
from plants [3].
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Over time, the skin is exposed to multiple external
damaging factors, such as ultraviolet (UV) radiation, pollu-
tion, and lifestyle variables that can accelerate the aging
process, induce inflammation, and increase the risk of
developing skin cancers by producing reactive oxygen spe-
cies in cells that cause oxidative reactions and damage skin
in connective tissue [4,5]. Plant secondary metabolites,
such as phenolic compounds and flavonoids, have gained
attention as promising photo-protective agents due to their
high photostability, antioxidant effects, and low phototoxi-
city [6,7]. These natural compounds can absorb UV radia-
tion, making them valuable additions to natural sunscreen
formulations [6].

Salvia, commonly known as sage, is one of the largest
genera of the Lamiaceae family, consisting of more than
980 species [8], distributed in the temperate, subtropical,
and tropical regions all over the world [9]. Twenty-three
Salvia species exist in Algeria, five of which are endemic to
the North African region namely: S. jaminiana S. pseudoja-
miniana, S. algeriensis, S. balansae, and S. chudaei. Among
these, only S. jaminiana and S. balansae are restricted to
Algeria [10].

Salvia balansae Noë ex Coss. is an endemic perennial
medicinal plant growing in two very distinct localities from
Algeria, Mostaganem, on the northwest coast and Aures
mountains on the east [10], which is more than 500 km
east and 1,000m higher than the first locality. The only
shared characteristic between these two sites is the semi-
arid bioclimate. However, one site is located in a maritime
region with temperate winters, while the other is situated
in a region with colder winters [11]. The plants from the
two sites differ not only in the color of the flowers but also
in the morphology of the leaves [12]. Consequently, the
Aures taxon is exclusively found at this specific location,
making it an endemic species.

Sage species are predominantly characterized by their
richness in flavonoids and terpenoids [13]. These com-
pounds are key contributors to numerous biological activ-
ities, including anti-inflammatory, anticancer, antibacterial,
and, most importantly, antioxidant activity [14,15].

However, in contrast to sage species that are found
worldwide or have a widespread distribution, the endemic
taxa are still not well understood, especially in terms of
their phytochemical and pharmacological characteristics
[3]. Regarding S. balansae, we have only come across a
limited number of modest studies that provide descrip-
tions of certain chemical and pharmacological features.
Only three investigations of this species are known to us.
The first study examines the therapeutic impact of the
species on metabolic disorders and testicular dysfunction
caused by a high-fat diet in Wistar rats [16]. The second

study involves the extraction and identification of phenolic
compounds using high-performance liquid chromatography
with diode array detection (HPLC-DAD), and the evaluation of
the antioxidant activity of the S. balansae extract [17]. Finally,
the third paper was published by Mokhtar et al. [3], and deals
with the phytochemical screening, mineral contents, HPLC-
DAD analysis, HPLC-mass spectrometry (HPLC-MS) analysis,
and fatty acid analysis by gas chromatography-mass spectro-
metry (GC–MS). Additionally, it includes an evaluation of the
antioxidant, enzyme inhibition, and antimicrobial activities
of this species. These studies represent the initial contribu-
tions to the understanding of the chemical composition and
biological activity of S. balansae. The commonality among
them is the locality of plant collection, which is the Chelf
Valley in the Mostaganem department. Thus, the plant of
the Aures Mountains, which is probably a different species
and endemic to this region, has not been the subject of any
study until now.

It is proposed in this research that the effect of solvent
and plant organs of S. balansae collected fromAuresMountains
on the chemical composition of the crude extracts and their
antioxidant and photo-protective activities be studied for the
first time.

In the present work, the maceration technique was
used for the extraction of chemical constituents from dif-
ferent plant parts, such as leaves, flowers, and stems of S.
balansae collected from the Aures Mountains. Various mix-
tures of organic solvents (ethanol/water, methanol/water,
and acetone/water) were used, and the total phenolic com-
pounds, ortho-diphenol, flavonoid, and flavonol content in
S. balansae crude extracts (SBCEs) were determined using
UV–Vis. Their chemical composition was identified using
liquid chromatography coupled with mass spectrometry
(LC-MS). Subsequently, antioxidant activity was assessed
through various in vitro tests, including 1,1-diphenyl-1-picryl-
hydrazyl (DPPH), 2,2′-azinobis(3-ethylbenzothiazoline-6-sul-
fonic acid) diammonium salt (ABTS), ferrous ion chelating
(FIC), ferric reducing antioxidant power (FRAP), phenanthro-
line, and cupric reducing antioxidant capacity (CUPRAC)
assays. Additionally, principal component analysis (PCA)
and unweighted pair-group method with arithmetic mean
(UPGMA) were applied to detect similarities and dissimila-
rities among the nine extracts obtained in terms of chemical
composition, secondary metabolite content, properties, and
photo-protective activity.

The purpose of this research is to conduct a thorough
evaluation of the antioxidant and sun-protective proper-
ties of S. balansae, a plant native to the Aures Mountains in
Algeria. It aims to explore how different solvents and plant
parts affect their chemical makeup, identify active com-
pounds, assess antioxidant capabilities through various
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laboratory tests, and measure their sun protective factor
(SPF). This study intends to reveal the untapped potential
of this species for diverse applications.

2 Materials and methods

2.1 Chemicals and reagents

All solvents used in this present study (methanol, ethanol,
acetone, chloroform) were of analytical grade obtained
fromHoneywell. DPPH, trichloroacetic acid (TCA), ferric chloride
(FeCl3), Folin–Ciocalteu reagent, aluminum chloride (AlCl3 6H2O),
sodium carbonate (Na2CO3), ferrozine, potassium ferricyanide,
ammonium molybdate (NH4)6Mo7O24 4H2O, ABTS˙+, sodium
molybdate (Na2MoO4), sodium acetate (C2H3NaO2), copper(II)
chloride dehydrate (CuCl2 × 2H2O), neocuproine (C14H12N2),
and phosphate (Na3PO4·12H2O) were purchased from Sigma
Chemical Co. (Sigma-Aldrich GmbH, Stern-heim, Germany).
The reference standards were obtained from EXTRASYNT-
HESE (Genay Cedex, France). These standards included
quercetin (C15H10O7), butylated hydroxytoluene (BHT)
(C15H24O), gallic acid (C7H6O5), butylated hydroxyanisole
(BHA) (C11H16O2), ascorbic acid (C6H8O6), EDTA, and α-
tocopherol.

2.2 Collection of plant samples and
preparation of extracts

Arial parts of Salvia balansae de Noé were collected during
the flowering stage in June 2019 from Ichemoul (1,350 m of
altitude), Department of Batna in Algeria, at 35.2721 (lati-
tude in decimal degrees) and 6.4629 (longitude in decimal
degrees), with a supra-Mediterranean climate and precipi-
tations superior to 450 mm. The species was identified by
Dr. A. Zeraib, a lecturer at Abbes Laghrour University. A
voucher specimen has been deposited under the code ZA-SB-
003-6-2019, in the Herbarium of Laboratory of Biotechnology,
Water, Environment and Health, University of Abbes Laghrour,
Khenchela, Algeria.

The fresh plant samples were washed and dried sepa-
rately (flower, leaf, and stem) for 3 weeks at room tempera-
ture in a well-ventilated room. The dried plant materials
were then separately ground to powder, packed in paper
bags, and sealed in a dark container at room temperature,
until use.

Fifteen grams of the dry powder of S. balansae leaves,
flowers, and stems were individually macerated in 500ml

of methanol/distilled water (8:2, v/v) (MW), ethanol/dis-
tilled water (7:3, v/v) (EW), and acetone/distilled water
(6:4, v/v) (CW) at room temperature for 24 h with mechan-
ical stirring and then filtered. This procedure was repeated
three times until complete extraction. Finally, the filtrates
were combined and concentrated on a rotary evaporator
under reduced pressure at 40°C. The obtained extracts
were stored in amber glass bottles in a refrigerator at
4°C until the performance of the analysis.

The percentage of yield of the crude extract was cal-
culated using the following equation:

( ( )

( ))

=

×

% Yield

Weight of dried crude extracts g

/Weight of dried plant sample taken g 100.

2.3 Quantitative estimation of chemical
contents

2.3.1 Estimation of total phenolic contents (TPCs)

The TPCs of leaves, flowers, and stems were determined
using the Folin–Ciocalteu colorimetric method as described
by Singleton and Rossi [18]. Briefly, 20 μl of crude extracts
(0.5 mg/ml) were added to 100 μl of Folin–Ciocalteu reagent
(ten-fold diluted); after 4min, 80 μl of Na2CO3 was added
with shaking. The solution mixture was allowed for 2 h in
darkness at room temperature before UV–Vis measurement
at 765 nm. The amount of phenolic compounds in plant
samples was determined using the calibration curve obtained
between concentration (0–100 μg/ml) and absorbance of gallic
acid. The phenolic content was expressed as mg gallic acid
equivalent per gram of dry weight basis of crude extracts (mg
GAE/g extract) and ±SD (standard deviation) for three repli-
cate analyses.

2.3.2 Ortho-diphenol (ODP) content

The content of ODPs in the SBCEs was determined by the
colorimetric method described by Martins-Gomes et al.
[19]. Two hundred microliters of 5% sodium molybdate
solution were added to 40 μl of the sample extracts, and
then the absorbance was read at 370 nm after 15 min of
incubation at room temperature. A standard curve using
gallic acid with different concentrations was built, and the
results are expressed as mg of gallic acid equivalent (mg
GAE/g extract).
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2.3.3 Estimation of flavonoid contents

The total flavonoid content of S. balansae extracts was
measured using the aluminum chloride colorimetric assay
according to the method described by Mbaebie et al. [20].
One hundred microliters of the crude extracts at different
concentrations were added to an equal volume of 2% etha-
nolic solution of aluminum chloride. The mixtures in the
test tubes were incubated at room temperature for 1 h, and
then the absorbance of the mixture was determined at
420 nm. The total flavonoid content was reported as milli-
grams of quercetin equivalents per 1 g of crude extract (mg
QE/g extract).

2.3.4 Total flavonol contents

Total flavonols were determined as described by Benmeddour
et al. [21] with slight modifications. Briefly, 50 μl of SBCEs was
added to 50 μl of aluminum chloride (2%) and 150 μl of sodium
acetate solutions (5%). The absorbance at 440 nmwas recorded
after 2.5 h at room temperature. Results are expressed as milli-
grams of quercetin equivalents per g of extract (mg QE/g
extract).

2.4 LC-MS separation and identification of
phenolic compounds

The S. balansae extracts (SBCEs) were analyzed using a
Shimadzu UFLC XR system (Kyoto, Japan), equipped with
a SIL-20AXR auto-sampler, a CTO-20 AC column oven, an
LC-20ADXR binary pump, and a quadrupole 2020 detector
system.

The chromatographic separation was performed on an
Inertsil ODS-4 C18 column (L150mm × 3.0 mm i.d. 3 μm
particle size) maintained at 40οC with an injection volume
of 20 μl and a flow rate of 0.5 ml/min. Mobile phases A and
B included 0.2% acetic acid in 95% water and 5% methanol,
and 0.2% acetic acid in 50% water and 50% acetonitrile,
respectively. Compounds were eluted employing the fol-
lowing gradient: 0.01–14 min from 10 to 20% B; 14–27 min
from 20 to 55% B; 27–37 min from 55 to 100% B; 37–45 min,
100% B; and 45–50 min 10% B.

The mass spectrometry settings were optimized for
negative ion electrospray ionization (ESI): the settings
included a capillary voltage of −3.52 V, nebulizing gas flow
at 15 l/min, a dissolving line temperature set to 280°C, the
block source temperature of 400°C and a detection voltage
of 1.35 V. LC-ESI (−) MS mass spectra corresponding to the

[M–H] deprotonated molecules were recorded using lab
solution software.

