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ABSTRACT 
This study investigates the relationships between the main polyphenols and DPPH radical scavenging activity 
(RSA) in extracts from some of the most common wild and cultivated species from the Achillea millefolium group, 
Mentha, Chenopodium botrys, Clinopodium vulgare and Artemisia vulgaris. Another aspect of the study is the effects 
of choosing an extraction solvent, highlighting the importance of selecting an appropriate one for obtaining 
extracts with maximum manifested bioactivity. Chemical characterization of compounds is performed. It is 
based on HPLC-PDA fingerprint profiles, obtained from 70% aqueous methanol extracts. Hydroxycinnamic 
acids, glycosides of luteolin (LG), apigenin (AG), their aglycones and methoxyflavones are found to be the most 
abundant components, which have the highest impact on radical scavenging activity (RSA) of the extracts. The 
data allow supposing high correlation relationships between caffeoylquinic acids and RSA of extracts from four 
A. millefolium group species and cv. Proa. Cl. vulgare methanol extract, rich in rosmarinic acid, LG and AG, 
showed the highest RSA with IC50 10.37μg.mL-1. In contrast, extracts of Ch. botrys which lack phenolic acids, 
contain low amount of glycosides and are rich in methoxyflavone aglycones, possess very weak RSA. For 
multicomponent analysis, our data suggest 70% methanol as the most appropriate solvent for extraction of 
compounds belonging to the polyphenol complex. Based on the high quantities of rosmarinic acid, luteolin and 
apigenin glycosides, 66% ethanol solvent is found to be the best choice for medicinal consumption extracts. 
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INTRODUCTION 
In the last decade secondary metabolites, occurring in 
all living organisms while largely distributed in plants 

became a subject of dramatically increasing interest 
relevant to their significant practical implication for 
medicinal, nutritive and cosmetic purposes, as well as 
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to their indisputable importance in plant stress 
physiology. [1] Polyphenols are one of the most widely 
occurring groups of phytochemicals in plants, 
possessing considerable physiological and 
morphological importance. As a large group of 
bioactive chemicals, they have diverse biological 
functions. The most abundant polyphenols in plants are 
the phenolic acids and the flavonoids. Their biological, 
pharmacological, and medicinal properties have 
already been extensively reviewed. [2] In addition to 
their free radical scavenging activity, flavonoids and 
phenolic acids are observed to have multiple biological 
properties including vasodilatory, anticarcinogenic, 
anti-inflammatory, antibacterial, immune-stimulating, 
antiallergic, antiviral, and estrogenic effects, as well as 
being inhibitors of phospholipase A2, cyclooxygenase, 
and lipoxygenase. [3-5] Hydroxycinnamic acids are the 
bioactive compounds in a great number of medicinal 
plants, coffee and fruits. They are represented mostly 
by caffeoylquinic and rosmarinic acids, which are 
ubiquitous, long recognized as powerful antioxidants. 
The chlorogenic acid family may provide significant 
health benefits by protecting against the damaging 
effects of free radicals. Growing evidence indicates that 
dicaffeoyl derivatives have additive effect to the 
antioxidant activity of plants from the Asteraceae family. 
[6-7] Typically, polyphenols help to protect the plant 
against UV radiation, fungal parasites, herbivores, 
pathogens and oxidative cell injury. Moreover, the 
ability of these natural antioxidants to scavenge several 
oxygen and nitrogen free radicals is another evidence 
of their health benefits. Polyphenols possess ideal 
structural chemistry for free radical-scavenging 
activities, and have been observed to be more effective 
on a molar basis as in-vitro antioxidants than vitamins 
E and C. The chemical properties of polyphenols in 
terms of the availability of phenolic hydrogens as 
hydrogen donating radical scavengers, suggests their 
antioxidant activity. [8-9] A number of tests for 
antioxidant properties are used, with the 2,2-diphenyl-
1-picrylhydrazyl (DPPH) and ferric reduction activity 
potential (FRAP) approaches often being used in 
parallel. The analysis results demonstrate a high (R ≥ 
0.82) and significant (P < 0.0001) correlation with one 
another. [10] Usually, the relationship between 
polyphenols and antioxidant activity of extracts is 
studied on the basis of total polyphenol content and 
DPPH scavenging activity. [11-12] However, in this case, 
the exact polyphenol composition responsible for the 
antioxidant properties of the extracts remains 
unknown. In the last decade more publications relay on 
the chromatographic fingerprint profiles of 
polyphenols, discussing the radical-scavenging activity 
of medicinal plant extracts. [13-14] The development of 
fingerprint chromatographic profiles requires 
additional procedures for optimization of the method 
conditions, consumables and time. Often, this is 
overlooked by following a generic method. It is an 

