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SUMMARY 
 

While there is a large number of scientific papers reporting chemical composition 
and biological activities of Aronia melanocarpa, there is a lack information regarding the 
commercially available bagged tea. In order to supply new information on the antioxi-
dant activity of the Aronia melanocarpa tea infusions, the aim of this study was to eva-
luate individual phenolic compounds which could be responsible for antioxidant activiti-
es of these beverages. 

Selected anthocyanins (cyanidin-3-O-galactoside, cyanidin-3-O-glucoside, cyani-
din-3-O-arabinoside, and cyanidin-3-O-xyloside), gallic acid, caffeic acid, rutin, morin, 
and protocatechuic acid were simultaneously detected from commercially available tea 
infusions using a High Performance Liquid Chromatographic (HPLC) method. The antioxi-
dant activity was measured using five in vitro spectrophotometric methods: 1,1-diphe-
nyl-2-picrylhydrazyl radical scavenging activity (DPPH), 2,2'-azino-bis (3-ethylbenzthiazo-
line-6-sulphonic acid) radical cation scavenging activity (ABTS), ferric reducing-antioxi-
dant power (FRAP) and reduction power (RP)Fe(III) to Fe(II). 

Obtained results showed that anthocyanins, predominantly of cyanidin-3-O-gala-
ctoside, are the major class of polyphenolic compounds in tea infusions. Among phe-
nolic acids the most abundant is caffeic acid. A significant correlation between DPPH 
and ABTS and FRAP and RP suggested that antioxidant components in these beverages 
were capable scavenging free radicals and reducing oxidants. 

Generally, these beverages had relatively high antioxidant capacities and could 
be important dietary sources of antioxidant phenolics for the prevention of diseases ca-
used by oxidative stress. 
 
Key words: Aronia melanocarpa, tea infusions, polyphenolic compounds, antioxidant ac-
tivity, HPLC 
 
 
 

Corresponding author:  

Aleksandra Pavlović•  

phone: +381 18 533 015 • 

e-mail: aleksandra.pavlovic@pmf.edu.rs • 
 

 
DOI: 10.2478/afmnai-2014-0030  



ACTA FACULTATIS MEDICAE NAISSENSIS,  2014, Vol 31, No 4    
 

 246

INTRODUCTION 
 

The genus Aronia belong to the Rosaceae fami-
ly, native to eastern North America, has become popular 
in Eastern Europe and Russia. It includes two species: 
Aronia melanocarpa (Mich.) Ell., known as black choke-
berry, and Aronia arbutifolia (L.) Pers., known as red 
chokeberry. Most information concerning Aronia cultiva-
tion refers to black chokeberry. Their berries are used for 
production of juice, jam, wine, and tea as well as antho-
cyanin colorant (1). In recent years A. melnocarpa has 
been highlighted with respect to its particularly rich so-
urce of antioxidants. Those compounds are mainly re-
presented by vitamin C and polyphenols such as antho-
cyanins, phenolic acids, flavanols, flavonols and tannins 
(2-4). They are known as natural antioxidants and due 
to their high concentration and qualitative diversity, cho-
keberry fruit is increasingly referred to as natural functi-
onal foods. 

These findings have been confirmed in the review 
research of Szajdek and Borowska (5) and Kokotkiewicz 
et al. (6). Chokeberry fruit and its products supplement 
the treatment of hypertension, atherosclerosis and gas-
trointestinal tract disorders. The bioactive compounds 
found in chokeberry strengthen blood vessel walls and 
improve their elasticity. Chokeberry juice improves peri-
pheral circulation of the blood and boosts the body’s 
resistance to infections (7). Many researchers are exa-
mining the chemical nature and activity of natural anti-
oxidants in A. melanocarpa (2-7). Little is known about 
the phenolic profiles and antioxidant activity of tea in-
fusions of A. melanocarpa (8) and there is a lack infor-
mation regarding the phenolic content and antioxidant 
activity of infusions obtained from commercially availa-
ble bagged tea. Tea as well as herbal and fruit tea infu-
sions contribute to the major source of phenolic compo-
unds in our diet (9).Chokeberry tea infusions are found 
to have beautiful and aromatic taste.  

