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a b s t r a c t

A consumer test carried out in 7 different European countries compared 3 standard apple varieties to 8
new ones. A total of 4290 consumers took part in the test. Data from this test was used to develop a pref-
erence map for apple. The preference map was constructed with 3 main dimensions (1 – sweetness, fruit-
iness, flowery attributes, 2 – acidity, firmness, 3 – juiciness and crispness). Consumers were segmented in
6 clusters according to their preferences. The 6 clusters were grouped into two main mega clusters A (68%
of consumers) and B (32% of consumers). Megacluster A (Clusters 1, 2, 5 and 6) was characterized by pre-
ferring sweet apples. Clusters 2 and 5 (41% of consumers) liked sweet apples independently of their acid-
ity and firmness and moderate positive values on dimension of juiciness and crispness. Cluster 1 (21% of
consumers) had an optimal point in positive values of the sweetness dimension, moderate negative value
for acidity and firmness and moderate positive value for juiciness and crispness. Cluster 6 (6% of consum-
ers) besides preferring sweet varieties disliked acid-firm varieties. As to regard to megacluster B (Clusters
3 and 4) (32% of consumers), they preferred varieties that were acidic-firm and juiciy and crisp with val-
ues in the mid range of the sweetness dimension. In spite of the difficulties in translating preference
dimensions into standard practical values for fruit quality and the fact of being a punctual measurement
of consumer behaviour, this preference map could be of practical use of different actors on the fruit value
chain like marketers and breeders.

� 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Many of the European countries do not achieve minimal recom-
mended intake of fruit and vegetables proposed by FAO/WHO
(Robertson et al., 2004). Increase fruit consumption is therefore a
public health objective (WHO, 2003) that has been translated into
several campaigns of promotion of fruit consumption (Department
of Health. The NHS Plan – A plan for investment, 2000 and Center
for Disease Control, 2002 cited in Gilmer, 2005; Lock, Pomerleau,
Causer, Altmann, & McKee 2005; Subar et al., 1995) but also re-
search projects promoted from the European Union to diminish

barriers to fruit consumption that could hamper the achievement
of minimal fruit intake.

A possible barrier for increased fruit consumption is insufficient
fruit quality (Briz et al., 2008; Cohen, Stoddard, Sarouhkhanians, &
Sorensen, 1998; Yeh et al., 2008). On apple, in the recent years, a
new generation of apple cultivars with improved fruit quality are
now making their way into the markets after their release (‘PINK
LADY� Cripps Pink cov’, ‘KANZI� Nicoter cov’, ‘ARIANE cov’, among
others). Many of these new apple varieties have a improved
texture, higher soluble solids and higher total titratable acidity
than currently cultivated varieties like ‘GOLDEN DELICIOUS’ or
‘JONAGOLD’, the two most cultivated varieties in Europe.

On the other hand, to increase fruit consumption it could be
helpful to know what the preferences of the consumers are and
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how these consumers are segmented with regard to those prefer-
ences. Targeting consumer preferences can lead to more satisfied
consumers which in turn can result in increased fruit consumption.
Consumer preference mapping is the technique most widely used
in the food and beverage industries to evaluate the preferences
of the consumers and the segmentation of these consumers on
homogeneous groups. Additionally, this methodology provides
information on what are the food attributes that explain consumer
preference. On fruit this technique has been used on apples (Allan-
Wotjas, Sanford, McRae, & Carby, 2003; Daillant-Spinnler, MacFie,
Beyts, & Hedderley, 1996; Jaeger, Andani, Wakeling, & MacFie,
1998; Villatoro, López, Echeverria, Graell, & Lara, 2009) , pears
(Harker, Gunson, & Jaeger, 2003; Jaeger, Lund, Lau, & Harker,
2003a) and kiwifruit (Jaeger, Rossiter, Wismer, & Harker, 2003b).

Consumer tests comparing consumer acceptance of different
apple varieties have been carried out in the past in the United
Kingdom, Denmark, Holland, Germany, Switzerland, Poland,
France, and other European countries (Barendsee, 1993; Daillant-
Spinnler et al., 1996; Ellinger, 1987; Höhn & Güggenbühl, 1999;
Jaeger et al., 1998; Kellerhals et al., 1999; Konopacka, Jesionkowska,
Rutkowski, Płocharski, & Tomala, 2006; Mante, 1973; Tomala,
Barylko-Pikielna, Jankowski, Jeziorek, & Wasiak-Zys, 2009; van de
Abeele & Reijnders, 1980).

In spite of numerous consumer tests, many of them, be either
consumer tests comparing acceptance of varieties or using the
methodology of consumer preference mapping, do not include
the major apple varieties consumed in Europe and logically did
not cover the newly released cultivars. Moreover, none of the tests
involve consumers of a wide selection of European cities impeding
a valid comparison among different areas in Europe.

