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Summary

Summary

Freshness presents one of the main attributes of consumer choice of fruits and
vegetables. In spite of its importance, the understanding and perception of freshness
by the consumer so far has not been studied. The present investigations aimed at
gaining more information on the perception of freshness of fruits and vegetables,
how sensory and physico-chemical characteristics are related to freshness, and what
concepts of freshness consumers have in mind. Apples, strawberries and carrots
were selected for the experiments.
Consumer perception of the freshness of apples was investigated during a local
food exhibition involving 4,758 visitors. Taste, aroma and freshness were most
frequently chosen as decisive attributes for selecting apples independent of
consumer characteristics. The perception of freshness was best described by taste,
crispness and juiciness. At the same time, it was dependent on consumer
characteristics. In sensory ratings of apples by consumers, freshness was related to
crispness, juiciness, aroma, and also to liking of this fruit.
Apples rated by consumers were further characterised by sensory profiling and
physico-chemical analyses. The contribution of these characteristics of apples to
freshness was tested with principal component regression. Textural properties were
shown to be the most important characteristic for freshness. It was concluded that
the freshness corresponds to the physiological ageing of apples, which in turn is
evaluated by their texture. The gender of consumers was also shown to have an
influence on the perception of freshness, whereas this was not the case for their age
and their level of apple consumption.
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Summary

Both consumers and a specialised consumer group provided ratings of freshness for
strawberries and carrots which were related to sensory properties and physicochemical analyses. A large number of attributes were shown to contribute to the
freshness of strawberries and carrots. These attributes were again indicators of
product physiological ageing. Consensus ratings of freshness by the specialised
consumer group were shown to be more reliable in evaluating freshness than
individual ratings of this group or consumer ratings.
The consumer concept of freshness for fruits and vegetables was finally
investigated in an experiment with an open-ended questionnaire without product
presentation. A large number of sensory and non-sensory attributes reflecting
different notions were mentioned. The data showed that freshness described a level
of closeness to the original product, in terms of distance, time and treatment.
Consumers who were more familiar with the location of fruit and vegetable
production mentioned non-sensory attributes more often than those with less
contact, who, in contrary mentioned sensory attributes more often. Regular
experience with fruits and vegetables will thus determine the way consumers
describe the concept of freshness.
In conclusion, product freshness can be measured by its closeness to the original
product. For fruits and vegetables, freshness is measured by its physiological
ageing. The description of freshness differs little between fruits and vegetables but
varies greatly between consumers. As contact between consumers and the origin of
fruits and vegetables diminishes, consumer perception of freshness seems to be
increasingly focused on the sensory properties of the products, a change which is
likely to continue in the coming years.
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Résumé

Résumé

La fraîcheur est un attribut décisif pour le consommateur lorsqu’il choisit ses fruits
et légumes. Cependant, la manière dont il comprend et perçoit la notion de
fraîcheur a jusqu'à présent reçu relativement peu d’attention. Par conséquent, cette
étude a pour principal objectif d’évaluer la perception de la fraîcheur par le
consommateur dans le cas spécifique des fruits et légumes. Sont testés à la fois la
façon dont les caractéristiques sensorielles et physico-chimiques sont liées à la
fraîcheur ainsi que le concept de fraîcheur par le consommateur. La pomme, la
fraise et la carotte ont été sélectionnées pour ces expérimentations.
Une étude impliquant 4.758 consommateurs a été réalisée dans le cadre d’une
exposition locale sur les aliments. La saveur, l’arôme et la fraîcheur ont été
désignés comme étant les attributs les plus important pour le choix des pommes
indépendamment des caractéristiques des consommateurs. De plus, dans cette
étude, la perception de la fraîcheur de la pomme était particulièrement bien décrite
par la saveur, le croquant et la jutosité de ce fruit et dépendait des caractéristiques
individuelles. D’un autre coté, en se basant sur l’évaluation de pommes par les
consommateurs, il est apparu que la fraîcheur était liée au caractère croquant et
juteux de ce fruit ainsi qu’à son arôme et à son acceptation.
En parallèle, les pommes évaluées par les consommateurs ont été caractérisées par
profil sensoriel et analyses physico-chimiques et la contribution de ces
caractéristiques pour la fraîcheur a été testée par technique de régression en
composante principale. L’importance spécifique de la texture pour la fraîcheur a été
mise en évidence. Il a donc été suggéré que l’évaluation de la fraîcheur corresponde
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à une mesure du vieillissement physiologique de la pomme à travers l’évaluation de
sa texture. Une influence du sexe des consommateurs sur la perception de la
fraîcheur a également été démontrée, contrairement à l’age et à la fréquence de
consommation de pommes.
Par ailleurs, les caractéristiques sensorielles et physico-chimiques des fraises et des
carottes ont été reliées à une évaluation de la fraîcheur par des consommateurs ainsi
que par un groupe de consommateurs spécialisés. Il a été démontré qu’un nombre
important d’attributs contribue à la fraîcheur des fraises et carottes, et que ceux-ci
sont également des indicateurs de vieillissement du produit. De manière générale,
les notations en consensus de la fraîcheur par le groupe de consommateurs
spécialisés se sont montrées plus fiables que les notations individuelles de ce même
groupe ainsi que celles des consommateurs.
Finalement, le concept de fraîcheur pour les fruits et légumes a été étudié par
technique de questions ouvertes mais n’impliquait la consommation d’aucun
produit. Un grand nombre d’attributs sensoriels et non sensoriels reflétant
différentes notions a été mentionné par les consommateurs. A partir de ces
données, on présume donc que la fraîcheur décrit un degré de proximité au produit
original en terme de distance, de temps et de traitement. Ceci signifie concrètement
que les consommateurs qui sont davantage en contact avec le lieu de production des
fruits et légumes mentionnent plus souvent des attributs non sensoriels que ceux
ayant peu de contacts. Ces derniers vont au contraire mentionner des attributs
sensoriels plus fréquemment. Les contacts réguliers avec les fruits et légumes et
leur lieu de production vont donc déterminer la façon dont les consommateurs
décrivent la fraîcheur.
En conclusion, la mesure de la fraîcheur d’un produit correspondrait donc à une
mesure de proximité au produit original qui serait majoritairement liée au
vieillissement physiologique du produit (dans le cas des fruits et légumes). La
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description de la fraîcheur diffère très peu entre les fruits et les légumes mais de
manière importante entre les consommateurs. Il semble qu’en perdant le contact
avec l’origine des fruits et légumes, les consommateurs se focalisent de plus en
plus sur les aspects sensoriels pour évaluer la fraîcheur. De ce fait, il est probable
que la modification de la perception continue à évoluer au cours des prochaines
années.
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Introduction

Chapter 1
Introduction

Fruits and vegetables present an important part of the human diet in almost any
culture of the world. There is also a long tradition in the view that fruits and
vegetables should be consumed because of their nutritional and health benefits.
Eating a variety of fruits and vegetables ensures an adequate intake of most
micronutrients, dietary fibre and essential non-nutrient substances. Despite these
positive nutritional and health aspects, consumption rates of fruits and vegetables
are still low or insufficient in many countries. Therefore, health promotions have
been initiated recommending eating at least five portions of fruits and vegetables
per day. However, as daily experience shows, such initiatives to improve the
nutritional quality of our diet have been proven unsuccessful when the products to
be promoted did not meet sensory qualities as well as many other consumer
expectations. This would mean over the long term, that the consumer will like,
accept and select fruits and vegetables beyond the mere health-driven
argumentation.
Although food choice is complex and is influenced by a lot of interrelating factors,
many studies indicate the key importance of freshness for food in general and for
fruits and vegetables in particular. It has been shown that the meaning of freshness
is complex and depends on the professional area considered. However, since it is
the interpretation of freshness by the consumer that determines purchasing
behaviour, it may be postulated that the only relevant definition of freshness is the
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one given by consumers. Surprisingly, only limited research has been carried out to
date with the aim of investigating the consumer understanding of this word.
The objective of the present project was to study the consumer concept and
perception of freshness in association with fruits and vegetables. Since the
understanding of freshness is likely to differ between consumers, the influence of
socio-demographic characteristics and the familiarity with the products on the
perception of freshness was investigated. After considering which fruit to use in the
study, apples were selected because they are traditional and the most important fruit
in the temperate zone. Strawberries and carrots were chosen as they present the
most consumed seasonable fruit and the most consumed vegetable in Switzerland,
respectively. Methodologically, a combination of approaches requiring more or less
reflection from the consumer’s point of view was used to obtain a comprehensive
view on the consumer understanding and perception of freshness.
After a literature review in chapter 2, the investigation with apples on the
importance and perception of freshness by the consumer is presented in chapter 3.
Two approaches involving more or less reflection from the consumer are used to
study the perception of freshness. In parallel, the consumer evaluation of apple
freshness is related to objective sensory and physico-chemical characteristics of
apples in chapter 4. In chapter 5, the evaluation of the freshness of strawberries and
carrots by a specialised consumer group and by consumers is related to sensory and
physico-chemical characteristics of these products. Finally an open-ended
questionnaire is used in chapter 6 to investigate the consumer concept of freshness
in the case of fruits and vegetables and the relationship to consumer characteristics.
Chapter 7 discusses the overall project and some perspectives for future research.
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Chapter 2

2.1

The importance of freshness

2.1.1

Importance of freshness in food choice

Food selection, like any other human behaviour is complex and is influenced by
many interrelating factors. An understanding of these factors is crucial since there
is priority for population dietary change. A number of models seeking to show the
possible effects of such influences have been proposed in the literature. One of
these models attempts to categorise the factors: those related to the food
(physical/chemical properties, nutrient content), to the person making the choice
(perception of sensory attributes, psychological factors) or to the external economic
and social environment within which choice is made (price, availability, brand,
social/cultural) (Shepherd, 2001). Many studies aimed to uncover important factors
in food choice and found varying results according to the method used, the product
considered or the population interviewed.
A large survey was conducted in Europe to determine important factors influencing
European consumer food choice (Lappalainen et al., 1998; Lennernäs et al., 1997).
The authors showed that the primary factor was quality/freshness followed by taste,
healthy diet, price, family preferences and finally, habits. Another study involving
171 U.S. and 205 Irish consumers showed that brand name and freshness were the
most frequently mentioned attributes when asked how they determined if a food
product is of high quality (George, 1993). Among the consumers interviewed, 35%
of the U.S. and 38% of the Irish consumers mentioned freshness. In 1999, freshness
was the third most important reason for selecting a primary supermarket, just
behind “high quality fruits/vegetables” and a “clean, neat store” (FMI, 1999).
Finally, Sloan (1999; 2003) stated in 1999 that there existed no stronger
competitive advantage than being fresher, or being perceived to be fresher, than a

4

Literature review

rival product, and in 2003 that “fresh” together with “free” was the most desirable
food label claim. Although it is clear that there is no single factor responsible for
consumer food choice and consumption, freshness seems to be a key component in
this behaviour. Cardello and Schutz (2003) argued that scientists, food industry
professionals, and the public would all agree that “freshness” is a critical variable
that affects the overall quality and acceptability of a food and that preserving
freshness should be a primary objective throughout the food production and
distribution chain.

2.1.2

Importance of freshness for the choice of fruits and vegetables

Several surveys were conducted to determine the factors influencing fruit and
vegetable choice among the population. A survey conducted by the AgV (1981) in
99 cities of Germany showed that freshness was the most important factor when
purchasing fruits and vegetables. Fifty six percent of the 2,265 consumers who
were interviewed in the streets reported that their purchases were dependent on this
criterion. In a study by Ragaert et al. (2004) in Belgium, around 200 consumers
rated the importance of different factors influencing the purchase and consumption
of minimally processed vegetables and packaged fruits. Freshness was the most
important factor both at purchase and at consumption, followed by labelled shelf
life date and taste. Zind (1989), who reported results of a U.S. survey on consumer
attitudes towards fresh fruits and vegetables showed that 96% of the respondents
cited ripeness and freshness as important selection criteria, while an equal
percentage cited taste. In addition, 94% indicated the importance of appearance and
condition, while 66% used nutritive value and 63% used price as a guide.
Babicz-Zielinska and Zagorska (1998) investigated significant factors influencing
preference of selected fruits and vegetables among 100 Polish university students
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(age 22-25 years). Thirteen factors were proposed: freshness, taste, good for health,
price, visual appearance, nutritive, accessibility, popular use, habit, convenience,
easy to store, advertising, and fashion. The main factors were freshness and taste
for both groups of products, and appearance for fruits. Babicz-Zielinska (1999)
used the same 13 factors to characterise fruit and vegetable choice among 351
university students (age 20-24 years). Again, freshness and taste were the most
important factors in choice of both fruits and vegetables. Finally, Wandel and
Bugge (1997) asked 1,103 consumers to choose the two attributes that they
consider the most important when they judge the quality of fruits and vegetables.
Most consumers were shown to prioritise freshness, taste and nutritional value,
whereas environmentally sound production and good appearance were less
important.

2.2

Meaning of the word “fresh”

In spite of the importance of freshness for the choice of fruits and vegetables
examination of the literature reveals that this word is defined and measured in
different ways. According to Cardello and Schutz (2003) the definition and
meaning of this word is complex and challenging and is dependent on the
professional area considered. The Food and Drug Administration encountered
difficulties when attempting to propose a clear definition for this word and as a
consequence initiated a public meeting to discuss the issue (FDA, 2000). Trenkle
(1982) listed legislations that regulate the use of this word for different foods and
concluded that it is impossible to give a global definition. Therefore, the word
“fresh” needs further clarification and an improved understanding of its possible
meanings and uses, in general or for fruits and vegetables is warranted.
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2.2.1

Etymology and meaning in dictionaries

2.2.1.1 Etymology and past meanings of “fresh”
The origin of the word “fresh” in English, like its equivalents “frisch” in German
and “frais/fraîche” in French, appear to be the Old Teutonic word “*frisk-”. In
Figure 2.1 information was compiled from several dictionaries in three languages
(Barnhart, 1988; Bloch and von Wartburg, 1964; Dubois et al., 1998; Kluge, 2002;
Köbler, 1993; Onions et al., 1995; Paul, 1994; Pfeifer, 1993). The summary in this
figure is only indicative as the etymology of the word fresh is relatively obscure
(Pfeifer, 1993) and dictionaries in some cases list different etymologies.
The first known meaning of “fresh” differs between languages. According to the
Köbler German dictionary (1993), the first meaning of “frisch” (fresh) was
“ungesalzen” (not salted). The meaning of “neu, roh” (new, raw) and “neu, jung,
munter, rüstig, keck” (new, young, lively, sprightly, cheeky) seemed to have
appeared later. Mentz (1938) also suggested a Latin origin with the meaning “dem
Ursprung nahe” (close to the origin). In French, “frais/fraîche” (fresh) was first
used in association with “temperature” (temperature) or related to something “non
flétrit, récent” (not withered, recent) (Bloch and von Wartburg, 1964). In English
the form of “fresh” that comes from Old English referred to the saltiness of water
or food. Later, a wider meaning of “new, novel, recent” appeared, a development
which was influenced by the Old French (Barnhart, 1988).
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Old Teutonic *frisk

G frisc

F freis, fresche

E fersc

XII

century

G vrisch

E fressh

E fersse

E fresh

E fersch

F frais, fraische

XV

century

G frisch

Figure 2.1

F frais, fraîche

E fresh

Etymology of the word “fresh” in German (G), French (F) and English (E).
(*: indicates a word not actually found, but of which the existence is inferred,

:

obsolete).

2.2.1.2 Present meanings of “fresh”
Table 2.1 gives an overview of the various current meanings of “fresh” in German,
French and English as read from dictionaries (Duden, 1999; Guilbert, et al., 1976;
Merriam-Webster, 1986; Rey, 2001; Simpson and Weiner, 1989; Sinclair, 2000).
Many definitions clearly show the variety of possible uses of the word “fresh”
nowadays. “Fresh” is a multidimensional and complex word whose meaning varies
across different languages and whose definition is difficult to define.
According to Bremner (2000), definitions listed in dictionaries are not applicable in
scientific practice. Well-defined limits of terms are lacking, and parameters for any
measurement cannot be derived directly. In addition, Devlin (1997) argues that the
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definitions are more often a picture that provides a description of the word and not
the actual meaning of the word itself as recognised in everyday life.
Table 2.1

Meanings with their examples of the word “fresh” in German (G), French
(F) and English (E). Uncommon and regional meanings are not considered.

Meaning

Example

Language

Not old or stale, recent

fresh product

G, F, E

Not preserved, processed, matured

fresh peas

G, F, E

Not affected by time, reactivated

fresh memory

G, F, E

New, good as new, make better

fresh paint

G, F, E

Bright, with colour

fresh white

G, F, E

Not tired, renew energy

fresh mind

G, F, E

Youth, health, purity, vitality, innocence

fresh face

G, F, E

Pure and wholesome

fresh smell

G, F, E

Blowing

fresh wind

G, F, E

Cool, make someone, something cool

fresh air

G, F, E

Something or someone clean

fresh towel

G, E

Without inhibition

fresh lies

G

Boldly

fresh try is half won

G

Lack of cordiality

fresh greeting

F

Someone in a bad situation

you are fresh

F

Morally contestable

fresh politicals

F

Put someone in jail

put someone on fresh

F

Not salty

fresh water

E

Pleasantly different, novel

fresh ideas

E

Without experience

freshman

E

Additional, replacement

fresh ink in the pen

E

Impertinent, rude

fresh behaviour

E

Give birth, come into milk

fresh cow

E

A flood, pool, stream

fresh water

E

With regard to drunkenness

to be fresh

E
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2.2.2

Definition of “fresh” for food

Several authors attempted to review the uses and meanings of “fresh” for different
food. The most extensive study investigating this topic is probably the one by
Trenkle (1982) who analysed legislations on the use of “fresh” for specific
categories of food such as fruits and vegetables, bread and bakery products, milk
and cream, butter, cheese, meat, sausages, fish, poultry, eggs and beer. His
conclusions were that the word “fresh” is frequently used in relationship with food
and that it has various meanings that partially overlap. The notion of freshness can
indeed vary from product to product. In legislation, freshness was used as a
criterion of quality (e.g. fresh eggs vs. rotten eggs), a condition of offer (e.g. fresh
fish vs. frozen fish), a time factor (e.g. fresh bread vs. stale bread) or a product
name (e.g. fresh cheese). In a more general way, Trenkle (1982) defined a fresh
food as a food that has undergone no treatment to make its shelf life longer, neither
during nor after production or fabrication. The food is delivered directly to the
market and is not or not fundamentally different from the same food directly after
the production. However, the author states that there are exceptions to this
definition and that an absolute interpretation of “fresh” in describing food is
probably impossible.
More recently, Buckenhüskes (2003) was interested in the current and historic
evaluation of food freshness. Dictionaries, legislation and literature showed
different possible meanings of “fresh”. Special attention was given to the
importance of appearance for freshness and to the evolution of its meaning with
time. According to Buckenhüskes (2003), the present meaning of “fresh” refers to
more aspects than just the conservation of quality and prevention of substance loss
of the product. As a result of the recent food scandals, “fresh” might be
increasingly linked to natural and healthy concepts of food.
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Heiss (1986) investigated the possible incompatibility between the word
“freshness” and shelf life in association with food. He concluded that although
“fresh” would be appropriate to characterise fruits and vegetables from one’s
garden, it actually has little meaning when referring to the whole food spectrum. He
also suggested a tendency towards “back to nature” in industrialised countries with
consumers opposing “fresh” food (natural, good, healthy) to “treated” food
(inferior value, denatured, artificial).
Meanings of “fresh” for specific products such as milk (Heeschen, 1982), cream
(Anon, 1998), fresh cheese (Kotter and Terplan, 1960), milk products (Foissy,
1995), bakery products (Seibel and Brümmer, 1983) were also investigated. These
studies showed the difficulty in defining the word clearly, even when a particular
product was considered. Interestingly, numerous authors used the word “fresh”
without defining it and with different and sometimes contradictory meanings. For
example Bredahl et al. (1998) stated that freshness is an experience attribute, while
Becker (2000) defined it to be a salient intrinsic credence attribute. Ness and
Gerhardy (1994) used the word “fresh” in association with the packing date or sell
by date of eggs and Martin (1987) to the degree to which spoilage (microbiological
or chemical decomposition) has occurred. De Jong et al. (2000) compared fresh
products to 14-day-old products and Jaeger et al. (1998) classified apples into
“fresh” vs. “mid-point” vs. “mealy”.
Different types of vocabulary can be used to define a word: the ISO vocabulary, the
vocabulary developed by sensory profile panels, the vocabulary used by workers in
a factory to describe the product and finally the vocabulary of consumers
(McEwan, 1992). The definition of a word is dependent upon who is defining it and
the level at which it is measured. The definition of freshness by a chemist, a
microbiologist, or a nutritionist might differ greatly from one by a consumer.
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However, it is precisely the definition and understanding of freshness from a
consumer perspective that is least known and the most challenging to investigate.
Legislations that attempt to regulate the use of the word “fresh” in association with
food can be found in several countries. They generally highlight the importance of
consumer opinion (Mermelstein, 2001). For instance, the Federal Office for Health
Care in Switzerland (BAG, 1996) stated that a fresh product should be harvested or
prepared a short time before transmission to the consumer and should not be old or
damaged in order to be called “fresh”. On the other hand, it should not be used for
food that has undergone physical or chemical treatment with the aim of extending
shelf life, food that has been stored, food extracted from conserved raw material,
food that is too old or ripe, fruits and vegetables that are offered outside its harvest
season, goods that are pasteurised, chemically preserved or refrigerated goods and
finally, food that has undergone bacteriological or chemical modifications.
Similarly, the Food and Drug Administration in the U.S. asserted that a food should
be unprocessed and should not have been frozen or subjected to any form of
preservation in order to be labelled as “fresh” (FDA, 1993). However, application
of approved waxes or coatings, post-harvest use of pesticides, application of mildchlorine or mild acid wash, use of ionising radiations lower than 1 kiloGray and
refrigeration is allowed for a fresh product. As new alternative non-thermal
technologies became available, the FDA held a public meeting to discuss the use of
the word “fresh” on foods processed with these new technologies (FDA, 2000). All
issues considered in this meeting referred to consumer perception, with the goal
being to maintain regulations for use of the word “fresh” that were not misleading.
It was shown that the issues surrounding the use of this word on foods processed
with new technologies are indeed complicated. Consumer opinion was also
considered by the Food Labelling and Standards Division in England who
investigated the use of words such as “natural”, “fresh” etc. in food labelling (FSA,
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2004). They decided that instances in which these words could mislead consumers
should be avoided.
A limited number of authors investigated the factors contributing to the concept of
freshness from a consumer perspective. A survey with the objective of studying
purchasing behaviour of German consumers showed that 76% of the 2,265
consumers interviewed considered freshness as part of the quality aspect of food
(AgV, 1981). Another survey on consumer attitude to food labelling was conducted
by the MAFF (2000) in which 1,081 British consumers responsible for household
grocery shopping answered a 40 min long interview. Fourty-three percent of the
respondents interviewed thought that “fresh” referred to the age of the food, while
10% stated that food should be produced or picked and sold on the same day in
order to be fresh. Twenty-two percent argued that the food should not be treated,
processed, tinned, etc., in order to be labelled as “fresh” and finally, 12% said that
it should not have been frozen in order to be fresh.
A conjoint analysis was conducted by Cardello and Schutz (2003) on 33 different
food product concepts, each comprised of four factors (food type, food source,
method of processing/preservation, time since arrival at store/market). The food
types selected were fruits and vegetables, meat and poultry, milk and dairy
products, fish and seafood, bread and bakery products, orange/fruit juices. Time
since arrival of the product at the store/market was the most important variable
contributing to ratings of freshness. The type of food also clearly affected ratings,
with juices producing higher ratings of freshness and bread/bakery products lower
ratings. Finally, processing methods were of less importance. Food described as
“minimally processed” (e.g. by high pressure or pulsed electric fields) or “frozen
and thawed” were rated less fresh compared to “refrigerated” or “frozen” foods.
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2.2.3

Definition of “fresh” for fruits and vegetables

Different definitions exist with a particular focus on fruits and vegetables. One
definition is the ISO norm that defines “fresh” for fruits and vegetables as a word
describing a turgescent product with no signs of withering or ageing, the cells of
which have not deteriorated (ISO 7563, 1998).
Fruits and vegetables are subject to metabolism at the time of harvest, and
numerous biochemical processes are continuously changing the original
composition of the crop. Based on this observation, Schwerdtfeger (1979) defined
freshness as the condition of a plant product which showed only minor differences
compared with the state at the time of harvest.
Trenkle (1982) studied legislations on freshness and concluded that a fresh fruit or
vegetable should not have its shelf life extended by any means, nor been conserved
or treated. In addition, it should not be limp (salad, artichoke) nor washed
(strawberries). Finally, “fresh” would be a quality aspect that implies a notion of
time (not old) as well as a condition of offer (fresh vs. treated).
Jobling et al. (1998) were interested in studying freshness of convenience fruits and
vegetables as they consider it the greatest strength of these products on the market
place. In terms of quality control, freshness would relate to physiological changes
in texture, browning reactions, microbial activity and vitamin content and would
reflect the extent to which the produce is alive, with a healthy respiration and
metabolism, unaffected by roots or the presence of pathogenic micro-organisms.
According to this author, the deleterious changes that accelerate as soon as the fruit
or vegetable is removed from the plant are often collectively referred to as ageing
or senescence and would be related to freshness.
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Schwerdtfeger (1979) stated that apart from visual inspection of turgescence and
colour there was no objective method to evaluate plant freshness. On the other
hand, Mermelstein (2001) considered that many constituents can be measured with
quantitative instrumental or sensory tests to assess the “technically defined
freshness” of a food product. Indicators of freshness selected from different studies
are other ways of obtaining information on the meaning of freshness. Different
chemical and physical measurements have been proposed as indicators such as the
formation of propanethial S-oxide in scallions (Yamane et al., 1994), the
concentration of asparagine in the tip of asparagus (Hurst et al., 1998), the
fluorescence of chlorophyll in broccoli (Toivonen, 1992) as well as the evaluation
of shear stress of guavas (Mandhyan, 1999). Shrivelling, pitting and decay of
tomatillos (Cantwell et al., 1992), turgidity and green colour of strawberry calyx
(Saks et al., 1996) and measurement of overall appearance, hypocotyl colour,
texture and cotyledon colour of bean sprouts (DeEll et al., 2000) were used to
evaluate freshness by a sensory approach. According to these authors the attributes
selected were best associated with freshness or loss of freshness of a product.
However, in all cases the word “fresh” was linked to quality aspects of the
experimenters and not necessarily to those of consumers.
There is only one study that aimed to investigate what individuals perceive as
“fresh” in association with fruits and vegetables. In this study, 10 to 14 middleclass housewives were drawn from a sensory panel. The authors asserted that the
opinion of highly discerning and skilled housewives would be more valuable than
those of naïve consumers (Fillion and Kilcast, 2000). Panellists were asked to write
down their own definition of freshness or to give three attributes best associated
with fresh fruits and vegetables. They were also asked to give three attributes that
were the least associated with freshness and best described as “aged” or “unfresh”
products. A list of 70 words was produced and subjects had to indicate how
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strongly they thought each word was associated with the concept of freshness. The
authors showed that there were two main components involved in the concept of
freshness (1) sensory properties, i.e. firm, crisp, crunchy texture, appropriate and
bright colour, absence of visual defects, absence of off- or stale flavours and (2)
time, i.e. recently picked or harvested.

