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Abstract 

 
The aim of the present study was to investigate the antioxidant activity and the fructan content of 

Bulgarian Carduus thoermeri Weinm. flower heads. The antioxidant activity of the extracts was 
evaluated by several reliable methods such as 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical 
scavenging activity, 2,2′-azinobis-3 ethyl benxothiazoline-6-sulphonic acid (ABTS) cation 
decolorization activity assays, the ferric reducing/antioxidant power method (FRAP) and cupric ion 
reducing antioxidant capacity assay (CUPRAC) in addition to the total phenolic content evaluation. 
The reported results could be considered as first detailed investigation on the sugar and inulin content 
of Bulgarian C. thoermeri. The content of inulin in the plant samples was evaluated to be 0.7% dry 
weight (dw). In the water extracts besides the fructose, sucrose and nystose, the presence of high 
molecular fraction of inulin was determined. Based on the established inulin content the use of infusions 
and tinctures from the plant is recommended for improvement of the gastrointestinal tract function as 
they may act as potential prebiotics. 
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Introduction 

The Balkans are among the most important export regions for medicinal and aromatic 
plants in Europe. Bulgarian flora features a remarkable diversity and is a rich source of 
medicinal plants – 600 out of 3500 plant species known for their traditionally used in ethno 
pharmacology and phytotherapy (DIMKOV [1]; PETKOV [2]). There are many reports in the 
literature about the antioxidant properties of medicinal plants (D. IVANOVA et al [3]; V. 
KATALINIC et al [4]; M. KRATCHANOVA et al [5]), including herbs used in the 
traditional medicine in Balkan region (T. SAPUNJIEVA et al [6]; C. BUBUEANU et al [7]).  

Carduus species, known as musk thistle, are widespread in the Bulgarian flora. Carduus 
thoermeri Weinm. is a biennial ruderal plant belonging to genus Carduus L., represented in 
Bulgaria by fourteen species (T.G. TUTIN et al [8]; D. DELIPAVLOV, I. CHESHMEDZHIEV 
[9]). Phytochemical surveys of some Carduus species established the presence of different 
types phytoconstituents (S.V. TERENTJEVA, E.A. KRASNOV [10]; L.A. AL-SHAMMARI et 
al [11]). Furthermore, the intensive screening of Carduus species, growing in Bulgaria for 
radical scavenging and antioxidant activity revealed that the plant is one potent species and 
could be evaluated as a rich source of antioxidants (D. ZHELEVA-DIMITROVA et al [12]).  
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Inulin is a polydisperse plant polysaccharide, member of fructan family, consisting mainly 
of β-(2→1) fructofuranosyl units (Fm), and a terminal α-glycopyranose unit (1→2) (GFn) (A. 
VAN LAERE, W. VAN den ENDE [13]). Its degree of polymerization (DP) varies from 2 to 70 
(L. De LEENHEER, H. HOEBREGS [14]). Molecules with DP<10 are called oligofructoses or 
fructooligosaccharides (FOSs) and they are a subgroup of inulin (K. NINESS [15]). Inulin and 
fructooligosaccharides are important source of soluble dietary fibers. They are part of daily 
nutritional intake and occur in generally consumed vegetables as onion, garlic, artichoke, 
chicory and Jerusalem artichoke. Some published reports revealed presence of inulin-type 
fructans in thistle receptacles (J. VAN LOO et al [16]). However, until now no detailed 
information about the content and composition of these fructans in C. thoermeri is available. 

Inulin-type fructans act as prebiotics, because stimulate the growth of Bifidobacteria. 
Inulin is only hydrolyzed in small amounts in the stomach. In large intestine it is fermented by 
intestinal microflora into short-chain fatty acid (SCFA), lactic acid, and gases (G.R. GIBSON, 
M.B. ROBERFROID [17]; K.E.B. KNUDSEN, I. HESSOV [18]). Furthermore, inulin serves 
as a reserve carbohydrate in underground part of the Compositae (Asteraceae) plants such as 
Cichorium intybus L., Inula helenium L. and Helianthus tuberosus L. (J. VAN LOO et al 
[16]). Fructan also might have other functions in plants like stress-protectant (drought and 
cold) or osmoregulators (R. VERGAUWEN et al [19]; D.K. HINCHA et al [20]). 

