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Abstract

This paper presents a study on the antiradical properties of red fruits commonly consumed in Europe, i.e. strawberry
(Fragaria ananasa), raspberry (Rubus ideaus), blackberry (Rubus fruticosus), cranberry (Vaccinium macrocarpon) and
pomegranate (Punica granatum) extracts by various in vitro tests as well as the determination of qualitative and quantitative
features of their phenolic compounds. Our results indicated richness of red fruits in phenolic compounds and variability of
their chemical mixtures dominated generally by anthocyanins, ellagic acid and their derivatives. The selected fruit extracts
exhibited notable antiradical activity by DPPH, ABTS, ORAC and PCL assays with significant correlation to phenolic
content and remarkable influence of the chemical composition. This investigation indicated that the red fruits examined
constitute prosperous natural sources of antiradical substances of high value which would benefit the product quality and
consumers’ health.
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Abbreviations DPPH AE  Antiradical efficiency in DPPH test

GAE Gallic acid equivalent ORAC Oxygen radical antioxidant capacity

C3G Cyanidin-3-glucoside FL Fluorescein

HPLC High performance liquid chromatography AA Antioxidant activity

CYAD Cyanidin derivatives TEC;, The time needed to reach the steady state to
PELD Pelargonidin derivatives ECj, concentration.

EAD Ellagic acid derivatives

1QD Isoquercitrin derivatives

TA Total anthocyanins Introduction

SF Flavonoids sum

TPC Total phenolic compounds Oxidation causes changes in the nutritional value and
vC Vitamin C organoleptic features of food, not only deteriorates the taste,
PCL ACW  Photochem test water-soluble fraction aroma and color but it also decreases the nutritional value
PCL ACL  Photochem test lipid-soluble fraction of food. In addition, toxic products are formed, including
PCLTIAC  Photochem test integral antioxidant capacity free radicals and their degradation products. The intensity
ABTS AE  Antiradical efficiency in ABTS test of the process depends on the composition of fatty acids,
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storage conditions, and the presence of pro- and antioxidants
[1]. The autoxidation process leads to the formation of free
radicals and peroxides. There are also numerous short-chain
compounds, including hydrocarbons, aldehydes, ketones,
esters and alcohols, which are known as secondary products
of lipid oxidation. Free radicals and their degradation prod-
ucts are harmful to health [2] by damaging cells and tissues,
causing many diseases, and accelerating the aging process
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[2]. The negative effects can be prevented by antioxidants,
which slow down the oxidation process. The food indus-
try distinguishes two types of antioxidants: synthetic and
natural [3]. Synthetic antioxidants are characterised by high
efficiency and fast response. However, their use is limited
due to inexplicable toxicity. Natural antioxidants in plants
arouse great interest among scientists and consumers [4].
It is noteworthy that the addition of substances inhibiting
oxidative processes and ensuring good quality of food is
desirable both from the nutritional and technological point
of view [5].

Antioxidants are compounds which reduce and block
free radicals [6, 7]. They form metal complexes that cata-
lyze oxidation reactions, prevent reactions caused by single
active oxygen, and inhibit the activity of oxidative enzymes,
such as lipoxygenase. The effectiveness of antioxidants in
plant products also depends on their adequate concentra-
tion. The set optimum limit has antioxidative effect on the
product, while other concentrations may have pro-oxidative
effect. When using antioxidants in the food industry it is
necessary to pay attention to their behaviour. Some of them
may exhibit antioxidative effects during storage, but they
may lose their activity at high temperature, and vice versa.
Numerous studies support the use of polyphenols to inhibit
oxidative processes and prolong the shelf life of products.
Polyphenols can mostly be found in fruit and vegetables.
Locally grown seasonal fruits such as strawberries, raspber-
ries, blackberries, cranberries and pomegranates are particu-
larly important sources of antioxidants in Europe. Recently
there has been increased interest in the influence of fruit
and vegetable consumption on health [4, 8, 9]. It may be
caused by the fact that, as scientists point out, fruits are a
good source of natural antioxidants, e.g. in the form of phe-
nolic compounds, which are better accepted than synthetic
antioxidants commonly used in the industry [10]. Therefore,
the aim of this paper was to compare the effectiveness of
widely consumed red fruits in Europe as a source of anti-
oxidant substances by determination of the quantitative and
qualitative phenolic features as well as the evaluation of their
antiradical potencies by using divers agreed assays.

