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Slo vplyvom zmeny prostredia a technolégie k strate tejto viast-
nosti. Odrody sa stali velmi citlivé k tejto chorobe. V roku 2007
sa objavil aj nebezpe&ny Skodca vinacka krvavéa (Eriosoma la-
nigerum), ktora byva indikatorom neselektivneho pouzivania
insekticidov. Je to paradox pretoZe v sade sa nepouZzivaju iné
ako povolené insekticidy. Najviac boli napadnuté odrody Rosa-
na, Selena a Julia. Dalej sme Zistili, Ze vplyvom viacro&ného
mechanického obrabania v rade doslo k vyselektovaniu fazko
likvidovatelnych burin ako su pichlia¢ rolny (Cirsium arvense
L.), pyr plazivy (Elytrigia repens L.) a Zihlava dvojdoma (Urtica
dioica L). Z dosiahnutych vysledkov vyplynulo, Ze ekologické
pestovanie jabloni ako trvala monokultira je velmi zranitelna.
Preto odporu¢ame v praxi zakladat a pestovat tymto sp6sobom
menSie plochy ekologickych vysadieb s odrodami rezistentny-
mi k chrastavitosti jabloni (Venturia inaequalis). Vzhladom na
sucasny stav odporu¢ame vysadbu preradit do systému integ-
rovanej produkcie, ktorej zdkladom je integrovana vyziva
a ochrana rastlin. Integrované produkcia jabloni zlepSiich zdra-
votny stav, potlaci hospodarsky Skodlivé buriny a stabilizuje
nielen produkciu, ale aj ekonomiku, ktora z dimenzii udrzatel-
ného polnohospodarstva v si¢asnom obdobi v SR predstavuje
dimenziu klucovu.
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VARIABILITY IN SOLUBLE SOLID CONTENT OF APPLES AS A QUALITATIVE TRAIT FOR
NORM-SETTING ACTIVITIES IN THE EUROPEAN UNION

VARIABILITA ROZPUSTNEJ SUSINY JABLK AKO AKOSTNEHO ZNAKU PRE NORMOTVORNU
CINNOST EURGPSKEJ UNIE
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In technical standards, requirements concerning quality of fresh apples are defined on the base of sensory criteria. As far as measurable
traits are concerned, the standards contain only data about dimensions and weight of fruit. The estimation of numeric values of soluble solid
content (SSC) is based partly on technical and economic parameters and partly on requirements of the world market. For the time being, the
Commission of Normalization. negotiates the limits data about SSC that could be used for the market standard. In years 2005, 2006 and
2007, values of SSC were estimated in 18 apple varieties originated from seven countries sold in market network of the Slovak Republic.
The overall average of all measurements and all varieties (n = 1 080) reached a value 13.3+1.2 %. Variability of SSC content was mainly
influenced by the apple variety. The highest contents of SCC were estimated in the following varieties: Pinova, Red Winter, Topas, Melrose,

Rubinola, Jonagored and Fuji.
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When developing quality standards, it is necessary to select
only a limited number of parameters among an endless
series of various quality traits. The standardization is
a decision-making process, within the framework of which it is
defined, which properties should be evaluated and how they
should be estimated. Quality standards must respect
requirements of producers, merchants and customers. The
generally valid EU commercial standards for apples refer to
a wide, taxatively specified assortment of apples (their list

involves more than 200 varieties and tens of mutations)
produced under different conditions of individual EU countries
(Commission Regulation (EC) No 85/2004). This standard is
applicable at all levels of the market and contains, among
others, permitted deviations of individual traits, individual
quality categories and individual varieties. Today, there is
a common market standard for apples within the framework of
the whole EU; see Consolidated versions of Commission
Regulation (EC) No. 85/2004 (on 31 May 2008).
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The elaboration of such standards is rather demanding and
for that reason each standard is gradually specified and defined
in such a way that it could be generally applicable. In technical
standards, requirements concerning quality of fresh apples are
defined on the base of sensory criteria. Of measurable traits,
these standards contain only data about dimensions and
weight of fruit as well as their limit deviations and tolerances.
Recently there are efforts to extend the set of measurable traits
and to use also values about the soluble solid content (SSC)
and firmness of fruit and about the sugar content. The definition
of these numeric values is based partly on technical and
economic parameters and partly on requirements of the world
market. The sugar content is estimated by means of
conventional refractometry; although the results obtained by
this method are only approximate and provide orientative
estimation of sugar content, it is rapid and practicable and
provides reproducible results. For the time being, there are
discussions concerning limiting data about SSC that could be
used for the market standard of the Commission of
Normalization.