The aim of this paper was to estimate the phe-
nolic content and evaluate the antioxidant activity of co-
mmercially available bagged tea infusions of A. melano-
carpa. 

MATERIALS AND METHODS 

Chemica ls  
 
The 6-hydroxy-2,5,7,8-tetramethylchroman-2-car-

boxylic acid (Trolox) was purchased from Acros Organics 
(New Jersey, USA). 2,2-azinobis (3-ethylbenzothiazoline-
6-sulfonic acid) diamonium salt (ABTS), 2,2-diphenyl-1-
picrylhidrazyl (DPPH), 2,4,6-Tri(2-pyridyl)-S-tirazine (TPTZ), 
gallic acid, protocatechuic acid, caffeic acid, rutin, mo-
rin,quercetin, were purchased from Sigma Aldrich (Stei-
neheim, Germany). Cyanidin-3-O-galactoside chloride, 
cyanidin-3-O-glucoside chlorideand cyanidin-3-O-arabi-
nosidewere purchased from Extrasynthese (Cedex, Fran-
ce). All standards were of >95% purity. Potassium pero-

xodisulfate, ammonium iron(II) sulfate hexahydrate, iron 
(III) chloride, potassium hexacyanoferrate(III), sodium 
acetate, sodium dihydrogen phosphate, sodium hydro-
gen phosphate, ascorbic acid, trichloroacetic acid, hyd-
rochloric acid, acetic acid, formic acid and acetonitrile 
(HPLC grade) were purchased from Merck® (KGaA, Dar-
mstadt, Germany). Ethanol (96% by vol.) and methanol 
(HPLC grade) were from J.T. Baker.  

Preparat ion  of  tea  in fus ions 
 
Five commercially available tea infusions (TI) we-

re purchased at local markets. Tea infusions were pre-
pared in the following manner: (2.0000±0.0001)g of 
each tea sample (1 tea bag) was weighed and infusing 
with 200 ml deionised water heated to 95°C for 10 min. 
The solutions were filtered through cotton wool, and 
then the residue was washed with deionised water, cool-
ed to room temperature and finally diluted to 250 ml wi-
th deionised water. 

Inst ruments  
 
An Agilent 8453 UV/V spectrophotometer was 

used for absorbance measurements and spectra re-
cording, using optical cuvettes of 1 cm optical path. The 
pH measurements were made with Hanna Instruments 
pH-meter equipped with glass electrode. A model 1200 
Agilent Technologies was used for HPLC analysis. The 
analytical column was C18 (Zorbax Eclipse XDB-C18, 5 
μm, 4.6×150 mm). 

Genera l  character is t ics  
 
The pH was measured with a pH meter previously 

calibrated with buffer solutions (pH 4.00 and 7.00). The 
density measurement was carried out using a pycno-
meter, comparing the density of the infusion with the 
density of pure water at 20ºC (10). The moisture deter-
mination was carried out in the dry sample by the me-
thod of weight loss by evaporation in an oven at (100± 
2)ºC until constant weight (11). 

Ant iox idat i ve  assays  
 
For DPPH method (12), which is slightly modifi-

ed, a solution of DPPH (1×10-4 mol·l-1) was prepared in 
methanol. 5.0 ml of this solution and 100 μl of tea in-
fusion were mixed in 10 ml volumetric flask and filled 
with methanol to the mark. The mixture was shaken and 
left at room temperature for 30 min. The absorbance 
was measured spectrophotometrically at 520 nm. The 
Trolox calibration curve was plotted as a function of the 
decrease in absorbance of DPPH radical scavenging ac- 
tivity.  
   (∆A = Ablank- A)               (1) 

