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Abstract

The assessment of quality of old apple varieties was made in order to preserve and use these germplasm in the area of Bosnia
and Herzegovina. The characterization was done for ten old varieties of apples selected on the basis of good characteristics of
sensory analysis. The following parameters were considered: fruit weight, fruit length and width, stalk length and width, fruit
flesh firmness; soluble solids content and total dry matter content of the fruit juice; pH, titratable acidity (TA), vitamin C,
total phenolics, total flavonoids and antioxidant potential evaluated by DPPH radical scavenging assay. Statistical analysis was
performed separately for sensory, pomological and biochemical characterization (in two consecutive years) by analysis of
variance. Only traits such as weight, width and height of the fruit were the biggest in “Vinjugara’ which had a low content of
titratable acidity whereby it could be singled out as an acceptable variety for consumers. ‘Dedovaca’ had the highest content of
phenols (1711.8 mg GAE/100 g of fruit weight), which is in complete relationship with good free radical scavenging activity
(11.1 mg of fresh fruit/ml). ‘Kola¢ara’ and ‘Gospoinjaca’ were distinguished as particularly interesting for good nutritional
characteristics, primarily the content of phenols, flavonoids and free radical scavenging ability, but also for suitable storage
characteristics, °Brix content and firmness. Due to favourable pomological and biochemical characteristics these varieties were
recommended to be included in the breeding program that will result in the enrichment of germplasm of the apples from these

arcas.
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Introduction

The current climate changes, as well as the possibility of
appearance of new pests, represent a real threat to the survival and
profitability of commercial production of fruits. Local and old
varieties are generally suppressed from production although their
value in terms of biodiversity is extremely high (Durié ez 4/, 2014).
Over the past thirty years, attention has been devoted to the
collection, conservation and evaluation of apple diversity, with two
main purposes: to conserve a wide genetic variability for breeding
programs and to extend the exploitation of old varieties in organic
or integrated fruit production (Kellerhals ez 4/, 2004). Local and
old varieties, as opposed to commercial varieties, often carry specific
and uncommon properties that are interesting to a smaller number
of consumers. Therefore, in order for these varieties to return to
small production (niche markets), it is important that consumers
understand the kind of properties that distinguish them from
standard varieties on the market (Mitre ¢ 4/, 2009; Dan e 4/,
2015). Re-introduction of these varieties into production, ie.
sustainable usage, represents the best way to preserve this
germplasm for future generations (Bignami e 4/, 2003). A

selection of varieties for re-cultivation, is dependent on  their
properties (taste, color, firmness, ripening time, suitability for
storing), which is why it is extremely important for these varieties
to be evaluated. Because of all this, the work on conservation and
characterization of old and local varieties is intense in most
countries and institutes (Mratini¢ and Fortiri¢ Aksi¢, 2011).
Bosnia and Herzegovina is extremely rich in fruit germplasm
(Paunovi¢ ez al, 1997; Durié¢ ¢t al., 2009; Gasi et al., 2010), as an
area which has been exposed to migrations and the influence of
different cultures for cenruries. The mixing of influences of the
East and the West and the introduction of new germplasm from
different areas is particularly evident in the area of BiH (Puri¢ ez 4L,
2009). In such a richness of fruit plants, a lot of old varieties of
apples have survived (Besirevi¢, 2009; Purié ez al, 2009; Gasi ez 4,
2010), although an organized collection work and evaluation of
this germplasm does not go far back into the past. As a result of this
work, only a few collections of apples were created, including the
most important ones in Srebrenik and Banja Luka. In the
collection in Srebrenik, which was built in 2000, there are 60 new
accessions of apple (Gasi ez 4/, 2010), whereas in the collection of
Banja Luka, which was built in 2013, there are 84 old, local and/or
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domesticated varieties of apples (Puri¢ e 4l, 2016). A small
number of varieties of these two collections were given the same
name. The varieties of collections from Srebrenik were the subject
of morphological and genetic (Gasi et 4/, 2010) as well as
pomological characterization (Kecman, 2015) whereas the
varieties of apples from the collection in Banja Luka have not been
fully evaluated yet. In recent years, more attention has been paid to
the nutritional value of fruits, ie. the vitamin C content and
antioxidant activity. Nutritional value of fruit is becoming more
popular in terms of its impact on the health status of consumers
(Lutaladio e af, 2010). Great importance is given especially to
apples as fruit species which might, in the future, play an important
role in preventing various diseases, but also in neutralizing free
radicals and preventing the aging of cells (Delian e# 4/, 2011). The
trees of old apple varieties, which mainly grow without special
agricultural technology, and adapt well to changing environmental
conditions (Selamovska, 2014), are expected to have substantially
higher content of phenols and flavonoids whose production is a
result of plant response to their greater exposure to environmental
stress. There is already plenty of evidence that these secondary
metabolites have a beneficial effect on health, mostly because of
their ability to capture harmful free radicals, which is why phenols
and flavonoids have strong antioxidant and antimicrobial activity
(Milenkovi¢, 2013). Their antioxidant activity is reflected in
neutralizing free radicals (Percival, 1998) and they also have a very
important physiological and morphological role in the growth and
reproduction of plants and contribute to the color and sensory
characteristics of fruits. The content of these compounds depends
on the species, but also on the variety within the same species
(Duri¢ et al, 2015). In addition to these, for the selection of
varieties as genetic material for breeding purposes, significant are
also some other properties of the fruit: fruit flesh firmness, soluble
solids content, total dry matter content, acidity of the cell juice, the
content of total organic acids and vitamin C content (Mratini¢
and Fortiri¢ Aksi¢, 2012). The texture characteristics, mechanical
and elastic properties respectively sensory characteristics (taste,
aroma, crunchiness) are some of the more important indicators of
the quality of apples (Corollaro ez af, 2013) but are also decisive
factors from the consumers’ standpoint (Lu, 2004).

