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Summary

The aim of this study is to evaluate the content of phenolics: total phenols (TPC),
flavonoids (TF), anthocyanins (TA), flavan-3-ols (TE3ols), as well as total antioxidant capac-
ity (TAC) and reducing power (RP) in four blueberry cultivars (Vaccinium corymbosum L.)
introduced in the Northwest Croatian climate conditions. Phenolic compounds were mea-
sured by spectrophotometric methods, TAC was determined using DPPH and ABTS as-
says and RP by FRAP assay. All cultivars contained high mass fraction of TPC, TF, TA and
lower mass fraction of TF3ols. Among the researched fruits, Sierra cultivar contained the
highest amounts of all groups of phenolics, followed by Elliott>Bluecrop>Duke. Significant
differences were observed in phenolic mass fraction among different cultivars and grow-
ing seasons (p<0.05), and phenolic compounds were significantly higher in growing sea-
son 2006. Examined cultivars possess high antioxidant capacity and reducing power, and
all phenolics were highly correlated with TAC and RP (R=0.46 to 0.99). The study indi-
cated that growing and climate conditions in Northwest Croatia are convenient for intro-
ducing blueberry cultivars. Generally, blueberry fruits are a rich source of phenolics, which

show evident antioxidant capacity.
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Introduction

'Cultivated' highbush blueberries (Vaccinium corym-
bosum L.) are native to North America and have been
commercially produced for many years, while recently
the areas planted with blueberries in Europe have sys-
tematically been increasing. Since the plantations can be
exploited for thirty years, the proper choice of cultivars
is crucial. Highbush blueberry (Vaccinium corymbosum L.)
breeders try to introduce new valuable cultivars and poor-
ly chosen cultivars must be replaced with new, more
valuable ones (1). Blueberries (Vaccinium corymbosum L.)
are considered to be one of the richest sources of pheno-

lic compounds (2,3), and they contain significant levels
of anthocyanins, flavonols, chlorogenic acid and procyan-
idins, which have high biological activity (4). The pre-
dominant flavonoids found in berries are anthocyanins
and flavonols, which are almost exclusively present in
glycosylated forms. Anthocyanins can also exist as digly-
cosides or as acylated forms of glycosides (5). There have
been many attempts to determine the content and phys-
iological activity of phenolic compounds in blueberries,
due to the apparent relationship of phenolics in plant
foods with the prevention of chronic diseases (3). Along
with other antioxidant components, phenolics as natural
secondary metabolites have been reported to be poten-
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tial components in reducing the number of cardiovas-
cular disease events (6,7). The protective effects could be
due to their properties as free radical scavengers, hydro-
gen-donating compounds, singlet oxygen quenchers and/
or metal ion chelators.

There are many factors that influence the phenolic
content and antioxidant capacity of blueberries. Results
obtained from several studies suggest that the compo-
sition and content of phenolic compounds in blueberries
are influenced by the cultivar, the growing season and
the growing location. Variation in total phenolics, antho-
cyanins, flavonoids and fruit mass among genotypes was
much greater than that observed between growing sea-
sons, indicating that genetics plays a more important role
than growing season in influencing phenolic content in
blueberries (8). It has been reported that a combined effect
of growing season and genotype on anthocyanins and
fruit mass demonstrates that environmental growth con-
ditions can have a significant impact on the levels of phe-
nolics in blueberries. In addition, genotypes with smaller
berries had higher levels of total phenolics, anthocyanins
and flavonoids than large-berried genotypes. Factors that
have an impact on the antioxidant capacity include the
total anthocyanin content, total phenolic content, matu-
rity, and the postharvest storage conditions (2,9-11).
Prior et al. (2) reported that correlation coefficient was
much higher between total antioxidant capacity and the
total phenolics compared to total antioxidant capacity
and anthocyanins. Connor ef al. (11) reported that anti-
oxidant capacity, total phenolic content, and anthocya-
nin content were strongly correlated with each other (R=
0.87-0.99, p<0.01). Correlation coefficients between antho-
cyanins or total phenols and FRAP value are significant
across the Vaccinium, Rubus and Ribes sample sets and
their subsets. Survey of small fruit germplasm for an-
thocyanins, total phenols, and antioxidant capacity con-
firms each as an excellent source of dietary phytochemi-
cals (12). Furthermore, it was observed that late harvests
of V. ashei Reade cultivars Tifblue and Brightwell demon-
strated higher antioxidant activity than early harvests,
as determined by their oxygen radical absorbance capa-
city (ORAC) (2,13). Several studies have demonstrated
that the phenolic content and antioxidant capacity of blue-
berry (Vaccinium L.) fruit can be influenced by genetic
differences (2,14).

