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Chapter |
AN OVERVIEW OF SENSORY QUALITY OF APPLE

FRUIT

THE PERCEPTION OF QUALITY IN APPLES

Perceivable quality of a horticultural product isictly linked to its freshness.
Freshness is considered the key factor that datesy@onsumer preferences in fruit
and vegetable purchases (Ragaert et al., 2004gsh product is defined by UNI EN
ISO 7563:1998 as “a turgescent product with no ssighwithering or ageing, the
cells of which have not deteriorated”. Since “tegtuis defined by UNI EN ISO
5492:1992 as “all the mechanical, geometrical amdlase attributes of a product
perceptible by means of mechanical, tactile andereshappropriate, visual and
auditory receptors”, it is easy to conclude thatuee properties are the main factors
responsible for freshness and for related conswheice (Péneau et al., 2006;
Harker et al., 2008). It is important to realizatthexture consists of a number of
different properties, not a single one, perceivgdrteans of human senses and that
its definition implies a sensory evaluation (Boyr2802). Texture analysis is used
by the food industry, in fact, to define and cheuhkysical properties of food
products, through the use of mechanical and rhembgneasurements. If such
measures are to accurately predict sensory peocepfitexture parameters, human

assessment should be the standard against whittunmment readings should be



calibrated. In this way, it would be possible tavdn@ product which falls within the
range of textural parameters that experience hasirshito be acceptable to the

consumer (Bourne, 2002; Harker et al., 2003).

Fruit shape, size, color, soluble solids contertidiy and firmness are the
parameters most considered for defining apple tuatandards. Compression
measurements by penetrometry are the most widedg tischnique for firmness
evaluation (Harker et al., 1997; Qing et al., 20@)nsory analyses, instead, are not
usually considered for general quality assessmeifu. However, in the case of
fruit like apples, texture properties are not dissted from other properties, such as
olfactory and gustatory ones, and consumer predeseare generally based on a
combination of texture and flavour (Daillant-Spienét al., 1996; Harker et al. 2003;
Gatti et al.,, 2011). These relationships justifysensory-based approach as the
starting point for implementing measurement toblst tare effective in predicting

human perception of apple quality.

METHODOLOGICAL ASPECTS

Sensory profiling

Sensory analysis is the only approach able to geosi direct evaluation of sensory
properties and an overall product profile, rathemt studying just one attribute at a
time. In addition, it is also suited to giving arbjective meaning to sensory

perception, in qualitative and quantitative teri@ensory analyses, in fact, have the

aim of describing products in an objective way, raelterising them by scientific
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criteria, and defining perceivable differences (Myret al., 2001). For these reasons,
sensory analyses requires scientific competencyamiopriate facilities, such as
laboratories specifically equipped for performingnsory tests. Although sensory
analyses use a scientific approach, they are tab&xplain perceivable quality of
food by using a language which is close to thahefconsumer (Swahn et al., 2010;

Seppa et al., 2012).

Descriptive analysis is the most sophisticatechefdensory methodologies available.
It requires a panel of trained judges to scoreithensity of a series of specific

attributes of a product on a linear or numericallescThe result of such analysis
consists of a complete description of sensory pt@seof one or more products that
are related to appearance, odour, flavour andrexioreover, it provides the basis
to map similarities and differences and to highligihich sensory attributes are

important to consumer acceptance (Stone and &ide4a).

Until 1996, there were no studies that establiskieat the sensory properties
evaluated through instrumental tests could actuallyesent the attributes which are

really important for consumer choice (Daillant-Sger et al., 1996).

In general, not all studies applying sensory ansigsapples report details about the
sensory methodologies that were employed: somectspsuch as vocabulary
development, panel selection and judge performanege often not sufficiently

described and discussed to be fully understoodandst studies the attributes were
chosen by a brain-storming among the judges (Daiffpinnler et al., 1996; Allan-

Wojtas et al., 2003). In other cases, the sensocabulary was proposed by the
panel leader (Karlsen et al., 1999; Harker et241Q2a, 2002b; Harker et al., 2006).

In particular, studies focused on the relationdiepwveen sensory and instrumental
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data often proposed a specific set of sensory gsg which might fit with the

sensory meaning given to the instrumental measurEsice texture sensory
properties might have been defined for physicalsuesmments or flavour attributes
for volatile compounds analysis (Karlsen et al99;9oannides et al., 2007; Chauvin
et al., 2010). Many studies referred to ISO statsldor general sensory analysis
methodologies and panel selection (Karlsen etl1899; Echeverria et al., 2008),
whereas Daillant-Spinnler et al. (1996) providedletailed description of panel

training, specific for apple profiling.

One of the few papers providing detailed informatiabout panel performance
evaluation was by Hampson et al. (2000), who pregos tool to analyse judge
consistency and performance over several yearsurAcg of sensory data is of
fundamental importance: if sensory data are noiable, i.e. consistent and
discriminant, with a good agreement among the jadgensory profiles are not

reliable and any prediction models can show lowaifeness.

An important consideration comes from the work bydkfield et al. (2011), who

focused on explaining the wide range of differemtrelations between sensory and
instrumental data that can be observed in theatitee, and concluded that such
variability probably depends on the different atis tested in each study — different
cultivars tend to respond in a different way to ¥heious models that are used. Their
conclusion suggests that a very large set of apylkevars should be considered in
such studies in order to cover the range of vdrglthat can occur within different

apple properties.
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Thelink to the consumer

After defining a product sensory profile it is nesary to identify which attributes

are important to the consumer and in which way.

With regard to the sensory definition of freshndbg, main attributes used by the
consumer to judge apple freshness are crunchijugsisess and mealiness. The first
two of these are considered to be positive factatsle the last one is negative

(Péneau et al., 2006; Oraguzie et al., 2009).

Crunchiness is an acoustic attribute, evaluateithe@sntensity and frequency of the
sound produced by chewing (Duizer, 2001; Filliord dfilcast, 2002). Juiciness is
associated with a tactile sensation; it repres#mgsjuice amount released by the
product during chewing (Harker et al., 2002a; lodas et al., 2009). Mealiness is a
qualitative defect, appearing as dry and “sandgstil which breaks down into fine
particles as consequence of the weakening of iltatar bonding. In mealy apples,
fractures occur as a result of cell-to-cell debagdand individual cells do not break

to release their contents (Harker et al., 2006 ekefria et al., 2008).

Harker et al. (2003) highlighted an important featthat needs to be considered
when studying apple preferences, that is, accdjyabefines different consumer
clusters that are characterised by preferencesrdswdifferent sensory profiles. For
example, it is possible to distinguish people wike krisp and sweet apples from
others who like juicy and sour fruit. Often, spacdroupings of preferred attributes
are the result of expectations related to expeeie8mce clusters of genes associated
with fruit quality usually change together, consumpeeferences tend to link specific

taste and texture properties because they are ajgnexssociated in different
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cultivars (Harker et al., 2003). The differencegpireferences can also be related to
consumer age (the elderly tend to like softer amdensour apples; vice versa for
children), or to nationality or ethnic group, detaring a higher or lower familiarity

towards different products (Prescott and Bell, 3995

Wills et al. (1980) were among the first to stueynsumer liking and its relation to

sensory properties. Daillant-Spinnler et al. (199%8)died the relation between
sensory properties perceived by a trained panel @mbsumer preferences for
different apple varieties. Texture and taste priogerwere considered more
important by the consumers than aroma and appeariievertheless, the relation
between preferences and sensory profiles was adame for all the cultivars: some
of the cultivars appeared to be quite differenteblasn sensory properties but very
similar in terms of consumer preferences. The astlomncluded that it is not

possible to define a sensory property-based metbggaiseful to predict acceptance
in absolute terms (Daillant-Spinnler et al., 1998eger et al. (1998) tested the
hypothesis that consumers perceive apple mealageasnegative attribute and show
a higher preference for fresh apples, rather thate sones. Fresh apples were
evaluated as harder, juicer and crisper by a tdapanel, while stored apples were
described as old, stale and floury. The consunsy ite contrast with the results by
Daillant-Spinnler et al. (1996), showed that thestfidimension on the preference
map was strongly related to flavour properties withe second dimension was
related to texture differences. However, the casiolu was the same: although the
trained panel highlighted perceivable differencglated to storage treatment within
each variety, acceptance appeared to be more btriinked to the variety factor,

irrespective of the mealiness level (Jaeger et1898). Recently Bonany et al.