Materials and methods
Chemicals and reagents

DPPH (2,2-diphenyl-1-picrylhydrazyl), Trolox (6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid), ABTS
(2,2'-azinobis [3-ethylbenzothiazoline-6-sulfonic acid]),
AAPH (2,2'-azobis(2-methylpropionamide)-dihydrochlo-
ride) (Sigma-Aldrich, Germany); Folin Ciocalteu Ragent,
fluorescein disodium (Fluka, Germany); ACW kit—Anti-
oxidant Capacity of Water-soluble substances and ACL
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kit—Antioxidant Capacity of Lipid-soluble substances
(Analytik Jena AG, Germany); sodium carbonate (POCh,
Poland); purified water (Arium Sartorius, Germany); HPLC-
grade acetonitrile, methanol and ethanol (Merck, Germany);
cyanidin-3-glucoside (Roth, Germany); gallic acid (Sigma,
Germany); standards of pelargonidin 3-glucoside, pelar-
gonidin 3,5-diglucoside, cyanidin 3-glucoside, cyanidin
3,5-diglucoside, cyanidin 3-galactoside, quercetin 3-gluco-
side (Extrasynthese, France); ellagic acid (Sigma-Aldrich,
Germany). All of other purchased reagents used were of
analytical grade.

Plant material and extract preparation

Strawberry (Fragaria ananasa var. Elsanta), raspberry
(Rubus ideaus L. var. Polana), blackberry (Rubus frutico-
sus var. Polar), cranberry (Vaccinium macrocarpon var.
Pilgrim) and pomegranate (Punica granatum L. var. Mollar
de Elche) were freshly collected from local cultivations of
Wielkopolska in Poland (strawberry, raspberry, blackberry),
British Columbia in Canada (cranberry) and Alicante in
Spain (pomegranate). All fruits were collected in a mature
stage for consumption. Fruits were washed, peduncles were
removed, pomegranate was peeled. Extraction procedure
was conducted according to Kmiecik et al. [11]. Briefly,
100 g of fruit was homogenized, freeze dried and macer-
ated at optimized conditions (250 ml 80% ethanol, 21 °C,
sequential mixing). After 24 h, the extracts were collected
(the process was repeated three times). The supernatant was
filtered, centrifuged (3000 rpm, 6 min), and then evaporated
on vacuum rotary evaporator (45 °C), the residue was freeze
dried and final extracts were stored frozen (— 18 °C). The
rate of production yield was 3.6, 6.1, 6.7, 7.1 and 5.2 (% of
dry weight) for strawberry, raspberry, blackberry, cranberry
and pomegranate respectively. The crude extracts were dis-
solved freshly in 80% ethanol prior further analysis. Fruit
extracts applied for the research were: 100-2000 ppm.

HPLC determination of phenolic compounds

The phenolic compounds of fruit extracts were identified and
quantified by using high performance liquid chromatography
(HPLC) performed on Waters (Milford, MA, USA) model 600
HPLC system with photodiode-array 996 detector. Polyphe-
nols in the fruit extracts were separated on the LiChrospher
C18 column (3.9x250 mm?, 5 um, Merck, Darmstadt, Ger-
many). A gradient of mobile phase consisting of acetonitrile
(A) and 5% formic acid (B) was developed and used accord-
ing to the following program: 10% A for 5 min and a linear
increment to 30% A in next 15 min. The column was rinsed
by a linear increment to 100% A within 1 min, which was kept
for next 4 min. The re-equilibration of column was done by a
linear decrease to 10% A within 1 min, which was kept for an
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additional 10 min. Solvent flow rate was 1 mL/min and the vol-
ume of the injected sample was 20 pL. Identification of com-
pounds was performed by comparing their retention times with
retention times of the standard used as external and/or internal
standards. Additionally, the presence of polyphenols in the
extracts was confirmed by the absorption spectra obtained by
the photodiode-array detector application. The content of the
individual compounds in the extracts was determined based on
calibration curves prepared at least twice for each compound
under the same chromatographic conditions as those used for
the separation of the polyphenol compounds in the extracts.
Unidentified flavonoids were determined based on the standard
curve of the flavonoid which absorption spectrum was most
similar to that of the unknown compound. The presence of the
corresponding flavonoid glycosides was also confirmed by the
disappearance after the extract acid hydrolysis. Results were
expressed as pg/g of the extract.