There are no studies on compositional and physical
properties of Vaccinium cultivars growing in Croatian cli-
mate conditions. Therefore, in this study four intro-
duced blueberry cultivars, Duke (early season ripening),
Sierra and Bluecrop (mid-season ripening) and Elliott
(late season ripening) were evaluated under Northwest
Croatian growth conditions. The objective of the present
study is to evaluate the content of phenolics (total phe-
nols, flavonoids, flavan-3-ols and anthocyanins) as qual-
ity markers as well as antioxidant capacity and reducing
power in the mentioned blueberries, depending on the
cultivar and growing season (2006 and 2007).

Materials and Methods

Plant material and its preparation

At the Hellea Ltd. (Zagreb, Croatia), a highbush blue-
berry production project started in 2004 in the vicinity of

Donja Bistra. The experiment was conducted at a com-
mercial highbush blueberry field (45° 54' north latitude,
15° 50" east longitude) from 2006 to 2007. The field con-
sisted of four-year-old homogenous plants. Four plants
of cultivars Duke (early season ripening), Sierra and Blue-
crop (both mid-season ripening) and Elliott (late season
ripening) were planted per block. The plants were grown
in a substrate consisting of peat, milled conifer chips and
sawdust in equal proportions. After planting the sub-
strate, acidity was adjusted to pH=4.2-4.5. Planting dis-
tance in the row was 1.5 m and the space between rows
was 3.0 m. In addition to the irrigation system put in
place, the trial plantation was equipped with the crop
protection net. The experimental design used in this ex-
periment consisted of a randomized complete block with
four cultivars and three replications. The fertilizer used
consisted of N:P:K=14:9:15 with trace elements and mi-
cronutrients applied at 60 kg/ha of N.

Fruit samples were harvested during the 2006 and
2007 growing seasons. The criteria for deciding on the
appropriate fruit samples were: colour, percentage of ber-
ries on the bush at the particular maturity level, quality
requirements (intact, healthy, clean, and free of abnor-
mal external moisture) and the location of the fruit on
the bush.

Maturity stage was decided on the basis of full blue
colouration. Picking occurred when 40-70 % of fruit on
the bushes were ripe. Overripe and damaged berries were
removed from the sample. Berries were collected from
all parts of the bush.

In 2006 fruit samples were harvested from cultivar
Duke on July 8, Sierra July 19, Bluecrop July 19 and Elliott
August 10. In 2007 fruit samples were harvested from
cultivar Duke on June 18, Sierra June 26, Bluecrop July 3
and Elliott July 19. Three repetitions were sampled per
cultivar (m=150 g/cultivar/repetition). After harvesting
at the appropriate maturity, the samples of each cultivar
were frozen using liquid nitrogen, packed in polyethyl-
ene bags and stored at 20 °C (for about 7 days). Before
analysis a portion of fresh fruits was partially defrosted
and homogenized in a house blender (Zepter, Mixy In-
ternational).

Extraction of phenolics

Phenolics were extracted from partially defrosted blue-
berry fruits. Exactly 5 g of samples were weighed out
and extracted using 20 mL of 80 % (by volume) aqueous
ethanol. The mixture was extracted for 20 min in inert
atmosphere (N,), filtered through Whatman No. 40 filter
paper (Whatman International Ltd, Kent, UK) using a
Biichner funnel. Extraction of the residue was repeated
using the same conditions. The filtrates were combined
and adjusted to 50 mL in a volumetric flask with 80 %
aqueous ethanol. The obtained extract was used for de-
termination of total phenols (TPC), total flavonoids (TF),
total flavan-3-ols (TF3ols), as well as for antioxidant ca-
pacity assay by using ABTS and DPPH methods, and
reducing power assay by using FRAP method.