2.3

Factors influencing the perception of freshness

2.3.1

Influence of consumer characteristics

Although it is important to investigate which attributes influence general freshness,
possible consumer characteristics that may influence such perceptions must be
taken into account. Becker (2000) and Cardello (1995) showed that the concept of
“quality” is comparable to “fresh” which is also a multidimensional word and was
highly dependent on the individual. It is likely that individual characteristics can
similarly influence the perception of freshness.
Consumers differ by a very large number of characteristics. It is impossible to
account for all these characteristics when investigating potential influences on the
perception of freshness. Rather, difficulty lies in finding out which characteristics
to include. When considering health behaviours, such as eating behaviour, there is
often a focus on demographic data (e.g. age, gender), intake data (e.g. low and high
consumers of fruits and vegetables) or data on health status, or a combination of all.
According to Ragaert et al. (2004), potential individual influences include sociodemographic characteristics, experience with the product category and food-health
awareness. The experiential influence on the concept of freshness was tested by
Cardello and Schutz (2003). They compared a group of U.S. military consumers
who regularly consume shelf stable foods that are months or years away from their
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original pack date, to civilian consumers. They showed that the concept of
freshness was different for military and civilian consumers. However, they gave
similar importance to different factors for freshness.
It has been postulated that in the wake of globalisation of food systems consumers
have become alienated from the origin of the food they eat, and that this has had
consequences on how they view their food (Torjusen et al., 2001). Fischler (1980)
stated that many consumers have begun to view their food as "unidentifiable edible
objects, devoid of origin or history…without identity". Kloppenburg et al. (1996)
further affirmed that "what is eaten by a great majority of North Americans comes
from a global everywhere, yet from nowhere that they know in particular." These
researchers described an increased distance from production to consumption, but
also a less transparent system. Since some consumers still have contact with the
place of food production, and others not, they are thought to differ greatly
nowadays in their level of experience.

2.3.2

Influence of the type of product

“Fresh” is used to describe diverse food products ranging from fruits and
vegetables to dairy and animal produce and from raw to treated products. However,
according to Cardello and Schutz (2003), freshness is an attribute that is most
commonly associated with raw or natural products. The authors also argue that the
concept loses much of its meaning to consumers when it comes to processed foods
especially those that are thermally processed, or those that have been frozen for
even short period of times. In their study, the type of food was clearly shown to
affect ratings of freshness, with juices producing higher ratings of freshness and
bread/bakery products lower ratings. Fillion and Kilcast (2000) were interested in
investigating whether importance given to freshness is dependent on the type of
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fruit or vegetable considered. They found that freshness was an important factor for
all vegetables studied both at purchase and consumption by consumers, with the
exception of avocado for which freshness was not perceived as important at
consumption. Importance of freshness was less systematic in the case of fruits, as
neither grape nor raspberry were expected to be fresh at purchase, nor kiwi, mango
or pear at consumption. Although ratings for the importance of freshness differed
depending on the type of product, the concept does not necessarily have to be
different.
Possible differences in the meaning given to freshness according to the product
considered were acknowledged by several authors (Derby, 2000; Foissy, 1995;
Heiss, 1986; Trenkle, 1982). Trenkle (1982) also stated that “fresh” was not used in
the same way for different fruits or different vegetables. Therefore, the notion of
freshness clearly differs between food products in general, and between fruits and
vegetables in particular.

2.4

Methodology for analysing the consumer perception of
freshness

Definitions of fresh fruits and vegetables previously given clearly show that the
consumer perception of freshness is influenced by various sensory and non-sensory
characteristics. Because of this complex meaning a combination of methods is
needed to obtain a comprehensive view on the perception and understanding of
freshness by consumers. A variety of methods has been developed for capturing
and analysing the opinion of consumers (Davidson and Sun, 1998). Basically, the
approach can be quantitative or qualitative. Quantitative approaches are based on
converting consumer judgement to numerical scores, the advantage being that these
scores can be analysed by statistical means. However, since consumers generally
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express their opinions about attributes with words and descriptive phrases,
qualitative approaches are of equal interest for representing and analysing the
consumer understanding of “fresh”. Methods also distinguish themselves in terms
of the attributes that can be assessed. Some approaches are restricted to the sensory
characteristics of the products, while other approaches consider both sensory and
non-sensory attributes. Finally, the level of reflection involved in the method
should also be considered. Consumers may rate freshness without having to think
about the concept, or they are stimulated to reflect on the concept.

2.4.1

Approaches implying little reflection by the consumer

It has been shown that consumers might have many definitions of freshness in
mind, and are therefore likely to encounter difficulties in defining this word when
prompted to do so. Using methods that do not require asking consumers’ opinion
on their perception of freshness are therefore thought to be appropriate.
Cardello and Schutz (2003) used this type of approach to uncover factors
contributing to the consumer conception of freshness. A conjoint analysis was used
where consumers were presented with 33 different food product concepts that
varied in terms of processing/preservation method, retail source, time since product
arrival at the store/market and food type. In conjoint analyses, consumers are
presented with a large set of multi-attribute choice alternatives and are asked to
choose or rate them on the basis of a perceptual dimension or behaviour of interest,
namely freshness in this case. A specified experimental design is used.
Early work in the area of product optimisation began in the 1960s and 1970s which
related liking to descriptive data and physical and chemical information (Schutz,
1994). These methods are now commonly used, and multivariate data-relationship
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techniques are applied to identify the sensory characteristics of products that highly
relate to consumer acceptance (Munoz et al., 1996). According to Carr et al.
(2001), the same techniques can be applied more broadly to identify other
important relationships, both within a set of consumer ratings and between
consumer and sensory data sets. By using this type of technique it is possible to
determine which sensory attributes predict consumer perception of freshness.
The characterisation of the products studied must be made by methods that are as
objective as possible. Measurements of sensory attributes by a trained panel in
descriptive tasks or by instrumental measurements are often used. Instrumental
analyses present the advantage of being more reliable than sensory ones as they are
not based on individual perception. However, it is thought by many authors that
sensory evaluation of food is a superior tool as compared to technical instruments
due to the ability of individuals to integrate multi-sensory information. In general,
the approach of linking consumer data to sensory and instrumental measurements
exhibits the weakness that two differently structured sets of data must be related
(ten Kleij and Musters, 2003). Although the sensory panel is highly trained and
selected according to its sensitivity so that objective product characterisation is
warranted, their assessments have to be extrapolated to consumers. Product
attributes scored by a panel may not be the same words that an average consumer
would use. An approach asking consumers to rate sensory characteristics of the
products can therefore be of interest. To conclude, the methods of characterising
products with instrumental, sensory and consumer analyses all present some
limitations, and combining them is likely to be the best approach.
Using these methods, attributes that are tested are often limited to the ones selected
by the experimenter or by the panel who produced them. Furthermore, methods are
limited to sensory aspects when consumer evaluation of freshness is related to
product characteristics. This limitation to sensory attributes is advantageous
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because it gives a more detailed view of the important sensory factors for freshness.
However, it does not provide a global view of all possible attributes that can
influence freshness.

2.4.2

Approaches implying reflection by the consumer

Although consumers may misunderstand or may not be always aware of factors
influencing their perception, especially when the meaning of a word is not clearly
defined, asking consumers to give their opinion on the concept of freshness seems a
valuable approach for obtaining a large overview of possible meanings of
freshness. There are a number of quantitative or qualitative approaches available
for assessing consumer opinion about a particular issue.

2.4.2.1 Quantitative approaches
Quantitative data can be obtained with the use of closed-end type of questions. For
example, consumers are asked to give their opinion on attributes that have been
pre-selected by the experimenters. This approach provides a comprehensive
measure of perception that is relatively simple for consumers to complete and there
is tight control over the topic and possible responses. However, the fact that the
attributes are selected by the experimenters presents a critical issue since most
people will answer questions, even when they are unimportant, are misunderstood,
or nonsensical. These types of methods might also be subjected to a risk in which
some consumer responses will be biased towards the behaviour that is more
socially desirable and prestigious (Oppenheim, 1996). In conclusion, closed-ended
questions would be an interesting approach as it includes controlled and
quantifiable information about the concept of freshness. However, it is probably not
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the most appropriate in a situation where there exists confusion about boundaries
and meaning of the concept, as it is the case for freshness.

2.4.2.2 Qualitative approaches
Qualitative research, in contrast, seeks to obtain highly detailed responses in the
subjects' own words, rather than limiting them to questions and responses that are
predefined. Freshness is a concept that is probably too complex to be reduced to a
small set of response alternatives for the respondents to select from.
A focus group discussion is the most common form of qualitative research. This
generally involves less than 10 consumers who are asked to discuss a product or an
idea with the participation of a semi-directive moderator. This method is well
adapted to generate data regarding the processes involved in the perception of a
concept. However, since focus groups are based on the reactions of a small number
of consumers, caution must be taken when generalising the findings to the
population at large. For this reason, it is of interest to use a qualitative method
involving large numbers of consumers.
One option is to ask consumers to answer questionnaires with open-ended
questions. Consumers are asked to give a definition or attributes that they would
associate with a specific word and are free to choose their own wordings. This
approach was chosen by Fillion and Kilcast (2000) in order to examine the
perception of freshness by 10 to 14 panellists in the context of fruits and
vegetables. Spontaneous definitions were recorded by asking subjects to write
down their own definition of freshness or to give three attributes that were,
according to them, best associated with fresh fruits and vegetables.
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In general, it is advantageous to use open-ended questions when it is difficult to
anticipate all possible responses or when there are too many possible responses to
list. However, a fair degree of controversy exists over the usefulness of open-ended
questions (Stone and Sidel, 1993). This type of question allows more freedom of
expression by the participant than is possible using other forms of enquiry
(Dransfield et al., 2004) and are unbiased in the sense that they gather opinions in
the respondents’ own words, without suggesting specific responses, issues, or
characteristics (Lawless and Heymann, 1999). On the other hand, subjects may
omit the obvious, since an issue that is so blatantly clear may not necessarily
require commentary. Questions are often more readily answered by better-educated
respondents and finally answers might be ambiguous or misleading in some cases.
Mostly, these types of data are difficult to aggregate and summarise. The
experimenter has to decide which answers to code as the same response, otherwise
the result becomes too long and it is difficult to see the pattern of the issue.
However, when one is aware of their limitations, open-ended questions
undoubtedly are capable of obtaining very rich information (ten Kleij and Musters,
2003).
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Chapter 3
Importance and consumer perception of freshness of apples*

The present investigation aimed at elucidating the importance of freshness for the
consumer and its relationship to sensory and non-sensory properties of apples. A
questionnaire was presented to the visitors of a local exhibition on food and 4,758
data sets were collected over a five-month period. Six apple cultivars stored under
different conditions were tested. Taste, aroma and freshness were most frequently
chosen as decisive attributes for selecting apples. Freshness was important
independently of people’s age, gender and apple consumption. According to
consumers the perception of freshness was best described by taste, crispness and
juiciness. Other aspects also asked for, i.e. appearance, storage time, nutritional
value and organic were of lesser importance. Age, gender and consumption of
apples had an influence on the perception of freshness. From the sensory rating of
apples by consumers, freshness appeared to be related to crispness, juiciness,
aroma, and also to liking of apples. In conclusion, optimal sensory quality
contributes essentially to the perception and expectation of freshness of apples.

*

This chapter has been published as:
Péneau, S., Hoehn, E., Roth, H.-R., Escher, F., Nuessli, J. (2006). Importance and consumer perception of
freshness of apples. Food Quality and Preference, 17 (1-2), 9-19.
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3.1

Introduction

Observation of consumer expectations on food quality presents the base for any
successful food production and marketing. This is also true for fruits and vegetables
which are increasingly valued as an important part of the diet. Accumulating
evidence suggests that a regular consumption of fruits and vegetables could help
prevent cardiovascular diseases and certain cancers, principally of the digestive
system (WHO, 2002). However, a recent WHO/FAO expert consultation report
(2003) states that the overall daily consumption of fruits and vegetables is 100 g
underneath recommended intake. Therefore, it is of a great importance to know in
detail what the expectations of consumers are towards fruits and vegetables.
A survey conducted in the European Community countries showed that the primary
factor influencing food choice of European consumers was quality/freshness
followed by taste, healthy diet, price, family preferences and habits (Lappalainen et
al., 1998; Lennernäs et al., 1997). According to a survey carried out in Germany
with more than 2,000 consumers, freshness was the most important criterion taken
into account when buying a fruit or vegetable (AgV, 1981). Studies of Ragaert et
al. (2004) and Zind (1989) supported freshness but also taste as the most decisive
attributes for the choice of fruits and vegetables. In 1999, freshness was the third
most important reason for selecting a primary supermarket, just behind “high
quality fruits/vegetables” and a “clean, neat store” (FMI).
Although increasing pressure is put on the food chain to offer fresher foods the
question “what is fresh food?” is far from being answered. Trenkle (1982) for
instance gave a detailed list of its possible meanings for food and showed a wide
range of application of “fresh”. Buckenhüskes (2003) reviewed the different
meanings as well as the historic aspect for food, Heeschen (1982) and Foissy
(1995) examined its use for milk, Schwerdtfeger (1979) for vegetables, and Seibel
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and Brümmer (1983) for bakery products. These investigations have provided
evidence that freshness can be defined and measured in various ways.
An attempt of standardisation of the term fresh has been made for fruits and
vegetables with the following definition: “Fresh for fruits and vegetables is a term
describing a turgescent product with no signs of withering or ageing, the cells of
which have not deteriorated” (ISO 7563, 1998). However, such a definition does
not necessary reflect the opinion of the consumer who will make the decision to
buy and eat a product. National regulatory agencies on food labelling recognised
the importance of consumer judgement on freshness and attempted to issue
guidelines for the use of the term “fresh” in connection with food (FDA, 2000;
FSA, 2004). However, only few authors have investigated factors contributing to
the concept of freshness of food from a consumer’s perspective. A large survey in
Germany showed that 76% of consumers consider freshness as part of the quality
aspect (AgV, 1981). A study on the consumer’s attitude to food labelling reported
that nearly half of the respondents interviewed thought “fresh” to refer to the age of
the food, while 10% stated that food should be produced or picked and sold on the
same day in order to be fresh, and more than 20% argued that the food should not
be treated, processed, tinned, etc., in order to be labelled as “fresh” (MAFF, 2000).
A conjoint analysis conducted by Cardello and Schutz (2003) on 33 different food
product concepts showed that freshness judgement was determined primarily by
time between arrival of the product in the store/market and purchase and by the
type of food. Different food described as “minimally processed” (e.g. by high
pressure or pulsed electric fields) or “frozen and thawed” were rated as less fresh
compared to refrigerated or frozen foods.
Theses studies attempting to identify consumer perception of freshness focused on
different categories of food and Cardello and Schutz (2003) have shown the type of
food to influence consumer judgement of freshness. As for the particular case of
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fruits and vegetables the only study available concluded that the two main
components involved in the concept of freshness were sensory properties such as
texture, appearance and flavour, and time from harvest (Fillion and Kilcast, 2000).
Again, fruits and vegetables will not present a homogeneous group of food with
regard to the judgement of freshness. It is much more likely that freshness
judgement varies from fruit to fruit and that individual consumers have different
reference fruits or vegetables in mind when rating freshness. In the study just
mentioned (Fillion and Kilcast, 2000) apple together with tomato was cited most
often when panellists were asked to name three fruits or vegetables for which
freshness was crucial. This is not surprising as apple is by now the most important
traditional table fruit of the temperate zone.
The study of Fillion and Kilcast (2000) involved a limited number of people,
making it difficult to draw very detailed conclusions for consumer perception of
freshness of fruits and vegetables in particular in view of potential demographic
factors which not only influence consumer rate (Thompson et al., 1999) but also
determine which attributes are important for selecting fruits and vegetables, how
freshness is perceived and on which attributes freshness is judged. Also, the
definition of freshness of fruits and vegetables being complex, it is necessary to
expand the data base on which consumer perception of freshness and importance
rating of freshness in appraising quality of fruits and vegetables can be placed.
Therefore, the present investigation initiated to further explore the importance
attached by consumers to freshness for the choice of apples and to receive more
detailed information on how consumers perceive freshness of apples. The study
was limited purposely on apples as by far the most important fruit product and on
the market in Switzerland. On the other hand, it was placed on a very large number
of consumers, also to receive information on the influence of age, gender and
consumption rate of apples on apple choice and perception of freshness. In order to
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obtain a comprehensive picture of the concept of freshness of apples, two
approaches were applied. One approach implied reflection from consumers as they
were asked to rate the importance of different attributes for the evaluation of
freshness. The other approach implied little reflection from consumers as they were
asked to rate freshness, liking and sensory characteristics when tasting an apple.

3.2

Methodology

3.2.1

Consumer test

The consumer test was set up in the frame of a public exhibition entitled “Food
Design” where food in kitchen, art and laboratory was presented in all its forms.
The exhibition took place between November 2002 and March 2003 at the
Gewerbemuseum (Museum of Trade) in Winterthur, Switzerland. The consumer
test consisted of a questionnaire that was presented on a computer screen
(Appendix 1). The layout of the presentation was designed by the company
Raumprodukt (Zurich, Switzerland) in such a way that even people with little
experience with computers could easily follow the questionnaire. No supervisor
was present at the testing place but we were repeatedly visiting the exhibition in
order to gain insight in the way people were answering the questionnaire.
Completion of the questionnaire took around 5-10 min.
At first, participants were informed about the purpose of the study. After collecting
data on gender and age, participants declaring not to consume apples were asked to
proceed immediately to the end of the questionnaire. All other participants rated
their apple consumption and continued to answer the main questions listed in order
of appearance in Table 3.1. The closed-end type of question was chosen as it was
assumed that otherwise handling of the computer would be too complex for some
participants. Attributes of each question were selected based on information from
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literature. On screen only one attribute appeared at the time. Questions on
importance of attributes for apple choice and freshness of apples were presented
randomly in order to prevent possible effects of attribute position. Consumers were
asked to bite into a whole apple to answer the questions on liking and apple
evaluation. A knife was available for people who had problems to bite an apple.
Because of the specific frame of the study each participant evaluated only one
apple. Attributes were presented in a fixed order with freshness being in the first
position. This design was chosen in order to prevent possible rating effects of other
attributes on the rating of freshness. Five-point scales were used for all questions.
Each point was labelled with a number from 1 to 5 and anchor points were
additionally presented with verbal labels (Table 3.1).
Table 3.1

Main questions of the consumer questionnaire.

Question

Attributes

Anchor points

How
important
are
the
following characteristics when
choosing an apple?

Appearance, Freshness, Cultivar,
Taste, Organic, Size, Aroma

1-not at all important
5-very important

How much do you like this
apple?

-

1-not at all
5-very

How do you judge the
following characteristics of this
apple?

Freshness, Crispness, Juiciness,
Mealiness, Sweetness, Sourness,
Aroma

1-not at all
5-very

How
important
are
the
following characteristics for the
rating of freshness of an apple?

Taste, Appearance, Crispness,
Juiciness, Storage time,
Nutritional value, Organic

1-not at all important
5-very important
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3.2.2

Apple samples

Apples were provided by Agroscope, Federal Research Station Wädenswil
(Switzerland). All apples were of standard commercial size and colour for the
Swiss market (category 1). In total, 6 apple cultivars were selected in market needs
and investigated between November 2002 and March 2003. Three cultivars were
tested twice so that the following order resulted: Ariwa, Elstar, Jonagold, Gala,
Topaz, Golden Delicious, Jonagold, Gala and Elstar.
Apples were delivered to the exhibition every second Monday and stored at 10 °C
and ambient relative air humidity for the two-week period. Storage temperature and
relative humidity were recorded. Apples were stored either in plastic bags or nets in
order to induce differences in the water content and consequently to widen the
variation of the sensory properties. Decrease in moisture content due to
transpiration was measured by weighing samples at the beginning and the end of
the testing period. Apples were tested daily, alternatively from plastic bags and
from nets. Each morning, apple samples were removed from the storage location
2.5 h before the opening of the museum and placed next to the computers. Average
room temperature in the museum was 25°C.

3.2.3

Data analysis

Data analysis was carried out by using SPSS for Windows (Release 12.0.1., SPSS
Inc., Chicago USA). Statistical significance was defined at p < 0.05. To compare
the importance of the different attributes for apple choice and perception of
freshness, repeated measures analyses of variance (ANOVA) with the different
attributes as levels of the within-subject factor were performed. To evaluate
possible interactions with demographic characteristics of consumers and
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consumption of apples, the importance of each attribute was taken as dependent
variable in a three-way ANOVA, with age, gender and consumption of apples as
factors. Non-significant interaction terms were removed from the model. For each
level of age, gender and consumption of apples group means were compared using
the posthoc Bonferroni test. Principal component analysis (PCA) was performed in
order to study the data structure of the importance of attributes for freshness in
relation to demographic characteristics of the consumers. To reduce variation and
the number of points in the corresponding figure, mean values of the importance
ratings were formed for all combinations of levels of age, gender and consumption
of apples. These means, and the corresponding number of observations, were taken
as input to a weighed PCA of the correlation matrix. Means calculated for the
different age, gender and apple consumption groups were projected into the PCA
space. To measure the linear relationship between the importance of the different
attributes and the importance of freshness on apple choice, Pearson correlation
coefficients were calculated.
Differences in perceived sensory characteristics and the liking of the apple sample
were analysed with a three-way ANOVA with cultivar, day of test and type of
packaging as factors. Non-significant interaction effects were removed from the
model. For each level of cultivar, day of test and type of packaging, group means
were compared using the posthoc Bonferroni test. PCA was performed in order to
describe the structure of the sensory data in relation to the individual testing
situation. To reduce variation and the number of points in the corresponding figure,
mean values of sensory ratings for all combinations of levels of cultivar, day of test
and type of packaging were taken as input to a weighed PCA of the correlation
matrix. In addition, means corresponding to different cultivar, day of test and type
of packaging groups were projected into the PCA space. Multiple regression was
further performed on the whole data set to examine the linear contribution of the
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sensory attributes on rated freshness. Linear relationship of liking and perceived
freshness was evaluated with Pearson correlation analysis.

3.3

Results and discussion

3.3.1

Description of participants and pattern of apple consumption

A total of 5,522 persons participated in the study, whereby 294 (5.3%) did not
complete the questionnaire entirely, and their responses were consequently
removed from the data set. The 166 persons (3.2%) who gave identical ratings for
all sensory descriptors of apple were excluded as it was assumed that they had not
understood the task. Of the remaining 5,062 persons, 304 (6.0%) declared not to
consume apples in a regular manner. Of these, 7.5% were men and 4.7% were
women, which is less than in the UK where 9.3% of the women declared not to
consume apples (Sesso et al., 2003). Most probably the number of people rejecting
apples was underestimated in the present study, as people could see beforehand that
this test was implying consumption of apples. Therefore, people rejecting apples
were less likely to complete the questionnaire. People older than 70 years rejected
apples at a higher rate (38.2%) than all other age groups (less than 6%). It is known
that elderly people may experience problems when biting off and masticating an
apple.
Characteristics of the persons whose responses were retained are described in
Table 3.2. Categories of older age were less well represented than those of younger
age. One-third of participants was less than 20 years old, this being due to the
numerous schools visiting the exhibition. More women than men took part in the
study which reflects a more general interest in food related topics (Worsley and
Scott, 2000) and a superior availability at the exhibition. 14.2% of the participants
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who completed the questionnaire declared to eat less than 1 apple per week and
more than half of the people (58.5%) indicated to eat between 1 to 4 apples per
week. This finding is consistent with the results published by Swiss Fruit Growers
Association (SOV, 2003) showing an annual consumption of 18.1 kg per person in
the year 2001. On the assumption that a medium size apple weighs 150 g, the
average consumption amounts of 2.3 apples per week. This consumption rate is
twice as high as the rate recorded for English consumers with an annual
consumption of 8.9 kg per person and per year in 2002-2003 (DEFRA, 2004) and
with 46.5% of the women eating less than 1 apple per week (Sesso et al., 2003). In
Switzerland, apple clearly is the most consumed fruit (SOV, 2003) and well
anchored in tradition of eating.
Among those respondents who declared to be consumers of apples, younger people
were found to eat apples less frequently than older. Only 10% of the group under
40 years consumed more than 6 apples a week while this consumption rate was
found for more than 20% of the people between 50 and 70 years and for more than
40% of the people older than 70 years. Most probably, older people, if they
consume apples, eat more because they were used to do so traditionally when the
diversity of fruits available on the market was still small. In a more general way,
age has been shown to influence fruits and vegetables consumption, with people
between 16 and 24 years consuming a significant smaller amount than people
between 45 and 74 years (Thompson et al., 1999). Finally, in our study around 10%
of the women stated to consume less than 1 apple per week while this percentage
was almost double for men. Therefore, although consumption of apples in
Switzerland seems acceptable in a general manner, we should be aware of a certain
category of people, e.g. men and young consumers showing a specifically low
consumption of this fruit, as they might consume low amounts of fruits in general.
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Table 3.2

Characteristics of the respondents retained in the final data set (N = 4,758).

