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Abstract

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

The infl uence 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 signifi cantly 
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. 
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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, infl ammation, neuro-degenertion, 
parkinson’s disease (Gupta et al., 2011). Carduus species, 
known as musk thistle, are widespread species in the Bulgarian 
fl ora 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 signifi cant levels of total poly-

phenols and fl avonoids (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 infl uence 
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 fl ower heads of C. thoermeri were col-
lected during the fl owering 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 (μMTE/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 defi ned as the concentration of Trolox having 
equivalent antioxidant activity expressed as μMTE/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 fl ower 
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 fl ood-
ing in boiling water (7.65 ± 0.91 mg GAE/g DW) (Table 1). 
Based on the established content of phenolic substances in 

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., 2006).

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 μMTE/g DW), followed by the extract ob-
tained at 80ºC (77.39 ± 21.38 μMTE/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 μMTE/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 μMTE/g DW and 18.71 ± 3.08 μMTE/g 
DW (Table 2).

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 

Table 1
Total phenolic content of different water extracts from 
Carduus thoermeri

Type of extract Total phenolic content, 
mg GAE/g dry weight

Water extract 13.64 ± 1.65
Decoct 19.57 ± 1.06
Infusion 7.65 ± 0.91

Table 2
Antiradical activity of different water extracts from Car-
duus thoermeri toward ABTS●+ and DPPH● expressed as 
μMTE/g dry weight
Type of extract TEACABTS TEACDPPH

Water extract 77.39 ± 21.38 23.31 ± 1.52
Decoct 112.00 ± 17.01 41.15 ± 9.91
Infusion 45.31 ± 18.16 18.71 ± 3.08



63Infl uence of the Extraction Conditions over the Antioxidant Activity of Carduus thoermeri

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 confi rmed by the obtained results in the present 
study (Figure 1).

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 coeffi cients (r) represented in Table 3 show very good 
relationship between the methods applied, r – values were 

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 
(Kähkönen 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 signifi cant 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 identifi cation of those components present in 
extracts of C. thoermeri.
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Fig. 1. Reducing power of water extracts from Carduus 
thoermeri,  mg equivalents L-ascorbic acid/g dry weight

Table 3
Correlation coeffi cients (r) for relationships between assays

DPPH ABTS RP
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ABTS 0.9983



64 D. Mihaylova, L. Georgieva, I. Zhelev and I. Dimitrova-Dyulgerova

behind antioxidant capacity assays. J. Agric. Food Chem., 
53: 1841–1856.

Javanmardi, J., C. Stushnoff, E. Locke and J. Vivanco, 2003. 
Antioxidant activity and total phenolic content of Iranian Oci-
mum accessions. Food Chem., 83: 547–50.

Kähkönen, M. P., A. I. Hopia, H. J. Vuorela, J.-P. Rauha, K. Ka-
levi, T. S. Kujala and M. Heinonen, 1999. Antioxidant activ-
ity of plant extracts containing phenolic compounds. J. Agric. 
Food Chem., 47: 3954–3962.

Kiselova, Y., B. Galunska, D. Ivanova, and T. Yankova, 2004. 
Total antioxidant capacity and polyphenol content correlation 
in aqueous-alcoholic plant extracts used in phytotherapy. Scr. 
Sci. Med., 36: 11–13.

Kujala, T. S., J. M. Loponen, K. D. Klika and K. Pihlaja, 2000. 
Phenolics and betacyanins in red beetroot (Beta vulgaris) root: 
distribution and effect of cold storage on the content of total 
phenolics and three individual compounds. J. Agric. Food 
Chem. 48: 5338–5342.

Lee, H. J. and K. H. Koh, 2001. Antioxidant and free radical scav-
enging activities of Korean wine. Food Sci. Biotechnol. 10: 
566–571.

Liyana-Pathirana, C.M. and F. Shahidi, 2006. Antioxidant prop-
erties of comm ercial soft and hard winter wheats (Triticum aes-
tivum L.) and their milling fractions. J. Sci. Food Agric., 86: 
477–485.

Oyaizu, M. 1986. Studies of products of browing reaction: anti-
oxidative activity of products of browing reaction prepared 
from glucosamine. Jpn. J. Nutr. 44: 307–315.

Petkov, V., 1982. Modern phytotherapy State Publishing House 
“Medicina i fi zkultura”, Sofi a, (Bg).

Prior, R. L., X., Wu and K. M. Schaich, 2005. Standardized 
Methods for the Determination of Antioxidant Capacity and 
Phenolics in Foods and Dietary Supplements. J. Agric. Food 
Chem., 53: 4290–4302.

Re, R., N. Pellegrini, A. Proteggente, A. Pannala, M. Yang 
and C. A. Rice-Evans, 1999. Antioxidant activity applying 
an improved ABTS radical cation decolorization assay. Free 
Radic. Biol. Med., 26: 1231–1237.

Slavov, I. Zh., D. Zh. Zhelevа-Dimitrova and I. Zh. Dimit-
rova-Dyulgerova, 2011. Impact of ecological conditions on 
polyphenol and fl avonoid accumulation in some Carduus L. 
Species. Travaux Sci. Biologie, 41(6): 177–187 (Bg).

Stratil, P., B. Klejdus and V. Kubáň, 2006. Determina-
tion of total content of phenolic compounds and their 
antioxidant activity in vegetables – evaluation of spec-
trofotometric methods. J. Agric. Food Chem., 54: 607–
616.

Zheleva-Dimitrova, D., I. Zhelev and I. Dimitrova-Dyulge-
rova, 2011. Antioxidant activity of some Carduus species 
growing in Bulgaria. Free Rad Antiox., 1: 15–20.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


