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Abstract. The antioxidant activities (mmol ascorbic acid equivalent/g fresh weight) of the
edible part of fruits grown in northern Greece were determined using the ferric-reducing
antioxidant power (FRAP) assay. Differences were observed among species as well as
cultivars of the same species. Cornelian cherry had the highest FRAP value followed by
jujube. Cherries, black grapes, and blackberry showed high activity followed by pears,
persimmons, plums, peaches, white grapes, pomegranates, apples, nectarines, kiwifruits,
quinces, figs, and apricots.

Various studies have demonstrated a close
link between oxidative stress and develop-
ment of different ailments such as cancer and
cardiovascular and neurodegenerative dis-
eases (Halvorsen et al., 2002). The human
body has an antioxidant defense system and it
has been proved that a diet rich in antioxidants
strengthens this system. It has been postulated
that a network of antioxidants with different
chemical properties may work in a synergistic
way protecting the cells from damage. On the
other hand, plants produce a wide range of
compounds with strong antioxidant activity
such as vitamins C and E, flavonoids, and
other phenolic compounds to protect them-
selves from pests and diseases (De Gara et al.,
2003; Garcia-Alonso et al., 2004; Halvorsen
et al., 2002; Hodges et al., 2004; Strangeland
et al., 2009). Plant-derived antioxidants have
been shown to function as singlet and triplet
oxygen quenchers, enzyme inhibitors, and
synergists (Larson, 1988). The important role
of plant antioxidants in human health has
prompted research in this field (Pellegrini
et al., 2003; Strangeland et al., 2009; Wang
and Cao, 1996). Furthermore, during the past
decades, several analytical methods have been
developed for measuring antioxidant activity
of plant tissues (Benzie and Strain, 1996;
Ghiselli et al., 1995; Pellegrini et al., 2000;
Wang et al., 1997).

Antioxidant activity of plants is influenced
by several factors such as the geographic
location, the growth practices, and particularly

the genetic factors (Wang and Cao, 1996). Not
only different species, but also different cul-
tivars of the same species present variations in
their antioxidant profile. For example, a recent
study has shown that the apple cultivar may
substantially influence the fruit phenolic con-
tent and total antioxidant activity (Wojdy1o
et al., 2008).

Because fruits of northern Greece are
exported to the rest of Europe and taking into
consideration that the previously mentioned
factors influence antioxidant activity, it was
considered reasonable to analyze the edible
part of several fruits grown in this area to
evaluate them according to their antioxidant
activity. Moreover, some cultivars used in the
present work have not been tested.

Materials and Methods

The fruit samples were collected from
orchards in northern Greece. The species
and the number of cultivars examined are
shown in Table 1. Fruits were collected at
the maturity stage for harvest. After harvest,
the fruits were immediately transported to the
laboratory in ice coolers, washed, peeled—if
necessary, to get only the edible part (Table 1),
and analyzed. The fractions were prepared im-
mediately to prevent degradation of the fruits.

For the determination of total antioxidant
activity, a weighed amount (1 g) of the edible
part (pulp plus peel for most fruits, pulp for
some of them, and arils for pomegranates; see
also Table 1) of each sample was extracted
twice with 10 mL of a solution consisting of
50% methanol in 1.2 M HCl (1:10 w/v) at 4 �C
for 24-h intervals. Five to 10 fruits per sample
were used for large and small fruits, respec-
tively. Fruits per sample were pooled from

five trees. Three replications of five trees were
used (three · five = 15 trees in total). Sample
extracts were analyzed for their antioxidant
activity by ferric-reducing antioxidant power
(FRAP) assay (Benzie and Strain, 1996) using
a Camspec M106 (UK) spectrophotometer
(Camspec Analytical Instruments Ltd., Leeds,
UK) at 593 nm. The FRAP values of the sam-
ples were expressed as mmol L-ascorbic acid
equivalents (AAE) per gram fresh weight (FW)
by using an equation in which the FRAP values
of standard L-ascorbic acid solution were used.

Statistical analysis was performed using
SPSS statistical package (Version 15.0; SPSS
Inc., Chicago, IL). Differences among culti-
vars were evaluated by using the least signif-
icant difference test at P # 0.05.

