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Abstract: The aqueous extracts of sweet basil (Ocimum basilicum L.), tarragon (Artemisia dracunculus L.), fennel (Foe-
niculum vulgare Miller), olive (Olea europaea L.), sage (Salvia officinalis L.), thyme (Thymus vulgaris L.), wild thyme
(T. serpyllum L.), tea (Camellia sinensis (L.) Kuntze), and verbena (Verbena officinalis L.) were investigated for polyphe-
nol, tannins, antocyanins and flavonoids. Among the nine culinary herbs, tea and wild thyme extracts contained the higher
phenol content of 874.10 + 3.50 GAE [g gallic acid equivalents/Kg (dry wt.) extract] and 945.70 + 0.81 GAE, respec-
tively, while the fennel extract contained the lowest content at 149.90 + 1.16 GAE. Sage and verbena extracts do not con-
tain any anthocyanins and have low levels of tannins (2.40 + 0.12 and 1.97+ 0.06 CE, respectively). Tea rich in tannins
and verbena and sage, totally devoid of anthocyanins, have higher antioxidant activities according to the ABTS/DPPH as-
says. However, the results fail to show any positive correlation between phenol contents and antioxidant activities.
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INTRODUCTION

Culinary or dietary herbs are often consumed in various
cultures. These herbs are rich in polyphenalics and their pro-
tective effects of phenolic on some diseases have been rec-
ognized due to their antioxidant activities [1]. The major
anti-oxidant compound of sweet basil (Ocimum basilicum L.,
Lamiaceae), used worldwide for its gustative qualities, is
rosmarinic acid [2]. In Europe, Artemisia dracunculus L.
(Asteraceae) called “tarragon”, is popularly used because of
its biological properties [3, 4]. The seed methanol extract of
fennel (Foeniculum vulgare Miller, Apiaceae) [5, 6] showed
a remarkable anticancer potential [7] and antioxidant activity
[8]. Mediterranean diet, rich in olive (Olea europaea L.,
Oleaceae) oil, is associated with the lower incidence of car-
dio-vascular disease, cancer [9] because its phenols are pow-
erful antioxidants [10]. Common sage (Salvia officinalis L.,
Lamiacaeae), used for hundreds of years in natural medicine,
contains rosmarinic acid as its major phenolic antioxidant
[11]. Thyme (Thymus vulgaris L., Lamiaceae) is an aromatic
and medicinal plant because of its polyphenols, namely ros-
marinic acid, flavonoids and vitamin E. Wild thyme (T. ser-
pyllum L.), also contains rosmarinic acid as one of its main
compounds [12]. A number of studies during the last decade
have linked tea (Camellia sinensis (L.) Kuntze, Theaceae)
consumption, especially green tea, to a reduced risk for can-
cer in humans [13] leading to increased popularity of tea as a
health drink. Verbena (Verbena officinalis L., Verbenaceae)
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aqueous extracts represent a good source of antioxidant
(three iridoids, fifteen flavonoids and four phenolic acid de-
rivatives) [14].

In fact, the increase on the demand for natural bioactive
compounds used in food industry for the preservation of
food quality has led to an exhaustive search of new sources.
The strong protective effects of tea infusions (oregano,
thyme and wild thyme) were proposed to be the consequence
of large amounts of polyphenols, namely rosmarinic acid and
flavonoids. Although several culinary herbs (e.g., Ocimum
basilicum, Foeniculum vulgare, Salvia officinalis) were well
investigated for their chemical constituents and antioxidant
activities [15], little work has been done on their decoctions,
which have been used most traditionally in many countries.
Our investigation on “culinary herbs” was to study the
chemical compositions of their aqueous extracts in polyphe-
nols, tannins, anthocyanins, and flavonoids and to evaluate
qualitatively (by TLC bioautography) and quantitatively (by
DPPH/ABTS assays) their antioxidant properties.

