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Abstract

The aim of this study was to investigate the chemical composition of the best known plants biomarkers from the locality of Gafsa (Tuni-
sia). Majority of investigated plants had high levels of phenolics and exhibited noteworthy antioxidant activity. The plants showing the
highest antioxidant activities were P. angustifolia, T. garganica, G. alypum and L. multifida. P. angustifolia demonstrated by far the most
potent antioxidant activity, as well as total phenolic and total flavonoids content. In flavonoid structure of the aerial parts of the related
species, different amounts of rutin, myricetin, morin, quercetin and kaempferol together with ergosterol, stigma sterol and b-sitosterol as
phytosterols, vitamin D, vitamin K, a-tocopherol and retinol as vitamins, and arabinose, fructose, glucose, sucrose and maltose as sugars
were found. The mineral analysis was related to the existence of Ca, Na, K, Fe, Mn, Zn and Mg with different amounts in all of the nine

tested species.
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1. Introduction

There is an increasing scientific interest in understanding effects
of woody vegetation on agricultural lands for different aspects of
human well-being, including the antioxidant activity (Zugic, et al.,
2014) and nutrition (Agarwal, Durairajanayagam, & du Plessis,
2014). Provisioning ecosystem services from vegetation were
reported in 74 of the reviewed articles. Nutritional diversity is the
most studied category, addressed in 56 studies in total for all spe-
cies, followed by medicinal uses (40 studies) (Sinare & Gordon,
2015). In addition, herbal medicines are known to have a strong
reputation throughout history and within every culture to provide
first-line and basic health services for patients with numerous
disease conditions (Quimby, 2007). Plants have great importance
due to their nutritive value and continue to be a major source of
medicines as they have been found throughout human history
(Kongkachuichai, Charoensiri, Yakoh, Kringkasemsee, & Insung,
2015), 30 to 40% of today’s conventional drugs used in the medic-
inal and curative properties of various plants are employed in
herbal supplements botanicals, nutraceuticals and drug (Erdogan,
Gonenc, Demirci, & Kivgak, 2014; Polat, Cakilcioglu, Kaltalioglu,
Ulusan, & Tirkmen, 2015). In addition, medicinal plants are tradi-
tionally used in folk medicine as natural healing remedies with
therapeutic effects such as prevention of cardiovascular diseases,
inflammation disorders, or reducing the risk of cancer (Cavero,
Akerreta, & Calvo, 2013; Ibrahim & Damasceno, 2012). Moreo-
ver, pharmacological industry utilizes medicinal plants due to the
presence of active chemical substances as agents for drug synthe-
sis. They are also valuable for food and cosmetic industry as addi-
tives, due to their preservative effects because of the presence of
antioxidants and antimicrobial constituents (Cuoco, Mathe, &
Vieillescazes, 2014). Medicinal plants or parts of these plants

(leaves, rhizomes, roots, seeds, flowers) can be utilized in differ-
ent forms such as fresh crude form and preparations as teas, de-
coctions, powdered plant material, or extracted forms of medicinal
agents (juices, water or alcohol extracts, tinctures, essential oils,
resins, balsams). Moreover, medicinal plants are generally known
and popular for a number of health benefits such as decreasing of
blood pressure, prevention of cardiovascular diseases, or reducing
the risk of cancer also due to their antioxidant activity. Therefore,
the interest in natural (non toxic) antioxidants, especially of plant
origin, has greatly increased in recent years (Jayasinghe, Gotoh, &
Wada, 2013). In recent years, studies on antioxidant activities of
medicinal plants have increased remarkably due to increased in-
terest in their potential of being used as arich and natural source of
antioxidants (Boulanouar, Abdelaziz, Aazza, Gago, & Miguel,
2013; Shan, Cai, Brooks, & Corke, 2007). WHO estimates up to
80% of the population in developing countries, especially those
who are poor, are dependent on traditional medicines from nature.
Medicinal plants have been used to treat human diseases for thou-
sands of years. People are becoming increasingly interested in
medicinal plants because of their good therapeutic performance
and low toxicity. Since traditional medicinal plants and food are
believed to share a common origin in Chinese tradition, it is very
difficult to distinguish traditional medicinal plants from food.
Recently, interest has increased considerably in finding naturally
occurring antioxidants for use in food or medicinal materials to
replace synthetic antioxidants, which are being restricted due to
their carcinogenicity (Velioglu, Mazza, Gao, & Oomah, 1998). In
fact, many medicinal plants have been used as flavors, pigments,
and foods. The medicinal plants are thought to be a rich and natu-
ral source of functional food and pharmaceuticals.The health ben-
efits of medicinal plants are thought to arise partly from potential
effects of their antioxidants on the reactive oxygen species pro-
duced in the human body. In addition, several studies have indi-
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cated that medicinal plants possess more potent antioxidant activi-
ty than common dietary plants, and phenolic compounds were a
major contributor to the antioxidant activity of these plants
(Cavero, et al., 2013; Wong, Li, Cheng, & Chen, 2006). The stud-
ies on the relation of phytochemical compounds and human health
have been intensified. Phytochemical compounds (for example,
vitamins, polyphenols, phytosterols and flavonoids) are known to
protect human health against various diseases. Moreover, each of
these compounds serves as antioxidant compound for the oxida-
tive damage caused by free radicals (Garcia-Closas, Agudo,
Gonzalez, & Riboli, 1998; Li, Jiang, Zhang, Mu, & Liu, 2008).
The purpose of this study was to evaluate a variety of 9 medicinal
plants belonging to the same location and have grown in the same
conditions. This evaluation is related to the total phenolic content
and antioxidant activity to find out new potential sources of natu-
ral antioxidants. Thus, the nutritional value of the species and its
possible effect on human health has been studied.

2. Materials and methods

2.1. Sample collection

Nine plants have been evaluated in this study, namely Clematis
flammula, Colocynthis vulgaris, Ecballium elaterium, Euphorbia
bivonae, Globularia alypum, Lavandula multifida, Periploca an-
gustifolia, Scorzonura undulata and Thapsia garganica.

The medicinal plants were collected in May 2014, from same
place in Djebel Bouramli region of South west of Tunisia. The
various data (local name, medicinal uses, used parts of plant,
method of preparation and administration) were collected from
local inhabitants having knowledge of the curative properties of
these plants.

2.2. Extractions of chemical compounds from the leaves

The leaves of different plants (20 g) were powdered and extracted
for 24 h with 250 ml of methanol 96.6- at room temperature, fol-
lowed by rapid paper filtration through Whatman 0.45 mm filter
paper. The resulting solutions were evaporated under vacuum at
60 °C by a rotary evaporator (Buchi Rotavapor R-200, Biichi
Heating Bath B-490). The residues were then dissolved in 6 ml of
methanol.

2.3. Chemicals

All chemicals were purchased from Sigma (represented by Tunisi-
an Chemical Society).

2.4. Total phenolic content

Total phenolics content of these medicinal plants were measured
by Folin—Ciocalteu’s phenol reagent (J. W. Kim, et al., 2009;
Singleton & Rossi, 1965). First, 200 ul of appropriately diluted
sample or gallic acid standard were added to 2.6 ml of distilled
deionized water. Then, 200 pl of Folin—Ciocalteu’s phenol reagent
was added at time zero and mixed. After 6 min, 2 ml of 7% (w/v)
Na,CO; solution was added and mixed. After incubation for 90
min at room temperature, absorbance was measured at 750 nm
versus a prepared blank. The blank consisted of 200 pl 50% (v/v)
methanol instead of sample. Gallic acid in 50% (v/v) methanol
solution in concentrations of 0.1, 0.3, 0.5, and 0.8 mg ml™* was
used as a standard and a calibration curve was drawn for each day
of analysis. The content of total phenolic was expressed as mg
gallic acid equivalent (GAE)/ g of dry weight (DW). All determi-
nations were analyzed in triplicate.

