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Variations in polyphenolic contents and antioxidant capacities depending on the collection sites of Salvia ae-
gyptiaca, were examined. Total polyphenolics assessed by the Folin-Ciocalteu procedure reached the values of
79.67 and 77.91 mg GAE/g DW in post-distilled Salvia aegyptiaca from Enfida and Chott Meriem. HPLC analysis
permitted the identification of 14 phenolic components. Methyl carnosate (416.29-4052.24 ug/g DW), ros-
marinic acid (562.46-1172.24 ug/g DW) and apigenin-7-glucoside (512.96-774.02 ug/g DW) were detected as
the main phenolics. Samples of Chott Meriem were characterized by the best antioxidant performance as

evaluated by DPPH (ICsp, 29.62 ng/mL), ABTS (198.48 uM TE/mg) and FRAP (155.34 mM Fe(I)/mg) assays.
Also, significant (p < 0.05) correlations were established between several identified phenolics and antioxidant
tests. Residues of S. aegyptiaca might be valuable natural antioxidants and seemed to be useful in both phar-
maceutical and food industries with appreciable health-promoting properties.

1. Introduction

External chemicals and internal metabolic mechanisms in the
human body or in the food system could generate highly reactive free
radicals, in particular oxygen derived radicals, which can oxidize bio-
molecules, resulting in cell death and tissue damage (Halliwell and
Gutteridge, 2003). Several degenerative disorders, such as cardiovas-
cular and brain diseases, arthritis, diabetes, cancer and immune system
decline involve cellular damage potentially associated to free radicals
(Rauter et al., 2012). Antioxidants could reduce oxidative damages of
biomolecules by modulating reactive free radicals. Thus, the require-
ment of antioxidants in food and cosmetics is evident (Balboa et al.,
2013).

Synthetic antioxidants such as butylhydroxyanisole (BHA) and
buthylhydroxytoluene (BHT) are mainly used as food additives to ex-
tend their shelf life. However, because of the concerns of consumers
about the safety of such compounds and the harmful effects of synthetic
antioxidants (liver damage and carcinogenesis), the search for natural
antioxidants in plants and their by-products have attracted major in-
terest nowadays.

Essential oil industries produce large quantities of solid residues
that could lead to serious environmental issues worldwide (De Elguea-
Culebras et al., 2016). However, organic residues of essential oils
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manufacturing could constitute a readily available source of functional
compounds. Thus, wastes of the hydro-distillation process of aromatic
plants oils had been studied for their contents of a diversity of biolo-
gically active compounds including antioxidants such as phenolic acids
and flavonoids. Wastes of distillation process could be employed to
increase the shelf life of food (Nieto et al., 2011) in food industries.

It should be pointed out that many antioxidative phenolic com-
pounds in plants usually occurred as a covalently bound form.
Accordingly, some processing methods were employed to liberate them
so as to enhance the antioxidant capacity (Seok-Moon et al., 2004; Xu
et al., 2007). Specifically, the heat treatment may liberate some low
molecular weight phenolic compounds and hence increase the anti-
oxidant capacity such as for Citrus peel (Seok-Moon et al., 2004). Si-
milarly, the distilled plant material of several Mediterranean herbs and
aromatic plants was found to exhibit a higher phenolic content as well
as a stronger antioxidant and radical scavenging activities than the non-
distilled material (Parejo et al., 2002).

The genus Salvia is one of the most widespread members of the
Lamiaceae family. Several Salvia species are of considerable economic
importance since they have been used as spices, flavoring agents and
phermaceutical herbs. Members of the genus are used in traditional
medicines all around the world and showed to be promising for their
reputed beneficial effects on memory disorders, depression and cerebral
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ischaemia (Howes et al., 2003). Polyphenolics constitute a typical
group of secondary metabolites that are largely represented in species
of the genus Salvia. The major part of these compounds occur as phe-
nolic acids, in particular those based on caffeic acid building block,
anthocyanins and as flavones, flavonols and their glycosides (Lu and
Foo, 2002) along with phenolic abietane diterpenes and their deriva-
tives (Cuvelier et al.,, 1996) in Salvia species. Being natural anti-
oxidants, these compounds play a major role as functional food in-
gredients and/or as food supplements.