The objective of the present study was to evaluate the inulin and fructooligosaccharides 
content in flower heads of C. thoermeri in order to found perspective natural sources for high 
valuable biological active substances. The total phenol content and the antioxidant activity of 
the extracts were determined as well as confirmation of the healthy benefits and potential use 
of the plant as food ingredient but also for preparation of nutritional formula with well-
pronounced dietary effect. 

 
Materials and Methods 

Plant material: The flower heads of Carduus thoermeri Weinm. were collected during 
the flowering season from a wild habitat of Plovdiv Region, 2012. The plant material was air-
dried in darkness at room temperature. 

Preparation of plant extracts: Initially, the plant sample was extracted in a Soxhlet 
apparatus successively with hexane, CHCl3, and ethyl acetate to remove lipophilic 
compounds (D. OLENNIKOV et al [21]). Then the residues of C. thoermeri were dried and 
the extraction process was carried out as 1 g dry sample was put into a round bottom flask, 
respectively. The low-molecular carbohydrate fraction composed of fructose and FOSs was 
obtained by 95% (v/v) boiling ethanol extraction in triplicate. For the first and the second 
extraction 40 ml 95% (v/v) ethanol were used and 20 ml for the third one. The duration of 
each extraction was 60 min. The extracts were collected in volumetric flask. The high-
molecular fraction (inulin) was obtained as the residue in the flask after three consecutive 
extractions of the ethanol extracts (40, 40, 20 ml, respectively) were treated with boiling 
water in the same manner described above.  

Thin-layer chromatography (TLC): The TLC of the both extracts obtained from C. 
thoermeri was performed on silica gel 60 F254 plates (Merck, Germany) with n-BuOH:i-
Pro:H2O:CH3COOH (7:5:4:2) (v/v/v/v) used as a mobile phase as previously described by 
PETKOVA & DENEV [22].  

Spectrophotometric analysis: The fructans content expressed as fructose equivalent in the 
both extracts was analysed spectrophotometrically at 480 nm by resorcinol-thiourea reagent 
(N. PETKOVA, P. DENEV [22]).  
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HPLC analysis: For the analyzing of the sugars and FOSs content chromatographic 
separations on HPLC Shimadzu, coupled with LC-20AD pump, refractive index detector 
Shimadzu RID-10A, a column SUPELCOSIL LC-NH2 (Supelco®, Sigma-Aldrich, USA) 
with pore size 5 μm and degasser Waters In-Line –IF (Milford, USA), were performed. The 
determination of inulin and sugars in water extracts were performed on a Shodex® Sugar 
SP0810 with Pb2+ guard column (50 mm x 9.2 mm i.d.) and an analytical column (300 mm x 
8.0 mm i.d.). The used mobile phase was distilled water with flow rate 1.0 ml/min (N. 
PETKOVA et al [23]). 

Total phenolic content (TPC): The TPC of the obtained extracts was analyzed using the 
Folin-Ciocalteu method of KUJALA et al. [24]. The standard curve equation applied was y = 
0.0204 x + 0.0400, R2 = 0.9987. The results were expressed as mg gallic acid equivalent 
(GAE) per g dry weight (dw). 

DPPH radical scavenging activity: The ability of the extracts to scavenge DPPH radical 
was determined by the slightly modified method of BRAND-WILLIAMS et al. [25]. Freshly 
prepared 4x10-4 mol solution of DPPH was mixed with the samples in a ratio of 2:0.5 (v/v). 
The light absorption was measured at 517 nm. The DPPH radical scavenging activity was 
presented as a function of the Trolox concentration - Trolox equivalent antioxidant capacity 
(TEAC), defined as the concentration of Trolox having equivalent antioxidant activity 
expressed as the μmol Trolox/g dw. 

ABTS radical scavenging assay: The radicals scavenging activity of the extracts against 
radical cation (ABTS•+) was estimated according to a previously reported procedure (R. RE et 
al [26]) slightly modified by MIHAYLOVA et al. [27]. The results were expressed as TEAC 
value (μmol Trolox/g dw). 

Ferric-reducing antioxidant power assay (FRAP): The FRAP assay was carried out 
according to the procedure of BENZIE et al. [28]. The FRAP reagent was prepared fresh daily 
and was warmed to 37 °C prior to use. The absorbance of the reaction mixture (150 μl sample 
and 2850 μl FRAP reagent) was recorded at 593 nm after incubation at 37 °C for 4 min. The 
results were expressed as μmol Trolox/g dw.  

