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Abstract The purpose of the present study was to evaluate
small and high molecular phenolics (tannins) and antiox-
idant activity of Aronia melanocarpa bermes, juice and
pomace 1 order to find new potential sources of natural
antioxidants. The fruits of Aromra melanocarpa Elliot were
collected i the muddle of October at a plantation near
Wroclaw, Poland. The pomace has a much higher content
of phenolics in comparision to juce and fruits. Results
showed that polymeric proanthocyamns, predominantly of
(—)epicatechin, are the major class of polyphenolic com-
pounds 1n chokeberry, represent 66% of fruits polyphenols.
The average concentration ranged from 1578.79 mg/100 g
of DW for chokeberry juice up to 8191.58 mg/100 g in
pomace. The concentration of phenolic acids (chlorogemc
and neochlorogenic acids) in juice was higher than m po-
mace. Anthocyamns in Aronia melanocarpa are second
phenolic compound group and represent about 25% of total
polyphenols, mixture of four different cyanidin glycosides:
3-galactoside, 3-glucoside, 3-arabinoside and 3-xyloside.
The higher antioxidant activity expressed as TEAC was
measured 1in pomace =>fruit =juice.
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Introduction

The potential sources of antioxidant phenolics have been
searched 1n several types of plant materials such as vegeta-
bles, fruits, leaves, oilseeds, cereal crops, barks and roots,
spices and herbs, and crude plant drugs [1]. Berries are
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known as plant material very rich m phenolics, Berries and
fruits contain a wide range of flavonoids and phenolic acids
that show antioxidant activity. Main flavonoid subgroups
m berries and fruits are anthocyanins, proanthocyanins,
flavonols, and catechins. Phenolic acids present in berries
and fruits are hydroxylated dervates of benzoic acid and
cimanue acid [2].

Flavonoids and other phenolics have been suggested to
play a preventive role in the development of cancer and
heart disease. Consumption of controlled diets high in fruits
and berries significantly increased the antioxidant capac-
ity of plasma [3]. Moreover, epidemiological studies have
found that there 1s a significant negative relation between
the mntake of fruits and vegetables and heart disease mor-
tality [4, 5].

‘The importance of the antioxidant constituents of berries
m the maintenance of health and protection from coronary
heart disease and cancer 1s also raising mterest among sci-
entists, food manufacturers, and consumers as the trend of
the future is moving toward fruits with specific health ef-
fects [6]. The antioxidant activity of phenolics 1s mainly
due to their redox properties, which allow them to act as
reducing agents, hydrogen donators, and singlet oxygen
quenchers. In addition, they have a metal chelation poten-
tial [7].

Studies on antioxidative activities of fruit extracts have
been focused mainly on grapes, which have been reported to
mhibit oxidation of human low density lipoprotein (LLDL) at
alevel comparable to wine [ 8]. Fresh strawberry extract was
reported to have 15 times higher total antioxidant capacity
than trolox in an artificial peroxyl radical model system [9].
Extracts of blackbeiries, black and red currants, blueber-
ries, and black and red raspbermies possessed a remarkably
high scavenging activity toward chemcally generated su-
peroxide radicals [10]. Hydroxycinnamic acids typically
present in fruits have been shown to inhibit L.DI. oxidation
mvitro [11]. Also phenolic extracts of berries (blackberries,
red raspberries, sweet chernies, blueberries and strawber-
ries) were shown to inhibit human low-density lipoprotein

(LDL) and liposome oxidation [ 12].
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'The high antioxidant activity was also reported for a few
known bermes, such as chokeberry Aronia melanocarpa
[15-15] that correlate with high phenolic content. The
chokeberry had significantly higher anthocyanin, phenolic
content and antioxidant activity than the blueberry, cran-
berry and lingonberry crops [13]. It was shown that red pig-
ment fraction of black chokeberry has a potent antioxidative
activity in both m vitro and i vivo systems and played a
significant role 1n antiulcerative activity on acute gastric
hemorrhagic lesions 1n rats [16]. The anthocyanin level of
these berries has been reported to be as high as 1% on a
dry weight basis [17] and total phenolic content more than
20 mg/g (gallic acid equvalents) [14]. Four anthocyanms:
3-O-galactoside, 3-O-glucoside, 3-O-arabinoside and 3-O-
xyloside of cyanidm [17, 18], two phenolic acids: chloro-
genic and neochlorogenic [19] and, recently, five quercetmm
derivatives [20] were determmed in chokeberry fruits. Their
are astringent in taste, that indicate on tannms content in
these fruits. The concentration of chokeberry condensed
tannins was higher than in the other berries [21]. They con-
tain mainly (—)epicatechins as subunits, that are named
procyanidins [22].

