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Raquel P. F. Guiné, Susana R. Matos, Daniela V. T. A. Costa, Fernando J. Gongalves

Abstract—Because blueberries are worldwide recognized as a
good source of beneficial components, their consumption has
increased in the past decades, and so have the scientific works about
their properties. Hence, this work was undertaken to evaluate the
effect of some production and conservation factors on the properties
of blueberries from cultivar Bluecrop. The physical and chemical
analyses were done according to established methodologies and then
all data was treated using software SPSS for assessment of the
possible differences among the factors investigated and/or the
correlations between the variables at study. The results showed that
location of production influenced some of the berries properties
(caliber, sugars, antioxidant activity, color and texture) and that the
age of the bushes was correlated with moisture, sugars and acidity, as
well as lightness. On the other hand, altitude of the farm only was
correlated to sugar content. With regards to conservation, it
influenced only anthocyanins content and DPPH antioxidant activity.
Finally, the type of extract and the order of extraction had a
pronounced influence on all the phenolic properties evaluated.

Keywords—Antioxidant  activity, blueberry, conservation,
geographical origin, phenolic compounds, statistical analysis.

[. INTRODUCTION

N Portugal, the blueberry crop has assumed leadership and

gained interest from both consumers and producers. The
growth and development of the food sector, and the influence
of other countries in Europe, introduced new eating habits,
such as consumption of functional foods, and particularly red
fruits.

The consumption of berries has become popular among
consumers concerned about health because of their high levels
of bioactive compounds with antioxidant properties [1], [2].
Within existing antioxidants in blueberry, those which play a
more important role are the phenolic compounds, including
flavonoids, anthocyanins and tannins, making it one of the
most desirable and nutritious fruits [3]. As a high source of
bioactive compounds, blueberry emerged as with high
therapeutic potential for slowing the progression of various
diseases [4]. This small berry, in addition to its protective
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effects in the intestinal tract and eyes, acts in the principal
anti-inflammatory ~ mechanisms and  oxidative  stress.
Furthermore there have been described several beneficial
properties associated with blueberries, in particular for treating
and preventing diseases of the nervous system [5], urinary
tract disorders, cardiovascular diseases, dental caries,
ulceration and gastric cancer [3]. Also described are anti-
proliferative, anti-cancer, antiviral and antibacterial activities
(61, [7].

Despite the high content in phytochemicals, in most
varieties of blueberries, it is known that either the amount or
the exact profile of these compounds may vary, not only with
the cultivar and the degree of maturation [8], but also with the
conditions of soil and climate or agricultural practices, as well
as conservation [9]. Some of these differences may be the
result of different degrees of water stress, the greater or lesser
availability of nutrients and intensity of ultraviolet light [10],
[11]. A considerable variability in the phenolic profile and
antioxidant capacity of different Vaccinium species has been
reported in literature [12]-[14].

Portugal, due to the variety of its reliefs and exposure of its
slopes and valleys, presents very different microclimate
conditions, which may influence the blueberries properties
[15].

The aim of this work was to evaluate the influence of
production and conservation factors as well as extraction
conditions on the physical-chemical properties of blueberries
from cultivar Bluecrop. The production factors considered
were origin (5 different locations were considered), altitude of
the farm placement and age of the bushes. The conservation
factor studied was storage under freezing as opposed to the
fresh product. The extraction factors considered were type of
solvent used and order of the extraction. The physical
properties under study were caliber, color and texture; the
general chemical properties were moisture content, sugars and
acidity; the phenolic and antioxidant properties included total
phenols, anthocyanins, tannins and antioxidant activity
(measured by three methods: ABTS, FRAP, DPPH).

II. MATERIALS AND METHODS

A. Samples

To carry out this study were used blueberries Vaccinium
corymbosum L., from cultivar Bluecrop grown in conventional
production mode in five different locations of Portugal: Sever
do Vouga (SV), Estarreja (ES), Oliveira do Hospital (OH),
Vouzela (VZ) and Braga (BR). The fruits were manually
collected in a maturation state corresponding to
commercialization.
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The analyses were made right after harvest in the fresh
fruits and also after 6 months of storage under freezing at a
temperature of -20°C.