2.5. Total flavonoids content

Total flavonoid content was measured according to the method of
(Zhishen, Mengcheng, & Jianming, 1999). Sample extract was

added with 0.3 ml of 5% sodium nitrite and well mixed. After 5
min of incubation, 0.3 ml of 10% aluminum chloride solution was
added. Then, after 6 min, 2 ml of 1 M sodium hydroxide was add-
ed to the mixture and made up the volume to 10 ml with water.
The absorbance was measured at 510 nm with UV-visible spec-
trophotometer. Total flavonoids were measured from catechin (0—
0.3 mg) standard curve and expressed as mg catechin equiva-
lents/g of dry weight. All samples were performed in triplicate.

2.6. Determination of condensed tannins

Condensed tannins content was determined by the vanillin method
as described by (Broadhurst & Jones, 1978). 3 ml of vanillin (4%
in methanol) were added to 0.5 ml of the different extracts. 1.5 ml
of highly concentrated HCI was then added. The mixture was then
kept in the dark for 15 min at 20°C. The absorbance was read at
500 nm. A calibration curve was prepared with a solution of cate-
chin. The results were obtained in mg of catechin equivalent per g
of dry weight (mg CE/g DW). All samples were analyzed in tripli-
cate.

2.7. Total proteins and carbohydrates contents

Proteins were quantified by (Lowry, Rosebrough, Farr, & Randall,
1951) method, using a bovine serum albumin (BSA) calibration
curve. This method is based on a reaction catalysed by copper
contained in Folin reagent and the oxidation of peptide bonds with
Folin—Ciocalteu reagent. Absorbance was measured at 750 nm.
The results were expressed as mg of protein per ml of extract. In
addition, the total amount of simple sugars in the acid hydroly-
sates was determined by the phenol—sulfuric acid method (Dubois,
Gilles, Hamilton, Rebers, & Smith, 1956).

2.8. Determination of flavonoid and resveratrol content

Plant samples were homogenized in 1:5 (g ml™) of methanol. The
homogenate was filtered through filter paper. Its flavonoid and
resveratrol content were determined by HPLC by putting 1 ml of
filtrate in the autosampler vials (Zu, Li, Fu, & Zhao, 2006). Cate-
chin, naringin, rutin, resveratrol, myricetin, morin, naringenin,
quercetin and kaempferol were quantified by DAD RPHPLC sepa-
ration (High-performance liquid chromatography (HPLC) with
diode array detector (DAD) is the most useful method for identifi-
cation and quantification of antioxidant vitamins in biological
fluids). The separation was performed at 280 nm for catechin and
naringin, 254 nm for rutin, myricetin, morin and quercetin, 306
nm for resveratrol and 265 nm for kaempferol.

2.9. Sugar analysis of diferentes plants

Sugar compounds in the combined extracts were determined by
using HPLC with a refractive index detector. Plant samples were
homogenized in 1:1 (g ml™) of distilled water. Supernatant phase
was separated from the pellet. After total filtrate volume was de-
termined, sugar compounds were analyzed by HPLC device and
Shimpack HRC-NH2 (150 9 4.6 mm, 5 Im) column was used
(Chromatography 2004).

2.10. Mineral analysis

The samples were dried at room temperature and were crushed in
a mortar and pestle. Digestion of samples was performed using
mixture of HNO3:H,S0,4:H,0, (10:1:1, v/v/v for 1 g sample) and
the samples were heated at 100 °C for about 15 min. After cooling,
50 ml deionized water was added and filtered. All sample solu-
tions were clear. While amounts of Fe, Zn, Mn, Cu, Co, Ni and
Mg were determined by atomic absorption spectrometry (Perkin-
Elmer, model: 370, USA), those of K, Ca and Na were determined
by atomic emission spectrometer (AES) (Eppendorf Gerétebau
Netheler & Hinz GmbH) (Braganga, Melnikov, & Zanoni, 2011).
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2.11. Determination of phytosterol and vitamin content

Vitamins and phytosterols were extracted from the lipid extracts
by the method of Sanchez-Machado and Lopez- Cervantes et al.
with minor modifications (Lopez-Cervantes, Sanchez-Machado, &
Rios-Vazquez, 2006; Sanchez-Moreno, A. Larrauri, & Saura-
Calixto, 1999). Plant sample (1 g) was homogenized with 5 ml
hexane and isopropyl alcohol (3:2, v/v). The homogenate was
filtered with filter paper. The filtrate was treated with 5 mL of
KOH solution (0.5 M in methanol) and immediately vortexed. The
tubes were placed in a water bath at 80 °C for 15 min. After cool-
ing in iced water, 1 ml of distilled water and 5 ml of hexane was
added and the mixture was rapidly vortexed and then centrifuged
for 5 min at 5,000 rpm. The supernatant was transferred to another
test tube and was kept for drying under nitrogen. The detection
was operated using two channels of a diode-array spectrophotome-
ter (326 nm for retinol and 202 nm for a-tocopherol and phy-
tosterols) (Lopez-Cervantes, et al., 2006).

2.12. Determination of the antioxidant activity

2.12.1. Free radical-scavenging activity on a, a-diphenyl-
bpicrylhydrazyl (DPPH)

The free radical scavenging capability of each extract solution on
DPPH’ radicals was determined as described previously (Ozturk,
Kolak, & Meric, 2011). Briefly, 4 ml of methanol solution of
DPPH (0.1mM) was mixed with 1 ml of each of extract (methanol,
n-hexane, water and ethyl acetate) solution at different concentra-
tions (0-0.4 mg ml™). The reaction mixture was incubated in a
dark room for 30 minutes and the free radical scavenging ability
was estimated by measuring the absorbance at 515 nm with the
spectrophotometer. The reaction was carried out in capped glass
test tubes that were tightly wrapped with aluminum foil. The
DPPH radical stock solution was freshly prepared every day for
the reaction, and precautionary measures were taken to reduce the
loss of free radical activity during the experiment. The inhibition
percentage of DPPH radicals was calculated as:

Inhibition (%) of DPPH radicals = [(Ac — As)/Ac] x 100

Where Ac is absorbance of the control reaction (all reagents ex-
cept plant extract) and As is absorbance of the sample (plant ex-
tract).