Materials and Methods

Location and plant material

Based on preliminary sensory analysis, ten apple cultivars
(‘Vidovka Crvena’, ‘Vidovka Zuta’, Petrovaa’, ‘Crvena Petrovka’,
‘Dedovaca’, ‘Gospoinjaca’, ‘Vinjugara, Koladara, Sipunja’and
‘Sarenika’), collected from the area of north-western Bosnia and
Herzegovina, were selected for detailed pomological and
biochemical fruit analysis. The fruits were taken in the period of
full maturity, from the previously marked trees. Ten fruits were
randomly sampled of each accession/variety, on which the first
pomological characterization was performed and, after that, the
samples were homogenized in a blender and stored at 20 °C
before biochemical analyses were performed in triplicate. Graft
branches were taken from the same trees for the production of
seedlings to include into the collection of fruit trees of the Genetic
Resources Institute of the University of Banja Luka. These varieties
have not been previously analyzed (not included in the collection
orchard in Srebrenik). Only ‘Crvena Petrovka’ accession indicates,
by its name, a similarity with the accession Petrovaca Crvena’ from

the collection in Srebrenik.

Determination of sensory parameters

In sensory characterization of new accessions, customers /
consumers of different age and gender evaluated the following
characteristics of fruit: shape, colour, crunchiness, firmness, initial
juiciness, prolonged juiciness, sweetness, acidity and mealiness of
the fruit. Ratings were expressed numerically on a scale of 1 to 7,
where varieties were tested according to certain sensory properties
and allocated as interesting for further analysis.

Determination of pomological parameters

Fruit weight was determined by weighing on a digital scale
KERN EMB (KERN & Sohn Gmbh, Germany) with a
measuring range of 0-600 + 0.01 g Length and width of the fruit
and stalks was carried out by a digjtal caliper (Unior, No 270), with
measuring range of 0-150 mm. The firmness of the fruit (kg cm®)
was is determined by penetrometer FT 327 (Fruit Pressure Tester,
Italy) stem diameter 11 mm by Puri¢ ez 4/. (2015).