Determination of total phenolic compound

The method described by Kmiecik et al. [11] was used
for determination of total phenolic compounds in the fruit
extracts. Briefly an aliquot (10 mL) of the extract sample
(0.1 mg/mL), 2.5 mL of Folin—Ciocalteu phenol reagent
and 5 mL of 20% solution of sodium carbonate were mixed,
and the volume was than made up for 50 mL. The 60 min
incubation was followed by the absorbance measurement
A=750 nm. Results were expressed as mg gallic acid equiva-
lents (GAE)/g extract, using the calibration curve over the
range of 0-600 mg/mL (y =2.0180x 4+ 0.0028, R?>=0.9984).

Total anthocyanins content

Determination of total anthocyanins content was described
by Oszmiariski [12]. The dye was dissolved in acetate buffer
at pH 1 and after 120 min the absorbance was measured at
A =510 nm. The total anthocyanin content was calculated
from the calibration curve prepared for the standard cyani-
din-3-glucoside (Roth) under the same conditions. Results
are presented as mg cyanidin-3-glucoside/g extract.

Vitamin C content

The content of vitamin C was evaluated spectrophotometri-
cally according to method PN-A-04019 [13]. Results are
presented as mg vitamin C/100 g extract.

Antiradical activity

DPPH radical scavenging activity

The antiradical activity of fruit extracts against DPPH
radical was assessed using method described by

Séanchez-Moreno et al. [14]. Briefly, an aliquot (0.1 mL)
of extract methanol solution (0.1-2 mg/mL) was added
to 3.9 mL of DPPH (0.025 g/L prepared daily). Then the
absorbance at A=515 nm was measured at different time
intervals until the reaction reached a plateau. The standard
curve for Trolox was used for the calculation of antioxidant
activity AA (y=548.12x — 1.0125, R?=0.9819) and the
result is expressed as mg Trolox equivalents/g extract. The
percentage of remaining DPPH radical was plotted to obtain
the amount of antioxidant necessary to decrease the initial
radical concentration by 50%. Tycsp—the time needed to
reach the steady state to ECs, concentration was calculated
graphically. Efficiency of antiradical activity (AE) calculated
as following: AE = 1/ECsyX Tgcs. Where Tgcs is the time
needed to reach the steady state of ECs, concentration that
was calculated graphically.

ABTS cation-radical scavenging activity

The antiradical activity of fruit extracts against ABTS
cation-radical was assessed using method described by Re
et al. [15]. Briefly, ABTS solution (3 mL) was added to 30
pL of extract sample (0.1-2.0 mg/mL), then the absorb-
ance at A =734 nm was measured at different time intervals
until the reaction reached a plateau. The standard curve for
Trolox was used for the calculation of antioxidant activity
AA (y=87.219x+0.2124, R*=0.9838) and the result are
expressed as mg Trolox equivalents/g extract. AE parameter
for ABTS assay was calculated using the same equation as
in DPPH method [16].

PCL

Analysis were conducted on Photochem® apparatus based
on methodology published by Gramza-Michatowska et al.
[17]. Determination of antiradical activity with the PCL
assay is based on the detection of superoxide anion radicals
(O, 7) generated upon exposure to light and the presence of
a photosensitizer, chemiluminogenous compound—Iluminol
(5-amino-2,3-dihydro-1,4-phthalazinedione). PCL evalua-
tions are presented as antioxidant activity of both lipid-sol-
uble (ACL) and water-soluble (ACW) fractions due to Kkits
and protocol provided by the manufacturer (Analytik Jena,
Germany). Results were expressed as integral antioxidant
capacity (IAC) in pmol Trolox equivalents/mg extract.

ORAC

Oxygen Radical Absorbance Capacity Assay (ORACy; ) was
assayed using a method described by Gramza-Michatowska
et al. [18], which is based on the antioxidant ability to
scavenge peroxyl radicals using fluorescein solution (FL).
Readings were taken at a given excitation (A=493 nm) and
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emission wavelength (A=515 nm) on a fluorescence spec-
trophotometer (Hitachi F-2700). Results were expressed as
umol of Trolox equivalents /g extract.