The current study focuses on residues (wastes of hydro-distillation
of essential oils) of S. aegyptiaca L. of different collection sites with the
aim of investigating their antioxidant properties and polyphenolic
contents.

2. Materials and methods
2.1. Chemicals

2,2-Diphenyl-1-picrylhydrazyl (DPPH’), 2,2’-azinobis (3-ethylben-
zothiazoline- 6-sulfonic acid) diammonium salt [ABTS (NHy),], 6-hy-
droxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox), po-
tassium persulfate, the Folin-Ciocalteu reagent, gallic acid and high-
purity standards were purchased from Sigma-Aldrich (Madrid, Spain).
Methanol, acetonitrile, petroleum ether, formic acid, ethanol, glacial
acetic acid, hydrochloric acid, anhydrous sodium carbonate,
FeCl36H,0 and sodium acetate were supplied from Scharlau Chemie
S.A. (Sentmenat, Spain). 2,4,6-tripyridyl-s-triazine (TPTZ) was obtained
from Fluka (Madrid, Spain). Methanol was of HPLC grade and other
reagents were of analytical grade.

2.2. Plant material

At the flowering season, aerial parts of randomly collected in-
dividual plants of Salvia aegyptiaca L. were considered as homogenous
samples from three different collection sites (Table 1). Data about
voucher specimen was previously reported by Ben Farhat et al. (2013).

2.3. Polyphenol extraction

Hydro-distillation of air-dried plant material was undertaken for 3 h
by using a Clevenger-type apparatus. The resulting solid residue was
oven-dried at 35 °C until its weight was constant and then grounded.
Powdered samples (0.5 g) were stirred with 30 mL of petroleum ether
for 5min and dried at room temperature. Polyphenol extraction was
made with a Soxhlet extractor (B-811) (Biichi, Flawil, Switzerland)
using methanol as solvent (150 mL). Methanol extracts were dried at
40 °C in an evaporator system (Syncore Polyvap R-96) (Biichi, Flawil,
Switzerland). The residue was re-dissolved in 5mL of methanol. The
extracts were kept in vials at — 80 °C until analysis.

2.4. Determination of total phenolic content

Total phenolic contents were determined according to the
Folin—Ciocalteu colorimetric procedure (Singleton and Rossi, 1965).
Briefly, a mixture of 15 pL of methanol extracts, 1185 puL of distilled
water and 75 pL of Folin—-Ciocalteu reagent was prepared. A vigorous
stirring was applied and 225 puL of a solution of sodium carbonate
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(20%) were added. After 2 h of incubation, the absorbance of the blue-
coloured solution was measured at 765 nm and 25 °C with a Shimadzu
(UV-2401PC, Japan) spectrophotometer. Quantitative measurements
were performed, based on a standard calibration curve of concentra-
tions ranging from 25 to 300 mg/L of gallic acid.

2.5. HPLC analysis

HPLC analysis was executed on a reversed-phase Zorbax SB-C18
column (4.6 mm x 250 mm, 5pum pore size, Hewlett Packard, USA)
using a guard column (Zorbax SB-C18 4.6 mm x 125mm, 5pm pore
size, Hewlett Packard, USA) at ambient temperature, based on the
method adapted from Zheng and Wang (2001). Extracts of 20 uL were
injected in a Hewlett Packard (Germany) system equipped with a
G1311A quaternary pump and G1315A photodiode array UV-vis de-
tector. The mobile phase was acetonitrile (A) and acidified water con-
taining 5% of formic acid (B). The gradient was as follows: 0 min, 5% A;
10 min, 15% A; 30 min, 25% A; 35 min, 30% A; 50 min, 55% A; 55 min,
90% A; 57 min, 100% A and then held for 10 min before returning to
the initial conditions. The flow rate was 1.0 mL/min and the detection
wavelengths were set at 280 and 330 nm. The identification of the
phenolic constituents was made by comparison of retention times and
spectra with those of commercially available standard compounds. To
quantify, linear regression models were determined using standard di-
lution techniques.