Determination of biochemical parameters

Freshly squeezed and filtered juice of each fruit was used for
determination of soluble solid content using a refractometer
ATAGO (Atago, CO., LTD,, Japan) operating range 0-32 °Brix.
The measurement of pH was done by immersing the electrode of a
standardized pH meter (Hanna pH 211, Hanna Instruments,
Cluj, Romania) in a homogenized sample at room temperature.
Titratable acidity (TA) was determined by titration with a
solution of 0.1 M NaOH to pH 8.1, and expressed as % of the
malic acid (Puri¢ ez 4l, 2015). Preparation of fruit extracts for
determination of total phenols and total flavonoids was performed
according to the method described by Tehrani ez 4/. (2011). Total
phenols content was determined by Folin-Ciocalteu (FC)
colorimetric method (Singleton and Rosi, 1965) and the results
were expressed as mg of gallic acid equivalents (GAE) per 100 g
fresh weight. The content of total flavonoids was determined by
the colorimetric method with aluminium chloride described by
Tehrani ez al. (2011) and the results were expressed as mg catechin
equivalents (CE) per 100 g fresh weight. Sample preparation and
free radical scavenging ability determination by quenching stable
free  2,2-diphenyl-1-picrylhydrazyl (DPPH) = radicals were
performed according to Puri¢ ez 4/. (2015), and the antioxidant
was expressed as effective concentration (EC50), i.e. concentration
at which 50% of DPPH radicals were quenched. Vitamin C
content was determined by a standard AOAC (1990) 2,6-
dichlorophenolindophenol method. The dry matter content was
determined by a standard AOAC (1990) method, by drying at a
temperature of 105 °C to constant weight.

Statistical analysis

The features of surveyed indigenous apple varieties were
analyzed using analysis of variance. Pomological and biochemical
properties were analyzed separately. For those properties found
with significant statistical differences between varieties, further
testing and grouping was established by Tukey’s test. The total
effect of a combination of different traits measured in the tested
indigenous varieties of apples analyzed by the method of principal
component analysis (Sneath and Sokal, 1973; Williams, 1976;
lezzoni and Pritts, 1991; Peres et al, 2003) by which the
dlassification of the tested varieties was done. Statistical analysis and
graphical presentation of results of statistical analysis were
performed in the programs SPSS Statistics 22 (2013), and R (R
Core Team,2015).
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Results and Discussion

Sensory characteristics

The results of sensory analysis were used to select an
assortment for pomological and biochemical characterization
whereby the tested cultivars distinguished them by the shape and
color of the fruit, the initial juiciness, prolonged juiciness, sweetness
of fruit, acidity and mealiness of the fruit (Table 1).

Good coloration (6.71) and initial juiciness (543) singled
Petrovka Crvena’ out. “Vinjugara’ is also distinguished by good
initial juiciness of the fruit (5.71) while Vidovka Crvena’
maintained good juiciness of the fruit (5.71). The sweetness of the
fruit flesh was statistically significantly earmarked with ‘Petrovka
Crvena’ (5.71). As for the acidity of the fruit, interesting was
“Sarenika’ (6.00). Fruits of ‘Kolatara’ were evaluated as having the
highest mealiness (4.86), while ‘Dedovaca’ was evaluated as the
least mealy (1.43).

The principal components analysis (Fig. 1) singled out the two
principal components cumulatively covering 7049% of the
variations.

The principal component 1 (42.58% variations) covered the
highest impacts of sweetness, shape and prolonged juiciness of the
fruit in positive direction, and the firmness of the fruit in the
opposite direction. The principal component 2 (27.91%
variations) was mostly comprised of variation under the influence
of crunchiness, juiciness and the initial acidity of the fruit in a
positive direction, and mealiness of flesh of the fruit in negative
direction. The tested indigenous cultivars were grouped into two
groups according to the analyzed sensory characteristics of the fruit.
The first group consisting of ‘Sarenika’, ‘Sipunja’, ‘Vinjugara’ and
‘Gospoinja¢a’ was characterized by a noticeable acidity and

2
crunchiness of the fruit. The second group comprised Petrovaca,
“Vidovka Zut2, ‘Vidovka Crvena’ and ‘Kolatara’ with increased
mealiness of the fruit, less crunchiness and greater flesh sweetness of
the fruit. Special distinction singled out Petrovka Crvena' for good
color and juiciness, greater sweetness and softness of the fruit and
moderate acidity. ‘Dedovaca’ on the other hand, was especially
featured by its poorly evaluated shape and color of the fruit,
reduced crunchiness and firmness of the fruit, and low mealiness of
the fruit.

Pomological characteristics

Indigenous apple cultivars significantly differed in all measured
pomological characteristics, p <0.001 (Table 2).

