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ABSTRACT

This study was designed to examine the in vitro antioxidant activities of methanol extracts of Tymbra
spicata, Gundelia tournefortii, Urtica dioica L., Malva sylvestris and Mentha pulegium and to determine their
total contents of phenolics and flavonoids. The extracts were screened for their possible antioxidant potentials
by DPPH free anion radical and ABTS free cation radical scavenging, power reducing and metal chelating
assays. The methanol extracts of these plants exhibited significant antioxidant activities by different assays and
contained significant levels of phenolics and flavanoids. The methanolic extract of T. spicata exhibited higher
DPPH (13,32 ± 0,54 mmol TE/g db), ABTS (78,35 ± 0,98 mmol TE/g db), reducing power (44,23 ± 1,44
mmol AAE/g db) and metal chelating activities (3,69 ± 0,24 mmol EDTAE/g db) than the methanolic extracts
of other plants and has the highest total phenolic content with value of 619,09 ± 2,04 mg g-1. The other plants
have shown similar activities to that of T. spicata whereas the methanol extract of G. tournefortii exhibited
the lowest activity. These results show that methanolic extracts of these plants could be considered as a natural
alternative source for food, pharmacology and medicine sectors.
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Introduction

Recently, many of scientists have focused on
antioxidant activities and phenolic compounds
[22,1,3]. Antioxidants are both natural and synthetic
compounds, able to scavenge free radicals and to
inhibit oxidation processes [7]. Although, it was
reported that synthetic antioxidants such as butylated
hydroxytoluene (BHT), butylated hydroxyanisole
(BHA), propyl gallate (PG), and tertiary butyl
hydroquinone (TBHQ) have harmful effects in
addition their beneficial effects on food and health
[2]. Therefore, there is a growing interest in studies
of natural additives supplying from plants as potential
antioxidants. Antioxidants can influence the oxidation
process through simple or complex mechanisms,

including radical scavenging, binding of metal ions,
and prevention of chain initiation [8]. Phenolic acids
have attracted increasing attention for their
antioxidant behavior and beneficial health-promoting
effects and they account for about one-third of the
phenolic compounds in plant foods. It is assumed
that many antioxidative phenolic compounds in plants
are usually presented in a covalently-bound form
[20]. They can act as antioxidants by donating
hydrogen to highly reactive radicals, thereby
preventing further radical formation [11].

The aim of this study is to examine the
antioxidant activities of methanol extract of Tymbra
spicata, Gundelia tournefortii, Urtica dioica L.,
Malva sylvestris and Mentha pulegium using several
tests: 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2'-
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azino-bis(3-ethylbenzthiazoline-6-sulphonic acid
(ABTS), reducing power and metal chelating and it
is also targeted to determine the total phenolic, and
flavonoid contents of these plants using current
methods.

Materials and Methods

2.1. Collection of plant material:

T. spicata, G. tournefortii, U. dioica L., M.
sylvestris and M. pulegium were collected at
flowering stage from Kilis and Gaziantep, Turkey.
Information of the plant species is listed below:

1 - Tymbra spicata : Kesmelik, Kilis-Turkey; 11th
April 2010.

2 - Gundelia tournefortii: Gümüşpınar Village,
Gaziantep-Turkey; 15th April 2010

3 - Urtica dioica L: Gümüşpınar Village,
Gaziantep-Turkey; 15th April 2010

4 - Malva sylvestris: Gümüşpınar Village,
Gaziantep-Turkey; 15th April 2010

5 - Mentha pulegium: Gümüşpınar Village,
Gaziantep-Turkey; 15th April 2010

2.2. Chemicals:

Folin-Ciocalteu’s phenol reagent, 2,2'-azino-bis(3-
ethylbenzthiazoline-6-sulphonic acid (ABTS) and Iron
(II) chloride were purchased from Sigma-Aldrich
(Steinheim, Germany), Aluminium (III) chloride and
methanol were obtained from Merck (Hohenbrunn,
Germany), 2,2-diphenyl-1-picrylhydrazyl (DPPH) and
Iron (III) chloride were purchased from Fluka (Buch,
S p a i n ,  S w i t z e r l a n d ,  G e r m a n y )  a n d
ethylenediaminetetraacetic acid (EDTA) and
trichloroacetic acid was obtained from Riedel-de
Haen (Germany). All other chemicials and solvents
were of the highest analytical grade.

