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AbsTRACT

Flavonoids and phenols are considered to be natural antioxidants present in plant 
life. Although many of their functions in plant metabolism remain unknown, there is 
a positive connection between the amount of the 2 compounds in plant material and 
its antioxidant activity. In our paper, we have analysed root, leaves and flowers of 
Anthemis cretica l. (Asteraceae), collected in the mountain range of stara Planina. 
Plant parts were extracted with 4 different solvents: methanol, ethanol, acetone and 
water. Total phenolic content (TPC) and total flavonoid content (TFC) were determined, 
and antioxidant activity of plant parts was assessed by 4 different methods: dPPH 
free radical-scavenging assay, AbTs radical-scavenging capacity assay, iron(iii) to 
iron(ii) reduction assay (iRA), and cupric ion reducing antioxidant capacity assay 
(CUPRAC). Root samples have demonstrated the highest TPC and TFC, as well as 
the highest antioxidant activity, when measured by dPPH, AbTs and iRA methods. 
When CUPRAC method was used, flowers demonstrated the highest antioxidant 
activity. There was a strong correlation between amount of phenols and flavonoids 
of a particular plant part and its antioxidant activity. Methanol was the best solvent 
for extraction of all plant parts. 
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AiMs ANd bACKGROUNd

Phenolic compounds are naturally present in plants. They are secondary plant me-
tabolites, synthesised to counteract a number of environmental factors such as infec-
tion, physical damage and UV radiation1. Over 1000 of phenolic compounds have 
been identified, often in glycoside form2. Characteristic of phenolic compounds is an 
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aromatic ring with one or more hydroxylic groups (may be mutilated or esterified)2. 
Flavonoids are the largest group of phenolic compounds. They have a role as plant 
pigments and they protect the plant from insects, oxidative stress and extreme tem-
peratures. Despite recent interest in flavonoids and phenols reflected in increased 
number of papers, many of their metabolic functions still remain unknown3. due to 
their specific structure, phenolic compounds are considered as natural antioxidants. 
Phenolic compounds terminate free radical reactions by donating a hydrogen atom 
which deactivates free radicals. This means that the phenolic compound itself will 
become a free radical, but since it is stabilised by resonant effect, it remains inactive. 
by neutralising free radicals, phenolics decrease lipid peroxidation of cell membrane, 
may prevent oxidative degeneration of dNA and counteract the spread of tumors4. 
As antioxidants, phenolic compounds may influence the primary ageing process, can 
be efficient inhibitors of low-density lipoproteins (LDL) oxidation. Epidemiologic 
research shows an inverse relation between nutrition rich in phenolics and risk of 
cardiovascular disease. increased intake of fruit and vegetables rich in nutritive com-
ponents which demonstrate antioxidative properties can contribute to improvement 
of quality of life in consumers4.

Anthemis cretica l. (Asteraceae) is a perennial that may be found in many 
mountain areas in southern and central Europe and southwest Asia. The plant is poly-
morphic, and many samples collected in Europe are probably local variations that 
can not be officially taxonomically recognised. In Turkey, 12 subspecies have been 
recognised5,6, while in Mediterranean 23 subspecies have been reported7. There are 
few researches on phytochemical properties of Anthemis cretica8. buruk et al.9 have 
counted Anthemis cretica amoung the most bioactive plants in their study. There are 
no scientific papers concerning antioxidative properties of Anthemis cretica in spite 
of its use in traditional medicine in Eastern serbia.

In order to assess possible health benefits and medicinal potential of Anthemis 
cretica, dried parts (flower, leaves and root) of the plant were extracted in different 
solvents (methanol, ethanol, acetone and water), and total phenolic and total flavonoid 
content was determined. different antioxidant assays were performed: dPPH, AbTs, 
iRP and CUPRAC. 