The highest average fruit welght is allocated to ‘Vinjugara’
(20897 g) and the lowest to ‘Petrovata’ (63.77 g). As for the
ﬁrmncss of the fruit, ‘Kolatara’ was singled out with (11.38 kg
m?), while the lowest firmness of the fruit cultivar was allocated to
‘Pctrovaéa’ (491 kg cm?) along with ‘Crvena Petrovka’ (521 kg

m”). As for soluble solids content ‘Gospoinjaca’ was dominated
(15 78 °Brix), while both ‘Vidovka Crvena’ and ‘Vidovka Zuta’
showed minor content of soluble solids content compared to other
cultivars tested. The height and width of the fruit particularly
singled out “Vinjugara’ with very large fruits, while Petrovaca’ and
‘Pedovaca’ had small fruits. ‘Kolacara” was also singled out with
extremely flattened fruit, ie. with the widest fruit on one hand,
while it was grouped together with the cultivars that were
characterised by the extremely low height of the fruit on the other
hand. As for the dimensions of the stalk ‘Kolacara” was agai
particularly interesting having the shortest and the thickest stalk.
On the other hand, ‘Sarenika’ was distinguished by a significantly
longand thin stalk.

Table 1. Mean values (x) and standard errors () (ss) of the sensory characteristics of the studied autochthonous apple cultivars in Bosnia and Herzegovina

Fruit

Cultivar Fruit shape Fruit colour R Fruit toughness Initial juiciness Prolonged juiciness Fruit sweetness Fruit sourness Fruit mealiness
crunchiness
x se x se x so x s x ¢ x s¢ x ¢ x e x ¢
5.29 0.56 5.43 0.46 4.29 0.39 4.29 0.31 5.14 0.37 5.71 0.20 5.29 0.39 3.14 0.28 4.29 0.31
Vidovka
Crvena ab ab b od ab be
5.57 0.52 471 0.51 4.57 0.32 4.57 0.32 4.86 0.28 5.43 0.40 4.71 0.20 3.00 0.24 429 0.31
Vidovka Zuta
ab ab ab bed ab be
N 5.14 0.60 5.00 0.53 471 0.69 5.43 0.40 4.71 0.45 4.29 0.51 3.86 0.80 229 0.45 3.00 0.71
Petrovaca
ab ab ab abe a abe
Petrovka 7.00 0.24 6.71 0.31 4.71 0.65 3.57 0.70 5.43 0.57 5.29 0.39 5.71 0.73 3.14 0.64 333 0.62
Crvena
b b ab d ab abe
471 0.99 443 0.91 3.71 0.81 5.57 0.81 429 0.81 371 0.73 329 0.73 4.14 0.89 143 0.32
Dedovata
a ab ab abe abed a
L 5.71 0.39 6.00 0.24 543 0.22 4.43 0.22 5.14 0.60 5.00 047 4.14 0.28 3.43 0.40 271 0.39
Gospoinjata
ab ab ab abe abe abe
5.86 0.28 5.71 0.56 5.43 0.66 5.57 0.22 5.71 0.45 5.00 0.33 471 0.45 4.43 0.32 243 0.57
Vinjugara
ab b ab bed bed ab
6.14 0.28 5.57 0.32 343 0.40 4.71 0.39 3.14 0.16 3.57 0.57 3.86 0.37 3.57 0.32 4.86 0.60
Kolacara
ab a a abe abe c
Sipunja 6.00 0.24 5.71 0.20 5.00 0.33 5.14 0.44 471 0.45 4.14 0.55 2.29) 0.65 5.43 0.46 2.14 0.80
ab ab ab a od ab
5.86 0.16 5.71 0.20 4.86 0.16 5.14 0.37 4.86 0.49 4.00 0.24 2.57 0.40 6.00 0.24 157 0.22
Sarenika
ab ab ab ab d a
F 1.83 2.09* 1.93 2.05 2.28* 3.07" 6.64™ 6.93* 6.07*
*Indicating p<0.05; " indicating p<0.01, according to ANOVA F values and related significance scores; “* letters indicate significant differences and grouping of the

cultivars according to Tukey’s multiple range tests wi o significance
il ding to Tukey’s multiple rang th 95% signifi
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Fig. 1. Principal components analyses of studied apple varieties
(down) with vectors of measured sensory characteristics (up)