absolutely necessity to achieve good separation for 
obtaining adequate results about the components of the 
polyphenol complex. This is vital for facilitating the 
identification and reliable quantification of the 
components. Recently, the advantages of using the 
entire chromatographic fingerprint profiles as tools for 
identification and quality control of herbal extracts and 
distinction among species has been discussed. [15] For 
this purpose, in most cases HPLC/PDA method, 
tailored to the specific plant, has to be developed 
emphasizing the dissimilarities between the profiles of 
the different species. [16]  
The purpose of the present study is to relate the 
polyphenol components, their composition and content 
to the free radical scavenging of extracts. The 
importance of choosing proper extraction solvent for 
obtaining extracts with maximum manifested 
bioactivity is discussed. Chemical characterization of 
compounds was made on the basis of custom-
developed HPLC-PDA fingerprint profiles using 70% 
aqueous methanol extracts. Furthermore, we aim to 
stress on the importance of understanding the 
composition and content of main polyphenols in the 
plant extracts used for medicinal purposes. This would 
enable a prediction of their bioactivity to be made and 
so make their standardization possible. 
 
MATERIALS AND METHODS 
Plant material 

The specimens of Cl. vulgare, A. vulgaris and C. botrys 
were collected from natural habitats in the region of 
Plovdiv, Rodope Mountains between 2011 and 2014 as 
described by Bojilov et al. [17]  
The species belonging to A.millefolium group (A. 
asplenifolia and A. collina) and the commercially 
supplied cv. Proa (Pharmasaat, Germany) belonging to 
the same group were grown and harvested in Sofia 
region during 2010 as described by Edreva et al. [18] 
Each species was presented by two populations – A. 
asplenifolia 9602 and A. asplenifolia 10430, and A. collina 
102 and A. collina 3802. 
The plants of the three mint species Mentha piperita L., 
Hayek, Prodr. (Peppery Mint); Mentha citrata Ehrh. 
(Orange Mint) and Mentha suaveolens Ehrh. (Apple 
Mint) were cultivated during 2014 in North Bulgaria in 
the area of Popovo municipality under the observation 
of Assist. Prof. Koicho Koev from Department of 
Botany, University of Plovdiv. The seedlings of M. 
piperita were supplied from the Institute of Roses and 
Aromatic Plants (IRAP), Kazanlik, Bulgaria. The M. 
citrata and M. suaveolens seedlings were provided by 
Martin Bauer GmbH & Co. KG, 91487 
Vestenbergsgreuth, Germany. 
The plant material (inflorescences and upper leaves) 
was dried in a dryer at 40°C. For preparing 
representative samples the dry material was milled at 
room temperature and kept in paper bags in the dark. 
Experimental procedures 
Ultrasound-assisted extraction of polyphenols 
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Dry powder of the plant samples was weighed (0.2 g). 
Five instances of every sample were prepared. The 
polyphenols were analyzed in their glycoside form 
(and therefore no hydrolyzed plant extracts were 
prepared) by extracting the samples with 10 ml 70% 
(v/v) aqueous methanol in an ultrasound bath for 40 
min at room temperature (25°C). The extracts were 
filtrated under reduced pressure. The volume of the 
samples was adjusted to 10 ml and passed through a 
membrane filter 0.45μm prior to HPLC analysis. 
HPLC-PDA profiling of polyphenols 
The instrumentation used for HPLC analysis consisted 
of quaternary mixer Smartline Manager 5000, pump 
Smartline 1000 and PDA 2800 detector (Knauer, 
Germany).  Two columns were used - Kromasil C18, 15 
cm × 4.6 mm i.d., 5μm particle size (Supelco, USA) and 
Purospher C18, 25 cm × 4.6 mm i.d., 5µm particle size 
(Merck, Darmstadt, Germany). Mobile phase flow rate 
was set by 1.0 ml min-1; sample volume was 20μl. The 
polyphenols were monitored at 320 nm, 340 nm, 352 
nm and 280 nm.   
HPLC conditions for A. millefolium group species and 
Ch. botrys samples 