The final results were expressed as milimoles of 
Trolox equivalents (TE) pergram of tea sample. 
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The ABTS radical scavenging activity was mea-
sured using the method of Re et al.(13) and Arts et al. 
(14). ABTS stock solution (7mM) and 2.45 mM po-
tassium persulfate were left at room temperature for 16 
h to produce ABTS radical cation (ABTS·+). Then, ABTS·+ 

solution was diluted with distilled water to an absorban-
ce of 0.700±0.02 at 734 nm. An aliquot of tea infu-
sion (100 μl) was mixed with 3.9 ml of diluted ABTS·+ 

solution. The absorbance was monitored at 734 nm 
after 6 min. The Trolox calibration curve was plotted as a 
function of the decrease in absorbance of ABTS radical 
cation scavenging activity. The final results were expres-
sed as milimoles of (TE) per gram of tea samples. 

Ferric reducing-antioxidant power (FRAP) assay 
was performed as previously described by Benzie and 
Strain (15). In the FRAP assay, antioxidants in the sam-
ple reduce Fe3+-TPTZ complex to the ferrous form at low 
pH (pH=3.6) with an increase in absorbance at 595 
nm. Briefly, 3.0 ml of freshly prepared FRAP reagent 
was mixed with 20 μl of infuse tea sample along with 
380 μl (total volume was 3.4 ml). The absorbance at 
595 nm was recorded after 5 min incubation at 37°C. 
FRAP values were expressed as milimoles of Fe2+ equi-
valents (FE) per gram of tea sample. 

Reducing power (RP) assay Fe(III) to Fe(II) was 
determined as described by Oyaizu (16). Reducing pow-
er was expressed in relation to the reducing power of 
ascorbic acid as a positive control (Ascorbate Equivalent 
Antioxidant Capacity, AEAC). 100 μl of tea infusion were 
mixed with 1.5 ml of phosphate buffer (NaH2PO4-
Na2HPO4,0.2 mol·l-1, pH 6.6) and 2.5 ml of 1% pota-
ssium ferricyanide (K3Fe(CN)6). The mixture was incuba-
ted at 50 °C for 20 min. 1.5 ml of 10% trichloroacetic 
acid was added to the mixture, which was then centri-
fuged for 10 min at 3000 rpm. The upper layer of so-
lution (1.5 ml) was mixed with 1.5 ml of distilled water 
and 0.3 ml of 0.1% of FeCl3. Absorbance was measured 
at 700 nm. Increased absorbance of the reaction mix-
ture indicated increased reducing power. RP values were 
expressed as milimoles of ascorbic acid equivalents 
(AAE) per gram of tea sample. 

Separat ion  of  ind iv idual  pheno l ic  
compounds in  tea  in fus ions  

An Agilent chromatograph equipped with auto-
sampler and photodiode-array and fluorescence detec- 

tor (1200 Series) was used for the HPLC analysis. The 
separation was performed with a Zorbax Eclipse C18 co-
lumn kept at 25 °C, at a flow rate of 0.8 ml/min, and an 
injection volume of 20 μl. Detection was performed by 
scanning from 200 to 600 nm. For the gradient elution, 
the following programme, slightly modified, was used: 
solvent A (5% HCOOH-H2O) and solvent B (80% AcN 
and 5% HCOOH-H2O) as follows: in 0-10 min, solvent B 
increased by 0% , in 10-28 min, it  gradually increased 
by 0-25% , in 28-30 min solvent B increased by 25% B, 
in 30-35 min, it gradually increased by 25-50% B, in 
35 to 40 min, solvent B gradually increased by 50-80% 
B, and finally in the last 5 min it gradually decreased by 
80-0% B (17). The individual phenolic compounds were 
separated within 40 min. Identification was carried out 
by comparing the retention times and spectral data with 
those of standards. Quantitative determination of indivi-
dual phenolic compounds in tea infusions was calcula-
ted using calibration lines. For compounds lacking stan-
dards, quantification was carried out using similar com-
pounds as standards. Thus, cyanidin-3-O-xyloside was 
quantified in equivalents of cyanidin-3-O-glucoside. All 
experiments were repeated three times. 