MATERIALS AND METHODS

Plant Materials

The culinary herbs used are: sweet basil (Ocimum basili-
cum L.), tarragon (Artemisia dracunculus L.), fennel (Foeni-
culum vulgare Miller), olive (Olea europaea L.), sage (Sal-
via officinalis L.), thyme (Thymus vulgaris L.), wild thyme
(T. serpyllum L.), tea (Camellia sinensis (L.) Kuntze), and
verbena (Verbena officinalis L.). The Botanical garden and
laboratory of Toulouse provided the dried herbs. Christian
Chételain and Fatiha EL Babili identified the plants and
voucher specimen were deposited at the herbarium of the
Laboratory of botanic.
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Preparation of Extracts

Each ground sample (50 g) was added to 500 mL of dis-
tilled water, and heated (heating plate, Fisher Scientific) until
boiling. The mixture was left at boiling temperature for 10
min; then filtered under reduced pressure after at room tem-
perature for 5 min. The obtained decoction was frozen, ly-
ophilized (GAMA Christ Freeze Dryers) and re-dissolved in
water at concentration of 0.58 mg/mL for basil, 2.005
mg/mL for fennel and 1.92 mg/mL for the other herbs to
study their chemical composition. The various concentra-
tions were chosen for a visual colorimetric DPPH assay.

Reagents

All chemicals used were of analytical reagent grade. All
reagents were purchased from Sigma-Aldrich, Fluka (Saint-
Quentin France).

Total Phenolics

The total phenolic amount of each extract was deter-
mined by the Folin-Ciocalteu method [16]. A diluted solu-
tion of each extract (0.5 mL) was mixed with Folin Ciocalteu
reagent (0.2 N, 2.5 mL). This mixture was allowed to stand
at room temperature for 5 min and then sodium carbonate
solution (75 g/L in water, 2 mL) was added. After 1h of in-
cubation, the absorbance was measured at 765 nm against
blank using a Helios spectrophotometer (Unicam, Cam-
bridge, UK). A standard calibration curve was plotted using
gallic acid (0-300 mg/L). Results were expressed as g of
gallic acid equivalents (GAE)/Kg of dry mass.

Condensed Tannin Contents

Catechins and proanthocyanidins reactive with vanillin
were analyzed by the vanillin method [17]. One milliliter (1
mL) of each extract solution was mixed in a test tube with 2
mL of vanillin (1% in 7 M H,SO,) in an ice bath. Then the
mix was incubated at 25°C. After 15 minutes, the solution
absorbance was read at 500 nm. Concentrations were calcu-
lated as g catechin equivalents (CE)/Kg dry mass from a
calibration curve.

Total Flavonoids

The total flavonoids were estimated according to the
Dowd method as adapted by Arvouet-Grand [18]. A diluted
methanolic solution (4 mL) of each extract was mixed with a
solution (4 mL) of aluminium trichloride (AICI) in methanol
(2%). The absorbance was read at 415 nm after 15 minutes
against a blank sample consisting of a methanol (4 mL) and
extract (4 mL) without AICI;. Quercetin was used as refer-
ence compound to produce the standard curve, and the re-
sults were expressed as g of quercetin equivalents (QE)/Kg
of dry mass.

Total Anthocyanins

Total anthocyanin content was measured with the pH dif-
ferential absorbance method, as described by Cheng and
Breen [19]. Briefly, absorbance of the extract was measured
at 510 and 700 nm in buffers at pH 1.0 (hydrochloric acid-
potassium chloride, 0.2 M) and 4.5 (acetate acid-sodium
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acetate, 1 M). The wavelength reading was performed after
15 minutes of incubation. Anthocyanin content was calcu-
lated using a molar extinction coefficient (g) of 29600 (cya-
nidin-3-glucoside) and absorbance of A = ((Asi — A700) pH 1.0
— (As10 — Aoo) pH 45). Results were expressed as mg cya-
nidin-3-glucoside equivalent (C3GE) /Kg of dry mass.

TLC Bioautography Method

An aliquot of aqueous solution of the nine medicinal
herbs studies (40 ulL) was directly deposited (as spots or
bands) onto silica gel 60F254 TLC plates (Merck, Germany)
(20). TLC plates were developed to a distance of 75 mm, in a
20 cm x 20 cm glass flat-bottom chamber after equilibration
with mobile phase vapor for 30 min with ethyl acetate-
formic acid-acetic acid-water (100:11:11:26) as developing
reagents. The developed TLC plates were then removed from
the chamber and air-dried in an aerator at room temperature.
The plates were then colorized by spraying with 0.04%
DPPH-methanol solution (20 mg DPPH dissolved in 50 mL
methanol) for 5 s. and heated at 40 °C on a plate heater for
30 min. Extracts antiradical activity were estimated from the
intensity of disappearance of the violet/purple background of
the plate. Free radical scavenging zones were qualitatively
identified immediately as yellow areas against a light vio-
let/purple background. Each TLC plate was then monitored
under Visible light and photographed (Camag TLC under
software control).