The chromatographic separation was carried out on 
Kromasil C18 using 0.1% trifluoroacetic acid (TFA) 
solution in acetonitrile as solvent B. As solvent A was 
used а mixture of 90 parts water and 10 parts 0.1% TFA 
solution in acetonitrile with the following gradient 
elution program: 0-10 min, 100%-90% A, 10-18 min, 
89% A, 18-25 min, 85% A, 25-40 min, 45% A.  
HPLC conditions for A. vulgaris sample 

The chromatographic separation was carried out on 
Purospher C18 and the mobile phase composition was 
A - CH3OH: H2O: CH3COOH=5: 93: 2; B - CH3OH: 
H2O: CH3COOH= 86: 12:2. The elution followed the 
gradient profile: 0-15 min, 100% - 80% A; 15-35 min, 
45% A; 35-50 min to 0% A. 
HPLC conditions for Cl. vulgare and Mentha sp. 
samples 
The chromatographic separation was carried out on 
Purospher C18 column using 0.1% TFA solution in 
acetonitrile as solvent B. As solvent A was used a 
mixture from 90 parts water and 10 parts 0.1% TFA 
solution in acetonitrile with the following gradient 
elution program: 0-10 min, 100%-90% A, 10-20 min, 
89% A, 20-28 min, 85% A, 28-50 min, 50% A, 50-60 min, 
0% A. 
Identification and quantification of polyphenols 
The spectral characteristics of the eluting peaks, 
scanned with PDA detector (λ=200-400 nm) were 
compared with those of the authentic standards. The 
confirmation of the identity of chromatographic peaks 
was achieved by comparison of retention times and 
spectra of the peaks in samples with those of standard 
compounds. Rutin was supplied from Merck, 
Germany; chlorogenic acid, rosmarinic acid, luteolin, 
apigenin and hispidulin were purchased from Sigma-
Aldrich Chemie GmbH, Buchs, SG, Switzerland.  

The identification of compounds was made by 
summarizing the data for retention times, UV spectra of 
standards and the peaks in the samples and previously 
published information. 
The calibration curves were prepared from stock 
solutions of analytical standards (chlorogenic acid, 
rosmarinic acid, rutin, luteolin, apigenin and 
hispidulin) at a concentration of 1000 mg.L−1 in 
methanol by successive dilution until the optimal range 
of application for each compound. The calibration 
standards and the samples were injected in duplicate.  
DPPH analysis  

The radical scavenging activity (RSA), expressed as 
IC50, μg.mL- was determined in methanol extracts by 
2,2´-diphenyl- 1-picrylhydrazyl radical (DPPH⋅) as 
described previously. [19] 
Statistical Analysis  
Five repetitions of every sample were analyzed. Data 
are expressed as means ± standard deviation (± SD), n = 
5. Microsoft Excel Office Professional Plus 2010 was 
used to process the statistics. 
 
RESULTS AND DISCUSSION 
By studying the pharmacological effects of medicinal 
plants it is of great importance to obtain extracts 
containing high amount of bioactive components. In 
this connection many efforts have been directed to find 
proper solvent and extraction technique for achieving 
maximum yields for the main polyphenol components. 
Recently, it has been shown that the methanol extract 
and the ethyl acetate fraction from Polygonum minus 
had higher antioxidant capacity than aqueous extract. 
[20] This is due to distinct polyphenol compounds, 
presented in the different extracts and fractions. It was 
stated, that the presence and extent of bioactivities of 
the extracts are influenced greatly by solvents used for 
extraction. 
Extraction of polyphenols  