Characteristics

Percentage

Age
22.5
19.1
14.4
15.0
11.9
9.8
4.9
2.4

<15
15-20
21-30
31-40
41-50
51-60
61-70
>70
Gender
Female
Male

61.6
38.4

Consumption of apples per week
<1
1-2
3-4
5-6
>6

3.3.2

14.2
29.2
29.3
13.0
14.3

Attributes influencing the choice of apples

Importance ratings of attributes for choice of apples (Table 3.1) are presented in
Figure 3.1. ANOVA with repeated measures showed significant differences in
attribute ratings (p < 0.001). Post-hoc analysis showed that ratings of all attributes
except of cultivar and organic differed significantly. Taste, aroma and freshness
were in this order the three most important attributes taken into account by
consumers when choosing an apple. Appearance, cultivar and organic were rated
less important, and size was even less important.
The findings in our study agree well with literature and confirm the great
importance of freshness for selecting fruits and vegetables. Wandel and Bugge
(1997) and Babicz-Zielinska and Zagorska (1998) also found taste, freshness and
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appearance to be the most important attributes for the choice of fruits and
vegetables. According to Ragaert et al. (2004) freshness, taste and labelled shelf
life date were observed by consumers when purchasing and consuming minimally
processed vegetables and packaged fruits. Fifty-six percent of German consumers
bought their fruits and vegetables according to their freshness (AgV, 1981) and
96% of US consumers cited freshness, ripeness and taste as important selection
criteria (Zind, 1989).
In our study, consumers were dealing with closed-end type of questions. Thus, it is
likely that some attributes of importance for choice of apple were not included in
the questionnaire. The complexity of food choice, with factors such as sensory
appeal, familiarity and habit, social interactions, media and advertising, health
being, cost, availability, time constraints and personal ideology is well documented
(Pollard et al., 2002). Another issue that should be considered is whether people are
aware of how much influence a particular factor has on their behaviour. Testing the
relationship between responses to particular foods and their consumption rather
than relying on the subject’s perception of what influences food choice might be a
more accurate way to investigate this choice (Shepherd, 1989).
Potential individual influences of age, gender and apple consumption on the
importance ratings of attributes of choice for apples were investigated with
ANOVA on the whole data set. Respective results are represented in Table 3.3.
Main effects of all three factors were shown with the gender effect being the most
pronounced, and consumption of apples effect being the least pronounced. The
effect of age on the importance rating is present for each of the seven attributes.
Analysis of data indicates a lack of coherence in the answers of the youngest (< 15
years) and oldest (> 70 years) age category. It was observed that participants
younger than 15 years old tended to play with the computer and were most likely
not reliable in their answers. People belonging to the oldest age category were
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observed to have difficulties in understanding the task and handling of the
computer. As data of these groups were not influencing the global result, they were
kept in the analysis. However, they were not considered for further discussion. All
the other age categories showed similar mean ratings for taste, aroma and freshness
indicating agreement on the importance of these attributes. In contrast, Ragaert et
al. (2004) found differences in the importance given to freshness of minimally
processed vegetables or packaged fruits (both at buying and consumption stage).
Consumers under 36 years perceived freshness as less important than the older age
groups did. It is possible that the type of food which was different in the study of
Ragaert et al. (2004) than in our study influenced the result. In our study, age
groups differed in the importance given to appearance, cultivar and organic. Young
people (< 30 years) tended to give higher values for appearance and lower ones for
cultivar whereas consumers between 30 and 60 considered organic as being more
important. Size was given the lowest ratings and was considered not to be
important for all age groups.
Gender had a significant effect on the importance rating of all attributes except for
appearance (Table 3.3). Females gave higher importance ratings than males for all
attributes except for size. This gender difference is substantiated by considerable
varying F values which are unlikely to originate only from a variation in the use of
the scale. On the other side, the order of importance rating of the attributes was the
same for both females and males. Therefore, freshness is still very important for the
male consumer group. In literature, European females were reported to give higher
importance to freshness (Lennernäs et al., 1997), and to perceive experience
attributes (texture, flavour and taste) at consumption as more important than men
(Ragaert et al., 2004). In contrast, Babicz-Zielinska and Zagorska (1998) found no
differences between men and women concerning the importance of selected choice
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attributes for fruits. The fact that their study involved students between 22 to 25
years exclusively may have influenced the result.
As a third criterion, the amount of apples eaten per week influenced significantly
the importance rating of appearance, cultivar, organic and size (Table 3.3).
Appearance was rated as less important, while cultivar as well as organic were
rated as more important by consumers eating more than 3 apples per week.
Analysis did not show any effect for freshness, taste and aroma, suggesting that the
level of consumption had no influence on these attributes. Similarly, Wandel and
Bugge (1997) found that consumption of fruits and vegetables did not influence
importance assigned to freshness by consumers.
Although there are some differences in the importance given to freshness when
choosing an apple, all groups put high priority on freshness independently of their
age, gender or consumption of apples. Therefore, freshness has to be taken into
account as one of the important factors in promoting apple consumption.
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4.63

Taste

4.46

Selected attributes

Aroma

4.37

Freshness

3.43

a

b

c

d

Appearance

3.18

e

Cultivar

3.15

Organic

2.31

e

f

Size
1

2

3

4

5

Importance rating scale [1-5]

Figure 3.1

Importance rating of selected attributes for the choice of apples (mean
values and standard deviations, N = 4,758).
means with the same letter are not significantly different (Bonferroni, p < 0.05).
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F = 19.47
p < 0.001
4.67 a
4.55 b

F = 11.88
p < 0.001
4.48 b*
4.62 a
4.68 a
4.70 a
4.70 a
4.71 a
4.73 a
4.25 b

Taste

F = 0.49
p = 0.74
4.43 a
4.43 a
4.48 a
4.49 a
4.45 a

F = 37.71
p < 0.001
4.53 a
4.34 b

F = 24.53
p < 0.001
4.16 c
4.48 ab
4.55 a
4.59 a
4.59 a
4.57 a
4.63 a
4.22 c

Aroma

F = 1.35
p = 0.25
4.42 a
4.39 a
4.39 a
4.31 a
4.30 a

F = 15.85
p < 0.001
4.41 a
4.31 b

F = 11.93
p < 0.001
4.45 ab
4.57 a
4.32 bc
4.25 c
4.30 bc
4.22 c
4.27 bc
4.19 c

Freshness

F = 11.80
p < 0.001
3.64 a
3.58 a
3.37 b
3.22 b
3.24 b

F = 0.17
p = 0.68
3.42 a
3.46 a

F = 29.62
p < 0.001
3.42 bc
3.92 a
3.50 b
3.29 cd
3.24 cde
3.04 e
3.14 de
3.30 bcd

Appearance

F = 6.18
p < 0.001
2.98 b
3.05 b
3.24 a
3.29 a
3.40 a

F = 48.92
p < 0.001
3.30 a
2.98 b

F = 18.14
p < 0.001
2.84 e
3.04 d
3.13 cd
3.41 ab
3.34 abc
3.43 ab
3.56 a
3.48 ab

Cultivar

* means with the same letter are not significantly different (Bonferroni, p < 0.05).

from ANOVA according to age, gender and consumption of apples (N = 4,758).

F = 8.39
p < 0.001
2.90 b
3.04 b
3.23 a
3.29 a
3.34 a

F = 14.52
p < 0.001
3.23 a
3.03 b

F = 20.43
p < 0.001
3.12 bc
2.75 d
3.05 c
3.46 a
3.50 a
3.37 ab
3.00 cd
3.09 c

Organic

F = 6.36
P < 0.001
2.32 b
2.26 b
2.25 b
2.27 b
2.53 a

F = 5.33
p = 0.02
2.27 b
2.36 a

F = 6.97
p < 0.001
2.32 bc
2.48 ab
2.27 bc
2.19 c
2.20 c
2.20 c
2.21 bc
2.83 a

Size

Mean ratings of importance on a 5-point scale of each choice attribute of apples, F values and significant levels

Consumption of apples
F = 2.10
p = 0.08
<1
4.58 a
1-2
4.61 a
3-4
4.68 a
5-6
4.64 a
>6
4.60 a

Female
Male

Gender

< 15
15-20
21-30
31-40
41-50
51-60
61-70
> 70

Age

Table 3.3
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3.3.3

Attributes influencing perception of freshness for apples

3.3.3.1 Importance of selected attributes for the evaluation of freshness
Importance ratings of attributes for freshness of apples listed in Table 3.1 are
presented in Figure 3.2. ANOVA with repeated measures showed significant
differences in the rating of the attributes (p < 0.001). Post-hoc analysis showed that
all attributes except for crispness and juiciness differed significantly. Taste,
crispness and juiciness were the three most important attributes taken into account
by consumers for the evaluation of freshness, followed by appearance and storage
time. Nutritional value and organic were given the lowest ratings.
The results indicate that sensory quality is the most important factor in evaluating
freshness of apples. Importance of the sensory characteristics texture, appearance
and flavour for perception of freshness was also shown by Fillion and Kilcast
(2000). In their study, 10-14 panellists were asked to freely write down their own
definition of freshness or to give three attributes best associated with fresh fruits
and vegetables. The authors also stated the importance of the time from harvest
even though in discussions with the panellists age of the food did not matter as long
as the products looked and tasted as if they had been harvested recently.
Importance of the time aspect on the concept of freshness seems to be of a greater
importance in studies on food in general (Cardello and Schutz, 2003; MAFF, 2000)
than in studies limited to fruits and vegetables. Consumers may be aware that some
fruits or vegetables can be stored a long time with very little loss in quality, and
consequently, give less importance to this attribute. However, in a recent study with
focus groups carried out on fruits and vegetables we found that certain consumers
may not realise the fact that products can be stored a long time before consumption
(unpublished results). Similar observations were made by Fillion and Kilcast
(2000) with English consumers. It is thus likely that these consumers do not judge
freshness according to the time aspect.
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Organic and nutritional value were shown to have little influence on the evaluation
of freshness in this study. This result is consistent with findings of Fillion and
Kilcast (2000) where panellists did not mention these attributes. In contrast, Gibson
(1995) believes that consumer would often judge organic products to be fresher
because of the absence of pesticides and preservatives. The question whether
consumers associate the term “fresh” with organic, nutritional value or some other
characteristics was a question discussed at the meeting initiated by the FDA (2000)
on the use of the term “fresh”. Although participants thought it was of a great
importance no clear conclusion could be drawn at the end of this meeting.
In conclusion, if we take into account the classification of attributes into “search
attributes” (e.g. price, colour, appearance), “experience attributes” (e.g. taste,
flavour) and “credence attributes” (e.g. health, microbiological safety) proposed by
Nelson (1970; 1974) and Sloof et al. (1996) we can put forward that consumer
evaluation of freshness for apple would be in principle driven by experience
attributes.
The concept of freshness is broad and the word “fresh” might be interpreted in
different ways by consumers with different demographic characteristics and
consumption habits. Individual differences in the judgement on which attributes are
important for freshness of apples were tested on the whole data set with ANOVA
(Table 3.4). Of all three factors, gender effect was the most pronounced and
consumption of apples effect the least pronounced. Main effects of age for all
attributes were found except for storage time. Taste, crispness and juiciness were
important for all age categories (low F values). In the same way, all age groups
considered storage time to be less important for the evaluation of freshness. There
were clear differences between age groups in judging appearance, nutritional value
and organic (high F values). Importance given to appearance decreased with age of
consumers, whereas importance given to organic was higher for consumers older
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than 30 than for the younger groups. Consumers between 20 and 40 years old
attributed less importance to nutritional value as other age groups.
There was a main effect of gender for all attributes with the exception of
appearance (Table 3.4). Women gave higher ratings than men for the six attributes.
This gender difference is substantiated by considerable varying F values which are
unlikely to originate only from a variation in the use of the scale. The ranking of
order of importance of attributes was similar for both females and males.
Finally, effect of apple consumption on appearance, juiciness, nutritional value and
organic was found (Table 3.4). People eating less than 2 apples per week gave
more importance to appearance and less to nutritional value and organic
production. There was no effect with respect to taste, crispness and storage time.
In order to further analyse the influence of demographic factors and consumption
of apple on the perception of freshness, PCA was carried out. It presents the
relative importance of attributes within each group. Figure 3.3 shows the plot of the
first two dimensions from the PCA, accounting for 65% of the variance. The
interest towards search attributes (i.e. appearance) was observed to decrease with
age and with the number of apples consumed per week while interest towards
credence attributes (i.e. organic production and nutritional value), increases with
the same characteristics. Both age and consumption of apple seemed to influence
attributes perceived as important for freshness in a similar way. This is likely due to
the fact that younger participants were generally shown to consume fewer apples
than older ones. Wandel and Bugge (1997) showed that people with a high
consumption rate of fruits and vegetables (at least 5 times per week) were more
interested in nutritional value of these products than people with a low
consumption (less than 5 times per week). Importance given to organic for apple
choice and for evaluation of freshness were correlated (r = 0.641, p < 0.001). This
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is also the case for appearance (r = 0.546, p < 0.001) but for taste correlation was
weaker (r = 0.272, p < 0.001). Consequently, evaluation of freshness is based on
attributes that are important for consumers when choosing an apple. An attribute
which is thought to be important for apple choice will be considered when
evaluating its freshness, or in reverse, if an attribute is thought to be important for
the evaluation of apple freshness it will be considered when choosing the apple. As
questions on apple choice and on the importance of attributes for perceived
freshness were constructed in a similar way it cannot be excluded that it induced
confusion for some participants.
There is also a concern that sensory characteristics of the apples tested before the
question on importance of freshness have influenced the corresponding responses.
ANOVA (data not presented) with apple samples characterised by cultivar, day of
test and type of packaging, and consumer groups as main factors showed that
importance given to most of the rated attributes was affected by the apple sample
previously tested. However, the size of the effect observed was small indicating
that the influence of the apple sample had actually little impact on the response to
the question on the importance of attributes for freshness. Finally, the use of
closed-end questions in this study was a clear limitation. Open-ended questions
would probably be better suited to encompass all attributes influencing freshness as
this is a situation where the respondent can express all information in mind and the
anticipation of possible answers by the experimenter is excluded.
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Taste

Selected attributes

Crispness
Juiciness

3.57

Appearance

3.25

Storage Time

3.16

Nut. Value
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2

4.20

b
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Figure 3.2

Importance rating of selected attributes for the perception of freshness of
apples (mean values and standard deviations, N = 4,758).
means with the same letter are not significantly different (Bonferroni, p < 0.05).

Principal Component 2 [23.2%]

1.5

1.0

21-30

<1

0.5

0.0

15-20

Appearance

Male
31-40

-0.5

1-2

Crispness
Taste
Juiciness
Female
T. Storage
Nut. Value
3-4 61-70
< 15
41-50
5-6
Organic
51-60

>6

-1.0

-1.5
> 70
-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

Principal Component 1 [41.8%]

Figure 3.3

PCA plot based on importance of attributes for the evaluation of freshness,
and the projection of age, gender and apple consumption (underlined)
(N = 80).

45

F = 13.24
p < 0.001
4.36 a
4.27 b

F = 9.04
p < 0.001
4.43 a*
4.41 a
4.24 bc
4.17 c
4.29 abc
4.35 ab
4.46 a
4.03 c

Taste

<1
1-2
3-4
5-6
>6

F = 0.45
p = 0.77
4.27 a
4.35 a
4.34 a
4.33 a
4.31 a

F = 3.21
p = 0.01
4.08 b
4.23 a
4.18 ab
4.20 ab
4.24 a

F = 33.03
p < 0.001
4.25 a
4.09 b

F = 4.44
p < 0.001
4.24 a
4.25 a
4.14 ab
4.10 b
4.15 ab
4.25 a
4.23 ab
3.93 b

Juiciness

F = 0.31
p = 0.87
4.17 a
4.20 a
4.22 a
4.23 a
4.20 a

F = 56.99
p < 0.001
4.30 a
4.06 b

F = 6.48
p < 0.001
4.10 b
4.27 a
4.25 a
4.23 ab
4.30 a
4.22 ab
4.18 ab
3.74 c

Crispness

F = 10.05
p < 0.001
3.78 a
3.70 a
3.51 b
3.40 b
3.36 b

F = 2.03
p = 0.15
3.58 a
3.54 a

F = 21.61
p < 0.001
3.47 b
3.92 a
3.81 a
3.52 b
3.41 bc
3.23 c
3.21 c
3.29 bc

Appearance

F = 2.06
P = 0.08
3.18 a
3.18 a
3.26 a
3.26 a
3.39 a

F = 11.01
p < 0.001
3.30 a
3.17 b

F = 1.47
p = 0.17
3.29 a
3.23 a
3.21 a
3.22 a
3.15 a
3.26 a
3.38 a
3.48 a

Storage T.

* means with the same letter are not significantly different (Bonferroni, p < 0.05).

F = 9.09
p < 0.001
2.87 c
3.07 b
3.27 a
3.28 a
3.30 a

F = 63.63
p < 0.001
3.28 a
2.96 b

F = 18.89
p < 0.001
3.43 a
3.28 ab
2.73 d
3.02 c
3.19 bc
3.10 bc
3.13 bc
3.22 abc

Nut. Value

F = 8.41
p < 0.001
2.72 b
2.80 b
3.02 a
3.09 a
3.16 a

F = 19.44
p < 0.001
3.02 a
2.81 b

F = 13.23
p < 0.001
3.09 a
2.69 b
2.62 b
3.05 a
3.21 a
3.16 a
2.85 ab
2.84 ab

Organic

Mean ratings of importance on a 5-point scale of each attribute for the evaluation of freshness, F values and significant
levels from ANOVA according to age, gender and consumption of apples (N = 4,758).

Consumption of apples

Female
Male

Gender

< 15
15-20
21-30
31-40
41-50
51-60
61-70
> 70

Age

Table 3.4
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3.3.3.2 Relation of consumer rating of freshness to liking and sensory
characteristics
Another way to investigate freshness is to relate consumer evaluation of freshness
of an apple to the liking and sensory characteristics. This approach allows the
consumer to rate freshness of an apple without thinking about its concept.
Therefore, apples of varying sensory quality were generated for each cultivar by
different packaging during the storage on the exhibition site (plastic bag vs. net).
Different cultivars, day of testing and type of packaging gave sufficient variation in
apple quality for the consumer test. Table 3.5 summarises the mean ratings of apple
freshness. Three-way ANOVA showed a significant effect of cultivar (p < 0.001)
for liking and for all attributes evaluated. Relationship between attributes and
positioning of apples of different cultivar, day of test and type of packaging are
shown in the biplot based on PCA of averaged factors accounting for 66.1% of the
variance (Figure 3.4). Jonagold and Topaz were the cultivars perceived the freshest
but also the crispiest, juiciest and the least mealy. ANOVA also showed significant
effect of the testing day on freshness, crispness and juiciness (p < 0.001) and to a
lesser extent on mealiness, sourness, aroma and liking (p < 0.05). Apples were not
perceived as different with respect to sweetness. Consumers tended to perceive
apples fresher during the first week of test (d1-d6) and less fresh after they had
been stored during one week at 10°C (d8-d13). Finally, juiciness was the only
attribute differing between apples stored either in plastic bags or in nets (p < 0.05).
The PCA shows a close relationship between freshness and textural characteristics
of the apples, i.e. crispness, juiciness and mealiness as well as with liking of the
product. Although consumers evaluated only one apple, results obtained were very
coherent and reflected the known characteristics of apple cultivars as described in a
pomology review (Aeppli et al., 1989). As 85.8% of the participants were declaring
eating 1 or more apple per week, it can be assumed that they are familiar enough
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with this fruit in order to assess its sensory qualities in a reliable way. Additionally,
it is likely that the large data set compensated for individual differences.
Multiple regression was used to further analyse each sensory attribute evaluated by
consumers for freshness rating. According to this analysis the textural properties
crispness (β = 0.370, p < 0.001) and juiciness (β = 0.217, p < 0.001) influenced the
perception of freshness in the first place. Aroma was shown to be of lesser
importance (β = 0.122, p < 0.001). On the other hand, although significant,
mealiness (β = -0.035, p = 0.003), sweetness (β = 0.027, p = 0.029) and sourness
(β = 0.026, p = 0.026) did not play a role in judging freshness. Correlation between
liking and freshness was also calculated and showed a weak correlation coefficient
(r = 0.364) but with a very high significance (p < 0.001). Therefore, these results
place texture at a more important position than the other sensory characteristics for
the evaluation of freshness of an apple. Texture is indeed often used as a primary
indicator for quality of apples (Abbott, 1994).
The observation that crispness and juiciness are more important than sweetness and
sourness when freshness is rated upon tasting an apple stands in contrast to the
importance rating in which taste statistically contributes more to freshness than
crispness and juiciness. The latter approach implies a reflection by the consumer on
what he thinks is most important for freshness. This reflection is more or less
absent when freshness is judged when tasting an apple. It is known that specific
questions of attitude measurement may bias consumers into answering in a
particular, predetermined manner. This is particularly true when the meaning of a
term is vague in consumer’s mind, as it is the case with freshness. The approach of
asking subjects to rate freshness of a product during tasting may yield more reliable
information on consumer perception of freshness, as the person does not have to
think about the concept and is consequently less biased. However, this type of
investigation remains limited to the sensory characteristics of the apple.
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Table 3.5

Mean ratings of freshness of apples on a 5-point scale grouped according to
cultivar, day of test and type of packaging (N = 4,758).
* means with the same letter are not significantly different (Bonferroni, p < 0.05).

Cultivar
Ariwa
4.15 ab*

Elstar
3.87 cd

Jonagold
4.11 ab

Gala
4.04 bc

Topaz
4.07 b

Golden Delicious
3.68 de

Jonagold2
4.26 a

Gala2
4.00 bc

Elstar2
3.62 e

Day of test
d1

d2

d3

d4

d5

d6

4.14 a

4.07 ab

4.03 abc

4.01abcd

3.94 abcd

4.04 abc

d8
4.01 abcd

d9
3.96 abcd

d10
3.90 bcd

d11
3.92 abcd

d12
3.78 d

d13
3.84 cd

Type of packaging
Bag
3.97 a

Net
3.95 a
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1.5
Elstar2
Elstar

Topaz

Principal Component 2 [20.2%]

1.0

0.5

d8
Sweetness

0.0

-0.5

d12
Mealiness
Golden Delicious

Crispness
Freshness

d3

d10 Net
d9

d2

Juiciness

d4

d13
d11 Bag
Ariwa

d5 d6

d1

Gala2

Jonagold2
Liking
Jonagold

Aroma
Sourness

-1.0
Gala
-1.5
-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

Principal Component 1 [45.9%]
Figure 3.4

PCA plot based on attributes for evaluation of apples, and the projection of
cultivar, day of test and type of packaging (N = 106).
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3.4

Conclusion

In the present investigation, which focused on a specific fruit and involved a very
large number of consumers, freshness has been shown to be a primary criterion for
apple choice by consumers independently of age, gender or the amount of apples
consumed per week. Sensory quality as described by taste, crispness and juiciness,
is the most important characteristic for the evaluation of freshness of apples. Other
aspects such as appearance, storage time, nutritional value and organic were of
lesser importance. Based on consumer evaluation of sensory characteristics by
tasting apples, it has been shown that perception of freshness is related to crispness,
juiciness, aroma and liking of apples. These results underline the importance of
optimal texture when consumers are evaluating freshness of table apples. The fact
that consumers of different age, gender and with varying consumption habits have a
different perception of freshness of apples must also be taken into account. It can
be expected that other individual characteristics such as place of living, knowledge
on apples, and familiarity with this fruit will further have an impact on how
freshness of apples is perceived. In future research it will be interesting to extend
investigations to other fruits and vegetables to explore the influence of these
characteristics on the perception of freshness.
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Chapter 4
Relating consumer evaluation of apple freshness to sensory and
physico-chemical measurements*

The objective of the present investigation was to elucidate sensory attributes which
influence the consumer perception of apple freshness. 4,758 consumers gave their
rating of freshness for six apple cultivars stored at different conditions. Apples
were further characterised by consumer and panel sensory analyses as well as by
physico-chemical analyses. The contribution of these characteristics to freshness
was tested with principal component regression. Texture properties were shown to
be of main importance for freshness, and flavour attributes of less importance. It is
hypothesised that the evaluation of freshness might be a measurement of apple
ageing through the evaluation of its texture. Consumers of different age and levels
of apple consumption did not vary in their perception of freshness. However,
differences according to gender were observed. Attributes shown to influence
freshness were in agreement when measured by consumer, panel and physicochemical analyses.

*

This chapter has been accepted for publication as:
Péneau, S., Brockhoff, P.B., Hoehn, E., Escher, F., Nuessli, J. Relating consumer evaluation of apple
freshness to sensory and physico-chemical measurements. Journal of Sensory Studies.
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4.1

Introduction

Freshness is a decisive attribute for consumer choice of fruits and vegetables (AgV,
1981; Babicz-Zielinska and Zagorska, 1998; Ragaert et al., 2004; Wandel and
Bugge, 1997; Zind, 1989). However, although this attribute is clearly of importance
for consumers, knowledge on how consumers perceive freshness of fruits and
vegetables and how they understand this term is still limited. For this reason, the
importance as well as the perception of freshness of apples was investigated within
the framework of an exhibition on food during which 4,758 visitors completed a
questionnaire (chapter 3). The corresponding result showed that freshness together
with taste and aroma was a decisive attribute for selecting apples. When the same
consumers were asked to rate the importance of different attributes for the
evaluation of freshness consumer perception of freshness was best described by
taste, crispness and juiciness. Other aspects also asked for, i.e. appearance, storage
time, nutritional value and organic production, were of lesser importance. When
again, the same consumers had to rate freshness, liking and sensory characteristics
of an apple which was presented to them, freshness was shown to be related to
crispness, juiciness, aroma and liking in this order of importance. We concluded
that sensory quality and in particular textural characteristics contribute essentially
to the perception of the freshness of apples.
Repeated attempts have been made to find indicators for freshness of fruits and
vegetables. Schwerdtfeger (1979) discussed the potential of markers as indicators
of freshness and stated that such substances have to be involved in catabolic
processes which start soon after harvest. He concluded that apart from visual
inspection of turgescence and plant colour, no objective method existed for the
evaluation of plant freshness at that time. On the other hand, Mermelstein (2001)
stated that many constituents could be measured with quantitative instrumental or
sensory tests to assess the “technically defined freshness” of a food product.
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Different constituents have been proposed as indicator substances such as
measurements of propanethial S-oxide formation in scallions (Yamane et al., 1994),
of asparagine concentration in the tip of asparagus (Hurst et al., 1998), of
chlorophyll fluorescence in broccoli (Toivonen, 1992) as well as the evaluation of
shear stress of guavas (Mandhyan, 1999). Shrivelling, pitting and decay of
tomatillos (Cantwell et al., 1992), turgidity and green colour of strawberry calyx
(Saks et al., 1996) and finally measurement of overall appearance, hypocotyl colour
and texture and cotyledon colour of bean sprouts (DeEll et al., 2000) were used to
measure freshness with a sensory approach. These authors have selected attributes
that were in their opinion best associated with freshness or loss of freshness of a
product. However, in all cases the term fresh was not based on consumer
evaluation.
A first approach to improving understanding of the sensory factors that influence
the perception of freshness was to link freshness ratings with consumer sensory
profiles of the same apple samples (chapter 3). Collecting sensory profiles from
consumers is accepted and frequently practiced (Elmore et al., 1999). However if
practiced, it assumes that all attributes selected are relevant to each consumer, that
no other attributes are relevant to certain groups of consumers and that consumers
attach the same meaning to an attribute (Steenkamp et al., 1994). As these
conditions could not be guaranteed in this experiment it was considered important
to test this perception with more objective methods.
In the present experiment, apples that were rated for freshness by consumers, as
described in chapter 3, were also characterised by a descriptive sensory panel and
by physico-chemical analyses. The main objective of this investigation was to
assess product characteristics that influence consumer perception of freshness in
apples. As consumers of different age, gender and apple consumption were shown
to have different perceptions of freshness (chapter 3), the influence of these factors
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on sensory attributes influencing freshness were also investigated. Finally, the
characteristics revealed to be important for freshness when evaluated by
consumers, panel and by physico-chemical analyses were compared.

4.2

Methodology

4.2.1

Apple samples

Apples were provided by Agroscope, Federal Research Station Wädenswil
(Switzerland). All the apples were of standard commercial size and colour for the
Swiss market (category 1). In total, six apple cultivars were selected according to
market needs and investigated between November 2002 and March 2003. Three
cultivars were tested twice, so that the following order resulted: Ariwa, Elstar,
Jonagold, Gala, Topaz, Golden Delicious, Jonagold2, Gala2 and Elstar2. Apples
were stored at 10 °C and at ambient relative air humidity for a two-week period in a
room adjacent to the museum. They were stored either in plastic bags or in nets in
order to induce differences in water content and to consequently amplify variations
in sensory properties. Apples were tested daily by consumers, alternatively from
plastic bags and from nets during a two-week period (week 1: day 1 to day 6;
week 2: day 8 to day 13). Apples were in parallel subjected to descriptive sensory
and physico-chemical analyses at the beginning (day 1) and the end of the twoweek period (day 10).

4.2.2

Consumer test

The consumer test consisted of a questionnaire presented on a computer screen and
set up within the framework of a public exhibition on food entitled “Food Design”
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(Appendix 1). Details of the test methodology are given in chapter 3. Data on
consumption of apples, age and gender were collected. Participants were asked to
bite into a whole apple and to rate their liking of the sample. Further on, they were
asked to rate freshness, crispness, juiciness, mealiness, sweetness, sourness and
aroma (in this order) of the apple sample. Although consumers were asked to rate
the aroma of apples, it is likely that they instead evaluated the overall flavour. The
meaning of this term is indeed not always clear for consumers. Five-point scales
were used and each point was labelled with a number from 1 to 5. Anchor points
were additionally presented with verbal labels. A total of 4,758 consumer data sets
could be used for evaluation.

4.2.3

Analytical sensory test

Descriptive tests were carried out with a panel of 12 panellists who had been
recruited from the staff of the Institute of Food Science and Nutrition. They were
selected on the basis of their previous experience in apple description, on their
availability, as well as their willingness to participate. Attributes were previously
selected by the experimenter so as to match the attributes evaluated by consumers.
They were evaluated in the following order: crispness, firmness, juiciness,
mealiness, sweetness, sourness and flavour. Panellists were trained in the use of the
attributes and in the evaluation of apples. Attribute intensity was scored on a 100
unit line scale, that was 10 cm long ranging from “not at all” to “very” presented on
a computer screen using the FIZZ software (Version 2.00 E, Biosystèmes,
Courternon, France).
Of each of the 12 apples, one segment was cut out, if possible to include both the
sun-exposed and the shaded portion of the apple. The segments were peeled and
cored and then presented in random order under red overhead lighting. Each set
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consisted of four segments: one segment of an apple that had been stored in a
plastic bag, one segment of an apple that had been stored in a net, a repetition of
one of these (week 1: plastic bag, week 2: net) and a dummy sample. The panellists
were asked to rinse their mouth with water between samples and a resting time of
one minute was imposed between samples. One sensory session per week was
conducted for the purpose of the study, but a supplementary session was organised
each week in order to maintain the panellists’ training in apple evaluation.