(2014) performed a consumer preference test onraeapple varieties in seven
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different European countries. They defined an esepreference map relating the
consumer preferences to the sensory profile destriy a trained panel and to
instrumental characterisation, suggesting suclobae useful for the positioning of
the variety in the market and for leading breedaajivities. However, even if
sensory description and instrumental charactesisageemed to be well related, the
authors stressed that it is not a simple task terpmet the results coming from
preference tests in order to define practical steshglof quality (Bonany et al., 2014).
Moreover, Seppa et al. (2013b) found that theahitking or disliking expressed by
consumers toward an apple cultivar did not alwafkect their final choice, since
that choice was often influenced by other optioms tonsumers had during the
selection process. This result demonstrated thatesged preferences are not to be

considered as a constant, but they are stronglgrikgmt on the context.

Relationship between sensory and instrumental data

Although the importance of sensory analysis is @stjonable, these methods are
expensive and time consuming and, for these reatioese analyses are not always
suited to practical use when many samples neecetanalysed. It is, therefore,
desirable to replace sensory evaluation by fasierpler, or cheaper instrumental
analysis. For these reasons several studies haamimxd correlations between

sensory and instrumental data.
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Texture parameters

Firmness is the most considered and studied textarameter. In the study by
Harker et al. (2002a), instrumentation tests shotlvatla minimum difference of 6-8
N in instrumental firmness with an 11mm probe puretest was necessary to have
a difference in sensory attributes perceived byaiéd sensory panel. Below a
minimum value of 50 N measured by the firmness tibst fruit were evaluated as
being mealy by the trained panel. So, it is posstiol define a critical puncture
threshold, below which the apples are describdebasy mealy, and apple producers
could define a threshold in their practical measumeensure that mealy apples are
excluded from a pack-out (Harker et al., 2002a)a@in et al. (2010), found a
logarithmic relationship between physical properté apples and the sensory scores
determined from descriptive analysis, and repatteti when apples are soft, humans
are more sensitive to textural differences thatrimsents are. When apples are hard,
the ability of panelists to perceive differencesyrdacrease because of fatigue; thus,
in this case, instrumental determination would barenreliable than the panelists’
(Chauvin et al.,, 2010). Nevertheless, vivo measurements of texture properties
proposed by loannides et al. (2007), by means @ftimyography (EMG; that
records facial muscle activity during apple cheyiwlien compared to penetrometry
analyses, showed that penetrometry was only ablepiicate the first bite, without
providing information on the tissue modificatiorathtakes place in the mouth as a
result of the chewing process. That factor was idened by the authors to be a
limitation of penetrometry in providing effectiveath for predicting texture sensory
properties (loannides et al., 2007). However, atéition of psychological origin in

the EMG tracing does exist: the volunteers tendechew in a different way when
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they were asked to evaluate some sensory attritnatier than responding normally

when there would be less stress and less needtestrate (loannides et al., 2009).

Several authors have focused on the acoustic p&esneApples, like all fresh
vegetables, are composed of living cells, with galls fastened to each other by
means of the middle lamella and subjected to tupgessure, which is higher than
the external atmospheric pressure. The breakirtgeotell wall provokes the rapid
expansion of the liquid content, responsible foe thound emission. Acoustic
emission amplitude and frequency are strictly eglab the perception of crispness
and crunchiness, which are very complex concemmbming a wide range of
perceptions, such as sounds, fracture charactstistensity and geometry (Fillion
and Kilcast, 2002). Study of consumer responsesodstrated that crispness is
characterised by a sudden, clean fracture occuwimgn a crisp food is bitten. The
noise emitted is perceived to be higher pitched lander than the sound produced
during biting crunchy foods, showing low pitch sdsrand characterised by a certain
degree of bone conduction. That is why the comhinadf acoustic and mechanical
techniques more adequately describes food acqustperties perception than either
technique alone (Duizer et al., 2001). De Belieaket(2002) studied the acoustic
parameter of crispness that had been separatalydsby a trained sensory panel by
combining measurements taken by a microphone ofsthend emitted during
chewing of a sample coming from the same fruituAdamental limitation was the
use of different subjects and different samplesnftbe same fruit for sensory and
instrumental measures: subjects involved in senso@lysis were not the same
subjects involved in chewing recordings. The awthproposed that a better
relationship between chewing sound and sensory ot be expected if the

recordings were taken from each panelist as he¥sisescoring for texture attributes
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(De Belie et al., 2002). Crispness and crunchinkase important cognitive
implications: Dematte et al. (submitted) demonstiahat artificial modifications of
specific frequencies of the sound perceived in tiea during biting or chewing of
apples significantly affects crispness perceptotemonstrating that crispness is an
attribute strongly related to the acoustic inforim@acoming from the food. Hardness
perception was also found to be affected by soumdifcations, although it is
defined as a mechanical attribute, showing a nassry interaction in hardness
perception. Zdunek et al. (2010a) developed a cbraeoustic emission detector,
based on the simultaneous use of a puncture tdsarancoustic emission detector in
contact with the sample during the test. They fotimat total acoustic emission
counts were a better predictor of texture senstinbates evaluated by a trained
panel than penetrometry firmness measurements ,ap@mgcularly with respect to
crispness, crunchiness and hardness (Zdunek eR@lQa). Costa et al. (2011)
related mechanical and acoustic data recorded ple gsamples during compression
by a texture analyser to the texture sensory etialudy a panel of experts. They
found that the instrumental acoustic parameter® wesitively correlated to sensory
crispness and negatively to firmness, suggestingingportant role of acoustic
parameters in the perception of crispness. Hengle tiispness and high firmness
were not dependent on each other and it shouldb@@xpected that they would be

present together in any case (Costa et al., 2011).

The relationship between apple tissue anatomiedlfes and texture properties has
been studied by several authors (Allan-Wojtas €t28l03; Mann et al., 2005; Billy
et al., 2008). Allan-Wojtas et al. (2003) compatied sensory description of apples
by a trained panel with a micro-structural analydishe flesh matrix by microscopy.

By defining groups of apple cultivars with commamsory profiles and studying the
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structural properties representative of each graoogy were able to describe the
structural components responsible for specific @gnsesponses (Allan-Wojtas et
al., 2003). Mann et al. (2005) correlated applet@né&al features and texture
sensory properties, finding that cell number wapadrtant to the prediction of

crispness and mealiness, suggesting that fruit avitewer number of cells per unit
area were crisper than fruit with a higher numberedls per unit area, while cell size
predicted juiciness, suggesting that bigger cedlease more juice (Mann et al.,
2005). Useful interpretations come from Ting et @013), who used X-ray

tomography to study the anatomical features ofediffit apple varieties and their
relation to instrumental firmness. They found thdifferent microstructural

organization and the distribution, number, and siteintercellular spaces were
responsible for different texture properties thatrevcharacteristic of different apple
varieties. The work by Billy et al. (2008) foundralationship between texture
sensory profile and water-soluble pectin (WSP) aotion analysis: mealiness and
“fondant” attributes were positively and negativelgrrelated, respectively, to the

concentration of galacturonic acid in the WSP etira

Flavour parameters

Several authors have found difficulty in developeiftective predictive models for
taste in apples based on predicting flavour senpergeption from instrumental
measures of compositional data. The main reasomsde be the multisensory
nature of taste perception, characterised by ietence from other sensory

properties.
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Harker et al. (2002b) found a good prediction fordataste by titratable acidity,
while soluble solids concentration showed a potatian with perceived sweetness.
These authors asserted that assessment of frsiéngory analysis should remain a
critical part of fruit quality assessment, sinceestmess represents one of the most
important factors affecting consumer liking (Harlke¢ral., 2002b). Additional studies
highlighted that influences between different sepgwoperties exist that are able to
affect sweetness perception. Harker et al. (200&nahstrated that sweetness
perception depends on the degree of breakdownpbé dlesh during chewing — i.e.,
it depends on textural properties — rather thanddferences in sugar and acid
content (Harker et al., 2006). Echeverria et al08 found a relation between
sweetness and mealiness perception scored bynedraanel, with high mealiness
values being related to low sweetness values, évenreal correlation between the
two sensory attributes was found. Another intengstionclusion from this work was
that a low consensus in the panel was observedhfige attributes having high

interactions with others, e.g., sweetness (Echi&vetral., 2008).