EXPERiMENTAl

Standards and chemicals. 1,1-Diphenyl-2-picrylhydrazyl radical (DPPH), 2,2′azino-
bis(3-ethylbenzothiazoline-6-sulphonic acid) (AbTs), potassium persulphate and 
catechin were obtained from sigma-Aldrich (steinheim, Germany), methanol, ethanol 
and acetone were purchased from J. T. baker (deventer, Holland). Gallic acid was 
obtained from Carl Roth (Karlsruhe, Germany). Trolox (6-hydroxy-2,5,7,8-tetrame-
thylchroman-2-carboxylic acid) and 2,4,6-tris-2-pyridyl-1,3,5-triazine (TPTZ) were 
obtained from Acros Organics (Geel, belgium). The Folin–Ciocalteu (FC) reagent, 2,9-
dimethyl-1,10-phenanthroline (neocuproine), Na2CO3, NaNO2, NaOH, HCl, Na2HPO4, 
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NaH2PO4, K3[Fe(CN)6], trichloroacetic acid (TCA) and AlCl3 were purchased from 
Merck (darmstadt, Germany). All other chemicals were of analytical grade, and were 
used as received except that the solvents were distilled prior to use.

Plant material. Aerial and underground parts of Anthemis cretica l. (Asteraceae) 
were collected from the mountain range stara planina (43.385° N, 22.660° E), eastern 
serbia in the June 2012. 

Preparation of the extracts for antioxidant assays. Leaves, flowers and roots were 
separately air-dried to constant weight and then crushed with an electrical stainless-
steel grinder into a fine powder. The exact mass of around 0.25 g of dry powder was 
extracted with 25 ml of different solvents (water, acetone, ethanol and methanol) 
using an ultrasonic bath (bandelin sONOREX® digital 10 P, sigma, UsA) during 
30 min. The extraction was repeated with several more 25-ml portions of the same 
solvent, the obtained extracts combined, concentrated in the stream of nitrogen, and 
finally made up to 50 ml and stored at 4°C until analyses. All extractions were done 
in triplicate. 

Determination of total phenolic content (TPC). The total phenolic content of the 
extracts was determined using the Folin–Ciocalteau assay10. Briefly, 0.15 ml of the 
extracts were mixed with 2.0 ml of (20%, w/w) Na2CO3 solution and 0.5 ml of FC 
reagent and made up with deionised water to a final volume of 10.0 ml. The solution 
was mixed and, after ageing for 120 min at 25°C, the absorbance was measured at 760 
nm, using an UV-vis. spectrophotometer (Agilent 8453, Agilent Technologies, UsA). 
Results were expressed as mg of gallic acid equivalents per g of the dry sample.

Determination of total flavonoid content (TFC). The total flavonoid content of A. 
cretica solvent extracts was determined by a colorimetric method11. A known vol-
ume of the samples was mixed with 2 ml of distilled water and subsequently with 
0.3 ml of a NaNO2 solution (5%, w/w). After 5 min, 3 ml of AlCl3 solution (1%, 
w/w) were added and the solution left for 5 min at room temperature. Then, 2 ml of 
NaOH solution (1 mol/l) were added to the mixture diluted with deionised water to 
the final volume of 10 ml. The mixture was thoroughly mixed and absorbance was 
immediately measured at 510 nm versus the previously prepared water blank. The 
results were expressed as mean values ± standard deviation of catechin equivalents 
(mg catechin/g dry weight). 

DPPH free radical-scavenging assay. The antioxidant capacity of Anthemis cretica 
solvent extracts was studied through the evaluation of the extracts free radical-scav-
enging effect on 1,1-diphenyl-2-picrylhydrazyl (dPPH) radical. The determination was 
based on the method proposed earlier12. An aliquot (0.1 ml) of the different extracts 
was mixed with 2.5 ml of 100 µmol/l dPPH methanol solution. The mixture was 
thoroughly vortex-mixed, kept out of light for 30 min and absorption was measured 
at 515 nm. The absorption of the blank containing the same amount of methanol and 
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dPPH solution was prepared and measured daily. The radical scavenging activity was 
calculated using the following formula:

scavenging effect (%) = [1-(absorbance of the sample/absorbance of the blank)] × 100.

The results were expressed as mg of Trolox equivalents (TE) per 1 g of sam-
ple.

ABTS radical-scavenging capacity assay. The test described earlier13 was used in 
this study. The AbTs radical cation (AbTs·+) solution was prepared by the reaction 
of solutions of 7 mmol/l AbTs and 2.45 mmol/l of potassium persulphate, at 23°C 
in the dark for 16 h. The AbTs·+ solution was then diluted with 80% (v/v) aqueous 
ethanol to obtain a solution with the absorbance of 0.700 ± 0.020 at 734 nm. The 
AbTs·+ solution (3.9 ml) was added to 0.1 ml of the test sample and mixed thoroughly. 
The reaction mixture was left to stand at 23°C for 6 min and then the absorbance 
was measured at 734 nm. The samples were diluted with 80% aqueous ethanol so as 
to give 20–80% reduction of the blank absorbance with 0.1 ml of the samples. The 
total antioxidant activity of Anthemis cretica extracts was expressed as mg of TE per 
g of dry weight.