Cupric ion reducing antioxidant capacity assay (CUPRAC): The CUPRAC assay was 
carried out according to the procedure of AK & GULCIN [29]. 1 ml of CuCl2 solution 
(1.0×10−2M), 1 ml of neocuproine methanolic solution (7.5×10−3M), and 1 ml NH4Ac buffer 
solution (pH 7.0) were added and mixed; then 0.1 ml of herbal extract (sample) followed by 1 
ml of water were added (total volume of 4.1 ml), and mixed well. Absorbance against a 
reagent blank was measured at 450 nm after 30 min. The results were expressed as μmol 
Trolox/g dw. 

Statistical analysis: The presented results are average from two independent experiments 
carried out in triplicates. The results were expressed as mean ± SD and statistically analyzed 
using MS-Excel software. 

 
Results and discussion 

 
TLC analysis 
The obtained results from the performed TLC analysis of the C. thoermeri ethanol and 

water extracts confirmed that the triple extraction process was suitable and efficient for the 
studied plant. Furthermore, with the applied solvents during these sequential extractions a 
large number of the presented in the samples carbohydrates have been successively extracted 
(Figure 1). The presence of sugars like fructose, sucrose, kestose, nystose and FOSs that be 
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equivalent with used standards Frutafit CLR (7-9 oligomers) and HD (8-13 oligomers) was 
established in all investigated ethanol extracts of C. thoermeri (Figure 1 and Figure 2 a). 

 

 
Figure 1. TLC of 10 μl ethanol and water extracts of C. thoermeri and standards (5 μl): 1- fructose, 2- 

sucrose, 3- 1-kestose, 4- nystose, 5- and 6- FOSs Frutafit CLR and HD, 7- inulin Raftiline HP; 8, 9 – first; 10, 11 
– second, 12 – third and 13- common ethanol extracts; 12, 13, 14, 15- first, second, third and common water 

extracts 
 
In the water extracts on the other hand in addition to the determined fructose, sucrose and 

nystose, the presence of high molecular fraction of inulin with DP similar to the used standard 
Raftiline HP (DP 22-25) was observed (Figure 2 b). 

 
 

 
 

Figure 2. TLC of C. thoermeri extracts (10 μl) a) ethanol and b) water extracts, where: 
1- fructose, 2- sucrose, 3- 1-kestose (GF2), 4- nystose (GF3), 5- fructooligosaccharides and 6- inulin 

 
Spectrophotometric analysis 
The conducted spectrometric analysis shows that the low and high molecular fractions 

have been extracted in similar concentrations (Table 1). The established total carbohydrate 
content was 2.4±0.2 g/100g dw. Similar results were reported by SCHÜTZ et al. [30] for 
artichoke heads from Poivrade cultivar – 14 g/kg fw. Based on the results obtained it can be 
concluded that the flower heads of C. thoermeri could be evaluated as a potential source of 
FOSs and inulin. 
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Table 1. Carbohydrate content in C. thoermeri extracts, g/100g dw 
 

Sample Carbohydrate content expressed as fructose equivalent 
Low molecular fraction 

(Fru, Suc and FOSs) 
High molecular 
fraction (inulin) 

Total 

C. thoermeri 1.3±0.1 1.1±0.1 2.4±0.2 
 

HPLC analysis 
Based on the scanty data on the sugar and FOSs content of interest for us was to 

determine the single constituents and their quantity in the extracts. For this purpose HPLC 
analyses were conducted (Figure 3).  

 

 
Figure 3. HPLC chromatogram of C. thoermeri water extract after ethanol treatment: 

1- inulin, 2- nystose, 3- sucrose, 4- fructose 
 

The detailed analysis of the HPLC of the studied extracts (Table 2) showed that the 
investigated parts of C. thoermeri could be considered as rich source of sugars and 
fructooligosacharides. Fructose and sucrose were presented in both extracts. The content of 
nystose, which possessed well pronounce prebiotic effect according to literature data (J. VAN 
LOO [16]) was 0.5 g/100g dw. Moreover, the content of inulin in the investigated plant 
samples was relatively high - 0.7 g/100g dw.  