Proanthocyanidins are of great mterest i nutrition and
medicine because of their potent antioxidant capacity and
possible protective effects on human health [23]. It has re-
cently been hypothesized that the free radical scavenging
properties of procyanidins may reduce the risk of cardio-
vascular diseases [25, 26], cancer [24], blood clotting [27]
and certain types of tmmenc PAs may protect against un-
nary tract infections [283].

Aronia melanocarpa (Michx) Elhott belong to the
Rosaceae famly, native to eastern North America, 15 a
0.5=3 m high shrub. The black berries are bome 1n clusters
and ripen m early September in Poland. 'They are used for
production of jam, juice, wine and anthocyanin colorant.

'The purpose of the present study was to evaluate small
and high molecular phenolics (tannins) and antioxidant ac-
tivity of Aronia melanocarpa berries, juice and pomace 1n
order to find new potential sources of natural antioxidants.

'The ability of small phenolics, ncluding flavonoids and
phenolic acids, to act as antioxidants has been extensively
mvestigated [7] but the high molecular weight phenolics
known as tannins have been neglected.

Materials and methods

Plant material

Fruits of Aronia melanocarpa Elllot were collected in the
middle of October at a plantation near Wroclaw, Poland,
and immediately stored at —20 °C,

Sample preparation

Chokebernies were thawed overnight at room temperature.

The frmit was crushed and heated at 80 °C duning 5 mun
using a Thermomx (Vorwerk, Germany). The pulp, after

cooling, was depectinized at 50 °C for 1 h by adding 3 ml
pectinase (Rapidase Super BE; Gist-Brocades Laborato-
nies, Charlotte, N.C., U.5.A.) per kg. Pressing of the pulp
was done at a final pressure of 300 kPa for 10 min m a
laboratory hydraulic press (Type Zoodiak). The juice was
pasteurized at 35-90 °C for 10 min 1 0.2 ] jars water bath
heater and next cooled to 20 °C., All processing procedures
were replicated.

'The chokeberry juice was diluted 10 times in redis-
tilled water and filtered through 0.45 pm filters (Millipore,
Bedford, MA) for HPLC analysis. Frozen berries and po-
mace were lyophilized. After gnnding, 1 g samples were
extracted with methanol acidified with 0.1% HCI. The ex-
traction was performed by sonification for 20 mun with
occasionally shaking in ultrasonic bath. This has proved to
be adequate for complete extraction. Next, the slurry was
centrifuged at 19000 ¢ for 10 min and the supemnatant
was used for HPLC analysis. The supematant was recov-
ered and filtered through a 0.45 pm cellulose syninge filter
before analysis.

HPL.C analyses

'The HPL.C analysis of (—)epicatechin, hydroxycinnamates,
anthocyanin glycosides and flavonol glycosides were car-
ried out on a HPL.C apparatus consisting of a Merck-Hitachi
L-7455 diode array detector (DAD) and quatemary pump
L-7100 equipped with D-7000 HSM Multisolvent Deliv-
ery System (Merck-Hitachi, Tokyo, Japan). The separation
was performed on a Synergi Fusion RP-80A 150x4.6 mm
(4 pm) Phenomenex (Tomrance, CA USA) column, Col-
umn oven temperature was set to 30 °C., 'The mobile phase
was composed of solvent A (2.5% acetic acid) and solvent
B (acetonitrile). 'The program began with a linear gradient
from 0% B to 36 mun 25% B, followed by washing and
reconditioning the column. The flow rate was 1 ml min—,
and the runs were momtored at the following wavelenghts:
(—epicatechin at 230 nm, chlorogenic and neochlorogenic
acid at 320 nm, flavonol glycosides at 360 nm, and an-
thocyanin glycosides at 520 nm. The Photo Diode Array
(PAD) spectra were measured over the wavelength range
240-600 nm 1n steps of 2 nm. Retention times and spectra
were compared to those of pure standards withmn 200-—
600 nm.

In addition, an enzymatic hydrolysis of flavonol and an-
thocyanin glycosides was performed foridentification. The
lyophilized powdered bermies were mixed with the citrate
buffer solution at pH 5. Afterward, specific enzymes were
added: p-glucosidase, p-xylosidase, p-galactosidase, and
B-hesperidiase (Sigma, Steinheim, Germany). The disap-
pearance of single peaks in the chromatogram and for-
mation of the comresponding aglycon was observed using
HPL.C after 1-h incubation at 33 “C with a specific enzyme.