2.12.2. Free radical-scavenging ability by the use of ABTSe+
radical cation (ABTS assay)

Antioxidant activities of diferentes plants were also analyzed by
investigating their ability to scavenge the ABTS™ free radical
using a modified methodology previously reported by (Ozgen,
Reese, Tulio, Scheerens, & Miller, 2006). When combined with an
oxidant (2.45 mM potassium persulfate), ABTS (7 mM in 20 mM
sodium acetate buffer, pH 4.5) reacts to create a stable, dark blue-
green radical solution following 12-16 h of incubation in the dark
(4 °C). The solution was then diluted to an absorbance of 0.7 +
0.01 at 734 nm to form the test reagent. Reaction mixtures con-
taining 20 pl of sample and 3 ml of reagent were incubated in a
water bath at 30 °C for 30 min. As unpaired electrons are seques-
tered by antioxidants in the sample the test solution turns colorless
and the absorbance at 734 nm is reduced. The final result was
expressed as mmol of Trolox equivalents (TE) per g of dry weight

(DW).
2.13. Statistical analysis of data

All experiments were repeated twice and carried out in a com-
pletely randomized block design; each treatment consisted of three
replicates. Mean values of various treatments were subjected to
analysis of variance (ANOVA) using IBM SPSS Statistics version
20 Significance level was determined (at p < 0.05) and significant
difference was separated using Duncan’s Multiple Range Test
(DMRT).

3. Results and discussion

3.1. Phytochemical investigation

Phenolic compounds are important constituents of plants, vegeta-
bles, and fruits because of their scavenging ability due to their
hydroxyl groups. The phenolic compounds may contribute directly
to the antioxidative action. In addition, it was reported that phenol-
ic compounds were associated with antioxidant activity and play
an important role in stabilizing lipid peroxidation (Yen & Wu,
1999). The Folin—Ciocalteu method was used to measure the total
phenolic contents of these plants. It relies on the transfer of elec-
trons from phenolic compounds to the Folin—Ciocalteu reagent in
alkaline media (Singleton & Rossi, 1965). The results showed that
the content of total phenols in extracts, expressed as gallic acid
equivalents (GAE)/g dry weight (DW) of plan. Phenolic com-
pounds can act as excellent radical scavengers and metal chelators
that reduce oxidation because phenolic groups are nucleophiles
and are able to inhibit lipid peroxidation, avoiding oxidation reac-
tion by binding to free radicals generated through lipid peroxida-
tion (Bravo, 1998). The results in Table.1 show the presence of
phenolic compounds in different medicinal plants. The amount of
total phenolics varied in different plants and ranged from 1.71 +
0.08 to 11.27 + 1.04 mg GAE/g of dry weight. The highest total
phenolic levels have been observed in Periploca angustifolia
(11.27 £ 1.04 GAE/g DW), Thapsia garganica (9.84 + 0.32
GAE/g DW), Globularia alypum (8.04 + 0.47 GAE/g DW) and
Lavandula officinalis (7.65 + 0.24 GAE/g DW). It has been noted
that amount of total phenolic compounds in Asclepiadaceae varie-
ties is higher then the other families. Among 9 families tested in
this study, Asclepiadaceae (Periploca angustifolia), Apiaceae
(Thapsia garganica), Globulariaceae (Globularia alypum), Aster-
aceae (Scorzonura undulata), Euphorbiaceae (Euphorbia bivo-
nae), Cucurbitaceae (Colocynthis vulgaris and Ecballium elateri-
um) and Ranunculaceae (Clematis flammula), only Asclepiada-
ceae and Apiaceae families exhibited high levels of polyphenols
(11.27 £ 1.04 and 9.84 £+ 0.32mg GAE/ g DW, respectively). The
results obtained in the present study showed that the plants were
relatively high but not very high in polyphenols. Total phenolic
contents of the nine spices decreased in the following order:
Periploca angustifolia > Thapsia garganica > Globularia alypum
> Lavandula officinalis > Clematis flammula > Euphorbia bivonae
> Colocynthis vulgaris > Scorzonura undulata > Ecballium elate-
rium. A significant difference (***p < 0.05) among phenolic con-
tent of each extract was observed at methanolic fraction of these
families. Significant differences between the results were likely
due to genotopic and environmental differences (namely, climate,
location, temperature, fertility, diseases and pest exposure) within
species, choice of tested parts, time of taking samples and deter-
mination methods (D.-O. Kim & Lee, 2004; Shan, et al., 2007).
Similarly, (Katalinic, Milos, Kulisic, & Jukic, 2006) while study-
ing phenolic content of 70 medicinal plants observed a significant
variation. Pharmacists usually target the plant with high phenolic
content to treat different diseases(Petti & Scully, 2009). High
amount of phenolic content indicates the ability of plant to treat
inflammatory diseases and can be implicated in wound healing. In
addition, phenolic compounds are plant metabolites characterized
by the presence of several phenol groups. Some of them are very
reactive in neutralizing free radicals by donating a hydrogen atom
or an electron, chelating metal ions in aqueous solutions (Petti &
Scully, 2009). Flavonoids (polyphenolic plant compounds) pos-
sess a wide range of pharmacological properties. They do a lot for
human health by scavenging free radicals (Robards, Prenzler,
Tucker, Swatsitang, & Glover, 1999). The amount of total flavo-
noids, measured by aluminum chloride method, varied widely in
herb materials and ranged from 0.67 + 0.04 to 3.92 + 0.06 mg
CE/g dry weight (Table 1). Among the 9 medicinal plants, the
seven plants with the highest total phenolic contents were Clema-
tis flammula (3.92 + 0.06 mg CE/g DW), Thapsia garganica (3.21
+ 0.08 mg CE/g DW), Euphorbia bivonae (2.77 + 0.21 mg CE/g
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DW), Lavandula officinalis (2.55 + 0.12 mg CE/g DW), Scorzonu-
ra undulata (2.47 + 0.17 mg CE/g DW), Periploca angustifolia
(2.46 + 0.32 mg CE/g DW) and Ecballium elaterium (2.35 = 0.14
mg CE/g DW). Colocynthis vulgaris (1.58 = 0.11 CE/g DW) had
relatively low levels of phenolics, whereas Globularia alypum
(0.67 £ 0.04 CE/g DW) in phenolics were quite low.

Many tannin-rich medicinal and food plants have been appreciated
for their beneficial effects without being troubled by any obvious
toxicity (K. Okuda, 1992). Research on the tannins in traditional
medicinal plants, presented here, started (T. Okuda, 2005; Yoshida,
Springel, White, & Tormen, 2000). Table 1 shows the total phe-
nolic content of these medicinal plants and the values were ex-
tremely different (up to 6 fold), ranging from 2.08 + 0.31 to 12.72
+ 0.71 mg CE/g dry weight of plant material. Among the nine
medicinal plants, five plants with higher total phenolic contents
were Clematis flammula (12.72 £ 0.71 mg CE/g DW), Thapsia
garganica (12.68 + 0.43 mg CE/g DW), Periploca angustifolia
(12.58 + 0.34 mg CE/g DW), Euphorbia bivonae (11.42 + 0.42mg
CE/g DW) and Globularia alypum (11.08 + 0.51 mg CE/g DW).
We also mentioned an increase of the phenolic metabolism in
these xerophytes may be related to the hard climate conditions
(hot temperatures, high solar exposure, dryness, short growing
season) (Djeridane, et al., 2006).The lowest condensed tannins
levels have been detected in Colocynthis vulgaris (2.08 + 0.31 mg
CE/g DW) and Ecballium elaterium (2.48 + 0.05 mg CE/g DW). It
is clear from these results that, Ranunculaceae and Asclepiadaceae
families are richer in condensed tannins than others families. In
addition, the vegetable tannins (VTs) constitute one of the most
widely distributed groups of all polyphenols in the plant
(Kolodziej, Kayser, Latté, & Ferreira, 1999), exhibiting a remark-
ably high structural diversity and wide range of physiological,
biochemical, and pharmacological properties (antioxidant, anti-
tumor, antiviral, antimicrobial, enzyme inhibition, radical scav-
enging, chemical defense, etc.) (Haslam, 1996).