2.3. Preparation of the extracts:

The air-dried and powdered leaves of these
plants (20 g) were extracted with 500 ml of methanol
(MeOH) by using Soxhlet extractor (Gherart)  for 48
h at 40 <C. The extracts were then concentrated in
vacuo at 40 ºˆ using a Rotary evaporator. Then the
extracts were kept in the dark at +4 ºˆ until tested.

2.4. Chemical screening:
2.4.1. Determination of total phenolic content:

Determination of total phenol content
Folin–Ciocalteu procedure given by Yu et al. [21]
was used to estimate the total phenol contents in
methanol extracts of these plants. Following this

method, 0.1 ml aliquots of fractions were diluted to
1 ml with distilled water. To this solution 0.5 ml of
Folin–Ciocalteu reagent (1:1) and 1.5 ml of 20%
sodium carbonate solution was added. The mixture
was incubated for 2 h at room temperature. The
volume was raised to 10 ml with distilled water and
the absorbance of blue coloured mixture was
measured at 765 nm (Cintra 202 UV–Vis
Spectrophotometer). The amount of total phenol was
calculated as mg/g (Gallic Acid Equivalents) from
calibration curve of gallic acid standard solution.

2.4.2. Determination of total flavonoids:

The flavonoids content was determined by
aluminum chloride method using quercetine as a
reference compound [10]. This method based on the
formation of a complex flavonoid-aluminum having
the absorptivity maximum at 415 nm. About 100 μl
of plant extracts in methanol (10 mg/ml) was mixed
with 100 μl of 20% aluminium trichloride in
methanol and a drop of acetic acid, and then diluted
with methanol to 5 ml. The absorption at 415 nm
was read after 40 min. Blank samples were prepared
from 100 μl of plant extracts and a drop of acetic
acid, and then diluted to 5 ml with methanol. The
absorption of standard quercetine solution (0.5
mg/ml) in methanol was measured under the same
conditions. All determinations were carried out in
duplicates. The amount of flavonoids in plant extracts
in quercetine equivalents (QE) was calculated by the
following formula:

X = (A .m0) / (A0 . m)

where X is the flavonoid content, mg/mg plant
extract in RE, A is the absorption of plant extract
solution, Ao is the absorption of standard quercetine
solution, m is the weight of plant extract, mg and mo
is the weight of quercetine in the solution, mg. 

2.5. Antioxidant Activities:
2.5.1 Scavenging effect on 2,2-diphenyl-1-
picrylhydrazyl:

The hydrogen atoms or electrons donation ability
of the corresponding extracts and some pure
compounds were measured from the bleaching of
purple coloured methanol solution of stable free
radical DPPH. This spectrophotometric assay uses
stable free radical 2,2-diphenyl-1-picrylhydrazyl
(DPPH) as a reagent. DPPH radical scavenging
activity of the plant extract was determined according
to the method of Gaulejac, Provost, and Vivas [6]
with minor changes. Every plant extract (0.1 ml) was
added to 2.9 ml of 6 × 10-5 mol/l methanolic
solution of DPPH. The absorbance at 517 nm was
measured after the solution had been allowed to



233Adv. Environ. Biol., 5(2): 231-236, 2011

stand in the dark for 60 min. Lower absorbance of
the reaction mixture indicates higher free radical
scavenging activity. The Trolox calibration curve was
plotted as a function of the percentage of DPPH
radical scavenging activity. The final results were
expressed as millimoles of Trolox equivalents (TE)
per gram of dry plant (mmol TE/g db). Tests were
carried out in triplicate.

2.5.2. ABTS radical cation scavenging activity

The radical scavenging activity of the methanol
extracts of these plants against ABTS radical cation
was measured using the method of Re et al. [15]
with some modifications [24]. ABTS was dissolved
in water to a 7 mmol/l concentration. ABTS radical
cation was produced by reacting ABTS stock solution
with 2.45 mmol/l potassium persulfate (final
concentration) and allowing the mixture to stand in
the dark at room temperature for 12–16 h before use.
The ABTS radical cation solution was diluted with
ethanol to an absorbance of 0.70 (±0.02) at 734 nm
and equilibrated at 30 ºC. An aliquot of each plant
extract (0.1 ml) was mixed with 2.9 ml of diluted
ABTS radical cation solution. After reaction at 30ºC
for 20 min, the absorbance at 734 nm was measured.
The Trolox calibration curve was plotted as a
function of the percentage of ABTS radical cation
scavenging activity. The final results were expressed
as milimoles of Trolox equivalents (TE) per gram of
dry plant (mmol TE/g db).