Statistical analysis

Results represent the means of three independent experi-
ments (means = SD, n=3). Data were analysed using
ANOVA one-way analysis of variance, differences were con-
sidered statistically significant at P <0.05. Principal compo-
nent analyses (PCA) of the significant antioxidant activity of
the extracts were implemented by using a correlation matrix.
Statistica 12.0 software (StatSoft) was used for the analysis.

Results and discussion
Chemical composition

Five types of fruits were selected for the research: straw-
berry (Fragaria ananasa), raspberry (Rubus ideaus),
blackberry (Rubus fruticosus), cranberry (Vaccinium
macrocarpon) and pomegranate (Punica granatum). The
total polyphenol, anthocyanin and vitamin C contents are
shown in Table 1. The HPLC analysis indicated that the
ethanolic extracts of fruits contained polyphenolic com-
pounds. These were mainly anthocyanins, ellagic acid and
its derivatives. The content of polyphenols in raspberries

was significantly greater (P <0.05) than in blackberries,
strawberries and pomegranates. The content of total fla-
vonoids in cranberries was about 103 times lower than
in raspberries and about 64 times lower than in black-
berries. The polyphenol content in the strawberry fruit
extract measured by means of HPLC included the domi-
nant compounds, i.e. pelargonidin 3-glucoside, quercetin
3-glucoside and ellagic acid. There were also unidentified
anthocyanins and flavonoids, which probably belonged
to flavonol glycosides. Pelargonidin 3,5-diglucoside was
the dominant compound in the raspberry extract, as its
content amounted to over 90%. However, it was absent
in all other fruit extracts. In addition to this compound,
cyanidin 3-glucoside, isoquercitrin and ellagic acid were
found. Quercetin 3-glucoside and pelargonidin 3-gluco-
side were the predominant compounds in the cranberry
extract. There were also two unidentified anthocyanins and
flavonoid, which probably belonged to flavonol glycosides.
Cyanidin 3-glucoside was the main compound identified
in the blackberry extract, as its content amounted to more
than 70%. Ellagic acid and unidentified anthocyanins were
also found. Their total content expressed as cyanidin 3-glu-
coside equivalents was 1863 pg/g. The pomegranate bunch
extract contained ellagic acid and its derivatives, which
amounted to about 97% of all compounds. There were
also other compounds, i.e. cyanidin 3,5-diglucoside, cya-
nidin 3-glucoside and pelargonidin 3-glucoside. The fruit
extracts ranked in descending order (P <0.05) according

Table 1 Phenolic profile, total phenolic compounds, anthocyanins and vitamin C content in fruit extracts

Compound Extract
Strawberry ~ Raspberry Cranberry Blackberry =~ Pomegranate

Pelargonidin 3-glucoside (ug/g dw) 14399424  55°x6 20°+1 nd 4.1*+£0.5
Pelargonidin 3,5-diglucoside (ug/g dw) nd 12,880+ 110 nd nd nd
Cyanidin 3-glucoside (ug/g dw) 10.7°+0.5  783°+1 nd 6455°+385 13.1*+0.8
Cyanidin 3,5-diglucoside (ug/g dw) nd nd nd nd 30.9+04
Cyanidin 3-galactoside (ug/g dw) nd nd 14+1 nd nd
Unknown anthocyanins (quantified as cyanidin 3-glucoside) nd nd 18%+1 1863°+27  nd

(ng/g dw)
Unknown anthocyanin (quantified as pelargonidin 3-glucoside) 178+ 4 nd 9.0°+0.4 nd nd

(ug/g dw)
Quercetin 3-glucoside (isoquercitrin) (ug/g dw) 530°+13 140°+ 6 458+ 1 nd nd
Unknown flavonoid glycosides (quantified as isoquercitrin) (ug/g dw) 385°+5 53542 228 +1 nd nd
Ellagic acid (ug/g dw) 680°+17 140°+6 nd 418°+22 8789+ 13
Ellagic acid derivatives (quantified as ellagic acid) (ug/g dw) 93°+2 50%+1 nd nd 1107°+25
Sum of flavonoids (ug/g dw) 3315°+9 14,101°£19 137°x1 87359487  2033°+8
Total phenolic compounds (mg GAE/g dw) 30.86°+0.38 36.64°+0.80 23.56*°+2.99 27.02°+2.23 24.41°+0.76
Total anthocyanins (mg C3G/g dw) 7.54°+0.08 4.78°+£0.09 0.37°+0.11 9.319+0.04 9.619+0.81
Vitamin C (mg/100 g dw) 0.09°+0.01 0.11°+0.01 0.08*+0.00 0.06°+0.00 59.8°+84.6