Pursuant Commission Regulation (EC) No 1619/2001, the
minimum size of apples (i.e. their diameter and weight) is used
as the main criterion of their ripeness besides their organoleptic
traits. Regarding the present technical development in the field
of methods of strength measurements and of sugar content as
well as with regard to the occurrence of new markets for ripe
small apples it is desirable to reduce their minimum size as it is
used in EU. At the same time, new criterions of ripeness (i.e.
sugar content and strength) should assure that this reduction in
size will not result in such a situation that the market will be
glutted with unripe and/or too small apples.

Sugars are the main component of SSC in apples. Apple
fruit contains glucose (2.6-5.6 %), fructose (6.5-11.8 %) and
saccharose (1.5-5.3 %), their contents are changing but
fructose always predominates. In the course of fruit
development, the content of sugars increases at first linearly as
a result of assimilation and later on due to the hydrolysis of
reserve polysaccharides (Kyzlink, 1990). After the harvest, the
content of sugars gradually begins to decrease, the rate of this
descent is dependent on conditions of ripening and storage
(Ackermann et al., 1992). Besides sugars, there is a number of
other compounds that are present in the SSC of apples. Under
normal practical conditions the refractometric data are held for
orientative evaluation about the SSC and/or even about the
content of sugars (usually in samples, the SSC of which
consists predominantly of sugars as it is in case of apples).
However, this information may differ (in dependence on other
components of biological origin) from exact data about SSC
and the content of sugars. As other soluble components of
apples (monosaccharides, acids etc.) have a similar index of
refraction, it is possible to accept refractometric data as
a conventional reading of SSC and use it as one of parameters
for the evaluation of the ripeness of apples. This reading is
expressed as refractometric dry matter in per cent (%) or in Brix
degrees (°Bx) (Kopec a Némcova, 2008). In last years positive
correlative data between refractometric determination of SSC
and non-destructive NIR method in fruit were published (Walsh
et al., 2004; Qing et al., 2008).

The evaluation of SSC of apples is in the focus of
permanent attention because of many reasons (Hoehn et al.,
2003). Various authors developed simulation models of sugar
formation in the course of apple fruit development with regard
to effects of growing conditions (Lakso and Johson, 1990) or of
genotype (Beruter, 2004). Some authors study possibilities of
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an active modification of SSC by means of pre-harvest
treatment (Moor et al., 2006). SSC is an important quality
criterion when selecting genetic resources from the assortment
of traditional varieties for the purposes of apple breeding (T6th
et al., 2004). Some authors also look for new, non-destructive
methods of quality evaluation (including SSC), e.g. infrared
spectroscopy (Baumgartner et al., 2007).

Quality of three apple varieties grown in Slovenia was
evaluated with regard to the possibility of selection and
recommendation of suitable varieties for further growing. The
highest content of SSC (16.4 %) and the best results of sensory
evaluation expressed the variety Pink Lady (SSC ranged from
15.7 to 17.1 %). The corresponding results for cultivars Idared
and Granny Smith were 15.4 % (14.5-16.0 %) and 12.5 %
(11.5-13.7 %), respectively (Babojeli¢, 2007). Similar results
concerning the relationship between SSC and results of
sensory evaluation were also obtained for 12 varieties
originating from the southern hemisphere (Koprinska, 1996).
As far as the evaluation of values of SSC is concerned, there
are efforts in EU to obtain new data, which will enable to
optimize this method on one hand and to extend the current
standard by another, until now not used a measurable trait. This
paper contributes to our knowledge about variability of this new
market trait of apple quality.