Quantification

'The amounts of anthocvanins, chlorogenic acids and
flavonols 1 the samples were analyzed by HPL.C. Standard



curves made from cyanmdin 3-galactoside and chlorogenic
acid supphied by Polyphenols Laboratories were used for
the analysis of anthocyanins and chlorogenic acids, respec-
tively, while flavonols were assayed from that of standard
rutin (Sigma-Aldrich).

Proanthocyanidins analysis

The direct thiolysis on freeze-dried juice, bermies and po-
mace was performed [29]. Powders are precisely weighed
(30-50 mg) in 1.5 ml Eppendorf vials, acidic methanol
(3.3% (v/v), 400 1) and toluene «-thiol (5% m methanol,
2800 pl) are added. The vials are closed and mcubated at
40 °C for 30 min with agitation on vortex every 10 mun.
'Then, the vial are cooled 1n 1ce water and centrifuged 1m-
mediately at 4 °C refrigerated centrifuge during 10 min.
samples are stored at 4 °C until RP-HPLC analysis. All
mcubations were performed 1n triplicate.

'The thiolysis products separated on Merck Purospher RP
18 end-capped column 2504 mm, 5 pm (Merck, Darm-
stadt, Germany ). The HPL.C apparatus 1s a Waters (Milford,
MA) systems (DAD and Scanning Fluorescence detectors).
The solvent system 15 a gradient of solvent A (aqueous
acetic acid, 2.5%. v/v) and solvent B {acetonitrile) and the
following gradient is applied: initial 3% B, 0-5 min, 9% B
linear; 5-15 min, 16%B hinear; and 1545 min, 50%B lin-
ear, followed by washing and reconditioning the column.
The flow rate 1 ml min~', and oven temperature 30 °C
were used. Compounds, for which reference standards were
available, were identified on chromatograms according to
their retention times and UV-visible spectra. The fluo-
rescence detection was recorded at excitation wavelength
278 nm and emission wavelength 360 nm. The calibration
curves ( based on peak area at 230 nm) were established us-
ing flavan-3-ol and benzylthioether standards. The average
degree of polymerization was measured by calculating the
molar ratio of all the flavan-3-ol units (thioether adducts +
terminal units) to (—)epicatechin and (4)-catechin corre-
sponding to terminal units.

scavengmg effect on DPPH and AB'TS radicals

The DPPH (2,2-diphenyl-1-picrylhydrazyl), ABTS (2,2'-
azinobis-(3-ethylbenzothiazoline-6-sulfonic acid), Trolox
(6-hydroxy-2,5,7 8-tetramethychroman-2-carboxylic acid)
and potassium sulfate (di-potassium peroxdisulfate) were
obtained from Sigma-Aldrich Co., U.S.A.

'The effect of juice, berries, and pomace extracts on DPPH
radical was determuned according to the method of Yen and
Chen [30]. A 1 g of freeze-dnied sample was homogenized
m 20 ml of methanol. The slurry was filtered and filtrate
was diluted ;n methanol. A 1 ml aliquot of diluted extract
was added to 3 ml of absolute methanol and 1 ml of DPPH
(0.012 ¢ DPPH/100 ml). The mixture was shaken and left at
room temperature for 10 min; the absorbance was measured
spectrophotometrically at 517 nm.
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'The effect of juice and freeze-dried berries and pomace
extracts on ABTS radical was measured according to Re
et al. [31]. ABTS stock solution (7 mM concentration) and
2.45 mM potassium persulfate were left at room temper-
ature for 16 h to produce ABTS radical cation (ABTS™).
A 1 g of sample was homogemzed m 50 ml of absolute
methanol and filtered. ABTS™ solution was diluted with
distilled waterto an absorbance of 0.700 (£0.02) at 734 nm.
A 1 ml of ABTS™ solution was added to 10 pl of sam-
ple extract; the absorbance was monitored at 734 nm after
6 min. A concentration-response curve for the absorbance
at 734 nm after 6 min for ABTS™ as a function of different
Trolox concentrations was prepared. The decrease in ab-
sorption at 734 nm 6 mun after addition of the compound
was used for calculating the TEAC (Trolox equivalent an-
tioxidant capacity).

Results and discussions

'The results of qualitative and quantitative phenolic com-
position in black chokeberries fruits, juice and pomace de-
termined by HPLC method are presented in Table 1. The
pomace has a much higher content of phenolics than juce
and fruits.