The influence of other sensory properties can dlso observed with aroma
perception. Karlsen et al. (1999) looked for a elation between sensory data and
instrumental data coming from texture and volatibenpounds (VOCSs) analysis on
several apple varieties. The highest correlatioasevwobtained when sensory odour
and flavour attributes were correlated at the sdamme to texture and VOCs
instrumental data — the prediction of aroma perogpteems to require information
about apple texture properties. Differences in dlavrelease could be due to
structural differences as every compound respamddal flavour has to be released
from the apple matrix to come in contact with teatel olfactory receptors. Release

kinetics are therefore influenced by the chewingepss, the interaction with saliva,
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and mouth temperature, which depend both on appleoa subject characteristics
(Foster et al., 2011; Chen and Engelen, 2012). Mane Aprea et al. (2012) found
that the interaction of the same volatile compoumden present at different
concentrations can be responsible for the peraeptiaifferent perceived odours or
flavours. Ting et al. (2012) showed that nose-spaon-transfer reaction mass
spectrometry analysis of volatiles released durapple consumption provides
significant information about real flavour percepti They found that very different
volatile profiles came from apple fruit during chieg, as compared tio vitro VOC

measurements on the same apple cultivars, confirrittkat nose-space analysis

provides data that better explain real consumergmion.

The general conclusion is that it is possible tdamba better sensory attribute
prediction if a larger number of instrumental amdéhemical measurements are

taken into account when elaborating a model (Karkteal., 1999).

Overall profile

Non-destructive techniques have also been develapddapplied to study overall
apple quality, since resulting spectra developethfchemometric techniques can
give a general overview of a product profile whidn be used to predict sensory

properties.

Mehinagic et al. (2003) tested the effectivenesdNIR spectroscopy in predicting
sensory properties. They found that mealiness wegatively and crispness
positively correlated with spectroscopic data ie ttavelength range corresponding

to chlorophyll and starch absorbance bands. Chigibpnd starch are subjected to

21



changes in their concentrations during ripeningctviis a process that also involves
structural modifications indicating why a relatiietween vis/NIR measures and
some textural attributes might exist. Sweetness wegatively correlated and
sourness positively correlated with absorbance avelengths corresponding to
starch. Starch degradation during ripening is tlesid mechanism for sugar
production, responsible for sweet taste, while,coorently, acid concentration tends
to decrease. Despite these interesting results,refsionships were not strong
enough in comparison with the better correlatidnseoved between sensory data and
penetrometry measures (Mehinagic et al., 2003)zdRizet al. (2010) used time-
resolved reflectance spectroscopy (TRS), a tecknigich measures concurrently
the absorption coefficient and the scattering d¢oieffit at different wavelengths — the
absorption coefficient is a measure related toatheorption of photons by pigments
(chlorophyll, carotenoids) and by main chemical poments of the flesh (water,
sugars), while the scattering coefficient is a meagelated to photon refractive
mismatch caused by cellular structures, such ashramas, cell walls, intercellular
spaces, starch granules, etc. The authors found gowoelations between texture
sensory attributes and some scattering coefficiGvget taste showed a significant
correlation with some absorbance coefficients. dinors were optimistic about the
ability to predict texture sensory attributes, nreds in particular, by TRS.
However, the best correlations were found betwests@y scores and other more

common destructive measurements used as the control

In conclusion, non-destructive techniques (vis/NIRS) seem to be promising in
the prediction of some sensory attributes, butrareyet as reliable as commonly

used destructive analytical methods.
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Consumer preferences

Some authors have studied the relation between uomrs preference and
instrumental characterisation, as a direct waynterpret preferences in terms of

chemical and physical properties.

Hoehn et al. (2003) compared consumer preferentte aliemical and mechanical
measures on apples. The authors found how notsmityapples, but also very hard
ones were not preferred by consumers, even by degest. Such observations
confirm the theory that liking falls within a rang# intensity for each sensory
characteristic (Bourne, 2002). Similar to othedss, they found a good correlation
between instrumental measures and liking for oneagultivar, but not for others.
According to the author, this finding should beaaknto account when defining the
minimum tolerance standards for the instrumentaiapaters used for quality
assurance applied to apples — an instrument isabtg¢ to measure the same
combination of properties that human senses cad, sawveral sensory attributes
together can influence preference judgment (Hoehal.e 2003). In this context,
Harker et al. (2008) tested the instrumental measants currently available for
quality control in order to verify whether they pide appropriate quality parameters
to define consumer acceptability. In their work,imerease in liking was found when
firmness measured by penetrometry was above afigpdoieshold common to all
the varieties examined (‘Gala’, ‘Red Delicious’ujF and ‘Braeburn’) and equal to
62 N. The authors observed that the market suametslure for an apple cultivar
can depend on the ratio between the cultivar'sraafirmness distribution and the

firmness threshold below which consumers rejectiespp/Nhen the proportion of
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fruit below that limit is high, the variety tends be less appreciated and purchased

(Harker et al., 2008).

APPLICATION OF SENSORY ANALYSISIN APPLE STUDIES

The study of apple quality includes a series otdecthat need to be considered,
such as the impact of growing conditions; post-Bstvstorage conditions and
physiological changes during storage; post-stosdgdf conditions; and properties
and peculiarities of new cultivars being releasedhfbreeding activities. In the light
of the established important role of sensory s@endhe evaluation of apple quality,
it is important to consider the application of dgstive sensory analysis and

preference tests in determining the significancsuah factors.

Pre-harvest factors. some examples

Crop management practices and pre-harvest treasraemtable to influence product
quality both at harvest and during storage, maimierms of cell anatomy, structure
and turgor (Sams, 1999; Johnston et al., 2002).yMaundies are available about the
influence of factors such as rootstocks, irrigatamd fertilization management,
weather conditions, and canopy structure on appié field and quality, measured
in terms of instrumental parameters (e.g. fruit ghei firmness, soluble solids

concentration, disease and pest damage, and ikdernce of physiological disorders;
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see, for example, Racsko et al., 2008; Campi £2809; Brackmann et al., 2010;

Casero et al., 2010; Lachapelle et al., 2013).

However, few studies relating pre-harvest factoith wuality determined by fruit
sensory analysis are available. In terms of growiragtices, Vanzo et al. (2013)
compared apples produced by organic and integrayetbms. A consumer panel
performed triangle tests and hedonic evaluatiospafcific sensory attributes. The
results showed that consumers were able to diswait@ibetween fruit coming from
the different growing systems and that the prefegsenbetween organic and
integrated fruit for sweetness, tartness, firmngsginess, overall flavour and
appearance were cultivar dependent. Altitude is alactor determining differences
in ripening stage and fruit chemical compositioroif@i et al., 2005; Singh et al.,
2006; Aslantas and Karakurt, 2007). Paprstein.€R8D6) studied fruit chosen from
orchards in four climatically different locationabout 200, 300, 400 and 500 m
a.s.l.) by asking panels of consumers to scorer tlleng for several sensory
attributes related to appearance, flavour and textlihe authors reported a total
score, representing the sum of scores for eadhwtttr and a general taste score, but
they did not perform any statistical analysis tadgt the differences in sensory
properties of each cultivar at the different loocasi and no evidence of significant

differences related to altitude was provided.

Crop load is also known as a factor affecting fiquiality and sensory properties.
Baugher and Schupp (2010), for example, demondtiaétter quality, in terms of
sensory profile and consumer liking, in fruit comifitom low crop load treatments
compared to high crop load treatments in ‘Honepcipple. Thinning is therefore a

key factor to improving crop yield and quality ipme (Link, 2000). The most used

25



way to reduce crop load in apple is the applicabbmphytochemicals which cause
fruit abscission (Zibordi et al., 2009). An innowvat method consists in shading
apple trees by appropriate nets (Byers et al.,, 199@ompetition for reduced
photosynthates is responsible for fruit abscisg©arelli Grappadelli et al., 1990).
There are conflicting results about the final gyabf fruit coming from shading

treatments (Widmer, 2008; Zibordi et al., 2009; Aamde et al., 2011). Recently,
photoselective colored shading nets have been pegpdo promote specific
physiological responses by differential spectransmission of solar radiation
(Shahak et al., 2004). Bastias et al. (2012) fosnwhll instrument-measured
differences in apple fruit coming from trees undiierent colored nets. Solomakhin
and Blanke (2010) also found that sugar/acid ratidicative of “taste”, was not

influenced by photoselective net treatments, priypabcause of the tendency of
sugars and acids to decrease in the same proportadhthe treatments (Solomakhin

and Blanke, 2010).