4.2.4

Physico-chemical measurements

The remaining parts of the 12 apples used for sensory evaluation were further used
to measure instrumental firmness, juice release, soluble solids content and titratable
acidity.
Of each of the 12 apples, two samples located on either sides of the segment cut out
for sensory evaluation were tested for instrumental firmness. A 15 mm core borer
was used to vertically remove two cylinders of flesh. Each cylinder was placed in a
sample holder and a 10 mm long cylinder was cut. One cylinder at a time was
centred on the fixed aluminium lower plate of the universal testing machine
(Zwick, GmbH and Co., D-Ulm) and compressed with a stainless steel upper plate
of 40 mm diameter at a cross head speed of 50 mm/min. The compression force
required to deform the cylinder to 50% was recorded (total 24 readings).
Juice release was determined gravimetrically during compression according to
Lapsley (1989). The cylinders used for uniaxial compression were preweighed
using a digital balance (PR 1203, d = 0.001 g, Mettler Toldeo, CH-Greifensee) and
then placed on 1.3 mm thick chromatography filter paper (Schleicher and Schüll
2727, D-Kassel). Juice released during compression was absorbed by the filter
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paper. The residue was carefully removed and reweighed. Difference of weight
corresponded to the amount of juice released from the apple sample during
compression (total 24 readings).
Two samples of juices were squeezed out of flesh from the opposite side of the
apple segments used for sensory evaluation, again including both sun-exposed and
shaded portion of the apple. Juice was placed onto a digital refractometer (RFM
300 Serie, UK-Tunbridge Wells) for measurement of soluble solids content,
expressed in °Brix (total 24 readings).
The remaining parts of the 12 apples were peeled, cored and frozen at – 20 °C for
subsequent measurement of titratable acidity. For this analysis, apples were
defrosted and reduced to one batch of juice. Acid content was determined by
titrating two samples of 25 mL of juice with 0.1 M NaOH (Titrisol, Merck AG,
CH-Dietikon) to pH 8.1 (pH Meter 691, Metrohm, CH-Herisau) according to the
AOAC norm (1984) (total 2 readings).

4.2.5

Data analysis

Data analysis was carried out using SPSS for Windows (Release 12.0.1., SPSS Inc.,
Chicago USA). Statistical significance was defined at p < 0.05. To test differences
in the consumer rating of freshness, the liking and the evaluation of apple sensory
characteristics, a three-way analysis of variance (ANOVA) using cultivar, week of
test and type of packaging as main factors was performed. Differences in sensory
characteristics of the apple samples were tested with a mixed model ANOVA,
taking panellists as the random factor and cultivar, week of test and type of
packaging as fixed factors, for each attribute. Differences between apple samples
according to physico-chemical characteristics were investigated with a three-way
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ANOVA using cultivar, week of test and type of packaging as main factors. For all
ANOVAs, two-way interactions were considered, and non-significant interaction
terms were removed from the model. For each level of cultivar and type of
packaging, group means were compared for the two different storage times using
the Tukey posthoc test.
Principal component regression (PCR) was used in order to investigate factors
predicting freshness. This method was chosen as it allows coping with
multicollinearity problems in multivariate calibration (Martens and Næs, 1989).
Consumer, panel and physico-chemical data were averaged over cultivar, week of
test and type of packaging. Consumer and panel data were subjected to principal
component analysis (PCA) of the covariance matrix, while physico-chemical data
was subjected to PCA of the correlation matrix. For each data set, linear regression
was carried out with freshness rated by consumer as dependent variable and
principal components (PCs) as independent variable. Only significant PCs were
considered. Regression coefficients were further calculated using attribute scores of
the PCA. Loading factors evaluated by consumers and the panel were standardised.
The same procedure was used for evaluation of the attributes influencing liking. To
test the influence of age, gender and consumption of apple on perceived freshness,
consumer, panel and physico-chemical data sets were extended on the basis of
these consumer characteristics. PCA was conducted for each group on the extended
data set and the PCs were extracted. ANOVA with freshness as dependent variable
and the PCs as covariate was calculated for each data set. Interactions between the
consumer characteristics (age, gender, consumption of apple) and the PCs were
considered. Regression coefficients were further calculated using attribute scores of
the PCA.
To measure the linear relationship between consumer rating of freshness and liking,
Pearson correlation coefficients were calculated on the whole data set. Pearson
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correlation coefficients based on averaged data (according to cultivar, week of test
and packaging) were calculated to test the relationship between firmness measured
instrumentally, firmness and crispness rated by the panel as well as crispness rated
by consumers.

4.3

Results

4.3.1

Consumer evaluation of apples

Mean values of liking and sensory attributes for the different cultivars and types of
packaging and according to the week of test are presented in Table 4.1. Means for
each week are presented because cultivar × week interactions were found for some
of the attributes tested.

4.3.1.1 Evaluation of freshness
The three-way ANOVA on freshness ratings of apples show a significant effect of
cultivar (p < 0.001) and of the week of test (p < 0.001), but no effect of the type of
packaging. In general, Jonagold2, Jonagold and Topaz were the cultivars perceived
as the freshest while Golden Delicious, Ariwa and Elstar2 were perceived as the
least fresh. Variation of cultivar and time of storage, therefore, influenced the
perceived freshness of apples. Cultivar × week interaction was not significant,
suggesting that all the cultivars decreased in freshness at a comparable rate over the
two-week period of storage.
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4.3.1.2 Liking and evaluation of sensory characteristics
Results of the three-way ANOVA on liking and sensory rating of apples showed a
highly significant effect of cultivar for liking and for the six sensory attributes
(p < 0.001). These sensory aspects reflect the known characteristics of apple
cultivars as described in a pomology review (Kellerhals et al., 2003). The effect of
the week of test was investigated and showed a highly significant effect for
crispness, juiciness, mealiness and sourness (p < 0.001) and less significant for
sweetness and liking (p < 0.01). No effect was found for aroma. The apples were
perceived to be less crisp, less juicy and less sour, but sweeter and mealier during
the second week of test. Consumers also liked them less after this storage period.
Finally, the type of packaging had a significant effect on juiciness (p < 0.01) and on
aroma (p < 0.05). The apples stored in plastic bags were juicier but had less aroma
than the apples stored in nets. Other sensory characteristics evaluated by consumers
were not influenced by the conditions of storage. A significant cultivar × week
interaction was also found for crispness (p < 0.001), indicating that some cultivars
tolerated storage better than others respective to this characteristic.

4.3.2

Descriptive analysis of apples by the sensory panel

Mean values of the sensory attributes for different cultivars and types of packaging
are presented in Table 4.2 for each week of test. The mixed model ANOVA on the
descriptive analysis of apples by the sensory panel shows that there was a highly
significant effect of the panel for all sensory attributes evaluated (p < 0.001). A
highly significant effect of cultivar for all sensory attributes (p < 0.001) except for
flavour was also found. The effect of the week of test was investigated and showed
significant differences for firmness, crispness (p < 0.001), mealiness (p < 0.01) and
juiciness (p < 0.05). No effect was found for sweetness, sourness and flavour.
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Finally, there was no significant effect of the type of packaging on attributes
assessed, with the exception of juiciness (p < 0.01). In this case, apples were
perceived to be juicier when stored in nets than when stored in plastic bags. There
was a cultivar × week interaction (p < 0.01) for firmness, crispness and sourness,
indicating that the time of storage did not affect these cultivar characteristics in the
same way.

4.3.3

Physico-chemical characteristics of apple samples

Mean values of the physico-chemical characteristics for the different cultivars and
types of packaging are presented in Table 4.3 for each week of test. As expected,
the ANOVA showed a highly significant effect of cultivar (p < 0.001) on all the
physico-chemical characteristics. Analysis also revealed that the apples decreased
in instrumental firmness, juice release and titratable acidity (p < 0.001) with time of
storage. The apples stored in nets showed lower juice release, instrumental firmness
and titratable acidity than the ones stored in plastic bags (p < 0.01). A
cultivar × week interaction was observed for instrumental firmness, soluble solids
(p < 0.001) and for juice release (p < 0.01), and a cultivar × packaging interaction
was found for instrumental firmness, juice release and titratable acidity (p < 0.001)
as well as for soluble solids (p < 0.05). However, in all cases the size of the effect
was rather small compared to the main effect. Finally, a week × packaging
interaction was observed for juice release and titratable acidity (p < 0.05),
suggesting that storage affected apples stored in bags and nets differently.
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3.92cd
4.20ab
4.32a
4.12ab
4.23ab
3.73d
4.36a
4.18ab
4.05bc

4.19ab*
4.25a
4.31a
4.19ab
4.35a
3.97b
4.31a
4.18ab
4.13ab

4.12a
4.13a

W2

W1

Liking

4.04a
4.03a

4.25a
4.01ab
4.14a
4.08a
4.11a
3.80bc
4.21a
4.06a
3.69c

W1

3.90a
3.88a

4.03b
3.71cd
4.08ab
3.96bc
4.01b
3.57d
4.30a
3.95bc
3.55d

W2

Freshness

4.15a
4.17a

4.39ab
3.84d
4.35ab
4.24bc
4.59b
4.07d
4.49a
4.19bc
3.42d

W1

3.84a
3.81a

4.00a
3.47b
4.08a
4.00a
4.11a
3.47b
4.22a
4.04a
3.28b

W2

Crispness

4.30a
4.28a

4.14cd
4.32bcd
4.56a
4.36abc
4.37abc
4.13d
4.51ab
4.17cd
4.13d

W1

4.21a
4.12b

3.91cd
4.14bc
4.54a
4.20b
4.19b
3.83d
4.50a
4.13bc
4.03bc

W2

Juiciness

1.66a
1.69a

1.77ab
1.83ab
1.47d
1.55cd
1.46d
1.75ab
1.50cd
1.66bc
2.02a

W1

1.77a
1.84a

1.90ab
1.84ab
1.62bc
1.69bc
1.69bc
2.05 a
1.55c
1.74bc
2.09a

W2

Mealiness

*means with the same letter are not significantly different (Tukey, p < 0.05).

3.49a
3.43a

3.42ab
3.58ab
3.36bc
3.55ab
3.24c
3.65a
3.43ab
3.47ab
3.48ab

W1

3.56a
3.56a

3.37b
3.53b
3.48b
3.61ab
3.41b
3.81a
3.63ab
3.53ab
3.61ab

W2

Sweetness

2.39a
2.41a

2.46b
2.53b
2.43b
2.02c
2.92a
2.14c
2.47b
2.12c
2.55b

W1

2.27a
2.32a

2.29bc
2.56ab
2.26cd
1.87e
2.83a
1.96e
2.28cd
2.06de
2.54bc

W2

Sourness

apples on a 5-point scale according to cultivar and type of packaging at two time of storage (N = 4,758).

3.70a
3.71a

3.71bc
3.91ab
3.59c
3.27d
4.08a
3.55cd
3.83ab
3.63bc
3.79bc

W1

3.57b
3.73a

3.41c
3.90a
3.58bc
3.49c
3.98a
3.31c
3.88a
3.50c
3.80ab

W2

Aroma

Mean ratings and significant difference values of consumer liking, evaluation of freshness and sensory characteristics of

Type of packaging
Bag
4.19a
Net
4.22a

Week
Cultivar
Ariwa
Elstar
Jonagold
Gala
Topaz
Golden D.
Jonagold2
Gala2
Elstar2

Table 4.1
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69.2ab
44.3de
69.1ab
63.6bc
70.4ab
56.2cd
75.1a
65.5abc
40.0e

74.3bc*
58.4d
83.1ab
68.4cd
88.8a
65.1cd
78.6abc
75.5abc
41.9e

61.4a
60.4a

W2

W1

Crispness

68.0a
67.8a

73.4abc
58.7c
74.0ab
69.8bc
88.0a
62.4bc
68.9bc
78.2ab
41.5d

W1

57.0a
58.1a

67.6ab
44.2cd
59.9b
58.0b
67.7ab
55.5bc
71.4a
65.0ab
36.1d

W2

Firmness

62.8a
64.8a

54.3b
61.9ab
73.1a
63.7ab
63.3ab
64.3ab
73.0a
68.3ab
51.6b

W1

57.8b
61.1a

51.5cd
61.9abc
69.9ab
61.8abc
58.4bc
58.1bc
75.2a
58.8abc
47.2d

W2

Juiciness

28.7a
29.8a

22.1b
31.6b
26.1b
30.4b
21.7b
30.4b
23.9b
24.0b
48.2a

W1

35.2a
34.7a

33.8bc
42.0ab
29.3bc
36.7abc
27.0bc
35.4abc
24.5c
30.9bc
50.3a

W2

Mealiness

* means with the same letter are not significantly different (Tukey, p < 0.05).

type of packaging at two time of storage (N = 12).

50.2a
51.5a

46.1ab
47.0ab
55.5ab
59.3a
39.7b
57.5a
52.9ab
66.1a
37.0b

W1

52.9a
52.4a

43.8ab
45.9ab
54.0ab
58.3ab
41.6b
56.8ab
63.2a
60.9a
49.7ab

W2

Sweetness

49.1a
48.3a

38.3cde
51.5bc
40.1bcd
30.3e
79.2a
36.8de
50.2bcd
39.1bcd
66.0ab

W1

45.6a
42.5a

43.6bc
43.2bc
37.9bc
37.8bc
67.4a
32.9c
43.7bc
31.4c
53.6ab

W2

Sourness

63.7a
63.5a

59.8a
63.3a
68.4a
57.4a
72.9a
62.0a
65.3a
59.5a
61.9a

W1

61.4a
62.1a

53.7a
60.1a
59.0a
58.6a
73.8a
63.9a
64.0a
63.9a
59.2a

W2

Flavour

Mean ratings and significant difference values of panel evaluation of apples on a 100-unit line scale according to cultivar and

Type of packaging
Bag
69.9a
Net
70.2a

Week
Cultivar
Ariwa
Elstar
Jonagold
Gala
Topaz
Golden D.
Jonagold2
Gala2
Elstar2

Table 4.2
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57.3de*
64.6bc
59.8cd
95.8a
52.0e
59.6cd
68.4b
41.6e

62.3a
63.2a

Type of packaging
Bag
Net
52.6b
55.5a

70.3a
46.8d
50.5cd
55.3bc
65.9a
49.4d
59.9b
60.2b
35.6e

Instrumental firmness
(N)
W1
W2

22.2a
21.7a

18.0d
27.5a
21.2bc
21.5bc
22.8b
25.7a
21.5bc
19.8cd
20.9a
18.9b

17.4cd
16.6d
28.0a
19.3c
18.2cd
18.9cd
25.5b
19.8c
16.8d

Juice release
(g/100g)
W1
W2

13.3a
13.4a

12.6d
12.6d
12.2d
16.3a
12.7cd
13.6bc
13.0bcd
13.7b

W1

13.1b
13.2a

12.3cde
12.0de
12.5cde
11.8e
15.3a
14.1b
13.1c
12.7cd
14.0b

W2

Soluble solids (°Brix)

* means with the same letter are not significantly different (Tukey, p < 0.05).

of packaging at two time of storage.

0.43
0.47

0.46
0.37
0.29
0.83
0.33
0.39
0.28
0.52

-

0.44
0.39

0.57
0.41
0.33
0.26
0.70
0.33
0.35
0.26
0.50

Titratable acidity
(g malic acid/ 100mL)
W1
W2

Mean ratings and significant difference values of physico-chemical analyses of apples according to cultivar and type

Week
Cultivar
Ariwa
Elstar
Jonagold
Gala
Topaz
Golden Delicious
Jonagold2
Gala2
Elstar2

Table 4.3
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4.3.4

Relationship

between

consumer

perceived

freshness

and

characteristics of the apples
4.3.4.1 Characteristics contributing to freshness
In order to identify which apple characteristics measured by consumers, panel and
physico-chemical analyses influenced the freshness perceived by consumers, data
were averaged over cultivar, week of test and type of packaging. Each data set
corresponding to consumer, panel and physico-chemical data was subjected to PCA
and main components were extracted (Table 4.4). Linear regression analyses with
freshness as the dependent variable and PCs as the independent variable were
conducted. The two PCs of consumer data both contributed to freshness as shown
by the linear regression (PC1: β = 0.195, p < 0.001, PC2: β = -0.052, p < 0.01). The
first PC of panel data, which was explained to a great extent by texture
characteristics (Table 4.4), was also significant (β = 0.172, p < 0.001). Finally, the
second PC of physico-chemical data, again mainly explained by textural
characteristics (Table 4.4), was shown to be significant in the regression (β = 0.161,
p < 0.001).
Regression coefficients for each characteristic evaluated by consumers and the
panel or measured instrumentally were further calculated and are presented in
Figure 4.1. Crispness, mealiness and juiciness evaluated by consumers were
relevant predictors of freshness. Crispness and juiciness contributed positively and
mealiness negatively. Sweetness, aroma and sourness had little influence on
freshness. For the panel, high regression coefficient values for crispness, firmness,
mealiness and juiciness indicated that they were relevant predictors of consumer
perceived apple freshness. Crispness, firmness and juiciness contributed positively
to freshness; mealiness contributed negatively. Flavour and sweetness had little
influence on freshness and sourness was not important for freshness. Finally, juice
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release and instrumental firmness were shown to predict freshness in a positive
way, whereas titratable acidity and soluble solids content of apples did not
contribute to freshness.

Table 4.4

Percentage variance and factors loadings for the principal component
extracted: consumer, panel and physico-chemical data.

Principal Components
Consumer

Panel

Physico-chemical

PC1

PC2

Percentage variance

53.78

31.45

Crispness
Juiciness
Mealiness
Sweetness
Sourness
Aroma

0.36
0.17
-0.19
-0.09
0.11
0.09

-0.11
-0.01
0.06
-0.05
0.26
0.20

Percentage variance

54.82

32.67

Crispness
Firmness
Juiciness
Mealiness
Sweetness
Sourness
Flavour

13.15
12.78
5.48
-8.39
2.27
-0.12
2.19

1.01
1.45
-2.72
0.61
-7.60
13.69
3.20

Percentage variance

53.17

28.33

Instrumental firmness
Juice release
Soluble solids
Titratable acidity

0.89
-0.22
0.68
0.91

0.05
0.92
0.50
-0.19
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Aroma

-0.1

-0.2

(c)

Flavour

Sourness

Sweetness

Juiciness

-0.1

Firmness

0.0

Mealiness

0.1

Crispness

Regression coefficients

0.2

Soluble solids

0.0

Juice release

(a)

0.1

Instrumental firmness

-0.2

Titratable acidity

0.2

Regression coefficients

Juiciness

Sourness

0.0

-0.1

Sweetness

Mealiness

0.1

Crispness

Regression coefficients

0.2

-0.2

(b)
Figure 4.1

Regression coefficients of attributes evaluated by consumers (a), the panel
(b) and characteristics measured by physico-chemical analyses (c) on
freshness rated by consumers.
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4.3.4.2 Influence of demographic factors and consumption of apples on prediction of
freshness

As shown in chapter 3, it is possible that specific groups of consumers perceive
freshness in a different way. For this reason, information on age, gender and
consumption of apples was collected in this study. The effect of age, gender and
apple consumption on attributes predicting freshness was investigated with an
ANOVA, taking freshness as the dependent variable and the PCs as covariates.
The effect of age on attributes predicting freshness was investigated. A lack of
coherence in the answers of people belonging to the youngest (< 15 years) and
oldest age category (> 70 years) has already been shown (chapter 3) and results of
the ANOVA supported these observations. These age groups were consequently
not considered in the analysis. New age groups were constituted from the original
ones: younger consumers (15-30 years), middle age consumers (31-50 years) and
older consumers (51-70 years). No effect of age was found on the attributes
predicting freshness as shown by panel or physico-chemical data. However, there
was a significant difference between age groups for the PC1 extracted from the
consumer data set (p < 0.001). Figure 4.2 shows that the contribution of crispness,
juiciness, mealiness and aroma to freshness tended to increase with the age of
consumers. In contrast, variations for sweetness and sourness were rather small.
An effect of gender on attributes contributing to freshness for consumer (PC1:
p < 0.001), panel (PC1: p < 0.001) and physico-chemical (PC2: p < 0.001) data was
found. All sensory attributes rated by women were shown to contribute more to
freshness than when rated by men (Figure 4.3).
To investigate the effect of apple consumption, consumers were sorted into three
groups: low consumers (≤ 2 apples/week), medium consumers (3-4 apples/week)
and high consumers (≥ 5 apples/week). No effect of apple consumption on
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attributes predicting freshness was found when considering panel or physicochemical data. However, a significant effect was shown for consumer data between
low consumers (β = -0.012, p = 0.646), medium consumers (β = -0.086, p < 0.01)
and high consumers (β = -0.061, p < 0.05) for PC2 (p < 0.01). The contribution of
all the attributes to freshness was higher for medium and high consumers of apples
than for the low consumers. However, although significant, these differences were
rather small and it was assumed that differences in the attributes contributing to
freshness between these groups were negligible.

-0.2

Aroma

-0.1

Juiciness

0.0

Sourness

0.1

Sweetness

Mealiness

0.2

Crispness

Regression coefficients

0.3

-0.3

Figure 4.2

Regression coefficients of attributes evaluated by consumers on freshness
rated by young consumers (light grey), middle age consumers (dark grey)
and old consumers (black).
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Aroma

-0.1

-0.2

Flavour

Sourness

-0.1

Juiciness

0.0

Firmness

0.1

Sweetness

Mealiness

(c)

Crispness

Regression coefficients

0.2

Soluble solids

0.0

Juice release

(a)

0.1

Instrumental firmness

-0.2

Titratable acidity

0.2

Regression coefficients

Sourness

-0.1

Sweetness

Mealiness

0.0

Juiciness

0.1

Crispness

Regression coefficients

0.2

-0.2

(b)
Figure 4.3

Regression coefficients of attributes evaluated by consumers (a), the panel
(b) and characteristics measured by physico-chemical analyses (c) on
freshness rated by women (light grey) and men (dark grey).
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4.4

Discussion

4.4.1

Important attributes for freshness

All regressions showed a clear importance of the texture attributes of apples for
freshness but a rather low importance of flavour attributes. Crispness, firmness,
juiciness and mealiness evaluated by consumers and the descriptive panel as well
as instrumental firmness and juice release were shown to be important. On the
other hand the statistical contribution on freshness of sweetness, sourness, aroma
and flavour evaluated by consumers and the descriptive panel as well as soluble
solids content and titratable acidity measured by chemical analyses was rather
small. Therefore, texture is an essential aspect of apple freshness. The importance
of texture attributes for freshness had also been shown in the study of Fillion and
Kilcast (2000), where subjects were asked to give a spontaneous definition of
freshness or to give three attributes that were best associated with fresh fruits and
vegetables in their opinion. The conclusions of these authors were that the
attributes most often used to describe the freshness of fruits and vegetables were
texture-related, with crisp, crunchy and firm being by far the most often cited.
Similarly, in the first part of the study reported in chapter 3 consumers were asked
to rate the importance of different factors for freshness and it was shown that
crispness and juiciness were the second and third most important attributes for
consumers. These results support the assumption of Bourne (2002) that the
freshness of a product is frequently measured by textural properties such as
firmness. Also of interest, Szczesniak and Ilker (1988) revealed that the three
words and sensations most frequently mentioned in association with crispness were
“fresh”, “crunchy” and “crackly” suggesting a close mental association between
these words.
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Heiss (1986) suggested a close relationship between the hedonic aspects and the
freshness of food with “fresh” being equivalent to good, healthy, or natural while
“industrially treated” would correspond to an inferior value, denatured, artificial. In
our study, consumer rating of freshness and liking were shown to correlate
(r = 0.364, p < 0.001) as calculated from the 4,758 consumer data points. However,
results of the linear regression with liking as the dependent variable and PCs
extracted from the PCA of consumer data as the independent variable showed that
all six sensory attributes contributed in a similar degree to liking of apples (data not
shown). Freshness and liking are therefore influenced by different sets of attributes
and it is likely that there are important variables other than hedonic ones that
influence consumer perception of freshness.
Texture, particularly firmness, is often used as an indicator of maturity, ripeness
and quality in apples (Abbott, 1994). Ripening implies a change in the strength of
the structural framework of the fruit’s flesh, resulting in a change in perceived fruit
texture (De Belie et al., 2000). A decrease in texture quality can therefore be an
indication of apple ageing (Link et al., 2004; Park and Choi, 2001). If we consider
that ageing is mainly responsible for the changes in texture of a product and that
texture influences the perception of freshness as shown in this study, we can then
hypothesise that the perception of freshness is an assessment of the ageing of a
product by judgement of its texture.
Ageing has been shown in several studies to be particularly important for product
freshness. Among the 1,081 consumers interviewed on their attitude to food
labelling, 43% declared that “fresh” referred to the age of the food (MAFF, 2000).
This perception supports the first definition of the Duden German dictionary (1999)
for the word “frisch” (fresh) with “nicht alt, abgestanden, welk” (not old, stale,
limp) clearly showing an association with the age of a product. In addition to this,
Schwerdtfeger (1979) argues that any deterioration or decline of tissue from a
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freshly harvested state can be considered as a decline in freshness. In fact, the
constituents of foods discussed as indicators of freshness in the introductory part
are also indicators of product modification with age.
Flavour attributes also undergo modifications during apple ageing. However, it is
hypothesised that decreased flavour quality may have moved consumer attention
towards texture when evaluating freshness. It has been indeed shown that screening
to optimize one sensory characteristic often results in serious quality losses in other
characteristics, and in particular flavour has often been sacrificed for texture
(McDaniel, 1995). In addition, new storage technologies such as controlled
atmosphere have also been shown to impair the development of flavour in fruits
(Mattheis and Fellman, 1999). These new methods of screening or storage might
therefore have an impact on flavour whereas texture quality remains at a good level
or is even improved. Shewfelt (1999) concludes that while most consumers cite
flavour as an overriding consideration when asked how they evaluate fresh fruits or
vegetables, tests suggest that consumers are much more sensitive to subtle
differences in texture than flavour an therefore tend to use texture as the primary
limiting factor for acceptability.