Extraction is the first important step in the process of 
studying the composition and content of phenolic 
compounds as well as the radical scavenging activity of 
plant extracts. The extraction conditions depend on the 
type of plant and the properties of phenolic compounds 
- structure, polarity, number of aromatic rings and 
hydroxyl groups. [21-22] Various solvents are used for 
extraction of polyphenols from different plant matrices 
depending on the type of compounds. 
Hydroxycinnamic acids, glycosides and more polar 
flavonoid aglycones are extracted with CH3OH, 
C2H5OH, water-alcohol mixtures or water-acetone. 
Highest yield at a relatively short extraction time is 
achieved by optimal sample-solvent ratio, usually from 
1:30 to 1:100. By increasing the amount of solvent, 
extraction efficiency is increased and full extraction of 
polyphenols is achievable by only one extraction. In 
recent years, instrumental extraction techniques such as 
ultrasound-assisted extraction (UAE), microwave-
assisted extraction (MAE), supercritical fluid extraction 
(SFE) and accelerated solvent extraction (ASE) have 
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been widely used. [23-24] Even though the new 
instrumental techniques increase the extraction 
efficiency; the data suggests that the major factor, 
affecting the yield of phenolic compounds is the choice 
of solvent. For this reason we have undertaken 
experiments to explore the extraction efficiency of 
different solvents and their suitability in the HPLC 
analysis and for obtaining extracts acceptable for 
medicinal consumption. In Figure 1 are presented the 
yields of main polyphenols in extracts from Cl. vulgare 
obtained using different extraction solvents by 
application of ultrasound-assisted extraction. The 
highest yield of polyphenols from Cl. vulgare was 
achieved by extraction with 70% methanol, 66% ethanol 
and 80% acetone (Figure 1). The extraction power of 
70% methanol is lower than the one of 66% ethanol and 
80% acetone, accounting for between 75%-90% from 
their yields. Despite the lower yield of 70% methanol 
extract, the data showed higher precision with 
RSD=4%, compared to RSD=8% and RSD=10% for 66% 
ethanol and 80% acetone extracts, respectively (Figure 
2). This obvious fact makes the extraction with 70% 
methanol preferable when the solution is used for 
analytical purposes. Since the detection of polyphenols 
is in the UV region, the use of acetone for extraction of 
polyphenols is not a good choice because of its UV 
absorption up to 300 nm, which influences negatively 
the chromatographic shape and peak purity. The ability 
of acetone to extract other compounds from plants than 
polyphenols, such as pigments, and its UV cutoff are 
leading to heighten the results. By extraction of 
polyphenol components, three important factors have 
to be taken into consideration: 

 The feature of polyphenol compounds, their 
structure and trend for inducing molecular dipoles 

 The feature of solvent, its polarity, it is or not 
hydrogen donating 

 The composition of matrix, other components. 
The goal of multicomponent analysis is striving to 
obtain data on all components of the polyphenol 
complex. This can be achieved only by using solvents 
which extract efficiently all compounds belonging to 
the three groups of polyphenols: phenolic acids, 
glycosides and flavonoid aglycones. Obtaining high 
precision of data is compulsory, thus our results allow 
us to recommend 70% methanol as the most selective 
and appropriate solvent for extraction of wide 
spectrum of compounds belonging to the polyphenol 
complex (Figure 2). For medicinal consumption 66% 
ethanol extracts are the best choice, according to the 
high yield of rosmarinic acid, luteolin and apigenin 
glycosides. Noteworthy is the safety of the extraction 
solvent. By UAE extraction with water from Cl. vulgare 
at 25°C low yields for the most polar compounds 
(phenolic acids and glycosides) are observed, as well an 
absence of the main compound- rosmarinic acid (Figure 
1). These results are in accordance with the data 
obtained previously for the yield of phenolic 

compounds using water as extraction solvent. [25] This 
fact makes water unsuitable solvent for adequate UAE 
extraction of most polyphenol compounds. The yields 
of polyphenols strongly depend on the composition of 
the polar solvent (% organic solvent in the mixture). By 
increasing the percentage of the organic solvent up to 
100%, reduction of yields was observed (Figure 1).  
Fingerprint chromatographic profiles of polyphenols 
Developing HPLC-PDA fingerprint chromatographic 
profiles of polyphenols is a very important task to 
ensure the adequate identification and quantification of 
polyphenol components. Besides the routine 
quantification of components the developed 
fingerprints could also be used for similarity analysis or 
for investigation of structure-activity relationships. In 
terms of studying the correlations relationships of 
flavonoids from Polygonatum odorantum to the 
antioxidant activity of selected species, the HPLC 
fingerprint profiles were used. [26]  