Stat is t ica l  analys is  
 
Data are presented as the mean ± standard de-

viation (SD) for triplicate determinations. Statistical ana-
lysis was performed by paired Student t test, using a 
statistical package running on a computer (Statistica 8.0, 
StatSoft, Tulsa, Oklahoma, USA). A probability of p<0.05 
was considered to be statistically significant (18). 

 
RESULTS 

 
General characteristics of the tea infusion are gi-

ven in the Table 1. The results of antioxidative activity and 
quantitative phenolic composition in tea infusions are 
presented in Table 2 and 3, respectively. 

The typical HPLC profile of the polyphenols of se-
lected tea infusion is given in Figure 1. 
 

Table 1. General characteristics of tea infusions 
 

 

 

 

 

Density Moisture Tea 
infusion 

pH 
g/ml % 

TI1 4.48 0.9964 7.3 

TI2 3.74 0.9981 7.3 

TI3 3.58 1.0001 7.1 

TI4 4.68 0.9977 7.4 

TI5 4.56 0.9990 7.8 
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Table 2. The antioxidant capacities* of tea infusions 

DPPH  ABTS  FRAP  Fe(III)/Fe(II) Tea 
infusion 

mmol TE/g mmol TE/g mmol FE/g mmol AAE/g 

TI1 0.067 ± 0.001b 2.715 ± 0.007b 0.147 ± 0.001b 1.36 ± 0.03c 

TI2 0.074 ± 0.002b 2.744 ± 0.006b 0.136 ± 0.001a 0.53 ± 0.02a 

TI3 0.068 ± 0.001b 2.731 ± 0.006b 0.147 ± 0.001b 0.88 ± 0.02b 

TI4 0.055 ± 0.001a 0.076 ± 0.001a 0.153 ± 0.001b 3.48 ± 0.04e 

TI5 0.058 ± 0.001a 0.089 ± 0.002a 0.144 ± 0.001b 2.14 ± 0.03d 

*Values are the mean ± SD (n = 3). Values with different letters within columns are statistically different  
at p<0.05 by paired Student t test 

 

 

Table 3. Individual polyphenols content (mg/g)* in tea infusions 

 TI1 TI2 TI3 TI4 TI5 

Gallic acid 0.476±0.001 ND** 0.596±0.003 ND 0.372± 0.001 

Caffeic acid 0.095±0.002 0.067±0.001 1.26±0.03 0.072±0.002 0.727±0.002 

Protocatechuic 
acid 

0.176±0.004 ND 0.023±0.001 ND ND 

Rutin 0.738±0.006 0.329±0.006 0.032±0.001 0.279±0.007 0.252±0.002 

Morin ND ND 0.501±0.003 ND ND 

Quercetin ND ND 0.243±0.002 ND ND 

Cyanidin-3-O-
galactoside 

37.6±0.4 29.5±0.3 22.2±0.2 11.6±0.1 3.8±0.1 

Cyanidin-3-O-
glucoside 

1.69±0.07 1.38±0.07 5.6±0.2 0.52±0.01 3.1±0.1 

Cyanidin-3-O-
arabinoside 

17.7±0.3 13.9±0.3 9.3±0.2 5.5±0.1 1.9±0.1 

Cyanidin-3-O-
xyloside 

2.1±0.1 1.62±0.03 4.4±0.1 0.77±0.03 1.71±0.04 

*Mean ± SD (n = 3), **ND - not detected 
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Figure 1. Chromatogram of tea infusion (TI3) recorded at 520 nm: 1. cyanidin-3-O-galactoside, 2. cyanidin-3-O-
glucoside, 3. cyanidin-3-O-arabinoside, 4. cyanidin-3-O-xyloside; recorded at 360 nm: 5. gallic acid, 6. protoca-
techiuc acid, 7. caffeic acid, 8. rutin, 9. morin, 10. quercetin 

 
 
D ISCUSSION   

 
The pH values in the tea infusions ranged from 

3.58-4.68. Tea infusions TI2 and TI3 have relative acid 
pH values of 3.74 and 3.58, respectively. The density 
was around 1 g/ml in all samples. According to the Ser-
bian legislation (19), a maximum of moisture for this ki-
nd of products to ensure a good preservation is 12%. 
None of the samples exceeded this level. The moisture 
content was between 7.1-7.8%. 