4.4.2

Influence of demographic characteristics and consumption of apples
on perception of freshness

The concept of freshness is broad and the word “fresh” might be interpreted in
different ways by consumers with different demographic characteristics and
consumption habits. When regarding the influence of age, contribution of crispness,
juiciness, mealiness and aroma on freshness measured by consumers was superior
for the middle age category (30-50 years) and the older age category (51-70 years)
compared to that of the younger age category (15-30 years) (Figure 4.2). One could
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hypothesise that older people pay more attention to sensory attributes than younger
people, who would be more concerned about other aspects that are not intrinsic to
the product and that have not been tested in this study. However, as higher
regression coefficients are observed for most of the attributes evaluated, it is
reasonable to think that these discrepancies are due more to larger variations in
answers within some age groups rather than to a real difference in perception of
freshness. Younger participants could vary more in their sensory ratings than older
participants leading to lower regression coefficients. Similarly, it was shown in
chapter 3 that when asked about the importance of attributes for freshness,
consumers of different age did not differ in their rating of taste, crispness, juiciness
and storage time. However, they differed in the importance given to appearance,
organic and nutritional value. Although it is not possible to draw clear conclusions,
it is suggested that people belonging to different age categories accord similar
importance to sensory attributes for the evaluation of freshness whereas they differ
in the importance given to non-sensory attributes such as organic and nutritional
value.
Looking at the effect of gender, consumer, panel and physico-chemical data
revealed a higher contribution of all attributes for the perception of freshness in the
case of women than in the case of men (Figure 4.3). A first interpretation of this
result is that, as for the age category, there is a higher variation in the rating of men
compared to that of women. When considering panellists’ sensory ratings, Nicod
(1998) stated that women performed better than men, regardless of age. This
observation might also be true with regard to consumers. A second interpretation of
this result might be that women accord generally more importance to sensory
attributes for freshness than men. It was found, that in the evaluation of the
freshness of apples, women gave higher ratings of importance for taste, crispness,
and juiciness than men (chapter 3). It is conceivable that men’s perception of
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freshness is driven by other characteristics than the ones studied. As men are
generally less interested in food related topics than women (Worsley and Scott,
2000), it is also possible that their understanding of the concept of freshness is less
clear and that they therefore give less importance to the attributes considered.
The influence of the apple consumption on the perception of freshness was
negligible. Differences for taste, crispness and storage time between consumers
having different level of apple consumption was not found either in the first part of
this study (chapter 3) although they differed in the importance given to appearance,
nutritional value and organic. Therefore, consumers with different levels of apple
consumption seem to give the same importance to sensory attributes influencing the
perception of freshness (i.e. taste, crispness, juiciness) but differ in the importance
given to non-sensory attributes (i.e. organic, nutritional value).
In conclusion, sensory attributes of importance for perceived freshness are
independent of the age of consumers and of the quantity of apples eaten per week.
On the other hand, although influence of gender on perceived freshness has not yet
been clearly elucidated, it seems that women give more importance to sensory
attributes than men do.

4.4.3

Comparison of consumer, panel and physico-chemical data for the
prediction of freshness

The prediction of freshness by characteristics assessed by consumers, by the
sensory panel, and as measured by physico-chemical analyses were comparable
(Figure 4.1). Crispness, mealiness and juiciness were found to be important for
freshness when assessed by consumers. The same attributes were important when
assessed by the sensory panel, with the addition of firmness. Finally, juice release
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and instrumental firmness measured by physical analyses were shown to be of
importance for freshness. In all cases, flavour attributes contributed to a limited
extent to freshness.
The consumers differed from the sensory panel in the sense that their rating of
sweetness contributed negatively to freshness whereas contribution of sweetness
was positive when assessed by the sensory panel (Figure 4.1). Overall, however,
the contribution of attributes for the prediction of freshness as assessed by
consumers and by the sensory panel was very similar. This is an interesting result
as methodologies of sensory evaluation for consumers and the panel exhibited a
number of differences. Consumers were given a whole apple whilst panellists were
given one segment of a peeled and cored apple. Daillant-Spinnler et al., (1996) also
showed small differences in the sensory evaluation of unpeeled half-apples and
peeled quartered apples. Consumers tested only one apple in contrast to the
panellists who tested four samples. The type of scale used for apple evaluation
differed between consumers (5-point scale) and panel (100 unit line scale) and the
attributes rated by the sensory panel were defined during training whereas this was
not the case for consumers. Consumers were inexperienced with this type of task
and not under optimal conditions for testing. It is more than likely that the large
data set compensated for individual differences between consumers due to the lack
of training. Nevertheless, consumers were assumed to be familiar enough with
apples to assess them in a reliable way: Swiss consumers are known to consume
large amount of apples (SOV, 2003).
Juice release measured instrumentally and juiciness evaluated by consumers and
the panel contributed similarly to freshness. This result suggests that these three
methods of measurement for juiciness were effective to assess characteristics that
influence apple freshness (Figure 4.1). On the other hand, instrumental firmness
contributed less to freshness than firmness evaluated by consumers and panellists.
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It can be hypothesised that although firmness measured instrumentally is very
highly correlated to sensory evaluation of firmness and crispness by the panel
(r = 0.899, p < 0.001 and r = 0.836, p < 0.001, respectively) and highly correlated
to consumer evaluation of crispness (r = 0.765, p < 0.001), the characteristics
measured differ to some extent. Several authors are aware of this fact and advise
that a combination of several variables from a multivariate mechanical
measurement be used instead of a single variable test for predicting texture sensory
attributes (Abbott et al., 1984).
These results suggest that all three methods, i.e. consumer tests, sensory panel and
physico-chemical measurements, would be effective for evaluating attributes
contributing to freshness. Regression coefficient values obtained from consumer
data were generally higher than those obtained from panel and physico-chemical
data. This might be due to the high number of participants. Therefore, consumer
perception of freshness was better predicted by consumer assessment of sensory
characteristics.

4.5

Conclusion

This study has shown that texture attributes were of particular importance for the
evaluation of apple freshness. As change of textural properties accompanies ageing
of the apple, the evaluation of the freshness of an apple corresponds to the
measurement of its age by evaluating its textural quality.
The relative importance of texture as a quality attribute varies among types of fruits
and is higher for firm, fleshy fruits such as apples and pears (Brennan et al., 1977).
It is therefore hypothesised that attributes other than textural ones are important for
the evaluation of freshness of other types of fruit.
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Consumer and panel evaluation as well as physico-chemical measurements agreed
regarding the prediction of freshness. Generally, consumer perception of freshness
of apples was better predicted by consumer assessment of sensory characteristics.
In a classical set up, sensory evaluation of the products by a trained sensory panel
is likely to be the best approach to take for predicting freshness.
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Chapter 5
A comprehensive approach to evaluate the freshness of
strawberries and carrots*

Freshness presents a quality criterion of great importance to the consumer for the
acceptance of fruits and vegetables. However, it is not clear what the consumer
perceives as fresh. The objective of the present investigation was to uncover
sensory attributes influencing consumer perception of the freshness of strawberries
and carrots that varied in cultivar, as well as time and condition of storage. Product
characteristics measured by descriptive sensory and physico-chemical analyses
were related to consumer and specialised consumer group (individual and
consensus) ratings of freshness. Results showed that a large number of attributes
contributed to the freshness of strawberries and carrots and that those were also
indicators of the physiological ageing of these products. It is suggested that
consumer evaluation of fruit and vegetable freshness corresponds to a measurement
of physiological ageing through the observation of sensory properties. In addition,
the freshness of long shelf life fruits and vegetables seemed to be better predicted
by sensory characteristics than short shelf life ones. Finally, consensus ratings of
freshness by the specialised consumer group were shown to be the most reliable
approach of measuring freshness.

*

This chapter has been submitted for publication as:
Péneau, S., Brockhoff, P.B., Escher, F., Nuessli, J. A comprehensive approach to evaluate the freshness of
strawberries and carrots.
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5.1

Introduction

Fresh is a word that is frequently encountered in everyday life and particularly in
relation to food. It awakes certain expectations from consumers as it is a critical
variable affecting food quality (AgV, 1981). Although freshness has been shown to
be of a great importance for consumer choice of fruits and vegetables (chapter 3;
AgV, 1981; Babicz-Zielinska and Zagorska, 1998; Ragaert et al., 2004; Wandel
and Bugge, 1997), only few authors have been interested in investigating its
perception by consumers.
Fillion and Kilcast (2000) found sensory properties, in particular texture and
appearance attributes, as well as time from harvest, to be the two main components
involved in the concept of fruit and vegetable freshness. On the other hand,
Cardello and Schutz (2003) found time from the product’s arrival at the
store/market to be the primary determinant of freshness judgement for the six food
types investigated, including fruits and vegetables. Cardello and Schutz (2003)
further revealed that the type of food affected judgement of freshness and both
Foissy (1995) and Heiss (1986) stated that characteristics related to the description
of freshness were dependent on the food considered. More specifically, Trenkle
(1982) suggested that “fresh” was not used in the same way for different fruits or
vegetables. These data indicate that the notion of freshness not only differs between
product categories but also within a category of product. From this perspective, it
seems therefore valuable to investigate the consumer perception of freshness for
specific fruits and vegetables.
We focused on apples (chapter 3) and showed that consumers gave more
importance to taste, juiciness and crispness for the evaluation of freshness whereas
other aspects asked for, i.e. appearance, storage time, nutritional value and organic
were of lesser importance. In the same study, consumer ratings of freshness of
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several apple samples were shown to be related to perceived juiciness, crispness,
mealiness and liking of the same samples. The importance of texture for the
consumer perception of freshness was further supported by sensory descriptive and
physico-chemical analyses of apples (chapter 4).
Importance of the notion of time for freshness was evidenced by Cardello and
Schutz (2003), Fillion and Kilcast (2000) and the MAFF (2000). More specifically,
we suggested that the evaluation of the freshness of a product was related to
judgement of its physiological ageing (chapter 4). Since changes due to ageing are
expected to vary greatly between products exhibiting different shelf lives,
investigation of products that differ according to this characteristic is relevant.
Freshness is a multidimensional attribute and its perception seems to be influenced
by a number of sensory and non-sensory characteristics (Fillion and Kilcast, 2000).
Focusing exclusively on one group of characteristics, for instance sensory
characteristics, will not result in a global view of consumer perceptions but presents
the advantage of giving a more detailed map of the underlying sensory attributes
influencing freshness. For this purpose, collecting consumer ratings of freshness
and relating them to characteristics measured by descriptive sensory or physicochemical analyses as carried out in chapter 4 is appropriate. According to Carr et al.
(2001), this type of approach eliminates what sometimes appears to be
contradictory descriptions of products obtained from consumers and trained panels.
The choice of the characteristics to be measured by sensory or physico-chemical
analyses is critical and it is likely that these characteristics differ between fruits and
vegetables exhibiting different sensory profiles. It has been shown that the meaning
of freshness varies according to the person who gives the definition (Cardello and
Schutz, 2003). It can therefore be expected that sensory attributes generated by a
group of selected consumers will better predict consumer perception of freshness
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rather than if these attributes were generated by professionals. In addition, asking
this consumer group to judge product freshness is an interesting approach by itself.
If the consumer group and consumers appear to give similar judgements of
freshness and which are explained by the same sensory or physico-chemical
characteristics, this kind of consumer groups could be further used for evaluating
freshness rather than undertaking time consuming and expensive consumer tests.
The present study aims at identifying important attributes involved in the consumer
perception of the freshness of strawberries and carrots. Strawberry is a typical
seasonal product and cannot be kept more than few days without having its quality
impaired. On the other hand, carrot which is after the tomato the most consumed
vegetable in Switzerland can be stored a long time without showing any signs of
decay. Different cultivars, time and conditions of storage were used in order to
generate variation in product sensory characteristics and in the expected perceived
freshness by consumers. Attributes produced by a consumer group were measured
by descriptive sensory and physico-chemical analyses. Contribution of these
attributes on the perception of freshness by consumers and the consumer group is
investigated.

5.2

Methodology

5.2.1

Products

Experiments involving strawberries were conducted in June and July 2003 and
those involving carrots in August and September 2003. Three strawberry and two
carrot cultivars obtained from commercial growers in Switzerland were tested
(Table 5.1). Cultivars were selected according to their availability during the whole
time span of the study and their differences in sensory properties. Products were
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stored at different conditions for different time periods in order to induce variation
in the sensory properties and consequently, in the expected perception of freshness.
The experimental design was randomised and two replications were carried out.
Products from the two replications were harvested in different fields, but each
cultivar within a replication was harvested in one field. Strawberries and carrots
were washed and graded for uniformity of colour and size. They were presented
whole to the various groups testing the products.
All tests were carried out on the same day apart from the consumer tests involving
strawberries that were carried out after 1 and 8 days of storage instead of being
carried out after 0, 2, 7 and 9 days of storage as it was the case for the consumer
group, analytical sensory and physico-chemical analyses. Strawberries tested by
consumers after 1 day of storage were chosen as to match those tested after 0 or 2
days of storage. Similarly, strawberries tested by consumers after 8 days of storage
were chosen as to match those tested after 7 or 9 days of storage. As the quality and
maturity of the strawberries in each lot varied greatly it was possible to use this
approach. Three test sessions per replication were carried out in the case of the
carrots, whereas four sessions per replication (and only two consumer sessions)
were carried out in the case of strawberries.
Table 5.1

Description of the samples of strawberries and carrots.
* These samples had been stored 4 weeks before the beginning of the experiments.

Samples

Cultivars
Everest
Elsanta
Evita

Storage
temperature
0 °C
0 °C
0 °C

Storage
condition
Open
Open
Open

Storage
time (days)
0, 2, 7, 9
0, 2, 7
2, 7, 9

Everest
Elsanta
Evita
Bolero A*
Bolero B*
Bolero C
Maestro

Bolero
Bolero
Bolero
Maestro

0 °C
0 °C
20 °C
20 °C

Closed
Open
Open
Open

7, 9, 16
7, 9, 16
1, 3, 10
1, 3, 10
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5.2.2

Consumer panel

All consumer tests were carried out in two main shopping centres (Migros) in
Zurich (Switzerland) apart from the first replication of experiments involving
strawberries, which was carried out in the entrance hall of a technology transfer
enterprise (Technopark) in the same city. Between 30 and 50 consumers took part
in each test session. The task consisted of evaluating the freshness of strawberries
or carrots on a 9-point scale ranging from “not at all fresh” to “very fresh”
(Appendixes 2 and 3). The mode of evaluation was left to consumers, meaning that
they were not compelled to eat the samples if they did not find it necessary. Each
strawberry set consisted of six samples: one warm-up sample followed by five test
samples presented monadically and in random order. Each carrot set consisted of
five samples: one warm-up sample followed by four test samples presented
monadically and in random order. Consumers were given a knife and a peeler
together with the carrot samples. They were free to consume water or not between
the samples.
Information on age, gender and strawberry or carrot consumption was collected at
the beginning of the questionnaire. A total of 167 consumers completed the test on
strawberries. Mean age of participants was 39.6 years ± 15.8 and ranged from 13 to
75 years. Females represented 50.3% of consumers. Average weekly consumption
frequency of strawberries (in June/July) as given by consumers was: < 1: 29%, 1-2:
46% 3-4: 18%, 5-6: 4% > 6: 4%. A total of 295 consumers completed the test on
carrots. Mean age of participants was 45.7 years ± 18.9 and ranged from 15 to 85
years. Females represented 63.4% of the consumer group. Average weekly
consumption frequency of raw carrots as given by consumers was: < 1: 39%, 1-2:
35% 3-4: 17%, 5-6: 5% > 6: 3%.
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5.2.3

Specialised consumer group

The consumer group for the evaluation of freshness consisted of seven individuals
(6 females, 1 male, mean age: 32.0 ± 11.0) for the experiment involving
strawberries and six individuals for the one involving carrots (3 females, 3 males,
mean age: 37.0 ± 11.9). The consumers constituting the groups were recruited
under the condition that they had limited contact with the area of food science in
general. In addition, communication skills were ensured. As extended discussions
were necessary for the development of a definition, a small group was considered
as appropriate. This consumer group will be referred as specialised consumer group
in the following.
The first task implied the development of a definition of freshness for strawberries
and carrots. For this purpose, different cultivars at various stages of maturity were
presented in order to assist discussion. Panellists were asked to focus exclusively
on sensory properties, and to exclude all non-sensory attributes, possibly
influencing the freshness. The group leader’s function was almost entirely non
participatory to minimise the influence on the subjects. As a result of the
discussions, a definition understood by every group member was developed and
agreed with, and a list of attributes was elaborated to assist the evaluation of
freshness (Table 5.2).
The second task consisted of the evaluation of freshness on a 9-point scale ranging
from “not at all fresh” to “very fresh”. The list of important attributes previously
developed was made available to the panellist in order to assist the evaluation of
freshness. The evaluation was done under cool white overhead lighting and
samples were presented monadically using a balanced design. Each sample set
consisted of four to five samples and one of the samples was repeated. Panellists
were asked to rinse their mouth with water between samples. After the individual
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evaluations, panellists discussed their ratings in the group and a consensus had to
be reached. Using consensus allowed supporting individual ratings and
compensating for possible variations due to product or panellist discrepancy.
Table 5.2

Definition of a fresh strawberry or carrot and important characteristics to
take into account when evaluating their freshness as described by the
specialised consumer group.

Definition

Characteristics
Appearance

Odour

Texture (Hand)
Texture (Mouth)

Flavour

5.2.4

Strawberry
Freshness of a strawberry is the sum
of the evaluation of appearance,
odour, texture in the hand and in the
mouth and of flavour

Carrot
Freshness of a carrot is the sum of
the evaluation of appearance,
odour, texture in hand and in
mouth

Sepals: not faded
Colour: not very red
Surface: shiny
No bruises
Brighter inside as outside
No juice exit
No fermentation odour

No film
No dark bruises
Surface: shiny
Surface: not shrivelled
Moist cutting area
Ends not dried
Surface: no carrot odour
Cutting area: no sour odour
Cutting area: no fermentation
odour
Cutting area: no strong sweet odour
Not gummy
Not soft
Crisp
Juicy
Not fibrous
-

Firm
Elastic
Firm
Juicy
Not spongy
Not very sweet
Not bitter
No fermentation flavour

Descriptive panel

The analytical panel consisted of 12 panellists who were recruited from the staff of
the Institute of Food Science and Nutrition, ETH Zurich. Attributes to be tested
were selected by the experimenter based on the list generated by the specialised
consumer group for the evaluation of freshness. Strawberry attributes were in this
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order: withered sepals, colour, shiny, bruises, strawberry odour, fermentation
odour, firm (hand), firm (mouth), spongy, juicy, sweet, sour, strawberry flavour
and fermentation flavour. Carrot attributes were in this order: colour, film, shiny,
shrivelled, gummy, carrot odour, off odour, crisp, juicy, fibrous, bitter, sweet,
carrot flavour and off flavour. Panellists were trained to the use of the attributes and
to the evaluation of the products. Attribute intensity was scored on a 100 units line
scale, that was 10 cm long and ranged from “not at all” to “very” using the FIZZ
software (Version 2.00 E, Biosystèmes, Courternon, France). Samples were given
monadically in random order under cool white overhead lighting. Each sample set
consisted of four to five samples and one of the samples was repeated. Panellists
were asked to rinse their mouth with water between samples.

5.2.5

Physico-chemical analyses

5.2.5.1 Strawberries
Twenty strawberries were tested for firmness. One whole strawberry at a time was
centred on the fixed aluminium lower platen of the universal testing machine
(Zwick, GmbH and Co., D-Ulm) and compressed with a stainless steel upper platen
of 75 mm diameter at a cross head speed of 50 mm/min. The maximal compression
force (Fmax) required to deform the strawberry to 75% was determined as well as
the gradient of the curve (Grad). Both measurements were taken as a
characterisation of instrumental firmness. Twenty strawberry halves were squeezed
per hand, and juice of each strawberry was separately placed onto a digital
refractometer (RFM 300 Serie, UK-Tunbridge Wells) for measurement of soluble
solids content expressed in °Brix. Remaining halves of strawberries were frozen at
– 20 °C for subsequent measurement of titratable acidity. For this analysis,
strawberries were defrosted, reduced to one batch of juice of which 20 g was
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diluted to 200 mL with deionised water. Acid content was determined by titrating
two samples of 25 mL of juice with 0.1 M NaOH (Titrisol, Merck AG, CHDietikon) to pH 8.1 (pH Meter 691, Metrohm, CH-Herisau) according to the
AOAC norm (1984).

5.2.5.2 Carrots
Ten carrots were tested for firmness. Two cylinders of 1.5 cm high were cut at
1 cm from the top of the carrot. Cylinders were centred on the fixed aluminium
lower platen of the universal testing machine and subjected to cone penetration test.
The maximal force (Fmax) required by the cone (length: 5 mm, angle: 15°) to
penetrate 10 mm in the carrot with a cross-head speed of 50 mm/min was
determined as well as the work (WFmax) required to achieve this penetration (area
under the curve between 0 and Fmax). Both measurements were taken as a
characterisation of instrumental firmness. Another fifteen carrots were reduced into
juice in a squeezer. The juice of each carrot sample was placed onto a digital
refractometer for measurement of soluble solids content expressed in °Brix. The
remaining juice of each carrot was frozen at a temperature of -20 °C for subsequent
analysis of titratable acidity. Acid content was determined by titrating two samples
of 25 mL of defrosted juice with 0.1 M NaOH to pH 8.1 according to the AOAC
norm (1984).

5.2.6

Data analysis

Data analysis was carried out using SPSS for Windows (Release 12.0.1., SPSS Inc.,
Chicago USA). Statistical significance was defined at p < 0.05. Data of strawberry
and carrot samples were analysed with identical statistical methods. For all
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analyses of variances (ANOVAs), two-way interactions were considered and nonsignificant interaction terms were removed from the models.
To test differences in consumer ratings of freshness, a two-way ANOVA using
time of storage and replication as main factors was performed for each strawberry
or carrot sample. Differences in specialised consumer group ratings of freshness
were tested with a mixed model ANOVA taking panellists as random factors and
time of storage and replication as main factors for each strawberry or carrot sample.
Means at different storage time were compared using the Tukey posthoc test.
Pearson correlation coefficients were calculated to measure the linear relationship
between consumer and specialised consumer group (individual and consensus)
ratings of freshness.
Descriptive panel data were averaged over assessors for each sample, storage time
and replication and subjected to principal component analysis (PCA) of the
covariance matrix. Means corresponding to specific time of storage of each cultivar
were projected into the PCA space. To test changes in the sensory characteristics of
strawberry and carrot samples with time of storage, a mixed model ANOVA taking
panellists as random factor and time of storage and replication as fixed factors was
calculated on the whole data set and for each attribute. Differences in physicochemical characteristics for each strawberry sample were investigated with a twoway ANOVA using time of storage and replication as main factors. Differences in
physico-chemical characteristics for each carrot sample and each replication were
investigated with a one-way ANOVA using time of storage as main factor. Since
day × replication interactions were mostly not significant, the results of the two
replications were pooled for the presentation of the data in tables and figures,
excluding the physico-chemical analyses of the carrot samples, which showed
interactions and were consequently considered separately.
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Principal component regression (PCR) was used in order to investigate attributes
predicting freshness. This method was chosen as it allows coping with
multicollinearity problems in multivariate calibration (Martens and Næs, 1989).
Descriptive panel and physico-chemical data were averaged over sample, time of
storage and replication. Descriptive panel data were subjected to PCA of the
covariance matrix, while physico-chemical data were subjected to PCA of the
correlation matrix. For each data set, linear regression was carried out with
freshness rated by consumer and the specialised consumer group (individual and
consensus notes) as dependent variable and principal components (PCs) as
independent variables. Only significant PCs were considered. Regression
coefficients were further calculated using the attributes scores of the PCA. Loading
factors evaluated by the descriptive panel were standardised.

5.3

Results

5.3.1

Freshness of strawberries

5.3.1.1 Evaluation of freshness by consumers and the specialised consumer group
Rated freshness of the different strawberry samples tended to decrease with time of
storage (Table 5.3). As shown by the ANOVA, consumer ratings of the freshness
of Everest (p < 0.05) and Evita (p < 0.001) decreased with time of storage. No
significant decrease was observed for Elsanta within 7 days. Individual ratings of
the freshness of Evita by the specialised consumer group decreased with time of
storage (p < 0.001), while freshness ratings of Everest and Elsanta did not seem to
be affected by storage. Finally, consensus ratings of the specialised consumer group
followed similar trends to those of individual ratings, but with a tendency to be
lower.
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Consumer ratings of freshness correlated only moderately with individual
(r = 0.536, p < 0.05) and consensus ratings (r = 0.590, p < 0.01). As it was
observed that strawberry samples varied between replications, the calculation was
repeated for each replication and revealed strong correlations between consumer
ratings and the individual ratings of the specialised consumer group (r = 0.852,
p < 0.01) as well as between consumer ratings and the consensus ratings of the
specialised consumer group (r = 0.832, p < 0.01). Individual and consensus ratings
correlated very strongly (r = 0.939, p < 0.001).

5.3.1.2 Sensory descriptive and physico-chemical analyses
Differences in the sensory profile between the strawberry cultivars are clearly
visible on the principal component analysis map explaining 73.0% of the variance
(Figure 5.1) and are greater than differences due to the time of storage. Everest
tested immediately after harvesting presented particularly good sensory qualities.
Sensory quality of this cultivar decreased to a large extent with storage. The
ANOVA showed that withered sepals, bruises (p < 0.001) as well as colour
increased with storage time whereas shininess (p < 0.001), sourness (p < 0.01),
juiciness and firmness in mouth (p < 0.05) diminished with the same factor. On the
other hand, Elsanta was a rather juicy and shiny cultivar which showed small
changes in sensory quality during storage with relatively limited sensory quality
modifications during storage. The most important loss observed was for shininess
(p < 0.001) followed by strawberry flavour and strawberry odour (p < 0.05) while
sepals became more withered (p < 0.05). Finally, Evita seemed to be of lower
sensory quality. During storage, strawberry colour became more intensive
(p < 0.001), its sepals became more withered (p < 0.05), while its fermentation
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odour and flavour (p < 0.05) increased. In addition, its sourness (p < 0.001) and
firmness both in mouth and in hand (p < 0.05) diminished.
ANOVA showed little significant effect of the time of storage on physico-chemical
characteristics

of

the

strawberry

samples

investigated

(Table 5.4).

One

measurement of instrumental firmness (Grad) of Everest decreased with storage
(p < 0.001), while the second measurement (Fmax) did not show significant
differences. Soluble solids content (p < 0.01) and titratable acidity tended to change
in a rather incoherent way with time. Both Elsanta and Evita declined in one
measurement of instrumental firmness (Grad) with time of storage (p < 0.001),
while Evita also decreased in the other measurement of instrumental firmness
(Fmax) (p < 0.05). Soluble solid content and titratable acidity seemed to remain
constant with time of storage.

5.3.1.3 Characteristics contributing to freshness of strawberries
In order to investigate which strawberry characteristics influenced freshness rated
by consumers and by the specialised consumer group, principal components (PCs)
of the PCAs of descriptive sensory and physico-chemical analyses were extracted.
Linear regression conducted on the three PCs of the descriptive panel data showed
that they all contributed to consumer evaluation of freshness and to a similar degree
(PC1: β = 0.305, p < 0.05; PC2: β = -0.302, p < 0.05; PC3: β = -0.342, p < 0.05).
Results of the regression carried out on freshness consensus ratings of the
specialised consumer group exhibited the same three significant PCs (PC1:

β = 0.489, p < 0.05; PC2: β = -0.963, p < 0.001; PC3: β = -0.785, p < 0.001).
However, this result differed from that of consumers in two ways: first, regression
coefficient values and corresponding significances were higher than those of
consumers and second, the three PCs did not contribute to the same degree. Unlike
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previous results, individual ratings of freshness by the specialised consumer group
showed a contribution of only two PCs (PC2: β = -0.744, p < 0.001; PC3: β = 0.723, p < 0.001), while PC1 was not significant (β = 0.244, p > 0.05). These two
significant PCs contributed to the same degree and at a relatively high level. No
contribution of physico-chemical measurements neither in the case of consumers
nor of the specialised consumer group ratings of freshness (individual and
consensus) was found.
Regression coefficients for each attribute evaluated by the descriptive panel were
further calculated for consumers and specialised consumer group data (individual
and consensus) (Figure 5.2). Several sensory characteristics were shown to
contribute to the freshness of strawberries. The attributes influencing freshness of
strawberries were the same when the freshness was rated by consumers and by the
specialised consumer group (individual and consensus). Shiny, strawberry odour,
firm (hand), firm (mouth), juicy, sweet, and strawberry flavour were shown to
positively contribute to freshness whereas withered sepals, bruises, fermentation
odour, spongy, sour and fermentation flavour showed a negative contribution. The
contribution of colour was reverse for the different groups.
Bruises, shiny, spongy, fermentation flavour and juicy were in this order the best
predictors of consumer perception of freshness, followed by firm (hand),
strawberry flavour, strawberry odour and firm (mouth). Sweet, sour, withered
sepals, colour and fermentation odour affected perception of freshness to a
relatively limited extent. The important attributes for freshness as rated by the
specialised consumer group (consensus) and consumers were similar, although the
latter globally exhibited higher regression coefficient values. These groups
disagreed concerning withered sepals and firm (mouth): withered sepals were more
important for the specialised consumer group than for consumers and the tendency
was opposite for firm (mouth). Individual ratings of freshness by the specialised
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consumer group exhibited several differences in the attributes predicting freshness
compared to consensus ratings of the specialised consumer group and consumer
ratings. According to individual specialised consumer group ratings, withered
sepals and bruises were the best predictors of freshness followed by fermentation
flavour, shiny, juicy and fermentation odour. Colour and spongy contributed to a
lesser extent to freshness, while the other attributes were rather not important.
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Table 5.3

Consumer and specialised panel (individual and consensus notes)
evaluation of freshness of strawberries on a 9-point scale.
* means with the same letter are not significantly different (Tukey, p < 0.05).