2.6. DPPH' radical-scavenging activity

The method described by Brand-Williams et al. (1995) was applied
to evaluate the ability of methanol extracts to scavenge DPPH’ free
radicals. Briefly, 500 uL of methanol extracts at different concentrations
(2.5-40 uL/mL) were added to 1mL of DPPH methanol solution
(0.1 mM). Decolorations were measured using a Shimadzu (UV-
2401PC, Japan) spectrophotometer at 517 nm after incubation for
20 min at room temperature in the dark. Absorbance was measured
against a blank of 500 pL of sample and 1 mL of methanol. The absor-
bance of the control of 500 pL of methanol and 1 mL of DPPH’ solution
was measured daily against a blank of 1.5mL of methanol. The per-
centage activity for the DPPH" was calculated as follows:

%Decoloration = [1-(Absorbance sample/Absorbance control)]x100

2.7. ABTS'* radical cation decoloration assay

The method described by Re et al. (1999) was employed to assess
the ABTS free radical-scavenging activity of samples. ABTS'* radical
cation was produced by reacting 7 mM ABTS solution with 2.45mM
potassium persulfate. The resulting mixture was stand in the dark at
room temperature for 16 h before use. A working solution was diluted
with ethanol to an absorbance of 0.70 ( = 0.02) nm at 734 nm and
30 °C. An aliquot of 15 pL of samples or Trolox standard was mixed with
1.5 mL of the working solution of ABTS'* and the decrease of absor-
bance was measured after 6 min at 734 nm using a Shimadzu (UV-
2401PC, Japan) spectrophotometer.

Table 1
Eco-geographical characteristics of S. aegyptiaca three collection sites.
N° Collection sites Bioclimatic stage Soil pH Longitude (N) Latitude (E) Altitude (m)
1 Enfida Lower semi-arid 7.96 36°02' 10°24' 10
2 Chott Meriem Lower semi-arid 8.05 35°53' 10°35' 8
3 Ghraba Higher arid 7.50 34°59' 10°44' 98
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2.8. Ferric Reducing Antioxidant Power (FRAP)

The ability to reduce ferric ions was measured using the method
described by Benzie and Strain (1996). The FRAP reagent was freshly
prepared from 300 mM acetate buffer, pH 3.6, 10 mM 2,4,6-tripyridyl-s-
triazine (TPTZ) made up in 40 mM HCI and 20 mM FeCl;-6H,0 solution.
The mixture was made in the ratio of 10:1:1(v/v/v). An aliquot of 40 uL
of each sample was added to 1.2 mL of FRAP reagent. The absorption
was measured at 593nm after 2min of incubation at 37 °C. Fresh
working solutions of known Fe (II) concentrations (FeSO47H,0) of
(0-2 mM) were used for calibration curve.

2.9. Statistical analysis

Statistical analysis was processed by using Excel and STATISTICA
software version 5.1. Results were reported as mean + standard de-
viation of three experiments. The significance of the differences be-
tween various experiments was analyzed by one-way analysis of var-
iance (ANOVA), followed by Duncan's multiple range tests. Pearson's
correlation coefficients were calculated. A p value less than 0.05 was
considered to be statistically significant.

3. Results and discussion
3.1. Determination of methanol extract yields and total phenolic contents

S. aegyptiaca extract yields expressed as milligrams of dry methanol
extract weight per gram of dry plant weight and their total phenolic
contents determined as milligrams of gallic acid equivalents (GAE) per
gram of dry plant weight are shown in Fig. 1. Residues of S. aegyptiaca
from Enfida were characterized by the highest extract yield
(100.68 mg/g DW) and differed significantly (p < 0.05) from the re-
maining collection sites. Post-distilled plants of Enfida (79.67 mg GAE/
g DW) and Chott Meriem (77.91 mg GAE/g DW) displayed the largest
phenolic amounts. In comparison with a previous study (Ben Farhat
et al., 2013), non-treated S. aegyptiaca plants revealed higher total
phenolic contents (94.10-106.86 mg GAE/g DW). A recent investiga-
tion including several Salvia species revealed lower amounts
(11.8-68.9mg GAE/g DW) of total phenolics of non-distilled plant
material (Gezek et al., 2019).