Values are means of three determinations + SD. Means in a row followed by the same small letter are not significantly different (P <0.05)

GAE gallic acid equivalent, C3G cyanidin-3-glucoside, nd not detected
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to the content of flavonoids as follow: raspberry > black-
berry > strawberry > pomegranate > cranberry.

The total phenolic content (TPC) was measured by
means of the non-specific Folin—Ciocalteau assay, which
is easy to implement and frequently used even though it
provides information on the chemical reducing capacity of
the tested sample relative to an equivalent reducing capac-
ity of gallic acid. As expected, the measurements of the
TPC in the selected fruits showed that raspberry extract
had the highest phenolic content. There were much lower
amounts (about 22%) in strawberry, cranberry, blackberry
and pomegranate extracts (Table 1). Spectrophotometric
measurements of total anthocyanins showed the highest
content in blackberry and pomegranate extracts, which
were 96% greater than in cranberry extract. The highest
content of vitamin C was found in pomegranate extract
(59.8 mg/100 g). There were 600 times lower amounts of
this component in the other extracts (Table 1).

Ljevar et al. [19] analysed the content of polyphe-
nols and total anthocyanins in selected fruit wines. The
highest contents were observed in wines produced from
cherries (2074.9 mg/L), blackcurrants (2013.6 mg/L),
bilberries (1936.3 mg/L) and raspberries (1599.7 mg/L),
whereas the lowest amounts were obtained with straw-
berry (752.0 mg/L) and apple wine (449.7 mg/L). The
phenolic composition of these wines showed superiority of
blueberry in phenolic acids such as gallic, protocatechuic
and p-coumaric acids, whereas raspberry wine reveals
the highest concentrations of (+)-catechin (11.06 mg/L),
(—)-epicatechin (32.13 mg/L), and quercetin (4.51 mg/L).
On the other hand, blackcurrants and cherries appeared
as the richest sources of anthocyanins. The qualitative
features of these bioactive components share numerous
common components including delphinidin-3-rutinoside,
delphinidin-3-glucoside, cyanidin-3-sophoroside, cyani-
din-3-glucosylrutinoside, cyanidin-3-glucoside, cyanidin-
3-rutinoside in all fruits except for strawberries and apples.

Huang et al. [20] analysed the concentrations of poly-
phenols, flavonoids and anthocyanidins in blackber-
ries, blueberries and strawberries. Blackberries had the
highest content of polyphenols (9.44 mg/g), flavonoids
(36.08 mg/g) and anthocyanidins (24.38 mg/g). The low-
est amount of these compounds was found in strawberries.
The chemical profiling of blueberries revealed presence
of p-hydroxybenzoic and vanillic acids, as well as antho-
cyanidins, dominated by malvidin-3-galactoside and mal-
vidin-3-glucoside, and minor concentrations of catechins,
caffeic acid, ferulic acid, rutin, mirycetin, quercetin and
quercitrin. Blackberries and strawberries were character-
ized by gallocatechin, epigallocatechin, catechin, quer-
citrin, luteolin, malvidin-3-glucoside and phenolic acids
(caffeic, p-coumaric, procatechic, hydroxybenzoic, and
ellagic acids) as common phenolics.

