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Abstract

Five extracts from five plants, of which four are endemic to Turkish flora, were screened for their possible in vitro antioxidant
activities by two complementary test systems, namely DPPH free radical-scavenging and b-carotene/linoleic acid. In the first case,
Pelargonium endlicherianum extract exerted greater antioxidant activity than those of other plant extracts studied with an IC50 value
of 7.43 ± 0.47 lg/ml, followed by Hieracium cappadocicum (30.0 ± 0.14 lg/ml). When compared to the synthetic antioxidant BHT
(18.0 ± 0.40 lg/ml), the methanolic extract of P. endlicherianum exhibited more than two fold greater antioxidant activity. In the b-
carotene/linoleic acid test system, the most active plant was P. endlicherianum with 72.6% ± 2.96 inhibition rate, followed by H.

cappadocicum (55.1% ± 2.33) and Verbascum wiedemannianum (52.5% ± 3.11). Antioxidant activities of curcumin and ascorbic acid
were also determined as positive controls in parallel experiments.
� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

A number of reports concerning the antioxidant
activities of plant extracts of medicinal plants have ap-
peared in the literature, but most have not been ade-
quately evaluated (Balandrin, Klocke, Wurtele, &
Bollinger, 1985). This is also particularly valid for Tur-
key, which has one of the most extensive floras in conti-
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nental Europe (Sezik et al., 1991) with more than 9000
flowering plant species (Davis, 1982). Owing to its stra-
tegic position, the accumulation of the knowledge of tra-
ditional medicine from the West and East has enabled
this region to have a rich tradition in terms of the uses
of medicinal plants (Gozler, 1993). Previous reports on
the Turkish medicinal plants have appeared as a list of
plants and their uses (Cubukcu & Ozhatay, 1987; Tuz-
laci & Erol, 1999; Tuzlaci & Eryasar Aymaz, 2001; Tuz-
laci & Tolon, 2000), or the local use of the plants
(Yildirimli, 1985) or an encyclopedic book (Baytop,
1984) in the literature. Screening of some Turkish medic-
inal plants for several purposes is also reported in the
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literature (Ahmad, Rashid, Bingol, & Sener, 1993;
Sener, 1994; Sokmen, Jones, & Erturk, 1999).

The genus Pelargonium is represented by only Pelar-

gonium endlicherianum in Turkish flora (Davis, 1967,
1988). There are several studies concerning various bio-
logical activities of Pelargonium species in the literature
(Demo, Petrakis, Kefalas, & Boskou, 1998; Jeyabalan,
Arul, & Thangamathi, 2003; Matthys, Eisebitt, Seith,
& Heger, 2003; Seidel & Taylor, 2004). As far as our lit-
erature survey could ascertain, there are no reports con-
cerning the antioxidant activity of P. endlicherianum.

The genus Verbascum is represented in Turkish flora
by 232 species, of which 185 are endemic (Davis, 1982,
1988). Antimicrobial (Barbour et al., 2004), antiviral
(McCutcheon et al., 1995) and cytotoxic activities (Afifi,
Ahmed, Pezzuto, & Kinghornt, 1993) of some members
of this genus have been reported elsewhere. Some mem-
bers of this genus are also used for liquor production
(Cemek & Kucuk, 2001). We could not find any report
in the literature dealing with the antioxidant properties
of Verbascum wiedemannianum.

The genus Sideritis is represented in Turkish flora by 40
species, of which 31 are endemic (Davis, 1982, 1988).
Anti-inflammatory and analgesic (De las heras, Vivas,
& Villar, 1994; Hernandez-Perez, Sanchez, Montalbetti-
Moreno, & Rabanal, 2004; Hernandez-Perez & Rabanal,
2002) activities of some members of this genus have been
investigated. Moreover, antioxidant activities of S. rae-

seri and Sideritis javalambrensis were reported elsewhere
(Gabrieli, Kefalas, & Kokkalou, 2005; Rios, Manez,
Paya, & Alcaraz, 1992). Antioxidant activity of Sideritis

libanotica subsp. linears was reported previously with
other members of this genus by Tunalier et al. (2004).