Alternatively, results reported by Parejo et al. (2002) showed that
plant material submitted to hydro-distillation has been found to contain
a higher amount of phenolic substances than the non-distilled plant

120 1
100 -
80 1

60 A

Contents

Enfida Chott Meriem Ghraba

Collection sites

O Extract yields (mg/g DW) B Phenolic amounts (mg GAE/g DW)

Fig. 1. Methanol extract yields and phenolic contents (mg GAE/g DW) of S.
aegyptiaca post-distilled plants collected in different habitats; Bars sharing the
same small letter did not share significant differences at p < 0.05 (Duncan
test).
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material, in particular in the case of lavender and tarragon. In certain
cases, cell wall phenolics or bound phenolics could be released conse-
quently to heat exposure, thus generating more phenolics to be ex-
tracted.

3.2. HPLC identification and quantification of phenolic compounds

Qualitative and quantitative determinations of S. aegyptiaca residues
polyphenols were performed using RP-HPLC coupled with an
UV-visible multi-wavelength detector. Based on the retention times of
calibration standards, methanol extracts of S. aegyptiaca showed a
phenolic profile composed of 14 identified phenolic compounds
(Table 2). Polyphenolics of S. aegyptiaca by-products are composed of
four phenolic acids (p-hydroxybenzoic acid, caffeic acid, ferulic acid
and rosmarinic acid), three phenolic diterpenes (carnosic acid, car-
nosol, methyl carnosate), five flavones (luteolin, cirsimaritin, salvi-
genin, apigenin, genkwanin) and two flavone glycosides (luteolin-7-O-
glucoside, apigenin-7-glucoside). In agreement with previous in-
vestigations on non-treated S. aegyptiaca, polyphenolics identified in
the current study were reported by Ben Farhat et al. (2015) and El-
Missiry et al. (1994). Nevertheless, S. aegyptiaca collected from Qatar
showed the presence of a phenolic acid, namely herniarin (El-Missiry
et al., 1994) and those harvested from Tunisia revealed the occurrence
of naringin (Ben Farhat et al., 2013).

Phenolic amounts were expressed in micrograms per gram of dry
plant weight. Residues of Chott Meriem displayed the highest total
phenolics identified by HPLC with a content of 7287.85 ug/g DW, ap-
proximately 3.5 times higher than the lowest amount (2026.20 pug/g
DW) attributed to Ghraba collection site. Methyl carnosate was found to
be the major phenolic compound with a value of 4052.24 ug/g DW in S.
aegyptiaca collected in Chott Meriem. Samples of Ghraba were char-
acterized by the prevalence of rosmarinic acid (562.46 ug/g DW) fol-
lowed by apigenin-7-glucoside (512.96 ug/g DW) and methyl carnosate
(416.29 ug/g DW) and those of Enfida revealed rosmarinic acid
(1109.91 pg/g DW) followed by methyl carnosate (1000.64 pug/g DW)
and apigenin-7-glucoside (703.81 pg/g DW) as the most abundant
polyphenolics. Ben Farhat et al. (2013) reported the predominance of
rosmarinic acid (5843.58-6060.01 pg/g DW) followed by methyl car-
nosate (1394.75-5215.99 ug/g DW) in non-distilled S. aegyptiaca. In-
teresting proportions of luteolin-7-O-glucoside (379.41-401.20 pg/g
DW), p-hydroxybenzoic acid (229.74-280.61 ug/g DW) and ferulic acid
(187.12-191.08 ug/g DW) characterized S. aegyptiaca residues, parti-
cularly samples collected in Chott Meriem and Enfida.

Many Salvia species showed to be rich in phenolic compounds, in
particular rosmarinic acid was highly represented in the genus (Tepe,
2008; Ben Farhat et al., 2009, 2013; Uysal, 2018; Zengin et al., 2018). A
large spectrum of biological properties including antioxidant, anti-
tumor, antibacterial, anti-inflammatory and antiviral activities was
correlated to the bioactive compounds of Salvia species, such as poly-
phenolics. As previously described by Ben Farhat et al. (2009, 2013,
2015), Uysal (2018) Zengin et al. (2018) the best antioxidant activity
was linked to the highest rosmarinic acid contents. Also, Tepe (2008)
reported several biological activities of rosmarinic acid including in-
hibiting the HIV-1, antitumor, antihepatitis and protecting the liver,
inhibiting the blood clots and anti-inflammation. In addition, Nowicka
et al. (2018) revealed a positive correlation between the contents of
phenolic acids and the inhibition of digestive enzymes (pancreatic li-
pase and a-glucosidase) in relation with obesity and type 2 diabetes.