For obtaining fingerprint polyphenol profiles of all 
species investigated in this study, two C18 columns 
with different mobile phases and multistep gradients 
were applied. Suppressing the ionization of polar 
compounds was achieved by using organic acids 
(HCOOH, TFA, and CH3COOH) in the composition of 
mobile phases. In all cases, the analysis time, the type 
of acid and its concentration, and the slope of the 
gradient were optimized.  
 

 
*Data are presented as mean area (mAU) of peaks in the result 
chromatograms. AG-apigenin glycoside, LG-luteolin glycoside, RA-
rosmarinic acid 
Fig. 1: Yields of apigenin glycoside (AG), luteolin glycoside (LG) 
and rosmarinic acid (RA) in Cl. vulgare extract obtained with 
different solvents for UAE. 

 
Fig. 2: Standard deviation of results data (A± SD) (mAU), calculated 
over five samples of polyphenols extraction from Cl. vulgare. 
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Table 1: RSA towards DPPH (as IC50 μg.mL-1) of methanol extracts of wild and cultivated Cl. vulgare, A. vulgaris, M. piperita, M. citrata, M. 
suaveolens, Ch. botrys and content (mg.g-1DM) of main polyphenol components. 

Species 
DPPH as IC50, 

μg.mL-1 

Main polyphenols, mg.g-1DM 

Sum of 
caffeoylquinic acids 

Rosmarinic acid 
Sum of luteolin and 
apigenin glycosides 

Hispidulin 

Clinopodium vulgare 10.3 ± 0.6 0.35 ± 0.02 7.42 ± 0.14 4.32 ± 0.38 - 
Artemisia vulgaris 30.0 ± 0.8 40.6 ± 0.5 - - - 

Mentha piperita 32.2 ± 0.5 0.15 ± 0.01 0.60 ± 0.07 2.19 ± 0.12 - 
Mentha citrata 12.1 ± 0.8 0.20 ± 0.03 4.22 ± 0.15 7.32 ± 0.42 - 

Mentha suaveolens 22.8 ± 0.6 0.30 ± 0.03 2.51 ± 0.10 6.98 ± 0.40 - 
Chenopodium botrys 260 ± 27 - - - 3.65 ± 0.16 
Rosmarinic acid* 3.38 ± 0.10     

*Rosmarinic acid was used as a standard 

 

 
* UAE extraction of 0.2g dry material (inflorescences and upper leaves) with 10ml 70% methanol was performed. ChA-chlorogenic acid, LG-
luteolin glycoside, AG-apigenin glycoside, RA-rosmarinic acid, diCQA-dicaffeoylquinic acid, Lut-luteolin, Apg-apigenin 