B. Chemical Analyses

Moisture content was determined by a Halogen Moisture
Analyzer HG53 from mettle Toledo. Acidity was determined
by titration according to the Portuguese Standard NP-1421.
Total sugars were determined by refractometry using a
refractometer Atago 3T.

The phenolic compounds were extracted with methanol and
with acetone solutions, and in each case the sample was left
for 1 hour in an ultrasonic bath at room temperature. The
extracts obtained were then used to quantify the phenolic
composition and the antioxidant activity. The total phenolic
content in the fruit extracts was determined by the Folin—
Ciocalteu method according to [16]. Total anthocyanins were
determined using the SO, bleaching method [17]. Total
tannins were estimated by modification of method described
by described by [18]. The antioxidant activity was determined
by DPPH [19], ABTS [20] and FRAP [21], [22] methods.

C. Physical Properties Evaluation

The size of each berry was measured with the aid of an
automated caliper rule.

The color was determined with a colorimeter (Chroma
Meter - CR-400, Konica Minolta) in the CIE Lab color space,
though the Cartesian coordinates L*, a* and b*,where L* is
brightness (0 = black to 100 = white), a* is green/red (negative
or positive values, respectively), and b* is blue/yellow
(negative or positive values, respectively).

To determine the texture attributes (firmness and elasticity)
the evaluations were performed with a texturometer TA.XT
Plus (Stable Micro Systems) and the results were treated with
software Exponent TEE.

D.Statistical Analysis

For the treatment of the data were performed different tests,
according to the case applicable for each set of variables, and
the verification or not of the conditions to apply parametric
tests. For the comparison according to the origin of production
Kruskal-Wallis test was used for the caliber and chemical
analyses and One-way Anova was used for color and texture,
with multiple comparisons by the Tukey test.

For the comparison of the properties in relation to the
conservation conditions the t test for independent samples was
used.

For the extraction solvent the t test for independent samples
was always used and for the order of the extraction One-way
ANOVA with Tukey multiple comparisons was applied. Also
the Pearson coefficients (r) were determined between the
quantitative. The Pearson correlation coefficient measures the
association between two variables according to the magnitude
of the absolute value [23]-[25]. If 0.00 < r < 0.10 the
association is considered very week, if 0.10 < r < 0.30 the
association is weak, if 0.30 < r < 0.50 the association is
moderate, if 0.50 < r < 0.70 the association is strong and if
0.70 <r < 1.00 the association is very strong. For r = 0 there in

no association and for r = 1 the association is perfect.

In all tests a level of significance of 95% was considered
and the software used for all tests was SPSS version 21 (IBM
Inc.).

III. RESULTS AND DISCUSSION

A. Effect of Origin on the Blueberry Properties

Table I shows the results of the Kruskal-Wallis test made to
verify the effect of origin of production on the chemical
properties of the blueberry. It was observed that while for
moisture content and acidity no significant differences were
found among the blueberries from different origins (p = 0,068
and p = 0,051, respectively) regarding sugars significant
differences were encountered (p = 0.014), being the
blueberries from Estarreja (ES), situated in the North-West of
Portugal, the sweetest. Also caliber was found to vary among
origins, with highly significant differences (p < 0.001), so that
the bigger berries were those from Oliveira do Hospital (OH),
situated in the North-Center, while the smallest were from
Sever do Vouga (SV), situated in the North-West. These
observations were made with a 95% confidence.

TABLEI
KRUSKAL-WALLIS TEST BETWEEN ORIGIN AND THE GENERAL CHEMICAL
PROPERTIES AND CALIBER

Property Origin' N Mean Rank P p-value
Caliber SV 30 46.53 43484 0.000
(cm) ES 30 84.33

OH 30 114.63

\'// 30 71.97

BR 30 60.03
Moisture SV 3 1033 8.728  0.068
(%) ES 4 5.63

OH 3 6.33

vZ 4 8.13

BR 3 16.00
Sugars SV 3 5.00 12433 0014
(%) ES 3 13.33

OH 3 2.00

\'// 3 11.00

BR 3 8.67
Acidity Y 3 8.67 9.428  0.051
(mg cit ES 3 3.00
aclg) OH 3 12.50

vz 3 5.17

BR 3 10.67

"Locations: SV = Sever do Vouga, ES = Estarreja, OH = Oliveira do
Hospital, VZ = Vouzela, BR = Braga.