It should be noted that post-distilled S. aegyptiaca showed lower
concentrations of phenolics compared to non-treated plants (Ben Farhat
et al., 2013). Differences observed in composition of the plant extracts
of distilled and non-distilled material could derive from the extraction
conditions applied, including exposure to high temperature in the
course of the hydro-distillation process. As advanced by Ahmad-Qasem
et al. (2013), heat treatments can improve extraction kinetics, however,
they reduce both the phenolic content and antioxidant capacity. Solely,
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Table 2

Variations of phenolic composition according to S. aegyptiaca collection sites.
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Identified compounds

Chott Meriem

Ghraba

Enfida

Phenolic acids
p-Hydroxybenzoic acid
Caffeic acid

Ferulic acid
Rosmarinic acid
Phenolic diterpenes
Carnosic acid
Carnosol

Methyl carnosate
Flavonoids
Luteolin-7-O-glucoside
Apigenin-7-glucoside
Luteolin

Cirsimaritin
Salvigenin

Apigenin

Genkwanin

Total

280.61 *= 10.09 a
62.53 * 3.62a

187.12 = 10.90 a
1172.24 + 63.69 a

58.12 = 0.06 a
35.00 = 0.47 a
4052.24 + 89.44 a

+
+

379.41 + 18.29b
774.02 = 25.79 a
12.35 + 0.53 b
18.30 = 0.20 b
231.09 £ 9.15a
19.35 + 1.20 b
5.47 + 0.26 b

7287.85 + 58.12 a

126.01 = 4.15¢
51.33 + 3.14 b

136.67 + 0.36 b
562.46 + 25.30 b

416.29 = 547 ¢

61.51 + 3.10 c
512.96 * 27.96 ¢
25.31 1.45a
15.04 = 0.24 ¢
6.78 + 0.66 b
23.04 £ 0.55a
6.95 + 0.19 a
2026.20 = 28.60 c

*
=

229.74 + 4.96 b
60.21 + 2.47 a
191.08 + 8.52a
1109.91 * 66.59 a

53.93 + 0.39b
33.66 + 0.88 a
1000.64 + 23.79 b

401.20 *+ 3.12a
703.81 * 12.24b
11.78 = 0.21 b
19.49 + 0.33 a
8.02 = 0.45b
18.34 + 0.94 b
5.58 + 0.09 b

3847.40 = 59.07 b

Contents of phenolic compounds are expressed as ng/g of dry plant material weight; Values followed by the same letter did not share significant differences at

5% (Duncan test); n = 3.

carnosol was apparently not affected by the distillation process since
approximately similar ranges were detected in distilled
(23.35-35.00 pg/g DW) and non-treated (35.01-36.69 ug/g DW) S.
aegyptiaca plants (Ben Farhat et al., 2013). Alternatively, carnosol level
showed to be higher in distilled Rosmarinus officinalis compared to non-
distilled plant material, according to Almela et al. (2006).

Published literature data reported the influence of the distillation
process on polyphenolic contents in several species of the Lamiaceae
family, namely S. officinalis (Ben Farhat et al., 2009), Rosmarinus offi-
cinalis (Almela et al., 2006) and Thymus zygis ssp. gracilis (Jordan et al.,
2009). The decrease of hydrophilic components in post-distilled plant
material could explain the changes of polyphenolic concentrations ac-
cording to Jordan et al. (2009) and Nieto et al. (2011).

During the distillation process, the plant material is exposed to
temperature close to 100 °C which can lead to changes in thermolabiles
components such as hydrolysis of esters, polymerization of aldehydes or
decomposition of other components. Nevertheless, it should be pointed
out that the steam saturation provides a partial protection of phenolic
compounds (Almela et al., 2006).

The drying and/or distillation treatments used with the plant ma-
terial strongly affected the content of two compounds of strong anti-
oxidant activity, namely rosmarinic acid and carnosic acid, as reported
by Almela et al. (2006). Especially, the proportion of rosmarinic acid
fell markedly in distilled Rosmarinus officinalis, which is in coherence
with results of the current study. Previous investigation on non-distilled
S. aegyptiaca showed contents of rosmarinic acid approximately five
times higher (Ben Farhat et al., 2013) than distilled plant material.