The genus Centaurea is represented in Turkish flora
by 177 species, of which 109 are endemic (Davis, 1975,
1988). Various biological activities of the members of
this genus were reported elsewhere; cytogenetic (Radic,
Prolic, Pavlica, & Pevalek-Kozlina, 2004), antimicrobial
(Barbour et al., 2004), antifungal (Barrero et al., 2000),
anti-inflammatory (Garbacki et al., 1999), anti-ulcero-
genic activities (Yesilada, Gurbuz, & Shibata, 1999).
There is no report concerning the antioxidant properties
of Centaurea mucronifera in the literature.

The genus Hieracium is represented in Turkish flora
by 99 species, of which 66 are endemic (Davis, 1975,
1988). Antimicrobial activity of some members of this
genus was reported by Barbour et al. (2004). But we
could not find any information on the antioxidant activ-
ity of Hieracium cappadocicum in the literature.

The literature outlines different approaches for deter-
mination of the antioxidant activities of the plant ex-
tracts. Therefore, different methodological approaches
lead to scattered results, which are hardly comparable
and often conflicting (Koleva, van Beek, Linssen, de
Groot, & Evstatieva, 2002; Mantle et al., 1998; Ruberto
& Baratta, 2000; Zygadlo, Lamarque, Maestri, & Grosso,
1995). A plethora of different antioxidant assays in
available and, because results rely on different mecha-
nisms, they strictly depend on the oxidant/antioxidant
models employed and on lipophilic/hydrophilic balance
(Frankel, Huang, Kanner, & German, 1994). A single/
substance/single-assay produces relative results and it
is perceived as a reductive approach whenever a phyto-
complex is involved. Therefore, antioxidant activities of
the plant extracts studied here were determined by two
complementary test-systems, namely DPPH free radical-
scavenging and b-carotene/linoleic acid systems.

The aim of the present work is to study in vitro anti-
oxidant activities of the methanolic extracts of P. endli-

cherianum, V. wiedemannianum, S. libanotica, C.
mucronifera and H. cappadocicum. All of the plants pre-
sented here are endemic to Turkish flora except P.

endlicherianum.
2. Materials and methods

2.1. Collection of plant material

Localities and collection periods of the species stud-
ied are as follows:

1. P. endlicherianum: Gurun-Pinarbasi road, Sivas, Tur-
key; 7th July, 2004

2. V. wiedemannianum: Sivas-Celalli road, Yeniyol vil-
lage, Sivas, Turkey; 20th July, 2002

3. S. libanotica subsp.linearis: Fish production farm,
Ulas-Sivas, Turkey; 18st July, 2002

4. C. mucronifera: Bogrudelik, Gurun-Sivas, Turkey;
2nd July, 2002

5. H. cappadocicum: Taslidere, Domuzlukici district,
Sivas, Turkey; 13th August, 2003

The voucher specimens have been deposited at the
Herbarium of the Department of Biology, Cumhuriyet
University, Sivas, Turkey (CUFH – Voucher No: 1,
AA3412; 2, AA3042; 3, AA3022; 4, AA2999 and 5,
AA3367, respectively).

2.2. Preparation of the methanol extracts

The air-dried and finely ground samples were
extracted by using the method described elsewhere
(Sokmen et al., 1999). Briefly, the sample, weighing
about 100 g, was extracted in a Soxhlet apparatus
with methanol (MeOH) at 60 �C for 6 h. The extract
was then filtered and concentrated in vacuo at 45 �C,
yielding a waxy material (8.45%, 6.94%, 7.28%, 6.03%
and 6.91% w/w, respectively). Finally, the extracts
were then lyophilized and kept in the dark at +4 �C
until tested.