The principal components analysis distinguished two principal
components which together covered 68.77% of the variations (Fig,
2). The principal component 1 (46.12% of the Variationlg
included the highest impacts related to the size of the fruit in
positive direction, and the length of the stalk in opposite direction.
The principal component 2 (22.65% variations) mostly comprised
variations under the influence of soluble solids content and
thickness of the fruit stalk. Out of the tested cultivars, two main
groups were distinctive. The first group comprised the largest
number of varieties that were not characterized by a large number
of extreme values of the measured pomological fruit properties.
The second group comprised ‘Gospoinja¢a’ and ‘Kolacara’
characterized by a greater amount of soluble solids content, an
increased firmness and increased thickness of the fruit stalk In
particular, “Vinjugara’ was distinctive for the largest fruits, while
‘Petrovada’ had the smallest fruits.

Pomological characteristics of the fruits of indigenous fruit
trees are important in terms of maintaining biodiversity as well as
the desirable traits in breeding program anc% for breeding of highly
nutritious fruits for commercial production (Mileti¢ ez 4., 2003).
Given that the content of soluble solids of fruit is a very important
indicator of fruit quality which particularly affects the flavor of the
fruit, the variety ‘Gospoinjaca’ singled out with 15.78 “Brix,
followed by a low content of organic acids (0.59%), implying a
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Principal Component 1
Fig. 2. Principal components analysis of studied apple varieties

(up) with vectors of measured pomological characteristics (down)

favorable relation between the tested characteristics that are
important for the acceptance of a variety by consumers (Mratinié
and Fortiri¢ Aksi¢, 2012). Compared to the indigenous
assortment studied in the region of Serbia, where the soluble solid
content of the fruit flesh reaches values up to 19.24 °Brix and Iran
up to 18.0 °Brix (Farrokhi ez a/, 2013) our varieties did not show a
significant content (12.25-15.78 “Brix) but well fit in the results of
the assortment of apples from the region of Turkey with the
highest °Brix of 15.0 (Gradinariu ez 4/, 2003). These results can be
linked to the fact that the content of soluble solids in the cell juice
of the fruit depends on the environmental conditions and
agricultural technology (Nilsson and Gustavsson, 2006). If the
same results are compared with the results of representative
commercial apple cultivars: ‘Gala’ 14.6 °Brix (Faramarzi e 4,
2014), ‘Breaburn’ 14.3 °Brix, ‘Fuji’ 15.6 “Brix, ‘Granny Smith’ 11.9
°Brix (Corollaroa e 4l., 2013), the variety ‘Gospoinjata’ singled out
by slightly higher values whilst the remaining of tested varieties did
not gain importance in relation to commercial varieties by testing
°Brix in the pulp of the fruit. Firmness of the flesh of the tested
assortment of apple fruits ranged from 4.91 kg cm™ in the cultivar
‘Petrovaca’ which had the lowest fruit weight (63.77 g) to 11.38 kg
cm” in the variety ‘Kolatara’ which fully fitted in the research
results of Croatian apple germplasm. ‘Kolacara” in addition to
significant firmness and a satisfactory soluble solids content (15.12
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Table 2. Mean values (x) and standard errors () (ss) of the pomological characteristics of the studied autochthonous apple cultivars from Bosnia and Herzegovina
Weight Firmness TSS Fruit height Fruit width Stalk length Stalk width
[g] [N cm?] [°Brix] [mm)] [mm)] [mm] [mm)]
Cultivar — _ _ _ _ _ _
x s¢ X e X ¢ X e X e X ¢ X e
Vidovka 8244 265 7.84 021 1225 024 5425 134 5848 117 7.88 0.50 480 034
Crvena ab be a abc ab abc abc
. 85.70 7.94 7.18 0.25 12.33 0.19 62.62 1.50 72.01 1.18 6.45 0.34 498 0.15
Vidovka Zuta
ab b a de ef ab abc
63.77 3.97 491 0.26 13.36 0.45 48.32 1.34 55.16 1.55 17.19 1.89 5.68 0.23
Petrovaca
a a abc a a e be
Crvena 115.59 4.52 5.21 0.19 13.48 0.33 56.87 1.32 66.69 1.05 14.01 1.26 4.31 0.26
Petrovka od a abc bed cde de ab
80.43 7.10 8.84 0.31 12.83 0.28 50.08 147 53.52 0.99 7.93 0.80 3.75 0.28
Dedovaca
ab c ab a a abc a
93.62 6.75 10.38 0.19 15.78 0.26 51.65 1.79 61.65 1.70 9.84 0.61 4.86 0.41
Gospoinjaca
be de f ab be be abc
208.97 11.69 10.60 0.26 13.96 0.34 67.21 2.13 80.23 1.95 6.42 0.82 4.53 0.58
Vinjugara
e de bed e g ab abc
138.04 5.49 11.38 0.39 15.12 0.36 52.62 1.02 73.16 1.28 4.00 0.23 6.01 0.25
Kolac¢ara
d f df abc f a c
S . 139.09 6.97 10.08 0.22 14.34 0.23 58.75 1.54 65.96 151 11.82 0.36 471 0.55
ipunja
peny d d cd cd od cd abc
. 137.30 6.58 8.48 0.22 14.20 0.35 57.52 1.07 68.18 1.00 16.02 1.53 4.06 0.31
Sarenika
d c cd bed def e a
F 40.09" 75.61" 13.65" 15.49" 37.85" 20.23" 3.63"