Results and Discussion

The antioxidant activities of the fruits
tested, expressed as FRAP values of the av-
erage of the cultivars of each species, are
shown in Table 1. Fruits of different species
exhibited a varying degree of antioxidant ac-
tivity ranging from 4.0 to 80.15 mmol AAE/g
FW. Cornelian cherries possessed the first
place followed by jujube. Fruit with high
antioxidant activities were cherries, black
grapes, and blackberries. In descending anti-
oxidant activity, the order was: cornelian
cherry > jujube > cherry > red grape >
blackberry > pear > persimmon > plum >
white grape > peach > pomegranate > apple >
nectarine > kiwifruit > quince > fig > apricot.
The order presents similarities as well as
differences with the order given by Garcia-
Alonso et al. (2004) who used the thiobarbi-
turic acid-reactive substances method and
Halvorsen et al. (2002) who used a modified
FRAP method. However, their studies did not
include some species and/or cultivars pre-
sented here. Generally, differences were also
detected in the results of other researchers
and may be attributed to the different analyt-
ical methods adopted and other factors such
as the cultivars used, geographical origin,
cultural practices, maturity at harvest, and
storage conditions (Guo et al., 2003; Van der
Sluis et al., 2001). Although fruit ranking
based on antioxidant activity was in partial
disagreement between different studies, it is
known that berries are very effective because
of their high content of phenolic acids and
flavonoids such as anthocyanins, which have
demonstrated strong antioxidant activity in
a different model system (Halvorsen et al.,
2002; Pellegrini et al., 2003).

Differences in antioxidant activity were
observed among cultivars of the same species
as shown in Figures 1 through 8. Apples
showed a wide range in antioxidant activity
values (3.6 to 29.5 mmol AAE/g FW; Fig. 1)
and these results are in agreement with the
findings of Wojdy1o et al. (2008). Generally,
apple cultivars with dark red skin had higher
antioxidant activity than other ones (Karadeniz
et al., 2005). The previous researchers pro-
posed that the higher antioxidant activity is
mostly attributed to anthocyanins located
in the skins of apples. In our work, where
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apples that were analyzed were unpeeled,
green (‘Mutsu’, ‘Granny Smith’) and yel-
low (‘Golden Smoothee’) had lower anti-
oxidant activity than the red ones (‘Starking
Delicious’, ‘Gala Shniga’, ‘Galaxy’, ‘Red
Chief’). However, differences were also
found among red apple cultivars with some
of them having values similar as those of
green ones. Wojdy1o et al. (2008) studying
the polyphenolic compounds of 67 apple
varieties found that anthocyanins are minor
phenolic components of apple. Grape culti-
vars showed also an extended variation in
antioxidant activity (Fig. 2) with red ones
(‘Cabernet Sauvignon’, ‘Xinomavro Naous-
sas’, ‘Cardinal’, ‘Muscat Hamburg’) being
superior, in agreement with other reports
(Pellegrini et al., 2003). However, ‘Cardinal’,
a red cultivar, had a lower value than ‘White
Muscat’. The antioxidant activities of peach
cultivars ranged from 7.0 to 20.5 mmol AAE/g
FW (Fig. 3). The highest value was measured
in ‘Rubidoux’, a green–yellow cultivar,
whereas one of the lowest values was mea-
sured in ‘Royal Glory’, a red cultivar. Among
the cherry cultivars, Sweet Heart and Tragana
Edessis had high values (Fig. 4) and ranked
third below cornelian cherries and jujube.
Among plum cultivars, Black Amber, a dark-
colored cultivar, had the highest value (Fig. 5),
showing that in this case, anthocyanins may
be responsible for the high antioxidant activ-
ity, as was shown by other researchers too
(Pellegrini et al., 2003; Vangdal and Slimestad,
2006). Among the pear cultivars tested,
Kalliopi had the lowest (11.0 mmol AAE/g
FW) and ‘Verdi’ the highest antioxidant
activity (29.6 mmol AAE/g FW) (Fig. 6).
Concerning the cornelian cherries, differ-
ences existed between cultivars with large
fruits and cultivars with small fruits (Fig. 7).
It is probable that the greater contribution of
skin (exocarp) than fleshy tissue (mesocarp)
of small fruits is responsible for this, because
it was shown that exocarp had higher antiox-
idant activity than mesocarp, because of the
presence of anthocyanins (Hakkinen et al.,
1999). Small cornelian cherries were ana-
lyzed whole, whereas large ones were sam-
pled as half fruits. A wide range of FRAP
values among other cornelian cherry culti-
vars was observed by Tural and Koca (2008)
who attributed the high antioxidant activities
to high ascorbic acid, anthocyanins, and
total phenols contents. In persimmon, ‘Rojo
brillante’, a brown-colored cultivar, and ‘Jiro’,
an orange one, had similar antioxidant activities
(18.10 and 17.0 mmol AAE/g FW, respec-
tively), whereas ‘Hana Fuyu’ (orange) had
lower (11.40 mmol AAE/g FW). Among kiwi-
fruits, ‘Tsechelidis’ had higher antioxidant
activity value (11.1 mmol AAE/g FW) than
‘Hayward’ (8.7 mmol AAE/g FW), and
‘Bebeko’ apricot higher (4.8 mmol AAE/g
FW) than ‘Tirinthos’ apricot (3.2 mmol AAE/
g FW). The pomegranate genotype ‘Almaliotis’
showed higher antioxidant activity than the rest
genotypes and the cultivar Wonderful (Fig. 8).
In the present research, the fruits tested had
variable coloration in peel as well as in pulp:
white, yellow, green, orange, red, and dark red.

