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Abstract Changes in the contents and composition of
polyphenolics and resulting antioxidant activities of
S. verbenaca by-products were investigated at three phe-
nological stages (flowering, early fruiting and late fruiting
stages). The highest accumulation of total phenolics was
detected at the flowering stage (58.36 mg GAE/g DW).
HPLC analysis of methanolic extracts showed the preva-
lence of methyl carnosate (821.45–919.82 μg/g DW) and
rosmarinic acid (544.51–649.26 μg/g DW). Phenolic di-
terpenes (1056.90–1148.42 μg/g DW) was the most rep-
resented class of compounds. Three complementary tests
namely, DPPH• (IC50 value, 49.22 μg/mL) and ABTS•+-
radical scavenging assays (146.86 μM TE/mg) and FRAP
reducing power test (188.93 mM Fe(II)/mg) were used to
evaluate the antioxidant capacity and showed the best
performance at the early fruiting period. The current study
evidenced the significant effect of phenophase on antiox-
idants and contributed to valorize S. verbenaca extracts as
a source of functional phenolic compounds.
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Abbreviations
ABTS 2,2′-azinobis (3-ethylbenzothiazoline-6-sulfonic

acid) diammonium salt
DPPH 2,2-Diphenyl-1-picrylhydrazyl
DW Dry weight
FRAP Ferric reducing antioxidant power
GAE Gallic acid equivalents
HPLC High-performance liquid chromatography
IC50 Inhibitory concentration
TE Trolox equivalent
TEAC Trolox equivalent antioxidant capacity
TPTZ 2,4,6-tripyridyl-s-triazine

Introduction

The occurrence of excessive quantities of reactive oxygen
species in biological systems induce oxidative stress that
may cause cell membrane dysfunction and DNA damage.
Many degenerative disorders, namely cardiovascular and
brain diseases, arthritis, diabetes, cancer and immune system
decline involve cellular damage possibly caused by free rad-
icals [1]. Plant antioxidants, particularly polyphenolics and
antioxidant vitamins, exercise a protective action [2, 3] against
several pathologies by acting as free radical scavengers and
metal chelators [4], thus decreasing the extent of oxidative
damage [1]. Polyphenols have been associated with several
important functions in plants including protection from UV
radiation, pigmentation, defense against invading pathogens,
nodule production and attraction of pollinators and seed dis-
persers [5, 6]. These secondary metabolites contribute to im-
prove the public health by exhibiting antibacterial, antiviral,
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antifungal, antiinflammatory, antidiarrheal and antiulcer prop-
erties, among other pharmacological activities [1, 7]. So, plant
extracts and their components gained attention and were con-
sidered for extensive investigations.

Species of the genus Salvia are widespread in the
Mediterranean region, South-East Asia and Central America.
They constitute an important genus of the Lamiaceae family,
reputed for their medicinal properties since they have been
used in folk medicine for a long time. Salvia species are well
known for possessing many polyphenolic compounds with
significant benefits to human nutrition and health [1, 8–11].
Plants of the genus are particularly rich in diterpenoids,
triterpenoids, phenolic acids and flavonoids.

Variations in climate and environmental stress imposed on
plants during their growth cycle could have significant impact
on concentrations of polyphenolics and consequently on the
antioxidant performance. To our knowledge, there are no pub-
lished reports about the influence of phenophase on antioxi-
dants of S. verbenaca extracts. The present study aimed to
determine the total phenolic content, the phenolic composition
and the antioxidant capacity of S. verbenaca post-distilled
aerial parts at different phenological periods.

Materials and Methods

Plant Material and Experimental Field

Salvia verbenaca L. seeds were collected in the Northeastern
Tunisia, in the coastal region of Chott Meriem in May 2007.
The collection site (35°53′ N, 10°35′ W, 8 m above the sea)
was characterised by a lower semi-arid climate with an annual
average temperature of 18 °C and rainfall of 300 mm.