Table 1: Total Phenol, Flavonoid Contents and Condensed Tannins for the
Studied Plants

Family and scientific Total phenol Flavonoids C_ondensed tan-
name (mg GAE/mg (mg CE/g nins (mg CE/g
DW) DW) DW)

Clematis ~ <anun- o g i

flammula cula- 7.37+0.23 3.92 +0.06 12.72 £0.71
ceae

Colocyn-  Cucur-

thisvul-  bita-  6.23+0.11° 1.58+0.11° 2,08 +0.31°

garis ceae

Echallium  CYSU" . . b

ST bita- 1.71+£0.08 235+0.14 248 +0.05
ceae

Euphorbia Bl s be c i

. phorbi- 7.27+0.31 2.77+0.21 11.42 +0.42
aceae

Globularia 1%V g

alypum laria- 8.04 £ 0.47 0.67 £0.04* 11.08 +0.51°
ceae

r'ﬂz?l‘é‘ga ';cae";é 765+024°  255+012° 7.68+0.27°

Periploca  Ascle- )

angustifo-  piada-  11.27 + 1.04 2.46+0.32° 1258+0.34

lia ceae

Scorzonu- A

raundula- [ ©-" 548+ 0.19 247+017° 6.9%0.22°

ta

Thapsia — Apiace gy 030e 32140080 12.68+0.43

garganica ae

Data are presented as mean + SD of three individual determinations; GAE
= gallic acid equivalents; CE = Catechin equivalents; DW = Dry weight;
Values having different letters on a same column showed significant dif-
ference (P < 0.05).

3.2. Proteins and total carbohydrates content
Quality control in the phytopharmaceutical industry includes the

proof of identity of the raw material and the determination and
quantification of specific compounds in single herbs, but also in

resulting herbal drug preparations. Typically secondary metabo-
lites are determined as leading compounds in plants; primary me-
tabolites such as amino acids or carbohydrates play only a minor
part. Nevertheless, the analysis of primary metabolites is also
necessary, as these results are needed to explain the composition
of a complex extract. Protein concentrates are widely used as in-
gredients in food industry because of their high nutritional quality,
functional properties, high protein level and low content of antinu-
tritional ~ factors  (Cordero-De-Los-Santos,  Osuna-Castro,
Borodanenko, & Paredes-Ldpez, 2005). The most important crite-
ria that determine the nutritional quality of plants, is the nutritional
value of the plant (Dogan, Ugulu, & Baslar, 2010). Crude protein
contents of plants are influenced by a lot of environmental factors
and the protein contents in different organs of plants in general are
different. When a large part of the protein contents of plants (70 to
90%) consists of amino acids, the remaining portion and the part
called as non-proteins are formed from ammonium and nitrate
salts. As can be seen, protein content is an important parameter in
the determination of food values of plant nutrients. Protein con-
tents of plant types used in the study was determined spectropho-
tometrically. The amount of total proteins, measured by Lowry
method, varied widely in herb materials and ranged from 12.12 +
2.45 t0 33.21 + 5.31 mg ml™ of plant extract (Figure. 1). The high-
est protein concentration was observed in G. alypum (Globularia-
ceae). In contrast, the methanol extract of C. vulgaris showed
lower protein content. G. alypum, E. bivonae, P. angustifolia, S.
undulata, C. flammula, L. multifida and T. garganica had the
highest protein contents (33.21 £ 5.31, 32.67 + 1.65, 30.11 + 2.08,
29.84 +1.84, 29.15 + 3.07, 28.96 + 3.71 and 27.71 + 2.21 mg ml
Yof plant extract, respectively), whereas C. vulgaris and E. elateri-
um showed the lowest protein contents (12.12 + 2.45 and 13.71 +
4,02 mg ml? plant extract). It has been reported that amount of
total phenolic compounds in Globulariaceae varieties is higher
than in other families. The differences were might be due to varia-
tion in genetic makeup, weather and geographic location of the
plants and extraction procedure used or their phytochemicals
(Aknhtar, Ismail, Fraternale, & Sestili, 2015).

50 -

_ 40 -
E s b
(=] 30 B I
£ = =
% 20 1 bl lans
e e =
& 10| o i
N = i
“&\0 O L & @
W X4 & W W© & W o
r§° 0'4“ » ¢ M ¢ 9 & Ry
¢ ¢ Vi et 8

Plant samples

Fig. 1: Total Protein for the Studied Plants Mg/MI of Plant Extract. Values
are Mean of Three Independent Determination (N = 3); £+ Standard Devia-
tion. Bars Having Different Letters are Significantly Different (P < 0.05).

Carbohydrates are energy-rich molecules which provide energy
for life processes and the building parts of the cellular structure of
plants and animals (Harvey, 2009). They play an important role in
the immune system, pathogenesis, blood clotting, fertilization, and
protein folding and placement (Campa, Coslovi, Flamigni, &
Rossi, 2006). Their determination in plants is important for re-
search, development and quality control analysis as they are one
of the bioinformative macromolecules (Campa, et al., 2006). The
total carbohydrates content of each family was quantified using
the phenol-sulfuric acid method. We outlined that the amount of
carbohydrates content in the aerial plants varies from 2.04 + 0.08
to 4.87 + 0.12 mg ml™of plant extract. Figure 2 shows the total
carbohydrates content of these medicinal plants and the values
were slightly different (up to 2 fold). Among these plants, the top
seven plants with the highest total sugar were C. flammula (4.87 £
0.12 mg ml™), L. multifida (3.59 + 0.42 mg ml™), T. garganica
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(3.56 + 0.41 mg ml™Y), P. angustifolia (3.29 + 0.15 mg ml™), E.
bivonae (3.09 + 0.31 mg ml™), G. alypum (2.93 + 0.05 mg ml™)
and S. undulata (2.81 + 0.07 mg ml™). The lowest sugar content
was observed in C. vulgaris (2.04 + 0.08 mg mI™) and E. elateri-
um (2.26 + 0.21 mg ml™).

Carbohydrates (mg/ml)

o P N W A O O N
T T T S S R |

Plant samples
Fig. 2: Carbohydrates Content for the Studied Plants Mg/MI of Plant Ex-
tract, Values are Mean of Three Independent Determination (N = 3); +
Standard Deviation. Bars Having Different Letters are Significantly Dif-
ferent (P < 0.05).

