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Abstract

MIHAYLOVA, D., L. GEORGIEVA, 1. ZHELEV and 1. DIMITROVA-DYULGEROVA, 2013. Influence of the extraction
conditions over the antioxidant activity of Carduus thoermeri. Bulg. J. Agric. Sci., Supplement 2, 19: 61-64

The influence of the extraction technique over the antioxidant properties of C. thoermeri Weinm. water extracts, expressed
as Trolox equivalent antioxidant capacity (TEAC), was studied using DPPH (2,2-diphenil-1-picrylhydrazyl) scavenging,
ABTS (2,2'-azino-bis-3- ethylbenzothiazoline-6-sulfonic acid) scavenging and reducing power assays. The phenolic concen-
tration in the examined extracts, calculated as mg gallic acid equivalent (GAE)/g dry weight (DW), ranged from 7.65 + 0.91
to 19.57 £ 1.06 mg GAE/g DW. The results from the total phenolics assay and the antioxidant activity tests were significantly
correlated. Among the different C. thoermeri water extracts the decoct shows higher antioxidant activity and content of total

phenolic compounds, which suggested that polyphenols were responsible for the antioxidant abilities.

Key words: C. thoermeri Weinm.; antioxidant potential; different extraction conditions
Abbreviations: GAE — Gallic Acid Equivalents; AOA- Antioxidant Activity; TEAC — Trolox equivalent antioxidant capacity;

TPC — Total phenolic content; DW — Dry weight

Introduction

Antioxidant compounds in plants play an important role as
a health protecting factor. Polyphenols are bioactive constitu-
ents present in plants which are very important in the control
and prevention of tissue damage by activated oxygen species
(Akowuah et al., 2009). As natural antioxidants they are radi-
cal scavengers which protect the human body against free radi-
cal that may cause pathological conditions such as ischemia,
anemia, asthma, arthritis, inflammation, neuro-degenertion,
parkinson’s disease (Gupta et al., 2011). Carduus species,
known as musk thistle, are widespread species in the Bulgarian
flora in dry grasslands and roadside locations (Delipavlov and
Cheshmedzhiev, 2003) and some of them traditionally used in
Bulgarian folk medicine for the treatment of many diseasesas
(Petkov, 1982). Previous investigations on Carduus species,
growing in Bulgaria, have shown significant levels of total poly-
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phenols and flavonoids (Slavov et al., 2011; Zheleva-Dimitrova
et al., 2011). Furthermore, the intensive screening of Bulgarian
Carduus species for radical scavenging and antioxidant activ-
ity revealed that C. thoermeri is one of the most potent species
and could be evaluated as rich sources of antioxidants Zheleva-
Dimitrova et al., 2011).

The aim of the present study is to determine the influence
of the extraction conditions by obtaining of water extracts from
Carduus thoermeri and to evaluate the antioxidant activity and
the total phenol content of the extracts.

Materials and Methods

Plant material: The flower heads of C. thoermeri were col-
lected during the flowering season from wild habitat from Tra-
cian valley, Plovdiv region, Novo selo village and air-dried in
darkness at room temperature.
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Sample preparation: Dried plant material of C. thoermeri
was grounded and 0.5 g of the accurately weighed sample was
extracted with water in order to obtain as follows: water extract,
decoct and infusion for 30 min. The extracts were made up to
30 ml with water.

Determination of total phenolic content (TPC): The total
phenolic content was determined using Folin-Ciocalteu’s phe-
nol reagent method (Kujala et al., 2002) was expressed in terms
of gallic acid equivalent (mg GAE)/g dry weight (DW).

Antioxidant assays: The antioxidant activity of the plant
extracts was determined by three in vitro methods- ABTS and
DPPH radical scavenging activity assays and Reducing power.
All the assays were carried out in triplicate and the average val-
ues were considered.

DPPH radical cation decolorization assay: The DPPH
radical scavenging activity was determined (Brand-Williams
et al., 1995) and expressed as function of the concentration of
Trolox (WMTE/g DW).

ABTS radical cation decolorization assay: The antioxi-
dant activity of the samples was measured by improved ABTS
radical cation decolorization assay according to the method of
Re et al. (1999). The unit of Trolox equivalent antioxidant ca-
pacity (TEAC) is defined as the concentration of Trolox having
equivalent antioxidant activity expressed as UAMTE/g DW.

Reducing power: The reducing power of the extracts was
determined according to the method of Oyaizu (1986). Vitamin
C was used as positive control.

Results and Discussion

In order to identify the most appropriate conditions under
which extraction of more phenolic substances from flower
heads of C. thoermeri is achieved, were applied three dif-
ferent types of water extraction, resp. preparation of water
extract, decoct and infusion. Among the obtained aqueous
extracts the highest content of total phenolic compounds
was found in the extract obtained as decoct by boiling for 30
minutes (19.57 + 1.06 mg GAE/g DW) and the lowest was
recorded in aqueous extract obtained as infusion, by flood-
ing in boiling water (7.65 + 0.91 mg GAE/g DW) (Table 1).
Based on the established content of phenolic substances in
Table 1

Total phenolic content of different water extracts from
Carduus thoermeri

Type of extract Total phenolic conFent,
mg GAE/g dry weight
Water extract 13.64 + 1.65
Decoct 19.57 £ 1.06
Infusion 7.65+0091

the studied extracts was of interest for us to investigate their
AOA and to discover, whether there is a pattern between the
content of phenolic substances in the samples analyzed and
the radical capturing ability.