Fig. 3: Fingerprint chromatographic profiles of polyphenols in wild and cultivated Cl. vulgare, A. asplenifolia 10403, A. vulgaris and M. 
piperita at 320 nm. 
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The fingerprint profile was accepted when it contained 
maximum good separated peaks of highest number of 
components of the polyphenol complex. This method 
allows making a distinction between the different 
species. 
Figure 3 present the fingerprint chromatographic 
profiles of polyphenols of the studied plants. The 
polyphenols in wild and cultivated species of A. 
millefolium group include predominantly mono- and 
dicaffeoylquinic acids as well as the flavonoids 
apigenin, luteolin, their glycosides and rutin (Figure 3). 
Rutin was found only in the two population of A. 
asplenifolia and was not detected in cv. Proa and in A. 
collina specimens. Most abundant are the 7- glucosides 
of apigenin and luteolin, the chlorogenic acid and the 
3,5- and 4,5- dicaffeoylquinic acids. In addition, mono- 
and dicaffeoylquinic acids are found to mainly 
comprise the polyphenol complex of A. vulgaris (Figure 
3). Rosmarinic acid is the main hydroxycinnamic acid 
in Mentha species and the Cl. vulgare polyphenol 
complex, which also contain apigenin and luteolin 
glycosides as well as metoxylated flavonoids (Figure 3). 
On the contrary, the hydroxycinnamic acids are not 
manifested in the polyphenol complex of Ch. botrys, 
which is abundant in methoxyflavone aglycones – 
hispidulin, nepetin and jaceosidin as shown previously. 
[17] The high diversity of polyphenol compounds is a 
prerequisite which determines the different radical 
scavenging activity of the plant extracts. As stated 
above, the chemical structure of compounds, the degree 
of methoxylation and the number of hydroxyl groups, 
highly influence their radical scavenging activity. [27] 
The ability of phenolic compounds to scavenge the free 
DPPH radical is closely related to the number and 
location of the OH groups. OH groups can easily 
release hydrogen and bind to free radicals. A small 
change in the structure of phenolic acids and 
flavonoids may lead to significant differences in 
biological activity. [28-29] The structure elements that are 
associated with the radical scavenging activity of 
flavonoids are: 

 orto-dihydroxy group in ring B; 

 3- and 5-OH groups with a 4-oxo group; 

 2,3-double bond attached to a 4-oxo group in ring 
C. [27] 

Compounds with three OH groups on the phenyl ring 
have high radical scavenging activity. It was found that 
flavanols possess significantly stronger radical 
scavenging activity than other flavonoids. [30] 

Relationships of the main polyphenol components to 
radical scavenging activity (RSA) of methanol extracts 
In a large number of research papers, the correlation of 
total phenolic and flavonoid content to the antioxidant 
activity of plant extracts is discussed. The findings 
suggest that total phenolic content could be used as an 
indicator of antioxidant properties, as a significant 
linear correlation between its values and antioxidant 
activity of plant extracts was confirmed. [31-32] In terms 

of studying the relationships of polyphenols to RSA of 
extracts, our attention was directed to those main 
components; their structure supposes highest radical 
scavenging activity and which differ most in content. 
 

 
*ChA - Neo (sum of neochlorogenic and chlorogenic acid), DiCQA 
(sum of 3,5- and 4,5-dicaffeoylquinic acid), LG-Lut (sum of luteolin-7-
O-glucoside and luteolin), AG-Apg (sum of apigenin -7-O-glucoside, 
apigenin-O-acetyl-glycoside and apigenin). 
Fig. 4: Content (mg.g-1DM) of polyphenols in wild species of A. 
millefolium group and cv. Proa. 