S. verbenaca seeds were germinated and the plantlets were
grown under greenhouse conditions for 3 months. Then, the
plants were transplanted in the experimental field of the
IMIDA (Instituto Murciano de Investigación y Desarrollo
Agrario y Alimentario; 37°47′N, 0°54′W, 30 m above the
sea), in the region of Torreblanca (Murcia, Spain). The exper-
imental area was characterised by an annual average temper-
ature of 18.2 °C and rainfall of 308.3 mm in a semi-arid bio-
climatic stage.

Plant aerial parts were harvested in 2009 and the flowering,
early fruiting and late fruiting phenological stages were con-
sidered for the evaluation of the phenolic contents and antiox-
idant capacities of cultivated S. verbenaca plants.

Sample Preparation and Extraction

Aerial parts of S. verbenaca were dried in the oven at 35 °C
until it reached a constant weight. The dried samples were
submitted to hydrodistillation for 3 h using a Clevenger-type
apparatus. Distilled plant material was recuperated, dried at

35 °C and subsequently finely ground to pass a 2 mm sieve.
The ground aerial parts (0.5 g) were homogenised with 30 mL
of petroleum ether under magnetic stirring for 5 min and taken
to dryness at room temperature. The polyphenolic constituents
of S. verbenaca were extracted by using 150 mL of methanol
in a Soxhlet extractor (B-811) (Büchi, Flawil, Switzerland),
for 2 h under an atmospheric nitrogen. Methanolic extracts
were dried at 40 °C under vacuum conditions in an evaporator
system (Syncore Polyvap R-96) (Büchi, Flawil, Switzerland).
The dried residues were redissolved in methanol and made up
to 5 mL. The extracts were kept in vials at −80 °C until their
corresponding analysis.

Estimation of Total Phenolic Contents

The total phenolic content of the extracts was measured using
the Folin–Ciocalteu colorimetric method according to the pro-
cedure of Singleton and Rossi [12]. Quantitative determina-
tion of phenolic contents was performed using a standard cal-
ibration curve of concentrations ranging from 25 to 300 mg/L
of gallic acid and results were expressed as gallic acid equiv-
alents (GAE) in milligrams per gram of dry plant material
weight. The method was performed by adding to an aliquot
of 15 μL of plant methanolic extract, 1185 μL of distilled
water and 75 μL of Folin–Ciocalteu reagent. A vigorous stir-
ring was performed and 225 μL of a solution of sodium car-
bonate (20 %) were added. The mixture was allowed to stand
for 2 h and the absorbance of the resulting blue-coloured so-
lution was measured at 765 nm and 25 °C with a Shimadzu
(UV-2401PC, Japan) spectrophotometer. The experiment was
carried out in triplicate.

HPLC Analysis of Phenolic Compounds

The most representative polyphenolic compounds in
S. verbenaca aerial parts were determined using a reversed-
phase high-performance liquid chromatography (RP-HPLC)
according to a procedure adapted from Zheng and Wang [13].
the analysis was carried out on a Zorbax SB-C18 column
(4.6×250 mm, 5 μm pore size, Hewlett Packard, USA) using
a guard column (Zorbax SB-C18 4.6×125 mm, 5 μm pore
size, Hewlett Packard, USA) at ambient temperature. Plant
extracts were passed through a 0.45 μm filter (Millipore
SAS, Molsheim, France) and 20 μL was injected in a
Hewlett Packard (Germany) system equipped with a
G1311A quaternary pump and G1315A photodiode array
UV–vis detector. The mobile phase was acetonitrile (A) and
acidified water containing 5 % 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
wavelengths of detection were set at 280 and 330 nm. The
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phenolic constituents were characterised by comparison of
retention times and spectra with those of commercially avail-
able standard compounds and quantitative measurements
were made using linear regression models.