A consumer test of 11 apple varieties carried out in different
European countries was used as methodological tool to test the
hypothesis that new cultivars with better quality attributes would
increase fruit consumption. In a previous paper, Bonany et al.,
(2013), results on consumer eating quality acceptance as related
to variety and demographic factors were reported. In this paper, fo-
cus is on the results of applying the preference mapping method-
ology on the same data set.

2. Materials and methods

2.1. Varieties included in the consumer test, origin of fruit samples and
management to simulate fruit chain

Varieties included in the apple consumer test are listed in
Table 1. The varieties selected for the apple consumer test were
selected to represent on one side the most cultivated produced
apple varieties in Europe (GOLDEN DELICIOUS’ and JONAGOLD)
and some newly introduced varieties (FUJI and PINK LADY� Cripps
Pink cov) or in process of introduction (KANZI� Nicoter cov,

JUNAMI� Milwa cov, WELLANT�, LIGOL, ARIANE cov’, LIGOL,
GOLDCHIEF� Goldpink cov or RUBENS� CIVni cov). On the other
side, they were also selected because it was anticipated from
knowledge of the varieties that they would provide a good repre-
sentation of the sensory space (flavour and texture mainly). Fruits
of these varieties were harvested from a single representative
commercial orchard with standard management practices for each
variety. Harvest dates and location and country of origin for each
variety can also be found in Table 1.

After harvest, fruits were sorted and stored under the appropri-
ate conditions for each variety for long term storage. Locations for
storage and detailed conditions are described in Table 2. All fruit
samples were removed from cold storage on 15 January 2007 and
transported to consumer test locations by means of refrigerated
vehicle where they were held between 3 �C and 4 �C until 48 h prior
utilization in consumer test. The last 48 h before the test was
carried out, fruit samples were maintained at room temperature.

2.2. Fruit quality measurements

Fruit quality (Soluble Solids Content, SSC, �Brix; Total Titratable
Acidity, TTA, g/L equivalent malic acid; Firmness, F, kg) on 25 fruits
for all cultivars included in the test, was measured in different
points in time throughout the simulation of the fruit chain: at har-
vest, at the end of the cold storage period, after the transportation
to the location of the consumer test and just prior the moment of
consumer test. Only this later measurement was used in the statis-
tical analysis. The rest were used as quality control of the evolution
of the different parameters. Starch Pattern Index was also mea-
sured at harvest time.

2.3. Trained panel sensory evaluation of fruit samples

Additionally to the fruit quality analysis, all varieties were sub-
jected to a sensory evaluation by the AGROSCOPE trained panel in

Table 1
Varieties used for the apple consumer test.

Variety Country were the variety was bred Location of orchard Harvest date

‘Golden Delicious’ United States Merano (Italy) 30/9/2006
‘Jonagold’ United States Wijk bij Duurstede (The Netherlands) 11/10/2006a

‘Fuji’ Japan Tramin (Italy) 16/10/2006
‘Pink Lady�’ Cripps Pinkcov Australia Nîmes (France) 2/11/2006
‘Arianecov’ France Saint Laurent des Vignes (France) 8/9/2006
‘Rubens�’ CIVnicov Italy Randwijk (The Netherlands) 27/09/2006
‘Kanzi�’ Nicotercov Belgium Schenna (Italy) 6/10/2006
‘Junami�’ Milwacov Switzerland Randwijk (The Netherlands) 5/10/2006
‘Wellant�’ CPRO-47 The Netherlands Randwijk (The Netherlands) 3/10/2006
‘Ligol�’ Poland Zalesie (Poland) 25/09/2006
‘Goldchief�’ ‘Gold Pinkcov’ Italy Coredo (Italy) 16/10/2006

a 2nd Pick.

Table 2
Temperature, O2 and CO2 concentration and Relative Humidity of cold storage rooms.

Variety Temperature
(�C)

O2

(%)
CO2

(%)
Relative
humidity (%)

GOLDEN DELICIOUS 1.3 1.0 3.0 >95
JONAGOLD na na na na
FUJI 1.3 1.5 1.3 91–93
PINK LADY� Cripps Pink cov 2.1 4.6 0.9 92
ARIANE cov 1–1.5 1.5–2 <1.3 90–93
RUBENS� CIVni cov 1 1.2 1.5 na
KANZI� Nicoter cov 1.3 1.5 1.3 90–93
JUNAMI� Milwa cov 1 1.2 2.5 na
WELLANT� Cpro-47 1.5–2 1.3a 3 na
LIGOL 1.7 2.0 1.8–2.0 Up to 90
GOLDCHIEF� Gold Pink cov 1.5 2 3 90–95

a Some periods temporary higher concentration.
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