Material and methods

In years 2005, 2006 and 2007, contents of SSC matter were
estimated in 18 apple varieties sold in distribution channels of
the Slovak Republic. These apples originated from altogether
seven countries (see tables). Samples of apples of both
domestic and foreign origin were obtained by means of
customary methods in selected wholesales, hypermarkets,
supermarkets and retail shops. Obtained samples were
intentionally followed in the course of November and December
to minimize effects of storage conditions and, therefore, to
eliminate possible loses SSC due to respiration of fruit.
Regarding the sources of samples it was not possible to collect
more detailed characteristics of individual samples, so that only
date of sampling, country and year could be recorded.

For measurements altogether 10 apples from each sample
were used. Two slices were cut off from each tested fruit (Fig.
1). One slice was obtained from the most coloured part of the
apple while the other from the opposite side, so that it was
possible to obtain an average sample of SSC contained in an
apple pulp. For measurements, a mixed juice sample was
obtained by pressing both aforementioned slices. SSC was
estimated in a digital refractometer Pocket PAL-1, which is
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Figure 1
Obrazok 1

Method of apple sampling
Metdéda odoberania vzoriek z jablka
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calibrated to show values of refraction index at the standard
temperature of 20 °C; in addition, it can also show
concentrations of pure saccharose solution in mass percent at
20 °C. Measured values were corrected according to the
temperature of measured sample. Results of SSC (%) are
presented as means and standard deviation. Statistical
analysis of obtained data was performed using the method of
ANOVA and Tukey test with HSD intervals (high standard
deviation) by using statistical software Statgraphics.

Results and discussion

A three-year study of 18 apple varieties from the distribution
network of the Slovak Republic was performed (Table 1). The
overall average of SSC of all measurements and all varieties
(n=1080) was 13.3 % and the average standard deviation was
1.2 %. The highest deviations in SSC contents were recorded
in varieties Braeburn, Fuji and Rubinola while the most stable
results were recorded in the varieties Jonathan, Red Winter,
and Rubin (Table 1).

Results of variance analysis of the content of SSC are
presented in Fig. 2, with confidence intervals obtained by Tukey
test of significant differences, regardless to the date of
sampling. The highest overall average content of SSC (15.5 %)
was estimated in apples of the variety Fuji and its values of
confidence interval ranged from 14.6 to 16.5 %. On the other
hand, the lowest average content of SSC (12.1 %) was
recorded in the variety Jonathan (with the range of confidence
interval 11.2-13.1%). The difference between both varieties
was statistically highly significant (P = 0.01). A statistically
significant difference (P = 0.05) between varieties Jonathan
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Figure 2 Mean of soluble solid content and Tukey HSD intervals
(P=0.95; n=60) in apples in all monitored terms depending
on cultivars )
Obrazok 2  Priemerné hodnoty obsahu rozpustnej susiny jablk v zavislos-

ti od odrod a Tukey HSD intervaly (P = 0,95; n = 60)

and Jonagored was also determined. Using the Tukey test of
significant differences for contents of SSC, three homogenous
groups of apple varieties were determined. Group C with the
highest concentration of SSC involved the following varieties:
Pinova, Red Winter, Topas, Melrose, Rubinola, Jonagore, and
Fuji (Table 2).

Differences of measured values of SSC and their
dependence on the date of sampling are presented in Table 3.
The lowest SSC content of all 180 tested apples was recorded
in samples obtained in November 2005. These results showed
that the sampling date for measurements of SSC did not reveal
significant effect on recorded values. The most important effect
on the variability of measurements was that of the apple variety
(Matu8kovi¢ a Paulen, 2005).