Generally, red-colored fruits had higher antiox-
idant activity than the others as a result of the
high content of anthocyanins. However, in-
vestigators observed exceptions, as also hap-
pened in the present work. For example, the

white–yellow-colored peach ‘Maria Bianca’
had higher activity (17.0 mmol AAE/g FW)
than the red ‘Royal Glory’ (8.3 mmol AAE/g
FW). Anthocyanins may show high AAE,
especially when measured with the FRAP

Table 1. Total antioxidant activity (mean values ± SE of three replications) of fruits.

Fruit cultivar Botanical name Family
Antioxidant activity
(mmol AAE/g FW) Range

Cornelian cherry (4)z Cornus mas Cornaceae 80.15 ± 19.78 54.8–100.8
Jujube-Gigas (1)y Zizyphus jujube Ramnaceae 69.55 ± 0.35 —
Sweet cherry (4) Prunus avium Rosaceae 32.60 ± 10.30 17.5–41.0
Black grape (4) Vitis vinifera Ramnaceae 31.40 ± 13.19 11.7–43.1
Blackberry (1) Rubus spp. Rosaceae 26.10 ± 0.52 —
Pear (6) Pyrus communis Rosaceae 20.57 ± 5.18 11.0–29.6
Persimmon (3)y Diospyros kaki Ebenaceae 15.51 ± 3.23 11.4–18.1
Plum (3) Prunus domestica Rosaceae 15.13 ± 4.44 10.5–20.5
Peach (10) Prunus persica Rosaceae 14.16 ± 4.12 7.0–20.5
White grape (2) Vitis vinifera Ramnaceae 14.00 ± 4.90 9.1–18.9
Pomengranate (5)y Punica granatum Punicaceae 12.56 ± 2.52 10.0–15.5
Apple (10) Malus ·domestica Rosaceae 10.99 ± 8.60 3.6–29.5
Nectarine-Caltezi (1) Prunus persica Rosaceae 10.40 ± 0.56 —
Kiwifruit (2)y Actinidia deliciosa Actinidiaceae 9.90 ± 1.20 8.7–11.1
Quince (3) Cydonia oblonga Rosaceae 8.93 ± 1.10 7.6–10.0
Fig-Veroiay (1) Ficus carica Moraceae 7.05 ± 0.77 —
Apricot (2) Prunus armeniaca Rosaceae 4.00 ± 0.80 3.2–4.8
zNumber of cultivars tested.
yPeeled.
AAE = ascorbic acid equivalent; FW = fresh weight.

Fig. 1. Antioxidant activity of apple cultivars. Harvest dates from left to right: 5 Sept., 15 Sept., 22 Oct.,
8 Oct., 5 Sept., 6 Sept., 16 Aug., 25 Sept., 17 Sept., and 16 Aug.

Fig. 2. Antioxidant activity of grape cultivars. Harvest dates from left to right: 28 Aug., 9 Sept., 8 Aug.,
23 Sept., 1 Sept., and 18 Sept.
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method, but there are other non-red pheno-
lics with high AAE. Usenik et al. (2008)
concluded that antioxidant activity of sweet
cherries is not related only to phenolics
or anthocyanins, but depends on different
chemical attributes and is specific for each
cultivar.

In conclusion, cornelian cherries had very
high antioxidant activities followed by jujube
and cherries. High antioxidant activities of
some apple, pear, plum, peach, and persim-
mon cultivars were also recorded. This
knowledge will be useful for the decision of
which cultivars are better to be grown to

satisfy customers’ demand for fruits with
high antioxidant activities.
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