Taking into account that the most natural antioxi-
dants are multifunctional, the antioxidant capacities of 

 
 
samples cannot be completely described by one single 
method. In addition, currently, there is no single anti-
oxidant assay for food labeling because of the lack of 
standard quantification methods. Each antioxidant assay 
has a different mechanism, redox potential, pH, reaction 
media, etc. Antioxidant assays may be broadly classified 
as the electron transfer (ET)- and hydrogen atom tran-
sfer (HAT)-based assays (20). According to Hengst et al. 
(21), a combination of HAT and ET assays or of reduc-
tion and free radical scavenging based assays is strongly 
recommended to use. Also, according to Apak et al. in 
IUPAC Technical Report (20), using values of antioxidant 
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tests to make dietary decisions is unwarranted and mo-
re difficult. In the present study, spectrophotometric tech-
niques such as DPPH radical scavenging activity, 2,2'-
azino-bis (3-ethylbenzthiazoline-6-sulphonic acid) radical 
cation scavenging activity (ABTS), ferric reducing-anti-
oxidant power (FRAP) and reduction power (RP) were 
used to determine antioxidant activity of tea infusions. 
DPPH and ABTS assays are based on the ability of anti-
oxidants to scavenge free radicals, while the FRAP and 
RP assays are based on the capacity of antioxidants to 
reduce ferric(III) ions to ferrous(II) ions. DPPH radical sca-
venging activity ranged from 0.038 mmolTE/g to 0.074 
mmolTE/g. ABTS activity varied from 0.076 mmolTE/g to 
2.744mmolTE/g. The lowest and the highest ABTS radi-
cal cation scavenging  activities were found in TI4 and 
TI2, respectively, which was consistent with the results 
from DPPH radical scavenging activity assay. In addition, 
the values obtained by the ABTS assay were consistently 
higher than those obtained by the DPPH assay. Different 
reaction kinetics between phenol and the ABTS radical 
cation and DPPH radical over a similar range of contents 
might lead to the different results from two methods 
(22). The antioxidant activity of tea infusions measured 
by the FRAP and RP assays is ranged from 0.136 mmol 
FE/gto 0.153 mmolFE/gand from 0.53 mmolAAE/gto 
3.48 mmolAAE/g, respectively. The lowest and the high-
est FRAP and RP activities were found in TI2 and TI4, re-
spectively. Furthermore, among the applied antioxidant 
methods, DPPH and ABTS methods correlated strongly 
(R2=0.93131, p<0.0500), followed by the FRAP and 
RP methods (R2=0.85863, p<0.0500).This might be 
explained by the mechanism by which phenols scavenge 
the stable DPPH and ABTS radical in these assays as 
well as capacity of antioxidants to reduce ferric(III) ions 
to ferrous(II) ions. When the analyzed antioxidant activity 
of tea infusions were compared with those of A. me-
lanocarpa berries and their products, such as juice and 
pomace(4) and tea (8, 23), the obtained results indi-
cated higher antioxidant activity and higher content of 
anthocyanins and flavonoids (rutin). Also, the obtained 
results are in accordance with literature data obtained 
for antioxidant activity of green, black, herbal and fruit 
tea infusions (24). 

Identification of the individual phenolic compo-
unds has given more information about chemical cha-
racteristics of tea infusions and their antioxidant activity.  