Table 1 Content of soluble solid content (%) in different apple cultivars in monitored terms

Cultivar (1) 2005 2006 2007

November December November December November December
Braeburn 11.2+1.5% 11.9+1.2 13.5+1.0 14.3£1.0 13.6+1.2 12.2+1.5
Fuiji 16.421.7 13.9:1.9 16.0£1.6 14.8+1.5 14.0£1.5 18.01.3
Gala 13.30.8 14.1:0.7 13.0£0.6 13.5:1.0 12.6+0.9 12.5+1.1
Gloster 11.8+0.8 12.2+0.8 13.7+0.9 13.2£0.9 13.4+1.0 13.9£0.8
Golden Delicious 12.810.6 12.810.3 12.740.5 12.5:0.8 12.910.4 12.420.6
Granny Smith 12.920.3 13.7+0.4 13.6+0.8 13.30.5 13.6+0.6 13.420.6
|dared 12.2+0.3 12.7+0.6 12.2+0.4 12.7£0.9 12.4+0.7 12.1+0.7
Jonagold 12.3:0.8 13.210.7 13.0£1.0 13.9:0.8 13.7£0.8 12.420.7
Jonagored 13.30.6 14.00.4 14.4+0.8 15.1£0.5 14.30.6 13.810.6
Jonatan 11.6£0.4 11.9+0.8 12.4+0.5 12.0£0.6 12.4+0.6 12.4:0.3
Melodia 9.9+1.4 14.9:1.0 11.9+1.0 13.4:0.8 14.0+1.2 13.120.7
Melrose 14.3+1.0 14.0£1.3 15.5+0.7 13.5:0.8 13.2+1.0 12.4+1.3
Pinova 15.0£1.1 14.8+1.0 13.5+0.5 12.1£1.0 12.9+1.0 13.60.6
Red Winter 13.10.5 14.1£0.6 12.810.5 13.7£0.7 14.5£0.8 13.9:0.5
Rubin 13.210.3 13.0£0.4 12.8+0.8 13.0£0.3 13.2+0.7 12.620.9
Rubinola 12.7£1.2 14.3+1.1 12.9+1.2 15.8+1.0 14.0£11 13.6£0.8
Sampion 10.2+1.0 12.3+1.1 12.540.8 12.5:0.8 12.5¢1.0 13.421.0
Topas 12.8+1.2 14.9+1.2 12.30.9 12.8:0.6 14.6+1.2 14.71.0

*mean + standard deviation (n=10)
Tabulka 1
(1) odroda

* priemer + Standardnd odchylka
Obsah rozpustnej susiny (%) v sledovanom obdobi pri roznych odrodéch jablk
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Tahle 2 Mean of soluble solid content in apples in all monitored terms
and homogeneous groups of cultivars 1%’% : +
® 13,0 | i
Cultivars (1) Soluble solid content Homogeneous £ 125 * $ ? .—*—
in % (2) groups (3) Q ﬁ;g | !
Jonatan 12.1 A » 110 '6 . " " .
o2 2 Ay
Sampion 12.2 AB @*"& S &£ & & ¥ &
F N4 < v &° &
Idared 124 AB oV
Golden Delicious 12.7 AB Figure3  Mean of soluble solid content and Tukey HSD intervals
Braeburn 12.8 AB (P=0.95) in all monitored terms depending on the apple origin
) Obrazok 3 Priemerné hodnoty obsahu rozpustnej susiny jablk vo vSet-
Melodia 129 AB kych termioch v zvislosti od ich pévodu, Tukey HSD inter-
Rubin 13.0 AB valy (P=10,95)
Gloster 13.0 AB
Jonagold 13.1 AB Tested apples (altogether 920) originated most frequently
cal 132 AB from 7 countries (Tab. 4). The less frequent apples (altogether
aa 8 160) originated from Chile, New Zealand, Germany, France,
Granny Smith 13.4 AB the Netherlands, Spain, and Slovenia. The most frequent
Pinova 13.7 ABC apples originated from Italy (280) and Slovakia (180). This
Red Winter 137 ABC corresponds also with dlfferept widths of confidence mterygls of
average contents of SSC in dependence on the origin of
Topas 137 ABC samples as evaluated by analysis of variance. The highest
Melrose 13.8 ABC average content of SSC was recorded in apples grown in
Rubinola 13.9 ABC Slovakia _(1_3.5_%), which were significantly different from
apples originating from Poland and ltaly. There were two
Jonagored 14.2 BC homogenous groups of apple origin: Group B with a higher
Fuiji 15.5 C content of SSC involved apples from Slovakia, Belgium, Czech
* high standard deviation (Tukey, P = 0.95, n = 60) Republic, Austria and Hungary (Tab. 4; Fig. 3). ,
Tabulka 2  Priemerné hodnoty obsahu rozpustnej susiny The obtained results can be used as agenda in further
(1) odroda, (2) rozpustna susina, (3) homogénne skupiny negotiations of European Commission about changes in the
market standard for apples. The obtained results do not differ
Table 3 Soluble solid content of apples in different sampling terms
Sampling terms (1) Mean (2) *HSD interval (3) Homogeneous groups (4)
in %
November — 2005 13.3 12.2-12.7 A
November — 2006 13.8 12.7-13.3 A
November — 2007 14.0 12.9-13.4 A
December — 2005 14.0 12.9-13.5 A
December — 2006 14.0 12.9-13.5 A
December — 2007 13.9 12.8-13.4 A