The corresponding compounds were identified and
quantified by matching the relative retention time and
the UV spectra to reference standards, as described by
Mahmoudi et al. [22].

2.5 Antioxidant assays

Antioxidant and free radical scavenging activities of SBCEs
were assayed by using different in vitro assays like DPPH,
ABTS, FIC, FRAP, phenanthroline, and CUPRAC. Absorbance
was measured against a blank solution containing the extract
or standards but without the reagents. A control test was
performed without the extract or standards. Percentage
scavenging and IC50 values ± SD were calculated.

2.5.1 DPPH radical scavenging assay

The free radical scavenging activity of SBCE was deter-
mined according to the method based on the reduction of
the stable free radical 1,1-diphenyl-2-picrylhyrazyl by the
addition of a radical species or an antioxidant, which is
accompanied by the discoloration of the purple DPPH solu-
tion, as described by Blois [23] and reported by Burits and
Bucar [24]. Using 96-well micro-plate reader, 160 μl of a
DPPH solution (0.1 mM) was added to 40 μl of each extract
at various concentrations (6.25–400 μg/ml). The mixture was
incubated in obscurity at room temperature for 30min; the
absorbance was measured at 517 nm against a blank. BHA,
BHT, α-tocopherol, and ascorbic acid were used as positive
controls.

The percentage of free radical scavenging activity of
the crude extracts was calculated using the following
equation:

( )= − ×A A A% of free radicular activity / 100,c s c

where Ac is the absorbance of the control and As is the
absorbance of samples.

2.5.2 ABTS radical scavenging assay

The ABTS radical scavenging ability of S. balansae extracts
was assessed spectrophotometrically using the slightly modi-
fied method described by Re et al. [25]. The (ABTS+) radical
cations were generated by mixing 7mM ABTS stock solution
with 2.45mM potassium persulfate. The mixture was allowed
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to stand in the dark at room temperature for 12–16 h prior to
use, and the standard solution of ABTS was diluted to an
absorbance of 0.700 ± 0.02 at 734 nm. Then, to 40 μl of each
crude extract with different concentrations (12.5–800 μg/ml),
160μl of ABTS solution was added using a 96-well microplate.
The mixture was allowed to stand at room temperature for
10min, and its absorbance was measured at 734nm. BHA, BHT,
α-tocopherol, and ascorbic acidwereused as positive controls. The
inhibition percentage of the crude extractswas estimated in terms
of the ABTS radical cation decolorization according to the fol-
lowing formula: inhibition % = [(Ac − As)/Ac] × 100.

2.5.3 FIC activity

The evaluation of the capability of the tested compounds
on chelating ferrous ions was conducted in terms of inhibi-
tion of the generation of the Fe2+-ferrozine complex using
the ferrozine method as proposed by Decker andWelch [26].
The reaction mixture contained 40 μl of each extract with
different concentrations (12.5 to 800 μg/ml) of S. balansae,
40 μl of methanol, and 40 μl of 0.2 mM FeCl2. The reaction
was then initiated by adding 80 μl of ferrozine. The absor-
bance of the mixture was red against a blank after 10min of
incubation at 593 nm. The chelating percentage of Fe2+ was
calculated using the following formula:

( )= − ×+ A A AFe chelating percentage / 100,2
c s c

where Ac is the absorbance of the control and As is the
absorbance of samples.

The results are expressed as IC50 (μg/ml). The antiox-
idant capability of the extracts was compared to EDTA and
α-tocopherol, which served as a standard.

2.5.4 FRAP assay

The ability of each extract to reduce ferric ions (Fe3+) to
ferrous ones was investigated by following the ferric-redu-
cing power assay as reported by Oyaizu [27]. Ten micro-
liters at different concentrations (3.125–200 μg/ml) of SBCEs
were allowed to react with 40 μl of phosphate buffer (0.2 M,
pH 6.6) and 50 μl of 1% potassium ferricyanide solution.
The reaction mixture was incubated for 20 min at 50°C,
and after cooling, 50 μl of 10% TCA was added to the mix-
ture to terminate the reaction, followed by 40 μl of distilled
water and 10 μl of 0.1% FeCl3 solution. The absorbance was
read at 700 nm against a blank. The results were calculated
as A0.5, referring to the tested extract concentration pro-
viding 0.5 of absorbance, and compared to BHA, BHT,
ascorbic acid, and α-tocopherol.

2.5.5 Phenanthroline assay

The antioxidant capacity of the crude extracts was inves-
tigated using the reduction activity by the phenanthroline
method suggested by Szydłowska-Czerniak et al. [28]. In the
presence of chelating compounds, the formation of the O-
phenanthroline-Fe+2 is interrupted, and the extract capable
of interfering with such complex is suggested to have metal
chelating activity. In a 96-well microplate, 10 μl of each
extract at various concentrations (3.125–200 μg/ml), 50 μl of
0.2% FeCl3 solution, 30 μl of 1,10-phenanthroline (0.5 %), and
110 μl of methanol were mixed and incubated at 20°C for
10min, and the absorbance was recorded at 510 nm against
a blank. The results are expressed as A0.5 (μg/ml), indicating
the concentration of extracts giving an absorbance of 0.50.
BHA, BHT, and ascorbic acid were used as standards.

2.5.6 CUPRAC

The reduction of cupric ions by the samples was exploited
to determine the antioxidant capacity of each extract using
the CUPRAC method reported by Apak et al. [29]. Briefly,
50 μl of 10 mM copper (II) chloride solution, 50 μl of 7.5 mM
neocuproine solution, and 60 μl of ammonium acetate
buffer solution (1 M, pH = 7) were transferred into a 96-
well microplate, and then 40 μl of each extract with dif-
ferent concentrations (12.5–800 μg/ml) were added to the
previous mixture. After 1 h of incubation in darkness at
room temperature, the absorbance was red at 450 nm.
The results are expressed as A0.5 (μg/ml), indicating the
concentration of extracts giving an absorbance of 0.50.
BHA, BHT, ascorbic acid, EDTA, and α-tocopherol were
used as standards.

2.6 Photo-protective activity

The SPF was employed to assess the in vitro photo-protec-
tive capacity of the samples by measuring their UV absorp-
tion ability, as described by Mansur et al. [30]. An aliquot of
the sample solution was prepared, and absorbance read-
ings were taken within a wavelength range of 290–320 nm,
with a 5 nm interval.

The SPF was determined using the following equation:

( ) ( ) ( )∑= × × ×ISPF CF EE λ λ Abs λ ,

290

320

where CF is the correction factor (=10); EE is the erythemo-
genic effect of radiation at wavelength λ; I is the solar
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intensity spectrum; Abs is the absorbance of the sunscreen
product; EE × I are constant values previously determined
by Sayre et al. [31], as shown in Table 1.

2.7 Statistical analysis

The results were expressed as mean ± standard deviation
(SD) of three parallel and independent analyses. After per-
forming ANOVA tests, significant differences between mean
values were identified by conducting a Tukey HSD (honest
significant difference) multiple comparison test using STIST-
ICA 10.0 software (StatSoft Inc., USA). The level of significance
was set at 5%; thus, values less than 0.05 were considered
significant. PCA and UPGMA were employed to estimate
SBCEs similarity based on their phenolic compounds and
biological activities, and the relationships between them
were determined using Pearson’s correlation method at a
95.0% confidence level.

3 Results and discussion

3.1 Phytochemical study

3.1.1 Yield of extraction

Conventional extraction was carried out using three dif-
ferent types of solvents: methanol, ethanol, and acetone to
extract phenolic compounds from the leaves, flowers, and
stems of S. balansae (Figure 1). The results showed that the
flowers are richer in phenolic compounds, followed by the
leaves and stems. Among the leaves and flowers, ethanol
extracts contained the highest proportion of phenolic con-
tent, followed by acetone and methanol extracts. In stems,

the highest proportion of phenolic content was recorded
with the methanol extract, followed by acetone and ethanol
extracts.

3.1.2 Quantitative analysis

The determination of TPC, ODPs, total flavonoid content
(TFC), and flavonol (FOL) contained in SBCE isolated from
flowers, leaves, and stems was carried out using colori-
metric methods. The findings are illustrated in Table 2.

3.1.2.1 TPC
Phenolic compounds are one of the most important sec-
ondary metabolites that possess an important antioxidant
power due essentially to the presence of hydroxyl groups,
their position, and molecular size [32]. Table 2 presents the
findings of the colorimetric examination of total phenolic
compounds, obtained by comparing the absorbance values
of SBCE solutions reacting with Folin–Ciocalteu reagent to
the equivalents of gallic acid solutions.

The TPC in MeOH, EtOH, and Ac extracts ranged from
99.85 to 147.86 mg GAE/g, 60.79 to 83.55 mg GAE/g, and
114.30 to 134.19 mg GAE/g, respectively, showing the fol-
lowing order of concentrations: flowers > leaves > stems
in MeOH, EtOH extracts, while for the Ac extracts, the TPC
showed the following order: stem > leaves > flowers. The
MeOH extract of flowers contained the highest amount of
TPC, followed by the Ac extract of stems. Meanwhile, the
EtOH extract of flowers and the other organs exhibited the
lowest amount of phenolic components.

This variation in TPC distribution might be attributed
to several factors, with the polarity and type of the solvent
used playing a major role in the selectivity and solubility of
the phenolic compounds [33]. Therefore, the combination
of water and solvent is more effective for extracting bioac-
tive compounds than using a pure solvent, considering that

Table 1: Correlation between the erythemogenic effect of radiation at a
wavelength EE and the solar intensity spectrum I at each wave-
length [31]

λ (nm) EE(λ) × I(λ)

290 0.0150
295 0.0817
300 0.2874
305 0.3278
310 0.1864
315 0.0839
320 0.0180
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Figure 1: Extraction yield (%) of different extracts of S. balansae.
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it allows molecular diffusion through high mass transfer,
enhancing cellular porosity [34].

Therefore, combining acetone and methanol with water
allows for better selectivity and extraction of phenolic con-
stituents, as indicated by the data from this research. This
finding aligns with numerous previous studies [32,33,35–38].
However, other researchers reported contradictory results
[34,39], who found that ethanol contained higher phenolic
levels than methanol and acetone.

Our results showed that flowers have a higher abun-
dance of polyphenols compared to leaves and stems. These
findings could be explained by the storage of bioactive
compounds in the flowers to attract potential pollinators
through the influence of visual characteristics [40].

3.1.2.2 ODP content
ODPs are a group of phenolic compounds characterized by
having two groups in adjacent positions on an aromatic
ring; this specific catechol arrangement enables these com-
pounds to function as potent antioxidants [41]. The ODP
content in SBCEs was determined using a colorimetric
assay; the results are expressed in Table 2 as milligram
gallic acid equivalent per gram (mg GAE/g).

The ODP content in SBCEs ranged from 25.63 ± 0.56 to
287.9 ± 0.5mg GAE/g across the different extracts. According
to our findings, leaves had the highest amount of ODP in
EtOH and AC extracts compared to the other organs, showing
the following order: leaves > flowers > stems. However,
MeOH extracts exhibited a different range, with flowers >

leaves > stems.
To the best of our knowledge, no prior research has

characterized ODP in this Algerian endemic Salvia species
until this report. However, another study conducted on

Salvia tebesana found similar results, where MeOH was
more effective in extracting ODP compared to water and
EtOH, while leaves proved to be the richest compared to
stems [42].

The high accumulation of ODP in the different organs
of S. balansae suggests that the Aures mountain environ-
ment and climate induce high production of these sec-
ondary metabolites. However, stressors such as high UV
exposure and low rainfalls may stimulate an enhanced bio-
synthesis of these photo-protective and redox-regulating
compounds [43].