3.3. Flavonoid and resveratrol content

In recent years, plant flavonoids, which comprise a family of over
9000 compounds, have attracted a tremendous increase in research
interest (Xiao, et al., 2011; Zheng, et al., 2011). This interest is
mainly attributed to highly promising human health applications
of specific flavonoids (Martin, Butelli, Petroni, & Tonelli, 2011,
Wedick, et al., 2012). The biological activities of flavonoid com-
pounds have been investigated in relation to a multitude of human
pathological conditions, including cancer, diabetes, obesity and
Parkinson’s disease (Qin, et al., 2012; Wang, Ramsey, &
Hamilton, 2011). According to the results of analysis Resveratrol
and Kaempferol were found in each of the family species. Major
flavonoid compounds were isolated and identified from many
Tunisia medicinal plants (C. flammula, C. vulgaris, E. elaterium,
E. bivonae, G. alypum, L. multifida, P. angustifolia, S. undulata
and T. garganica) using DAD RP-HPLC under the chromato-
graphic conditions employed for the first time. For instance, sev-
eral flavonoids and flavone glycoside were isolated and identified
in the leaves of plant samples. Major types and representative
components of natural flavonoids (Rutin, Myricetin, Morin, Quer-
cetin, Kaempferol and Naringenin) identified in the 9 selected
medicinal plants are summarized in Table 2. Rutin was found in
majority of the methanolic fraction of P. angustifolia (15.65 *
0.31 pg gb), C. vulgaris (13.57 + 0.23 ug g'), T. garganica (13.42
* 0.23 pg gh), C. flammula (12.45 + 0.21 ug g™, G. alypum

species used in the study. The quercetin contents of plant extracts
varied from 1.56 + 0.06 to 4.23 + 0.04 pg g of plant samples. C.
flammula had the highest quercetin content (4.23 + 0.04 pg g),
followed by T. garganica (4.05 + 0.14 ug g) and G. alypum (3.46
+0.11 pg g). The lowest quercetin levels have been detected in
P. angustifolia (1.56 + 0.03 pg g*) and E. bivonae (1.76 + 0.06 pg
gl). The flavonoids rutin and quercetin are polyphenolics com-
pounds found in vegetables, fruits, herbs, leaves, seed, red wine,
tea, coffee, beer, and several medicinal plants. Rutin is a bioflavo-
noid and antioxidant (De Azevedo, 2013). It is water-soluble and
converted to quercetin once it enters the blood stream (Morand,
Manach, Crespy, & Remesy, 2000). Several studies have found
that these flavonoids have anti-inflammatory (Ferrandiz & Alcaraz,
1991), analgesic (Emim, et al., 2000), and antioxidant effects. In
addition, food derived flavonoids, especially; flavonols (kaempe-
ferol, quercetin and myricetin) are widely occurring flavonoids
and are reported to exhibit multiple biological functions such as
anti-allergenic, anti-artherogenic, anti-inflammatory, antimicrobial,
anti-thrombotic, anti-oxidant, cardioprotective and vasodilatory
effects (Manach, Williamson, Morand, Scalbert, & Remesy, 2005).
Moreover, results showed that E. bivonae and P. angustifolia
leaves contained highest amount of total flavonols (myricetin and
Morin, respectively). The range of myricetin content was 1.72 +
0.09-5.46 + 0.12 pg g of dry weight. The ranking of plant sam-
ples on the basis of myricetin contents in decreasing order is E.
bivonae (5.46 + 0.12 ug g™) > C. vulgaris (4.12 + 0.04 ug g™ > S.
undulata (4.06 + 0.1 ug g*) > T. garganica (3.86 + 0.05 ug g%) >
P. angustifolia (3.52 + 0.02 pg g™) > E. elaterium (3.14 + 0.03 pg
g™t > C. flammula (2.42 + 0.07 pg g™) > G. alypum (2.08 + 0.05
ug g) > L. multifida (1.72 + 0.09 ug/g). Less information is
available regarding the contents of myricetin in plant used in the
present work. Data for flavonol contents of different plants,
showed the presence of morin in all investigated families; howev-
er, its level varied widely ranging from highest in L. multifida
(0.96 % 0.001 pg g™) to lowest in P. angustifolia (0.32 + 0.01 pg
g™). On the other side, morin was not detected in G. alypum and
E. bivonae. Morin has been reported for its potent antioxidant
(Hou, 2003) and other pharmacological properties including anti-
mutagenesis (Yang, et al., 2008), anti-inflammation (Yang, et al.,
2008), cardio protection (Kok, et al., 2000).The naringenin levels
in the investigated vegetables ranged from 0.36 + 0.03 to 0.86 £
0.04 pg g™of dry weights. The highest level was detected in E.
bivonae (0.86 + 0.04 pg g™), followed by S. undulata (0.85 + 0.01
ug g, and C. flammula (0.78 £ 0.01 pg g). Lowest naringenin
level was observed for E. elaterium (0.36 + 0.03 ug g*), followed
by T. garganica (0.37 + 0.02 pg g™), L. multifida (0.48 £ 0.02 g
gl), and C. vulgaris (0.54 + 0.02 pg g). In addition, naringenin is
a flavanone, a type of flavonoid, that is considered to have a bio-

o - 2 h active effect on human health as antioxidant, free radi-
(11.86 £ 0.18 ug g°), E_i bivonae (10.08 + 0.06 pg g”), E. elate_gl- cal scavenger, anti-inflammatory, carbohydrate metabo-
um (9.23 + 0.07 ug g”) and L. multifida (8.72 + 0.24 pg 7). |ism promoter, and immune system modulator.
Therefore, it can be deduced that rutin is the major flavonoid
compound contributing to the antioxidant activity of the most of
the plants. On the other side, rutin was not found in Scorzonera

Table 2: Flavonoids and Resveratrol Content in Plant Species (ug/G)

f;:\‘/’:g?:gls & C.flammula C. vulgaris E. elaterium E. bivonae G. alypum L. multifida  P. angustifolia S.undulata  T. garganica
Rutin 12.45+0.21° 1357 +0.23° 9.23+0.07° 10.08+0.06® 11.86+0.18™ 872+024* 1565+0.31Y — 13.42 +0.23°
Myricetin 242+007" 4.12+0.04° 3.14+0.03" 546+0.12° 208+005° 1.72+0.09° 3.52+0.02®° 4.06+0.1* 3.86+0.05"
Morin 0.87 £0.03° 0.64 +0.01™ 047 £0.06® — — 0.32+0.01* 0.96+0.001° 0.72+0.03° 0.54+0.03"
Quercetin 423+0.04° 3.07+0.11° 245+0.05* 176+0.06*° 3.46+0.11*° 276+0.07" 156+0.06° 242+021° 4.05+0.14™
Kaempferol —— — — — — — — — —
Naringenin 0.78+0.01" 054+0.02° 0.36+0.03% 0.86+0.04° 0.64+0.03* 048+0.02%® 0.57+0.04* 0.85+0.01° 0.37+0.02°
Resveratrol — — — — — — — — — —
Total 20.7 £0.36 21.94+041 1565+0.24 18.88+0.28 18.04+0.37 14+0.43 22.26 +0.43 8.05+0.26 22.24+0.47

Each value is the mean + standard deviation of five determinations. Values having different letters on a same column showed significant difference (*P <

0.05).
3.4. Sugar contents of plant samples

The plants investigated in our study had a total sugar contents
varying from 859.91 + 8.17 to 2153.74 + 14.02 ug g of the ex-
tract. We found that the glucose was the major sugar in plant sam-

ples. The presence of glucose (monosaccharides) was noticed in 9
plants, with values ranged from 374.26 + 2.14 pg g*in L. multifi-
da to 872.37 + 1.07 pg gtin C. vulgaris, followed by S. undulata
(832.43 + 4.06 pg gb), P. angustifolia (741.68 + 0.54 ug g?), E.
bivonae (704.23 + 1.52 pg g%), T. garganica (674.12 + 2.45 pg g°
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Y, C. flammula (654.41 + 2.34 pg g, E. elaterium (546.05 +
0.25 ug g), G. alypum (451.54 + 3.04 pg g*) and L. multifida
(374.26 + 2.14 ug g). Fructose (monosaccharide) was the second
most abundant sugar detected in the samples analyzed in the pre-
sent work. Highest level was detected in C. vulgaris (756.23 +
0.86 g g%), followed by S. undulata (725.46 + 2.81 pg/g). Sac-
charose was also detected in all samples. Highest level of saccha-
rose was detected in S. undulata leaves (542.64 + 3.72 pg g™,
followed by T. garganica leaves (536.87 + 4.02 pg g?), P. an-
gustifolia (453.75 + 2.57 pg g'%), E. bivonae (421.36 + 1.58 ug g’
1), and C. flammula (356.87 + 1.75 ug g™). The lowest saccharose
levels have been detected in E. elaterium, L. multifida, C. vulgaris
and G. alypum. Arabinose and maltose were found in minority of
extracts except in the methanolic extracts of different families.
The difference in the content of specific and total sugars among
different studies can be ascribed to environmental factors, geo-
graphic origin, genetic variation and different analytical met.