Samples

Storage time
(days)
0
2
7
9

Everest

Consumers
6.81 a*
6.38 ab
6.09 ab
5.83 b

Specialised group
(individual)
7.45 a
6.58 a
6.29 a
5.83 a

Specialised group
(consensus)
7.5
6.0
6.5
6.0

Elsanta

0
2
7

6.71 a
6.33 a
6.06 a

7.30 a
7.29 a
7.21 a

7.5
7.0
7.5

Evita

2
7
9

6.22 a
5.69 a
4.46 b

7.08 a
5.79 a
4.13 b

6.5
5.5
4.0

Table 5.4

Physico-chemical characteristics of strawberries.
* means with the same letter are not significantly different (Tukey, p < 0.05).
Storage time
(days)
0
2
7
9

17.9 a*
19.0 a
17.2 a
17.7 a

Grad
(N/mm)
2.26 a
1.87 b
2.03 b
2.01 b

Elsanta

0
2
7

9.1 a
9.7 a
10.2 a

1.47 a
1.19 b
1.31 ab

6.6 a
7.1 a
6.7 a

0.75
0.81
0.78

Evita

2
7
9

11.4 a
11.1 ab
9.9 b

1.55 a
1.51 a
1.24 b

6.9 a
6.9 a
7.0 a

1.00
0.97
1.00

Samples
Everest

Fmax (N)

Soluble solids
(°Brix)
8.4 b
9.5 a
8.3 b
8.5 b

Titratable acidity
(g citric a./100mL)
0.72
0.83
0.75
0.77
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2.0
1.5

Principal Component 2 [23.6%]

Everest 2
Evita 9

1.0

Bruises

Evita 7
0.5
Evita 2

Sour

0.0
Spongy
-0.5

Everest 7
Withered sepals
Everest
9
Ferm.
odour
Ferm. flavour
Firm (Mouth)
Colour
Firm (Hand)
Sweet
Straw. flavour
Straw. odour

Elsanta 2

Everest 0
Juicy Shiny

-1.0
Elsanta 7
-1.5
Elsanta 0
-2.0
-2.0

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

Principal Component 1 [49.4%]

Figure 5.1

PCA plot of panel descriptive analysis of strawberries, and the projection of
strawberry cultivars at different time of storage (N = 20).
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Sweet

Juicy

Fermentation flavour

Sour

Spongy

Bruises

Fermentation odour

Firm (mouth)

Strawberry flavour

-1.0

Firm (Hand)

-0.5

Strawberry odour

0.0

Shiny

0.5

Colour

Regression Coefficients

1.0

Withered sepals

1.5

-1.5

Figure 5.2

Regression coefficients of attributes evaluated by the descriptive panel on
freshness of strawberries rated by consumers (light grey) and by the
specialised consumer group with individual ratings (grey) and consensus
ratings (dark grey).

99

Chapter 5

5.3.2

Freshness of carrots

5.3.2.1 Evaluation of freshness by consumers and the specialised consumer group
Rated freshness of the different carrot samples tended to decrease with time of
storage (Table 5.5). ANOVA showed a significant effect of the time of storage on
the consumer perception of freshness for all carrot samples: Bolero A (p < 0.01),
Bolero B (p < 0.001), Bolero C (p < 0.001) and Maestro (p < 0.001). However,
although Bolero B, Bolero C and Maestro decreased in freshness with storage,
freshness of Bolero A was found to increase with the same factor. Bolero A was
stored under optimal conditions and therefore had its quality maintained, whereas
other samples showed a decrease in sensory quality. Despite the balanced design, it
is likely that the low sensory quality of Bolero B, Bolero C and Maestro have
influenced participants to give higher ratings of freshness for Bolero A.
Furthermore, ANOVA showed a significant effect of the time of storage on the
individual ratings of the specialised consumer group for Bolero B, Bolero C and
Maestro (p < 0.001). No significant difference in freshness was observed for
Bolero A. Consensus ratings indicated similar trends.
Finally, consumer ratings of freshness correlated strongly with individual
(r = 0.881, p < 0.001) and consensus ratings (r = 0.873, p < 0.001) of the
specialised consumer group. Individual and consensus ratings correlated very
strongly (r = 0.976, p < 0.001).

5.3.2.2 Sensory descriptive and physico chemical analyses
Carrot samples investigated exhibited different sensory profiles as shown by the
descriptive sensory panel. Principal component analysis map explaining 59.8% of
the variance indicated high changes due to storage (Figure 5.3). Bolero A was a
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carrot sample with rather good sensory qualities and did not undergo important
changes during storage apart from an increase in shininess (p < 0.01) and a
decrease in gumminess (p < 0.05). These changes were reverse to the ones
expected. Although samples were presented monadically and according to a
balanced design, an influence of the other carrot samples, having lower sensory
quality after few days of storage, is likely to have occurred. Bolero B exhibited
relatively good sensory qualities all along storage although its shininess and
crispness declined (p < 0.001) and its gumminess and shrivelled aspect augmented
(p < 0.001). On the other hand, sensory quality of Bolero C was observed to drop
drastically with storage time. Shininess, crispness and carrot odour (p < 0.001) of
this sample decreased with storage, whereas its gumminess, shrivelled appearance
(p < 0.001), fibrousness (p < 0.01) and off odour (p < 0.05) increased with the same
factor. Similarly to Bolero C, the sensory quality of Maestro decreased in an
important way with storage time. A decline in crispness, shininess and juiciness
(p < 0.001) could be observed, whereas the gumminess, fibrousness, shrivelled
appearance (p < 0.001), as well as off odour and off flavour (p < 0.05) increased.
ANOVA also showed an effect of storage on the physico-chemical characteristics
of the carrot samples investigated (Table 5.6). Both measurements of instrumental
firmness (Fmax and WFmax) indicated similar results. Bolero A exhibited an increase
of instrumental firmness with time in the replication 1 (p < 0.001), while it
remained constant in the replication 2 (p > 0.05). Bolero C and Maestro decreased
in instrumental firmness in both replications (p < 0.001), while Bolero B decreased
in the second replication (p < 0.001). The modifications of Bolero B in the
replication 1 were rather incoherent. Soluble solids content of Bolero A did not
seem to be modified in the first replication (p > 0.05) but showed a decrease in
replication 2 (p < 0.05). On the other hand, soluble solids content of Bolero B,
Bolero C and Maestro increased with time in both replications (p < 0.001). Finally,

101

Chapter 5

titratable acidity of Bolero A and Bolero B showed not significant difference along
storage time while it tended to increase for Bolero C and Maestro.

5.3.2.3 Characteristics contributing to freshness of carrots
In order to investigate which carrot characteristics measured by the descriptive
panel and physico-chemical analyses influenced freshness rated by consumers and
by the specialised consumer group, principal components (PCs) of the PCA were
extracted. Linear regression analysis with freshness as the dependent variable and
the three PCs of the descriptive sensory panel data as the independent variable
showed that the first PC contributed to consumer evaluation of freshness
(β = -1.428, p < 0.001). Likewise, the first PC of the two PCs extracted from the
physico-chemical data was also significant (β = 1.391, p < 0.001). Individual and
consensus ratings of freshness by the specialised consumer group showed the same
significant PCs with very similar values: individual ratings (PC1 descriptive panel:

β = -1.449, p < 0.001; PC1 physico-chemical: β = 1.334, p < 0.001), consensus
ratings (PC1 descriptive panel: β = -1.526, p < 0.001; PC1 physico-chemical:

β = 1.450, p < 0.001).
Regression coefficients for each characteristic evaluated by the descriptive panel
were further calculated for consumers and specialised consumer group data
(individual and consensus) and were consistent with each other (Figure 5.4).
Several sensory characteristics contributed to carrot freshness with different levels
of importance: film, shiny, carrot odour, crisp, juicy and carrot flavour showed
positive contribution to freshness, while colour, shrivelled, gummy, off odour,
fibrous, bitter sweet and off flavour showed negative contribution. Texture was
particularly important for freshness with gummy and crisp as well as, to a lesser
extent, fibrous and juicy, presenting high regression coefficients. Appearance was
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also important for freshness: shrivelled and shiny contributed highly to freshness,
colour and film were less important. Odour and flavour attributes were generally
less important for freshness: off odour, bitter and off flavour contributed greatly to
freshness while carrot odour, sweet and carrot flavour had a limited contribution.
Finally, the physico-chemical characteristics measured were observed to contribute
largely to freshness of carrots and particularly those relating to texture.
Contribution of instrumental firmness (Fmax and WFmax) was positive, while that of
soluble solids and titratable was negative.
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Table 5.5

Consumer and specialised consumer group (individual and consensus
notes) evaluation of freshness of carrots on a 9-point scale.
* means with the same letter are not significantly different (Tukey, p < 0.05).

Samples

Storage
(days)
7
9
16

6.28 b*
6.54 b
7.29 a

Bolero B

7
9
16

4.60 a
5.32 a
2.54 b

6.80 a
6.36 a
3.82 b

6.50
6.50
4.00

Bolero C

1
3
10

6.34 a
5.64 a
3.78 b

8.00 a
6.09 b
4.91 b

8.50
6.00
4.50

Maestro

1
3
10

6.32 a
6.39 a
3.63 b

8.20 a
7.82 a
5.09 b

8.00
7.50
4.75

Bolero A

Table 5.6

Consumers

Specialised group
(individual)
7.73 a
7.64 a
8.18 a

Specialised group
(consensus)
7.50
7.50
8.00

Physico-chemical characteristics of carrots.
* means with the same letter are not significantly different (Tukey, p < 0.05).

Samples

Storage
(days)

WFmax
(N/mm2)

Rep. 2
18.3 a
18.9 a
18.6 a

Rep. 1
49.0 b
59.1 a
60.4 a

Rep. 2
76.8 a
79.5 a
78.4 a

Rep. 1
7.7 a
7.7 a
7.5 a

Rep. 2
9.8 a
9.2 ab
9.0 b

Titratable acidity
(g malic
a./100mL)
Rep. 1 Rep. 2
0.047
0.055
0.048
0.053
0.040
0.057

Fmax
(N)

Soluble solids
(°Brix)

Bolero A

7
9
16

Rep. 1
11.8 b*
14.4 a
14.8 a

Bolero B

7
9
16

9.7 b
12.0 a
7.3 c

16.0 a
14.0 a
11.3 b

39.8 b
50.4 a
32.1 c

68.1 a
60.0 a
48.6 b

8.3 b
8.4 b
9.8 a

10.0 b
10.3 b
11.2 a

0.051
0.059
0.060

0.066
0.060
0.066

Bolero C

1
3
10

15.6 a
12.7 b
7.6 c

18.3 a
16.1 b
14.3 b

66.2 a
53.8 b
32.3 c

75.8 a
67.6 b
60.6 b

9.7 c
10.6 b
15.2 a

9.1 c
11.2 b
12.3 a

0.046
0.056
0.093

0.084
0.091
0.109

Maestro

1
3
10

14.6 a
13.9 a
6.2 b

16.5 a
15.0 a
11.8 b

60.7 a
58.6 a
27.6 b

68.0 a
62.1 a
49.3 b

9.0 b
9.5 b
13.6 a

8.4 b
9.1 b
10.5 a

0.055
0.056
0.107

0.057
0.074
0.068
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Principal Component 2 [15.9%]
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1.0
Bolero A 9

Bolero B 7
Sweet Colour

Bolero A 7

Bolero A 16
0.5

Juicy
Crisp

Carr. odour

0.0
Shiny
-0.5

Off flavour

Bolero C 1

Shrivelled
Gummy
Fibrous
Off odour
Bitter

Maestro 1
Bolero C 3

Maestro 3

-1.0

Bolero B 16

Carr. flavour

Bolero C 10

Film

Maestro 10

-1.5
-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

Principal Component 1 [43.9%]
Figure 5.3

PCA plot of panel descriptive analysis of carrots, and the projection of
carrot samples at different time of storage (N = 24).
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1.5

Off flavour

Sweet

Bitter

Fibrous

Off odour

Gummy

Shrivelled

0.5

Colour

Juicy

Carrot flavour

-0.5

Crisp

Carrot odour

Shiny

0.0

Film

Regression coefficients

1.0

-1.0

-1.5

(a)

Soluble solids

0.5

-0.5

-1.0

Firmness (WFmax)

0.0

Firmness (Fmax)

Regression coefficients

1.0

Titratable acidity

1.5

-1.5

(b)

Figure 5.4

Regression coefficients of attributes evaluated by the descriptive panel (a)
and physico-chemical analyses (b) on freshness of carrots rated by
consumers (light grey) and by the specialised consumer group with
individual ratings (grey) and consensus ratings (dark grey).
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5.4

Discussion

5.4.1

Important characteristics for the evaluation of freshness

In the present study, several sensory characteristics were shown to contribute to the
perception of freshness of both strawberries and carrots. Appearance, odour and
texture were considered to be important for the description of freshness by the
specialised consumer group. Flavour was additionally included in the case of
strawberries. Based on regression analyses, three of the five sensory attributes that
were of high importance for the evaluation of strawberry freshness according to the
specialised consumer group, were related to appearance (Figure 5.3). It is therefore
assumed that appearance is a dominating aspect in the perception of the freshness
of strawberries. In the case of carrots, regression analysis showed that texture but
also appearance attributes were of particular importance for freshness.
Fillion and Kilcast (2000) also showed the importance of texture (i.e. firm, crisp,
crunchy texture) and appearance (i.e., appropriate and bright colour, absence of
visual defects) for the freshness of fruits and vegetables, while flavour (i.e. absence
of off or stale flavour) was less important. In agreement, Kays (1999) argued that
freshness includes the general physical condition of the product, for example
wilting of lettuce or shrivelling of fruits, whereas other characteristics of freshness,
such as odour, would be more elusive.
Because there was no specific category of attributes influencing the freshness of
these products but rather a set of attributes, it can be assumed that freshness is
related to an overall degree of quality. A first interpretation of this observation is
that consumers perceive a product as fresh when it exhibits ideal sensory quality
characteristics, e.g. high texture quality, perfect appearance, intensive flavour.
However, the list of attributes to be considered when evaluating freshness of
strawberries, as generated by the specialised consumer group, shows a large
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predominance of words with negations. Nine characteristics should not be present
in strawberries in order to be called fresh whereas only six are expected to be
present. This trend is even larger for carrots where eleven characteristics out of
fourteen show negations. These results are supported to some extent by the
regression analysis where it appears that odour/flavour attributes indicating
deterioration of the product (i.e. fermentation or off odour/flavour) had a higher
contribution to freshness than attributes indicating an optimal sensory quality such
as strawberry or carrot odour/flavour. This was however not the case for texture
and appearance attributes for which there was no clear trend towards negative or
positive attributes.
From these observations, it can therefore be suggested that freshness would rather
be affected by the absence of a set of attributes in the product than by the
occurrence of other attributes. Since the characteristics that should not be present in
a fresh product generally indicate deterioration, it can be assumed that the
evaluation of the freshness of strawberries and carrots corresponds to a
measurement of physiological ageing. Similar conclusions were given in chapter 4
in the case of apples and by Schwerdtfeger (1979) who generally argued that any
deterioration or decline of tissue from a freshly harvested state could be considered
as a decline in freshness. In addition, a number of authors chose indicators of
freshness among sensory characteristics showing product changes with age
(Cantwell et al., 1992; DeEll et al., 2000; Hurst et al., 1998; Mandhyan, 1999; Saks
et al., 1996; Toivonen, 1992; Yamane et al., 1994). Similarly, the opinion of 43%
of the 1,081 consumers interviewed on their perception of freshness on food
labelling was that it referred to the age of the food (MAFF, 2000). Finally, a clear
association with the age of the product, is indicated by the Duden Geman
dictionary (1999) with “frisch” (fresh) meaning “besonders von Lebensmitteln:
nicht alt, abgestanden, limp” (particularly for food: not old, stale, limp).
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An interesting observation that arises from the regression analysis is that the
measured sensory characteristics better described the freshness of carrots than the
freshness of strawberries. Regression coefficient values of sensory attributes were
globally lower than those of carrots and physico-chemical characteristics did not
contribute to freshness of strawberries whereas it contributed in the case of carrots.
It is possible that the chosen attributes were not appropriate for the evaluation of
strawberry freshness. However, it is more likely that these lower values or
regression coefficients are due to the larger variability of the strawberry samples.
Strawberry is indeed a fruit with a very short shelf life leading to large variations
between single strawberries in a lot. Although care was taken to choose strawberry
samples of similar sensory quality and ripeness grade, a substantial variation
between samples could not totally be avoided. The fact that consumer tests were
not carried out the same day as the ones with the specialised consumer group and
the sensory and physico-chemical analyses is also likely to have increased
variation. In general, freshness of long shelf life product might be better predictable
than the freshness of short shelf life products.

5.4.2

Comparison of different approaches for assessing important attributes
for freshness

Results of the experiments on carrots showed a very strong correlation between the
three different approaches of freshness ratings. In addition, attributes evaluated by
the descriptive panel and physico-chemical analyses contributed identically to
freshness (Figure 5.4). In contrast, these three approaches differed to some extent in
the case of strawberries. Individual and consensus ratings by the specialised
consumer group correlated only moderately with consumer ratings. This was partly
due to differences in strawberry quality between the two replications as the
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correlation was found to be strong when the two replications were considered
separately. However, individual ratings of freshness by the specialised consumer
group were predicted by a different set of attributes than the ratings of the
consensus specialised consumer group and the consumer ratings. Although the
global tendency appeared to be similar, the level of importance of some attributes
varied. Since consumer and consensus ratings of the specialised consumer group
did not differ significantly, this variation cannot be due to a different perception of
freshness by consumers and the specialised consumer group. It is therefore
suggested that variation between fruits might have led to the apparent incoherence
between consumer and specialised consumer group ratings of freshness. It is likely
that the small number of panellists composing the specialised consumer group does
not allow compensating on product variation when considering individual ratings.
The discussion in a group leading to a consensus rating could reduce this issue.
However, the discussion may reduce the validity of measurement since there is a
possible biasing of results based on psychological needs to agree or disagree with a
particular individual. Therefore, using individual ratings preceding consensus
ratings still remains of interest for the evaluation of freshness as it may reduce this
type of bias.
The level of contribution of most attributes to freshness was twice as high for the
consensus ratings of the specialised consumer group as for consumers suggesting
the superiority of the specialised consumer group for evaluating product freshness,
at least for short shelf life products. Köster et al. (1981) argue that consumer panels
are more appropriate than expert panel, at least for the evaluation of water drinking
quality since panels in the industry tend to become less motivated in time and often
give poor and unreliable results. In contrast, highly trained panels are used in the
seafood industry to assess the freshness of products (Botta, 1995). In the present
case, the approach to work with a specialised consumer group combines the
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advantages of both consumers and trained panels. However, the reliability of the
small consumer group has to be tested further.
The definition used by the specialised consumer group for the evaluation of
freshness and the attributes measured by sensory descriptive and physico-chemical
analyses that influence freshness are compared. Since the consensus ratings of the
specialised consumer group have been shown to be the most reliable in this study, it
will be used as a reference. Most of the attributes appeared to be important for
freshness in the regression analysis with the exception of colour in the case of
strawberries and film in the case of carrots. Although the specialised consumer
group did not consider flavour attributes as important for the evaluation of
freshness, they were included for the sensory description. Carrot flavour and sweet
were consistently shown to be not important by regression, whereas bitter and off
flavour were important. These results clearly indicate that there is a discrepancy
between what the specialised consumer group considers as important for freshness
and what in fact influences their perception of freshness. Such discrepancy was also
observed in a study on apples where taste was the most important attribute for
freshness according to consumers whereas from regression analyses its influence
appeared to be limited compared to texture (chapter 4). Fillion and Kilcast (2002)
advised that care should be taken not to rely solely on definitions in order to
understand the meaning given to an attribute, and that the scoring of products is a
useful way of validating definitions. In conclusion, testing of the relationship
between the evaluation of freshness by consumers or a specialised consumer group,
and sensory descriptive profiles seems to be a valuable tool for developing a greater
understanding of the consumer perception of freshness.
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Chapter 6
Freshness of fruits and vegetables: concept and consumer
perception*

It is recognised that a large number of attributes are involved in defining the
concept of freshness. Direct elicitation by the means of an open-ended
questionnaire was used to study this concept from a consumer’s perspective. A total
of 559 subjects recruited in supermarkets of different cities and villages were asked
to write down their understanding of freshness in general, and for fruits, vegetables,
and fruits and vegetables in particular. Respondents mentioned a large number of
words related to fruits and vegetables in relationship with freshness, and a large
variety of sensory and non-sensory attributes in relationship with fresh fruits and
vegetables. It is generally hypothesised that freshness describes a level of closeness
to the original product, in term of distance, time and processing. The description of
freshness differed little with regard to fruits and vegetables but greatly between
respondents with various individual characteristics. Respondents who had more
contact with the place of fruit and vegetable production mentioned more frequently
non-sensory attributes than those having fewer contacts who on the contrary
mentioned more frequently sensory attributes. It is concluded that consumers have
a collective concept of freshness but when asked to describe freshness they use
their different everyday experiences with fruits and vegetables.
*

This chapter has been submitted for publication as:
Péneau, S., Linke, A., Escher, F., Nuessli, J. Freshness of fruits and vegetables: concept and consumer
perception.
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6.1

Introduction

In the context of food, a large number of aspects are involved in consumer
perception and judgement of the freshness of a product. Shelf life, nutritional value,
safety aspects, sensory characteristics and treatment were for instance mentioned
during a public meeting organised by the FDA in which the objective was to seek
professional

and

consumer

opinions

on

freshness

(FDA,

2000).

The

multidimensionality of the term asks for special care in the methodology to
investigate factors influencing freshness. Different approaches, in which the
expected level of reflection on freshness by the consumer varies, are proposed.
It is possible to relate freshness as rated by consumers, to objectively measured
attributes of a product. This type of approach has the advantage that consumers do
not have to think about the concept of freshness and are therefore likely to give
more reliable answers. We used this approach (chapters 4 and 5) in order to find
attributes which contribute to the freshness of apples, strawberries and carrots. All
attributes were seen as good indicators of the product state, suggesting that the
evaluation of freshness corresponds to a measurement of physiological ageing
through observation of sensory properties.
Conjoint analysis is another approach that also requires little reflection from the
consumer. Cardello and Schutz (2003) conducted such analysis on 33 different
food product concepts that varied in terms of the processing/preservation method,
the retail source, the time since the product’s arrival at store/market and the type of
food. They showed the two last variables to be the most important for the
evaluation of freshness by consumers.
Alternatively, we used an approach that required more reflection from the
consumer (chapter 3). Consumers were asked to give their opinion on the
importance of several attributes for the freshness of apples. No testing of a product
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was involved in this task. Among the tested attributes, taste, juiciness and crispness
emerged as particularly important attributes.
Nevertheless, the three methods presented above have the disadvantage of being
restricted either to the sensory properties of the products or to the variables chosen
by the experimenters, thus leading to the possible omission of important attributes.
Approaches giving a larger overview of possible meanings of freshness are
therefore indispensable. The direct elicitation approach, where subjects are asked
by the mean of an open-ended questionnaire to give a definition or attributes that
they would associate with a specific word, results in the acquisition of very rich
information (ten Kleij and Musters, 2003). This type of approach allows greater
freedom of expression by the participant compared to other forms of enquiry
(Dransfield et al., 2004) and presents the advantage of being unbiased in the sense
that it gathers opinions in the respondents’ own words, without suggesting specific
responses, issues, or characteristics (Lawless and Heymann, 1999). These
approaches are generally well suited to areas where the interviewer is unable to
anticipate all possible answers or provide a checklist. However, they present the
disadvantage that consumers may mistake or may not be always aware of factors
affecting their perception, especially when the meaning of a word is not clearly
defined. Generally, this type of data is difficult to aggregate and summarise. Fillion
and Kilcast (2000) used this type of approach with 10 to 14 panellists and showed
that the two main components involved in the concept of freshness for fruits and
vegetables were sensory properties, i.e. texture, appearance and flavour, and time
from harvest. However, this study was limited to a small number of people, which
makes it difficult to draw general conclusions on the consumer concept of
freshness.
Freshness is a term that can be used to describe notions as different as wind, paint,
or even food. It is consequently expected that its definition will depend on the

115

Chapter 6

considered notion. Trenkle (1982) who was interested in studying the uses of the
term “fresh” in legislations, concluded by underlining the impossibility to give a
global definition of this term for food in general. These observations emphasise the
importance of focusing on a specific product when attempting to describe the
concept of freshness. Because fruits and vegetables are essential components of a
diet, they are interesting case products. In addition, freshness has been shown to be
particularly important for the consumer choice regarding this category of products
(chapter 3; AgV, 1981; Babicz-Zielinska and Zagorska, 1998; Ragaert et al., 2004;
Wandel and Bugge, 1997). It must be noted that although fruits and vegetables are
often presented as one category of products they do not present a homogeneous
food group. The perception of freshness might therefore differ between different
fruits and vegetables and show the need to investigate them independently.
Furthermore, influence of individual characteristics (age, gender and apple
consumption) on the perception of apple freshness was suggested in chapters 3
and 4 while Cardello and Schutz (2003) showed in a conjoint analysis that military
and civilian consumers were very similar overall in terms of the relative importance
of the factors influencing their concept of freshness. When regarding the quality of
a product, it was shown that consumer perception is related to learning and to the
accumulation of experience (Bech et al., 2001). A similar influence regarding
experience could be expected in the case of freshness. Investigating potential
differences on the concept of freshness between consumers might therefore
enhance the understanding of the term.
The aim of the present study was to investigate the consumer concept of freshness
in general and for fruits and vegetables. Direct elicitation by the means of an openended questionnaire was used to study this concept from a consumer’s perspective.
Three different questionnaires on fruits, vegetables, and fruits and vegetables, were
used to examine whether the concept of freshness varied according to the group of

116

Freshness of fruits and vegetables

products considered. Information on individuals was additionally collected to
determine whether the understanding of freshness differs depending on the
characteristics of consumers. Qualitative and quantitative analyses were employed
to gain more insight into the meaning of freshness as well as to investigate possible
differences in the patterns of consumer perception.

6.2

Methodology

6.2.1

Test location

Experimental tests were conducted in cities and villages counting different number
of inhabitants to provide geographical diversity among participants. Three
supermarkets in the largest city of Switzerland (about 350,000 inhabitants), three in
small size cities (10,000-15,000 inhabitants) and six in villages (1,000-2,500
inhabitants) were chosen for the investigation. Small size cities and villages were
selected as to be more than 20 km away from the large city. Tests were carried out
at the entrance, exit or inside the supermarkets according to the space available.