In light of the observations reported here aboatithportance of sensory perception
and the definition of ranges of acceptability farveral quality parameters, a
consideration of eating quality just based on dagat ratio appears not adequate to
reliably describe the quality of fruit. To our kniaslge, no studies applying sensory
analysis to evaluate the quality of apples commuognf different thinning practices

and different photoselective net treatments haea Ipeiblished yet.
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Post-harvest changes of apple sensory properties

One of the first studies applying sensory analysistudy post-harvest changes in
apples was proposed by Watada et al. (1980), whndfstrong differences in the
sensory patterns for five apple varieties develogedng a five-month storage
period, and suggested that this might be due terdiices in physiological age at
harvest. Some varieties, for example, showed haglingency at harvest, typical of
unripe fruit. For such cultivars, there was a sgramange in their sensory profile
during storage, more than in other cultivars whechild be indicative of that fruit
being more ripe at harvest. However, the authatsdt ignore potential differences
in chemical composition and cellular structure,gasiing the usefulness of studies
on anatomy or metabolic and catabolic processetrrdming the relationship
between these factors and sensory quality (Watkalk, d980). Several authors have
found that different apple varieties exhibit difet patterns in both sensory texture
and flavour profiles during storage (Billy et #2008; Seppa et al., 2013a). Seppa et
al. (2013a) defined clusters of varieties, depempdin their sensory profile, and
found that most of them moved from one clusterriotier during storage as their
sensory properties changed. Hence, different vasietan show similar sensory
profiles at a specific moment during storage buy \@ifferent profiles at another.
Billy et al. (2008) explained the different patteraxhibited by different varieties
during storage as related to different genetic if@®fand different enzymatic

metabolism of pectins (Billy et al., 2008).

Modifications in sensory properties during storagfeapples do not seem to be
related only to textural properties, since it haerb demonstrated that volatile

compound release strongly changes during post-Basterage, and that different
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patterns can be shown by different apple varigssikoulis et al., 2012). Aaby et
al. (2002) found that differences in sensory properbetween fresh and stored
apples were mainly related to odour and aroma,eatkikture and taste attributes did
not differ significantly, even if instrumental fimass and titratable acidity decreased
during storage (Aaby et al., 2002). Varela et 2006; 2008) studied the relation
between changes of sensory profile of apples dwsioage, evaluated by a trained
panel, and consumer acceptability. Rejection ot fmuas associated with increased
mealiness, ripe and alcoholic flavour, even if oth#étributes (such as juiciness,
sweetness, acidity) remain unchanged. Thus, atistinat are most often considered
important did not influence the decision by constsre reject the fruit (Varela et
al., 2005). They also highlighted the fact thaitfracently harvested and fruit stored
in either cold or controlled atmosphere conditishewed different patterns in how
their sensory properties changed subsequently glwiorage at room temperature
(simulating real market conditions) irrespectivesohilar instrumental parameters

measured at harvest or soon after storage (Varela 2008).

Other studies proposed instrumental measure asafsia way to predict apple
sensory quality change during post-harvest storddehinagic et al. (2004)
employed both descriptive sensory analysis and rumsntal measures
(penetrometry, compression test, Vis/NIR spectnegcsoluble solid and titratable
acidity concentrations) to predict sensory propsrit harvest and during storage.
Penetrometry appeared to predict sensory propews at harvest, while the
compression test helped to better explain the admimgmealiness and juiciness after

storage (Mehinagic et al., 2004).
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An important conclusion from such studies is th#fiecent cultivars show different
sensory patterns during post-harvest storage. Jugdests the need to develop and
validate sensory tools on very wide sets of appiéivars, in order to define the
different patterns that can be show within thiswgerMoreover, cultivars could be
studied under different storage conditions in ortieenhance differences in their
responses. Instrumental analyses could also promfdemation about the chemical
and structural changes responsible for the difteremds, as highlighted by Costa et
al. (2012), who observed a considerable texturalatian in texture analyser
performance of different apple cultivars over twanths of storage. Since the
authors considered that the main source of vanatwas genetically based, they
suggested that proper evaluation of apple storag®nmance should be considered
as a basic factor in breeding programs so thaetresi which can best maintain

quality features during storage can be selectedtéCet al., 2012).

Breeding studies

Currently, the most advanced method of breedingasker-assisted selection, based
on the identification of individuals carrying geradleles responsible for the
phenotype of interest (Costa et al.,, 2010a; Sansawid Tartarini, 2011; Myles,
2013). Preliminary screenings made on the initimenset of breeding progeny are
necessary, before any sensory characterisatioordier to reduce the samples to a
number which can be managed in sensory evaluatidoever, such preliminary
instrumental screenings can exclude interestingivaws, because of an improper
transposition of instrumental readings in sensongerpretation. Thus, the

implementation of reliable prediction models for pbp sensory quality by
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instrumental measures is required if they are tajyaied in breeding studies. Even
where disease resistance and facilitating of efficgrowing practices are among the
most important targets to breeders, new apple ti@hscmust also have a high appeal
to consumers and this makes the description of #exsory characteristics all the

more relevant.

Within this context, a number of sensory studiewvehdeen concerned with
determining consumer acceptability of new appleotyges. Granger et al. (1992)
studied new scab-resistant apple cultivars forrtlsensory acceptability through
hedonic evaluation of different quality attributesing a flavour profile technique
(Caul et al., 1958). The overall acceptability atle apple variety was calculated as
the difference between the average score for pesifjuality attributes (aroma,
sweetness, acidity, firmness, juiciness and crispneand the average score for
negative quality attributes (astringency, bittemansd mealiness). A five-year study
by Paprstein et al. (2006) on the acceptabilitymaire than a hundred cultivars
currently cultivated in the Czech and Slovak Repshiogether with new promising
ones, harvested in four climatically different lboas, aimed at identifying which
climatic condition could be proposed as being thst ior achieving the best sensory
quality score for each cultivar. A similar studysa@nducted by Miller et al. (2005),
who studied 20 new apple cultivars both in theegastUS and in British Columbia,
Canada. Hedonic scales were used to score the lfkinappearance, texture and
flavour, while intensity scales were used to sdbee intensity of texture and taste
attributes. Significant differences in apple sensguality were found for cultivar
and site. The authors suggested that widespreabisetests of new apple cultivars
across several sites should always be consideremtdier to evaluate new apple

cultivar performance under different soil and clim&onditions (Miller et al., 2005).
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Bonany et al. (2013) tested products grown in &ifipesite and then tested by
different consumers at different locations aroundrope. The results showed
significant interactions between apple variety aadntry, age and gender, indicating
that differences in eating quality acceptance ameageties were influenced by
these factors. A sensory profile developed on tmes fruit by a trained panel
provided a definition of those sensory charactessthat were appreciated in
different countries and by different consumer atas@onany et al., 2013). The first
work that applied concurrently descriptive analysesl consumer surveys was
performed by Redalen (1988) on about 35 new apglecsons over a five-year
period. The study was mainly centered on flavouasratteristics and appearance,
resulting in conformity between the highest scofas the intensity of flavour
properties given by the trained panel and preferenexpressed by consumers.
However, no regression analyses were proposedtrsthdy to explain and confirm
such a relationship (Redalen, 1988). Hampson e2800), instead, developed a
more detailed protocol for the definition of likirdyivers on new apple varieties.
Firstly, a trained panel was involved in the hedoevaluation of seven sensory
attributes related to appearance, texture and dtaed both new cultivars and of
standard varieties, over a period of four yeargoAsumer preference test was then
performed on a sub-set of samples. The authorsdfoun that crispness accounted
for 90% of variation in texture liking and sweetsesourness and aromatics
explained about 50% of the variation in flavouriddk They also performed
instrumental mechanical and chemical measurementeeosamples, but found that
the collected sensory data were better predictbrbkimg than the instrumental
methods were. Thus, the authors’ conclusion waskahalytical measurements are

not adequate to substitute for sensory evaluatiatieening new breeding products

31



(Hampson et al., 2000). Kihn and Thybo (2001) eiadt applied descriptive sensory
analysis only, studying scab-resistant apple calgivor their sensory properties by a
trained sensory panel which assessed 13 differgribuges. The cultivars, which

were evaluated at different storage times, showkerences that were related both

to cultivar and to storage time (Kihn and Thybd D0

CONCLUSIONS

This overview shows that the study of apple eatjnglity has been of interest for a
long time, both in relation to sensory propertiewl @0 consumer acceptability.

