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Abstract

The radical scavenging capacity of 70 % ethanol extracts obtained from Allium ursinum L. and Allium bulgaricum L.
was investigated in the present paper. The antioxidant capacity of the extracts was estimated with the use of ABTS,
DPPH, FRAP, and CUPRAC assays and the total phenolic content was evaluated as well. The Allium bulgaricum
extract appeared to possess a better antioxidant activity compared to the Allium ursinum extract, which was in
accordance with the established higher content of total polyphenols for A. bulgaricum extract was 0.41 + 0.09 mg
GAE/g fresh plant weight. In comparison the polyphenols in the A. ursinum extract were found to be 0.40 + 0.03 mg
GAE/g fresh plant weight. The conducted simple TLC method for rapid determination of allicin and alliin in Allium spp.
suggested a presence of those substances in both extracts considering the distinctive spots.
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INTRODUCTION

Garlic is well known across the centuries. It
was used as a medicine by early civilizations
(Rivlin, 2006; Thomson and Ali 2003).
Moreover, garlic was mentioned as a medicine
in some religions (Green and Polydoris 1993;
Kahn 1996; Moyers 1996, Bergner 1996). Old
Indians believed that it has a good effect for the
treatment of joint infections, heart and digestive
diseases which is well known nowadays
(Woodward, 1996; Rivlin, 1998). As attention
has been made more for the usage of plants in
the early Renaissance, garlic has taken some
importance as it was chosen to be grown for
medical purposes (Moyers, 1996). Wild garlic
(bear’s garlic, wood garlic) grows in fens and
river woods of Central Europe. The fresh leaves
or dried herb is used in local cuisines of Europe.
Since it has not been cultivated yet, it didn’t gain
any importance until several years ago where
people started to look for this as it is natural.

Allium bulgaricum (samardala) is a glabrous
plant, 50-100 (150) cm high. The leaves are 30-
50 cm long and 10-20 mm wide, thin, with a
proeminent central nervure on the back, making
it look triangular in section. The plant is found
only in limited areas. It is more famous for the
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flowers in the gardens, than for its healing or
flavouring properties. It is poorly known in the
other countries as a medical plant or as a
culinary spice. Data is missing even in the
specialized guides for aromatic and medical
plants (Cheshmedjiev 1., 2002). There are
studies, connecting phyto-nutrients in Allium
spp. plants with the possibility to reduce the
risk of a number of illnesses (Lanzotti, V.,
2006): coronary heart disease (Gorinstein et al.,
2007; Siegel et al., 2004), cancer (Sengupta et
al., 2004), obesity, diabetes, disturbances of the
gastrointestinal tract, hyper-cholesterolemia,
and inflammatory diseases (Kalayarasan et al.,
2009; Takahashi et al., 2008).

Many researchers studied traditional used
plants (Alexieva, 2010) and evaluated their
antioxidant effect of various plant extracts
(Alexieva, 2012 a; Alexieva, 2013) but mainly
in terms of essential oils (Alexieva, 2012 b).
Allium ursinum is a wild relative of Europe and
Asia. The Latin name is due to the brown
bear’s taste for the bulbs and its habit of
digging up the ground to get at them. Ramsons
leaves are edible; they can be used as salad,
spice, boiled. The bulbs and flowers are also
very tasty. Ramsons leaves are easily mistaken
for lily of the valley, sometimes also those of



Colchicum autumnale and Arum maculatum.
All three are poisonous and possibly deadly. A
good means of positively identifying ramsons
is grinding the leaves between one's fingers,
which should produce a garlic-like smell.