3.1.2.3 TFC and FOL content
In light of our findings, both the total flavonoid and total
flavonol contents extracted from S. balansae are solvent-
dependent. Acetone demonstrated excellent efficiency in
extracting the maximum yield concentration of both groups,
exhibiting the following consecutive arrangement acetone >
ethanol > methanol.

Several studies previously substantiated these findings
[35,44–46], which provided evidence supporting the suit-
ability of acetone for the recovery of these metabolites.
Acetone surpassed the performance of methanol and
ethanol, aligning with our observations. Additionally, Wije-
koon et al. [35] demonstrated that an acetone–water mixture
with a 50% ratio outperformed pure acetone, water, and
methanol at varying ratios (100, 90, and 50%) for the extrac-
tion of TFC.

In terms of the plant parts employed for extraction, the
leaves exhibited the highest concentrations using methanol,
ethanol, and acetone with 60.21–61.78–72.17mg QE/g, respec-
tively, for flavonoids, and 30.92–32.05–35.28mg QE/g, for fla-
vonols. This reveals the consecutive order regarding the

Table 2: Secondary metabolite contents of SBCEs

SBCE TPC (µg GAE/mg) ODP (µg GAE/mg) TFC (µg QE/mg) FOL (µg QE/mg)

Solvents Organs

MeOH Leaves 113.12 ± 0.38d 158.57 ± 0.76d 60.22 ± 0.40b 30.93 ± 0.33b

Flowers 147.87 ± 0.21a 287.9 ± 0.50a 55.47 ± 0.24c 21.19 ± 0.29d

Stems 99.85 ± 0.10e 97.87 ± 0.53f 17.23 ± 0.06f 14.80 ± 0.41e

EtOH Leaves 82.61 ± 0.38f 143 ± 0.58e 61.79 ± 0.63b 35.28 ± 0.05a

Flowers 83.56 ± 0.10f 57.53 ± 0.59h 34.70 ± 0.06e 13.94 ± 0.16e

Stems 60.80 ± 0.42j 25.63 ± 0.56i 17.58 ± 0.35f 15.12 ± 0.19e

AC Leaves 129.89 ± 0.27c 257.5 ± 0.32b 72.17 ± 0.12a 33.77 ± 0.21a

Flowers 114.31 ± 0.49d 173.87 ± 0.53c 36.80 ± 0.60d 24.04 ± 0.57c

Stems 134.2 ± 0.96b 87.47 ± 0.34j 16.67 ± 0.20f 9.42 ± 0.14f

Mean values that share the same superscript letters in the specified column are not significantly different, whereas those with different superscript
letters are significantly (P < 0.05) different, as assessed by Tukey’s HSD post-hoc test. SBCEs, Salvia balansae crude extracts; TPC, total phenolic
content; ODPs, ortho-diphenols; TFC, total flavonoid content; FOL, flavonol content. GAE, gallic acid equivalent; QE, quercetin equivalent.
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plant parts: leaves > flowers > stems, whereas the acetonic
extraction yielded the highest concentration overall.

The highest concentration of flavonoids and flavonols
in leaf extracts, compared to flowers and stems, can be
attributed to their important physiological roles in plants
after all, leaves are highly metabolically active tissues
involved in photosynthesis, carbohydrate metabolism, sec-
ondary metabolite synthesis, defense compound produc-
tion, and respiration [47–49]. Flavonoids contribute to
these processes by modulating electron transport during
photosynthesis, protecting leaf tissue from excessive UV
radiation [50], and providing protection against biotic
and abiotic stresses, whereas flavonoid biosynthesis has
emerged as a nearly universal stress pathway triggered in
response to a wide range of stress conditions [51] and parti-
cipating in plant protection as phytoalexins in response to
microbial attacks [52,53].

3.1.3 Polyphenol analysis by LC/MS

LC/MS was used to screen 33 compounds in SBCEs. Phenolic
compounds in the extracts were identified by comparison
of mass spectra and retention times with those of 33 stan-
dards available in the laboratory. In contrast, their amounts
were determined using the equations obtained from standard

calibration curves after making the necessary dilution of
plant extract solutions if needed. In SBCEs, only 18 com-
pounds were identified, eight phenolic acids and ten flavo-
noid compounds (Table 3).

Quinic acid (from 5.051 ppm in acetone extract of
leaves to 69.69 ppm in stem ethanol extract) and ros-
marinic acid (from 2.881 ppm in ethanol extract of flowers
to 32.914 ppm in methanol extract of flowers) were classi-
fied as the most abundant phenolic acids. Three distinct
flavonoid compounds were identified as the major ones in
SBCEs: luteolin-7-o-glucoside (from 7.802 ppm in stem ethanol
extract to 44.917 ppm in acetone extract of flowers), apegenin-
7-o-glucoside (from 3.751 ppm in stem ethanol extract to
68.507 ppm in stem ethanol extract), and cirsiliol (from
2.081 ppm in ethanol extract of leaves to 15.608 ppm in
stem acetone extract). All these compounds, along with the
other identified components, are commonly found in the
genus Salvia [54,55].

Compared to the S. balansae collected from Chelf
Valley in the Mostaganem department, which is probably
a different species than our samples, our findings confirm
the distinction between them. To the best of our knowl-
edge, only two recent studies investigated the qualitative
and quantitative analysis of phenolic compounds of S.
balansae extracts using HPLC [3,17]. In the study conducted
by Mokhtar et al. [3], nine phenolic constituents were

Table 3: Identification and quantification of phenolic compounds in different crude extracts of S. balansae by LC/MS analysis

No. Phenolic compounds Chemical class Phenolic compounds quantity (ppm)

MeOH extracts EtOH extracts Ac extracts

L F S L F S L F S

1 Quinic acid Phenolic acid 40.122 40.313 59.394 16.927 47.509 69.69 5.051 19.55 22.498
2 Gallic acid Phenolic acid 0.115 0.02 0.083 0.114 0.031 0.07 0.037 0.045 0.018
3 Protocachuic acid Phenolic acid 1.026 0.27 ND 1.057 0.637 ND 0.597 1.126 0.568
4 Caffeic acid Phenolic acid 1.231 1.563 1.873 1.085 2.508 1.876 0.772 2.945 2.42
5 Syringic acid Phenolic acid ND ND ND ND ND ND ND ND 1.15
6 p-Coumaric acid Phenolic acid 0.348 0.267 0.087 0.39 0.099 0.127 0.644 0.48 0.312
7 trans-frulic acid Phenolic acid 0.146 0.571 0.078 0.161 1.656 0.047 0.252 2.068 0.134
8 Hyperoside (quercetin-3-O-galactoside) Flavonol 0.586 0.307 ND 0.504 0.344 0.408 0.365 0.507 0.635
9 Luteolin-7-O-glucoside Flavone 14.328 40.985 13.683 11.96 29.641 7.802 8.822 44.917 13.501
10 Naringin Flavanone 3.839 2.248 ND 2.697 2.098 1.23 2.109 2.55 2.052
11 Apegenin-7-O-glucoside Flavonol 6.592 46.672 6.943 4.956 49.549 3.751 4.538 68.507 9.225
12 Rosmarinic acid Phenolic acid 18.741 32.914 26.614 3.389 2.881 6.39 3.907 6.61 14.712
13 Quercetin Flavonol ND ND ND ND ND 0.068 ND 0.054 0.094
14 Naringenin Flavonone 0.305 ND ND 0.109 ND 0.172 0.409 ND ND
15 Apegenin Flavone 0.445 6.416 0.565 0.72 3.142 0.73 0.858 5.565 0.946
16 Cirsiliol Flavone 2.378 3.81 8.362 2.081 2.828 10.575 4.6 3.285 15.608
17 Cirsilineol Flavone 0.381 ND ND 0.38 ND ND 0.353 ND ND
18 Acacetin Flavone 0.767 0.497 0.229 0.712 0.705 0.176 1.226 0.242 0.199

MeOH, methanol; EtOH, ethanol; Ac, acetone; L, leaves; F, flowers; S, stems.

8  Khadra Afaf Bendrihem et al.



quantified by HPLC-MS analysis; catechin (72.5%) was the
main compound, followed by myricetin (21.7%), while epi-
catechin (1.3%) and BHA (1.1%) were present in lower
amounts. The research conducted by Mahdjoub et al. [17]
highlighted the significant presence of two main classes,
phenolic acids and flavonoids, characterized by substantial
quantities of tannic acid, benzoic acid, gallic acid, and
ascorbic acid. The minor chemicals found include the flavo-
noids myricetin and catechin, along with their derivatives.

Regarding the major phenolic compounds in other
Salvia species, rosmarinic acid was the abundant com-
pound in Salvia lavandulifolia Vahl. [56], luteolin, ros-
marinic acid, and caffeic acid in Salvia officinalis and Salvia
verticillata L. [14,57,58] and p-coumaric acid, gallic acid,
and syringic acid in Salvia bicolor [59].

This variability in both types and quantities of phe-
nolic compounds in S. balansae from different Salvia spe-
cies was anticipated due to the complicated chemical profile
exhibited by various Salvia species. Indeed, each species
possesses a distinct and specific phenolic composition, as
demonstrated by several studies [60–62]. Each species is
adapted to its unique environment and distinct genetic char-
acteristics [55].

PCA provided more detail about the relationships
between SBCEs based on phenolic compound data. As
shown in Figure 2, this analysis allowed the recognition
of three distinct SBCEs types based on the content of quinic
acid, cirsiliol, apegenin, luteolin-7-o-glucoside, naringin, ape-
genin-7-o-glucoside, protocachuic acid, p-coumaric acid, aca-
cetin, circilineol, and naringenin.

The first group represented the flower extracts, char-
acterized by high concentrations of luteolin-7-o-glucoside,
apegenin-7-o-glucoside, and apegenin. The second group
represented the stem extracts, which are characterized
by a high content of quinic acid and cirsiliol. These groups
are opposed to the third group formed by leaf extracts,
which is characterized by the presence of cirsilineol, narin-
genin, protocachuic acid, p-coumaric acid, and acacetin with
significant content compared to other extracts (Figure 1).

The same plant may synthesize and store many dif-
ferent compounds, which are expected in most plant organs
but not evenly distributed. Indeed, various organs of the
same plant produce different compounds at distinct concen-
trations. This variation can be explained by their gene
expression, which is regulated by various biosynthesis/
degradation procedures and transport processes. It also
reveals strong inter-organ interactions, termed endogenous
factors, which are influenced by exogenous agents [32,63],
such as pedo-climatic conditions, biotic/abiotic stress,
edaphic factors, microclimate type, and bioclimatic stages
affecting the plant’s growth [64].

3.2 Antioxidant activity

It is important to highlight that evaluating a plant’s anti-
oxidant potential should not rely only on a single method.
Instead, various in vitro antioxidant assays should be con-
ducted to assess the antioxidant potential of the sample
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Figure 2: Chemical diversity of SBCEs using the PCA approach.
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comprehensively [65]. Thus, to assess the efficacy of SBCEs,
multiple analytical assays are employed to gain a compre-
hensive understanding of the antioxidant properties of
various compounds. The results are shown as mean ± stan-
dard error of the mean in Figure 3.

3.2.1 DPPH free-radical scavenging

According to our results, the SBCEs exhibited variable free
radical scavenging activity, with IC50s ranging from 22.52 to
97.72 μg/ml (Figure 3a). The highest capacity to neutralize
DPPH radicals was detected in MeOH followed by acetone
extracts, particularly in the flower extracts, depicting an
IC50 of 50.27 to 55.62 μg/ml, respectively. Meanwhile, the
least effective DPPH scavenging activity was observed in
the EtOH extract, especially in the extracts of stems, with
an IC50 of 97.72 μg/ml.