DPPH Assays

Antioxidant scavenging activity was studied using 1,1-
diphenyl-2-picrylhydrazyl free radical (DPPH) as described
by Blois [21] with some modifications; 1.5 mL of various
dilutions of the test materials (essential oil or plant extracts)
were mixed with 1.5 mL of a 0.2 mM methanolic DPPH
solution. After an incubation period of 30 minutes at 25°C,
the absorbance at 520 nm, the wavelength of maximum ab-
sorbance of DPPH, were recorded as Agampe), USing a Helios
spectrophotometer (Unicam, Cambridge, UK). A blank ex-
periment was also carried out applying the same procedure to
a solution without the test material and the absorbance was
recorded as Apiank). The free radical-scavenging activity of
each solution was then calculated as percent inhibition ac-
cording to the following equation:

% inhibition = 100 (A(blank) - A(sample)) /A(blank)

Antioxidant activity of extracts was expressed as 1Cs,
defined as the concentration of the test material required to
cause a 50% decrease in initial DPPH concentration. Ascor-
bic acid was used as a standard. All measurements were per-
formed in triplicate.

ABTS Assay

The radical scavenging capacity of the samples for the
ABTS (2,2’-azinobis-3-ethylbenzothiazoline-6-sulphonate)
radical cation was determined as described by Re [22].
ABTS was generated by mixing a 7 mM of ABTS at pH 7.4
(5 mM NaH,PO,4, 5 mM Na;HPO, and 154 mM NaCl) with
2.5 mM potassium persulfate (final concentration) followed
by storage in the dark at room temperature for 16 h before
use. The mixture was diluted with ethanol to give an absor-
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bance of 0.70 + 0.02 units at 734 nm using a spectropho-
tometer. For each sample, diluted methanol solution of the
sample (100 pL) was allowed to react with fresh ABTS solu-
tion (900 pL), and then the absorbance was measured 6 min-
utes after initial mixing.

Ascorbic acid was used as a standard and the capacity of
free radical scavenging was expressed by 1Cso (mg/L) values
calculated, denoting the concentration required to scavenge
50% of ABTS radicals. The capacity of free radical scaveng-
ing 1Cso was determined using the same previously used
equation for the DPPH method. All measurements were per-
formed in triplicate.

Statistical Analysis

All data were expressed as means + standard deviations
of triplicate measurements. The confidence limits were set at
P < 0.05. Standard deviations (SD) did not exceed 5% for the
majority of the values obtained.

RESULTS AND DISCUSSION
Chemical Compositions

The chemical composition of the nine decoctions studied
was evaluated (Table 1). Total amount of flavonoids, in
thyme aqueous extract, was the higher (398 + 1.2 g/kg
equivalent quercetin), while wild thyme aqueous extract was
the richest on polyphenols (945.70-+ 0.81 g/kg eq gallic
acid). The anthocyanins (466.28 + 16.17 mg de cya-
niding/kg) were present in higher content in basil agueous
extract. The tannins exist in all extracts with an amount be-
tween 1.93 + 0.26 (basil) to 11.30 + 0.17 (tea) eq catechin
(9/Kg dry). The chemical composition study of culinary
herbs allows us to begin to understand their properties.

Antioxidant Capacities

TLC combined with DPPH bioautography assay in situ is
the analytical qualitative method we used to choose the
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plants to study before DPPH and ABTS assays (Figs. 1
and 2). In TLC (Fig. 1) we can see that all the herbs studied
here exhibit an antioxidant profile. Free radical scavenging
zones were identified, qualitatively, immediately as yellow
areas against a light violet/purple background. In a second
TLC (Fig. 2), we begun to explore the complexity of the
studied decoctions, work will led us to further identification.

In our study, the culinary herbs antioxidant activity
(Table 2) showed for verbena aqueous extract an 1Csy of
15.76 + 0.8 mg/L in DPPH radical scavenging assay and 1Csg
of 16.55 + 1.1 mg/L in ABTS radical scavenging assay. The
sage aqueous extract exhibited an 1Cso of 11.06 £ 0.7 mg/L
in DPPH and with 1Cso of 25.68 £ 0.9 mg/L in ABTS radical
scavenging assay. Wild thyme aqueous extract was the less
active extract. The tea decoction was the most active extract
with an 1Csy of 8.19 + 0.2 mg/L in DPPH and with 1Cs, of
33.65 + 2.7 mg/L in ABTS radical scavenging assay. This
approach will guide us in finding the best potential in terms
of chemical families and activities searched, knowing that
tests remain the safest way.

Decoction was the main form used in traditional medi-
cine. Given its ease of use, this result confirms the traditional
use of culinary herbs in the world, thus highlighting their
potential in health.