 
Table 2. Inulin, FOS and sugar content of C. thoermeri extracts, g/100g dw 

 
Extract/ 

Compound 
Inulin Nystose l-Kestose Sucrose Glucose Fructose 

Ethanol 
extract 

- 0.2 0.3 0.3 0.2 0.6 

Water extract 0.7 0.3 - 0.2 - 0.5 
“-“- not presented 

 
In summary, the present research paper revealed the sugar and inulin content of Bulgarian 

C. thoermeri. Due the insufficient data about their presence in the flower heads, our study 
enriched the knowledge of this plant species. Moreover, as far as we know, our study may be 
considered as first report on the presence of inulin in receptacles of C. thoermeri.  

 
 
Total phenolic content 
The total phenolic content in the studied C. thoermeri extracts were established to be 

4.66±0.04 and 14.86±0.14 mg GAE/g dw, resp. (Table 3). In comparison MIHAYLOVA et al. 
[31] reported total phenolic content of 13.64±1.65 mg GAE/g dw for water extract of the plant. 
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Phenols and polyphenolic compounds are widely found in food products derived from 
plant sources, and they have been shown to possess significant antioxidant activities 
(S.A.B.E. VAN ACKER et al [32]). Moreover, the phenolic content of the extracts might 
contribute toward its potential antioxidant activities. So far other studies have successfully 
correlated the phenolic content with antioxidant activity (D. MIHAYLOVA et al [33]), 
therefore we investigated as next step the antioxidant activity of the extracts.  

 
Scavenging of DPPH• and ABTS•+  
In the literature there are various methods for determination of in vitro antioxidant 

activity. It is mainly due to different mechanisms of action of antioxidants. In the present 
study antioxidant activity was determined with several reliable methods. These assays are 
widely used for determination of total antioxidant activity in many foods such as fruits, 
vegetables and spices (M. CIZ et al [34]). 

In order to evaluate the antioxidant activity experiments with two stable radicals DPPH• 
and ABTS•+ were conducted. Higher TEAC value indicates stronger antioxidant activity. The 
results presented in Table 3 were 38.63±0.27 and 116.38±1.33 μmol TE/g dw toward DPPH• 
and 51.29±0.28 and 144.22±6.20 μmol TE/g dw toward ABTS•+, respectively. Compared to 
the water extract of MIHAYLOVA et al. [31] the established TEAC values were lower. That 
could be due to the principle difference in the extraction procedures.  

However, antioxidant activity measured by ABTS assay showed the same relationships 
as did DPPH method, but TEAC values were higher. This might be explained by the unique 
mechanism and the unequal sensitivity of each method applied.  

 
Table 3. Total phenolic content (mg GAE/g dw) and antioxidant 

activity of C. thoermeri extracts (μmol TE/g dw) 
Type of 

extract 
TPC TEAC

DPPH

TEAC
ABTS

FRAP CUPR
AC 

Water 
extract 

4.66±
0.04 

38.63±
0.27 

51.29±
0.28 

71.00±
0.85 

45.76±
0.67 

Ethanol 
extract 

14.86
±0.14 

116.38
±1.33 

144.22
±6.20 

220.13
±0.41 

130.67
±3.70 

 
FRAP and CUPRAC assays 
The FRAP assay is based on the ability of antioxidants to reduce Fe3+ to Fe2+ in the 

presence of TPTZ, forming an intense blue Fe2+-TPTZ complex with an absorption maximum 
at 593 nm. The FRAP values for the both investigated extracts of C. thoermeri were 71.00±0.85 
and 220.13±0.41 μmol TE/g dw (Table 3) which correspond to the all other assays results.  

In the present study, we used also CUPRAC assay. The obtained results (Table 3) were 
45.76±0.67 and 130.67±3.70 μmol TE/g dw, respectively, which correspond well with the 
results of all other conducted antioxidant activity assays but also with the established total 
phenolic content.  

 
Conclusions 

 
In conclusion, C. thoermeri was found to be an effective source of antioxidant compounds 

in several in vitro assays. For the first time the sugar and inulin content of Bulgarian C. 
thoermeri was detailed studied and the particular constituents were evaluated. The ethanol 
extracts possessed higher antioxidant activities and could be recognized with higher quantity of 
1-kestose and sugars compared to the water one. The absence of glucose and 1-kestose in 
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addition to the presence of inulin 0,7 % was found in water extracts. Based on the inulin content 
established in the C. theormeri flower heads, application of infusions and tinctures from the 
plant could approve the function of gastrointestinal tract. In addition, the determined antioxidant 
activity and the total phenolic content may contribute significantly to the beneficial properties, 
which could explain the applications in Bulgarian folk medicine of genus Carduus.  