3.5. Mineral content

Seven minerals were determined in all samples. Mineral contents
were determined to vary widely depending on the different spe-
cies. Table 4 shows that medicinal plants content considerably Ca,
Na, K, Fe, Mn, Zn and Mg. The highest mineral concentrations
were measured between 1.48 + 0.21 and 4.67 + 0.17 ug g* Ca,
8.65 + 1.04 and 18.45 + 0.12 ug g™ Na, 245.12 + 0.46 and
586.64 +2.76 ug g~ K, 0.01 +0.007 and 0.14 + 0.04 pg g Fe,
0.04 +0.005and 0.21 +0.04 ug g*Mn, 0.05 +0.02 and 0.17 *
0.02 ug g*Zn and 0.07 +0.01 and 0.18 ug g™ Mg. Concentration
of various elements analysed in the present work decreases in the
order: K> Na > Ca > Mg > Mn > Zn > Fe. The differences in the
concentration of the various elements within the different plants is
attributed to the preferential absorbability of a particular plant for
the corresponding element and the mineral composition the soil in

which the plant grows as well as its surrounding climatologically
conditions. The mineral analysis of plant samples extracts re-
vealed the presence of macronutrients (Ca, K, Mg and Na) and
micronutrients (Zn, Cu, Mn and Fe).These components are essen-
tial for the physiological functions of organisms. Indeed, the need
for mineral content is necessary to avoid metal deficiency syn-
drome like rickets and clarification of bones as a result of calcium
deficiency (Yisa & Jimoh, 2010). Distorted enzymatic activity and
poor electrolyte balance of the blood fluid are related to inade-
quate Na, Mg, K and Zn as they are most required elements of
living cells (Smith, 2009). In fact, Na, K and Ca play an important
role in the electrophysiology of cardiac tissue in the treatment of
cardiovascular diseases (Oumarou, et al., 2013). In addition, iron
is an important element for human body and plays a role in oxy-
gen and electron transfer. It is necessary for the formation of hae-
moglobin. Zn is an essential metal for the normal functioning of
various enzyme systems. Mn is found both as a structural compo-
nent of some enzymes and as an activator of others
(Kongkachuichai, et al., 2015). Although the presences of micro
and macro nutriments are essential for a good body metabolism,
their high intake may be harmful (Oumarou, et al., 2013). Moreo-
ver, one important factor for the formation of active constituents
in medicinal plants is the trace elements because they are known
to play an important role in plant metabolism. Although there are
reports in the literature on the trace elements content in plants, we
are still far from the point of knowing exactly the mechanisms of
action and the formation of active constituents for ech medicinal
plants. Major and Minor elements have very important functions
and it is believed a key component of proteins such as haemopro-
tein and haemoglobin which play role in biochemical functions
and essential enzyme system even in low doses (Erden & Kilig,
2013).

Table 3: Sugar Content of Plant Samples (ug/G)

Sugars C.flammula  C.vulgaris  E. elaterium E. bivonae G. alypum L. multifida :Diéangustlfo- S. undulata T. garganica
'r?cl)'ssl- 25.23+2.41° 36.61+3.72" 21.34+0.64° 30.58+3.46° 12.35+1.41° 177;,3 * 32.46+2.07° 32.14+3.31° 26.52+0.85°
. 756.23 % 456.47 = 564.82 £ 304.34 = 245.65 546.46 £ 725.46 £ 504.54 +
Fructose  523.45+363"  gg 0.67° 263 3.72° 0.87° 0.85" 281" 3.729
654.41 872.37 + 546.05 £ 704.23 £ 451.54 374.26 £ 741.68 £ ; 67412+
Glucose 5 34 107" 0.25° 152° 3.04° 2.14° 0.54" 83243£4.06" 5 4o
Saccha- 356.87 £ 246.65 + 212.34 421.36 £ ¢ 21361+ 453.75 = i i
- 1759 2 6ab 3.05° 158° 267.07 £ 2.41 239° 257" 542.64 £3.72) 536.87 + 4.02
o 1028+ a c a » 18.63 % e de
Maltose ~ 15.31 + 0.56 0.25% 6.52 +0.08 1457 £0.32° 9.62 +0.54 8.76 + 1.05 0.38% 21.07+£0.12° 18.23+1.35
Total 1575.27 £ 1922.14 + 1242.72 £ 1735.56 £ 1037.92 £ 859.91 + 1792.98 + 2153.74 £ 1760.28 £
10.69 8.54 4.69 9.69 11.12 8.17 6.41 14.02 12.39

Each value is the mean + standard deviation of five determinations, Values bearing the same letter showed no significant difference (P < 0.05).

Table 4: Mineral Content of Plant Samples

Miner-

P. angustifo-

als C. flammula C. vulgaris E. elaterium  E. bivonae G. alypum L. multifida lia S.undulata  T. garganica
Ca 354+021° 256+012° 442+0.15° 1.74+006° 3.12+0.08° 286+0.31° 467+017° 3.34+0.11° 1.48+0.21°
Na 954+1.03% 1521+2.34> 17.32+0.23° 1254+0.32° 13.64+051° 10.07+0.05° 18.45+0.12° 14.07+0.34° 8.65+1.04°
K 3422+ 534.32 + 562.47 + 41523 + 361.02 + 308.45 + 24512 + 586.64 + 451.65 +
3.45° 4.56° 1.54" 0.07° 0.41° 0.32® 0.46° 2.76' 4.12°

Fe 8'83119' 0.05+0.01° 0.07+0.01® 0.14+004° 0.03+0.01° 0.02+0.002®° 0.11+0.01f 8'88 4im 0.01 +0.007°
Mn 0.21+0.04° 012+0.01° 0.05+0.001° 0.17+0.01° 0.04+0.005° 0.13+0.03 0.2 +0.03 0.09+0.01° 0.15+0.03°
Zn 0.13+0.01° 0.08+0.02° 0.05+0.002° 0.16+0.02" 011+0.03" 0.07+0.01° 0.06+0.001® 0.17+0.02" 0.080.01h°
Mg 0.17 £0.02° 0.13+0.03° 0.07+0.01® 0.12+0.03" 014+0.04" 018+004" 011+£0.05" 0.12+0.01* 0.18+0.04'

Mineral contents expressed as milligrams per 1 g of dry weight. Each value is the mean + standard deviation of five determinations, Values bearing the

same letter showed no significant difference (P < 0.05).