Gunduz et al. [27] found a significant negative correlation
between fruit weight and soluble solids suggesting that as
breeders have been selecting for larger fruit, the produced less
sweet fruits. In this study the same was observed, since the
sample from Oliveira do Hospital showed the highest caliber
and the lowest sugar content (Table I).

The results of the Kruskal-Wallis tests between origin and
the phenolic properties are shown in Table II. The phenolic
compounds: total phenols, anthocyanins or tannins did not
evidence, at a level of significance of 5%, statistically
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significant differences among origins (p = 0.117, p = 0.816
and p = 0.584, respectively). Regarding the antioxidant
activity, depending on the analytical method used, some
differences were encountered. In fact the results of the
antioxidant activity by ABTS method did not reveal
significant differences according to origin (p = 0.300), but
when determined by FRAP or DPPH methods significant
differences were observed (p = 0.028 and p = 0.039,
respectively), and in both cases the berries from Oliveira do
Hospital (OH) showed the tendency for the lowest antioxidant
activity.

Giovanelli and Buratti [26] reported variation of antioxidant
activity of different cultivars of Blueberry, including
Bluecrop, in berries from two locations.

TABLEII
KRUSKAL-WALLIS TEST BETWEEN ORIGIN AND THE PHENOLIC PROPERTIES
Property Origin' N Mean Rank x p-value

Total phenols SV 24 67.06 7.376 0.117
(mg GAE/g) ES 24 68.17
OH 24 45.67
vz 24 65.79
BR 24 55.81

Anthocyanins SV 24 64.63 1.562 0.816
(mg Mv3G/g) ES 24 53.75
OH 24 59.96
vz 24 61.38
BR 24 62.79

Tannins SV 24 60.71 2.847 0.584
(mg/g) ES 24 62.44
OH 24 50.27
vz 24 65.65
BR 24 63.44

ABTS SV 24 66.98 4.875 0.300
antioxidant ES 24 68.83
activity OH 24 51.46
(mg TE/g) vz 24 61.85
BR 24 53.38

DPPH SV 24 73.71 10.899 0.028
antioxidant ES 24 61.38
activity OH 24 47.58
(mg TE/g) vz 24 70.08
BR 24 49.75

FRAP SV 24 69.52 10.092 0.039
antioxidant ES 24 64.29
activity OH 24 43.40
(g TE/®) vz 2 70.10
BR 24 55.19

"Locations: SV = Sever do Vouga, ES = Estarreja, OH = Oliveira do
Hospital, VZ = Vouzela, BR = Braga.

Gunduz et al. [27] described significant negative
correlations observed between fruit weight and total phenols
and FRAP antioxidant activity, which were confirmed in the
present work, because the berries from Oliveira do Hospital
were the biggest (115 ¢cm) and had lower total phenols content
(46 mg GAE/g) and lower FRAP antioxidant activity (43 ug
TE/g).

To test the differences between origins in regards to the
physical properties, color and texture, One-Way ANOVA was

used because in this case more experimental determinations
were available allowing the application of this parametric test.
The results obtained are shown in Table III, and they include
the multiple comparisons made with Tukey test. It is possible
to verify that for all the physical properties evaluated highly
significant differences were found (p < 0.001).

Regarding color, the blueberries from Estarreja (ES) and
Vouzela (VZ) were lighter, while those from Braga (BR) were
darker, with lowest L* (mean around 31). Also the berries
from Braga (BR) had a less intense blue coloration (b* = -5)
while those with a stronger blue (mean around — 7) were from
Estarreja (ES), Oliveira do Hospital (OH) or Vouzela (VZ)
(Table III). In these cases the mean values were statistically
different from other samples.

As to texture, firmness was higher in sample SV and so was
elasticity (mean of 151 N and 2.54 mm, respectively), while
the berries from Vouzela (VZ) were less firm (mean of 110 N)
and those from Estarreja (ES) were less elastic (mean
approximately 2 mm) (Table IIT). However, in these cases the
means were not statistically different from other samples.