The effect of antioxidants on DPPH radicals is driven
by their hydrogen donation ability or radical scavenging
activity [66,67], which suggests that this radical scavenging
efficiency is highly associated with the chemical composi-
tion and structure of these compounds, known for the pre-
sence of phenolic hydroxyl groups capable of donating
their hydrogen or electron, as proven by many previous
studies [64,68,69].

As per our results, flowers revealed the best radical
quenching capacity compared to the other organs used,
which can be related to the variation in antioxidant dis-
tribution among the various plant organs [68]. These find-
ings are consistent with previous studies [33,70–72].

3.2.2 ABTS radical scavenging assay

Besides DPPH activity, the quenching capacity of free radi-
cals by SBCEs was evaluated using the ABTS assay, which
relates to the ability of a substance to neutralize free radi-
cals generated through the oxidation of ABTS. The IC50 of
SBCEs recorded variable amounts ranging from 33.68 to
59.61 μg/ml, with the flower methanol extract (FMeOH)
found to be the most efficient in quenching free radicals,
followed by the leaf acetone extract (LAc) and flower
ethanol extract (FEtOH). Meanwhile, the stem extracts were
the least effective compared to other extracts (Figure 3b).
These results align with findings from previous studies [73–75]
that highlighted the efficacy of methanol in extracting antioxi-
dants capable of neutralizing free radicals.

In light of our data, it seems that the IC50 values of
ABTS were lower than for DPPH, which means that the
extracts have more affinity for neutralizing the ABTS+

radicals compared to the DPPH radicals. This is consistent
with the findings from earlier studies [76,77]. These dispa-
rities can be attributed to the fact that ABTS radicals are
capable of detecting the antioxidant potential of both hydro-
phobic and hydrophilic substances across a broad pH spectrum.
In contrast, DPPH mainly detects hydrophobic antioxi-
dants [77].

3.2.3 CUPRAC

The results of in vitro CUPRAC assay are shown in Figure
3c. The acetone extracts demonstrated the highest antiox-
idant capacity, followed by the methanol extracts, while
the ethanol extracts appeared to be the least effective,
showing an A0.5 = 38.17, 39.71, and 69.95 μg/ml, respectively.
The effectiveness of both methanol and acetone as optimal
extraction solvents for conducting the CUPRAC assay, as
per our results, is in line with findings from previous stu-
dies [44,78,79]. The CUPRAC-reducing power of the dif-
ferent plant parts of S. balansae revealed that flowers
recorded the best antioxidant activity, along with leaves.
As can be seen, there is no significant difference between
the reducing power of acetonic extracts of leaves and
flowers, nor with flowers if methanolic extracts are consid-
ered. However, according to [80,81], flowers recorded the
highest reducing power, while [82,83] indicated that leaves
exhibited the best antioxidant capacity. Indeed, the strength
of the same organ depends on the solvent used [84].

The CUPRAC method has demonstrated relatively high
values when compared to the other two antioxidant assays
based on electron transfer, namely DPPH and ABTS. This
trend aligns with findings from prior research [85,86].

3.2.4 FRAP

The ferric reducing power of the SBCEs is indicated in
Figure 3d as A0.5, which represents the concentration in
μg/ml at which the absorbance is 0.5 nm. The presented
data of SBCEs indicate that among the different solvents
used, methanol exhibited the highest reducing power com-
pared to the other solvents, followed by ethanol and
acetone. The antioxidant capacity according to solvents
ranked as follows: methanol > ethanol > acetone. The
ability of these solvents to reduce Fe3+ can indicate the
potential antioxidant capacity, which is highly related to
phenolic contents [87]. Several previous studies conducted
on different plant species have highlighted the efficiency of
methanol in reducing Fe3+-ferricyanide [78,88–90].
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Regarding the organs used, our results indicate that leaves
and flowers have the best ferric-reducing power, while stems
overall exhibited the most minor reductive capabilities. These
findings indicate the presence of electron donor components in
the different organs of S. balansae, which are capable of
forming stable compounds by neutralizing free radicals.
Previous studies have already proven the efficiency of
leaves and flowers in reducing Fe3+-ferricyanide [68,91,92].

3.2.5 O-Phenanthroline assay

The results of the reducing capacity by phenanthroline are
displayed in Figure 3e. The antioxidant capacity is given in
terms of A₀.₅, where absorbance increases linearly with the
increasing extract concentration. According to our results, the
methanolic extracts demonstrated the highest capacity to
reduce iron, followed by acetone, while ethanol exhibited
the least antioxidant capacity. The highest A₀.₅ was in metha-
nolic extracts of flowers (A₀.₅ = 17.71 μg/ml), while the lowest
was in ethanolic extracts of stems (A₀.₅ = 60.13 μg/ml).

The A0.5 of the methanolic extracts ranged from 17.71 to
28.69 μg/ml, which was close to those manifested by the
methanolic extracts of Salvia aegeptiaca (A₀.₅ = 18.71) and
Salvia verbenaca (A₀.₅ = 27.03) as reported by Mamache
et al. [93].

3.2.6 FIC activity

The FIC assay is a test used to determine the ability of a
substance to bind with and neutralize ferrous ions (Fe2+),
thereby assessing its capacity to act as a chelating agent
and mitigate oxidative reactions involving iron.

The results of the ferrous (Fe²⁺) ion chelating capacity of
the tested extracts are displayed in Figure 3f, and the che-
lating capacity is given in terms of IC50, which ranged from
44.41 to 275.66 μg/ml. Among the solvents used, methanol
proved to have a high chelating capacity, with an IC50 ran-
ging from 44.41 to 90.24 μg/ml, indicating high amounts of
antioxidants capable of inhibiting the formation of the fer-
rozine–iron complex.

According to these results, the highest chelating activity
was observed in the extracts with polar solvents. Similar
findings were reported by Chavan et al. [94] and Jaiswal
et al. [95], who demonstrated the superiority of methanol
over ethanol and acetone.

Compared to previous works, the methanolic extracts
of S. balansae leaves exhibited a higher chelating capacity
compared to those of Salvia aegyptiaca (IC50 = 67.99 μg/ml)
and Salvia verbenaca (IC50 = 70.39 μg/ml) [93].

These findings clearly indicate that the extracts of S.
balansae are capable of exerting a protective role against
oxidative damage caused by metal-catalyzed Fenton reac-
tions. Iron stimulates lipid damage through reactions like
the Haber-Weiss and Fenton processes, generating aggres-
sive hydroxyl radicals that harm lipids. Ferrous ions, found
in food and known as pro-oxidants, exacerbate oxidative
damage by initiating these reactions. This jeopardizes food
quality and stability by inducing oxidative stress and lipid
deterioration, underscoring the need to manage the pre-
sence of ferrous ions for food preservation [96].

Regarding the plant parts, it is evident that there is no
consistent pattern in the effectiveness of different plant
organs in metal chelation involving ferrous ions. This
inconsistency suggests no predictable pattern in which
parts consistently perform better in this metal-binding pro-
cess. The variability in metal chelation activity among dif-
ferent plant organs could be attributed to various factors,
such as the presence of different types and amounts of
chelating compounds in each part or variations in the
overall composition of these plant parts.

Usually, when comparing the IC50 of each extract with
the reference standards α-tocopherol and EDTA, the extracts
showed lower potency in all antioxidant tests. However, this
does not necessarily imply weak antioxidant activity in our
extracts. It is important to consider that these extracts con-
sist of a multitude of components. Unlike the pure stan-
dards, the efficacy of our extracts could still be considered
significant [68].

3.3 In vitro photo-protective assay

The photo-protective activity of S. balansae’s extracts was
evaluated by calculating their SPF values using Mansur’s
equation [30]. The SPF values, determined across five con-
centrations, are shown in Figure 3. These values ranged
from 26.64 to 46.34 at a 1 mg/ml concentration. According
to the [97], SBCEs appear to possess a high SPF. Methanolic
extracts displayed the highest SPF values, followed by
acetonic extracts, while ethanol exhibited the lowest sun
protection activity. Regarding different plant organs, flowers
provided the highest level of protection. Notably, there was
no significant difference in SPF values between leaves and
flowers, except for those extracted by methanol. Interest-
ingly, stems extracted by methanol showed a superior sun
protection capacity compared to leaves.

Compared to other studies, SBCEs exhibited a higher
sun protection capacity at a concentration of 1 mg/ml than
Salvia officinalis at a concentration of 2 mg/ml (SPF value =
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39) [98], and Mentha pulegium, which reveals an SPF value
of 36.31 [99]. These findings underscore the substantial sun
protection potential inherent in S. balansae.

Considering the high phenolic and flavonoid content in
the SBCEs, the photo-protective capacity is not surprising

since these compounds are considered a good source for
agents with sunscreen properties due to their antioxidant
capacity and UV absorption. Thus making them valuable
compounds for natural defense against UV radiation [100].
In light of these facts, it has also been reported that
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Figure 3: Six different in vitro antioxidant activities of Salvia balansae de Noé ex Coss extracts, (a) DPPH radical scavenging assay, (b) ABTS radical
scavenging assay (c) FIC activity, (d) FRAP assay, (e) Phenanthroline assay, and (f) CUPRAC.
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assessing the most potent extracts for antioxidant activity
would be crucial for the advancement of more effective
sunscreens [7]. The capacity of these compounds to func-
tion as both direct and indirect antioxidants, along with
their anti-inflammatory and immunomodulatory proper-
ties, offers promising avenues for the advancement of
photoprotection [101].

3.4 Chemometric analysis

A data matrix plot, based on all the quantitative and qua-
litative phytochemical analyses, in vitro antioxidant tests,
and photo-protective activity, was subjected to a second

PCA to examine the relationships among the tested para-
meters and to determine whether S. balansae extracts
could be classified according to their phenolic content
and biological activities. The PCA, performed on the corre-
lation matrix of the 33 variables, resulted in eight factors,
of which the first two accounted for 52% of the variance
among the nine SBCEs. As shown in Figure 4, SBCEs are
divided into four distinct groups. The first group is repre-
sented by the Ac extract of the leaves, located on the posi-
tive part of axis one, and characterized by high contents of
TPC, ODP, TFC, FOL, protocachuic acid, p-coumaric acid,
and naringin. This group is opposed to the second group,
formed by the S. balansae stem extracts, characterized
by high concentrations of quinic acid, cirsiliol, ABTS,
CUPRAC, and phenantroline. S. balansae flower extracts
were placed in the third group due to phytochemicals
such as luteolin-7-o-glucoside, apegenin-7-o-glucoside,
caffeic acid, and apegenin. The methanol and ethanol
extracts of S. balansae leaves constitute the fourth group
located in the negative part of Axis Two, characterized by
high concentrations of DPPH, SNP, TT, cirsilineol, narin-
genin, and gallic acid.

UPGMA analysis results (Figure 5) correspond to those
obtained through PCA analysis. Two main clusters were
obtained, and they were divided into a few sub-clusters
at the linkage distance between 400 and 600. Extracts
with lower phytochemical compounds and SPF activity
are placed in the first cluster (LAc, FAc, and FMeOH), while

50 100 250 500 1000
0

10

20

30

40

50

SPF

Concentration (µg/ml)

SP
F

Feuilles MeOH

Fleurs MeOH

Tiges MeOH

Feuilles EtOH

Fleurs EtOH

Tiges EtOH

Feuilles AC

Fleurs AC

Tiges AC

Figure 4: SPF determination from SBCEs.

