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ABSTRACT

There are about 30 different types of blueberries. In Bulgaria, there are 4 species of genus
Vaccinium - red (vitis-idaea), black (myrtillus), blue (uliginosum) and Caucasian (arctostaphylos).
Bilberries are a source of carotene, vitamin B1, vitamin B2, potassium, sodium, calcium,
magnesium, phosphorus, iron, vitamin D, manganese, soluble and insoluble fibres like pectin.
Blueberries contain significant amounts of anthocyanidins, antioxidants and ellagic acid. The main
wealth of blueberries are the antioxidants that bind free radicals and thus prevent malignant tumors.
This is why blueberry is an excellent remedy for oncology.

Objective of study was to investigate the content of total polyphenols, antioxidant activity and total
anthocyanins of bilberry depending on altitude.

Systematic approach and critical analysis of the available scientific periodicals and DPPH method
for determining the antioxidant activity (radical trapping activity).
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polyphenols and titratable acidity.

It has been established a direct relationship between altitude and antioxidant activity. In the range
of 900 to 1450 m the relationship between altitude and total anthocyanins is inversely proportional.
After 1500 m, the dependency becomes proportional. There is no correlation between pH, total

Keywords: Blueberry; altitude; antioxidant activity.

ABBREVIATIONS

AOA : Antioxidant Ability;

TA : Titratable Acidity;

TAA : Total Anthocyanins;

TPC : Total Polyphenols Content.

1. INTRODUCTION

There are about 30 different types of blueberries
grown in different regions. In Bulgaria, there are 4
species of genus Vaccinium - red (vitis-idaea),
black  (myrtillus), blue (uliginosum) and
Caucasian (arctostaphylos). The total
anthocyanin content of bilberries is generally in
the range of 300-700 mg/100 g fresh fruit,
although this range varies with cultivar, growing
conditions, and degree of ripeness of the berry
[1]. Along with anthocyanins, 100 g of fresh
bilberries contains small quantities of vitamin C (3
mg), quercetin (3 mg), and catechin (20 mg) [2].
Bilberries are a source of carotene, vitamin B1,
vitamin B2, potassium, sodium, calcium,
magnesium, phosphorus, iron, vitamin D,
manganese, soluble and insoluble fibres like
pectin. Blueberries contain significant amounts of
anthocyanidins, antioxidants and ellagic acid.
Bilberries (Vaccinium myrtillus L.) is the richest
natural sources of anthocyanins. These
polyphenolic components give bilberries its
blue/black colour and high antioxidant content,
and they are believed to be the key bioactive
responsible for the many reported health
benefits. Although bilberries is promoted most
commonly for improving vision, it has been
reported to lower blood glucose, to have anti-
inflammatory and lipid-lowering effects, and to
promote antioxidant defence and lower oxidative
stress [2]. Therefore, bilberry is of potential value
in the treatment or prevention of conditions
associated with inflammation, dyslipidemia,
hyperglycemia or increased oxidative stress,
cardiovascular disease, cancer, diabetes, and
dementia and other age-related diseases. There
are also reports that bilberries has antimicrobial
activity. Most studies have been focused on the
antioxidant properties of anthocyanins [2,3]. The
fruits possessed DNA repair effects, improved
cell adhesion, as well as observed the

antineoplastic and antimicrobial effects [3,4,5].
Commercial bilberries products about a 25%
anthocyanidins (equivalent to 36%
anthocyanins). Recommended daily dosages
also vary greatly, for example, 20-60 g of dried
berries and 160-480 mg of powdered extract
[1,5]. In the available scientific periodicals there
are many studies on antioxidant activity,
polyphenols, anthocyanins. Of interest is the
question of whether growing conditions affect the
properties of the fruit. The main such parameter
is the altitude of cultivation.

The objective of the study was to investigate the
content of total polyphenols, antioxidant activity
and total anthocyanins (TA) of bilberries
harvested at different alttitude.

2. METHODS AND MATERIALS
2.1 Fruit Sample

Bilberries varieties from Bulgaria were grown
respectively: The altitudes of the grown were as
well 900 m, 1200 m, 1450 m, and 2000 m
respectively in the area of Rakitovo, Nova
Mahala village, Yundola village and Batashki
snowfall - Rodopi mountain.