Alliin and isoalliin were the main cysteine
sulfoxides found (Schmitt et al. 2005). If the
plants are dried, many of the compounds are
degraded so that the use of the fresh plant is
recommended or alternatively it has to be
lyophilised. In the fresh leaves of A. ursinum
0.005 % allicin and 0.07 % methyl-L-
cysteinsulfoxid as well as E-glutamylpeptides
such as E-glutamylallylcysteinsulfoxid have
been found (Wagner and Sendl, 1990;
Matsuura et al. 1996), E-
glutamylallylcysteinsulfoxid reported to inhibit
angiotensin-converting enzyme (Sendl et al.
1992; Rietz et al. 1993). Other components
such as lectins and flavonoids have been found
(Carotenuto et al. 1996; Smeets et al. 1997a, b).
Flavonoids were described to be responsible for
inhibition of platelets aggregation in humans
(Carotenuto et al. 1996). As a property similar
to other Allium species, it has a marked
antioxidant activity because of the high content
of carotenoids, chlorophylls, flavonoids and
low toxic oxygen radicals (Stajner et al. 2003).

Many volatile compounds such as sulfides and

disulfides have been identified in Allium
ursinum (Schmitt et al., 2005).
The strong antioxidant properties of

representatives of Allium spp. have caused
considerable food technologist interest.
Moreover, there are phenolic compounds in
A. ursinum. The bulbs and the leaves were
found to contain 2.3 mg/g and 3.24 mg/g (dry
weight) of total free phenolics, respectively,
and the same amount of bound phenol forms
(1.0 mg/g) (Djurdjevic et al., 2004). These
phenolic compounds could be important
because the phenolic compounds have
antioxidant effects that are effective in
prevention and treatment of different diseases
(Stajner et al., 2003). The phenolic compounds
in A. ursinum may be flavonoids. There are five
flavonoids  separated from A. wursinum
(Carotenuto et al., 1996).

Thin layer chromatography (TLC) is a sensitive
and effective analytical method, which can be
performed easily and quickly. TLC enables to
achieve precise separations of mixtures of high
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complexity, while only very small sample
amounts in ranges of some milligrams are
needed. This method is highly suitable for
separations of plant extracts based on their
complex constituents. Today, a large assortment
exists enabling to detect nearly all natural
products structures individually. Therefore, TLC
is still a popular method widely used in research
(Petkova & Denev, 2013; Petkova et al., 2013).

The aim of the present study was to determine
the total phenolic content as well as the free
radical scavenging activity of Allium ursinum
and Allium bulgaricum. This study tried to
clarify the existence of alliin/allicin in the
tested samples. In addition, the objective of this
exploration was also to try to fill in the blank in
the research and apply these results not only in

culinary technology but also in therapy
treatment.
MATERIALS AND METHODS

Extract preparation

Allium bulgaricum and Allium ursinum plant
material was subjected to a heat reflux
extraction with 70 % ethanol (v/v) for 30 min.
The extracts were then filtered and stored at
4 °C without adding any preservatives.

Thin layer chromatography

In the present study thin layer chromatography
was used to identify the chemical compounds
of the 4. bulgaricum and A. ursinum extracts.
TLC was carried out on TLC sheets silica gel
60 with fluorescence indicator F254 20x20 cm
(MERCK). The procedure was performed
according to (Kanaki and Rajani 2005). For
analysis of the alliins and allicins n-butanol:
acetic acid: water 60:40:20 was chosen as
solvent system. The amino acid Alanine was
used as reference showing similar Rf according
to alliin. Therefore 5 mg of alanine were
dissolved in 1.5 ml methanol.

Detection was made by spraying with
ninhydrine reagent. Spray reagent for detection
of amino (-NH,) groups: 200 mg of ninhydrine
was dissolved in 100 ml water. After heating at
100 °C for 5 min alanine and the alliins could
be detected as red or pink spots, while allicins
were visualized as orange spots in VIS.

Determination of total phenolics
A modified Kujala et al. (2010) method with
Folin - Ciocalteu’s reagent was used for the