Table 1
Free radical-scavenging capacities of the extracts measured by DPPH
assaya

Extracts IC50 (lg/ml)

Pelargonium endlicherianum 7.43 ± 0.47
Verbascum viedemannianum 117 ± 0.56
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2.3. Antioxidant activity

2.3.1. DPPH assay

The hydrogen atom or electron donation ability of
the corresponding extracts and some pure compounds
was measured from the bleaching of the purple-coloured
methanol solution of DPPH. This spectrophotometric
assay (Pharmacia, Uppsala, Sweden), LKB-Novaspec
(II) uses stable radical diphenylpicrylhydrazyl (DPPH�)
as a reagent (Sigma–Aldrich) (Burits & Bucar, 2000;
Cuendet, Hostettmann, & Potterat, 1997). Fifty ll of
various concentrations of the extracts in methanol were
added to 5 ml of a 0.004% methanol solution of DPPH.
After a 30 min incubation period at room temperature,
the absorbance was read against a blank at 517 nm.
Inhibition of the free radical DPPH� in percent (I%)
was calculated as follows:

I% ¼ ðAblank � Asample=AblankÞ � 100;

where Ablank is the absorbance of the control reaction
(containing all reagents except the test compound),
and Asample is the absorbance of the test compound. Ex-
tract concentration providing 50% inhibition (IC50) was
calculated from the graph plotting inhibition percentage
against extract concentration. Tests were carried out in
triplicate and butylated hydroxytoluene (BHT) and
ascorbic acid (AA) were used as positive controls.

2.3.2. b-Carotene-linoleic acid assay

In this assay antioxidant capacity is determined by
measuring the inhibition of the volatile organic com-
pounds and the conjugated diene hydroperoxides arising
from linoleic acid oxidation (Barriere et al., 2001).

A stock solution of b-carotene/linoleic acid (Sigma–
Aldrich) was prepared as follows: first, 0.5 mg of b-caro-
tene was dissolved in 1ml of chloroform (HPLC grade),
then 25 ll of linoleic acid and 200 mg of Tween 40 (Merck)
were added. The chloroform was subsequently evapo-
rated using a vacuum evaporator (Büchi, Flawil, Switzer-
land). Then 100 ml of distilled water saturated with
oxygen (30 min at 100 ml/min) were added with vigorous
shaking. Aliquots (2.5 ml) of this reaction mixture were
transferred to test tubes, and 350 ll portions of the ex-
tracts (2 g/l in ethanol) were added before incubating
for 48 h at room temperature. The same procedure was re-
peated with BHT at the same concentration and a blank
containing only 350 ll of ethanol. After the incubation
period, the absorbances of the mixtures were measured
at 490 nm. Antioxidant capacities of the samples were
compared with those of BHT and the blank.
Sideritis libanotica subsp.linearis 109 ± 0.43
Centaurea mucronifera 67.8 ± 2.16
Hieracium cappadocicum 30.0 ± 0.14
BHT 18.0 ± 0.40
Curcumin 7.80 ± 0.32
Ascorbic acid 3.80 ± 0.17

a Results are means of three different experiments.
3. Results and discussion

In the light of the differences among the wide number
of test systems available, the results of a single-assay can
give only a reductive suggestion of the antioxidant prop-
erties of extracts toward food matrices and must be
interpreted with some caution. Moreover, the chemical
complexity of extracts, often a mixture of dozens of
compounds with different functional groups, polarity
and chemical behaviour, could lead to scattered results,
depending on the test employed. Therefore, an approach
with multiple assays in screening work is highly advis-
able. Among the plethora of methods that can be used
for the evaluation of the antioxidant activity (TEAC,
TRAP, LDL, DMPD, FRAP, ORAC, DPPH, PCL,
and b-carotene bleaching), very few of them (TEAC,
DPPH, PCL) are useful for determining the activity of
both hydrophilic and liphophilic species, thus ensuring
a better comparison of the results and covering a wider
range of possible applications (Sacchetti et al., 2005).
Taking this into account, the in vitro antioxidant activ-
ity of the five extracts tested, compared to that of BHT,
ascorbic acid and curcumin, were assessed by two differ-
ent tests: DPPH free radical-scavenging and b-carotene/
linoleic acid systems.