TABLE IIT
ONE-WAY ANOV A BETWEEN ORIGIN AND THE PHYSICAL PROPERTIES
Property Origin' N Mean’ St. dev. F p VE’
L* SV 57 33.88° 4.18 33.046  .000  33%

ES 60  36.38° 2.54
OH 52 34.56° 2.00
VZ 53 36.79° 3.14
BR 58  31.08° 2.67
a* SV 57 0.52° 0.93 9477 000  12%
ES 60 0.09° 0.38
OH 52 0.31%® 0.43
A\ 53 -0.02° 0.46
BR 58 0.62° 0.91
b* SV 57 -6.19° 1.85 42653  .000  38%
ES 60  -7.77° 1.19
OH 52 -7.76° 0.88
vZ 53 -7.32° 1.20
BR 58 -5.02° 1.51
Firmness SV 55  151.33" 2697 43224 000 38%
(N) ES 60  119.58°  16.20
OH 51 14114  20.18
VZ 60 11028  18.65

BR 60 116.01° 17.57
Elasticity SV 55 2.54° 0.53 5183  .000 7%
(mm) ES 60 2.18" 0.41

OH 51 2.51° 0.42
vz 60 2.41% 0.41
BR 60 2.47° 0.63

"Locations: SV = Sever do Vouga, ES = Estarreja, OH = Oliveira do
Hospital, VZ = Vouzela, BR = Braga.

*Values with the same letter are not statistically different (ot = 5%)

*VE: variance explained

B. Effect of Plant Age on the Blueberry Properties

The Pearson coefficient evaluates the strength of the
correlations between two quantitative variables. In the present
study, the effect of the variable plant age on the physical-
chemical properties was assessed through the Pearson
coefficients, whose values are presented in Table IV. A very
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strong positive association was found between plant age and
acidity (r = 0.736, correlation significant at the level of 1%),
meaning that older blueberry bushes tend to produce fruits
with higher acidity. Other significant strong positive
correlations was found between plant age and moisture (r =
0.518) whereas some significant strong but negative
correlations were observed between plant age and sugars (r = -
0.560) or lightness (r = -0.534), so that as the bushes become
older, the sugar content tends to diminish and the same
happens with L*, i.e., the fruits tend to be darker. Also some
significant but moderate positive correlations were found
between age and the opposing color coordinates a* and b* (r =
0.328 and r = 0.451, respectively), and these indicate that
older bushes tend to produce berries with higher b*, i.e., less
intense blue color (Table IV).

TABLE IV
PEARSON CORRELATIONS BETWEEN PLANT AGE AND THE PHYSICAL-
CHEMICAL PROPERTIES
Property Pearson correlation coefficient (r)

Caliber -0.084
Moisture 0.518"

Sugars -0.560"

Acidity 0.736™

Total phenols -0.154
Anthocyanins 0.003
Tannins -0.044

ABTS antioxidant activity -0.131
FRAP antioxidant activity -0.166
DPPH antioxidant activity -0.185"
L* -0.534"

a* 0.328"

b* 0.4517

Firmness 0.264”
Elasticity 0.190™

“Correlation is significant at the 0.01 level.
“Correlation is significant at the 0.05 level.

C. Effect of Altitude on the Blueberry Properties

Table V shows the Pearson correlation coefficients for the
effects of altitude of the plantations in the physical-chemical
properties. The results evidence that altitude does not have a
significant effect on the majority of the properties studied,
having just a strong effect over sugars (r = 0.622, correlation
significant at the level of 5%) and a moderate effect over
firmness (r = 0.327, correlation significant at the level of 1%).

D.Effect of Conservation on the Phenolic Properties

To evaluate the differences between the fresh and frozen
blueberries on the phenolic properties the independent samples
t-test was used because the number of experimental
determinations also allowed the application of this parametric
test. The results obtained are shown in Table VI, and they
reveal that there are no statistically significant differences
among the fresh or frozen samples when it comes to total
phenols, or antioxidant activity. On the contrary, highly
significant differences were encountered in the anthocyanins
or tannins contents, being the first higher in the fresh sample
(0.19 mg Mv3G/g) whereas the latter were higher in the frozen

sample (1.00 mg/g).

TABLE V
PEARSON CORRELATIONS BETWEEN ALTITUDE AND THE PHYSICAL-CHEMICAL
PROPERTIES
Property Pearson correlation coefficient (r)
Caliber 0.099
Moisture -0.284
Sugars 0.622"
Acidity 0.262
Total phenols -0.061
Anthocyanins -0.044
Tannins -0.036
ABTS antioxidant activity -0.019
FRAP antioxidant activity 0.054
DPPH antioxidant activity 0.004
L* 0.190™
a* -0.061
b* -0.226”
Firmness 0.327"
Elasticity 0.1517

“Correlation is significant at the 0.01 level.
“Correlation is significant at the 0.05 level.