Phenolic compounds are among the bioactive mixture of
pomegranates and cranberry. The phenolic content of pome-
granates varies depending on the cultivar between 203.2
and 272.1 mg/g [21]. Previous published papers have been
indicated that gallic acid, ellagic acid, 2-O-galloyl punica-
lagin, punicalagin A and B, punicalin A and B, granatin
A and B are the common polyphenols found in pomegran-
ate juices and extracts [21-23]. Furthermore, the phenolic
profile of cranberry was checked. The study of Grace et al.
[24] reported anthocyanins (mainly peonidin-galactoside,
peonidin-arabinoside, cyanidin-arabinoside, and cyanidin-
galactoside) and proanthocyanidins accompanied by minor
quantities of cyanidin-glucoside and peonidin-glucoside
in fresh cranberries. Another study by Casedas et al. [25]
resulted in the identification of cyanidin-3-O-glucoside,
cyanidin-3-O-arabinoside, peoinidin 3-O-glucoside, and
peonidin 3-O-arabinoside in cranberry juice. Additionally,
strawberries, raspberries, cranberries, blackberries and
pomegranates were reported also as very important sources
of vitamin C. Hakkinen et al. [26] found high content of
this vitamin in strawberries (47.8 mg/100 g) and cranberries
(20.0 mg/100 g). The amounts recorded in blackberries [27]
and raspberries [28] ranging from 10.28 to 25.39 mg/100 g
and 21 to 36 mg/100 g, respectively, were lower than data
reported for pomegranate juice reaching 58 mg of vitamin
C/100 g [29].

Our findings were congruent with above mentioned inves-
tigations in terms of richness of red fruits in bioactive con-
stituents, and reveal that their contents are quite variable.
The concentration of phenolic compounds and their deriva-
tives in fruits and other anatomical parts of plants can be
influenced by the species and several other factors, which
may cause notable variations even within the same species
[30-32]. For example, the biosynthesis of anthocyanins is
significantly influenced by sunrays; this interaction may be
manifested by more intense colour of fruit on the sunny side
[12]. In another study, Giindiiz and Ozdemir [31] proved
the importance of genetic background for the antioxidative
capacity and the content of total phenolics in fruits. Other
parameters such as cultivation conditions, harvest time,
ripening stage and environmental factors also influence the
antioxidative capacity of plants [32, 33].

Antiradical activity

Antiradical activity of red fruits extracts was measured using
four test assays, i.e., DPPH, ABTS, ORAC and PCL, and the
antioxidative efficiency (AE) was also assessed. The results
obtained are presented in Table 2. The highest antioxidative
activity (AA) of the fruit extracts in the presence of DPPH
radical was observed in the blackberry, strawberry and rasp-
berry extracts, whereas the lowest activity was noted in the
pomegranate and cranberry extracts. AE was also assessed.

@ Springer



1744

A. Gramza-Michatowska et al.

The results showed that the AE of the fruit extracts is vari-
able. Despite the fact that the AA of the pomegranate extract
was significantly lower (P <0.05) than those of the black-
berry and strawberry extracts, the TECs, at medium con-
centration (ECs,) was the shortest time to reach the plateau
phase. The other samples were significantly less efficient
(P <0.05). The results enabled classification of AE of the
fruit extracts in the following order: pomegranate > straw-
berry > blackberry > cranberry > raspberry.

The pomegranate extract exhibited the highest antioxi-
dative activity (AA) in the presence of the ABTS cation-
radical. The activity of other fruit extracts was about 65%
lower (Table 2). Despite this superiority, pomegranate fruit
extract recorded the lowest AE comparatively to blackberry
and cranberry, and the longest TECs;, (19.11 min) to reach
the plateau phase of ECy;, (910.02 ppm). The other sam-
ples were significantly more efficient (P < 0.05). The results
enabled classification of AE of the fruit extracts in the fol-
lowing order: blackberry > cranberry > raspberry > straw-
berry > pomegranate.

Photochemiluminescence assay (PCL) enabled measure-
ment of the superoxide anion-radical scavenging activity in

the fruit extracts (Table 2). PCL assay reflects the capacity of
water-soluble (ACW) and lipid-soluble components (ACL).
Among all the fruit extracts the cranberry and blackberry
extracts were characterised by the highest ACW (1.41 and
1.28 umol Trolox/g), while the pomegranate extract had
the lowest ACW value (0.07 umol Trolox/g). The results of
the ACL evaluation showed that the strawberry extract was
less effective than other fruit extracts, as its activity was
about 57% lower. The total ACL activity of all the extracts
was greater than the activity of the ACW fraction. The IAC
value, as the total activity of both fractions, showed that the
superoxide anion-radical activity was the highest in the cran-
berry, blackberry and raspberry extracts. The other extracts
exhibited significantly lower antiradical activity (P <0.05).