Extracts obtained by Soxhlet extraction, from the
aerial parts of the plants studied, were individually as-
sessed for their possible antioxidative activities by
employing two complementary tests: DPPH free -radical
scavenging and b-carotene/linoleic acid assays. Free
radical-scavenging capacities of the corresponding oils
were measured by DPPH assay and the results are
shown in Table 1.

As shown in Table 1, free radical-scavenging activity
of P. endlicherianum (7.43 ± 0.47 lg/ml) was superior to
the other plant extracts studied. IC50 value of H. cappa-

docicum was also noteworthy (30.0 ± 0.14 lg/ml) when
compared to the synthetic antioxidants used in this
study as positive controls. On the other hand, V. wied-

emannianum extract exerted the weakest antioxidant
activity in this system (117 ± 0.56 lg/ml).

In the b-carotene/linoleic acid system (Table 2), oxi-
dation of linoleic acid was effectively inhibited by P.

endlicherianum extract (72.6% ± 2.96), followed by H.

cappadocicum (55.1% ± 2.33) and V. wiedemannianum



Table 2
Inhibition percentages of the linoleic acid oxidation by the extractsa

Extracts Inhibition (%)

Pelargonium endlicherianum 72.6 ± 2.96
Verbascum viedemannianum 52.5 ± 3.11
Sideritis libanotica subsp.linearis 38.5 ± 2.33
Centaurea mucronifera 35.2 ± 3.04
Hieracium cappadocicum 55.1 ± 2.33
BHT 96.6 ± 1.29
Curcumin 89.3 ± 2.14
Ascorbic acid 94.8 ± 1.86

a Results are means of three different experiments.
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(52.5% ± 3.11). Methanolic extract of C. mucronifera

exhibited the weakest antioxidant activity (35.2% ±
3.04).

As mentioned in the first section of this paper, all of
the plants presented here are endemic to Turkish flora
except P. endlicherianum. Antioxidant activity of S. lib-

anotica subsp. linearis was reported before by Tunalier
et al. (2004). From this point of view, the results pre-
sented here could be considered as the first information
on the antioxidant activities of the plants studied. Re-
sults obtained from the natural sources can be used in
food industries for preservation and/or extension of
the shelf-life of raw and processed foods. The results
in the present study also support the use of P. endliche-

rianum and H. cappadocicum as additives in foods, and
traditional for anti-aging remedies.
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II: Eğirdir (Isparta). Fitoterapia, 70, 593–610.

Tuzlaci, E., & Eryasar Aymaz, P. (2001). Turkish folk medicinal
plants, Part IV: Gönen (Balıkesir). Fitoterapia, 72, 323–343.

Tuzlaci, E., & Tolon, E. (2000). Turkish folk medicinal plants, part III:
Sile (Istanbul). Fitoterapia, 71, 673–685.

Yesilada, E., Gurbuz, I., & Shibata, H. (1999). Screening of Turkish
anti-ulcerogenic folk remedies for anti-Helicobacter pylori activity.
Journal of Ethnoparmacology, 66, 289–293.

Yildirimli, S. (1985). Munzur daglarinin yerel bitki adlari ve bunlardan
bazilarinin kullanilislari (Local names and usages of plants on
Munzur Mountains). Doga Bilimleri Dergisi, 9, 593–597.

Zygadlo, J. A., Lamarque, A. L., Maestri, D. M., & Grosso, N. R.
(1995). Use of essential oils as natural antioxidants. Grasasy

Aceites, 46, 285–288.


	Screening of antioxidative properties of the methanolic extracts of Pelargonium endlicherianum Fenzl., Verbascum wiedemannianum Fisch.  amp  Mey., Sideritis libanotica Labill. subsp. linearis Bentham Borm.,
	Introduction
	Materials and methods
	Collection of plant material
	Preparation of the methanol extracts
	Antioxidant activity
	DPPH assay
	 beta -Carotene-linoleic acid assay


	Results and discussion
	References