2.2 Juice Extraction, pH and Titratable
Acidity Analysis

To obtain the juice, bilberry fruits were liquefied
using a Philips food processor. The obtained
juice was pre-filtered and then centrifuged at
3000 rpm for 15 min. pH was measured with a
pH meter (WTWinoLab pH 7110, Germany).
Titratable acidity, expressed as percentage of
malic acid, was performed by titrating 10 mL of
pomegranate juice with a 0.1 M NaOH to a pH
point of 8.1. The results were expressed in g
citric acid per 100 g juice.

2.3 Total Phenolics Content (TPC)

The total phenolic contents were measured using
a Folin-Ciocalteu assay. Folin-Ciocalteu reagent
(1 mL) (Sigma) diluted five times was mixed with
0.2 of mL sample and 0.8 of mL 7.5% Na2COQO3.
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The reaction was performed for 20 min at room
temperature in darkness. Then the absorbance of
the sample was measured at 765 nm against
blank sample, developed by the same way but
without extract. The results were expressed in
mg equivalent of gallic acid (GAE) per 100g juice,
according to calibration curve, built in range of
0.02 - 0.10 mg gallic acid (Sigma) used as a
standard.

2.4 Total
Analysis

Monomeric  Anthocyanins

The total monomeric anthocyanins content was
determined using the pH differential method
described by Papanov et al., [6]. 2 g juice were
extracted with 8 mL ethanol at ultrasound bath for
15 min. The pH of juice samples was brought to
1.0 by adding potassium chloride and 4.5 with
sodium acetate buffers. The dilutions were then
allowed to equilibrate for 5 min at room
temperature. The absorbance of the equilibrated
solutions at 520 nm for anthocyans content and
700 nm for haze correction was measured on a
VIS spectrophotometer (Camspec M107, UK)
with 1-cm-path-length disposable cuvettes. All
absorbance measurements were carried out at
room temperature against distiled water as a
blank. Pigment content was calculated as
cyanidin-3-glucoside (cyanidin-3-glucoside)
equivalents with a molecular weight of 449.2 and
an extinction coefficient of 26 900 L/(cm.mol).

2.5 Antioxidant Activity (DPPH Assay)

Each analyzed extract (0.15 mL) was mixed with
2.85 mL freshly prepared 0.1 m mol solution of
1,1-diphenyl-2- picrylhydra-zyl radical (DPPH,
Sigma) in methanol (Merck). The reaction was
perfformed at 37 °C in darkness and the
absorptions at 517 nm were recorded after 15
min against methanol. The antioxidant activity
was expressed as m mol Trolox equivalents (TE)
per 100 g juice by using calibration curve, build
with 0.05, 0.1, 0.2, 0.3, 0.4 and 0.5 m mol 6-
hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic
acid (Trolox®, Fluka) dissolved in methanol
(Sigma).

3. RESULTS AND DISCUSSION

The samples of bilberries were harvested at 4
locations in Rodopa mountain Southern Bulgaria.
Berry samples were subjected to chemical
analyses in order to assess quality differences
based on altitude. The values indicated strong
effects of population origin and potentially

genotype on berry quality. The results for
titratable acidity, and pH for bilberry juice
obtained from different samples grown in different
altitude are presented in Table 1. They were not
found significant differences between the
obtained juices for investigated parameters
(titratable acidity and total acidity). The pH values
ranged between 2.5 and 2.8 with average value —
2.7. The titratable acidity values ranged between
1.4 and 3.1% with average value - 1.4%. Rohloff
et al. [7] reported similar results for pH (from 2.6
to 2.8) and titratable acidity (from 1.0 to 1.4
g/100g) for bilberry grown in Norway. The main
organic acids in bilberry fruit were citric malic acid
and quinic acids Combined, these acids
represented approximately 90% of the total
analyzed organic acids [8]. Significant differences
in titratable acidities have been detected in
sample harvested in Yundola village about 2
times higher (3.1 g/100 mL) than other samples
(mean 1.4 g/100 mL). pH and titratable acidity
does not depend significantly on altitude.

Main phenolic compounds of bilberry fruit were
presented on anthocyanins and ellagitannins [9].
It is evident from Table 2, that the highest content
of total phenols has the juice obtained from
bilberry fruit collect from Batashki snowfall 2000
m. (411.15 £ 0.41 mg GAE/ 100 mL), followed by
Yundola village 1450 m., Nova Mahala village
1200 m. and Rakitovo 900 m. Mikulic-Petkovsek
et al., [8] reported that in bilberry fruit were
identified a high amount of hydroxycinnamic
acids - p-coumaric acid derivatives, caffeic acid
derivative, trans- and cis-5-caffeoylquinic acid,
caffeic  acid, 5-hydroxyvanillic  acid, 5-
coumaroylquinic acid and 5-feruloylquinic acid. In
accordance have been established that the total
polyphenol content (TPC) of investigated berry
juice were from 200 to 500 mg GAE/ 100 g [8]. In
contrast, bilberries originating in Norway have a
higher content of polyphenols (from 500 to 600
mg GAE/100g) than the Bulgarian ones [7].