However, not all the available papers have repostedgent criteria for the use of
sensory protocols. A wide series of studies alspliegh instrumental analyses to
confirm sensory data and to interpret them, anad @sdentify correlations between
sensory and instrumental variables to predict #msasry profile, with some common
difficulties, as for the prediction of sweetnesscpgtion. Many studies can be cited
as being methodological, as they report differe@t sometimes innovative sensory
and instrumental methodologies to evaluate appieagquality. The application of

sensory analysis in specific studies on apple tuali relation to pre- and post-

harvest factors, as well as the study of sensoayacheristics of new varieties is,
instead, not common in the literature, mainly beseaaf the limitations of sensory
methodologies, which require more time and spedliresources than instrumental

characterisations.
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However, there is still space for the developmdnproper sensory methodologies
that can go hand in hand with instrumental chareettons, in order to define
effective prediction models to provide apple pragtgcwith a reliable description of

apple sensory profiles.

33



Chapter Il
SENSORY PROFILING OF APPLE: METHODOLOGICAL
ASPECTS, CULTIVAR CHARACTERISATION AND

POSTHARVEST CHANGES

INTRODUCTION

Eating quality is a key factor driving the choiad@sconsumers in fruit and vegetable
consumption (Harker et al., 2003) and largely degan the fruit properties formed
and established both at the end of the fruit ripgnprocess and throughout
postharvest ripening. Fruit ripening is a compldxpbysiological processes that
makes the fruit edible and pleasant. The most ilaporchanges are in fruit size,
colour, acid/sugar, flavour and texture. Textureparticular, is a major attribute
used for the determination of apple fruit qualigchuse of its tight correlation with
general fruit freshness. A fresh fruit is definedIBO 7563:1998 as “a turgescent
product with no signs of withering or ageing, thellx of which have not
deteriorated”; thus the texture properties aregeised as the most important drivers
for consumer acceptability (Jaeger et al., 19981eBé et al., 2006; Harker et al.,
2008). In addition, texture characteristics relatediechanical and elastic properties
of the primary cell wall structure, are also resgpble for juice and flavour release,
which are also important characteristics in detaing apple fruit quality (Daillant-

Spinnler et al., 1996; Karlsen et al., 1999; Hareal., 2008).
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The quality of apples is currently measured by fosgppliers using basic
pomological descriptors, such as fruit shape, simdour, soluble solids content,
titratable acidity and penetrometer measuremergs the most widely used method
for quality texture assessment) (Harker et al.,71990ehn et al., 2003). Many
studies have attempted to predict eating fruit iualsing these instrumental
characterisations (Harker et al., 2002a and 20020u@n et al., 2010; Zdunek et al.,
2010a). However, in some cases, the predictions baen too empirical because of
the interaction among several sensory attributeakimg the analyses of these
chemical and physical properties insufficient fon @&xhaustive fruit quality
description (Harker et al., 2006; Echeverria et 2008). Recently, a novel texture
analyser was employed to obtain a comprehensivie it texture characterisation
while simultaneously profiling the mechanical ahé tacoustic texture components
(Costa et al., 2011 and 2012). However, apple gafirality cannot be estimated on

the basis of a single instrumental parameter buaugt be analysed as a whole.

Descriptive sensory analysis is perhaps the bgsbaph to provide a comprehensive
and objective description of sensory perceptiobath qualitative and quantitative
terms (Murray et al., 2001). Therefore, human assesat should be maintained as
the main reference to calibrate any instrumenteeetbp testing methods accepted
by consumers (Bourne, 2002). Moreover, sensoryyaisatould help to describe the
product’'s characteristics using a language thasetjo reflects the consumers’

perception (Swahn et al., 2010; Seppa et al., 2012)

During last two decades, several protocols for agnprofiles of apple fruit have
been proposed. Most of them focused on the reldbienveen instrumental and

sensory measurement (Dever et al., 1995; Harkad.e002a and 2002b; Allan-
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Wojtas et al., 2003; Echeverria et al., 2004; Chaet al., 2010). Other protocols
were developed for specific cultivars, studyingittelhange during storage or after
different postharvest treatments (Boylston etl®94; Cliff et al., 1998; Pre-Aymard
et al.,, 2005). Some topics, such as vocabulary Idpreent, panel selection and

judges performance, are often not sufficiently cdered.

In the majority of the published studies the atitds were chosen by panel
brainstorming, based on discussion about the mgaanil the use of each sensory
variable (Daillant-Spinnler et al., 1996; Kihn ahidybo, 2001; Allan-Wojtas et al.,
2003); sometimes the vocabulary was directly preddsy the panel leader (Karlsen
et al.,, 1999; Péneau et al., 2007; Harker et @023 and 2002b). Scientific
contributions interested in the relationship bemveensory and instrumental data
often propose a specific set of sensory descriptdrigh may fit with the sensory
meaning given to the instrumental measures, sutbxaisre properties for firmness
measurements or flavour attributes for volatile poomds analysis (Karlsen et al.,

1999; loannides et al., 2007; Chauvin et al., 2010)

As regard as the panel selection, many studies tefearious ISO standards for
general sensory analysis methodologies (Karlseal.et1999; Kihn and Thybo,
2001; Echeverria et al., 2008), whereas Daillanti8er et al. (1996) provide a
more detailed description of panel training spedi@ir apple profiling. In addition,
Hampson et al. (2000) propose a way to monitor lpp@gormance. Moreover, this
literature has proposed several different typesaaiple presentation, from the whole
fruit (CIiff et al., 1998; Seppa et al., 2012) tleatoids alterations due to browning
and allows a realistic external appearance evalonato half fruit (Karlsen et al.,

1999; Harker et al., 2002a; Billy et al., 2008) meeled/unpeeled single slices
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(Daillant-Spinnler et al. 1996; Barreiro et al. 989 Hampson et al., 2000; Péneau et
al., 2007; Chauvin et al., 2010; Brookfield et 2011) or flesh cubes (Varela et al.,

2008) that makes a sub-sample available for insnial measurements.

Based on the results published so far, the aimhisf work was 1) to develop a
detailed and complete protocol for apple sensoofilprg performed by a trained
panel, from judges training and sample preparatiopanel performance evaluation
and method validation, 2) to apply this method tavide selection of relevant
cultivars in order to acquire information aboutithgensory properties and 3) to

investigate the changes in sensory charactertigeag postharvest storage.

Twenty-one different apple cultivars were chosée, largest feasible set, including
the most consumed ones on the Italian market aosketlised in previous studies
conducted at Fondazione Edmund Mach (FEM) (Cosial.e2011). Additionally,

twelve cultivars in the apple set were also analyafeer different postharvest storage

periods to observe the modifications of the senpooperties during postharvest.

The evolution in fruit sensory quality during conssion is of fundamental
importance for apples because these fruits arergigneonsumed after a period of
storage (which can last for almost a year). Addaity, several apple varieties

respond in a distinct and specific cultivar-deperiaeanner.

37



MATERIALSAND METHODS

Plant Materials

Apple sampling

Twenty-one apple varietied@alusxdomesticaBorkh.) were considered in this study
(Table 1) and selected based on a previous stuokinip at the mechanical and
acoustic profiles of a large apple collection (@ost al., 2011). The most common
commercial apple cultivars (‘Cripps Pink’, ‘GalaGolden Delicious’, ‘Granny

Smith’, ‘Fuji’, ‘Renetta Canada’) were includedtims study.

The experimental design for cultivar characterssaincluded one sampling of each
of the 21 varieties. For 6 of these (‘Braeburn’rifps Pink’, ‘Fuji’, ‘Golden

Delicious’, ‘Granny Smith’ and ‘Renetta Canada’second sample was considered.
All the fruit were harvested in the year 2010 fremperimental orchards managed

according to standard agronomical practises thaning and pest control).

The fruit were picked at commercial harvest, deteeth by the standard descriptors
used to monitor fruit maturity and ripening, suchfl@sh firmness, skin colour, total

acids, sugar content and starch degradation irktexeach sample, a minimum of 20
apples of homogeneous size and without any vishkternal damage were selected
and stored for two months in normal atmosphere’@taéhd 95% relative humidity.