*Indicating p<0.05; **indjcating p<0.01, according to ANOVA F values and related significancc scores; abc... letters indicate sigmﬁcant differences and grouping of the cultivars according

to Tukey’s multiple range tests with 95% significance

°Brix), was also characterized by the greatest length and width of
stalks, and in comparison to the variety of fruit carrying the same
name from the region of Montenegro (Bozovi¢ et al., 2013)
recorded similar weight values, width and height of the fruit,
considering minor variations (138.04/142.20 g 52.62/52.71 mmy;
73.16/7586 mm). In addition to suitable pomological
characteristics, ‘Kolacara’ had a good free radical scavenging activity
which is in full correlation with high content of total phenols and
thus stood out as an interesting cultivar for a breeding program in
order to obtain varieties resistant to stress factors, good nutritional
properties and an extended period for storage. Comparing the
cultivar ‘Sarenika’ from the same region with our eponymous
cultivar, similar values were observed relating to the width and
height of the fruit however with somewhat greater fruit weight of
‘Sarenika’ from our area. The differences in the weight of tested
varieties were significant, and that is in full compliance with the
studied assortment of apples from Serbia (70.0-193.3 g), varieties
of Montenegro (62.2-182.3 g) and varieties from the region of
Turkey (60.8-242.2 g). The ‘Vinjugara’ cultivar singled out with
the largest fruits but that is not so important if compared to the
varieties from the area of Turkey recording the largest fruit weight
of 31099 g (Kaya ez al, 2015). It can also be concluded that
commercial varieties in intensive production plantings reach much
higher fruit weight compared to the studied indigenous varieties
grown under # situ conditions where the cultivar ‘Breaburn’
recorded weight of 221 g ‘Fuji’ 247 g while ‘Granny Smith’
reached 257 g (Corollaro ez al., 2013).

Biochemical characteristics
Analysis of variance of measured biochemical characteristics
showed that the indigenous varieties tested statistically

demonstrate significant differences in pH values, the amount of
dry matter, titratable acidity (T/A), the content of phenols and
flavonoids (Table 3).

Statistically significant difference between the tested varieties
have not been found for antioxidant activity evaluated as free
radical scavenging activity (for short marked as A-oxy activity in
Table 3) and the content of vitamin C, although for these features
indicative measured differences between varieties do exist. The
lowest pH value was characteristic of ‘Vidovka Crvena’ (3.08) and
the highest for ‘Kolatara’ (4.17), by which both of them
significantly differ from the rest of the tested cultivars. “Vidovka
Crvena’ specifically differed with a low proportion of dry matter
(13.77%), and statistically significantly highest proportion of dry
matter was measured again in ‘Kolacara® (20.72%). A low
proportion of organic acids was found in ‘Kolacara’ 0.21%, whilst
the highest TA was found in Vidovka Crvena’ (1.08%). In
comparison to all varieties tested statistically most significant
amount of phenols and flavonoids was found in the variety
Pedovaca’, whilst the cultivars ‘Sarenika’, Vinjugara’ and Vidovka
Crvena’ stood out as a group with low levels of flavonoids and
phenols.