Arornia melanocarapa 18 known as a very rich source of
anthocyanins and phenolic acids. Our results showed that
polymeric proanthocyanins are the major class of polyphe-
nolic compounds 1n chokeberry (lable 1 and Fig. 1) and
represent 66% of fruits polyphenols. The average con-
centration ranged between 1573.79 mg/100 g of DW for
chokeberry juice up to 3191.58 mg/100 g 1n pomace. Poly-
meric flavan-3-ols of Aronia melanocarpa are composed
predominantly of (—)epicatechin as constitutive umts of

Table 1 Phenolic compounds distribution (mg/100 g dried weight)
and antioxidant activity of Aronra melanocarpa Elliot

Compounds Fruits Pomace Juice
Chlorogenic acid 301.85 204.35 415.86
Neochlorogenic acid 200.81 160,20 303.10
{— Jepicatechin 15.04 11.41 12,71
Polymeric procy aniding 3181.60 3191.58 1578.79
Degree polymerization DP 23 34 23
(Quercetin 3-rutinoside 15.10 1355 2753
(Juercetin 3-galactoside 36938 47.44 49,76
(Quercetin 3-glucoside 21.64 26.30 »1.24
Cnercetm derivatives 2743 82.40 46.93

unidentified
Cyanidin 3-galactoside 1282.41 1119.70 T87.00
Cyanidin 3-glucoside 42.14 7944 28.15
Cyanidin 3-arabmoside 381.50 232.64 32437
Cyamidin 3-xyloside b i o | 105.06 33.63
Total phenolics 784971 10583.27 372007
Antioxidant activity

(LM Trolox /100 g dried weight)

DPPH radicals 279.38 301.89 127.45
ABTS radicals 434,49 779.58 314.05
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Fig.1 Chromatograms HPLC {detectors: fluore scence—continuous
line; absorbance UV 280 nm—dotted lme) of Aronig melanocarpa
fruit thiolytic degradation products 1. 1'-(—)epicatechin; 2.
2{— epicatechin-o -benzyl thicether

procyanidins. The chain extension units and chain ter-
minating units in procyanidins were predomunant as
(—)epicatechmn (Fig. 1).

In chokeberry fruits, the anthocyanins are the second
phenolic compound group and represent about 25% of
total polyphenols. Anthocyanins in Aroxra melanocarpa
are a muxture of four different cyanidin glycosides: 3-
galactoside, 3-glucoside, 3-arabinoside and 3-xyloside of
which cyamdin 3-galactoside 1s the main one. These results
are 1 agreement with the previous studies [18].

Chlorogenic and neochlorogenmc acids represent 7.5%
of aronia fruit polyplenols. The main compound was 5'-
caffeoyl quinic acid (chlorogenic acid). The results con-
firmed our earhier reports [19], The concentration of pheno-
lic acids 1n juice was higher than in pomace which indicated
its good solubility 1n water.

'The content of flavonols and (—)epicatechin in choke-
berry fruits was low compared to the content of antho-
cyanins, chlorogenic acids and procyanidins. Flavonols in
chokeberry are a muxture of five different quercetin gly-
cosides recently identified [20]. We identified only three
of them the denvative 3-tutinoside, 3-galactoside and 3-
glucoside. Flavonols represent only 1.3% of total choke-
berry fruit phenolics.

'The results presented in Table 1 indicated high antioxi-
dant activity of chokeberry fruits with large variation rang-
ing from 127.45 (juice) to 301.39 (pomace ) for DPPH rad-
icals equivalents per pM Trolox/100 g dned weight and
from 314.05 (yuice) to 779.58 (pomace) M Trolox/100 g
dried weight for ABTS radical. These plants have a very
high antioxidant activity, comparable to traditional Chinese
medicinal plants associated with anticancer activity [32].
Kahkonen et al. [33], after examunation of the phenolic
contents and antioxidative activity in 92 plant extracts, re-
ported that among edible plant maternials, remarkable high
antioxidant activity and high total phenolic content (GAE.
20 mg/g) were found in bermies, especially aronia and crow-
berry.

(I:)rgr results show that Aronia melanocarpa berries are
very rich in o-diphenolics as caffeic acids, (—)epicatechin,
cyanidin and quercetin denivatives. These compounds are

the most active as antioxidants, because the o-dihydroxy
structure 1 the B ring confers higher stability to the radical
form and participates in electron delocalization [7]. The
high molecular weight of chokeberry procyamdins con-
taining many aromatic rings and hydroxyl groups are also
mportant for free radical scavenging, Hagerman et al. [34]
reported, that tannins may be much more potent antioxi-
dants than simple monomernic phenolics.

Our result showed that Aroria melanocarpa bernies and
their products, such as juice and pomace contained a high
level of polyphenols with high antioxidant activity, which
could be commercially exploited. This plant mught be a
potential source of potent natural antioxidants.
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