6.2.2

Participants and procedure

Participants were recruited among the shoppers of the supermarkets on their
willingness to take part in a study conducted by ETH Zurich and the University of
Zurich. Participants were informed that the study was about freshness but no more
information was given prior to filling out the questionnaire. The questionnaire
consisted of open–ended questions that invited answers in the respondent’s own
words and took about 10 minutes to be completed (Appendix 4). Questions were in
German. People were first asked to freely write down their answer to the question
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“what comes spontaneously to your mind at the word fresh”. The second question
was given on a separate sheet in order to prevent possible influences of the first
question. One third of the participants were presented with the question “when do
you consider fruits as being fresh”, one third with “when do you consider
vegetables as being fresh” and the last third with “when do you consider fruits and
vegetables as being fresh”. The influence of the first question on the second
question as well as different wordings of the questions were previously tested.
Finally, information on purchasing habits (place and frequency), access to a fruit
and vegetable garden (past, present) was collected through closed-ended questions
while place of residence (past, present) and knowledge of fruits and vegetables
(season of harvest, time of growth, maximum time of storage) was tested with
open-ended questions. Finally age and gender were ascertained. In total, 559
subjects between 13 and 96 years old participated in the study, with a large
majority of women. The distribution of the participants is shown in Table 6.1.
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Table 6.1

Description of subjects completing the questionnaire on fruits, vegetables
and fruits and vegetables.
Fruits

Vegetables

Fruits and
Vegetables

Total

Large city

Number of subjects
Age (mean ± SD)
Proportion of females (%)

67
52 ± 20
61

63
49 ± 21
65

62
43 ± 21
58

192
48 ± 21
61

Small cities

Number of subjects
Age (mean ± SD)
Proportion of females (%)

62
50 ± 14
72

60
50 ± 16
77

65
47 ± 16
89

187
49 ± 15
80

Villages

Number of subjects
Age (mean ± SD)
Proportion of females (%)

60
44 ± 15
85

60
46 ± 15
78

60
46 ± 26
75

180
45 ± 15
79

Total

Number of subjects
Age (mean ± SD)
Proportion of females (%)

189
49 ± 17
72

183
48 ± 18
73

187
45 ± 17
74

559
48 ± 17
73

6.2.3

Data analysis

Answers were analysed both qualitatively and quantitatively as it is widely
recognised that there is much to be gained from a combination of the two research
traditions (Bryman and Cramer, 1995). Words and expressions referring to food
and to fruits and vegetables were counted in the first question. A two-tailed Chisquare test was computed to study the influence of individual characteristics on the
description of freshness using SPSS for Windows (Release 12.0.1., SPSS Inc.,
Chicago USA). In the case of 2 × 2 table, Fisher’s exact test was used. Statistical
significance was defined at p < 0.05.
Analysis of answers to the questions on freshness of fruits, of vegetables and of
fruits and vegetables progressed in three stages. The first stage consisted of
categorising words and expressions given by respondents based on their similarity
of meaning to obtain a global picture of the consumer understanding of freshness.
For this purpose, parts of sentences that did not contain core information were
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removed. Core information was sometimes carried by one word (e.g. “crisp,
season”), while in some other cases by a combination of words (e.g. “crisp
appearance”, “direct from the garden”). Combinations of few words were retained
when it was obvious that they could not be separated without impairing the
meaning intended by the respondents. They are referred as “word” throughout the
manuscript.
Words having the same linguistic root were grouped manually. The number of
occurrence of each word was recorded. Words were then divided into categories so
that the words in a category could be considered to describe the same type of
characteristic. Three different levels of hierarchical categories were formed: small
(referred to as s in the text), medium (referred to as m) and large (referred to as l).
The small categories included words that were the closest to each other in their
meaning (e.g. global appearances). Medium categories were built subsequently by
pooling small categories of similar meaning (e.g. appearancem includes the
categories global appearances, colours and defectss). Finally, large categories were
built by pooling medium categories of similar meaning (e.g. sensory attributesl
includes the categories appearancem, texturem, flavour/odourm and conditionm).
In the second stage of the analysis, it was ascertained that the categories formed on
the basis of the answers to the questions on freshness were the same for fruits,
vegetables, and fruits and vegetables. Thereafter, a Chi-square test was computed
to study whether the frequency of words mentioned within each category was the
same for these three groups of products.
Finally, the third stage of the analysis consisted of investigating the relationship
between descriptions of the freshness of fruits, vegetables, and fruits and
vegetables, respectively, and individual characteristics. For this purpose, individual
answers were coded on the basis of the small, medium and large categories and a
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contingency matrix was built. Chi-square and Fisher’s exact (in the case of 2 × 2
tables) tests were used (two-tailed). For the evaluation of the influence of the place
of residence (past or present) the cities or villages mentioned by the respondents
were converted into number of inhabitants by using the database of the Swiss
Federal Statistical Office (BFS, 2003). In the case of questions on harvesting
season, maximal storage time and time of growth of different products, answers
were judged and given a point between 0 and 2 according to their accuracy and
precision. Evaluation of the accuracy was based on the data for fruits and
vegetables in Switzerland or Germany (Keller et al., 1996; Kellerhals et al., 2003;
Vogel, 1996; VSGP, 2004). Points were summed up, and respondents were
categorised as having low (0-5 points), medium (6-11 points) or high (12-17 points)
knowledge of fruits and vegetables.

6.3

Results and discussion

6.3.1

Words associated with “fresh”

Of the 559 participants who were asked to write down what they associate with
“fresh”, 455 (81.4%) gave words suggesting that they referred to a food and 355
(63.5%) were more specific giving either the word food itself or names of different
kind of food. Figure 6.1 specifically shows the frequencies of the different type of
foods mentioned. It must be noted that a large number of respondents cited more
than one food in their description of freshness. In total, 360 (64.4%) participants
gave words related to fruits and vegetables and 284 (50.8%) mentioned fruits,
vegetables or specific products of these categories. In this group, 32 (5.7%) gave
the word “fruits” (“Früchte” or “Obst”) 99 (17.7%) gave the word “vegetables”
(“Gemüse”) and 153 (27.4%) named both “fruits” and “vegetables”. Finally, 38
(6.8%) participants also named specific fruits or vegetables. Products most often
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mentioned were “salad” (N = 26), “apples” (N =10) and “carrots” (N = 2), while
“tomato”, “cherry”, “mango”, “melon”, “orange” and “strawberry” were each
mentioned by one person only. Interestingly, the first definition of “frisch” (fresh)
given by the Duden (1999), German Dictionary, “besonders von Lebensmitteln:
nicht alt, abgestanden, welk” (particularly for food: not old, stale, limp) also
suggests an association with food.
Chi-square analysis showed that no individual characteristics (i.e. purchasing
habits, place of residence, access to a fruit and vegetable garden, knowledge of
fruits and vegetables, age and gender) influenced the frequency of mentioning food.
However, compared to men, women mentioned words related to food (p < 0.05),
related to fruits and vegetables as well the words “fruits”, “vegetables” or specific
products of these categories of food (p < 0.001) more frequently. People who grew
up in places counting less than 20,000 inhabitants also mentioned words related to
fruits and vegetables more frequently than those who grew up in larger cities
(p < 0.01).
Finally, 252 subjects mentioned vegetables in association with freshness whereas
only 185 mentioned fruits, a result which suggests that freshness is linked more
often to the former. Similarly, Fillion and Kilcast (2000) showed that when eating,
freshness was important for all vegetables tested except avocado and tomato,
whereas it was important for only some of the fruits investigated. According to
these authors, freshness was however nearly always important for both vegetables
and fruits at the buying stage.
Overall, these results indicate that fresh can be used in a variety of ways and
contexts by consumers, although it is mostly encountered in connection with food
products and more particularly fruits and vegetables. It is however important to
note that, as interviews were carried out close to or inside supermarkets where most
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of the products retailed were food, the environment might have influenced
participants to mention food more often.

Vegetables
Fruits
Meat
Bakery products
Milk products
Fish
Eggs
Fat products
0
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Frequency
Figure 6.1

6.3.2

Frequencies of words mentioned related to different categories of food
when asking for fresh in general (N = 559).

Words and concepts associated with “fresh” in the context of fruits
and vegetables

In Table 6.2, the words given by the 187 participants, who were asked to describe
freshness of fruits and vegetables in particular, are summarised and grouped into 2
large semantic categories, 8 medium categories and 22 small categories. Two
additional categories consisting of expressions containing words with a hedonic
connotation (e.g. “nice”, “attractive”) or a negation (e.g. as in “not limp”) were
created. Answers to the question on fruit alone and on vegetable alone are not
presented here, but they exhibited similar patterns. Since exact translation of
German words into English, so that words in both languages have exactly the same
meaning, is not always possible (Drake, 1989), words are shown in their original
version, German, and with their translation into English. It is clear that this type of
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representation does not fully reflect the richness of the data, particularly in respect
of linguistic differences and nuances but it certainly provides a useful summary of a
very large data set.
Sensory attributes may overlap or be influenced by other attributes (Kramer, 1973).
Few authors were aware of these issues and attempted to develop classification
systems (Larmond, 1988). In the present study, the classification of words was
empirical and inevitably raised a number of issues during the constitution of
categories. Specific issues were encountered during the categorisation of words
referring to appearance and texture characteristics.
The fact that several categories with different meaning could be formed clearly
indicates the multidimensionality of the word fresh. As shown in Table 6.2, both
sensoryl and non-sensoryl attributes were mentioned by the respondents. The
sensoryl attributes of importance were appearancem, texturem, flavour/odourm and
conditionm whereas the non-sensoryl attributes of importance were locationm,
timem, handlingm and othersm. The importance of both sensory and non-sensory
attributes for freshness was also shown in a survey where 1,081 consumers were
asked what “fresh” in association with food meant to them and what they expect
from a food labelled as “fresh” (MAFF, 2000). In this survey, attributes related to
age, treatment, age/storage, taste/texture/smell, appearance, quality/condition and
health appeared to be important for the participants.
Appearancem and texturem attributes were mentioned particularly often and more
than one-fourth of the respondents specifically cited the word “crisp” (“knackig”).
Texture related attributes, i.e. crisp, crunchy and firm, were most often cited in
relationship with fruits and vegetables (Fillion and Kilcast, 2000). Similarly,
crispness and juiciness were the most important attributes, after taste, for apple
freshness based on a consumer survey (chapter 3). Finally, when investigating the
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contribution of different attributes on the ratings of freshness of different products,
we showed the specific importance of texture for apples, appearance for
strawberries, and of both texture and appearance for carrots (chapters 3, 4 and 5).
Non-sensoryl attributes were mentioned by a large number of subjects and
particularly those belonging to the categories of timem and locationm. These results
are consistent with the findings of Cardello and Schutz (2003) who indicated the
degree of freshness to be primarily a function of time since the arrival of the food at
the store. Time was also shown to be important in the study of Fillion and Kilcast
(2000) with time meaning that fresh products should have been recently picked or
harvested.
In the present study, there were 73% more sensoryl (n = 332) than non-sensoryl
(n = 192) attributes mentioned by the participants. In addition, 25% more
respondents mentioned sensoryl attributes (N = 129) than non-sensoryl ones
(N = 103). It can therefore be concluded that the contribution of sensory attributes
to the concept of freshness is stronger than the non-sensory one. We found in
agreement that sensory attributes, i.e. crispness, juiciness, taste, were of great
importance for the perception of apple freshness in comparison to non-sensory
attributes, i.e. storage time, nutritional value and organic (chapter 3). It is assumed
that the great difference in the percentage levels (73% vs. 25%) is due to a large
number of sensory attributes available to describe the quality of a product.
Interesting, when considering the sensory attributes, the visual senses seems to
contribute the most to sensory quality. Words listed in the categories condition and
texture cover partially and in the categories appearance, colour and defects cover
fully visual impressions.
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114
85

27

50

339
132
55

crisp
looking crisp

no rotten spots
no spots
no brown spots
no dents
no damages
not tarnished
not hit

nice colour
good colour
colour
shining
not brown
green/not green
coloured
bright cut surface
yellow/not yellow

good appearance
looking crisp
nice appearance
appearance
fresh appearance
looking appealing
appealing optic
appetising view
looking juicy

203
81
28 22
6
4
3
3
2
2
2
21 12
4
2
2
2
2
20 17
8
4
3
2
12 5
3
2
71
17 12
4
2
2
2
2
17 9
5
4

NON-SENSORY ATTRIBUTES
LOCATION
Place of growth
ab Baum
from the tree
direkt vom Baum
directly from the tree
direkt vom Feld
directly from the field
direkt vom Strauch
directly from the shrub
ab Feld
from the field
vom Strauch
from shrub
frisch vom Baum
fresh from the tree
Producer
vom Bauern(hof)
from the farm
direkt ab Hof verkauft
directly sold from the farm
direkt vom Bauern
directly from the farmer
vom Markt
from the market
von regionalen Produzenten
from regional producers
Place of production
aus dem Garten
from the garden
aus dem eigenen Garten
from the own garden
frisch vom Garten
fresh from the garden
direkt aus dem Garten ernten
to harvest directly from the garden
Origin
vom Land
from the country
von regionalen Produzenten
from regional producers
TIME
Harvest
frisch geerntet
freshly harvested
direkt aus dem Garten ernten
to harvest directly from the garden
geerntet
harvested
gerade nach der Ernte
just after harvest
selber ernten
to harvest by oneself
Transport
kurzer Transport
short transport
kurzer Transportweg
short distance of transport

Words are given in German with their translation into English and are categorised into large categories (dark grey),
medium categories (grey) and small categories (light grey). The frequency of mention of the words in each category is
shown. Words belonging to 2 categories are shown in italic. Words given by less than 2 respondents are not shown but
counted for total frequency.

Words given by respondents (N = 187) to describe the freshness of fruits and vegetables.

SENSORY ATTRIBUTES
APPEARANCE
39 Global appearance
12 gutes Aussehen
6 knackig aussehen
6 schönes Aussehen
4 Aussehen
3 frisches Aussehen
2 anmächelig ausschauen
2 ansprechende Optik
2 appetitlich Aussehen
2 saftig aussehen
37 Colour
8 schöne Farbe
6 gute Farbe
4 Farbe
4 glänzend
4 nicht braun
3/1 grün/nicht grün
3 farbig
2 helle Schnittstelle
1/1 gelb/nicht gelb
18 Defects
4 keine faulen Stellen
4 keine Flecken
2 keine braunen Stellen
2 keine Dellen
2 keine Schäden
2 nicht angelaufen
2 nicht angeschlagen
TEXTURE
82 Texture (positive)
55 knackig
6 knackig aussehen

Table 6.2
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5
3/1/1
3/1
3
2
2
29
24
13
5
3
3
51
31
20
8
3/1
3
3
2
20
11
3
2
2
2
2
42
28
20
4
4
4
2
2
2
2
14
12
7/2
3

Table 6.2

fest
nicht weich/nicht zu weich/weich
hart/nicht hart
saftig
prall
saftig aussehen
Texture (negative)
nicht lampig
nicht welk
nicht runzlig
nicht schrumpelig
FLAVOUR/ODOUR
Taste/Aroma
guter Geschmack
süss/nicht zu süss
aromatisch
geschmacksvoll
fruchtig
Odour
guter Geruch
Geruch angenehm
guter Duft
nach dem riechen, was sie sind
nicht faulig riechen
CONDITION
Deterioration
keine faulen Stellen
nicht faul
nicht verdorben
keine sichtbaren Fäulnis
kein sichtbarer Schimmel
nicht faulig riechen
ohne faule Blätter
Ripeness
reif/nicht überreif
reif gepflückt

continued.

ripe/not too ripe
harvested in ripe stage

no rotten spots
not rotten
not spoiled
no visible rottenness
no visible molds
not smelling rotten
without rotten leaves

good odour
agreeable odour
good odour
smell as they are
not smelling rotten

good taste
sweet/not sweet
aromatic
tasty
fruity

not limp
not limp
not wrinkled
not shrivelled

firm
not soft/not too soft/soft
hard/not hard
juicy
full
looking juicy
7
1/2
2
1/1

8
4
2
2
11 6
3
1/2
6
6 2
2

14

45
20 10
5
3
2

15 15
8
7
7 4
2
1/1

15

Age
1-3 Tage/ca. 2 Tage
am selben Tag
nicht älter als 1 Tag/nur ein paar
wenige Tage alt
Season
saisongerecht
Saison
Shelf life
Verfallsdatum stimmt
eine Woche haltbar/eine Weile
haltbar
HANDLING
Treatment
biologisch
keine Chemie
wenig Hände, die die Waren
angefasst haben
Type of storage
nicht lange gelagert
gute Lagerung
nicht in Dosen
Presentation
sauber
gut eingepackt/nicht eingepackt
OTHER
Nutritional value
vitaminreich
high vitamin content

clean
well packed/not packed

not stored for a long period
good storage
not canned

organic
no chemistry
few hands which touched the
product

the shelf life date is correct
storable for one week/storable
for a while

seasonal
season

1-3 days/approx. 2 days
at the same day
not older than 1 day/only a few
days old

Freshness of fruits and vegetables
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Finally, opposite descriptions are listed in some cases (Table 6.4): “soft” vs. “not
soft”, “green” vs. “not green”, “well packed” vs. “not packed”. It is likely that
consumers have specific fruits or vegetables in mind when answering the question
on freshness. Since fruits and vegetables can present large variations in their
sensory profile, a desired characteristic for the freshness of one specific product
might be undesirable when considering another product. This could explain the
apparent contradictions in subject answers for sensory properties (e.g. “soft”,
“green”). However, the fact that some consumers believe that a “well packed”
product is fresh whereas others think that it should be “not packed” in order to be
fresh, could indicate that consumers have different and even opposite
understanding of the concept of freshness in some cases.
It is suggested in chapters 3, 4 and 5 that the measurement of freshness is closely
related to the measurement of the physiological ageing of a product. When
observing the results of the present study, it can be observed that although a large
number of attributes indicate ageing, words mentioned could be globally related to
an overall notion of quality and integrity: the product should be very close to the
original product in terms of distance, time and processing. The attributes given by
consumers would therefore reflect a measurement of closeness to this original
product. This definition is very close to the meaning of Latin “priscus” (= dem
Ursprung nahe, close to the origin) which is closely related to the Old High German
“frisc” (Kluge, 2002). This definition of freshness does not explicitly appear in
present-day dictionaries. However, this definition was proposed by Galliker (2005)
in the categorisation of meanings of fresh based on the advertisements of the 70 last
years.
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6.3.3

Differences between the description of freshness for fruits, vegetables
and fruits and vegetables

The categories formed on the basis of the answers to the questions on freshness
were the same for fruits, vegetables, and fruits and vegetables, and the type of
descriptions was similar for all three groups. Table 6.3 shows the frequency of
words mentioned within each category expressed in percentage. Chi-square
analysis indicated that freshness of fruits and of fruits and vegetables was better
described by the categories flavour/odourm and conditionm than freshness of
vegetables. Differences in flavour/odourm were driven by both taste/aromas and
odours, while the differences in conditionm were only driven by ripenesss. Similarly,
Fillion and Kilcast (2000) showed that ripeness was relevant to fruit, but less
relevant to vegetables. In addition, although locationm had the same importance for
the freshness of the three groups, place of productions was shown to be more
important for vegetables whereas place of growths was more important for fruits.
Finally, defectss were mentioned more often when considering fruits and vegetables
together than separately and harvests was mentioned more often for fruits. Overall,
the words used by the respondents to describe freshness were similar between
fruits, vegetables, and fruits and vegetables, but the frequency of citation of these
terms differed to some extent.
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Table 6.3

Percentage of subjects who gave words belonging to large, medium and
small categories for the description of the freshness of fruits, vegetables,
and fruits and vegetables with their p values (Chi-square) (N = 559).

Categories

Fruits

Vegetables

Fruits and
vegetables

Large
Sensory
Non-sensory

69
64

65
60

69
60

0.541
0.643

Medium
Appearance
Texture
Flavour/Odour
Condition
Location
Time
Handling

41
42
16
21
38
46
15

48
49
7
7
33
40
16

52
43
21
17
29
40
17

0.093
0.321
< 0.001
< 0.001
0.203
0.426
0.947

5
13
5
14
23
7

7
5
2
2
4
21

12
14
9
6
10
12

0.048
0.007
0.015
< 0.001
< 0.001
< 0.001

24

13

11

< 0.001

Small
Defects
Taste/Aroma
Odour
Ripeness
Place of growth
Place of
production
Harvest

6.3.4

p values
(Chi-square)

Influence of respondent characteristics on the attributes mentioned to
describe freshness

Table 6.4 shows the differences in the attributes mentioned to describe freshness
according to individual characteristics (purchasing habits, place of residence during
childhood, place of residence at the time of the study, knowledge of fruits and
vegetables, age and gender). Answers to the questions on freshness of fruits,
vegetables, and fruits and vegetables were pooled since the differences between
these products were shown not to affect the results.
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6.3.4.1 Purchasing habits
People who cultivate their own fruits and vegetables or buy their products directly
from the farm or from a local market, paid less attention to sensoryl attributes and
more attention to non-sensoryl attributes than people who shop at local stores or
supermarkets. They also clearly mentioned appearancem and texturem attributes less
often, while they mentioned locationm and timem more often. People shopping at
the market or in the supermarket were more interested in flavour/odourm, whilst
people who buy directly from the farm or market were more concerned about
handlingm. Finally, negation, i.e. negative description of an attribute (e.g. “not
limp”), was used more often by people shopping in supermarkets (38%) or local
stores (35%) than by those obtaining their products from the market (27%), the
farm (21%) or the garden (10%) (p = 0.015). However, these results must be taken
with caution as most of the subjects indicated that they shopped in supermarkets
(N = 223) so that the other possibilities of obtaining food were less represented
(Table 6.4).
Participants who often purchase fruits and vegetables from the farm or market
(more than once/month) were more likely to use non-sensoryl attributes and in
particular locationm to describe freshness. Although not significant they also tended
to mention sensoryl attributes less often, and mentioned texturem significantly less
often. Finally, only 27% of this group used negation when describing freshness
compared to 39% in the other group (p = 0.008).
Participants who seldom obtained fruits and vegetables (0-2 times/week) paid less
attention to sensoryl attributes than people obtaining these products more frequently
(> 2 times/week). The former mentioned conditionm attributes and in particular
deteriorations attributes less often (0-2/week: 11%, > 2/week: 3%; p = 0.001).
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From these results, it can be hypothesised that consumers who obtain fruits and
vegetables more often do so, because they are more concerned about the
deterioration and the sensory characteristics of products. Conversely, people who
obtain fruits and vegetables less often are confronted more often with issues of
decay and might therefore use this characteristic more spontaneously as an
indicator of freshness. Finally, respondents who obtain fruits and vegetables in
places closer to production were generally more concerned about non-sensory
attributes and less concerned about sensory attributes when describing freshness.
This could be explained by the fact that they have more information about the nonsensory characteristics of these products. These consumers might also assume that
since the product was recently harvested, its sensory qualities are necessary
optimal; or not regard sensory characteristics as important.

6.3.4.2 Place of residence during childhood
Residence during childhood appeared to influence the attributes mentioned to
describe freshness. Likelihood to mention non-sensoryl attributes decreased while
the number of inhabitants in the place of residence increased. Locationm and timem
were more important for people coming from places counting less than 50,000
inhabitants whereas handlingm did not differ according to the place of residence.
Conditionm was shown to be less important for people coming from cities counting
more than 50,000 inhabitants.
People who grew up on a farm were found to pay more attention to non-sensoryl
attributes than those people who did not. Although lowly significant, it can be seen
that they gave more words related to locationm (p = 0.047, one-tailed). They were
also more concerned about seasons (farm: 15%, not farm: 6%; p = 0.022), and used
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negation less often (farm: 19%, not farm: 33%; p = 0.018) than people who did not
grow up on a farm.
Having access to a garden during childhood did not seem to affect attributes
mentioned to describe freshness. Although, it is observed that 15% of people who
had access to a garden gave words related to place of productionm while this was
the case for only 10% of the ones who had no access, the difference was lowly
significant (p = 0.040, one-tailed).
The influence of the number of inhabitants at the place of residence for the
description of freshness was stronger than the fact of having grown up on a farm. In
addition, having a garden did not influence the attributes used to describe freshness.
Therefore, it seems that there are factors other than the ones tested (to have a
garden, to originate from a farm) that differentiate people who grew up in urban
areas from those who grew up in rural areas.

6.3.4.3 Place of residence at the time of the study
Residence at the time of the study seemed to have less influence on attributes
mentioned to describe freshness than residence during childhood. Compared to
people living in places counting less than 10,000 inhabitants, people living in larger
cities mentioned flavour/odourm more often and place of productions (< 10,000:
17%, 10,000-50,000: 13%, > 50,000: 7%; p = 0.014) as well as seasons (< 10,000:
10%, 10,000-50,000: 7%, > 50,000: 3%; p = 0.018) less often.
Respondents who wished to live in the countryside (independently of private or
professional restraints), gave words related to locationm more frequently than
people who wished to live in the city. Although timem attributes were generally
mentioned at the same frequency by both groups of people, seasons was observed to
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be more important for people who wished to live in the countryside (countryside:
9%, city: 2%; p = 0.005).
Respondents who had a garden at the time of the study mentioned locationm, and
particularly place of productions (garden: 22%, no garden: 8%; p < 0.001) more
often than respondents who did not. They also paid more attention to treatments
(garden: 9%, no garden: 3%; p = 0.011) and less attention to healths aspects
(garden: 1%, no garden: 5%; p = 0.016). Interestingly, healths aspects were also
shown to be mentioned more often by people who wished to have a garden (garden:
9%, no garden: 2%; p = 0.010).
Since people who lived in rural areas were also more likely to have a garden
(< 10,000: 57%, 10,000-50,000: 27%, > 50,000: 12%), it is conceivable that it is an
important factor responsible for the observed differences between people living in
places counting more or less inhabitants.

6.3.4.4 Knowledge of fruits and vegetables
Subjects were asked to name the harvesting season of apples, peas and brussels
sprouts, the maximal storage time of apples, carrots and tomatoes, and finally the
time of growth of lettuces, carrots and radishes. Respondents were categorised as
having low, medium or high knowledge of fruits and vegetables. No respondent
succeeded to obtain the maximal number of points.
The number of non-sensoryl attributes depended on knowledge of respondents.
People with higher knowledge paid more attention to non-sensoryl attributes in
general and to locationm and timem in comparison to people with lower knowledge.
Conditionm in general, and specifically ripenesss (low: 4%, medium: 5%, high:
11%; p = 0.022), was also mentioned more frequently by respondents having
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higher knowledge. Thus, the more consumers know about production and storage
of products, the more they use this information for the description of freshness. It
must however be noted that testing of consumer knowledge was limited to few
fruits and vegetables and few characteristics, i.e. season of harvest, time of growth
and storage, and was therefore not extensive.

6.3.4.5 Age and gender
Age and gender influenced the way of describing freshness. Respondents under 50
years mentioned sensoryl attributes more often than older respondents, but this
difference was small and only appeared significant for conditionm. People under 30
years mentioned defectss more often (17%) than those between 30-50 years (7%)
and over 50 years (5%) (p < 0.001). Non-sensoryl attributes were of similar
importance for the different age groups, although people older than 30 years
mentioned words related to locationm more often and words related to handlingm
less often than younger people. In particular, subjects under 30 years (13%)
perceived presentations as more important than subjects between 30-50 years (4%)
and over 50 years (4%) (p < 0.001). Finally, respondents younger than 30 years
mentioned seasons attributes less often (< 30: 2%, 30-50: 11%, > 50: 6%;
p = 0.006) and used more negations (< 30: 50%; 30-50: 28%; > 50: 26%;
p < 0.001) when describing freshness.
Females gave significantly more words related to texturem and timem than males. In
addition, females mentioned words related to place of productionm (females: 16%,
males: 5%; p < 0.001) and hedonics words (females: 22%, males: 12%; p = 0.010)
more often than males.
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Yes
No
p

Originate from a farm

69
485

244
110
162

< 10,000
10,000 – 50,000
> 50,000
p

Place of residence during
childhood (inhab.)