The principal components analysis distinguished two principal
components which together included 78.01% of the variations
(Fig 3). The principal component 1 (54.39% of the variations)
comprised most influences to the amount of pH and vitamin C in
positive direction, and DPPH radical scavenging ability in the
opposite direction. The principal component 2 82.62% variation)
mostly comprised the variations influenced by TA share in positive
direction, and the dry matter share in negative direction. The
tested indigenous cultivars were groupeilgainto three groups
according to the measured biochemical characteristics of the fruit.
The first group consisted of ‘Crvena Petrovka’, Petrovala
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Vidovka Zuta’ and ‘Sipunja’, which are located in the middle of
the diagram and are primarily characterized by the mean value of
the measured biochemical characteristics. The second group,
which comprised ‘Vidovka Crvena’, ‘Sarenika’ and Vinjugara’, was
characterized by a low pH, a smaller amount of vitamin C, a
smaller content of phenols and flavonoids, and lower free radical
scavenging ability and TA. The third group, which comprised
‘Gospoinja¢a’ and ‘Kolacara’ was characterized primarily by high
proportion of dry matter, a greater amount of vitamin C, low TA
and increased pH. Indigenous cultivar ‘Dedovaca’ was singled out
especially for a large amount of flavonoids and phenols, and high
free radical scavenging ability.

It turned out that the analyzed varieties were correctly selected
because they had a substantial content of secondary metabolites in
comparison to literature data available for the varieties of apples
grown regionally. Miti¢ ez 4. (2013) have analyzed 15 varieties of
apples grown in Serbia and found that the total phenols content
varies from 72 to 217 mg GAE/100 g FW, which also applies to
apples grown in Bulgaria with 126 mg GAE/100 g FW (Deneuve
etal, 2013). Savikin et al. (2014) found that total phenols content
in four Serbian autochthonous varieties was the highest in the bark
having a defensive role (Veberi¢ ez 4/, 2010) and being within a
very wide range (9.37 to 1440 mg GAE/100 g FW). Indigenous
varieties are expected to have a higher total phenols content
compared to commercial varieties, as confirmed by comparison of
three indigenous and three commercial varieties of Bosnia and
Herzegovina (Begi¢-Akagi¢ e al., 2011). Large variations in the
content of total phenols in the fruits of the same apple trees,
monitored in two consecutive seasons, were shown in a study of 19
varieties of apples grown in Romania, where the difference reached
up to 800 mg GAE/100 g FW (Delian et 4/, 2011). It is
interesting that phenols are differently concentrated in the bark,

seeds and flesh of the fruit (Francini and Sebastiani, 2013; Savikin
et al, 2014). The most common phenolic compounds in the
apples are flavonoids the concentration of which mostly depends
on the variety of apples (Yuri ¢z 4l, 2014). The content of total
flavonoids in the study Mitic ez 4/. (2013) ranged from 37 to 112
mg CE/100g FW, which is less than that of our indigenous
varieties where only three varieties had less than 100 mg CE/100g
FW. Due to a low content of vitamin C, compared with literature
data (Kevers et al, 2011; Lec et al, 2003; Savikin et l, 2014), it is
obvious that good free radical scavenging activity of our tested
varieties is a result of high content of phenols and flavonoids, which
is in line with previous findings that vitamin C represents only a
small portion of the total antioxidant activity in apples (Lee ez 4Z,
2003). Indigenous varieties of Bosnia and Herzegovina, like our
analyzed varieties, had similar content of vitamin C, about 1
mg/100 g FW, while the commercial cultivars had the contents of
L-ascorbic acid up to 4 mg/100 g FW (Begi¢-Akagié¢ ez al,, 2011).
Varieties often differ considerably in content of TA which affects
the taste of an apple. The same trend is observed in our old varieties
in this research, but also in other apple varieties of the Balkan
region (Jacopic et al, 2012; Savikin et al, 2014). Excellent
adaptability of indigenous varieties to changing climatic conditions
and stress is a result of production of secondary metabolites in
greater quantities than in commercial varieties, resulting in better
nutritional value of these varieties, as well as in a richer flavor
(Lutaladio ez af, 2010). Aroma is very important to consumers,
and it depends on the content of sugar, organic acids, phenols,
flavonoids and other secondary metabolites. Too high phenolic
content may contribute to a less attractive pungent taste (Delian ez
al,, 2011). An interesting study was done on the impact of phenols

extracted from apples to the content of total and LDL cholesterol
levels in obese individuals which showed that phenols in the