Pr o je c t io n  o f  th e  v a r ia b le s  o n  th e  f a c to r - p la n e  (   1  x    2 )

q u in ic  a c id

G a llic  a c id

P ro to c ac h u ic  ac id

c a ffe ic  a c id

s y r in g ic  ac id

p -c o u m a r ic  a c id

t ra n s  f ru lic  a c id

H y p ero s id e ( q u erc e� n - 3 - o - g a la c to s id e

L u t e o lin -7 -o -g lu c o sid e

N arin g in

A p e g e n in -7 -o -g lu c o sid e

R o s m a rin ic  ac id

q u erc e� n

N a r in g e n in

A p e g e n in

C ir s ilio l

C ir s ilin e o l

A c a c e � n

T P C

T F C

F O L

T T

O D P

A B T SC U P R A C

D P P H

F ER R O Z IN E

P H E N A N T R O L I N E

S P F

Fa c to r  1  :  3 2 ,3 8 %

%56,62:
2rot ca F

q u in ic  a c id

G a llic  a c id

P ro to c ac h u ic  ac id

c a ffe ic  a c id

s y r in g ic  ac id

p -c o u m a r ic  a c id

t ra n s  f ru lic  a c id

H y p ero s id e ( q u erc e� n - 3 - o - g a la c to s id e

L u t e o lin -7 -o -g lu c o sid e

N arin g in

A p e g e n in -7 -o -g lu c o sid e

R o s m a rin ic  ac id

q u erc e� n

N a r in g e n in

A p e g e n in

C ir s ilio l

C ir s ilin e o l

A c a c e � n

T P C

T F C

F O L

T T

O D P

A B T SC U P R A C

D P P H

F ER R O Z IN E

P H E N A N T R O L I N E

S P F

Pr o je c t io n  o f  th e  c a s e s  o n  th e  f a c to r - p la n e  (   1  x    2 )

LMeOH

FMeOH

SMeOH

LEtOH

FEtOH

SEtOH

LAc

FAc

SAc

Factor 1: 32,38%

%
5

6,
6

2
:

2
r

ot
c

a
F

LMeOH

FMeOH

SMeOH

LEtOH

FEtOH

SEtOH

LAc

FAc

SAc

Figure 5: The results of a chemometric analysis using the PCA approach.
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the extracts with less antioxidant activity (lower values of
IC50%) are in the second cluster (Figure 6).

It can be concluded from all these that in the distribu-
tion of examined extracts, the most dominant influence is
biological activities and phytochemical contents, which
both have a very similar influence regarding the posi-
tioning of these extracts on the score plot.

Pearson’s correlation matrix (Table S1) clearly shows
that ODP was negatively and significantly correlated with
ABTS (r = −0.748, P = 0.02), CUPRAC (r = −0.876, P = 0.002),
and phenanthroline assays (r = −0.718, P = 0.029). Meanwhile,
it correlated positively with TPC (r = 0.764, P = 0.017) and TFC
(r = 0.761, P = 0.017). TPC was negatively and significantly
correlated with ABTS (r = −0.718, P = 0.029), CUPRAC (r =

−0.83, P = 0.006), and DPPH assays (r = −0.808, P = 0.008).
The DPPH assay was negatively and significantly correlated
with rosmarinic acid (r = −0.796, P = 0.01). The SPF assay
correlated positively and significantly with apegenin (r =

0.74, P = 0.014) and ODP (r = 0.78, P = 0.013), whereas it corre-
lated negatively with CUPRAC (r = −0.82, P = 0.07) and ABTS (r =
−0.78, P = 0.013). The negative correlation is mainly related to
the inverse relationship between IC50/A0.5 values and antioxi-
dant capacity, suggesting that among the various antioxidant
components present in different extracts of Salvia balansae,
TPC and ODP appear to have the most significant impact on
the observed antioxidant capacity. These results align with
previous studies conducted on different plant species [54,70],
which have also highlighted the significant influence of TPC on
the antioxidant potential of various plant extracts.

4 Conclusions

This study is the first to thoroughly understand the phyto-
chemicals and antioxidant activities of S. balansae har-
vested from the Aures Mountains, which is endemic to
this region, using chemo-metric analysis. LC-MS analysis
showed the prevalence of quinic acid, luteolin-7-O-gluco-
side, apigenin-7-O-glucoside, cirsiliol, and rosmarinic acid
in S. balansae extracts, and confirmed the distinction of
this taxon to those located in the Mostaganem region.
The PCA analyses allowed the recognition of three distinct
extract types based on this composition: the flower extracts,
characterized by high concentrations of luteolin-7-o-gluco-
side and apigenin-7-o-glucoside; the stem extracts, which are
characterized by a high content of quinic acid and cirsiliol,
and finally, the leaf extracts, characterized by the presence
of cirsilineol, naringenin, protocatechuic acid, p-coumaric
acid, and acacetin. The antioxidant and photo-protective
activities were investigated using in vitro assays, and the
polar extracts showed significant antioxidant activity in
direct proportion to the higher concentrations of total
phenolics and ODP content. The relationship between
the phytochemicals and biological activities of the extracts
was determined by PCA, UPGMA, and correlation analysis.
Ultimately, this work provides a thorough examination that
reveals the importance of S. balansae as a reservoir of
natural phytochemicals for the development of phytophar-
maceuticals, specifically targeting diseases associated with
oxidative stress.
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Figure 6: Dendrogram of SBCEs, based on Manhattan Similarity distance.

14  Khadra Afaf Bendrihem et al.



Acknowledgments: This work was supported by the Algerian
Ministry of Higher Education and Scientific Research and the
DGRSDT.

Funding information: This research received no external
funding.

Author contributions: K.A.B., A.Z., and K.K.: conceptualiza-
tion; C.B., K.N., M.H., and M.A.M.:- formal analysis; K.A.B.,
N.E.A. and M.A.M.: investigation; B.K.A., M.M., and A.Z.:
writing original draft; software; B.K.A. and A.Z.: writing–
review and editing; A.Z. and K.K.: supervision. All authors
have read and agreed to the published version of the
manuscript.

Conflict of interest: The authors have no conflict of interest
of any authority or persons in the field of our work at
national and international levels.

Ethical approval: The conducted research is not related to
either human or animal use.

Data availability statement: All data generated or ana-
lyzed during this study are included in this published
article and its supplementary information files.

References

[1] Shi L, Zhao W, Yang Z, Subbiah V, Suleria HAR. Extraction and
characterization of phenolic compounds and their potential
antioxidant activities. Environ Sci Pollut Res Int.
2022;29(54):81112–29. doi: 10.1007/s11356-022-23337-6.

[2] Balant S, Górski S, Najda A, Walasek M. Ekstrakty roślinne
zawierające związki fenolowe i ich aktywność antyoksydacyjna.
AgronSci. 2018;73(4):37–44. doi: 10.24326/asx.2018.4.4.

[3] Mokhtar A, Souhila T, Nacéra B, Amina B, Alghonaim MI,
Öztürk M, et al. In vitro antibacterial, antioxidant, anticholines-
terase, and antidiabetic activities and chemical composition of
Salvia balansae. Molecules. 2023;28(23):7801. doi: 10.3390/
molecules28237801.

[4] Landa-Cansigno C, Serviere-Zaragoza E, Morales-Martínez TK,
Ascacio-Valdes JA, Morreeuw ZP, Gauyat C, et al. The antioxidant
and anti-elastase activity of the brown seaweed Sargassum hor-
ridum (Fucales, Phaeophyceae) and their early phenolics and
saponins profiling for green cosmetic applications. Algal Res.
2023;75:103271. doi: 10.1016/j.algal.2023.103271.

[5] Meyer T, Stockfleth E. Light and skin. Curr Probl Dermatol.
2021;55:53–61. doi: 10.1159/000517592.

[6] Saewan N, Jimtaisong A. Photoprotection of natural flavonoids.
J Appl Pharm Sci. 2013;3(9):129–41. doi: 10.7324/JAPS.2013.3923.

[7] Saewan N, Jimtaisong A. Natural products as photoprotection.
J Cosmet Dermatol. 2015;14(1):47–63. doi: 10.1111/jocd.12123.

[8] Bisio A, Pedrelli F, D’Ambola M, Labanca F, Schito AM, Govaerts R,
et al. Quinone diterpenes from Salvia species: chemistry, botany,
and biological activity. Phytochem Rev. 2019;18(3):665–842.
doi: 10.1007/s11101-019-09633-z.

[9] Sharifi-Rad M, Ozcelik B, Altın G, Daşkaya-Dikmen C, Martorell M,
Ramírez-Alarcón K, et al. Salvia spp. plants-from farm to food
applications and phytopharmacotherapy. Trends Food Sci
Technol. 2018;80:242–63. doi: 10.1016/j.tifs.2018.08.008.

[10] Quézel P, Santa S. Nouvelle Flore de l’Algérie et Des Régions
Désertiques Méridionales. Paris: Éditions du Centre National de la
Recherche Scientifique; 1962.

[11] Seltzer P. Le climat de l’Algérie. Impr. “La Typo-litho” & J.
Carbonel; 1946.

[12] Mostari A, Benabdeli K, Vela E. Le littoral de Mostaganem
(Algérie), une “zone importante pour les plantes” (ZIP) autant
négligée que menacée. Fl Medit. 2020;30:207–33. doi: 10.7320/
FlMedit30.207.

[13] Kintzios SE, editor. Sage: The Genus Salvia. Amsterdam,
Netherlands: Harwood Academic Publishers; 2000.

[14] Ghorbani A, Esmaeilizadeh M. Pharmacological properties of
Salvia officinalis and its components. J Tradit Complement Med.
2017;7(4):433–40. doi: 10.1016/j.jtcme.2016.12.014.

[15] Xu J, Wei K, Zhang G, Lei L, Yang D, Wang W, et al.
Ethnopharmacology, phytochemistry, and pharmacology of
Chinese Salvia species: A review. J Ethnopharmacol.
2018;225:18–30. doi: 10.1016/j.jep.2018.06.029.

[16] Mekki S, Belhocine M, Bouzouina M, Chaouad B, Mostari A.
Therapeutic effects of Salvia balansae on metabolic disorders and
testicular dysfunction mediated by a high-fat diet in Wistar rats.
Mediterr J Nutr Metab. 2023;16(1):21–39. doi: 10.3233/MNM-
220094.

[17] Mahdjoub MM, Benzitoune N, Maiz Y, Aouadi N, el H,
Bouhenna MM, et al. HPLC-DAD Screening and Antioxidant
Activity of Phenolic Compounds of Salvia balansae de Noé
Leaves Extract. J of Res in Pharm | EBSCOhost.
2023;27(3):1076–85. doi: 10.29228/jrp.400.

[18] Singleton VL, Rossi JA. Colorimetry of total phenolics with phos-
phomolybdic-phosphotungstic acid reagents. Am J Enol Vitic.
1965;16(3):144–58. doi: 10.5344/ajev.1965.16.3.144.

[19] Martins-Gomes C, Taghouti M, Schäfer J, Bunzel M, Silva AM,
Nunes FM. Chemical characterization and bioactive
properties of decoctions and hydroethanolic extracts of Thymus
carnosus Boiss. J Funct Foods. 2018;43:154–64. doi: 10.1016/j.jff.
2018.02.012.

[20] Mbaebie B, Edeoga H, Afolayan A. Phytochemical analysis and
antioxidants activities of aqueous stem bark extract of Schotia
latifolia Jacq. Asian Pac J Trop Biomed. 2012;2(2):118–24. doi: 10.
1016/S2221-1691(11)60204-9.

[21] Benmeddour Z, Mehinagic E, Meurlay DL, Louaileche H. Phenolic
composition and antioxidant capacities of ten Algerian date
(Phoenix dactylifera L.) cultivars: A comparative study. J Funct
Foods. 2013;5(1):346–54. doi: 10.1016/j.jff.2012.11.005.