58
69
0.075

67
69
69
0.989

65
75
0.025

290
218

Frequency of obtaining F&V 0-2 times/week
> 2 times/week
p

31
28
34
68
223

77
59
0.005

67
59
53
0.014

62
57
0.272

56
68
0.013

46
45
1

45
44
53
0.224

46
51
0.282

51
42
0.055

33
46
0.052

46
39
48
0.344

43
51
0.072

51
37
0.005

15
15
1

16
19
12
0.179

15
17
0.537

18
14
0.363

15
15
1

15
21
9
0.026

18
10
0.015

16
16
1

44
32
0.077

38
35
24
0.008

34
31
0.503

28
42
0.004

Large categories
Medium categories
Sensory Non- Appea- Texture Flavour/ Condi- LocaSensory rance
Odour
tion
tion
7
42
77
19
32
0
55
11
57
82
32
32
11
54
12
47
71
27
18
18
47
18
75
49
49
53
10
32
15
76
55
57
53
22
20
0.590
< 0.001 0.002 < 0.001 < 0.001 0.008
< 0.001
72
64
0.066

Private gardening
Farm
Market
Local store
Supermarket
p

Place of obtaining F&V

N

Frequency of obtaining F&V Less than few times/year 204
at the farm or market
More than once/month 236
p

Choices

means with the same letter are not significantly different (Tukey, p < 0.05).

percentage) with their p values (Chi-square) (N = 559). (N = Number of subjects for each choice).

51
41
0.153

46
47
33
0.016

46
38
0.103

40
46
0.248

52
64
47
37
36
0.029

Time

20
16
0.297

19
12
14
0.191

14
17
0.387

15
17
0.606

Handling
10
36
21
6
14
0.003

Frequency of occurrence of words belonging to large and medium categories depending on individual characteristics (in

Variable

Table 6.4
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Low
Medium
High
p

< 30
30-50
> 50
p

Female
Male
p

Knowledge of F&V

Age

Gender

408
149

108
201
244

114
242
203

203
353

Yes
No
p

Access to a garden at the
time of the study

274
115
149
420
126

< 10,000
10,000 – 50,000
> 50,000
p

Whish for place of residence Countryside
City
p

Place of residence at the
time of the study (inhab.)

Table 6.4

68
67
0.919

74
71
62
0.025

70
68
66
0.747

64
70
0.132

67
72
0.277

66
70
71
0.529

64
56
0.116

65
59
62
0.558

51
65
63
0.034

64
60
0.469

63
54
0.077

65
58
55
0.112

47
45
0.701

49
50
42
0.230

48
49
43
0.487

42
49
0.134

46
50
0.477

48
45
47
0.866

14
17
0.502

19
17
12
0.114

18
14
15
0.626

12
17
0.138

14
20
0.089

45
42
48
0.553

47
38
0.044

49
46
42
0.415

41
46
45
0.670

43
46
0.658

44
51
0.185

10
20
21
0.004

15
13
0.686

15
19
11
0.048

10
12
21
0.004

17
13
0.216

16
11
0.250

15
18
11
0.210

36
29
0.157

23
38
34
0.025

18
36
39
<0.001

42
29
0.002

36
23
0.007

37
30
28
0.102

47
30
<0.001

41
45
41
0.075

33
47
42
0.040

46
40
0.130

43
38
0.410

46
41
38
0.261

17
14
0.515

25
15
12
0.011

21
15
14
0.241

13
18
0.230

16
17
0.783

16
15
17
0.905
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The influence of age on the importance given to non-sensory characteristics for
freshness was shown while it was rather limited in the case of the sensory
characteristics (chapters 3 and 4). We also showed that females gave more
importance to both sensory and non-sensory attributes than men.
The observed differences according to age and gender may be due to the particular
characteristics of respondents. Older respondents were generally more likely to
obtain their fruits and vegetables from private gardening, the farm or the market
(< 30 years: 18%; > 50 years: 31%,), to obtain them more frequently from these
places (> 2/week) (< 30 years: 41%; > 50 years: 58%,), to live in places counting
less than 10,000 inhabitants (< 30: 23%; > 50: 42%,), and to have a high
knowledge of fruits and vegetables (< 30: 11%; > 50: 42%). In addition, more
females were shown to possess a garden (females: 40%; males: 27%) and to have a
high knowledge of fruits and vegetables (females: 40%; males: 28%).

6.3.5

Consumer conception of freshness

The background of respondents influences their way of describing freshness of
fruits and vegetables. Respondents who had in the past or presently have more
contacts with the production of fruits and vegetables were more often shown to
associate non-sensory attributes such as location, time or handling to freshness.
This suggests a concept of freshness which is strongly linked to the environment: a
product should not be far from the origin of production in distance and time and
should have undergone little handling. On the other hand, respondents who had in
the past or presently have less contact with the production of fruits and vegetables
are more likely to associate sensory aspects such as appearance, flavour/odour,
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texture and condition to freshness. This suggests a concept which is strongly linked
to the product itself: sensory quality of fruits and vegetables should be optimal.
If we assume that freshness means closeness to the original product, consumers
would not have different concepts, but rather different ways of measuring one
single concept. Those who are closer to the place of production of fruits and
vegetables would measure this closeness to the original product through the use of
the non-sensory properties while those who are further away would rely upon the
sensory properties. In conclusion, this would mean that consumers use their
different everyday experiences with fruits and vegetables when judging the
freshness of these products.
The description of freshness was mostly influenced by the place where respondents
obtained the majority of their fruits and vegetables. A number of factors, such as
access or price, might influence purchase in a specific place. Additionally, personal
beliefs and values are likely to have an effect on the choice of this place
(Vannoppen et al., 2002). For instance, if a consumer considers the notion of time
since harvest as an important factor for freshness, this consumer is likely to obtain
fruits and vegetables at places where he or she can have control over this
characteristic i.e. personal production, farm or market. Conversely, it is also
possible that the place where consumers obtain their fruits and vegetables has an
influence on the perception of freshness. Nowadays, the modern and highly
industrialised food system has eliminated the issue of seasonability (Marshall,
2001) and most consumers see only one end of the supply chain. Therefore, they
have little or no information about non-sensory attributes such as growth,
transportation or processing. As little information on the origin of the products is
given on the labels in supermarkets, the consumer cannot rely on attributes other
than the sensory ones to evaluate freshness. This lack of information might explain
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the differences in the conception of freshness between consumers of various
shopping behaviour.
The creation of the first supermarkets in the 1950’s, the rural to urban migration of
the population and the increased use of technology have amplified the
disconnection of the consumer to the product origin, harvesting time and handling.
As this phenomenon is recent, it might have consequences in the population of
different age categories. In the present study, respondents under 50 years were
generally less in contact with the place where fruits and vegetables were produced
and were shown to pay generally more attention to sensory attributes than older
respondents. Also younger respondents mentioned both sensory and non-sensory
attributes more often than older ones (< 30: 40%; 30-50: 30%; > 50: 24%,
p = 0.008). As respondents who grew up in urban areas also tended to mention both
sensory and non-sensory attributes more often than those originating from rural
areas (< 10,000: 22%, 10,000-50,000: 28%, > 50,000: 35%, p = 0.029), it can be
suggested that the increased distance to the product origin is responsible for an
increased complexity in the perception of the freshness. It is conceivable that the
number of attributes to describe freshness will also increase with increased
technology, since certain processes did not exist in the past (e.g. canned products,
organic). However, if the consumer is further alienated to the production of fruits
and vegetables, it can be expected that the freshness will be increasingly described
using sensory attributes.
Interestingly, negations were widely used for the description of freshness.
Respondents who obtained their fruits and vegetables from places furthest to the
product origin (supermarkets and local shops), less often from the market or the
farm, and who did not grow up on a farm and were younger, used negations more
often for describing freshness. They used it both when mentioning sensory and
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non-sensory attributes. This shows a certain lack of ‘positive’ criteria for freshness
in younger people.

6.4

Conclusion

In this study, respondents frequently associated freshness to food in general and to
fruits and vegetables in particular. Freshness of fruits and vegetables was described
by numerous words of different meanings including both sensory and non-sensory
attributes. Sensory attributes were mentioned more frequently and were often
linked to the visual sense.
It is hypothesised that the concept of freshness expressed a level of closeness to the
original product. People who had frequent contacts with the origin of fruits and
vegetables were shown to mention non-sensory attributes more often than those
having fewer contacts, who in reverse mentioned sensory attributes more often. The
increasing distance of consumers to the origin of their food emphasizes the
importance of providing enough information on the products. Davies (2001)
showed that consumers are generally not satisfied with the labels and expect to
have more information about the origin of their food and the type of processes that
were used.
It must be noted that this approach reveals the attributes that are important for
freshness according to the consumer but does not necessarily reflect all actual
factors responsible for the perception of freshness. However, although analysis of
open-ended questionnaire is time consuming and presents certain difficulties in the
categorisation of words, the present approach undoubtedly led to very rich results
and can be considered as well adapted for collecting information on the consumer
conception of the multidimensional word “fresh”.
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7.1

Importance of freshness for fruits and vegetables

Taste, aroma and freshness were shown to be the most important attributes for the
choice of apples (chapter 3). This result supports the findings of several authors
(AgV, 1982; Babicz-Zielinska, 1999; Babicz-Zielinska and Zagorska, 1998;
Ragaert et al., 2004; van der Pol and Ryan, 1996; Wandel and Bugge, 1997; Zind,
1989) who indicated that freshness was a key factor for the choice of fruits and
vegetables.
In addition it was found that a large number of participants associated “fresh” with
food, fruits, and vegetables (chapter 6). Vegetables were shown to be particularly
important for freshness when compared to fruits, since they were mentioned three
times more often than fruits. This result is in agreement with the findings of Fillion
and Kilcast (2000) who suggested a higher importance of freshness for vegetables
than for fruits.
These data clearly indicate that freshness presents a key component for the choice
of fruits and vegetables and that these products, and particularly vegetables, are
often associated with the word “fresh”.

7.2

Understanding of “fresh” by the consumer

Consumer ratings of juiciness, crispness, mealiness and liking of apples were
shown to contribute to the consumer evaluation of freshness to a large extent
(chapter 3). The importance of texture attributes was confirmed by relating
consumer evaluation of apple freshness to sensory descriptive and physicochemical analyses of apples (chapter 4). Furthermore, a large number of attributes
were shown to contribute to the freshness of both strawberries and carrots
(chapter 5). Appearance was a dominating factor in the perception of the freshness
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of strawberries, while texture and appearance were more important in the case of
carrots. It was also observed that the specialised consumer group used primarily
negative terms (i.e. “not x”) to describe the freshness of these products. From these

results, it was suggested that the evaluation of fruit and vegetable freshness is
linked to a measurement of physiological ageing through the evaluation of the
sensory properties.
The consumer opinion of freshness was also investigated. When asked to assess the
importance of different attributes for the evaluation of apple freshness, taste,
juiciness and crispness were rated as particularly important (chapter 3).
Furthermore, the investigation of consumer concept indicated that consumers
mentioned attributes referring to both sensory and non-sensory properties, i.e.
appearance, flavour/odour, texture, condition, time, location, handling and
nutritional value when evaluating fruit and vegetable freshness (chapter 6).
Non-sensory attributes involved in the perception of freshness challenged the
hypothesis that the evaluation of fruit and vegetable freshness corresponds to a
measurement of the physiological ageing of products. A large number of
consumers mentioned that time is an important consideration for freshness.
However, since the notion of physiological ageing is intrinsically related to time,
this result does not stand in conflict with the hypothesis. Other consumers
mentioned location as important for freshness. Interestingly, certain words from
this category were difficult to distinguish whether people indeed referred to
location, or rather to a notion of time. For example, it was not possible to determine
from the statement “from the tree” whether the location was the important
characteristic or rather the fact that the fruit had just been harvested. It is inferred
that both notions are important which again does not necessarily contradict the
hypothesis. A certain number of consumers also mentioned the notion of handling.
Unlike the notions of time and location, handling cannot be linked to physiological
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ageing. It rather refers to the integrity of the product in the sense that the product
should have undergone little or no modification after harvest.
This last result indicates that ageing is not the only factor responsible for the
concept of freshness. It is therefore assumed that freshness would rather be a
measurement of closeness to the original product, in terms of time, location and
treatment. This definition seems to be generally appropriate to encompass all
meanings of freshness given by consumers. Although it is not found in modern
dictionaries, it was listed in the past with the Latin origin of the word “frisch”
(fresh) corresponding to “dem Ursprung nahe” (close to the origin) (Mentz, 1938).
This definition was also mentioned in a recent categorisation of the meanings of
fresh by Galliker (2005) based on an analysis of advertisements of the past
70 years. According to this author, the definition “dem Ursprung nahe = nicht alt,
positive sensorische Beschaffenheit” (close to the origin = not old, positive sensory
condition) is, although vague, the most appropriate one.
If we take this definition of freshness into account, the measurement of
physiological ageing would in fact only be one of many ways to assess the
closeness to the original product. Nevertheless, the notion of ageing appears to be
highly important for the concept of fruit and vegetable freshness. The notion of
handling was mentioned by a relatively limited number of consumers while other
notions also related to ageing were mentioned more often (chapter 6). A reason for
these observed differences might be that fruits and vegetables are purchased most
often raw and consumers expect them to be subjected to little treatment. It is
supposed that the notion of ageing will be less important for other highly processed
products. Botta (1995) for instance suggested that both time and handling or
storage for the freshness of seafood products were of equal importance.
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7.3

Influence of consumer characteristics on the concept of
freshness

Age and gender were found to have a certain effect on the perception of apple
freshness (chapters 3 and 4) as well as on the apple consumption (chapter 3). In
addition, consumers who had in the past or present more contact with the place of
fruit and vegetable production are more likely to associate non-sensory attributes to
freshness, while consumers who had or have less contact are more likely to
associate sensory attributes to freshness (chapter 6). If we assume that the concept
of freshness describes a notion of closeness to the original product, as described
previously, consumers would have different ways to measure this notion. In
general, if consumers have all sensory and non-sensory product information they
will tend to use non-sensory descriptors to measure the level of closeness to the
original product. In contrast, consumers can only use sensory properties when
assessing the freshness of fruits and vegetables, if it is the only information
provided to them.
One may therefore hypothesise that time, location and handling were the initial
ways of measuring the closeness to the original product. Specifically, the freshest
fruit or vegetable was the one taken from the tree or in the field. The introduction
of the first supermarkets in the 1950’s, population movement from rural to urban
areas and the increased use of technology are factors that have alienated the
consumer to the origin of products (Torjusen et al., 2001). This development has
resulted in difficulties in measuring actual product freshness by non-sensory
characteristics. The only measure left to the consumer is whether the product looks
fresh, i.e. by sensory characteristics. If product information remains limited, it is
expected that over the next years, the concept of freshness will change towards a
more frequent use of sensory attributes.
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Since “fresh” is a word that contains a very positive connotation for consumers,
industries use it on packaging or in advertisements to promote their products. A
public meeting was held by the FDA on the use of the word “fresh” on foods
processed with alternative technologies (FDA, 2000). Opinions of speakers were
varying and often in disagreement. It was clear however, that industries which use
technologies for processing food or extending shelf life of food were willing to
expand the regulations of “fresh” to include their technologies. On the other hand,
industries using little technology were against an expansion of the regulation. It
must be noted that some types of treatment are already accepted for labelling
product “fresh” (FDA, 1993).
It is likely that industries will take advantage of the increased consumer
disconnection from the fruit and vegetable production by misusing the word
“fresh”. However, industries should be aware that expanding the definition of the
word “fresh” would have positive consequences on sales only on a short term basis.
If “fresh” is used for a large number of processed products, consumers will
consequently lose trust in the concept of this word. In the long run, the freshness
concept will lose its highly positive connotation and will not mean anything
anymore to the consumer. In order to avoid this development it is essential that
misuse of the word “fresh” is prevented by respective regulations. In its advertising
strategy over the last months, the retailer Migros in Switzerland for example uses
advertisements on freshness suggesting the closeness to the place of production. It
matches the expectations of many consumers for the word “fresh” and at the same
time reassures them about the origin of the products they purchase. In the same
period, a similar strategy is used by the retailer Coop in Switzerland, which shows
farmer families in advertisements as a guarantee of quality of their products.
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7.4

Influence of the product on the concept of freshness

Crispness, firmness, juiciness and absence of mealiness were shown to be the most
important textural properties used to describe apple freshness (chapters 3 and 4).
Shininess and juiciness and absence of withered sepals, bruises and fermentation
flavour were the best indicators of strawberry freshness while textural attributes,
i.e. gummy vs. crisp and instrumental firmness, and appearance, i.e. shiny vs.
shrivelled, were best indicators characterising freshness of carrots (chapter 5).
Attributes responsible for the perception of freshness differ according to the
specific sensory characteristics of each product and in particular, to those that are
more sensitive to ageing.
The freshness of fruits and vegetables with a long shelf life is better predicted by
sensory characteristics than those with a short shelf-life (chapter 5). This is mostly
due to the fact that products with a short shelf-life show more variation in their
properties at the same stage of storage. This particularity must be taken into
account when attempting to measure the freshness of products with a short shelflife. A larger number of measures might be needed in this case.
Answers to questions about the freshness of only fruits, only vegetables and fruits
and vegetables together exhibited similar patterns (chapter 6). Only attributes
describing flavour/odour and condition (i.e. deterioration and ripeness) were used
more often regarding questions about fruits and fruits and vegetables together
compared to vegetables. The difference in sensory attributes contributing to the
freshness between fruits and vegetables is not surprising as these products differ
greatly in their sensory properties. On the other hand, non-sensory attributes for
freshness are common to all fruits and vegetables, and their contribution to
freshness was indeed shown to be identical. On the other hand, importance of nonsensory attributes would certainly differ if other categories of foods were
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investigated such as milk products or bakery products. Therefore, a global
definition of freshness cannot be assigned to fruits and vegetables when
considering all aspects of the products or when focusing on their sensory attributes.
A common definition can be given only if focusing on the non-sensory attributes.
In general, Galliker (2005) argues that a definition of freshness should always be
given in association with a specific context of expression.

7.5

Methodological aspects

Important attributes for the evaluation of apple freshness were tested with two
different types of approaches. First, an indirect approach was used in which
consumer ratings of product freshness were related to the characteristics of these
products. Second, consumers were directly asked to describe their concept of
freshness using a closed-ended questionnaire. The first approach showed textural
characteristics, i.e. firmness, juiciness and absence of mealiness to be more
important compared to flavour characteristics, i.e. sweetness, sourness and aroma.
In the second approach, consumers rated taste as the most important attribute while
crispness and juiciness were considered slightly less important.
Although, consumers believed that taste was the most important characteristic for
apple freshness their perception was in fact principally driven by textural attributes.
Therefore, asking consumers about their perception using a closed-ended
questionnaire is problematic, whereas indirect types of approaches appear to be
more appropriate for investigating consumer perception. One limitation of using an
indirect approach lies in the difficulty of obtaining a comprehensive view of the
concept and perception of freshness since “fresh” is influenced by both sensory and
non-sensory attributes (chapters 3 and 6).
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As an alternative, a qualitative approach involving open-ended questions was used
(chapter 6). This approach is more appropriate than closed-ended types of questions
because consumers are not limited to attributes previously selected by the
investigator and are therefore not influenced by attributes that they would not have
otherwise reported spontaneously. This issue was clearly apparent in a study
investigating criteria used in the decision to purchase fresh produce (Batt and
Giblett, 1999). When an open-ended questionnaire was used, freedom from
chemical residues was not suggested by any of the 118 respondents. However,
when prompted to rate its importance, the majority of consumers reported it as
being a very important criteria. A common principle in questionnaire design is that
the more time someone spends on an issue, the more prevalent it becomes in the
respondent’s mind. Consumers might not have considered those specific
characteristics until the experimenter brought them to mind (Lawless, 1995). Since
open-ended types of questionnaires typically avoid this issue, they are thought to
bring valuable insight to the consumer concept of freshness.
In conclusion, methodology used to define the word “fresh” was shown to
influence the result to a large extent. The methodology for evaluating consumer
perception of a multidimensional word should be chosen with caution. It is believed
that a combination of different approaches is needed for a full understanding of the
perception of freshness and for controlling for the potential bias of each specific
method.

7.6

Concluding remarks and perspectives

The present investigation highlights the fact that freshness is complex and
multidimensional, as well as consumer and product dependent, and fluid and
dynamic over time. This provides a framework for further research in this area.
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It may be of interest to apply a conjoint analysis in which consumers rate freshness
using a combination of attribute levels. Specifically, the perception of freshness can
be estimated by the importance of some attributes compared to others. For
example, the relative importance of sensory over non-sensory attributes, and vice
versa, can be estimated. When an approach for product testing solicits diverse
information about its origin, it is likely to be complex and lead to a large number of
possible combinations.
Language is a dynamic and continually developing entity. Therefore, assigned
“meaning” of words, the kind of connotations that they carry, and the relative
psychological intensity of these connotations can vary among individuals and time
(Peleg, 1983). This is supported by the present investigation of the word “fresh”.
Implementation of a similar study a few years from now will likely show a shift in
its meaning.
Since the concept of freshness is product specific, it would be of interest to study
which attributes are important for describing the freshness of other fruits and
vegetables. It is also still debatable whether or not non-sensory attributes are
mentioned as frequently as sensory attributes when a specific fruit or vegetable is
considered. An open-ended questionnaire would be best adapted to investigate this
particular issue.
Both indirect and direct approaches (i.e. open-ended questionnaire) of assessing
important attributes were particularly appropriate for evaluating consumer concept
and perception of freshness. It would be interesting to investigate whether these
two types of approaches bring comparable results when studying a specific product.
Finally, two different forms of “fresh” appear in the daily language, i.e. “this
product is fresh” or “this product looks fresh”. In the second case, the expectation
plays an important role. It is not clear, however, whether or not the consumer is
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referring to either the expected sensory properties not perceived by simple
observation or the expected product origin. Now that the industry is attempting to
convince consumers that their products not only “look fresh” but also “are fresh”, it
would be interesting to investigate consumer opinion when using these terms.
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Appendix 1

Remarks on the questionnaire:
-

The questionnaire was presented on a computer screen. Copies of the screen are
shown in this appendix. As soon as a consumer had answered one question, the
next screen automatically appeared.

-

The attributes on screens 10 and 13 appeared in random order and those of
screen 12 in fixed order. The attributes and the corresponding scales on screens
10, 12 and 13 appeared one after the other and disappeared as soon as the
consumer had answered.

-

When the cursor of the mouse went over a box, the size of the writing increased
and the colour became more intensive.

This questionnaire was designed by raumprodukt © (reprinted with permission)
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Screen 1

Screen 2
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Screen 3

Screen 4
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Screen 5

Screen 6
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Screen 7

Screen 8
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Screen 9

Screen 10
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Screen 11

Screen 12
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Screen 13

Screen 14
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Appendix 2
Willkommen bei unserer Umfrage
Für unsere Studie brauchen wir ein paar Angaben zu Ihrer Person:
Alter:

...................

Nationalität:

.....................................................................................

Geschlecht:

□ Weiblich

Sprache:

□ Deutsch/Schweizerdeutsch

□ Männlich

□ Italienisch
□ Französisch
□ andere: ……………………………………………………
Haben Sie letzte Woche schon an unserer Studie teilgenommen?
□ Ja

□ Nein

Wenn Ja, wie oft?
□ 1x

□ 2x

□ 3x

□ 4x

Wie oft essen Sie Erdbeeren pro Woche? (Saison Juni/ Juli)
□

□

□

□

□

<1

1-2

3-4

5-6

>6
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Wie beurteilen Sie die Frische dieser Erdbeere?
Notieren Sie den Probencode und markieren Sie Ihre Beurteilung im
entsprechenden Feld auf der folgenden Skala:
Probencode: ………………..

□
gar nicht frisch

□

□

□

□

□

□

□

□
sehr frisch

Bemerkungen: ...................................................................................................................................
..................................................................................................................................................................
..................................................................................................................................................................
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Appendix 3
Willkommen bei unserer Umfrage
Für unsere Studie brauchen wir ein paar Angaben zu Ihrer Person:
Alter:

...................

Nationalität:

.....................................................................................

Geschlecht:

□ Weiblich

Sprache:

□ Deutsch/Schweizerdeutsch

□ Männlich

□ Italienisch
□ Französisch
□ andere: ……………………………………………………
Wie oft essen Sie rohe Karotten pro Woche?
□

□

□

□

□

<1

1-2

3-4

5-6

>6

Haben Sie bereits an unserer Studie teilgenommen?
□ Ja

□ Nein

Wenn Ja, wie oft?
□ 1x

□ 2x

□ 3x

□ 4x
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Wie beurteilen Sie die Frische dieser Karotte?
Notieren Sie den Probencode und markieren Sie Ihre Beurteilung im
entsprechenden Feld auf der folgenden Skala.
Für die Beurteilung schneiden Sie bitte in der Mitte der Karotte ein Stück
heraus.

Probencode: ………………..

□
gar nicht frisch

□

□

□

□

□

□

□

□
sehr frisch

Bemerkungen: ...................................................................................................................................
..................................................................................................................................................................
..................................................................................................................................................................
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Appendix 4

Remarks on the questionnaire:
-

People were specifically told to answer questions one after another and not to
look at the next pages.

-

One-third of consumers were presented with the question 2 on fruits, one-third
on vegetables, and one third on fruits and vegetables.
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Willkommen bei unserer Umfrage
Frage 1: Was kommt Ihnen spontan in den Sinn beim Wort „frisch“?
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Frage 2: Wann sind für Sie Früchte frisch?
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Welcher ist für Sie der wichtigste Aspekt, den Sie auf der vorherigen
Seite genannt haben? Unterstreichen Sie dort den entsprechenden
Ausdruck.
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Umfrage zu Früchten und Gemüse
1.

Kaufen Sie Ihre Früchte und Gemüse selber ein?

2. Wo beziehen Sie den Hauptteil Ihrer Früchte und Gemüse?

□ Ja

□ Nein

□ Supermarkt
□ Quartierladen

Bitte nur ein Feld ankreuzen

□ Markt
□ Bauernhof
□ Selbstanbau
Wie oft?

Wie oft vom Markt oder direkt vom Bauern?

□ mehr als 4 mal pro Woche

□ mindestens einmal pro Woche

□ 3-4 mal pro Woche

□ mehrmals pro Monat

□ 1-2 mal pro Woche

□ mehrmals pro Jahr

□ weniger als 1 mal pro Woche

□ nie

3. In welcher Ortschaft sind Sie aufgewachsen?
4. Sind Sie mit einem Gemüsegarten aufgewachsen?

□ Ja

□ Nein

□ Stadt

□ Land

□ Ja

□ Nein

□ Ja

□ Nein

5. In welcher Ortschaft wohnen Sie zur Zeit?
6. Wo würden Sie gerne wohnen, wenn Sie wählen könnten?
(unabhängig von privaten oder beruflichen Umständen)
7. Haben Sie einen Garten mit Früchten/Gemüse?
Wenn nicht, hätten Sie gerne einen?

8. Wissen Sie, wann folgende Früchte und Gemüse geerntet werden?
Bitte geben Sie die Hauptsaison (Monate) so genau als möglich an.
Äpfel

Erbsen

Rosenkohl

9. Wie lange können diese Produkte Ihres Erachtens gelagert werden?
Äpfel

Karotten

Tomaten

10. Wie lange dauert es von der Aussaat/Pflanzung bis zur Ernte folgender Produkte?
Kopfsalat

Karotten

Radieschen
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Angaben zur Person
Alter
Geschlecht

□ weiblich

□ männlich

Muttersprache

□ Deutsch/Schweizerdeutsch
□ Französisch
□ Italienisch
□ andere

Stammen Sie von einem Bauernhof?

□ Ja

□ Nein
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