Determination of total phenolics (TPC)

For the determination of total phenols (TPC), the ad-
justed method (15,16) with Folin-Ciocalteu reagent was
used. The content of TPC was measured as follows: 0.5
mL of diluted extracts or standard solutions of gallic acid
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(20-500 mg/L) were added to a 50-mL volumetric flask
containing 30 mL of double distilled water (ddH,0O), then
2.5 mL of Folin-Ciocalteu reagent were added to the mix-
ture and shaken. After 5 min, 7.5 mL of 7 % Na,CO;
solution (m/V) were added with mixing and the solution
was immediately filled up to 50 mL with ddH,O. After
incubation at room temperature for 2 h, the absorbance
of the solution was measured by the spectrophotometer
Unicam Helios B (Spectronic Unicam, Cambridge, UK)
at 765 nm. The results were calculated according to the
calibration curve for gallic acid (y=0.0009x, y=absor-
bance at 765 nm, x=concentration of gallic acid in mg/L,
R?=0.9986). The content of TPC was expressed as mg of
gallic acid equivalents (GAE) per 100 g of fresh mass
(fm) of edible part of fruits.

Determination of total flavonoids (TF)

The total flavonoid (TF) assay was done as pre-
viously described by Zhuang et al. (17) with minor mo-
difications. Modification was adjusted in extraction pro-
cedure, and the extract of total phenolics was used for
TF determination as described above. A volume of 1 mL
of diluted extracts or standard solution of rutin (50-500
mg/L) was placed in a 10-mL volumetric flask, then 4
mL of ddH,0O, and after 5 min 300 pL of NaNO, (1:20)
and 3 mL of AICl; (1:10) were added. The mixture was
shaken and 6 min later 2 mL of 1 M solution of NaOH
were added, again well shaken and centrifuged for 5
min at 5000 rpm. The supernatant was decanted and the
absorbance was measured at 510 nm against the blank.
The results were calculated according to the calibration
curve for rutin (y=0.00029x, y=absorbance at 510 nm,
x=concentration of rutin in mg/L, R2:0.9994). The con-
tent of TF was expressed as mg of rutin equivalents (RE)
per 100 g of fm of edible part of fruits.

Determination of total flavan-3-ols (TF3ols)

The vanillin assay was done as previously described
(15,18,19) in the same extracts as TPC and TF. The con-
tent of flavan-3-ols was measured as follows: 5 mL of
diluted extracts or standard solution of (+)-catechin (2-20
mg/L) were added to a 25-mL volumetric flask, then 10
mL of 11.5 M aqueous solution of HCI (by volume) and
5 mL of ethanol solution of vanillin reagent (1 %, m/V)
were added and the mixture was adjusted to 25 mL with
96 % ethanol and shaken. The absorbance was measured
at 500 nm after 20 min. The results were calculated ac-
cording to the calibration curve for (+)-catechin (y=0.0182x,
y=absorbance at 500 nm, x=concentration of (+)-catechin
in mg/L, R?=0.9981) and the results were expressed as
mg of catechin equivalents (CE) per 100 g of fm of
edible part of fruits.

Determination of total anthocyanins (TA)

The total anthocyanin (TA) content in the extract from
selected fruits was determined using bisulphite bleach-
ing method (20). Anthocyanins were extracted from 2 g
of fresh samples of the fruits using 2 mL of 0.1 % HCl
(by volume) in 96 % ethanol and 40 mL of 2 % aqueous
HCI (by volume). The mixture was centrifuged at 5500
rpm for 10 min. The obtained supernatant was used for
determination of TA. The content of TA was measured
as follows: 10 mL of the extract were placed into two

test tubes, then 4 mL of 15 % sodium bisulphite were
added to one test tube (4,) and 4 mL of ddH,O to the
other (A;). After a 15-minute incubation at room tem-
perature, the absorbance of each mixture was measured
at 520 nm. The total anthocyanins were calculated using
the following equation:

A=615-(A~A,) /1/

where 615 represents molar absorptivity of cyanidin-3,5-
-diglucoside, A; the absorbance of mixture samples with
ddH,O and A, the absorbance of mixture samples with
15 % sodium bisulphite. Results were expressed as mg
of cyanidin-3,5-diglucoside equivalents (CydGE) per kg
of fm of edible part of fruits. Average results were ob-
tained from three parallel determinations for all deter-
mined groups of phenolics (TPC, TF, TE3ols and TA).