[22] Mahmoudi M, Abdellaoui R, Feki E, Boughalleb F, Zaidi S, Nasri N.
Analysis of polygonum aviculare and polygonum maritimum for
minerals by flame atomic absorption spectrometry (FAAS), poly-
phenolics by high-performance liquid chromatography-
Electrospray ionization – Mass spectrometry (HPLC-ESI-MS), and
antioxidant properties by spectrophotometry. Anal Lett.
2021;54:1–16. doi: 10.1080/00032719.2021.1906267.

Pharmacological potentials of Salvia balansae de Noé ex Coss  15

https://doi.org/10.1007/s11356-022-23337-6
https://doi.org/10.24326/asx.2018.4.4
https://doi.org/10.3390/molecules28237801
https://doi.org/10.3390/molecules28237801
https://doi.org/10.1016/j.algal.2023.103271
https://doi.org/10.1159/000517592
https://doi.org/10.7324/JAPS.2013.3923
https://doi.org/10.1111/jocd.12123
https://doi.org/10.1007/s11101-019-09633-z
https://doi.org/10.1016/j.tifs.2018.08.008
https://doi.org/10.7320/FlMedit30.207
https://doi.org/10.7320/FlMedit30.207
https://doi.org/10.1016/j.jtcme.2016.12.014
https://doi.org/10.1016/j.jep.2018.06.029
https://doi.org/10.3233/MNM-220094
https://doi.org/10.3233/MNM-220094
https://doi.org/10.29228/jrp.400
https://doi.org/10.5344/ajev.1965.16.3.144
https://doi.org/10.1016/j.jff.2018.02.012
https://doi.org/10.1016/j.jff.2018.02.012
https://doi.org/10.1016/S2221-1691(11)60204-9
https://doi.org/10.1016/S2221-1691(11)60204-9
https://doi.org/10.1016/j.jff.2012.11.005
https://doi.org/10.1080/00032719.2021.1906267


[23] Blois MS. Antioxidant determinations by the use of a stable
free radical. Nature. 1958;181(4617):1199–200. doi: 10.1038/
1811199a0.

[24] Burits M, Bucar F. Antioxidant activity of Nigella sativa essential
oil. Phytother Res. 2000;14(5):323–8. doi: 10.1002/1099-
1573(200008)14:5<323::AID-PTR621>3.0.CO;2-Q.

[25] Re R, Pellegrini N, Proteggente A, Pannala A, Yang M, Rice-
Evans C. Antioxidant activity applying an improved ABTS radical
cation decolorization assay. Free Radic Biol Med.
1999;26(9):1231–7. doi: 10.1016/S0891-5849(98)00315-3.

[26] Decker EA, Welch B. Role of ferritin as a lipid oxidation catalyst in
muscle food. J Agric Food Chem. 1990;38(3):674–7. doi: 10.1021/
jf00093a019.

[27] Oyaizu M. Studies on products of browning reaction. Jpn J Nutr
Dietetics. 1986;44(6):307–15. doi: 10.5264/eiyogakuzashi.44.307.

[28] Szydłowska-Czerniak A, Dianoczki C, Recseg K, Karlovits G, Szłyk E.
Determination of antioxidant capacities of vegetable oils by
ferric-ion spectrophotometric methods. Talanta.
2008;76(4):899–905. doi: 10.1016/j.talanta.2008.04.055.

[29] Apak R, Güçlü K, Ozyürek M, Karademir SE. Novel total antioxidant
capacity index for dietary polyphenols and vitamins C and E,
using their cupric ion reducing capability in the presence of
neocuproine: CUPRAC method. J Agric Food Chem.
2004;52(26):7970–81. doi: 10.1021/jf048741x.

[30] Mansur JDS, Breder MNR, Mansur MC, d’Ascençäo, Azulay RD.
Determinaçäo do fator de proteçäo solar por espectrofotometria.
An bras dermatol. 1986;61(3):121–4.

[31] Sayre RM, Agin PP, LeVee GJ, Marlowe E. A comparison of in vivo and
in vitro testing of sunscreening formulas. Photochem Photobiol.
1979;29(3):559–66. doi: 10.1111/j.1751-1097.1979.tb07090.x.

[32] Iloki-Assanga SB, Lewis-Luján LM, Lara-Espinoza CL, Gil-Salido AA,
Fernandez-Angulo D, Rubio-Pino JL, et al. Solvent effects on
phytochemical constituent profiles and antioxidant activities,
using four different extraction formulations for analysis of Bucida
buceras L. and Phoradendron californicum. BMC Res Notes.
2015;8(1):396. doi: 10.1186/s13104-015-1388-1.

[33] Park JH, Lee M, Park E. Antioxidant activity of orange flesh and
peel extracted with various solvents. JFN. 2014;19(4):291–8.
doi: 10.3746/pnf.2014.19.4.291.

[34] Zardo DM, Alberti A, Zielinski AAF, Prestes AA, Esmerino LA,
Nogueira A. Influence of solvents in the extraction of phenolic
compounds with antibacterial activity from apple pomace.
Sep Sci Technol. 2021;56(5):903–11. doi: 10.1080/01496395.2020.
1744652.

[35] Wijekoon MMJO, Bhat R, Karim AA. Effect of extraction solvents on
the phenolic compounds and antioxidant activities of bunga
kantan (Etlingera elatior Jack.) inflorescence. J Food Compos Anal.
2011;24(4-5):615–9. doi: 10.1016/j.jfca.2010.09.018.

[36] Mohammedi Z, Atik F. Impact of solvent extraction type on total
polyphenols content and biological activity from tamarix aphylla
(l.) Karst. Int J Pharma Bio Sci. 2011;2:609–15. Accessed February 7,
2024. https://www.semanticscholar.org/paper/Impact-of-
solvent-extraction-type-on-total-content-Mohammedi-Atik/
d8abb742038190694856a0e169a4909a4ee54b14.

[37] Dhull SB, Kaur P, Purewal SS. Phytochemical analysis, phenolic
compounds, condensed tannin content and antioxidant potential
in Marwa (Origanum majorana) seed extracts. Resour-Effic
Technol. 2016;2(4):168–74. doi: 10.1016/j.reffit.2016.09.003.

[38] Assefa AD, Keum YS. Effect of extraction solvent and various
drying methods on polyphenol content and antioxidant activities

of yuzu (Citrus junos Sieb ex Tanaka). Food Measure.
2017;11(2):576–85. doi: 10.1007/s11694-016-9425-x.

[39] Benslimane S, Rebai O, Djibaoui R, Arabi A. Pomegranate peel
extract activities as antioxidant and antibiofilm against bacteria
isolated from caries and supragingival plaque. Jordan J Biol Sci.
2020;13(3):403–12.

[40] Demasi S, Mellano MG, Falla NM, Caser M, Scariot V. Sensory
profile, shelf life, and dynamics of bioactive compounds during
cold storage of 17 edible flowers. Horticulturae. 2021;7(7):166.
doi: 10.3390/horticulturae7070166.

[41] Giuliani C, Ascrizzi R, Lupi D, Tassera G, Santagostini L,
Giovanetti M, et al. Salvia verticillata: Linking glandular trichomes,
volatiles and pollinators. Phytochemistry. 2018;155:53–60.
doi: 10.1016/j.phytochem.2018.07.016.

[42] Babaie M, Cheniany M, Ganjeali A, Vaezi J. Quantitative HPLC
analysis of flavonoids and evaluation of antioxidant activity in two
organs of Salvia tebesana Bunge. J Medicinal Plants.
2023;22(87):39–56.

[43] Hashim AM, Alharbi BM, Abdulmajeed AM, Elkelish A,
Hozzein WN, Hassan HM. Oxidative stress responses of some
endemic plants to high altitudes by intensifying antioxidants and
secondary metabolites content. Plants. 2020;9(7):869. doi: 10.
3390/plants9070869.

[44] Zengin G, Aktumsek A. Investigation of antioxidant potentials of
solvent extracts from different anatomical parts of Asphodeline
Anatolica E. Tuzlaci: An endemic plant to Turkey. Afr J Trad
Complement Alt Med. 2014;11(2):481–8. doi: 10.4314/ajtcam.
v11i2.37.

[45] Jimoh FO, Adedapo AA, Afolayan AJ. Comparison of the nutritional
value and biological activities of the acetone, methanol and water
extracts of the leaves of Solanum nigrum and Leonotis leonorus.
Food Chem Toxicol. 2010;48(3):964–71. doi: 10.1016/j.fct.2010.
01.007.

[46] Stankovic MS, Niciforovic N, Topuzovic M, Solujic S. Total phenolic
content, flavonoid concentrations and antioxidant activity, of the
whole plant and plant parts extracts from Teucrium Montanum L.
Var. Montanum, F. Supinum (L.) Reichenb. Biotechnol Biotechnol
Equip. 2011;25(1):2222–7. doi: 10.5504/BBEQ.2011.0020.

[47] Andersen ØM, Markham KR. Flavonoids: Chemistry, biochemistry
and applications. Boca Raton, FL: CRC Press, Taylor and
Francis; 2006.

[48] Brunetti C, Di Ferdinando M, Fini A, Pollastri S, Tattini M.
Flavonoids as antioxidants and developmental regulators:
Relative significance in plants and humans. IJMS.
2013;14(2):3540–55. doi: 10.3390/ijms14023540.

[49] Wen K, Fang X, Yang J, Yao Y, Nandakumar KS, Salem ML, et al.
Recent research on flavonoids and their biomedical applications.
Curr Med Chem. 2021;28(5):1042–66. doi: 10.2174/
0929867327666200713184138.

[50] Ghitti E, Rolli E, Crotti E, Borin S. Flavonoids are intra- and inter-
kingdom modulator signals. Microorganisms. 2022;10(12):2479.
doi: 10.3390/microorganisms10122479.

[51] Pucker B, Selmar D. Biochemistry and molecular basis of intra-
cellular flavonoid transport in plants. Plants. 2022;11(7):963.
doi: 10.3390/plants11070963.

[52] Corradini E, Foglia P, Giansanti P, Gubbiotti R, Samperi R,
Laganà A. Flavonoids: chemical properties and analytical meth-
odologies of identification and quantitation in foods and plants.
Nat Product Res. 2011;25(5):469–95. doi: 10.1080/14786419.2010.
482054.