3.6. Vitamin and phytosterol contents of the plant sam-
ples

Recently, walnut has been considered as natural functional food of
high economic interest due to its nutritional and medicinal benefits
(Singh, et al., 2014). Plants produce large amounts of vitamins to
facilitate resistance to the oxidative stresses. Particularly vitamin

E and vitamin C with potent antioxidant activities have recently
received a great deal of attention because of their action on im-
munity and disease etiology. Liposoluble vitamin and phytosterol
concentrations of the samples are depicted in Table 5. Four vita-
mins were determined in all samples. Vitamins are compounds
that cannot be synthesized by humans and thus need to be taken up
in the diet. They have a complex biochemistry and play an essen-
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tial role in human nutrition and health. Vitamin contents were
determined to vary widely depending on the different species.
Among vegetables, vitamin D was the dominant vitamin. Plants
contain a wide range of vitamins that are essential not only for
human metabolism but also for plants, because of their redox
chemistry and role as cofactors, and some of them also have
strong antioxidant potential. The antioxidant vitamins that have
been the focus of most attention in plants are retinol (vitamin A),
a-Tocopherol (vitamin E), Vitamin K and to cochromanols (vita-
min E, including both tocopherols and tocotrienols). The vitamin
D levels in the investigated vegetables ranged from 2.69 + 0.21 to
7.41 + 0.35 pg g of dry matter. Higher levels were observed in
G. alypum (7.41 + 0.35 pg g™, followed by E. bivonae (5.84 +
0.26 ug gY), C. flammula (4.54 + 0.23 pg g%), L. multifida (4.07 +
0.12 pg g), P. angustifolia (3.66 + 0.21 pg g*), C. vulgaris (3.57
+0.16 ug g%, T. garganica (3.56 + 0.22 ug gY), S. undulata (2.78
+0.12 pg g*) and E. elaterium (2.69 + 0.21 ug g™). The highest
values of vitamin K, Retinol and a-tocopherol were established in
E. bivonae leave (4.12 + 0.14 pg g), L. multifida (2.11 + 0.01 pg
g™ and T. garganica (0.64 * 0.08 pg g-1), respectively. Vitamin
D content of the groups was higher than the other vitamins. This
vitamin deficiency is a global concern with estimates ranging from
one billion to more than three billion people affected worldwide
(Palacios & Gonzalez, 2014). An adequate vitamin D supply is

essential to control calcium homeostasis and bone turnover and
thereby crucial for bone health and the prevention of osteoporosis
(Holick, 2007). In other hand, vitamin K has originally emerged
from a pure hemostasiological cofactor required to activate clot-
ting factors, it is also a key factor in the regulation of bone and
soft tissue calcification based on the anti-calcific property of vita-
min K due to its ability to activate matrix-Gla protein (MGP)
(Brandenburg, et al., 2015). Data from epidemiological studies
have pointed out to an important role of Vitamin K as a potentially
protective factor for cardiovascular health. The past few years,
there has been an interest in fat soluble compounds such as retinol,
a-tocopherol due to their beneficial effects on human health. In
addition, retinol is a part of a group of fat-soluble and antioxidant
vitamins, whose members include retinol and carotenoids; the
antioxidant and anti-inflammatory capacities (Higuchi, et al.,
2015). However, in recent years, the importance of tocopherols
has been increasingly recognized due to the emerging knowledge
of their health benefits (Orabi & Abdelhamid, 2014). Antioxidants,
such as the tocopherols have had their superb antioxidant activities
confirmed in different food systems (Jayasinghe, et al., 2013).
(Abdallah, et al., 2015) reported that tocopherols have numerous
beneficial properties, such as anti-inflammatory and antiprolifera-
tive effects in human cancer.

Table 5: Vitamins and Phytosterols Contents in Plant Samples (ug/G)

Vitamins &

phytosterols C.flammula C.vulgaris E. elaterium E. bivonae G. alypum L. multifida  P. angustifolia S.undulata  T. garganica
Vitamin K 123+0.13° 241+0.01% 3.07+0.06° 4.12+0.14 087+0.04° 245+007° 367+0.17" 2.82+0.01"7 1.75+0.11°
Retinol 0.43+0.01° 1.03+0.07° 057+005° 0.85+0.02" 036+0.07° 211+0.01 176+0.02" 0.63+0.04° 053+0.02°
VitaminD  4.54+023" 357+0.16° 2.69+021° 584+0269 7.41+035" 4.07+012° 3.66+021% 278+0.12° 3.56+0.22°
a-Tocopherol 0.52+0.02" 0.34+0.003° 0.09+0.002° 0.57+0.03° 0.08+0.002° 0.24+0.001° 0.36+0.04° 041+0.01° 0.64+0.08"
Ergosterol 3.06+0.059 242+0.11° 186+0.07° 2.07+0.06° 345+0.13 322+005" 235+0.08" 1.57+0.03* 247+0.05
Stigmasterol  21.34+0.71° 10.23+0.08° 17.34+0.36" 25.74+2.41% 12.32+0.61° 9.75+0.06° 872+1.01° 1536+0.42° 11.62 +1.04°
B-Sitosterol  18.23+0.37° 54.08 +2.58° 7.52+041° 36.46 +3.04° 21.35+1.34" 40.21+2.12" 1543+0.07° 20.87 £0.31° 5.26 +0.21°

Each value is the mean + standard deviation of five determinations, Values bearing the same letter showed no significant difference (P < 0.05).

Plant sterols and plant stanols, collectively referred to as phy-
tosterols, are natural constituents of plant-based foods which have
been shown to lower serum total and low density lipoprotein cho-
lesterol when added to the diets of humans (Abdallah, et al., 2015).
Over 100 different phytosterols have been identified, of which the
most common include campesterol, b-sitosterol, stigmasterol,
brassi-casterol, and D5-avenasterol. Foods naturally rich in phy-
tosterols include vegetable oils, legumes, nuts, seeds, and whole
grains. The analysis showed a considerable variation of plant ster-
ol content in different vegetables. The ergosterol amount of plant
samples ranged from 1.57 + 0.03 to 3.45 + 0.13ug g™*. The highest
levels were observed in G. alypum (3.45 + 0.13 pg g™), followed
by L. multifida (3.22 + 0.05 pg g™, C. flammula (3.06 + 0.05 pg
g™), T. garganica (2.47 = 0.05 ug g™, C. vulgaris (2.42 + 0.11 pg
g™), P. angustifolia (2.35 + 0.08), E. bivonae (2.07 + 0.06 ug g%),
E. elaterium (1.86 + 0.07 pg g*) and S. undulata (1.57 + 0.03 ug
g™). Total plant stigmasterol in the 9 plants ranged from 8.72 +
1.01 to 25.74 + 2.41 pg g *. Only the plants, E. bivonae, C. flam-
mula, E. elaterium and S. undulata, had a content of sterols higher
than 15 pg g 7, the value being 25.74 £ 2.41 ugg %, 21.34 +0.71
pg g, 17.34 £ 0.36 ug g * and 15.36 + 0.42 pg g *, respectively.
The lowest plant stigmasterol contents were found in G. alypum
(12.32 +0.61 ug g ) T. garganica (11.62 = 1.04 pg g ), C. vul-
garis (10.23 + 0.08 pg g %), L. multifida (9.75 + 0.06 ug g ™) and
P. angustifolia (8.72 + 1.01 pg g ). The concentration of the p-
Sitosterol sterol varied among species. Thus, C. vulgaris contained
54.08 + 2.58, L. multifida (40.21+2.12), E. bivonae (36.46 + 3.04
Hg g ), G. alypum (21.35 + 1.34 pg g 1), S. undulata (20.87 +
0.31pgg ™), C. flammula (18.23 + 0.37 pg g ) and P. angustifo-
lia (15.43 + 0.07 pg g %) whereas T. garganica and E. elaterium
showed 5.26 + 0.21 and 7.52 + 0.41 pg g*, respectively. p-
sitosterol (plant sterols) recently has received increased attention
due to their capability to inhibit cholesterol intestinal absorption,
resulting in lowering serum total plasma cholesterol and low-
density lipoprotein levels.