Furthermore, to follow the changes in sensory attarstics during storage, sample
subsets from 12 varieties were assessed after thniowarieties) and 4 months (12

varieties; Table 1).
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Sample preparation

For each apple batch, 16 fruit were selected amd &eroom temperature for 24
hours prior to analysis. Each fruit was weighedb{€al) and then peeled. Three
horizontal sections, 1.2 cm high each, were cuturzdothe equatorial plane
perpendicular to the core of the fruit. The slisese then immediately dipped in an
antioxidant solution (0.2% citric acid, 0.2% asdordcid, 0.5% calcium chloride) for
30 seconds. Cylinder shapes (1.8 cm diameter, & aylinders per slice) were cut
from the flesh using a commercial apple corer (desx, Brescia, Italy). These flesh
pieces underwent a second antioxidant treatmerdrédieing placed into clear
plastic cups (8 cylinders per cup) with lids andeded with a random three-digit
code. Six apple samples were analysed per sesSiomrieties each with two
replicates; sample identities were blinded and tiveye presented in a randomised

balanced order to each assessor.

The juices squeezed from each cultivar (12 cylisdampled from different fruit)
were measured for % of soluble solids concentraf®8®C) (DBR35 refractometer,
XS Instruments, Poncarale, Brescia, Italy) andttitole acidity (Compact Titrator,

Crison Instruments S.A., Alella, Barcelona, Spéirgble 1).
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Sensory analysis

Panel selection and training

The selected panel included 13 people: 6 males/aiethales. Eleven had previous
experience in sensory analysis. Twenty-eight caatdg] all employed at FEM, were
initially evaluated based on their performance myira preliminary training. The
training was performed in 6 sessions, each 1.5 shomr duration, through a
teamwork, and 9 individual tests were performed thmed to assess the ability of
each candidate to recognise and measure the lmsest(Table 2a) and several
common odours (Table 2b; UNI EN ISO 8586-1; ISO@®23 The taste and odour
stimuli were presented in water and commercial dyoapple juice solutions (100%
apple juice; Pfanner Getranke GmbH, Lauterach, Wa)st~or each individual test, 1
point was assigned to each correct answer givethdwyssessors, and the test scores
were weighted for the total stimuli presented ahdnt summed to compute the
individual cumulative score. This score and thecestage of attendance were
considered for the eligibility of a candidate t@ thanel, using a threshold of 60%

and 80%, respectively.

Sensory profiling

Sensory profiling based on the quantitative desggp analysis method was

performed by the selected assessors (Stone anid Zdda).

A 15-attribute sensory lexicon was developed usigconsensus method (Murray

et al., 2001) over 9 training sessions. A spediitl univocal sensory definition
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along with a precise evaluation procedure was ajgtgmn by the panel for each
attribute (Table 3). The developed lexicon includsttibutes for external flesh
appearance (2), texture (7), taste (4, comprisisigirgency) and overall odour
perceived by both ortho- and retro-nasal evaluafidre intensity of each attribute
was scored by the panel on a linear scale, anchordd (minimum intensity or
absence) and 100 (maximum intensity), with a thamchor at halfway (50).
References were provided for each attribute, cpomding to the intensities at the

scale extremities (Table 3).

The sensory tests were performed once per weeksensory laboratory equipped
with twelve individual booths under artificial lighg. Unsalted bread and still water
were provided to the assessors to cleanse theatgsalbetween samples. Data
acquisition was achieved through a computerisetesysising the software FIZZ

2.46A (Biosystemes, Couternon, France).

Statistical analysis

To evaluate the consistency and discriminant gbditthe assessors, ANOVA for
each assessor and attribute was performed; thiésregere plotted on @-value vs.
Mean Square Error-value (MSE) plfitlees et al., 2010). Panel consonance was
evaluated using correlation loading plots basedhenTucker-1 method (Nees et al.,
2010). Both analyses were performed with the PametiC VV1.4.0 software (Nofima

Mat, Technical University of Denmark and UniversitfyCopenhagen).

The product averaged sensory profiles were detednibby univariate and

multivariate approaches. One-way ANOVA was perfaines the whole data set
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considering the cultivar effect; two-way ANOVA wasrformed on the subset of 7
varieties analysed after 1, 2 and 4 months of gor@ee Table 1), considering
cultivar and time of storage as factors. Effectthva p-value less than 0.05 were
considered significant. ANOVA was performed usihg STATISTICA 9.1 software

(StatSoft, Inc., U.S.A)).

For visualisation of the product sensory space, eGdised Procrustes Analysis
(GPA) was performed separately on both data sétg tise Senstools 3.1.6 software

(OP&P Product Research BV, Utrecht, the Netherlands

RESULTSAND DISCUSSION

Method validation

Panel performance and vocabulary validation

Assessors’ consistency and discriminant ability panel consonance were evaluated
on the complete data set (13 judges x 15 senstilpudes x 27 apple samples x 2

replicates).

The results of ANOVA for each assessor and atteilaue summarised in tipeMSE
plots, shown in Figure 1. Thevalue calculated for a specific assessor andoatgi
indicates the ability of the assessor to distinguise or more samples from the
others. In contrast, the MSE represents the repiiateof an assessor’s evaluation
(all evaluations were conducted in duplicate). Aodi@assessor should possess an
ideal combination of lowp-values and low MSE-values (Lea et al., 1995), as
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highlighted by a dashed area in Figure 1. All tegegsors are located in this area for
most of the attributes, except for those indicdtedifferent symbols. The cases with
p-value greater than 0.05 are related to the ate#overall odour, overall flavour,
graininess and bitter taste. With regards to MSity one judge had values greater
than the critical threshold (> 400) for the asteéngy and bitter taste attributes. The
best results for all the assessors were obserwethéocrunchiness, flouriness and

sour taste attributes.

The agreement among the assessors was studiedTusikgr-1 correlation plots for
each attribute. Figure 2 shows two examples of sugraph (for hardness and bitter
taste). The two ellipses on each plot corresporsD#b and 100% of the explained
variance. For a well-trained panel, the correlatioading of a specific attribute
should be close to the outer ellipse, with the sss® plotted closely together (Naes
et al., 2010). The application of Tucker-1 plots amr data showed that the best
consensus among the assessors was obtained the aéxture attributes, sour taste
and external appearance attributes. As an exanfileese results, Figure 2a shows
the Tucker-1 plot performed on hardness attribta:dit can be noted how this
attribute was used in agreement among the judagsteF2b represents the Tucker-1
plot for bitter taste attribute, in which the asses showed a low correlation and less
than 50% of the explained variance was achievedwAconsensus for overall odour
was found as well and it is probably due to theklat a more specific attribute
definition, which might have allowed the assesson®ach a better agreement on its
interpretation. A not very high correlation amoihg tassessors for sweet taste and
overall flavour could be due to the confoundingeeffof other parameters, mainly

texture, which can interfere with sweetness peroepand volatile compounds
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release from the fruit tissues during chewing (Kaml et al., 1999; Harker et al.,

2006; Echeverria et al., 2008).

In order to evaluate any possible effects of biteste sensitivity on individual
performance in using this attribute, the judgestda status has been investigated.
Eleven out of thirteen judges were tested with PR@F-propylthiouracil),
according to the method proposed by Tepper eR@DX). The results revealed that
54.5% of the judges were “medium tasters”, 36.4%ewaon-tasters”, and only one
judge (9.1%) was a “supertaster”. Nevertheless, ralation between PROP
sensitivity and reliability, discriminant capacity consensus among the judges was
highlighted. It is therefore possible to assume tha low performance observed
could be due to the limited use of “bitter tastéfribute as extremely low values
were assigned by the assessors for all the samplass, since “bitter taste”
descriptor was considered as not discriminant lfasve byp-MSE plot of Figure 1)
nor reliable (as shown by Tucker-1 correlation mbtFigure 2b), it was excluded

from the data-set.

A systematic screening was also applied on resaltsing from each weekly session
(data not shown), in order to monitor the judgex‘fprmance: when problems were
noticed for one judge on any attribute, the subjeat invited to take part to a
specific training session, to discuss again theafisgtributes, definitions, reference
standards and evaluation methods. This meticuloastipe allowed maintaining the
best agreement in the use of the sensory vocabalapng the judges, during the

long work period they were involved in.

The evaluation of the panel performance, payingnditin to the reliability and the

use of each descriptor by each judge, is impot@amonfirm the accuracy and the
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effectiveness of the implemented tool. This is fir& time that a method based on
statistical methods tailored for sensory data diag to apple sensory profiling. Our
results show the usefulness of such an analysisyiag the removal of useless and
confounding descriptors and the screening for tgbihf each component of the

trained panel.