16  Khadra Afaf Bendrihem et al.

https://doi.org/10.1038/1811199a0
https://doi.org/10.1038/1811199a0
https://doi.org/10.1002/1099-1573(200008)14:5&#x003C;323::AID-PTR621&#x003E;3.0.CO;2-Q
https://doi.org/10.1002/1099-1573(200008)14:5&#x003C;323::AID-PTR621&#x003E;3.0.CO;2-Q
https://doi.org/10.1016/S0891-5849(98)00315-3
https://doi.org/10.1021/jf00093a019
https://doi.org/10.1021/jf00093a019
https://doi.org/10.5264/eiyogakuzashi.44.307
https://doi.org/10.1016/j.talanta.2008.04.055
https://doi.org/10.1021/jf048741x
https://doi.org/10.1111/j.1751-1097.1979.tb07090.x
https://doi.org/10.1186/s13104-015-1388-1
https://doi.org/10.3746/pnf.2014.19.4.291
https://doi.org/10.1080/01496395.2020.1744652
https://doi.org/10.1080/01496395.2020.1744652
https://doi.org/10.1016/j.jfca.2010.09.018
https://www.semanticscholar.org/paper/Impact-of-solvent-extraction-type-on-total-content-Mohammedi-Atik/d8abb742038190694856a0e169a4909a4ee54b14
https://www.semanticscholar.org/paper/Impact-of-solvent-extraction-type-on-total-content-Mohammedi-Atik/d8abb742038190694856a0e169a4909a4ee54b14
https://www.semanticscholar.org/paper/Impact-of-solvent-extraction-type-on-total-content-Mohammedi-Atik/d8abb742038190694856a0e169a4909a4ee54b14
https://doi.org/10.1016/j.reffit.2016.09.003
https://doi.org/10.1007/s11694-016-9425-x
https://doi.org/10.3390/horticulturae7070166
https://doi.org/10.1016/j.phytochem.2018.07.016
https://doi.org/10.3390/plants9070869
https://doi.org/10.3390/plants9070869
https://doi.org/10.4314/ajtcam.v11i2.37
https://doi.org/10.4314/ajtcam.v11i2.37
https://doi.org/10.1016/j.fct.2010.01.007
https://doi.org/10.1016/j.fct.2010.01.007
https://doi.org/10.5504/BBEQ.2011.0020
https://doi.org/10.3390/ijms14023540
https://doi.org/10.2174/0929867327666200713184138
https://doi.org/10.2174/0929867327666200713184138
https://doi.org/10.3390/microorganisms10122479
https://doi.org/10.3390/plants11070963
https://doi.org/10.1080/14786419.2010.482054
https://doi.org/10.1080/14786419.2010.482054


[53] Tiku AR. Antimicrobial compounds (phytoanticipins and phytoa-
lexins) and their role in plant defense. In: Mérillon JM,
Ramawat KG, editors. Co-evolution of secondary metabolites.
Springer International Publishing; 2020. p. 845–68. doi: 10.1007/
978-3-319-96397-6_63.

[54] Farhat MB, Landoulsi A, Chaouch-Hamada R, Sotomayor JA,
Jordán MJ. Phytochemical composition and in vitro antioxidant
activity of by-products of Salvia verbenaca L. growing wild in
different habitats. Ind Crop Prod. 2013;49:373–9. doi: 10.1016/j.
indcrop.2013.05.006.

[55] Tohma H, Köksal E, Kılıç Ö, Alan Y, Yılmaz MA, Gülçin İ, et al. RP-
HPLC/MS/MS analysis of the phenolic compounds, antioxidant
and antimicrobial activities of Salvia L. species. Antioxidants.
2016;5(4):38. doi: 10.3390/antiox5040038.

[56] Remok F, Saidi S, Gourich AA, Zibouh K, Maouloua M,
Makhoukhi FE, et al. Phenolic content, antioxidant, antibacterial,
antihyperglycemic, and α-amylase inhibitory activities of aqueous
extract of Salvia lavandulifolia Vahl. Pharmaceuticals (Basel).
2023;16(3):395. doi: 10.3390/ph16030395.

[57] Jedidi S, Selmi H, Aloui F, Rtibi K, Jridi M, Abbes C, et al.
Comparative studies of phytochemical screening, HPLC‐PDA‐ESI‐
MS/MS‐LC/HR‐ESI‐MS analysis, antioxidant capacity and in Vitro
fermentation of officinal sage ( Salvia officinalis L.) cultivated in
different biotopes of Northwestern Tunisia. Chem Biodivers.
2020;17(1):e1900394. doi: 10.1002/cbdv.201900394.

[58] Katanić Stanković JS, Srećković N, Mišić D, Gašić U, Imbimbo P,
Monti DM, et al. Bioactivity, biocompatibility and phytochemical
assessment of lilac sage, Salvia verticillata L. (Lamiaceae) - A plant
rich in rosmarinic acid. Ind Crop Prod. 2020;143:111932. doi: 10.
1016/j.indcrop.2019.111932.

[59] Ibrahim TA. Chemical composition and biological activity of
extracts from Salvia bicolor Desf. growing in Egypt. Molecules.
2012;17(10):11315–34. doi: 10.3390/molecules171011315.

[60] Carvalho IS, Cavaco T, Brodelius M. Phenolic composition and
antioxidant capacity of six artemisia species. Ind Crop Prod.
2011;33(2):382–8. doi: 10.1016/j.indcrop.2010.11.005.

[61] Tosun M, Ercisli S, Sengul M, Ozer H, Polat T, Ozturk E. Antioxidant
properties and total phenolic content of eight salvia species from
Turkey. Biol Res. 2009;42(2):175–81. doi: 10.4067/S0716-
97602009000200005.

[62] Sharopov F, Valiev A, Sobeh M, Arnold E, Winka M. Bioactivity of
three salvia species in relation to their total phenolic and flavo-
noid contents. Pharm Chem J. 2018;52(7):596–600. doi: 10.1007/
s11094-018-1866-6.

[63] Lahmadi S, Kechebar MSA, Karoune S, Bensouici C, Gali L,
Khattabi L, et al. Phytochemical analysis, antioxidant and photo-
protective activities of aqueous extract of Euphorbia retusa
Forssk. different parts from Algeria. Acta Agric Slov.
2022;118(3):1–10. doi: 10.14720/aas.2022.118.3.2437.

[64] Maoulainine BM, Jelassi A, Hassen I, Ould OMS, Boukhari MSO.
Antioxidant proprieties of methanolic and ethanolic extracts of
Euphorbia helioscopia (L.) aerial parts. Int Food Res J.
2012;19:1125–30. Accessed February 7, 2024. https://www.
semanticscholar.org/paper/Antioxidant-proprieties-of-
methanolic-and-ethanolic-Maoulainine-Jelassi/
34bbd31377fbea75a908516764ac5855b9a054cb.

[65] Munteanu IG, Apetrei C. Analytical methods used in determining
antioxidant activity: A review. IJMS. 2021;22(7):3380. doi: 10.3390/
ijms22073380.

[66] Fatiha M, Abdelkader T. Study of antioxidant activity of pyrimi-
dinium betaines by DPPH radical scavenging method. JAPLR.
2019;8(2):33–6. doi: 10.15406/japlr.2019.08.00308.

[67] Molyneux P. The use of the stable free radical diphenylpicryl-
hydrazyl (DPPH) for estimating antioxidant activity.
2004;26(2):211–9.

[68] Chlif N, Diouri M, Noureddine EM, Ed-Dra A, Rhazi Filali F,
Bebtayeb A. Phytochemical composition, antioxidant and anti-
bacterial activities of extracts from different parts of Brocchia
cinerea (Vis.). Biointerface Res Appl Chem. 2021;12:4432–47.
doi: 10.33263/BRIAC124.44324447.

[69] Kobus-Cisowska J, Szczepaniak O, Szymanowska-Powałowska D,
Piechocka J, Szulc P, Dziedziński M. Antioxidant potential of var-
ious solvent extract from Morus alba fruits and its major poly-
phenols composition. Cienc Rural. 2020;50(1):e20190371. doi: 10.
1590/0103-8478cr20190371.

[70] Ouerghemmi I, Rebey IB, Rahali FZ, Bourgou S, Pistelli L, Ksouri R,
et al. Antioxidant and antimicrobial phenolic compounds from
extracts of cultivated and wild-grown Tunisian Ruta chalepensis.
J Food Drug Anal. 2017;25(2):350–9. doi: 10.1016/j.jfda.2016.04.001.

[71] Bettaieb I, Bourgou S, Wannes WA, Hamrouni I, Limam F.
Marzouk B. essential oils, phenolics, and antioxidant activities of
different parts of Cumin (Cuminum cyminum L.). J Agric Food
Chem. 2010;58(19):10410–18. doi: 10.1021/jf102248j.

[72] Azarbani F, Saki Z, Zareei A, Mohammadi A. Phenolic contents,
Antibacterial and antioxidant activities of flower, Leaf and stem
extracts of ferulago angulata (schlecht) boiss. Int J Pharm Pharm
Sci. 2014;6:123–5.

[73] Nistor M, Diaconeasa Z, Frond AD, Stirbu I, Socaciu C, Pintea A,
et al. Comparative efficiency of different solvents for the antho-
cyanins extraction from chokeberries and black carrots, to pre-
serve their antioxidant activity. Chem Pap. 2021;75(2):813–22.
doi: 10.1007/s11696-020-01344-6.

[74] Rahim A, Çakir C, Ozturk M, Şahin B, Soulaimani A, Sibaoueih M,
et al. Chemical characterization and nutritional value of Spirulina
platensis cultivated in natural conditions of Chichaoua region
(Morocco). South Afr J Botany. 2021;141:235–42. doi: 10.1016/j.
sajb.2021.05.006.

[75] Saha A, Basak BB, Manivel P, Kumar J. Valorization of Java citro-
nella (Cymbopogon winterianus Jowitt) distillation waste as a
potential source of phenolics/antioxidant: influence of extraction
solvents. J Food Sci Technol. 2021;58(1):255–66. doi: 10.1007/
s13197-020-04538-8.

[76] Aissani F, Grara N, Bensouici C, Bousbia A, Ayed H, Idris MHM,
et al. Algerian Sonchus oleraceus L.: a comparison of different
extraction solvent on phytochemical composition, antioxidant
properties and anti-cholinesterase activity. Adv Tradit Med
(ADTM). 2022;22(2):383–94. doi: 10.1007/s13596-021-00553-y.

[77] Rafińska K, Pomastowski P, Rudnicka J, Krakowska A, Maruśka A,
Narkute M, et al. Effect of solvent and extraction technique on
composition and biological activity of Lepidium sativum extracts.
Food Chem. 2019;289:16–25. doi: 10.1016/j.foodchem.2019.
03.025.

[78] Zhang L, Xu Q, Li L, Lin L, Yu J, Zhu J, et al. Antioxidant and enzyme-
inhibitory activity of extracts from Erigeron annuus flower. Ind
Crop Prod. 2020;148:112283. doi: 10.1016/j.indcrop.2020.112283.

[79] Georgiev V, Pavlov A, editors. Salvia biotechnology. Cham,
Switzerland: Springer International Publishing; 2017. doi: 10.1007/
978-3-319-73900-7.

Pharmacological potentials of Salvia balansae de Noé ex Coss  17

https://doi.org/10.1007/978-3-319-96397-6_63
https://doi.org/10.1007/978-3-319-96397-6_63
https://doi.org/10.1016/j.indcrop.2013.05.006
https://doi.org/10.1016/j.indcrop.2013.05.006
https://doi.org/10.3390/antiox5040038
https://doi.org/10.3390/ph16030395
https://doi.org/10.1002/cbdv.201900394
https://doi.org/10.1016/j.indcrop.2019.111932
https://doi.org/10.1016/j.indcrop.2019.111932
https://doi.org/10.3390/molecules171011315
https://doi.org/10.1016/j.indcrop.2010.11.005
https://doi.org/10.4067/S0716-97602009000200005
https://doi.org/10.4067/S0716-97602009000200005
https://doi.org/10.1007/s11094-018-1866-6
https://doi.org/10.1007/s11094-018-1866-6
https://doi.org/10.14720/aas.2022.118.3.2437
https://www.semanticscholar.org/paper/Antioxidant-proprieties-of-methanolic-and-ethanolic-Maoulainine-Jelassi/34bbd31377fbea75a908516764ac5855b9a054cb
https://www.semanticscholar.org/paper/Antioxidant-proprieties-of-methanolic-and-ethanolic-Maoulainine-Jelassi/34bbd31377fbea75a908516764ac5855b9a054cb
https://www.semanticscholar.org/paper/Antioxidant-proprieties-of-methanolic-and-ethanolic-Maoulainine-Jelassi/34bbd31377fbea75a908516764ac5855b9a054cb
https://www.semanticscholar.org/paper/Antioxidant-proprieties-of-methanolic-and-ethanolic-Maoulainine-Jelassi/34bbd31377fbea75a908516764ac5855b9a054cb
https://doi.org/10.3390/ijms22073380
https://doi.org/10.3390/ijms22073380
https://doi.org/10.15406/japlr.2019.08.00308
https://doi.org/10.33263/BRIAC124.44324447
https://doi.org/10.1590/0103-8478cr20190371
https://doi.org/10.1590/0103-8478cr20190371
https://doi.org/10.1016/j.jfda.2016.04.001
https://doi.org/10.1021/jf102248j
https://doi.org/10.1007/s11696-020-01344-6
https://doi.org/10.1016/j.sajb.2021.05.006
https://doi.org/10.1016/j.sajb.2021.05.006
https://doi.org/10.1007/s13197-020-04538-8
https://doi.org/10.1007/s13197-020-04538-8
https://doi.org/10.1007/s13596-021-00553-y
https://doi.org/10.1016/j.foodchem.2019.03.025
https://doi.org/10.1016/j.foodchem.2019.03.025
https://doi.org/10.1016/j.indcrop.2020.112283
https://doi.org/10.1007/978-3-319-73900-7
https://doi.org/10.1007/978-3-319-73900-7


[80] Başyiğit B, Alaşalvar H, Doğan N, Doğan C, Berktaş S, ÇamM. Wild
mustard (Sinapis arvensis) parts: Compositional analysis, antiox-
idant capacity and determination of individual phenolic fractions
by LC–ESI–MS/MS. Food Measure. 2020;14(3):1671–81. doi: 10.
1007/s11694-020-00415-2.