 
On Figure 4 is presented the mean content of 
chlorogenic acids, rutin, luteolin and luteolin-7-O- 
glucoside, 3,5-and 4,5-dicaffeoylquinic acids, apigenin, 
apigenin-7-O-glucoside and apigenin-O-acetyl 
glycoside in the four species belonging to A. millefolium 
group and cv. Proa. As it is seen on Figure 4, the major 
polyphenol components are the caffeoylquinic acids. A. 
asplenifolia 9608 and cv. Proa are characterized with the 
highest content of mono-(6.69 mg.g-1 and 6.67 mg.g-1), 
dicaffeoylquinic acids (13.6 mg.g-1 and 14.9 mg.g-1) and 
sum of polyphenols (28.49 mg.g-1 and 27.56 mg.g-1), 
respectively. The data for chlorogenic acid in the 
species of A. millefolium group follow the same pattern 
as reported previously. [18] However, they are showing 
higher values, which suppose higher RSA of the 
extracts. The reported relationships have shown strong 
correlations between RSA, total flavonoids (R2=0.97) 
and chlorogenic acid (R2=0.90) in the species of A. 
millefolium group. [18] Expectedly, such relations are 
strong, when the studied plants belong to the same 
group (family). As stated previously, the content of 
hydroxycinnamic acids played a big role in all 
antioxidant assays with r ≥ 0.9. [12] Data for RSA 
towards DPPH as IC50, μg.mL-1 of methanol extracts 
from Cl. vulgare, A. vulgaris, M. piperita, M. citrata, M. 
suaveolens and Ch. botrys are shown in Table 1, along 
with the content of main polyphenols. IC50 data vary in 
wide range between 10.3μg.mL-1 of Cl. vulgare extract 
and 260μg.mL-1 of Ch. botrys extract. Hence, Cl. vulgare 
extract possesses the highest RSA. Its polyphenol 
complex comprises from notable amounts of rosmarinic 
acid (7.42 mg.g-1) and glycosides of luteolin and 
apigenin (4.32 mg.g-1), which are recognized radical 
scavengers. Their presence in Cl. vulgare has been 
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explored recently by Bardarov et al. [33] RSA of M. citrata 
(IC50 12.13μg.mL-1) is close to the radical scavenging 
activity of Cl. vulgare. The polyphenol complex of M. 
citrata contains high amounts from the same 
compounds (4.22 mg.g-1 rosmarinic acid and 7.32 mg.g-1 
luteolin and apigenin glycosides) (Table 1). On the 
contrary, these compounds are in lower amounts in M. 
piperita (0.60 mg.g-1 rosmarinic acid and 2.19 mg.g-1 
luteolin and apigenin glycosides). This fact correlates 
very well with the lower RSA of M. piperita extract (IC50 
32.2μg.mL-1). M. suaveolens shows average amounts of 
polyphenol components and corresponding radical 
scavenging activity IC50 22.8μg.mL-1. The relationship 
between rosmarinic content and RSA of the three 
Mentha species correlates in high extend (Table 1). 
Despite the fact that, containing high amount (40.6 
mg.g-1) of caffeoylquinic acids, A. vulgaris’s IC50 is 
30.0μg.mL-1 being close to those of M. piperita. The 
dicaffeoylquinic acids (3,5-dicaffeoylquinic acid and 
4,5-dicaffeoylquinic acid) are the predominant 
compounds in A. vulgaris polyphenol complex (Figure 
2). Corresponding to their structure, they are strong 
radical scavengers. RSA of dicaffeoylquinic acids is less 
investigated. Most of the data published up to now 
suggest higher RSA of dicaffeoylquinic acids in 
comparison to chlorogenic acid. [34-35] Despite of using 
the same radical (DPPH) for determining the radical 
scavenging activity, the data differs in great magnitude, 
probably due to differences in methodology and the 
way of presentation of results. Data on RSA of isolated 
3,5-dicaffeoyl- epi-quinic acid and 1,3-dicaffeoyl- epi-
quinic acid from Chrysanthemum morifolium 
Ramar showed IC50 5.6 and 5.8μg.mL-1, respectively. [36] 
By researching the caffeoyl derivatives in wild herbs of 
the Asteraceae family, the RSA towards DPPH radical of 
pure chlorogenic acid and the dicaffeoylquinic acids 
was determined. 3,5- and 4,5-dicaffeoylquinic acid 
possess higher radical scavenging activity 7.62 and 
7.99μmol.L-1, respectively by comparing to chlorogenic 
acid 13.80μmol.L-1. High contribution of main caffeoyl 
derivatives to total antioxidant power of the Asteraceae 
wild herbs is reported by expressing highly correlative 
relationships. [6] Nevertheless, it must be assumed that 
for the different species the correlation relationships 
extend with limitations, determined by the diversity of 
matrix composition. The lowest RSA of Ch. botrys 
extract (IC50 260μg.mL-1) corresponds to its polyphenol 
composition, which comprises predominantly of 
hispidulin and other metoxylated flavonoid aglycones 
and very low amount quercetin glycosides (Table 1). [17] 
In summary of all data, it can be assumed that the 
radical scavenging activity of extracts is greatly 
dependent on the composition of the polyphenol 
complex as well as the amount and structure of the 
compounds. The number and amount of components, 
which possess high radical scavenging potential, in 
high extent predetermines the activity of the extracts. It 
is of great importance to choose the proper solvent 

which is able to extract as much as possible of the 
components from the polyphenol complex with 
simultaneously high yields and appropriate structure 
for analysis or medicinal use. The influence of the 
matrix composition has to be taken into account. 
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