Additionally, the anthocyanins were other
bioactive compounds with mainly meaning for
human health effect. Bilberry fruit contained high
levels of anthocyanins such as cyanidin,
delphinidin, malvidin, petunidin and peonidin
glycosides [8,10,11]. In this base we investigated
the influence of altitude on biosynthesis of
anthocyanins the results are presented in Fig. 1.
The highest content of total anthocyanins has the
juice obtained from bilberry fruit collect from
Batashki snowfall area with the highest altitude
(Fig. 1) (341 £ 0.06 mg /100 g juice), followed by
Racitovo and Nova Mahala village. It has been
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found that bilberries harvested from the Batashki
Snowfall, 2000 m have the highest antioxidant
activity 4158.47 £ 7.91 mmol TE/100 g, followed
by bilberry harvested from Yundola,1450 m,
Nova Mahala village, 1200 m and Rakitovo, 900
m.

The total polyphenols content depends on a
moderate to significant decreasing (inverse) of
the linear relationship (r* = -0.86 and r* = -0.42)
with total acidity and altitude respectively. With
an increase in pH and altitude, the amount of
polyphenols decreases. The total anthocyanins

content depend on altitude with high direct
(increasing) linear relationship P = 0.75.
Antioxidant activity in bilberry juice mainly
depend on total anthocyanins content (r* = 0.96).
The titratable acidity decrease when the content
of total anthocyanins increase (r2 = -0.51). The
antioxidant activity significantly increase when
increase altitude i.e. they have significantly
correlation (r2 = 0.89). (Table 3). Similar results
have been reported for raspberry Papanov et al.,
[6]. There is no correlation between common
phenols and common anthocyanins and pH, total
phenols and titratable acidity.

Batashki snowfall, 2000 341
Yundola village, 1450 13.56
Nova Mahala village, 1200 19591
Rakitovo, 900 311
0 50 100 150 200 250 300 350 400
W Total anthocyanin, mg/100g juice

Fig. 1. Total anthocyanins in different altitude areas

Notes:

- Total anthocyanins, mg/100g juice

Table 1. Total acidity (pH) and titratable actidity of different samples of bilberry juice

Sample Altitude, m pH Titratable acidity
(g citric acid /100 g)
Rakitovo 900 2,79 1,47
Nova Mahala village 1200 2,87 1,45
Yundola village 1450 2,52 3,12
Batashki snowfall 2000 2,87 1,47

Table 2. Total polyphenols and antioxidant activity of different bilberry juice

Sample Altitude, m  Total polyphenols, Antioxidant ability, DPPH
mg GAE/100 g juice mmol TE/ 100 g juice

Rakitovo 900 375.97 £ 0.22 725.98 £ 0.40

Nova Mahala village 1200 383.93+0.34 737.20 £ 0.20

Yundola village 1450 476.31 £ 0.26 924.98 + 0.30

Batashki snowfall 2000 411.15+ 0.41 4158.47 £ 7.91
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Table 3. Correlation (r2) between antioxidant activity and investigated parameters altitude, total
polyphenols content, total anthocyanins content and titratable acidity ant total acidity

TPC TAA AOA pH TA
Altitude 0.41 0.75 0.89 0.07 0.09
TPC (Total Polyphenols Content) - -0.22 0.04 -0.86 -0.42
TAA (Total Anthocyanins) - 0.96 0.59 -0.51
AOA (Antioxidant Ability) - - 0.38 -0.27
TA (Titratable Acidity) -0.97

TAA- Titratable Acidity; TAC-Total Anthocyanins Content; TA-Total Acidity; TPC-Total Polyphenols Content

4. CONCLUSION

It has been established a direct
relationship between altitude and
antioxidant activity. In the range of 900 to
1450 m the relationship between
altitude and total anthocyanins is inversely
proportional. After 1500 m, the dependency
becomes proportional. There is no correlation
between pH, total polyphenols and titratable
acidity.
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