DPPH• Radical-Scavenging Activity

Free radical scavenging ability of S. verbenaca methanolic
extracts was measured by bleaching of the purple-coloured
solution of 2,2-diphenyl-1-picrylhydrazyl radical (DPPH•),
according to the method described by Brand-Williams et al.
[14]. Methanolic extracts (500 μL) at different concentrations
(5 to 120 μL/mL) were added to 1 mL of DPPH• methanolic
solution (0.1 mM). The decrease in absorbance was 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 μL of
sample plus 1 mL of methanol. The absorbance of the control
consisting of 500μL ofmethanol and 1mL of DPPH• solution
was measured daily against a blank of 1.5 mL of methanol.
The antiradical activity was expressed as IC50, the inhibitory
concentration of the extract necessary to decrease 50 % of the
DPPH• absorbance. A lower IC50 value corresponds to a
higher antioxidant activity of plant extract. Triplicate measure-
ments were performed and the ability to scavenge the DPPH•

radical was calculated using the following formula:

%Decoloration

¼ 1– Absorbance sample
.
Absorbance control

� �h i
� 100

ABTS•+ Radical Cation Decoloration Assay

The method described by Re et al. [15] was adopted to eval-
uate the ABTS•+ free radical-scavenging activity of
S. verbenaca methanolic extracts. ABTS•+ radical cation was
produced by reacting 7 mM ABTS•+ solution with 2.45 mM
potassium persulfate and allowing the mixture to stand in the
dark at room temperature for 16 h before use. The solution
was diluted by using ethanol to an absorbance of 0.70 (±0.02)
nm (constant initial absorbance value used for standard and
samples) at 734 nm and 30 °C. An aliquot (15 μL) of each
sample (with appropriate dilution) or Trolox standard was
mixed with the solution (1.5 mL) of ABTS•+, and the decrease
of absorbance was measured after 6 min at 734 nm using a
Shimadzu (UV-2401PC, Japan) spectrophotometer. Triplicate
measurements were performed and the ABTS•+ scavenging
rate was calculated to express the antioxidant ability of the
herbal extracts.

Ferric Reducing Antioxidant Power (FRAP)

The reducing powers of S. verbenacamethanolic extracts were
estimated by using the method of Benzie and Strain [16]. The
FRAP reagent was freshly prepared by using 300 mM acetate
buffer (pH 3.6), 10 mM 2,4,6-tripyridyl-s-triazine (TPTZ)
made up in 40 mM HCl and 20 mM FeCl3 6H2O solution.
All three solutions were mixed together in the ratio of 10:1:1(v/
v/v). An aliquot of 40 μL of each sample (with appropriate
dilution) was added to 1.2mL of FRAP reagent. The absorption
of the reaction mixture was measured at 593 nm after 2 min
incubation at 37 °C. Measurements were performed in tripli-
cate. The fresh solutions of known Fe (II) concentrations
(FeSO4 7H2O) of (0–2 mM) were used for calibration. The
antioxidant capacity based on the ability to reduce ferric ions of
samples was calculated from the linear calibration curve.

Statistical Analysis

Statistical analysis was processed with the computer programs
Excel and STATISTICA software version 5.1. Results were re-
ported as a mean±standard deviation of at least three experi-
ments. The significance of the differences between various ex-
periments was analysed by one-way analysis of variance
(ANOVA), followed by Duncan’s multiple range tests.
Pearson’s correlation coefficients were calculated to assess the
relationships between individual and grouped phenolics. A p
value less than 0.05 was considered to be statistically significant.

Results and Discussion

Variations of Total Phenolic Contents

As shown in electronic supplementary material Fig. 1, con-
centrations of total phenols of S. verbenaca extracts were
measured as gallic acid equivalents in milligrams per gram
of dry plant material weight (mg GAE/g DW). The results
revealed significant differences (p<0.05) in total phenols con-
tent in S. verbenaca methanolic extracts depending on the
harvesting time. The highest total phenolic content was de-
tected at the flowering period (58.36 mg GAE/g DW). A sig-
nificant (p<0.05) decrease of total phenols, approximatively
by the half, characterised the early fruiting (29.78 mg GAE/g
DW). At late fruiting, polyphenolic content showed an in-
crease by almost 25 % (41.36 mg GAE/g DW). It is well
documented that Salvia species are a rich source of poly-
phenols. Besides, plant extracts of essential oil distillation
gained attention with their high phenolic content.
Previously, Ben Farhat et al. [17, 18] reported a good total
phenolic content in post-distilled plant extracts with values
ranging from 55.03 to 136.33 mg GAE/g DW in
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S. verbenaca post-distilled material and from 41.47 to
48.90 mg GAE/g DW in S. argentea by-products.