Determination of total antioxidant capacity by
ABTS and DPPH methods

ABTS [2,2-azinobis(3-ethylbenzothiazoline-6-sulphonic
acid)] radical cation assay

The radical scavenging capacity of fruit extracts was
evaluated against ABTS generated by chemical method
according to a previously reported one (21). The assay is
based on the ability of antioxidant molecules to decolou-
rise the radical cation 2,2-azino-bis(3-ethylbenzothiazoli-
ne-6-sulphonate) [ABTS*], a blue-green chromophore
with characteristic absorption at 734 nm. The addition of
antioxidants to the radical cation reduces it to ABTS.
Briefly, ABTS radical cation (ABTS*) was produced by
reacting 7 mmol/L of ABTS stock solution with 2.45 mM
potassium persulphate (K,S,Og) in the dark at room tem-
perature for 12-16 h before use. The next day, ABTS*
solution (1 %, by volume) was diluted with 96 % etha-
nol to an absorbance of (0.73£0.02) at 734 nm. After the
addition of 0.16 mL of sample or 25-300 pM aqueous
solution of Trolox (6-hydroxy-2,5,7,8-tetramethyl-chroman-
-2-carboxylic acid) to 2 mL of diluted ABTS* solution,
absorbance readings were taken after 1 min at 734 nm
using the spectrophotometer Unicam Helios B (Spectro-
nic Unicam, Cambridge, UK). Ethanol was used as a blank.
The results were calculated according to the calibration
curve for Trolox (y=-0.00219x+0.678662, y=absorbance at
734 nm, x=concentration of Trolox in uM, R?>=0.9989) and
the ABTS values, derived from triplicate analyses, were
expressed as mmol of Trolox equivalent (TE) per 100 g
of fm of edible part of fruits.

DPPH (2,2-diphenyl-2-picrylhydrazyl) free radical assay

The free radical scavenging capacity of fruit extracts
was determined according to the previously reported
procedure using the stable DPPH radical (22). The meth-
od was based on the reduction of stable DPPH nitro-
gen radicals in the presence of antioxidants. An aliquot
(2 mL) of diluted fruit extract or methanol solution of
Trolox (10-30 mM) was mixed with 2 mL of methanol
and 1 mL of 0.5 mM DPPH methanolic solution. The mix-
ture was thoroughly vortexed, kept in the dark for 20
min, and after that the absorbance was measured at 517
nm against a blank of methanol without DPPH. The re-
sults were calculated according to the calibration curve
for Trolox (y=-0.00124x+1.203124, y=absorbance at 517 nm,
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x=concentration of Trolox in mM, R?=0.9991). DPPH values,
derived from triplicate analyses, were expressed as mmol
of TE per 100 g of fm of edible part of fruits.

Determination of ferric reducing antioxidant power
(FRAP)

The FRAP assay was conducted according to Benzie
and Strain (23). This method is based on an increase of
the absorbance at 593 nm due to the formation of tri-
pyridyl-S-triazine complexes with Fe** [TPTZ-Fe(Il)] in
the presence of a reductive agent. The FRAP reagent was
prepared from 2.5 mL of TPTZ solution (10 mmol/L) in
hydrochloric acid (40 mmol/L) and 2.5 mL of FeCl; so-
lution (20 mmol/L) mixed with 25 mL of acetate buffer
(0.3 mol/L, pH=3.6). For the determination of the anti-
oxidant capacity, the FRAP reagent (2.08 mL) was mixed
with 240 pL of water and 80 pL of the appropriately di-
luted sample or standard solution of FeSO,-7H,O (25-
750 mM). The mixture was allowed to stand for 5 min at
room temperature before the absorption was measured
at 593 nm (Unicam Helios B, Spectronic Unicam, Cam-
bridge, UK). FRAP values, derived from triplicate ana-
lyses, were calculated according to the calibration curve
for FeSO,7H,O (y=0.00053372x, y=absorbance at 593 nm,
x=concentration of FeSO,-7H,0 in mM, R?>=0.9979), and
they were expressed as mmol of Fe** equivalents (FE)
per 100 g of fm of edible part of fruits.