[81] Eroglu P, Civaner MU, Calhan SD, Ulger M, Binzet R. Potential
biochemical properties of endemic Onosma mutabilis. ACSi.
2023;70(2):196–203. doi: 10.17344/acsi.2023.7998.

[82] Jabbar AAJ, Abdullah FO, Abdulrahman KK, Galali Y, Sardar ASH.
GC-MS analysis of bioactive compounds in methanolic extracts of
Papaver decaisnei and determination of its antioxidants and
anticancer activities. In: Hano C, editor. J Food Qual.
2022;2022:1–12. doi: 10.1155/2022/1405157.

[83] Sarikurkcu C, Zengin G. Polyphenol profile and biological activity
comparisons of different parts of Astragalus macrocephalus
subsp. finitimus from Turkey. Biology. 2020;9(8):231. doi: 10.3390/
biology9080231.

[84] Pudziuvelyte L, Liaudanskas M, Jekabsone A, Sadauskiene I,
Bernatoniene J. Elsholtzia ciliata (Thunb.) Hyl. extracts from dif-
ferent plant parts: Phenolic composition, antioxidant, and anti-
inflammatory activities. Molecules. 2020;25(5):1153. doi: 10.3390/
molecules25051153.

[85] Çelik SE, Özyürek M, Güçlü K, Apak R. Solvent effects on the
antioxidant capacity of lipophilic and hydrophilic antioxidants
measured by CUPRAC, ABTS/persulphate and FRAP methods.
Talanta. 2010;81(4–5):1300–9. doi: 10.1016/j.talanta.2010.02.025.

[86] Stojkovic N, Stojkovic M, Marinkovic M, Chopra G, Kostic D,
Zarubica A. Polyphenol content and antioxidant activity of
Anthemis cretica L. (Asteraceae). Oxid Commun.
2014;37(1):237–46.

[87] Das AK, Islam MdN, Faruk MdO, Ashaduzzaman Md, Dungani R.
Review on tannins: Extraction processes, applications and possi-
bilities. South Afr J Botany. 2020;135:58–70. doi: 10.1016/j.sajb.
2020.08.008.

[88] Abedin MdJ, Abdullah ATM, Satter MA, Farzana T. Physical, func-
tional, nutritional and antioxidant properties of foxtail millet in
Bangladesh. Heliyon. 2022;8(10):e11186. doi: 10.1016/j.heliyon.
2022.e11186.

[89] Murugan M, Rajendran K, Velmurugan T, Muthu S, Gundappa M,
Thangavel S. Antagonistic and antioxidant potencies of
Centrosema pubescens benth extracts against nosocomial infec-
tion pathogens. Biocatal Agric Biotechnol. 2020;29:101776. doi: 10.
1016/j.bcab.2020.101776.

[90] Yılar M, Bayar Y, Bayar A, Genc N. Chemical composition of the
essential oil of Salvia bracteata banks and the biological activity of
its extracts: Antioxidant, total phenolic, total flavonoid, antifungal
and allelopathic effects. Bot Serb. 2020;44(1):71–9. doi: 10.2298/
BOTSERB2001071Y.

[91] Amri Z, Zaouay F, Lazreg-Aref H, Soltana H, Mneri A, Mars M, et al.
Phytochemical content, Fatty acids composition and antioxidant

potential of different pomegranate parts: Comparison between
edible and non edible varieties grown in Tunisia. Int J Biol
Macromol. 2017;104:274–80. doi: 10.1016/j.ijbiomac.2017.06.022.

[92] Tabaraki R, Ghadiri F. In vitro antioxidant activities of aqueous
and methanolic extracts of Smyrnium cordifolium Boiss and
Sinapis arvensis L. Int Food Res J | EBSCOhost Published
November 1, 2013. Accessed February 12, 2024. https://openurl.
ebsco.com/contentitem/gcd:154915303?sid=ebsco:plink:crawler&
id=ebsco:gcd:154915303.

[93] Mamache W, Amira S, Ben Souici C, Laouer H, Benchikh F. In vitro
antioxidant, anticholinesterases, anti‐α‐amylase, and anti‐α‐glu-
cosidase effects of Algerian Salvia aegyptiaca and Salvia verbenaca.
J Food Biochem. 2020;44(11):13472. doi: 10.1111/jfbc.13472.

[94] Chavan JJ, Jagtap UB, Gaikwad NB, Dixit GB, Bapat VA. Total
phenolics, flavonoids and antioxidant activity of Saptarangi
(Salacia chinensis L.) fruit pulp. J Plant Biochem Biotechnol.
2013;22(4):409–13. doi: 10.1007/s13562-012-0169-3.

[95] Jaiswal AK, Rajauria G, Abu-Ghannam N, Gupta S. Effect of dif-
ferent solvents on polyphenolic content, antioxidant capacity and
antibacterial activity of Irish York cabbage: Phytochemicals and
bioactivities of irish york cabbage. J Food Biochem.
2012;36(3):344–58. doi: 10.1111/j.1745-4514.2011.00545.x.

[96] Siddhuraju P, Abirami A, Nagarani G, Sangeethapriya M.
Antioxidant capacity and total phenolic content of aqueous
acetone and ethanol extract of edible parts of Moringa oleifera
and Sesbania grandiflora. Int J Nutr Food Eng. 2014;8(9):1090–8.

[97] Commission Recommendation of 22 September 2006 on the
Efficacy of Sunscreen Products and the Claims Made Relating
Thereto (Notified under Document Number C(2006) 4089) (Text
with EEA Relevance). Vol 265; 2006. Accessed February 11, 2024.
http://data.europa.eu/eli/reco/2006/647/oj/eng.

[98] El Aanachi S, Gali L, Rammali S, Bensouici C, Aassila H, Dari K. In
vitro study of the antioxidant, photo-protective, anti-tyrosinase,
and anti-urease effects of methanolic extracts from leaves of six
Moroccan Lamiaceae. Food Meas. 2021;15(2):1785–95. doi: 10.
1007/s11694-020-00759-9.

[99] Yakoubi R, Megateli S, Hadj Sadok T, Gali L. Photo-protective,
antioxidant, anticholinesterase activities and phenolic contents of
different Algerian Mentha pulegium extracts. Biocatal Agric
Biotechnol. 2021;34:102038. doi: 10.1016/j.bcab.2021.102038.

[100] Krgović N, Jovanović M, Aradski AA, Janković T, Stević T, Zdunić G,
et al. Bioassay-guided skin-beneficial effects of fractionated
Sideritis raeseri subsp. raeseri extract. Plants. 2022;11(20):2677.
doi: 10.3390/plants11202677.

[101] Lefahal M, Zaabat N, Ayad R, Makhloufi EH, Djarri L, Benahmed M,
et al. In vitro assessment of total phenolic and flavonoid contents,
antioxidant and photo-protective activities of crude methanolic
extract of aerial parts of Capnophyllum peregrinum (L.) Lange
(Apiaceae) growing in Algeria. Medicines. 2018;5(2):26. doi: 10.
3390/medicines5020026.

18  Khadra Afaf Bendrihem et al.

https://doi.org/10.1007/s11694-020-00415-2
https://doi.org/10.1007/s11694-020-00415-2
https://doi.org/10.17344/acsi.2023.7998
https://doi.org/10.1155/2022/1405157
https://doi.org/10.3390/biology9080231
https://doi.org/10.3390/biology9080231
https://doi.org/10.3390/molecules25051153
https://doi.org/10.3390/molecules25051153
https://doi.org/10.1016/j.talanta.2010.02.025
https://doi.org/10.1016/j.sajb.2020.08.008
https://doi.org/10.1016/j.sajb.2020.08.008
https://doi.org/10.1016/j.heliyon.2022.e11186
https://doi.org/10.1016/j.heliyon.2022.e11186
https://doi.org/10.1016/j.bcab.2020.101776
https://doi.org/10.1016/j.bcab.2020.101776
https://doi.org/10.2298/BOTSERB2001071Y
https://doi.org/10.2298/BOTSERB2001071Y
https://doi.org/10.1016/j.ijbiomac.2017.06.022
https://openurl.ebsco.com/contentitem/gcd:154915303?sid=ebsco:plink:crawler&#x0026;id=ebsco:gcd:154915303
https://openurl.ebsco.com/contentitem/gcd:154915303?sid=ebsco:plink:crawler&#x0026;id=ebsco:gcd:154915303
https://openurl.ebsco.com/contentitem/gcd:154915303?sid=ebsco:plink:crawler&#x0026;id=ebsco:gcd:154915303
https://doi.org/10.1111/jfbc.13472
https://doi.org/10.1007/s13562-012-0169-3
https://doi.org/10.1111/j.1745-4514.2011.00545.x
http://data.europa.eu/eli/reco/2006/647/oj/eng
https://doi.org/10.1007/s11694-020-00759-9
https://doi.org/10.1007/s11694-020-00759-9
https://doi.org/10.1016/j.bcab.2021.102038
https://doi.org/10.3390/plants11202677
https://doi.org/10.3390/medicines5020026
https://doi.org/10.3390/medicines5020026

	1 Introduction
	2 Materials and methods
	2.1 Chemicals and reagents
	2.2 Collection of plant samples and preparation of extracts
	2.3 Quantitative estimation of chemical contents
	2.3.1 Estimation of total phenolic contents (TPCs)
	2.3.2 Ortho-diphenol (ODP) content
	2.3.3 Estimation of flavonoid contents
	2.3.4 Total flavonol contents

	2.4 LC-MS separation and identification of phenolic compounds
	2.5 Antioxidant assays
	2.5.1 DPPH radical scavenging assay
	2.5.2 ABTS radical scavenging assay
	2.5.3 FIC activity
	2.5.4 FRAP assay
	2.5.5 Phenanthroline assay
	2.5.6 CUPRAC

	2.6 Photo-protective activity
	2.7 Statistical analysis

	3 Results and discussion
	3.1 Phytochemical study
	3.1.1 Yield of extraction
	3.1.2 Quantitative analysis
	3.1.3 Polyphenol analysis by LC/MS

	3.2 Antioxidant activity
	3.2.1 DPPH free-radical scavenging
	3.2.2 ABTS radical scavenging assay
	3.2.3 CUPRAC
	3.2.4 FRAP
	3.2.5 O-Phenanthroline assay
	3.2.6 FIC activity

	3.3 In vitro photo-protective assay
	3.4 Chemometric analysis

	4 Conclusions
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