Changes in the Contents of Phenolic Compounds

Methanolic extract yields were expressed in terms of milli-
grams of dry methanolic extract weight per gram of dry plant
weight (electronic supplementary material Fig. 1).
S. verbenaca extract yields increased significantly (p<0.05)
from the flowering to reach the highest value at late fruiting
(130.61 mg/g DW).

Polyphenol qualitative and quantitative determination in
S. verbenaca extracts were assessed by RP-HPLC coupled
with an UV-visible multi-wavelength detector. The analysis
revealed a chemical profile composed of 18 individual pheno-
lic compounds (electronic supplementary material Table 1). In
S. verbenacamethanolic extracts, identified polyphenols exist
as phenolic acids (gallic acid, p-hydroxybenzoic acid, vanillic
acid, caffeic acid, p-coumaric acid, ferulic acid and rosmarinic
acid), phenolic diterpenes (carnosic acid, carnosol, methyl
carnosate), flavanones (naringenin, naringin), flavones
(luteolin, cirsiliol, apigenin, cirsilineol, genkwanin) and fla-
vone glycosides (apigenin-7-glucoside). In general, previous
investigations on polyphenolics of Salvia species indicated the
existence of polyphenolic flavonoids and phenolic acids [9].
The majority of flavonoids were classified into flavones, fla-
vonols and their glycosides and phenolic acids were exclu-
sively those based on caffeic acid building block with com-
pounds formed from two to four or more caffeic acid units [9].
The abietane-type diterpenoids were also reported in Salvia
species [8, 10].

The concentrations of the identified phenolic compounds
were expressed as micrograms per gram of dry plant material
(electronic supplementary material Table 1). The total pheno-
lics assessed by HPLC was calculated as the sum of the iden-
tified individual phenolics. Its amount was the highest at
flowering (2214.66 μg/g DW) and early fruit ing
(2180.42 μg/g DW) and showed a significant (p<0.05) de-
crease at late fruiting (2009.57 μg/g DW). Such variation
could be partly explained by the physiological and ecological
functions ensured by polyphenolics. At flowering, accumula-
tion of these secondary metabolites ensure the protection of
the flowering parts and the attraction of pollinators [19, 20].
Methyl carnosate and rosmarinic acid were determined as ma-
jor phenolics in S. verbenaca extracts at the three analyzed
harvesting times. Methyl carnosate was detected in amounts
ranging from 821.45 to 919.82 μg/g DW with the highest
value showed at flowering. Rosmarinic acid displayed its low-
est content at first harvest period (544.51 μg/g DW), then
increased significantly (p<0.05) to reach the highest amount
(649.26 μg/g DW) at early fruiting. In a previous study, Ben
Farhat et al. [17] established rosmarinic acid (349.60–
2560.37 μg/g DW) followed by naringenin (254.82–

2432.55 μg/g DW) and methyl carnosate (220.58–
1159.73 μg/g DW) as the main phenolics, with different
ranges of concentrations, in S. verbenaca post-distilled mate-
riel collected from several tunisian regions. Non-treated plants
of S. verbenaca were characterised by much larger concentra-
tions of rosmarinic acid (26,120 μg/g DW) [21]. Studies on
harvesting time influence on phenolic composition of
S. officinalis revealed significant variation in contents of
rosmarinic acid showing concentrations of 15,148 mg/L in
February and 19,347 mg/L in May, representing amounts more
than 2.5 times higher than August and November extracts [7].
Sellami et al. [22] reported the highest content of rosmarinic
acid (49.30mg/100 gDW) at late vegetative stage for amember
of the Lamiaceae namely, Origanum majorana. Also, Munné-
Bosch et al. [23] studied seasonal variations of S. officinalis
diterpenes and revealed that carnosic acid, methyl carnosate
and carnosol contents decreased gradually from June to reach
their lowest concentrations in November. According to the au-
thors, the diterpenes decrease is concomitant to the progress of
the drought period and is related to the antioxidative protection
conferred by these compounds to S. officinalis plants [23].