Because of the occurrence of 1-kestose, nystose and inulin in these extracts, the 
evaluation of their potential prebiotic effect on some bacterial strains will be a perspective 
task for a future investigation. 

 
REFERENCES 

 
1. P. DIMKOV, Bulgarska Narodna Medicina. BAN, Sofia, 1979, pp.1-2643. 
2. V. PETKOV, Modern phytotherapy. Medicina, Sofia, 1982, pp.1-517.  
3. D. IVANOVA, D. GEROVA, T. CHERVENKOV, T. YANKOVA, Polyphenols and antioxidant 

capacity of Bulgarian medicinal plants. J.Ethnopharmacol.,69, 145,150 (2005). 
4. V. KATALINIC, M. MILOS, T. KULISIC, M. JUKIC, Screening of 70 medicinal plants for 

antioxidant capacity and total phenols. Food Chem.,94, 550, 557 (2006). 
5. M. KRATCHANOVA, P. DENEV, M. CIZ, A. LOJEK, A. MIHAILOV, Evaluation of antioxidant 

activity of medicinal plants containing polyphenol compounds. Comparison of two extraction systems. 
Acta Biochim.Pol.,57, 229, 234 (2010). 

6. T. SAPUNJIEVA, I. ALEXIEVA, D. MIHAYLOVA, A. POPOVA, Antimicrobial and antioxidant 
activity of extracts of Allium ursinum L., Journal of BioScience and Biotechnology, Special 
edition/Online, 143, 145 (2012). 

7. C. BUBUEANU, U. CAMPEANU, Gh. LUCIA, U. PIRVU, G. BUBUEANU, Antioxidant acitivity of 
butanolic extracts of Romanian native species -Lamium album and Lamium purpureum, 
Rom.Biotechnol.Lett.,18(6), 8855, 8862 (2013). 

8. T.G. TUTIN, V.H. HEYWOOD, N.A. BURGES, D.M. MOORE, D.H. VALENTINE, S.M. 
WALTERS, D.A. WEBB, (Eds), Flora Europaea, Vol. 4: Plantaginaceae to Compositae (and 
Rubiaceae). Cambridge, Cambridge Univ. Press, 1976. 

9. D. DELIPAVLOV, I. CHESHMEDZHIEV, (Eds), Key to the plants in Bulgaria. Plovdiv (Bulgaria): 
Acad. Publ. House Agric. Univ. 2003, pp. 405-407. 

10. S.V. TERENTJEVA, E.A. KRASNOV, Coumarins and flavonoids of above-ground part of Carduus 
crispus L. and C. nutans L. Rastitel’nye resursy,39, 55, 64 (2003).  

11. L.A. AL-SHAMMARI, W.H.B. HASSAN, H.M. AL-YOUSSEF, Chemical composition and 
antimicrobial activity of the essential oil and lipid content of Carduus pycnocephalus L. growing in 
Saudi Arabia. J.Chem.Pharm.Res.,4, 1281, 1287 (2012). 

12. D. ZHELEVA-DIMITROVA, I. ZHELEV, I. DIMITROVA-DYULGEROVA, Antioxidant Activity of 
Some Carduus Species Growing in Bulgaria. Free Radicals Antioxid.,1, 15, 20 (2011). 

13. A. VAN LAERE, W. VAN den ENDE, Inulin metabolism in dicots: chicory as a model system. Plant, 
Cell Environ.,25, 803, 815 (2002). 

14. L. De LEENHEER, H. HOEBREGS, Progress in the elucidation of the composition of chicory inulin, 
Starch/Staerke,46, 193, 196 (1994). 

15. K. NINESS, Inulin and Oligofructose: What are they? J.Nutr., 229, p. 1402S-1406s, (1999). 
16. J. VAN LOO, P. COUSSEMENT, L. DE LEENHEER, H. HOEBREGS, G. SMITHS, On the presence 

of inulin and oligofructose as natural ingredients in the Western diet. Crit.Rev. Food Sci.Nutr.,35, 525, 
552 (1995). 

17. G.R. GIBSON, M.B. ROBERFROID, Dietary modulation of the human colonic microbiota: 
introducing the concept of prebiotics. J.Nutr.,125, 1401, 1412 (1995). 

18. K.E.B. KNUDSEN, I. HESSOV, Recovery of inulin from Jerusalem artichoke (Helianthus tuberosus 
L.) in the small intestine of man. Br.J. Nutr.,74, 101, 113 (1995). 