TABLE VI
INDEPENDENT SAMPLES T-TEST BETWEEN CONSERVATION AND THE
PHENOLIC PROPERTIES

Property Conservation' N Mean sd®>  Levene’ t P

Total Fresh 60 1.16 1.05 0.866  0.273 0.393
phenols Frozen 60 1.11 1.06

Anthocyan Fresh 60 0.19  0.29 0.000  5.079 0.000
ins Frozen 60 0.00  0.00

Tannins Fresh 60 0.65 0.52 0.098  -2.584 0.005

Frozen 60 1.00 0.88
ABTS ant. Fresh 60 0.87  0.81 0.001 1.445 0.076

activity Frozen 60 1.15 1.26

DPPHant.  Fresh 60 062 064 0032 -2.009 0.024
activity Frozen 60 087 0.79

FRAP ant. Fresh 60 15.03 14.53 0.140 0.949 0.173
activity Frozen 60 1273 11.95

'Frozen: during 6 months.
%sd: standard deviation.
3Significance of the Levene test for equality of variances.

E. Effect of Extraction on the Phenolic Properties

Table VII shows the results of the independent samples t-
test for the effect of the extraction solvent on the phenolic
contents and antioxidant activity. From the results obtained it
was concluded that the type of solvent used had a marked
influence on the properties evaluated, because in all cases
statistically significant differences were observed in the
methanol and acetone extracts in terms of total phenols (p <
0.001), anthocyanins (p < 0.001), tannins (p = 0.002) or ABTS
(p < 0.001), DPPH (p < 0.001) and FRAP (p < 0.001)
antioxidant activities. Furthermore, the results in Table VII
indicated that total phenols were extracted in a higher quantity
by methanol when compared to acetone. Also for
anthocyanins a similar trend was observed. Reading tannins,
however, a contradictory trend was observed, so that these
were better extracted by acetone. As to the antioxidant
activity, for all method used the values observed were higher
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in the methanol extracts as compared to the acetone extracts.

TABLE VII
INDEPENDENT SAMPLES T-TEST BETWEEN EXTRACTION SOLVENT AND THE
PHENOLIC PROPERTIES

Property Solvent N Mean  sd'  Levene’ t P

Total phenols Methanol 60  1.62 1.29 0.000  5.689 0.000
Acetone 60  0.65 0.30

Anthocyanins Methanol 60  0.19 0.29 0.000  4.735 0.000
Acetone 60  0.01 0.01

Tannins Methanol 60  0.63 0.44 0.000 -2.922 0.002
Acetone 60 1.02 0.92

ABTS ant.  Methanol 60 150 129  0.000 5.728 0.000

activity Acetone 60 0.51 037

DPPHant. Methanol 60 1.02 090  0.000 5.077 0.000

activity Acetone 60 046  0.32

FRAP ant.  Methanol 60 1949 1591  0.000  4.483 0.000

activity Acetone 60 827  6.29

'sd: standard deviation.
*Significance of the Levene test for equality of variances.

TABLE VIII
ONE-WAY ANOV A BETWEEN EXTRACTION ORDER AND THE PHENOLIC
PROPERTIES

Property Order N Mean'  St. dev. F p VE?
Total I 30 2.76° 0.82  209.609 0.000 84%
phenols  on 39 0.48° 0.10
330 0.93° 0.16
4th 30 0.37° 0.04
Anthocya 1% 30 0.34° 036  23.769  0.000 38%
nins 230 0.04" 0.04
330 0.01° 0.01
4h 30 0.00° 0.00
Tannins 1% 30 0.95" 032 44965 0.000 54%
M 30 0.31° 0.27
3@ 30 1.66° 0.89
4th 30 0.38° 0.28
ABTS ™30 2.65" 0.80
230 0.36° 0.10
330 0.86° 0.15
4th 30 0.16° 0.07
DPPH ™30 1.79* 0.64
2M 30 0.25° 0.11
330 0.74° 0.22
4th 30 0.19° 0.07
FRAP ¥ 30 33.78° 9.36
2M 30 5.19° 221
330 13.80° 3.77
4th 30 2.75° 1.72