Investigation of antioxidant activity (AOA)

In the literature there are various methods for determina-
tion of in vitro antioxidant activity. It is mainly due to dif-
ferent mechanisms of action of antioxidants. In the present
study antioxidant activity was determined with three differ-
ent assays: towards free radicals DPPH®, ABTS*" and reduc-
ing power assay. These assays are widely used for determi-
nation of total AOA in many foods such as fruits, vegetables
and spices (Huang et al., 2005; Prior et al., 2005; Liyana-
Pathirana and Shahidi, 2006; Stratil et al., 20006).

Antioxidant activity against ABTS**: Antioxidant activ-
ity of tested components is determined by the intensity of
green color (Re et al., 1999). TEAC assay is relatively easy
and quick to determine the AOA of samples and requires
no special equipment or reaction conditions. In conducting
the study it was found that the highest antioxidant potential
against ABTS*" has the aqueous extract obtained as dekoct
(112.00 + 17.01 puMTE/g DW), followed by the extract ob-
tained at 80°C (77.39 £+ 21.38 uMTE/g DW). The results
were represented in Table 2.

Antioxidant activity against DPPH*: There are several
studies where was found that many plant extracts exhibit
strong inhibitory effect against DPPH* free radical (Lee and
Koh., 2001; Biglari et al., 2008). Due the experiments it was
found that the highest antioxidant activity toward DPPH*®
occurs in extract obtained as decoct (41.15 + 9.91 uMTE/g
DW). For the extracts obtained as water extract and infu-
sion the reported values are two fold lower than the decoct,
namely 23.31£1.52 uMTE/g DW and 18.71 £ 3.08 uMTE/g
DW (Table 2).

Table 2

Antiradical activity of different water extracts from Car-
duus thoermeri toward ABTS** and DPPH" expressed as
RMTE/g dry weight

Type of extract TEAC, ... TEAC,,,.

Water extract 77.39 £21.38 2331 +£1.52
Decoct 112.00 £ 17.01 41.15+9091
Infusion 4531 +£18.16 18.71 +£3.08

Reducing power assay

Reduction properties of the extracts are mainly associ-
ated with the presence of reductons. It is believed that the
AOA is based on the interruption of radical chain-reaction
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by giving electrons to free radicals, making them more stable
end products. The highest values were detected for aqueous
extracts obtained by infusion (584.96 + 8.54 mg equivalents
L-ascorbic acid/g DW), which corresponds with the results
of the content of total phenolic compounds and the antioxi-
dant capacity. Many authors observed a positive correlation
between the content of total phenolic compounds and the
size of the reducing power (Duh, 1998, Lee and Koh, 2001),
which is confirmed by the obtained results in the present
study (Figure 1).

700

600

500

400

300 A

200

100

mg equivalents L-ascorbic acid / g dry
plant weight

B water extract [@Edecoct [infusion

Fig. 1. Reducing power of water extracts from Carduus
thoermeri, mg equivalents L-ascorbic acid/g dry weight

Correlations

Polyphenols have been reported to be responsible for the
antioxidant activities of plant extracts. It was interesting to
evaluate the correlation between the results for antioxidant
activity toward DPPH-and ABTS-radicals, the reducing
power assay and the content of TPC in the different water
extracts of C. thoermeri. On Table 3 are represented the es-
tablished correlation between the content of total phenolic
compounds and the antioxidant activity of aqueous extracts
of C. thoermeri, measured by three different methods. Corre-
lation coefficients (r) represented in Table 3 show very good
relationship between the methods applied, r — values were

Table 3

Correlation coefficients (r) for relationships between assays

DPPH ABTS RP
TPC 0.9456 0.9997 0.9966
DPPH 0.9534 0.9693
ABTS 0.9983

from 0.9456 to 0.9997. However, due the established rela-
tionships the presence of the phenolic compounds seemed
to be an important factor dictating free radical scavenging
capacity of the extracts. Correlation between polyphenol
content and antioxidant activity has been established for
many herbs and other researchers (Javanmardi et al., 2003;
Kiselova et al., 2004), while some authors found no such
(Kédhkonen et al., 1999). Moreover, the results from the three
applied assays for antioxidant measurement were highly cor-
related (Table 3).

Conclusions

Antioxidant activity and total phenolic content of C.
thoermeri different water extracts were evaluated. The
different samples showed potent free radical-scavenging
activity. Extracts obtained as decoct were found to be the
most potent. Furthermore, a significant linear relation-
ship existed between antioxidant activity and phenolic
content, indicating that phenolic compounds are major
contributors to antioxidant activity. The results obtained
revealed the possibility to use this plant as new powerful
natural source of antioxidants that might be useful in the
treatment of free radical-induced pathological conditions.
However, the components responsible for the AOA of the
water extracts from C. thoermeri are currently unclear.
Therefore, further works have been performed on the iso-
lation and identification of those components present in
extracts of C. thoermeri.
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