Statistical analysis

The data were analyzed using Statistica v. 7 (Statsoft
Inc, Tulsa, OK, USA). Analysis of variance (ANOVA) was
used to compare all significant differences between blue-
berry cultivars and growing seasons. Differences were con-
sidered significant at p<0.05. Values were expressed as
means (N=3) with standard deviations (S.D.). For com-
parison of the results of TPC, TF, TF3ols, TA and DPPH,
ABTS or FRAP assays, the coefficients of correlation were
determined for each combination.

Results and Discussion

Total phenols, flavonoids, flavan-3-ols and anthocyanins

The mass fractions of total phenols (TPC), total fla-
vonoids (TF) and total flavan-3-ols (TF3ols) in four blue-
berry cultivars (Duke, Elliott, Sierra and Bluecrop) intro-
duced in the Northwest Croatian climate conditions during

two growing seasons (2006 and 2007) are given in Table
1. TPC content in fruits harvested in 2006 determined
with Folin-Ciocalteu assay ranged from 358.7 mg of gal-
lic acid equivalents (GAE) per 100 g of fm in early sea-
son ripening cultivar Duke to 528.2 mg of GAE per 100
g of fm in mid-season ripening cultivar Sierra. In the same
cultivars harvested in 2007, TPC content was lower and
ranged from 279.3 to 331.3 mg of GAE per 100 g of fm.
Comparing the results of our research with the results of
other authors, the mass fraction of TPC in Duke cultivar
grown in 2006 was in agreement with the findings of
Zheng et al. (24), who found 313 mg of GAE per 100 g of
fm of TPC in the same blueberry cultivar. Mass fractions
of TPC in Bluecrop cv. (368.3 mg of GAE per 100 g of
fm) were in the similar range like those by Prior et al. (2)
and Connor et al. (11). Among the eight cultivars as-
sayed, the values of total phenolics were found to be in
the range from 181.1 to 390.5 mg per 100 g of fm ex-
pressed as gallic acid equivalents, whereas Bluecrop and
Duke cultivars had 189.8 and 305.9 mg per 100 g of fm
(2). According to Connor et al. (11), total phenolics ranged
from 335 to 595 mg of chlorogenic acid per 100 g of fresh
fruit, depending on the cultivar. Howard et al. (8) also
found similar values for total phenols, and the evalu-
ated cultivars grown in 2000 contained TPC in the range
from low 202 mg per 100 g to very high 586 mg per 100 g
of fresh mass, and reflecting a 2.9-fold difference among
cultivars.

According to the results obtained in our research, it
is obvious that in 2006 growing season, mid-season ripen-
ing cultivar Sierra and late season ripening cultivar Elli-
ott contained higher amounts of total phenolics. In 2007
growing season, remarkable differences in TPC mass frac-
tion among cultivars Duke, Elliott and Bluecrop were not
observed, while in cv. Sierra, TPC was determined in re-
markably high amount.

In total phenolic content, flavonoids were predomi-
nant, and their amounts varied from 269 mg RE per 100
g of fm in Duke cv. to 432.2 mg RE per 100 g of fm in
Sierra cv. in 2006, whereas in 2007 their amounts ranged
from 216.9 to 326.6 mg per 100 g of fm. It was calculated
that percentages of TF in TPC varied between 75 and 82
% in blueberry fruits grown in 2006, and between 78
and 98 % in blueberry fruits grown in 2007. The ob-
tained results suggest that flavonoids were the most
abundant phenolics in blueberry fruits. Lata et al. (25)
reported that the value of total flavonols (subgroup of

Table 1. Total phenols (TPC), flavonoids (TF) and flavan-3-ols (TF3ols) in blueberry cultivars in growing seasons 2006 and 2007