228.463 0.000  86%

139.866 0.000  78%

217.051 0.000  85%

'Values with the same letter are not statistically different (o0 = 5%)
VE: variance explained

Table VIII presents the results of the Anova test for
comparison of the phenolic properties in multiple groups, in
this case, the extraction order, with multiple comparisons by
Tukey test. In all cases highly significant differences were
observed (p < 0.001) and the results of the multiple
comparison show that the first (methanol) extract always
shows higher values than the other extracts, being these
differences statistically significant. The extract which follows
is the third (the first acetone extract), showing significant

differences from the others in most cases.

F. Correlations between the Physical-Chemical Properties

The Pearson correlation coefficients between some
chemical properties are shown in Table IX and they reveal that
there is only one value which is statistically significant, the
correlation between sugars and acidity, which is strong and
negative (r = -0.658), indicating that as the sugar content
increases the acidity diminishes.

TABLE IX
PEARSON CORRELATIONS BETWEEN THE GENERAL CHEMICAL PROPERTIES
Caliber Moisture Sugars Acidity
Caliber 1
Moisture -0.429 1
Sugars -0.156 0.130 1
Acidity 0.060 0.381 -0.658" 1

“Correlation is significant at the 0.01 level.

Table X shows the Pearson correlation coefficients between
the physical properties. Only one very strong correlation was
found, between blueness (b*) and lightness (L*) (r = -0.911),
indicating that the berries with higher L* had lower b*, i.e.,
the berries that were not so dark were more blue. Then,
moderate correlations were found between a* and L* (r = -
0.463) and between a* and b* (r = 0.442), being however
negative in the first case and positive in the second. Also
firmness was found positively moderately correlated with
elasticity, so that the berries with higher firmness also
presented higher elasticity.

TABLE X
PEARSON CORRELATIONS BETWEEN THE PHYSICAL PROPERTIES
L* a* b* Firmness Elasticity
L* 1
a* -0.463™ 1
b* 09117 04427 1
Firmness -0.124"  0.146"  0.044 1
Elasticity  -0.208"  0.117 0.182  0.404" 1

“Correlation is significant at the 0.01 level.
“Correlation is significant at the 0.05 level.

The correlation coefficients between the phenolic properties
are presented in Table XI. Very strong correlations were found
between total phenols and antioxidant activity, regardless of
the determination method used (0.919, 0.939 and 0.911 for
ABTS, DPPH and FRAP methods), all significant at the level
of 1%. Also a very strong correlation was encountered
between ABTS and DPPH (r = 0.902) or between FRAP and
DPPH (r = 0.961) or even between FRAP and DPPH (r =
0.905) at a level of significance of 1%.

The results in Table XI further demonstrate that total
phenols and anthocyanins are positively strong correlated (r =
0.576), indicating that samples with higher total phenols also
possessed higher anthocyanins contents. As to tannins content,
it was found moderately correlated with DPPH (r = 0.329) and
FRAP (r = 0.355) antioxidant activities.
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TABLE XI
PEARSON CORRELATIONS BETWEEN THE PHENOLIC PROPERTIES
TP ANT TAN ABTS  DPPH  FRAP
TP 1
ANT  0.576" 1
TAN 0246  0.144 1
ABTS  0919”  0.390" 0259 1
DPPH 0939  0.658" 0329  0.902" 1
FRAP 0911 0389 03557 09617  0.905" 1

“Correlation is significant at the 0.01 level.
“Correlation is significant at the 0.05 level.

IV. CONCLUSION

The results obtained in this study allowed identifying some
differences among the samples according to different factors.
The origin of the blueberries showed influence on the sugar
content and on the size, on the antioxidant activity when
measured by FRAP and DPPH methods, and on all color and
texture parameters. The conservation had influence on the
anthocyanins and DPPH antioxidant activity only. On the
contrary, extraction solvent and extraction order showed a
very pronounced influence on the phenolics contents and
antioxidant activity.

Very strong correlations were found between total phenols
and antioxidant activity, regardless of the method used for the
determination, or even between the different antioxidant
activity determinantions. Also a very strong correlation was
found between lightness and blueness.
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