determination of the total polyphenolic content
(TPC). Gallic acid was employed as a
calibration standard and the results were
expressed as mg gallic acid equivalents (mg
GAE) per gram of plant fresh weight.
Determination of antioxidant activity
ABTS radical scavenging assay
The radicals scavenging activity of the ethanol
extract against radical caption (ABTS™) was
estimated according to Re et al. (1999) with
some modifications. ABTS™ was produced by
reacting 7 mM of ABTS™ solution with 2.45
mM of potassium persulphate, and the mixture
was kept in the dark at room temperature (20 -
22 °C) for 12-16 h. At the moment of use, the
ABTS"" solution was diluted with ethanol to an
absorbance of 0.7 £ 0.02 at 734 nm and
equilibrated at 30 °C. Each sample (0.01 ml)
was added to 1 ml of ABTS™ solution and
mixed vigorously. After reaction at 30 °C for 6
min, the absorbance at 734 nm was measured.
The percentage of inhibition of ABTS™ by the
obtained extracts was calculated for each
sample using the following formula:
% Inhibition = [(AB-AE)/AB] x100,
Where: Ag = absorbance of the control without
sample; Ag = absorbance of the test sample
with ABTS™.
The TEAC value was defined as the concentra-
tion of Trolox having equivalent antioxidant
activity expressed as uM TE per gram fresh
weight (uM TE/g FW).
DPPH radical scavenging activity
The ability of the extracts to donate an electron
and scavenge 2,2-diphenyl-1-picrylhydrazyl
(DPPH) radical was determined by the slightly
modified method of Brand-Williams, Cuvelier,
and Berset (1995). Freshly prepared 4x10™* M
methanolic solution of DPPH was mixed with
the samples and a standard solution in a ratio of
2:0.5 (v/v). The light absorption was measured
at 515 nm and the percentage of inhibition of
DPPH’ by the obtained extracts was calculated
for each sample using the following formula:
% Inhibition = [(As-Ag)/Ag] x100
Where: Ag = absorbance of the control without
sample; Ag = absorbance of the test sample
with DPPH'.
The DPPH radical scavenging activity was
presented as a function of the concentration of
Trolox. The wunit of Trolox equivalent
antioxidant capacity (TEAC) was defined by
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the concentration of Trolox having equivalent
antioxidant activity expressed as uM TE/g FW.
Ferric-reducing  antioxidant power assay
(FRAP)

The FRAP assay was carried out according to
the procedure of Benzie & Strain (1996) with
slight modification. FRAP assay measures the
change in absorbance at 593 nm owing to the
formation of a blue colored Fe (I)-
tripyridyltriazine compound from colorless
oxidized Fe (IIT) form by the action of electron
donating antioxidants. Briefly, the FRAP
reagent was prepared from 300 mM acetate
buffer (pH 3.6), 10 mM TPTZ solution in 40
mM HCIl, and 20 mM iron (III) chloride
solution in proportions of 10:1:1 (v/v),
respectively. The FRAP reagent was prepared
fresh daily and was warmed to 37 °C in a water
bath prior to use. One hundred and fifty
microliters of plant extracts were allowed to
react with 2850 ul of the FRAP reagent
solution for 4 min at 37 °C. The absorbance of
the reaction mixture was recorded at 593 nm.
The results were expressed as uM TE/g FW.
CUPRAC assay

The CUPRAC assay was carried out according
to the procedure of Ak and Gulcin, 2008. To a
test tube were added 1 mL of CuCl, solution
(1.0x10 M), 1 mL of neocuproine methanolic
solution (7.5x10M), and 1 mL NH,Ac buffer
solution (pH 7.0), and mixed; 0.1 mL of herbal
extract (sample) followed by 1 mL of water
were added (total volume = 4.1 mL), and mixed
well. Absorbance against a reagent blank was
measured at 450 nm after 30 min. Trolox was
used as standard and total antioxidant capacity
of extracts was expressed as uM TE/g FW.
Statistical analysis

All measurements were carried out in
triplicates. The results were expressed as mean
+ SD and statistically analysed using MS-Excel
software.

RESULTS AND DISCUSSIONS

Thin layer chromatography

In the present study TLC for Bulgarian Allium
and wild garlic was done. The aim of the
experiment was to compare the leaf extracts of
both plants in respect of their chemical
composition in particular of alliins and allicins
and their by-products (Figure 1.).