2.5.3. Reducing power activity assay

The determination was carried out as described
by Oktay, Gulcin, & Kufrevioglu (2003). Briefly, 1
ml of plant extracts was mixed with phosphate buffer
(2.5 ml, 0.2 mol/l, pH 6.6) and K3Fe(CN)6 (2.5 ml,
1%). The mixture was incubated at 50 ºC for 20
min. A portion (2.5 ml) of trichloroacetic acid
solution (10%) was added to the mixture, which was
then centrifuged at 10 000g for 10 min. The upper
layer of solution (2.5 ml) was mixed with deionized
water (2.5 ml) and FeCl3 (0.5 ml, 0.1%), and the
absorbance was measured at 700 nm. Increased
absorbance of the reaction mixture indicated
increased reducing power. The measurement was
compared to a standard curve of prepared ascorbic
acid (AA) solution, and the final results were
expressed as millimoles of ascorbic acid equivalents
(AAE) per gram of dry plant (mmol AAE/g db).

2.5.4. Metal chelating activity assay

The chelating activity of the plant extracts for
ferrous ions was measured following the ferrozine
method with minor modifications [5,24]. The reaction
mixture contained 0.5 ml of plant extracts and 0.05

ml of FeCl2 (2 mmol/l). After 5 min, the reaction
was initiated by the addition of 5 mmol/l ferrozine
(0.1 ml), and the total volume was adjusted to 3 ml
with 80% acetone solution. Then, the mixture was
shaken vigorously and incubated at room temperature
for 10 min. Absorbance of the solution was measured
at 562 nm. The EDTA calibration curve was plotted
as a function of the percentage of metal chelating
activity. The final results were expressed as
millimoles of EDTA equivalents (EDTAE) per gram
of dry plant (mmol EDTAE/g db).

2.6. Statistical analyses:

All tests were conducted in triplicate. Data are
reported as means ± SD. Analysis of significant
differences among means were tested by one-way
ANOVA using SPSS software (version 13.0 for
Windows, SPSS Inc., Chicago, IL). 

Results and Discussion

The antioxidant potentials of polar metanol
extracts of leaves of T. spicata, G. tournefortii, U.
dioica L., M. sylvestris and M. pulegium were
measured. For antioxidant activities of these extracts
can be evaluated, six different models were used in
this study. For the chemical determination, amounts
of the total phenolic and flavanoid in methanol
extracts were determined.

3.1. Chemical screening:

The methanol extracts isolated by Soxhlet from
leaves of these plants were obtained in yields 30.5
%, 17.8 %, 28.1 %, 19.9 %, 21.3 % and 21.2 %,
respectively.

3.1.1. Determination of total phenolics:

A reagent that Folin–Ciocalteu was used to
determine total polyphenol in plant extracts.
Folin–Ciocalteu reagent consists of a yellow acidic
solution containing complex polymeric ions formed
from phosphomolybdic and phosphotungstic
heteropoly acids [19]. The content of total phenolics
in the methanol extracts these plants were determined
and were expressed as milligrams of gallic acid
equivalent per gram of dry plant. As seen on the
Table 1, significant amounts of TPC of the methanol
extracts were determined in all plant species. TPC
amounts of five plant species ranged from 206,58 ±
4,54 to 619,09 ± 2,04 mg GAE/g. T. spicata
exhibited the highest amount of phenolic whereas the
lowest TPC was shown in M. pulegium. M. sylvestris
exhibited relative to T. spicata with value of 468,92
± 7,21 mg GAE/g. The methanol extract of plants
with high amount of phenolics exhibited strong
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antioxidant activities. Phenolic compounds are
commonly found in both edible and inedible plants,
and they have been reported to have multiple
biological effects, including antioxidant activity
[8,18]. The antioxidant activity of phenolic
compounds is mainly due to their redox properties,
which can play an important role in adsorbing and
neutralising free radicals, quenching singlet and
triplet oxygen, or decomposing peroxides [14]

3.1.2. Determination of total flavanoid contents:

Flavonoids are the most common and widely
distributed group of plant phenolic compounds that
are characterized by a benzo-y-pyrone structure,
which is ubiquitous in fruits and vegetables. Studies
on the free radical-scavenging properties of
flavonoids have permitted characterization of the
major phenolic components of naturally occurring
phytochemicals as antioxidants [16]. Total flavonoid
values of methanol extracts of plants ranged from
33,94 ± 1,91 to 81,12 ± 2,93 mg QE/g db. The
highest value was observed in methanol extract of M.
pulegium whereas U. dioica exhibited the lowest
contents. The aromatic rings of the flavonoid
molecule allow the donation and acceptance of
electrons from free radical species [9].