Iron(III) to iron(II) reduction assay (IRA). iron(iii) to iron(ii) reduction assay14 was 
adopted. different dilutions of the extracts (0.5 ml) were added to the mixture of 
1.25 ml of the phosphate buffer (0.2 mol/dm3, pH 6.6) and 1.25 ml of potassium fer-
ricyanide (1%, w/w). The resultant solution was incubated at 50°C for 20 min. After 
that, trichloroacetic acid solution (1.25 ml, 10%, w/w) was added, diluted with 4.25 
ml of water and 0.85 ml of ferric chloride solution (0.1%, w/w) were added. After 30 
min, the absorbance was measured at 700 nm. iRA of the extracts was expressed as 
mg gallic acid equivalents/g. 

Cupric ion reducing antioxidant capacity (CUPRAC). The CUPRAC method was ap-
plied as previously described15. A mixture comprised of 1 ml of 10 mmol/l copper(ii) 
chloride, 1 ml of 1mol/l ammonium acetate buffer at pH 7.0, and 1 ml of 7.5 mmol/l 
neocuproine solution was prepared, x ml sample solution and (1−x) ml distilled water 
were added, and well mixed (total volume: 4.0 ml). This final mixture in a stoppered 
test tube was left to stand at room temperature for 30 min. After that, the absorbance 
at 450 nm was measured against a blank. The standard curve was prepared using 
Trolox standard solution. The antioxidant activity of Anthemis cretica extracts was 
expressed as mg of TE per g of dry weight.

Statistical analysis. Results were expressed as the mean ± standard deviation. sta-
tistically significant differences were determined by one-way analysis of variance 
(ANOVA) (Ref. 16) followed by Tukey post hoc test for multiple comparison16 (Graph 
pad Prism version 5.03, san diego, CA, UsA). Probability values (p) less than 0.05 
were considered to be statistically significant.
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REsUlTs ANd disCUssiON

Phenolic compounds have strong antioxidant properties and are the most abundant 
antioxidants in plant materials. They are also considered the most important source 
of antioxidants in most diets17,18. Thus the amount of phenolic compounds present 
in a plant is a valuable factor for reflecting its value in terms of antioxidant activity. 
Flavonoids are a large group of phenolic compounds and are widespread in plants and 
fruits. They have many important roles in plants, such as acting as signal molecules 
and protecting the plant. They are responsible for colours of flowers, fruits, leaves, 
etc.19 Flavonoids have demonstrated a high antioxidation potential and been known 
to act as scavengers of various oxidising species20.

Total phenolic content (TPC) and total flavonoid content (TFC) of different plant 
parts (root, leaves and flowers) in methanol, ethanol, acetone and water are presented 
in Table 1 and Fig. 1. Highest values both of total phenolic and total flavonoid con-
tent are obtained when using methanol, similar to other authors11,12. The ranking of 
values for total phenolic content and total flavonoid content in different solvents was: 
methanol>ethanol>acetone>water, for all parts of the plant. The main antioxidant com-
pounds in flowers are anthocyanins, which are responsible for colour of the flower21. 
They are equally soluble in methanol and ethanol, and thus the smaller difference in 
TPC for flowers in methanol and ethanol compared to root. 

The highest TPC was found in the root, 61.61±0.9 mg GAE per g of dry weight 
in methanol, while TPC in leaves in the same solvent is 45.76±0.5 mg GAE per g 
of dry weight, which is significantly smaller (p < 0.05) (Table 1). This is in accord-
ance with previous research which shows that root samples of plants have a higher 
antioxidant activity22. TPC of leaves in methanol is 33.01± 0.5 mg GAE per g of dry 
weight, which is almost half as that of the root (Table 1, Fig. 1). TFC follows the same 
trends as TPC, as it is highest when extraction is done with methanol, followed by 
ethanol, acetone and water. TFC values are ranked the same for different plant parts: 
root > flower > leaves.
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fig. 1. Total phenolic content, total flavonoid content, DPPH, ABTS, IRP and CUPRAC antioxidant 
activity for different plant parts