Cultivar Growing TPC as w(GAE) TF as w(RE) TF3ols as w(CE)
season mg/100 g fm mg/100 g fm mg/100 g fm
Duke 2006 358.70+£18.61 268.97+21.53 95.75+10.08
2007 279.27+7.72 216.87+£13.55 72.18+11.05
Elliott 2006 476.85+22.83 376.68+16.83 101.89+£10.05
2007 264.06£20.75 255.33+13.64 73.05+9.80
Sierra 2006 528.15+22.37 432.18+13.94 133.28+6.49
2007 331.34+7.72 326.58+12.55 105.11£15.64
2006 368.33+£22.73 278.73+£17.36 72.99+0.57
Bluecrop
2007 291.56+4.71 236.87+13.30 64.27+12.22

Values are an average of 3 replications%S.D.
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flavonoids) in TPC was about 25 % in fruits of Bluecrop
cv, whereas in our Bluecrop cultivar the level of TF in
TPC was 76 %. Comparing the level of TF in TPC be-
tween 2006 and 2007, it was observed that blueberries
harvested in 2007 contained higher percentage of TF in
TPC. Compared to the mass fractions of other phenolics
present in blueberries, flavan-3-ols were not found in re-
markable amounts, and the lowest amount was deter-
mined in Bluecrop cv. (73 mg CE per 100 g of fm). The
mentioned value presented about 20 % of TF3ols in TPC.
The highest amount of TF3ols was determined in Sierra
cv. (133.3 mg CE per 100 g of fm) and TF3ols of about 25
% in TPC. In 2007, TF3o0ls in all cultivars were deter-
mined in lower amounts compared to the same cultivars
grown in 2006, whereas TF3ols in TPC varied between
27 and 32 %. Generally, the amounts of all determined
phenolics (TPC, TF and TF3ols) were higher in fruits
grown in 2006, while in all cultivars grown in 2007, TF
and TF3ols in TPC were present in a higher percentage.
This could be due to climate conditions and the season
of ripening. Comparing the growing seasons 2006 and
2007, environmental growth conditions showed differ-
ences. Meteorological and Hydrological Service data (Table
2) confirmed that in 2006 mean daily air temperature
was 22.5 °C in July and 18 °C in August, and in 2007 it
was 21.3 °C in June and 21.7 °C in July (26,27). Also,
monthly sums of sunshine duration showed differences.

Cultivar with the lowest amount of phenolics was
Duke, and this could be because it is an early season
ripening cultivar, when lower temperature decreases bio-
synthesis of phenolics.

The amount of anthocyanins in four blueberry culti-
vars introduced in Northwest Croatian climate condi-
tions is shown in Fig. 1. It is evident that Sierra cv. is the
richest source of anthocyanins among the examined cul-
tivars. The amount of anthocyanins in Sierra cv. varied
between 197.3 (year 2007) and 244.6 mg per 100 g of fm
(year 2006). In other cultivars, anthocyanins were pre-
sent in reduced amounts as follows: Elliott>Duke>Blue-
crop. The differences between anthocyanin concentra-
tions were significant depending on the cultivar. Our
results are similar in comparison with previous studies.
The level of TA in TPC was 49 % for Bluecrop and 42 %
for Duke cultivar. Lata et al. (25) reported that the value
of total anthocyanins in TPC was 45 and 50 % depend-
ing on the growing season of fruits of Bluecrop cultivar.
The anthocyanin content in blueberry in this study was
comparable to the quantity reported by Prior et al. (2).
According to the mentioned authors, total anthocyanins
in Bluecrop cv. were 93.1 and for Duke cv. 127.4 mg per
100 g of fm.

300

250 A

2006
2007
200- %
T
150- 1

100 1

50 1

w(total anthocyanins)/(mg CydGE/100 g fm)

Duke Elliot

Blueberry cultivars

Sierra Bluecrop

Fig 1. Total anthocyanins (mg CydGE/100 g fm) in blueberry
cultivars in growing seasons 2006 and 2007

The research of Giovanelli and Buratti (28) showed
that the total phenolic content of cultivated berries is
quite homogenous ranging from 251 to 310 mg per 100
g of fm. Total anthocyanin mass fractions also lie in a
narrow range (from 92 to 129 mg per 100 g of fm) and
represent approx. 3040 % of the total phenols in the
four cultivated varieties. Connor et al. (11) found similar
content of anthocyanins in Bluecrop (123 mg per 100 g
of fm) and 191 mg per 100 g of fm in Elliott, while
Howard et al. (8) obtained lower values for Bluecrop, i.e.
comparing the growing seasons, Bluecrop had approx.
74 mg per 100 g of fm and total anthocyanin mass frac-
tion in TPC was 29 %.