Contents of the remaining phenolic acids, phenolic diter-
penes and flavonoids were significantly smaller than that of
methyl carnosate and rosmarinic acid. The highest levels of
carnosic acid (199.60 μg/g DW) and p-hydroxybenzoic acid
(83.62 μg/g DW) were found at early fruiting. Vanillic acid,
caffeic acid, p-coumaric acid and cirsilineol contents of
S. verbenaca post-distilled aerial parts at flowering were
24.63, 68.75, 16.42 and 24.65 μg/g DW, respectively, and
then displayed a progessive significant (p<0.05) decrease dur-
ing the fruiting period. In contrast, the content of carnosol
approximatively doubled at the early fruiting (49.87 μg/g
DW) and reached its highest level at late fruiting (66.50 μg/
g DW). Several flavonoids namely, apigenin-7-glucoside,
naringenin, luteolin, cirsiliol and apigenin showed an initial
decrease from the flowering period to reach the lowest
amounts at early fruiting but then increased their contents at
the late fruiting. Both gallic acid and genkwanin were not
detected at the flowering stage, however, naringin revealed
an amount of 16.84 μg/g DWat the same period and observed
a decline in the course of the fruiting period.

As shown in electronic supplementary material Table 1,
phenolic acids and phenolic diterpenes showed the highest
amounts at early fruiting with the values of 867.81 μg/g DW
and 1148.42 μg/g DW, respectively, whereas, flavonoids
showed its highest contents at flowering (403.79 μg/g DW).
In order to analyze the relationships between grouped pheno-
lic compounds, linear correlation coefficients were established
(Table 1). Solely, the association between flavonoids and phe-
nolic diterpenes was deemed to be significant (p<0.05). Such
negative correlation (r=−0.68) revealed an opposite evolution
of the amounts of the above mentioned phenolic classes and
suggested that possibly, the activation of biosynthesis of
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flavonoids was concomitant with a decrease of phenolic diter-
penes production and vice versa in the course of the analyzed
harvesting times.

It is worth noting that the early fruiting stage was
characterised by the largest amounts of phenolic diterpenes
and rosmarinic acid. This fact is relevant, since the mentioned
compounds are known to possess great antioxidant activity [8,
21].

In comparison with earlier study, extracts of non-treated
S. verbenaca plants showed qualitative and quantitative dif-
ferences with our results. Much higher amounts of rosmarinic
acid (4432.59–12,838.88 μg/g DW) and naringenin (350.16–
1806.17 μg/g DW) were found in non-distilled plant material,
however, contents of carnosic acid were lower [10]. In addi-
tion, gallic acid, apigenin-7-glucoside and cirsilineol were not
detected in non-treated S. verbenaca [10]. The distillation pro-
cess could be responsible for the differences in phenolic pro-
files of non-treated and post-distilled plants. As proved previ-
ously, Rosmarinus officinalis [24], Thymus zygis ssp.Gracilis
[25], S. verbenaca [17] and S. argentea [18] phenolic compo-
sitions were significantly affected by the distillation treatment.
Jordán et al. [25] reported that contents of hydrophilic com-
ponents may decrease in post-distilled plant material, whereas,
the distilled plants have been found to contain a higher amount
of phenolic substances than the non-distilled, according to
Parejo et al. [26]. In particular, Almela et al. [24] revealed a
higher concentration of carnosol (0.61 g/100 g DW) in dis-
tilled Rosmarinus officinalis. This result could be explained
by the liberation of polyphenolic compounds (bound forms of
polyphenolics) as a consequence of exposure to heat during
the distillation process [27].