19. R. VERGAUWEN, W. VAN den ENDE, A. VAN LAERE, The role of fructans in flowering of 
Campanula rapunculoides. J.Exp.Bot.,51, 1261, 1266 (2000). 

20. D.K. HINCHA, E. ZUTHER, E.M. HELLWEGE, A.G. HEYER, Specific effects of fructo-and gluco-
oligosaccharides in the preservation of liposomes during drying. Glycobiology,12, 103, 110 (2002). 



Evaluation of biological active substances in flower heads of Carduus thoermeri Weinm  

Romanian Biotechnological Letters, Vol. 20, No. 4, 2015  10599

21. D. OLENNIKOV, L. TANKHAEVA, A. ROKHIN, Glucofructans from Taraxacum officinale roots. 
Chem.Nat.Compd.,45, 141, 144 (2009). 

22. N. PETKOVA, P. DENEV, Evaluation of fructan content of the taproots of Lactuca serriola L. and 
Sonchus oleraceus L. Scientific Bulletin, Series F “Biotechnologies”, Volume XVII, Bucharest, 117, 
122 (2013). 

23. N. PETKOVA, R. VRANCHEVA, P. DENEV, I. IVANOV, A. PAVLOV, HPLC-RID method for 
determination of inulin and fructooligosacharides, Acta Scientifica Naturalis,01, 99, 107 (2014). 

24. T.S. KUJALA, J.M. LOPONEN, K.D. KLIKA, K. PIHLAJA, 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 (2000). 

25. W. BRAND-WILLIAMS, M.E. CUVELIER, C. BERSET, Use of a free radical method to evaluate 
antioxidant activity. Lebensm.-Wiss. Technol.,28, 25, 30 (1995). 

26. R. RE, N. PELLEGRINI, A. PROGGENTE, A. PANNALA, M. YANG, C. RICE-EVANS, 
Antioxidant activity applying an improved ABTS radical cation decolorization assay. Free Radical Biol. 
Med.,26, 1231, 123 (1999). 

27. D. MIHAYLOVA, A. LANTE, A KRASTANOV, Total phenolic content, antioxidant and 
antimicrobial activity of Haberlea rhodopensis extracts obtained by pressurized liquid extraction. Acta 
Aliment., 2014, doi:10.1556/AAlim.2014.0009. 

28. I.F.F. BENZIE, Y. WAI, J.J. STRAIN, Antioxidant (reducing) efficiency of ascorbate in plasma is not 
affected by concentration. J.Nutr.Biochem.,10, 146, 150 (1999). 

29. T. AK, I. GÜLCIN, Antioxidant and radical scavenging properties of curcumin. Chem.-Biol. 
Interact.,174, 27, 37 (2008). 

30. K. SCHÜTZ, E. MUKS, R. CARLE, A. SCHIEBER, Separation and quantification of inulin in selected 
artichoke (Cynara scolymus L.) cultivars and dandelion (Taraxacum officinale WEB. ex WIGG.) roots 
by high performance anion exchange chromatography with pulsed amperometric detection. 
Biomed.Chromatogr.,20, 1295, 1303 (2006). 

31. D. MIHAYLOVA, L. GEORGIEVA, I. ZHELEV, I. DIMITROVA-DYULGEROVA, Influence of the 
extraction conditions over the antioxidant activity of Carduus thoermeri. Bulgarian Journal of 
Agricultural Science,19, 61, 64 (2013). 

32. S.A.B.E. VAN ACKER, D.J. van DEN BERG, M.N.J.L. TROMP, D.H. GRIFFIOEN, W.P. VAN 
BENNEKOM, W.J.F. van der VIIGH, A. BAST, Structural aspects of antioxidant activity of 
flavanoids, Free Radical Biolology and Medicine,20, 331, 342 (1996). 

33. D. MIHAYLOVA, S. BAHCHEVANSKA, V. TONEVA, Examination of the antioxidant activity of 
Haberlea rhodopensis leaf extracts and their phenolic constituents. J.Food Biochem.,37, 255, 261 
(2013).  

34. M.CIZ, H. CIZOVA, P. DENEV, M. KRATCHANOVA, A. SLAVOV, A. LOJEL, Different methods 
for control and comparison of the antioxidant properties of vegetables. Food Control,21, 518, 523 
(2010). 

 