* high standard deviation (Tukey, P=0.95, n = 180)
Tabulka 3  Obsah rozpustnej susiny vo vzorkédch jablk pri r6znych terminoch
(1) termin odberu, (2) priemer, (3) HSD interval, (4) homogénne skupiny

Table 4 Mean of soluble solid content in apples from different countries and homogeneous groups
Country (1) Samples per country (2) Soluble solid content in % (3) Homogeneous groups (4)
Poland 140 12.3 A
[taly 280 12.3 A
Hungary 60 12.3 AB
Austria 80 12.8 AB
Czech Replik 100 12.6 AB
Belgium 80 12.6 AB
Slovakia 180 13.5 B

Tukey, P=0.95

Tabulka 4 Priemerné hodnoty obsahu rozpustnej susiny v roznych krajinach
(1) krajina, (2) pocet vzoriek na krajinu (3) obsah rozpustnej susiny (4) homogénne skupiny
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from values recorded in other countries. Data about the content
of SSC in apples from Slovenia resistant to Venturia inaeqgalis
(apple scab) indicated a wider variability and a more expressed
effect of the year condition. In 2002, the average value of SSC
of all 18 tested varieties was 11.50 % (9.5-12.9 %) and in 2003
the average value reached 13.9 % (12.6—15.7 %). Significant
intervarietal differences also noted Godec (2004). Vachun
(2001) analyses an extensive set of SSC data of five apple
varieties obtained within a period of three experimental
years. In the first year, the total average of measurements
was 14.87 % (12.09-18.98 %), in the second one 14.90 %
(12.29-18.28 %), and in the third one 1474 %
(11.82-17.77 %). Intervarietal differences were significant and
for example the variety Golden Delicious was a genotype with a
high content of SSC. It is obvious that there is a considerable
variability in the content of SSC, so that it will be rather difficult
to define a limit value, which could significantly indicate that the
apples with a lower value are unripe and should be eliminated
from distribution. However, this is a measurable value, which
shows the lowest variability among all quality traits.

Sithrn

Poziadavky vztahujlce sa ku kvalite jabik st v technickych
normach definované ako zmyslové kritérid. Z meratelnych
znakov obsahuju normy iba udaje rozmerové a hmotnostné.
Ur&enie Ciselnych hodnbt rozpustnej susiny vychadza z tech-
nicko ekonomickej Ucelnosti a z poziadaviek svetového trhu.
O limitujacich udajoch rozpustnej suSiny, pouZzitelnych pre
obchodnu normu rokuje v su¢asnosti komisia pre normaliza-
ciu. V rokoch 2005, 2006 a 2007 boli sledované hodnoty
18 odrdd jabik v obchodnej sieti Slovenskej republiky pdvo-
dom zo siedmych krajin. Celkovy priemer zo vSetkych merani
a v8etkych sledovanych odréd (n = 1 080) dosiahol hodnoty
13,3+1,2 %. Rozhodujuci vplyv na variabilitu hodnbt rozpustnej
susiny mala odroda jabik. Najvy$si obsah rozpusnej susiny bol
zisteny pri odrodach Pinova, Red Winter, Topas, Melrose, Ru-
binola, Jonagored a Fuiji.

Klacové slova: akostné poziadavky, akostné znaky, Standar-
dizacia, odrody jablk, rozpustna susina
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