The obtained results showed that tea infusion samples 
contain anthocyanins, rutin, morin, and a number of 
well-known non-flavonoid polyphenols, such as gallic ac-
id and protochatechuic acid, as well as a number of 
chlorogenic acid such as caffeic acid. Relatively high le-
vels of anthocyanins were found while the values were 
lower for rutin, morin, gallic acid, protochatechuic acid 
and caffeic acid. Anthocyanins in tea infusions are a 
mixture of four different cyaniding glycosides: cyanidin-
3-O-galactoside, cyanidin-3-O-glucoside, cyanidin-3-O-
arabinoside and cyanidin-3-O-xyloside of which cyanidin-
3-O-galactoside is the main one. Individual content of 
determined phenols are given in Table 3. The obtained 
results show that tea infusions are rich in o-diphenolics 
as cyanidinderivates and caffeic acid. According to Rice-
Evans et al. (25), o-dihydroxy structure in the B ring le-
ads to higher stability of the radical form and participa-
tes in electron delocalization. Because of that, these com-
pounds are the most active as antioxidants. According to 
the literature, the anthocyanin amount in chokeberries 
varies from 3166 to 14800 mg/kg (26-31). These re-
sults are similar with those obtained for chokeberries tea 
infusions (Table 3). 

 
CONCLUSION 

 
The obtained results showed that A. melanocarpa 

leaves tea infusions contained a high level of polyphe-
nols with high antioxidant activity. When individual phe-
nolic contents of these infusions were compared with 
those of A. melanocarpa products such as pomace and 
juice, these infusions could contribute the same health 
benefit as other chokeberry products in terms of poly-
phenols. Regarding the important place that tea infusi-
ons have as a popular beverages, this could be commer-
cially exploited. Because of their high antioxidant activi-
ties, it could be speculated that these infusions will be 
beneficial for the diseases caused by oxidative stress. 
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Sa že tak  

 
U cilju dobijanja informacija o antioksidativnoj aktivnosti infuz čajeva ploda aronije (Aronia melano-

carpa) određena je koncentracija pojedinačnih fenolnih jedinjenja za koje se smatra da su odgovorna za 
antioksidativnu aktivnost ispitivanih čajeva. 

Sadržaj antocijana (cijanidin-3-O-galaktozid, cijanidin-3-O-glukozid, cijanidin-3-O-arabinozid, cijani-
din-3-O-ksilosid), galne kiseline, kafene kiseline, protokatehinske kiseline, rutina imorina određen je ko-
rišćenjem tečne hromatografije pod visokim pritiskom (HPLC) sa UV/Vis ifluorescentnim detektorom. Anti-
oksidativna aktivnost je ispitana korišćenjem četiri in vitro spektrofotometrijske metode: metoda uklanja-
nja 2,2-difenil-1-pikrilhidrazil (DPPH) radikala, metoda vraćanja 2,2'-azino-bis (3-etilbenzotiazolin-6-sulfo 
katjon radikala) u svoj neutralni oblik (ABTS), redukcija gvožđe(III)-2,4,6-tripiridil-S-triazin kompleksa do 
gvožđe(II)-2,4,6-tripiridil-S-triazin kompleksa (FRAP) metoda redukcije Fe3+ do Fe2+jona (RP). 

Na osnovu dobijenih rezultata može se zaključiti da su u ispitivanim infuz čajevima najviše zastu-
pljeni antocijani, a zatim slede fenolne kiseline. Od antocijana najviše je zastupljen cijanidin-3-O-galakto-
zid, a od fenolnih kiselina kafena kiselina. Visok stepen korelacije između DPPH i ABTS metode i FRAP I RP 
metode ukazuje na to da su prisutna fenolna jedinjenja, kao redukujući agensi u ispitivanim uzorcima, do-
bri hvatači slobodnih radikala. 

Generalno, dobijeni rezultati ukazuju da infuz čajevi od lista aronije pokazuju visok stepen antioksi-
dativne aktivnosti i mogu biti dopuna svakodnevnoj ishrani u prevenciji bolesti izazvanih oksidativnim stre-
som. 
 
Ključne reči: Aronia melanocarpa, infuz čaj, polifenolna jedinjenja, antioksidativna aktivnost, HPLC 
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