As can be seen from Table 2, the blackberry extract
exhibited the lowest activity which was two times lower
than that of blackberry extract recording the highest poten-
tial (3874 pmol Trolox/g). The peroxyl radical scavenging
activity of the fruit extracts was ranked in the descending
order as follows: blackberry > cranberry >raspberry > pome-
granate > strawberry. The results indicated also that ORACg,
values were significantly higher in dark red fruits (P <0.05).

Table 2 Antioxidant activity of

g : Assay Extract
fruit extracts determined by five
different assays Strawberry Raspberry Blackberry Cranberry Pomegranate
AA (mg Tx/g dw)
DPPH 0.336°4+0.028  0.294°+0.021 0.3519+£0.027  0.142°+0.011  0.179°+0.006
ABTS 0.297°+0.018  0.255®+0.019 0.291°+0.012  0.203*+0.015  0.761°+0.051
ECs (ppm)
DPPH 3.77 4.10 3.66 9.40 5.00
ABTS 21.79 35.83 25.64 74.84 910.02
Tgcso (min)
DPPH 45.36 66.33 50.95 28.63 5.68
ABTS 14.85 5.99 3.47 1.64 19.11
AE (x107%)
DPPH 5.81 3.67 5.40 3.71 37.89
ABTS 3.10 4.71 11.22 8.21 0.06
Classification
DPPH High Medium High Medium Very high
ABTS Medium Medium Very high High Low
PCL (umol Tx/mg)
ACW 0.82°+0.19 0.97°+0.17 1.28%+0.21 1.41°+0.17 0.07*+0.02
ACL 1.14*+0.19 2.53°+0.28 2.61°+0.35 2.82°+0.41 2.76°+0.31
IAC 1.96*+0.38 3.50*+0.45 3.89"+0.56 4.23°+0.58 2.83+0.33
ORACy 2105+ 196 2511+ 178 3874°+274 2798+ 179 2478 +202
(umol Tx/g)

Values are means of three determinations + SD

Means in a verse followed by the same letter are not significantly different (P <0.05)

AA antioxidant activity, ECs, extract’s concentration needed to scavenge 50% of initial radical content,
Tgcso time needed for radical plateau at ECs, concentration, AE antiradical efficiency, PCL photochemi-
luminescence assay, ACW water soluble fraction activity, ACL lipid soluble fraction activity, JAC integral
antioxidant capacity, ORACy, oxygen radical absorbance capacity assay, Tx Trolox
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The previous studies on red fruits have been indicated
their important antioxidant potencies. The high antioxidative
efficiency of strawberry on DPPH [34] and ORAC assays
[35] has been reported. The potency of this fruit varies con-
siderably between varieties [34]. Previous researches men-
tioned the efficacy of antiradical potential of blackberry [35,
36] and pointed out its strong correlation to the total amount
of phenolic compounds [36]. The greatest antiradical capaci-
ties of blackberries than strawberries have been noticed pre-
viously [20], our study is not in agreement with this finding
and showed similarity between both fruit extracts.

The bioactivity of juices obtained from red fruits has also
been examined. Wang and Lin [37] noted the greatest antiox-
idative capacity (ORAC) of ripe strawberry, blackberry and
raspberry juices. In addition, unripe strawberries, blackber-
ries, cranberries and pomegranates juice have been shown
to be more effective than juice prepared from the ripe ones
[38]. These above findings justify the increasing interest in
red fruits due to their double importance as natural sources
of antioxidant and valuable food.

Our results revealed considerable variation in the anti-
oxidative activity of the red fruit extracts. It may be attrib-
uted to the individual actions of compounds contained in
the extracts, mainly phenolic compounds, e.g. ellagic acid
and anthocyanins. These compounds may block free radicals
and prevent reactions caused by a single active oxygen atom.