Most plants contain a number of compounds that have different antioxidant 
activities. Therefore, determination of each compound for the sole reason of evaluat-
ing the value of the plant as a source of antioxidants would be ineffective and costly. 
A number of methods for determination of antioxidant activity of plants have been 
developed such as: dPPH, AbTs, iRA, CUPRAC, FRAP (Ref. 23), ORAC (Ref. 24), 
etc.). Antioxidant compounds can act through a number of mechanisms that reduce 
the potential damage of oxidants: free radical scavenging, breaking of radical chain 
reactions, oxygen quenching, etc.17 Consequently, more than one method is required in 
order to fully determine the value of a plant or a food as an antioxidant25. in our work, 
we have used four methods for evaluating antioxidant activity of Anthemis cretica: 
dPPH, AbTs, iRA and CUPRAC method. Again, for each method of antioxidant 
activity determination and each plant part, plant material extracted in methanol dem-
onstrated the highest values (Table 1, Fig. 1). dependence of antioxidative behaviour 
of active components on solvent type and polarity was reported earlier26. However, it 
is also possible to ascribe the difference in antioxidant activity of the same plant part 
in a different solvent to the extraction power of the solvent. Methanol may simply 
extract more of the active compounds from dried plant material as reported27, which 
can also explain higher values obtained when using it as a solvent.

CUPRAC method has shown distinctively higher TE per g of dry weight values 
compared to the other 2-electron transfer-based antioxidant assays, AbTs and dPPH. 
This is similar to previous researches26,28,29 verifying that CUPRAC is the best method 
for assessment of antioxidant activity of plant extracts. Main advantage of CUPRAC 
and probably the reason for its highest TE per g of dry weight values is its sensitivity 
both to hydrophilic and lipophilic antioxidants28. 

Root extracts have demonstrated the highest values for dPPH, AbTs and iRA 
determination methods, for all the solvents used. when methanol was used as a solvent, 
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dPPH, AbTs, iRA and CUPRAC values for root extracts were: 35.24±0.5, 59.15±0.8, 
48.64±0.6 and 90.68±1.0 mg TE per g of dry weight, respectively. The ranking of 
antioxidant activities for DPPH, ABTS and IRA was: root > flower > leaves. It is 
interesting that CUPRAC method shows higher value of mg TE per g of dry weight 
for flower extracts, followed by root and leaves.

Correlations among results derived from determining TPC, TFC and antioxidant 
activity assays (dPPH, AbTs, iRP and CUPRAC) are presented in Table 2. Only 
correlations between CUPRAC and TFC (0.777) and CUPRAC and dPPH (0.779) 
are significant at the level of p<0.05, while all of the other correlation are significant 
at higher level (p < 0.01). 

table 2. Correlation coefficients between TPC, TFC, DPPH, ABTS, IRP and CUPRAC methods
Method TPC TFC dPPH AbTs iRP CUPRAC
TPC 1
TFC 0.838* 1
dPPH 0.915* 0.935* 1
AbTs 0.929* 0.823* 0.916* 1
iRP 0.913* 0.845* 0.938* 0.990* 1
CUPRAC 0.829* 0.777** 0.779** 0.927* 0.897* 1
* Correlation is significant at the level of p<0.01; ** correlation is significant at the level of p<0.05.

There is a very strong correlation between total phenolic content and antioxidant 
assays (p < 0.01) (Table 2). similar correlation has been previously reported11. There 
are strong correlations (p < 0.05) among all of the different antioxidant assays used 
in our work. 

CONClUsiONs

Extracts of all parts of Anthemis cretica demonstrate certain antioxidant activity ac-
cording to antioxidant assays used (dPPH, AbTs, iRP and FRAP). strong correlation 
between total phenolic content and antioxidant assays points to phenolic compounds 
as main carriers of antioxidant activity in our plant samples. The highest phenolic 
and flavonoid content, as well as antioxidative activity (according to all assays used) 
was found in root samples, compared to other plant parts (flower and leaves), which 
is considered uncharacteristic for most plants. Methanol has proven to be the most 
effective solvent, since samples extracted with methanol have the highest values in 
all of the assays. 
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