3.7. Antioxidant activity

DPPH method, the ABTS radical scavenging method is one of the
most extensively used antioxidant assays for plant samples. Anti-
oxidants used in foods are chemical compounds that are capable to
donate hydrogen radicals, so they could minimize rancidity and
lipid peroxidation in food products. They enhance the shelf life of
lipid-rich products without any damage to sensory or nutritional
quality. Several assay methods have been developed and applied
to screen and evaluate the total antioxidant activity of these plants
extracts. Thus, two commonly applied assays, differing in their
working principles, were employed as a part of our investigation.
Namely, antioxidant properties of the examined plants were de-
termined as free radical scavenging ability, using DPPH method
and the ABTS™ radical cation. Results for DPPH test in our re-
search were expressed as 1Cs, DPPH with the higher 1C5, DPPH
values indicating lower antioxidant capacity. The ICs, value is
defined as the concentration of plant extract with 50% free radical
scavenging potential. Quantitative results concerning ABTS radi-
cal scavenging capacity are expressed in mmol of Trolox equiva-
lents (TE) per g of dry weight (DW). The comparison of mean
DPPH scavenging activity of plant samples is presented in the Fig.
4. All extracts were capable of scavenging hydrogen peroxide.
Total antioxidant activity, measured by the DPPH method, varied
between 51.23% and 96.41%. Among the samples, the P. angusti-
folia and T. garganica had very high antioxidant capacity in meth-
anol extract (81% and 77%, respectively). On the one hand, the
high antioxidant activity in methanol extracts of these families
could be related to the high phenolic compounds content showed
by these species. In contrast, E. elaterium and S. undulata extracts
had the lowest DPPH" radical scavenging activity. A differently of
the power of the DPPH radical scavenging (*P < 0.05) was found
between the plant samples and the standards used. ICsq DPPH of
the investigated plants ranged from 256.07 + 2.07ug /ml to 102.31
Mg /ml for 102.31 + 2.45 of extract (Table. 6). Methanolic fraction
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of P. angustifolia and of C. tunisiatica, also have high scavenging
capacities. 1Cg, values of two families (Ranunculaceae and As-
clepiadaceae) were lower (P < 0.05) than that obtained for ascor-
bic acid, which suggests that these fractions have the most potent
hydrogen peroxide scavenging capacity. In contrast, E. elaterium
and L. multifida extracts had the lowest DPPH’ radical scavenging
activity. 1Csy values of four plants (P. angustifolia, C. flammula,
E. bivonae and T. garganica) were lower (P < 0.05) than that ob-
tained for ascorbic acid and BHT, which suggests that these plants
have the most potent DPPH radical scavenging capacity. This
extract can be considered to have a high percentage of inhibition
of DPPHze, because after completing the reaction, the final solution
always possessed some yellowish color. It is clear from these re-
sults that on the basis of scavenging activity against DPPH radical
of the species, varieties are classified according to the following
order: P. angustifolia > T. garganica > G. alypum > L. multifida >
C. flammula > E. bivonae > C. vulgaris > S. undulata > E. elateri-
um. The reduction of DPPH radical by the plant extracts has been
attributed by several authors, at the presence of phenolic com-
pounds which yield easily to reduce protons. Their capacity varies
from a compound to another and there is a synergy between them
and/or other present constituents in these species (Bourgou, et al.,
2008). Antioxidant activities evaluated by the ABTS radical scav-
enging capacity of methanol extracts of the samples are presented
in Table 6. Results for ABTS test in our research were expressed
as ICsy with the higher 1Cs, values indicating lower antioxidant
capacity. The leaves of P. angustifolia showed higher antioxidant
activity in methanol extracts (9.4 = 0.76 pg TE/g DW) than in E.
elaterium (45.64 + 3.04 pug TE/g DW). Our results revealed also
that the studied medicinal herbs exhibit clearly a higher antioxi-
dant activity and contain significantly more phenolics than the
common vegetables and fruits (nutritional plants). In addition, P.
angustifolia, C. vulgaris and C. flammula were also shown to
possess high antioxidant properties in both the ABTS (10.04 +
1.23, 11.23 + 1.03 and 13.84 + 2.14 mg TE/ g DW) assays. In
contrast, the lowest scavenging capacity was found in E. elaterium,
E. bivonae and G. alypum families. However, these plants, alt-
hough having low total polyphenol content. P. angustifolia, which
exhibited the highest scavenging of DPPH" and ABTS™" ability.

Table 6: Antioxidant Activity of Plant Samples by DPPH and ABTS
Assay Radical Scavenging Assay

ICso (ug/ml)
Plant samples DPPH ABTS
C. flammula 123.56 + 1.46° 13.84 +2.14°
C. vulgaris 132.14 +0.87° 10.04 +1.23°
E. elaterium 256.07 +2.079 45.64 + 3.04¢
E. bivonae 123.74 +1.08° 22.42 +0.85
G. alypum 112.32 +1.42> 18.65 +1.21'
L. multifida 111.09 +2.14% 13.45 +1.21°
P. angustifolia 102.31 +2.45° 9.4 £0.76°
S. undulata 142.12 +3.05 15.07 +1.78"
T. garganica 114.45 +3.06° 11.23 +£1.03°
Ascorbic acid 60.45 +1.42% 412 +1.04%
BHT 90.56 + 0.76° 6.24 +0.43°

Values are mean of three independent determinations (n = 3); + standard
deviation, Values followed by different superscript in each line are signifi-
cantly different (P < 0.05).

Scavenging activity
againstDPPH radical %

Plant samples
Fig. 3: Mean Antioxidant Activity against DPPH Radical of Plant Extracts
at 1 Mg/MI and Standards at 50 pg/MI. DPPH: 1, 1-Diphenyl 1-2-

Picrylhydrazyl. Values Bearing the Same Letter Showed No Significant
Difference (P < 0.05).

4. Conclusion

The processing of plant foods results in the production of by-
products that are rich sources of bioactive substances, including
polyphenols. The beneficial effects derived from these compounds
have been attributed to their antioxidant activity. The results of the
present work revealed that all of the investigated herbal species
were rich in phenolic constituents and demonstrated satisfying
antioxidant activity measured by two different methods used.
Based on this study, most medicinal plants available from south-
ern part of Tunisian contain small to moderate amounts of macro-
nutrients, vitamins, sugar, flavonoids and minerals Our systemati-
cally comparative investigation of 9 selected plants from the local-
ity of Gafsa has, however, singled out some of the species as the
most potent antioxidants. The plants showing the highest antioxi-
dant activities were P. angustifolia, T. garganica, G. alypum and L.
multifida. P. angustifolia belongs to Asclepiadaceae family
demonstrated by far the most potent antioxidant activity, as well
as total phenolic and flavonoids content.
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