Additionally, Almela et al. (2006) reported a larger number of
compounds in distilled rosemary extracts. Most of them derived from
carnosic acid alteration that generate y-lactone (rosmanol, epirosmanol,
epirosmanol-methyl ether) or &-lactone (carnosol, epiisorosmanol,
epiisorosmanol-methyl ether) compounds (Almela et al., 2006; Schwarz
et al., 1992).

Table 3
Antioxidant capacity of S. aegyptiaca methanol extracts.

Phenolics occur in plants mainly as aglycones, glycosides, or esters
or are bound to the cell wall. Xu et al. (2007) reported that the heat
treatment changed the distribution of phenolic acids due to the cleaving
of esterified bond and glycosylated bond, etc. In short, the free fraction
increased, whereas the ester, glycoside, and ester-bound fractions de-
creased. Moreover, in agreement with the current study showing lower
amount of phenolic acid fraction (876.47-1722.50 ug/g DW) in dis-
tilled S. aegyptiaca compared with non-treated material
(6767.19-6904.92 ng/g DW; Ben Farhat et al., 2013), there was a de-
crease of total phenolic acid content according to Xu et al. (2007) in
huyou peel.

The influence of collection site on S. aegyptiaca phenolic composi-
tion was significant (p < 0.05). Variations could be attributed to sev-
eral factors, whether genetic (Lamien-Meda et al., 2010) or related to
the geographic origin, the harvesting time and the culture techniques
(Liu et al., 2010). Climate factors such as season, sunlight duration, UV
radiation and temperature are known to influence the plant metabolism
since some compounds may be accumulated at a particular period to
respond to environmental changes (Generali¢ et al., 2011; Koenen,
2001).

3.3. Antioxidant capacity

The antioxidant activity was estimated using three complementary
tests namely the DPPH and ABTS radical scavenging assays and the
FRAP reducing power test. As can be seen in Table 3, results of DPPH
were determined as the inhibitory concentration of the extract neces-
sary to decrease 50% (ICso) of the DPPH’ absorbance and concentra-
tions were expressed in micrograms (ug) of dry plant methanol extract
per milliliter (mL) of methanol. The ABTS " scavenging rate was cal-
culated in terms of Trolox equivalent antioxidant capacity (TEAC, pM of
Trolox equivalents per mg of dry plant methanol extract) and the FRAP
values were expressed as millimolar (mM) of FeSO, equivalents per

Collection site DPPH (ICs, ng/mL) ABTS (uM TE/mg) FRAP (mM Fe(II)/mg)
Chott Meriem 29.62 * 3.66 ¢ 198.48 + 10.02 a 155.34 + 0.23 a
Enfida 47.54 = 0.76 b 188.33 + 6.19a 93.22 * 1.36 b
Ghraba 62.21 *+ 0.63 a 122.28 + 3.02b 89.80 = 11.83 b

Values are means = SD of three independent replicates from three different samples of each collection site; Values followed by the same small letter did

not share significant differences at 5% (Duncan test).
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Table 4
Linear correlation coefficients established between phenolics and the anti-
oxidant activity.

DPPH ABTS FRAP
p-Hydroxybenzoic acid 0.99 0.96 0.77°
Caffeic acid 0.81 0.90 0.64
Ferulic acid 0.82 0.95 0.46
Rosmarinic acid 0.90 0.98 0.61
Carnosic acid - 0.14 - 0.44 0.38
Carnosol 0.92 0.96 0.55
Methyl carnosate 0.90 0.71 0.98
Luteolin-7-0O-glucoside 0.86 0.97 0.48
Apigenin-7-glucoside 0.97 0.96 0.72
Luteolin - 0.85 - 0.98 - 0.51
Cirsimaritin 0.73 0.92 0.31
Salvigenin 0.83 0.60 0.98
Apigenin - 0.73 - 0.87 - 0.34
Genkwanin - 0.89 - 0.96 —0.58
Total phenolics identified by HPLC 0.97 0.83 0.94
Total phenolics identified spectrophotometrically 0.83 0.94 0.46

* Significant correlation at p < 0.05.