Sample preparation procedure

Different methods for sample presentation are piteskin the literature. Whole fruit
(Cliff et al., 1998; Seppa et al., 2012) was comsed not convenient for our study,
since the use of some well-known varieties coukllgarovoke bias due to previous
knowledge and experience by the assessors (Hatkak,e2003). Baugher et al.
(2010) showed that fruit external appearance carefgonsible for prejudices about
other sensory characteristics, such as texture fémur. Presumably, these
prejudices may also influence the evaluation of neknown apple cultivars coming
from breeding activity, related just for shape kinscolour to other better known

varieties.

Other studies proposed the use of half of a fiidrisen et al., 1999; Harker et al.,
2002a; Billy et al., 2008) or single slices (DailieSpinnler et al. 1996; Barreiro et
al., 1998; Hampson et al., 2000; Péneau et al7;20Bauvin et al., 2010; Brookfield
et al., 2011), but Dever et al. (1995) had previputemonstrated that different
portions cut from the same apple could be evaluasesignificantly different, due to

differences between top/bottom or blush/non blush $ides.
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Therefore, in our study, we decided to present $ésnput in small equal flesh
pieces, which may ensure that each judge can fastes from more fruit (8
cylinders sampled from 8 different fruit) and tleatch fruit can be evaluated by more
than one judge. That would allow each sample t@ tgood representation of the
variability present in the batch and the score &gheassessor for each attribute to be

closer to the real average for the product.

The sample preparation is quite longer than othepgsed methodologies, but the
dipping in an antioxidant solution allows the saenp be preserved for long time
before the panel evaluation. Previous tests wemonpeed to ensure that the
antioxidant components were used in a concentratibith does not modify the

original taste properties (data not shown).

We think that an effective representation of theraged sensory attribute intensities
would highlight possible differences between fhetonging either to the same batch
analysed in different storage periods, or belongindistinct parental genotypes used

in breeding programmes.

Cultivar sensory profiling

One-way ANOVA on the descriptive sensory data shthesexistence of significant
differences among the different apple cultivarsdibthe sensory attributes, withpa
value lower or equal to 0.001. For the overall adattribute, a difference was found

only between ‘Granny Smith’ and ‘Golden Deliciowsrieties (data not shown).
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Figure 3 shows the GPA bi-plot of the sensory datéhe 21 assessed varieties, with

the first two dimensions explaining 47.6% and 18@3he total variance.

The texture attributes and flavours drive the fiestd the second dimensions,
respectively, and this is consistent with the rssuéported by Echeverria et al.
(2008). In our study, crispness, fibrousness, drimess and hardness were
positively correlated to each other (mean r = Q.Bit negatively correlated to
graininess and flouriness (mean r = -0.47). Swaegtttdid not seem to be related to
juiciness (r = 0.30), graininess or flouriness ©.29 for both of them). Harker et al.
(2006) hypothesised the existence of a relationdiepveen juice release and
sweetness in apples: sweet taste perception cepdnd on the breakdown of fruit
flesh during chewing, rather than on differencestha sugar and acid contents.
However, their results from the sensory evalualipra trained panel did not support
this hypothesis. They then suggested that evenal stwlume of juice could be
sufficient to stimulate the sensory response t@asud=cheverria et al. (2008) found
an interaction between sweetness and mealinessptient, but the relationship was
not supported by a correlation between the twoaldes: the perception of sweetness
was influenced by mealiness in a way that can laaed with an anticlockwise
rotation (sweetness-mealiness), with samples disgaa high degree of mealiness
perceived as less sweet than the current valude wWiose exhibiting a low degree of
mealiness were perceived as being sweeter, eviextiire properties were neither

linearly nor monotonically related to sweet tastecpption.

It can be observed in the cultivars distributiorthe GPA product map (Fig. 3) that
‘Fuji’, ‘Cripps Pink’ and ‘Granny Smith’ are chargeised by higher values of

crunchiness, crispness, hardness, fibrousnessuanioejss (plotted on the right side
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of the plot); grainy and floury varieties, such‘@enetta Canada’, are located on the
left quadrant. Along the second GPA dimension, $wh&h odour and yellow
apples, such as ‘Golden Delicious’ and ‘Gala’, drecriminated from the acidic,
astringent and green varieties (‘Granny Smith’,riB&#a Canada’) (Fig. 3). Karlsen
et al. (1999) found that variance along the fimnponent in the PCA for apple data
from sensory analysis depended on a flavour-odactof, probably due to the high
number of specific odour and aroma attributes (L@ iwhole lexicon of 23). In our
study, flavour attributes were considered as migotors, but they turned out to be
secondary if compared to the relatively high numbgtexture attributes, which

allowed the assessors to describe the samplesyntgirtheir textural characteristics.

Sensory profiling during postharvest

The effect of postharvest storage on the sensayepties of apples was studied for
12 apple varieties (see Table 1). The GPA bi-doin(1: 48.4%; Dim.2: 22.2%) in
Figure 4 shows that textural attributes contridot¢he maximum variability among
the apple cultivars. It is worth noting that these progressive shift for each variety,
from the left to the right side of the graph, asrage time increases. The two
extremes of this variation are represented by #rdriess-crunchiness and graniness-
flouriness attributes; this distribution is conergt with the structural modifications
occurring in the cell wall/middle lamella as a ceqgence of the solubilisation and
depolymerisation of pectic substances during pogtisa (Billy et al., 2008; Zdunek
et al., 2010b). The general trends can be obsemethe univariate two-way
ANOVA with cultivar, time in storage and interagatieffects as variables on a subset

of data based on 7 cultivars (data not shown).tiAd attributes allowed for the
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discrimination of the apple cultivars, confirmirftetresults obtained by the one-way
ANOVA described in section 3.2. Parameters, suclsveset taste, flouriness and
graininess, increased with time in storage, whiienchiness, crispness, hardness,
fibrousness, juiciness, sour taste and green fiksireasedp(< 0.001). No time
effect was observed for overall flavoup € 0.377), overall odourp(= 0.147),
astringency § = 0.487) and yellow fleshp(= 0.051). The interaction between
cultivar and time was significant for all of thextere attributes, acidity and green
colour p < 0.001), indicating that different changes depeénale the variety and on
the attribute. In Figure 5, the spider plots cormgathe sensory profile at different
storage times are shown for four cultivars, chosesn examples of different
development trends. Differences in texture pararseteere observed from 1 to 2
months postharvest for ‘Renetta Canada’ (Fig. &) ‘€ripps Pink’ (Fig. 5b), as
they passed from an unripe condition to completauritg. For ‘Pinova’ and
‘Granny Smith’, significant changes were observeadmy between 2 and 4 months
in storage due to the polygalacturonase enzymeiigctivakasa et al., 2006; Costa
et al., 2010b) that makes the fruit reach a oyarricondition during this postharvest
phase. ‘Golden Delicious’ (Fig. 5c) showed a moregpessive trend from 1 to 4
months postharvest, while ‘Fuji’ (Fig. 5d) and ‘RBeélicious’ exhibited no changes
in their textural properties. Other authors haveficmed that ‘Fuji’ best maintains
its texture after harvest as compared with the rothwtivars, probably due to low
ethylene production and to a reduced expressi@npafilygalacturonase gene devoted
to the degradation of the cell wall (Jobling and®fesson, 1995; Mehinagic et al.,
2004; Costa et al., 2010b). The favourable textfr&-uji’ and its acceptance by
consumers even after 61 days was reported in aopiestudy (Varela et al., 2008).

Moreover, Costa et al. (2012) observed an improvenmethe ‘Fuji’ apple’s acoustic
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properties (via compression) after 2 months of edtifage as compared with that at
harvest. ‘Golden Delicious’, a known apple refealtivar (Velasco et al., 2010),
showed a decrease in juiciness between 1 and Zhsohstorage (Fig. 5¢), agreeing
with the data of Mehinagic et al. (2004). Otherhau$ have also reported on the
rapid decrease in textural properties for ‘Goldezliddous’ during the early stages of
storage, while flavour properties remained unchdn@®atada et al., 1980; Billy et
al., 2008). For ‘Cripps Pink’ (Fig. 5b), there wasignificant reduction in hardness
and crunchiness between 1 and 2 months of stosagelaas a decrease in sour taste
from 1 to 4 months postharvest. This observatian sgreement with the results of
Drake et al. (2002) who reported a significant ritun in firmness for ‘Cripps Pink’

apples between 90 and 180 days of storage in n@amealsphere at 1°C.