Generally, the blueberries cultivated in 2006 had sig-
nificantly higher total content of all determined pheno-
lics compared to those cultivated in 2007. The ANOVA
(Table 3) showed significant differences among four blue-
berry cultivars (p<0.05) as well as among two growing
seasons (p<0.05). Particularly significant differences were
observed in the concentration of TF and TF3ols depend-
ing on both sources of variation (cultivars and growing
season), whereas TPC concentration significantly depend-
ed on the growing season and TA depended on the cul-
tivar.

Total antioxidant capacity (TAC) and reducing power
(RP)

The total antioxidant capacity (DPPH and ABTS as-
says) and reducing power (FRAP assay) of four blue-
berry cultivars during growing seasons 2006 and 2007
are shown in Table 4. TAC and RP depend on mass frac-

Table 2. Mean monthly air temperatures and monthly sums of sunshine duration

Climate factor Growing Month

season Jan Feb Mar Apr May Jun Jul Aug
Mean monthly air 2006 -2.1 0.8 49 11.7 15.4 19.7 22.5 18.0
temperature/°C 2007 6.0 6.3 8.0 13.1 17.3 21.3 21.7 19.9
Monthly sum of 2006 82.0 90.2 130.5 189.3 250.1 293.3 333.6 183.2
sunshine duration/h 2007 130.4 102.2 156.7 303.7 268.9 286.9 345.3 248.2

Data from Meteorological and Hydrological Service, Zagreb, Croatia (26,27)
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Table 3. Analysis of variance (ANOVA) of the blueberry culti-
vars and growing season

Phenolics  Source of variation Fexp p-value
TPC Cultivars 1.8632 0.3110
Growing season 14.8354 0.0309*
TF Cultivars 10.0847 0.0447*
Growing season 16.7979 0.0263*
TF3ols Cultiv.ars 20.5384 0.0167*
Growing season 22.7189 0.0175*
Cultivars 9.9642 0.0455*
™ Growing season 1.1341 0.3650

*Significant differences obtained at p<0.05

tions of phenolics and are decreasing in the following
order: Sierra>Elliott>Bluecrop>Duke (in most cases the
values are equal). Total antioxidant capacity measured
by DPPH method ranged from 5.6 to 7.6 mmol Trolox
equivalent (TE) per 100 g of fm, whereas measured by
ABTS method it ranged from 15.8 to 28.4 mmol TE per
100 g of fm. Giovanelli and Buratti (28) determined the
antioxidant capacity by DPPH and FRAP methods. All
values of antioxidant capacity were consistent. FRAP anti-
oxidant capacity value for Bluecrop was 24.3 TE umol/g.
Linear correlations demonstrated that the antioxidant
capacity values determined by DPPH and FRAP assays
were slightly better correlated to total phenolics rather
than to total anthocyanins.

The reducing power in this study was determined
as the Fe®* to Fe?* transformation, and RP increased with
increasing concentrations of phenolics in the blueberry
extracts. The highest RP was observed in Sierra, followed
by Elliott, Duke and Bluecrop. Correlation coefficients be-