The differential accumulation of phenolic compounds in
S. verbenaca extracts at different phenological stages could
be related to physiological changes during growth in response
to environmental stress. The 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 [7, 28].

Phenophase Effect on Antioxidant Activities

The DPPH• and ABTS•+ radical-scavenging tests and the
FRAP reducing power assay were used to evaluate the

antioxidant capacity of S. verbenaca plant material col-
lected at different harvesting times. The best antioxidant
activity of S. verbenaca extracts was observed at early
fruiting, as assessed by DPPH• (IC50, 49.22 μg/mL),
ABTS•+ (146.86 μM TE/mg) and FRAP (188.93 mM
Fe(II)/mg) assays, followed by the late fruiting stage
and the lowest activity was detected at the flowering
period (Table 2). Detected significant (p<0.05) variation
in antioxidant capacities between S. verbenaca plant ma-
terial collected at various phenological stages could be
related to differences in polyphenolic composition of an-
alyzed extracts. Plants polyphenols are known as power-
ful antioxidants. Kontogianni et al. [11] advanced that
the antioxidant activity of S. officinalis extracts is due
to the content of phenolic abietane diterpenes namely,
carnosic acid and its derivatives. Also, Cuvelier et al.
[29] indicated that carnosol, rosmarinic acid and carnosic
acid had the greatest antioxidant activity in S. officinalis
plant material. In a previous study, Tepe [21] reported
that rosmarinic acid and its derivatives are more likely
to be responsible for most of the observed antioxidant
ac t iv i ty of the non-di terpenoid components in
S. virgata, S. staminea and S. verbenaceae.

S. verbenaca harvested at early fruiting stage was
characterised by the highest levels of phenolic acids,
in particular rosmarinic acid, a caffeic acid dimer,
known as a powerful antioxidant [21]. Also, the maxi-
mal contents of carnosic acid were reported at early
fruiting (electronic supplementary material Table 1).
The potent antioxidant activity of rosmarinic acid and
carnosic acid is due to the redox properties of their
hydroxyl groups and the increase in activity has been
observed to depend mainly on the position and/or pat-
tern of hydroxylation rather than on the number of hy-
droxyl groups. According to Munné-Bosch and Alegre
[30] carnosic acid may function as a Bcascading^ anti-
oxidant, in which oxidation products are further oxi-
dized, thus enhancing antioxidative protection by this
phenolic diterpene.

Table 1 Linear correlation coefficients established between grouped
phenolic compounds

Grouped compounds Phenolic acids Phenolic diterpenes Flavonoids

Phenolic acids 1.00

Phenolic diterpenes 0.33 1.00

Flavonoids −0.42 −0.68* 1.00

* Significant correlation at p<0.05

Table 2 Changes in the antioxidant capacity of Salvia verbenaca
methanolic extracts during three phenological stages

Antioxidant test Flowering
stage

Early fruiting
stage

Late fruiting
stage

DPPH• (IC50, μg/mL)
ABTS•+ (μM TE/mg)
FRAP (mM Fe(II)/mg)

107.71±4.18 a
102.37±2.04 c
106.00±5.29 c

49.22±1.10 c
146.86±5.44 a
188.93±8.86 a

69.66±2.35 b
116.80±4.70 b
127.33±2.42 b

Results are calculated as means of five individual plants (analysis of each
individual plant was made in triplicate); values are means±SD of inde-
pendent replicates; values followed by the same letter did not share sig-
nificant differences at p<0.05 (Duncan test)
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Conclusions

The current study characterised the variations in polyphenolic
contents and antioxidant properties of S. verbenaca extracts as
influenced by the phenological stage for the first time. Post-
distilled plants have significant antioxidant activity against
various antioxidant systems in vitrowith the best performance
detected at the early fruiting stage. This phenological stage
was the richest in phenolic compounds recognized for their
great antioxidant activities [2], namely phenolic diterpenes
and rosmarinic acid. Results are valuable in valorizing
S. verbenaca by-products as good natural antioxidants, that
could provide a chemical basis in food and therapeutics.
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