3.2. Antioxidant activities
3.2.1. Scavenging effect on 2,2-diphenyl-1-
picrylhydrazyl:

The methanol extracts obtained by Soxhlet
extraction were subjected to screening for their
possible antioxidant activity by DPPH free radical
scavenging assay. Free radical scavenging activities
of the extracts were measured in DPPH assay and
compared with their scavenging activities against to
DPPH anion radical. Results are expressed as
milimoles of Trolox equivalents per gram of dry
biomass (mmol TE/g db). According to the result in
the Table 2, free radical scavenging activity values of
methanol extracts of all plants ranged from  10,03 ±
0,70 to 20,11 ± 1,16 mmol TE/g db. The methanol
extract of M. pulegium exhibited the strongest DPPH
activity whereas the weakest activity was observed in
U. dioica. Moreover, other plants also showed
relatively strong DPPH activity. It was found that
there are statistically significant different among
activities (p<0.05).

3.2.2. ABTS radical cation scavenging activity:

The free caution radical-scavenging activity of
plant extracts was determined by ABTS radical
cation decolorization assay described by Re et al.
[15]. ABTS radical cation is another common organic
radical that has been used to determine the

antioxidant activity of single compounds and other
complex mixtures [24]. Radical caution scavenging
activities of the methanol extracts of plants were
determined. Results are expressed as millimoles of
Trolox equivalents per gram of dry plants. The
methanol extracts of all plants exhibited a strong
radical scavenging activity as mmol TE /g kb when
reacted with the ABTS+ radicals (Table 3). The
values of scavenging activity of methanol extracts
supplied from these plants ranged from 5,79 ± 1,36
to 78,35 ± 0,98 mmol TE /g kb. T. spicata showed
the highest free radical caution scavenging activity
whereas G. tournefortii exhibited the lowest activity.
It can be suggested that methanol extracts of these
plants might have significant effect as free radical
scavenging. The methanol extract of T. spicata
showed highest activities in ABTS caution radical
scavenging assay whereas M. pulegium showed the
highest activity in DPPH anion radical scavenging
assay. Moreover, except of these two species, free
radical scavenging activity of other species showed
different values. However, values of plant extracts
obtained by ABTS assay were inconsistently higher
than obtained by DPPH assay. There are significant
different statistically among ABTS activities of
extracts (p<0.05).  Zhao et al., [24] reported that TE
values of plant extracts obtained by ABTS assay
were consistently higher than those obtained by
DPPH assay. This difference might result from
interaction between plant extracts of different families
and anion-caution radicals. Also, differences of using
extraction methods might be influence results of
assays.

3.2.3. Reducing power assay:

The reducing capasity of a compound may serve
as a significant indicator of its potential antioxidant
activity [12]. For the determination of reducing
power activity, the Fe3+ to Fe2+ reduction in the
presence of methanol extracts of these plants were
exhibited. As shown in Table 2, the methanol
extracts of these plants showed significant reducing
power activity. AAE values of reducing power
activity for methanol extracts of plants ranged from
21,72 ± 2,58 to 44,23 ± 1,44 mmol AAE /gr kb. T.
spicata exhibited the highest activity whereas G.
tournefortii showed the lowest activity in this assay.
The methanol extracts of plants exhibited similar
high activities to DPPH and ABTS assays. There are
significant different statistically among reducing
power activities of extracts (p<0.05) whereas M.
sylvestris and M. pulegium was not exhibited
significant different (p>0.05). According to our
results, it can be said that methanol extracts of plants
have significant activities on the reducing power and
the activities could be occurred due to phenolic
compounds of these plants.
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Table 1: ABTS, DPPH, metal chelating and reducing power activities of methanol extracts of plants.
Plants ABTS DPPH Metal chelating Reducing power
T. spicata 78,35 ± 0,98a 13,32 ± 0,54a 3,69 ± 0,24a 44,23 ± 1,44a
G. tournefortii 5,79 ± 1,36b 11,85 ± 0,50b 2,97 ± 0,22b 21,72 ± 2,58b
U. dioica 40,59 ± 2,91c 10,03 ± 0,70c 3,05 ± 0,13b 38,65 ± 3,43c
M. sylvestris 46,63 ± 2,01d 12,53 ± 1,13d 12,64 ± 0,37c 39,78 ± 3,16d
M. pulegium 13,23 ± 0,64e 20,11 ± 1,16e 2,05 ± 0,33d 33,81 ± 2,73d
Results are expressed as mean of three experiments ± SD. Data were analyzed by ANOVA and within each column different letters
indicate statistically different values according to LSD-test at P< 0.05.