Table 3. Mean values (x) and standard errors () (ss) of the biochemical characteristics of the studied autochthonous apple cultivars from Bosnia and Herzegovina

A-oxi. activity o Dry matter Titrable acidity C vitamin Phenols Flavonoids
Cultivar [mg ml'] P [%] [%] [mgg?’] [mgGAE g?] [mgCE g
X St X St X s X s X St X St X 3
Vidovka 52.77 14.09 3.08 0.05 13.77 0.93 1.08 0.05 0.65 0.05 243.32 42.93 62.26 19.05
Crvena a a c a a
Vidovka 33.02 24.30 3.71 0.31 14.75 0.06 0.70 0.21 1.01 0.11 374.25 120.71 163.11  48.72
Zuta abc ab be a ab
. 14.33 8.64 3.77 0.27 14.72 1.96 0.64 0.17 1.19 0.20 371.13 24.70 157.07 3421
Petrovaca
bc ab bc a ab
Crvena 36.37 6.49 3.23 0.04 14.99 0.04 0.77 0.01 0.99 0.25 950.59  312.03 12895 35.60
Petrovka ab ab bc ab ab
11.10 7.51 3.54 0.14 15.26 0.44 0.93 0.00 0.94 0.11 1711.8  427.73 22294 54.62
Dedovaca
ab ab bc b b
Gospoinja 27.36 17.26 3.37 0.04 18.72 0.33 0.59 0.04 1.28 0.30 565.00 148.10  107.29 32.06
ca ab bc b a ab
. 43.93 0.86 3.15 0.04 18.67 0.13 0.95 0.03 0.75 0.09 258.34 63.18 4442 9.96
Vinjugara
ab bc bc a a
20.53 16.73 4.17 0.05 20.72 0.97 0.21 0.01 1.25 0.24 859.38 29291 150.43 4,50
Kolacara
c c a ab ab
~. . 27.57 18.87 321 0.03 18.07 0.34 0.67 0.11 0.83 0.04 99320 366.73 102.93 6.70
Sipunja
ab abc bc ab ab
< . 29.14 5.98 3.22 0.03 15.72 191 0.64 0.07 0.62 0.10 294.81 51.44 79.07 17.34
Sarenika
ab ab bc a a
F 0,84 621" 5.46" 611" 299"

“Indicating p<0.05;indicating p<0.01, according to ANOVA F values and related significance scores;

cultivars according to Tukey’s multiple range tests with 95% significance

< Jeteers indicate significant differences and grouping of the
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Fig. 3. Principal Components Analysis of studied apple varieties (up)

with vectors of measured biochemical characteristics (down)

concentration of 600 mg/day significantly reduced the content of
total and LDL cholesterol, and therefore recommended a daily
intake of apples (Nagasako-Akazome ezal., 2007).

Conclusions

These are the first results on pomological and biochemical
characteristics of the ten analyzed apple accessions/varieties from
the territory of Bosnia and Herzegovina. The varieties ‘Kolacara’
and ‘Gospoinjata’ showed good pomological and biochemical
characteristics, primarily for good ratio between firmness and “Brix
but also a significant amount of vitamin C which was fully in
accordance with lesser proportion of acids in fruits. On the other
side, Pedovata’ showed good nutritional characteristics, primarily
a considerable phenols content and good DPPH radical
scavenging activity, compounds which have important function in
the field of pharmacy and medicine for their antioxidant and
anticarcinogenic potential in the prevention of many diseases.
Good characteristics of the fruit quality of these accessions/varieties
represent an important reference in selection of materials for
breeding programs aimed at improving the characteristics of the
domestic apple germplasm, primarily nourishing properties but
also for extended storage time of the fruits.
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