Antioxidants acting as radical scavengers are able to pro-
tect the human body as well as processed foods from oxida-
tive damage. Medicinal plants represent a diverse group of
herbs spread throughout the world with a high content of
bioactive compounds possessing a variety of biological ac-
tivities. Presently much attention has been focused to the
antioxidant effect of plant natural compounds because of
their wide application in food. Medicinal plants, being a
promising source of phenolics, flavonoids, anthocyanins and
carotenoids, are usually used for adding flavor and improve
the shelf life of dishes and processed food products. Regard-
ing these beneficial effects, low cost and properties of plant
phenolics, the interest is to increase research natural
antioxidants, in order to develop their use in the food

Table1. Composition of “Culinary” Aqueous Extracts

Aqueous extracts PonphenoI_s ) Tannins. ) FIavonoiqs ) Anthocyani.nsb
(eq Gallic acid) (eq Catechin) (eq Quercetin) (eq cyanindin)
Basil 265.20 £1.61 1.93+0.26 107.06 £5.6 466.28 £ 16.15
Tarragon 17750 £1.40 410+0.16 167.31+£2.6 285.06 £ 34.05
Fennel 149.90£1.16 7.15+0.06 110.44 £3.9 106.12 £8.16
Olive 370.30 £1.00 9.21+0.33 259.62+2.3 58.56 £5.34
Sage 699.90 +2.27 240+0.12 195.74£1.2 0
Wild thyme 945.70 £ 0.81 6.89+0.14 180.58 £ 1.7 312.13 £47.71
Tea 874.10 £ 3.50 11.30 £ 0.17 140.44 £3.2 93.77 £8.52
Thyme 648.0 + 8.86 4.70 £0.07 39857+1.2 213.60 £18.03
Verbena 652.50 £ 2.36 1.97 £0.06 188.90+£25 0

& g/Kg dry; ®: mg/Kg dry
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Tarragon

Verbena

Fig. (1). Typical TLC photography of decoctions of 9 Provencal and Culinary Herbs colorized by spraying with 0.04% DPPH-methanol solu-
tion.

Fig. (2). Typical TLC photography of decoctions of 9 Provencal and Culinary Herbs developed and colorized by spraying with 0.04% DPPH-
methanol solution from four species of.
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Table2. “Culinary” Aqueous Extracts Antioxidant Activity
Type of extract ABTS assay DPPH assay
Basil 152.23+2.6 39.77£0.2
Tarragon 56.89 £ 2.3 35.42+£0.6
Fennel 123.66 £ 1.5 107.7£23
Olive 38.65+18 27.71£22
Sage 25.68+0.9 11.06 £0.7
wild thyme 21245+ 16 157.85+ 138
Tea 33.65+2.7 8.19£0.2
Thyme 106.55 £ 1.3 22.35+1.52
Verbena 16.55 1.1 15.76 £0.8
VitC 1.9+0.1 44402
industry and preventive medicine. The antioxidant capacity ABBREVIATIONS
measured by DPPH assay was highly correlated with the _ i S
amount of total phenols as our results show for tea and sage. ABTS = glﬁp-h%rz]?tgb|s-3-ethylbenzoth|azollne-6-
The decoction of tea has an antioxidant activity with _ . .
results close to those of vitamin C. These results will allow a DPPH = 1,1-Diphenyl-2-picrylhydrazyl
wiser and greener use of our rich botanical heritage. GAE = Gallic acid equivalents
Improved knowledge on the chemical composition and QE = Quercetin equivalents
antioxidant properties of decoctions used in traditional )
medicine could be a solution in search of alternatives and / ~ TLC = Thin layer chromatography
or supplements for chemicals available.
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wanted to highlight the traditional and current use. Although
rosmarinic acid, a powerful antioxidant compound, is present
in basil, sage, thyme and thyme, It was tea and verbena
decoctions, which had the highest antioxidant activity with
an ICsg 0f 8.19 + 0.2 mg / L and an 1Csy of 15.76 £ 0.8 mg /
L, respectively. On the one hand, tea chemically different
from other aqueous extracts by its richness tannin (catechin
equivalent 11.30 g/kg). On the other hand, sage and verbena,
the other two plants with high antioxidant activity, show a
total lack of anthocyanins in their chemical composition.
This work reveals the importance of the knowledge of the
chemical composition of traditional decoctions and / or
commonly used and justifies our interest in this subject.
Indeed, our results show that the presence of an antioxidant
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