By analyzing the TLC plate it seems to be
difficult to establish any visible difference
between the two samples. However, the
presence of alliin was conducted based on the
reddish pink alliin spots which show a similar
Rf range like the red spot of alanine. Other
alliins are shown as red and pink spots above
the alliin spot. The orange spots below alliin
are considered to be allicin. The already
mentioned results are in accordance with those
reported by Sabha (2011). Based on the results
we can assume lower concentration of alliin in
wild garlic in comparison to Bulgarian Allium.

Alligm
bulgaricum

Alanine Allium
ursinum

Figure. 1 TLC of Alanine and 20 pl extract of
A. ursinum and A. bulgaricum, respectively.

Antioxidant activity

Total polyphenolic content

The total phenolic content was determined
using Folin-Ciocalteu method, reported as
gallic acid equivalents by reference to a
standard curve. The total phenolics ranged from
0.40 + 0.02 to 0.41 + 0.08 mg GAE/g FW
(Table 1). The values of polyphenolic content
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in the A. bulgaricum extract were established to
be 0.41 mg GAE/g FW and those in the A.
ursinum - 040 mg GAE/g FW. The results
concerning the Allium wursinum correspond to
several studies conducted by Stajner et al. in
years 2003 and 2008.

Phenols and polyphenolic compounds, such as
flavonoids, are widely found in food products
derived from plant sources, and they have been
shown to possess significant antioxidant
activities (Van Acker et al., 1996). Due to the
presence of those compounds in the studied
extracts the antioxidant activity was also
studied.

Table 1. Total phenol content (mg GAE/g FW) and in
vitro antioxidant activity (uM TE/g FW) of Allium spp.
ethanol extracts

Plant/Method All.zum Allzz{m
ursinum bulgaricum
TPC 0.40 = 0.02 0.41£0.08
TEACpppu 1.86 £0.22 4.77+0.88
TEACagTs 11.37+1.96 5.79 +£0.25
TEACkgrap 4.56 +0.04 7.16 +0.06
TEACcuprac 4.65 +0.08 7.69 £0.14

Antioxidant activity

The results from the DPPH, ABTS, FRAP and
CUPRAC assays are presented in Table 1.

The DPPH assay is commonly used for fast
evaluation of the antioxidant capacity due to
the simplicity of the assay. Higher TEAC value
indicates that a sample has stronger antioxidant
activity. In accordance with the results of the
TPC study the DPPH assay confirmed the
higher values established by the A. bulgaricum
ethanol extract — 4.77 + 0.88 uM TE/g FW.
Other previous conducted studies have stated
the alcoholic extracts to possess better
antioxidant activity compared to the aqueous
ones (Sapundjieva et al, 2012).

The scavenging activity of the extracts toward
ABTS radical was in favour of the A. ursinum
extract — 11.37 £ 1.96 uM TE/g fresh plant
weight. These results were contrary to the
results in all other conducted assays — TPC,
DPPH, FRAP, and CUPRAC. This is probably
due to the different mechanism of contribution
of each individual component to the total
radical scavenging activity of the studied
samples. The authors therefore strongly
suggested that, when analyzing the AOA of
samples, it is better to use at least two methods



due to the differences between the test systems
(Ou et al., 2002).

The FRAP values of the A. bulgaricum extract
were also higher than those of the 4. ursunum —
7.16 £ 0.06 uM TE/g FW. The cupric ion
(Cu*) reducing ability of ethanol extracts of
Allium spp. leaves is shown in Table 1. Among
the two investigated extracts the Allium
bulgaricum leaves extract showed the higher
CUPRAC value — 7.69 + 0.14 uM TE/g FW.
The results of this assay correspond well to the
already mentioned results pursuant to the other
methods.

CONCLUSIONS

The results obtained confirmed A. ursinum and
A. bulgaricum phenolic compounds to be a
contributor of the established antioxidant
capacity of the ethanol leaves extracts.
Furthermore, the simple TLC assay resulted in
identifying  the  important  antibacterial
component- allicin in the investigated Allium
spp. samples.

The outcomes of this study showed that there is
a great potential of both Allium wursinum and
Allium bulgaricum for the development of
foods rich in compounds with antioxidant and
antimicrobial properties.
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