Table 2: Total contents of phenolic and flavonoid of the methanol extracts of plants
Plants Total phenolic (GAE) Total flavonoid (QE)
T. spicata  619,09 ± 2,04 54,25 ± 2,04
G. tournefortii 324,13 ± 5,15 54,80 ± 1,21
U. dioica 332,19 ± 2,79 33,94 ± 1,91
M. sylvestris 468,92 ± 7,21 48,01 ± 1,11
M. pulegium 206,58 ± 4,54 81,12 ± 2,93
Results are expressed as mean of three experiments ± SD.
GAE; Gallic Acid Equivalent, QE; Quercetine Equivalent.

3.2.4. Metal chelating activity assay:

Transition metals such as ion can stimulate lipid
peroxidation of generating hydroxyl radiacals through
fenton reaction and accelarete lipid peroxidation into
peroxyl and alkoxyl radicals therefore drive the chain
reaction of lipid peroxidation. Chelating agents may
inhibit radical generations by stabilizing transition
metals, consequently reducing free radical damage. In
addition, some phenolic compounds exhibit
antioxidant activity through the chelation of metal
ions [24]. Phenolic compounds may be permit that
bond to metal ions due to their chemical structures.
The chelating activity of plants was evaluated against
Fe2+ for estimate the potential antioxidant activities of
the methanol extracts. As can been said Table 2, the
methanol extracts of plants exhibited high metal
chelating activity. The chelating activity of methanol
extracts range from 2,05 ± 0,33 to 12,64 ± 0,37
mmol EDTAE/g kb The methanol extract of Malva
sylvestris showed the highest metal chelating activity.
The lowest activity was observed in Mentha
pulegium among methanol extracts. Tymbra spicata
exhibited nearest activity to Malva sylvestris. The
different observations from these methods for
evaluating antioxidant activity of plants might be due
to different mechanisms of reaction [24]. There are
significant different statistically among metal chelatig
activities of extracts (p<0.05) whereas G. tournefortii
and U. dioica was not exhibited significant different
(p>0.05). The quality of antioxidant activity is highly
correlated with phenolic compounds [17]. Plant
phenolics constitute one of the major groups of
compounds acting as primary antioxidant or free
radical terminators [4]. The phenolic compounds
contributed to the antioxidant activity of plants. The
antioxidant activity of the phenolic compounds were
attributed to its redox properties, which allow them
to act as reducing agents, hydrogen donators, singlet
oxygen quenchers and have also metal chelating
properties [16].

Conclusion:

The results from four free radical scavenging test
systems used for antioxidant activity reveal that the
methanol extracts of T. spicata, G. tournefortii, U.
dioica L., M. sylvestris and M. pulegium have
significant antioxidant potentials. The extracts are
found to have various levels of antioxidant activity in
all test systems. Results showed that methanolic
extracts of these plants have high ABTS and DPPH
scavenging, reducing power and metal chelating
activities and have high amounts of phenolic
contents. According to results, we consider that the
differences in TPC for extracts of plants were
significant respect of their antioxidant activities.
Especially, Tymbra spicata exhibited higher activity
in ABTS and reducing power assays compared with
activities of other plants. However it showed also
high activities in DPPH and metal chelating assays.
it was also found that this plant has higher phenolic
compounds than other plants. Thereby, it can be said
that phenolic compounds of plants are very important
for antioxidant activities. The antioxidant potentials
of phenolic contents of these plants could provide a
chemicial basis for some areas of food industries,
health benefits, medicine and pharmacology. As far
as our literature survey could ascertain, there is not
report detailed study in point of antioxidant activities
and phytochemical compounds. Hence, these results
could use as a new source for literature.
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