Principal component analysis (PCA) was applied to better
understand the trends and relationships between the vari-
ables of different fruit extracts. The data were analysed by
means of PCA to determine the systematic variation and
underlying relationships between active compounds in the
fruit extracts and antiradical properties (Fig. 1a—c). The PCA
results showed noticeable differences between the pomegran-
ate, cranberry, strawberry, raspberry and blackberry extracts.
Figure l1a shows the PCA data concerning the content of
active compounds in the fruit extracts and their antiradical
activity. The first two principal components accounted for
75.46% (PC1=47.10% and PC2=28.36%) of the total vari-
ation. The first component was mainly correlated with the
PCL test water-soluble fraction (PCL ACW) (r=0.9328)
and AE in the ABTS test (ABTS AE) (r=0.9617). It was
negatively correlated with the EAD (r=-0.8664) and TA
(r=-0.9651). The other principal component was mostly
correlated with the content of TPC (r=0.8463) and isoquer-
citrin derivatives (IQD) (r=0.7917). It was negatively cor-
related with the PCL test lipid-soluble fraction (PCL ACL)
(r=-0.7401). The samples with lower sum of flavonoids
(SF) were located under the horizontal axis. The extracts
with high PELD and SF content were mostly located above
the x axis. On the right of the score plot, there were samples
of the blackberry and cranberry extracts with low TPC con-
tent. The strawberry and pomegranate extracts were located
on the left of the score plot. They had high EAD content.

Figure 1b shows the PCA data concerning the content of
active compounds and the antioxidative activity of the fruit
extracts. The first two principal components accounted for
73.32% (PC1=43.41% and PC2=29.91%) of the total vari-
ation. The first component was mainly correlated with the
sum of flavonoids (SF) (r=0.2293), but VC (r=-0.2404)
and EAD (r=-0.2377) were negatively correlated. The
other principal component was correlated with CYAD
(r=0.2538), but it was mostly negatively correlated with
the content of TA (r=0.3465) and TPC (r=-0.2746). The
samples with the lowest content of TPC were located above
the horizontal axis, but the raspberry and strawberry extracts
were located below the axis and represented high PELD and
SF content. On the left of the score plot there was the pome-
granate sample with high EAD, TA and VC content.

Figure 1c shows the analysis of data concerning the anti-
radical activity of the fruit extracts. The first two princi-
pal components accounted for 91.21% (PC1=62.68% and
PC2=28.53%) of the total variation. The first component
was mainly correlated with the DPPH AE (r=0.1738). It
was negatively correlated with ABTS AE (r=-2575) and
PCL ACW (r=-0.2359). The other principal component
was mainly correlated with the PCL ACL (r=0.4988) and
DPPH AE (r=0.4216). The samples with high content of
PELD, IQD, SF and TPC were located below the horizontal
axis. The extracts with low PELD content, i.e. the cranberry,
blackberry and pomegranate extracts, were mostly located
above the x axis. On the right of the score plot there were
samples of the strawberry and pomegranate extracts with
high EAD and TPC content.

Conclusion

This study indicated clearly that the red fruits exhibited sig-
nificant in vitro antioxidative activity against diverse free
radicals. The various antioxidative mechanisms of the red
fruits may be attributed to their strong hydrogen-donating,
metal-chelating capacity and their effectiveness as hydroxyl
radical scavengers. The phenolic compounds and anthocy-
anins appear to be responsible on the antiradical activity,
however, their contribution to the overall antioxidant activi-
ties is discussable and further researches are necessary to
find other possible bioactive components.

The use of natural antioxidants in food is desirable for
nutritional reasons: (I) high consumption of phenolic com-
pounds as part of fortified food products, (II) reduction of
the negative impact of free radicals on human health and
food quality. However, the application of red fruit extracts
in the food industry is limited due to the high manufactur-
ing costs and the difficult to guarantee their antioxidant
efficiency. Our results provided new and useful informa-
tion concerning the antiradical properties of red fruits,
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«Fig. 1 Principal component analysis (PCA) of the loadings plot and
the score plot of data from: a active compounds content, antiradical
activity of fruit extracts, b active compounds content of fruit extracts,
¢ antiradical activity of fruit extracts. CYAD cyanidin derivatives,
PELD pelargonidin derivatives, EAD ellagic acid derivatives, /IQD
isoquercitrin derivatives, TA total anthocyanins, SF flavonoids sum,
TPC total phenolic compounds, VC vitamin C, PCL ACW Photochem
test water-soluble fraction, PCL ACL Photochem test lipid-soluble
fraction, PCL IAC Photochem test integral antioxidant capacity, ABTS
AE antioxidant efficiency in ABTS test, DPPH AE antioxidant effi-
ciency in DPPH test, ORAC oxygen radical antioxidant capacity

which can be applied in the development of functional
food with directed health value.
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