milligram of dry plant methanol extract. The three antioxidant tests
(ICso, 29.62 pg/mL; TEAC, 198.48 uM TE/mg; 155.34 mM Fe(I)/mg)
showed the best activity for S. aegyptiaca residues of Chott Meriem.
Earlier study conducted by Kamatou et al. (2010) on DPPH radical
scavenging activity of several South African Salvia species considered
an extract with ICso < 30 pg/mL as having good antioxidant perfor-
mance and characterized by moderate antioxidant capacity with an
ICsocomprised between the values of 30 and 80 pg/mL. According to
Kamatou et al. (2010), samples of Chott Meriem were marked by good
antioxidant activity and those of Ghraba and Enfida by moderate ca-
pacity. Compared to results advanced on non-treated S. aegyptiaca
(Kamatou et al., 2010), our post-distilled plants showed lower anti-
oxidant activity except for residues of Chott Meriem. These latter de-
monstrated a FRAP value in the same range of non-distilled plants
(149.24-164.09 mM Fe(II)/mg). In addition, our samples of post-dis-
tilled S. aegyptiaca of Chott Meriem revealed higher antioxidant capa-
city than non-treated S. argentea (Ben Farhat et al., 2013).

These activities may be directly linked to phenolic amounts, and
consequently to their free radical scavenging properties (Huang et al.,
2006), since polyphenolics were associated with good antioxidant ac-
tivity (Sreelatha and Padma, 2009). Several studies on Salvias anti-
oxidants attributed their activities to phenolic abietane diterpenes
(carnosic acid and its derivatives), rosmarinic acid and flavonoids such
as genkwanin and cirsimaritin (Cuvelier et al., 1996; Kontogianni et al.,
2013; Tepe, 2008). Whereas, it should be taken into consideration that
the complexity of plant extracts emphasized the potential cumulative or
synergistic effects of the diversity of major and minor phenolic com-
ponents (Ben Farhat et al., 2013) along with the contribution of several
non-phenolic compounds on the resulting antioxidant properties. In this
context, decrease of distilled S. aegyptiaca material antioxidant power,
in comparison with non-distilled samples (Ben Farhat et al., 2013)
could be related to the lower content of polyphenolic compounds.

Table 4 showed results of linear correlation coefficients established
between polyphenolics and antioxidant capacity in an attempt to esti-
mate the contribution of these compounds to the total antioxidant ac-
tivity. p-Hydroxybenzoic acid (r = 0.96; r = 0.77), methyl carnosate
(r = 0.71; r = 0.98), apigenin-7-glucoside (r = 0.96; r = 0.72) and
total phenolics estimated by HPLC (r = 0.83; r = 0.94) demonstrated
significant (p < 0.05) positive correlation with ABTS and FRAP assays.
Similarly, significant (p < 0.05) positive correlations associated the
ABTS test to caffeic acid (r = 0.90), ferulic acid (r = 0.95), rosmarinic
acid (r = 0.98), carnosol (r = 0.96), luteolin-7-O-glucoside (r = 0.97),
cirsimaritin (r = 0.92) and total phenolics assessed by the Folin-Cio-
calteu procedure (r = 0.94) and the FRAP test to salvigenin (r = 0.98).
Also, the DPPH assay revealed significant (p < 0.05) negative
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correlations with three flavonoids, namely luteolin (r = —0.85), api-
genin (r = —0.73) and genkwanin (r = —0.89).

As previously described by Cuvelier et al. (1996), Generali¢ et al.
(2011) and Kamatou et al. (2010), the use of Pearson's correlation
coefficients revealed significant correlations between several phenolics
and the antioxidant tests proving the significance of these compounds
and their contribution to the antioxidant power of the plant extract.

4. Conclusions

The current study highlighted the effectiveness of S. aegyptiaca re-
sidues as natural antioxidants that might be useful in the pharmaceu-
tical field and as potential functional food ingredients contributing to
some health protection. Methyl carnosate, rosmarinic acid and api-
genin-7-glucoside were found to be the main phenolics of S. aegyptiaca
methanol extracts. This investigation demonstrated the significant ef-
fect of the collection site on the total phenolic contents, the con-
centrations of the individual phenolic compounds and the antioxidant
activities and thus provided guidance on samples characterized by the
adequate contents of polyphenolics and the best antioxidant perfor-
mance.
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