tween TF or TF3ols and RP show that the mentioned
group of phenolics contributed more to RP (Table 5). Re-
ducing power is generally linked with the presence of
reducing substances, which have been shown to exert
antioxidant action by breaking the free radical chain by
donating a hydrogen atom (29). The highest TAC and
RP were observed in Sierra blueberry fruits, a cultivar
which contained significantly higher amounts of all ex-
amined groups of phenolics. The TAC and RP of Duke
and Bluecrop cultivars were lower than in other culti-
vars. The results of TAC and RP are in reasonable agree-
ment with the content of phenolic compounds, which was
confirmed by high correlation coefficients between phe-
nolics and TAC, as well as phenolics and RP (Table 5).
There have been many studies showing the correlation
between phenolic compounds and antioxidant capacity.
Scibisz and Mitek (30) demonstrated that the antioxidant
capacity was strongly correlated with the content of to-
tal anthocyanins and total phenolics. The correlation co-
efficient was higher between the antioxidant capacity and
anthocyanins (R=0.93) compared to the antioxidant capa-
city and total phenolic content (R=0.89). These conclu-
sions correspond to Giovanelli and Buratti's research (28).
The data demonstrated that the antioxidant capacity
values, determined by DPPH and FRAP, are better cor-
related with total phenolics (R>0.985) rather than with
total anthocyanins (R<0.87). Koca and Karadeniz (29) ob-
served a linear relationship between FRAP values and
total phenolics for blueberries (R=0.981). The abundance
of flavonoids (Table 1) could be the main contribution to
the high TAC and RP (higher correlation coefficients) of
blueberry fruits. Shahidi and Naczyk (31) reported that
the differences in the antioxidant activities of fruits could
be due to their different profiles of phenolic acids, flavo-
noid compounds and their derivatives. For instance, anti-

Table 4. Antioxidant capacity (DPPH, ABTS) and reducing power (FRAP) in blueberry cultivars in growing seasons 2006 and 2007

Cuttion: Growing (DPPH) (ABTS) c(FRAP)
season mmol TE/100 g fm mmol TE/100 g fm mmol Fe**/100 g fm
ke 2006 6.13+0.56 15.73+2.61 50.87+2.89
2007 5.75+1.56 16.44+1.73 39.03+1.57
Lot 2006 6.56+0.38 18.50+4.33 62.20+4.20
2007 5.63+1.31 16.02+1.11 47.68+2.19
Siorea 2006 7.60+0.17 28.37+1.76 90.07+11.39
2007 6.94+0.25 26.68+1.04 68.66+3.31
2006 6.13+0.35 16.130.71 48.33+1.86
Bluecrop 2007 5.99+1.13 15.85+2.06 37.13+1.74

Values are an average of 3 replication+S.D.

Table 5. Correlation coefficients between phenolics and antioxidant capacity (DPPH, ABTS) or reducing power (FRAP)

Growing season 2006

Growing season 2007

Phenolics

DPPH ABTS FRAP DPPH FRAP
TPC 0.84 0.78 0.85 0.97 0.57
TF 0.87 0.81 0.87 0.55 0.95
TF3ols 0.86 0.82 0.89 0.61 0.95
TA 0.87 0.85 0.88 1.00 0.73
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oxidant activities of flavonoids are linked with the num-
ber of hydroxyl groups in their molecules. Generally,
blueberry cultivars introduced in the Northwest Croa-
tian climate conditions are an excellent source of dietary
antioxidants and different groups of phenolics.

Conclusions

Generally, growing and climate conditions in North-
west Croatia are convenient for introducing blueberry
cultivars (Duke, Elliott, Bluecrop and Sierra). This was
proved with good quality of blueberry fruits, which con-
tained high mass fractions of different groups of pheno-
lics (particularly important flavonoids, especially antho-
cyanins) during two consecutive growing seasons. The
richest source of TPC, TF, TF3ols and TA among culti-
vars was Sierra, followed by Elliott, Bluecrop and Duke.
Antioxidant capacity and reducing power reached the
highest levels in Sierra and Elliott blueberry fruits. Nu-
tritionally, the mentioned cultivars possess a higher func-
tional benefit than other evaluated cultivars. Some blue-
berry cultivars introduced in the Northwest Croatian
climate conditions contained mass fractions of phenolics
similar to the same cultivars grown in other regions.
They possess high concentration of phenolics, antioxi-
dant capacity and reducing power. On the basis of the
obtained results and considering the mass fraction of
anthocyanins and flavonoids, it could be concluded that
the analyzed cultivars could be suitable for cultivation
in Northwest Croatia. However, future studies should
include additional analyses to obtain a complete evalua-
tion of the quality of fruits.
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