Among the apple cultivars investigated, ‘Renettandi’ exhibited the most
dramatic changes in sensory properties after 2 Imsomit postharvest storage, with a
significant reduction in hardness, crispness, dniness, fiborousness and sour taste,
accompanied by a relevant increase in flouriness graininess. Moreover, a

significant decrease in the green flesh colour eiaerved (Fig. 5a).

Our results show that different apple varietiesit@xtdifferent changes, although
they were all subjected to the same storage congitiThis finding is in agreement
with the results of other authors who showed tlm& mechanical properties of
different apple varieties evolve differently undbiferent storage conditions due to
varying cell wall pectin composition and genetiaistitution at the loci involved in
pectin degradation that lead to various levels afewloss and air volume increase
(Jobling and McGlasson, 1995; Johnston et al., 2Bty et al., 2008; Varela et al.,

2008; Costa et al., 2012).
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CONCLUSIONS

We developed and described a complete strategshéosensory characterisation of
apple with detailed procedures for judge selectm training, sensory lexicon
development, sample preparation and panel perfarenaantrol. This protocol that
is the most complete available so far for applessgnprofiling, is intended to give a

reference tool for all activities aiming at improgiperceived apple quality.

Method validation is of primary importance, sinderepresents the sensory data
quality check that would be applied before usingrage values for product profiling
or correlation analysis. We also suggest tailotatistical methods in order to ensure
the accuracy of the collected results, to highligifectiveness of the developed
sensory vocabulary and to monitor eventual diffiesl in the use of specific
descriptors. Univariate and multivariate analysee @roposed to verify the

effectiveness of attributes to highlight the perabie differences among samples.

The validation on a large set of cultivars (21) destrates the utility and
applicability of the proposed tool. We identifiedferences in sensory profiling
between the different varieties and within a singggiety at different postharvest
storage periods. Multivariate analysis elucidatieel tomplex relationships among

the attributes used to characterise apple sens@ijtyy

Further research will focus on the correlation lesw sensory evaluation and
instrumental data to give a sensory meaning tadst@hand innovative physical and

chemical parameters (Harker et al., 2002a; Chaavial., 2010). Reliable sensory
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data on numerous cultivars can contribute to a rsmientific field, called
“sensomics”, to complement and assist the genetipravement of new apple
accession characterised by superior fruit qualityented towards the desires of

consumers.
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Table 1: Apple varieties and respective codes used in Bigsd 4. Letters “a”, “b”,
“c” and “d” indicate orchard different locations a@escribed in the "Location”
column. The SSC and titratable acidity are expaasemean values.

Fruit

Variety Code L ocation Harvest Posthar vest weight SSC T|tr_at_abale
months © acidity
Braeburn BRN_a Maso Part 1/10/2010 2,4 221 14.3 510
Braeburn BRN_b Giaroni 30/09/2010 2 210 14.3 95
Cripps Pink PIN_a Maso Part ~ 20/10/2010 1,2, 4 19914.6 9.1
Cripps Pink PIN_b Giaroni 26/10/2010 2 188 140 8.6
Delearly DLR_b Giaroni 4/08/2010 2 198 129 104
Florina FLO d Laimburg 14/09/2010 2 246 14.6 11.9
Fuji FJ a Maso Part 5/10/2010 1,2,4 247 15.6 5.7
Fuji FJ b Giaroni 1/10/2010 2 268 170 54
Gala GAL_b Giaroni 23/08/2010 2 170 144 52
Gloster GLO b Giaroni 14/09/2010 2 250 131 7.6
Gold Rush GDR_b Giaroni 30/10/2010 2 271 14.8 10.5
Golden Delicious GOL_a Maso Part 24/09/2010 1,2,4 250 15.2 9.4
Golden Delicious  GOL_b Giaroni 16/09/2010 2 222 412, 82
Granny Smith GRA_a Maso Part 30/09/2010 1,2, 4 22215.6 14.6
Granny Smith GRA_b Giaroni 30/09/2010 2 257 119 124
Idared IDA b Giaroni 30/09/2010 2 250 13.2 8.1
Modi MOD_b Giaroni 7/09/2010 2 175 15.1 6.6
Morgenduft MOR_a Maso Part 1/10/2010 2,4 235 115 9.6
Pilot PIL_b Giaroni 15/09/2010 2 225 125 97
Pinova PNV_c Maso Maiano 28/09/2010 1,2,4 224 616. 94
Red Chief RCF_b Giaroni 7/09/2010 2 269 12.7 4.2
Red Delicious RED ¢ Maso Maiano 20/09/2010 1,2,4 223 10.0 4.1
Renetta Canada REN_c Maso Maiano 20/09/2010 1,2,4 253 13.9 9.4
Renetta Canada REN_b Giaroni 7/09/2010 2 319 14.613.8
Rubens RUB_c Maso Maiano 21/09/2010 2,4 203 13.9 6.0
Stayman STY_a Maso Part 4/10/2010 2,4 278 124 7.2
Topaz TOP_c Maso Maiano 28/09/2010 2,4 237 14.3 13.3

#meq malic ac./100 g juice
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Table 2: The tests implemented in the preliminary phaspaofel training and selection: Tests 1, 3, 5, 7 @uedncerned taste stimuli
(Table 2a) and tests 2, 4, 6 and 8 concerned cdiouli (Table 2b).

Test Trainingon TASTE: test task Substances and concentration (g/kg)

1 Recognmqn of 12 taste .St'mu“' acid, sweet, SaltyChemical§ Caffeine (0.4). Citric acid (1.0), Saccharose @),0Sodium Chloride (1.5)
and bitter in water solutions.

3 Scaling of 9 taste stimuli: acid, sweet and biitber
water solutions at 3 different intensities

5 Scaling of 12 taste stimuli: acid, sweet and bitter
water solutions at 3 different intensities

7 Recognition of 12 taste stimuli: acid, sweet and
bitter in water solutions at 2 different intensstie

9 Scaling of 9 taste stimuli: acid, sweet and biiter
apple juic8 at 3 different intensities

Chemicalg: Caffeine (0.15-0.6), Citric acid (0.5-2.0), Saaabse (20.0-80.0)

Chemical$: Caffeine (0.15-0.6), Citric acid (0.5-2.0), Saauabse (20.0-80.0)

Chemical$: Caffeine (0.3-0.6), Citric acid (1.0-2.0), Sacaise (40.0-80.0)

Chemicalg: Caffeine (0.2-0.8), Malic acid (1.0-4.0), Fruaqd0.0-40.0)

b.
Test Training on ODOUR: test task Substances and concentration (mg/kg)

5 Recognition of 12 odour stimuli: aromas Aromas’ Lemon; Orange; Pineapple; Banana; Melon; AppleyPstrawberry; Raspberry;
adsorbed on cotton wool (in 40-ml glass vials) Cherry; Apricot; Peach (3 drops, approximately Qrilfvial)

4 Recognition of 12 odour stimuli: aromas Aromas’ Almond; Linden; Rose; Violet; Green pepper; Musimp Liquorice; Cut hay;
adsorbed on cotton wool (in 40-ml glass vials) Thyme; Vanilla; Cinnamom; Clove (3 drops, approxiena0.15 ml/vial)
Recognition of 12 odour stimuli in a Chemical& Anetholg (0.5)B-Damascenone (5.0), Diacetyl (5.0), D-.LimoneneQ),(Eth'yl'

6 h : X Hexanoate (5.0), Etil Acetato (50.0), Geraniol (}(B-lonone (5.0), Linalool (5.0), Vanillin

ydroalcoholic solution (10.0)
o Recognition of 12 odour stimuli in a Chemical& Acetic Acid (5000), Benzaldehyde (5.0), Butyricié (100), Cinnamaldehyde

(5.0), Cis-3-Hexen1-ol (20.0), Citronellol (10.&thyl Butanoate (1.0), n-Hexyl Acetate
(5.0), Isoamylacetate (5.0), L-Mentolo (10.0), MétAnthranilate (0.5), Thymol (5.0)

& provided by Carlo Erba Reagenti S.p.A. (Arese, Illy) - food grade

® 100% apple juice, Pfanner Getranke GmbH, LauterAabtria

¢from Nez du Vin master kit (www.lenez.com)

4 provided by Sigma-Aldrich Co. LLC (St. Louis, MOSA) and Carlo Erba Reagenti S.p.A. (Arese, Mlyjta

hydroalcoholic solution
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Table 3: The sensory lexicon developed by the paRet.each attribute, the sensory definition, thdwatioon procedure and the

references are shown.

Category Attribute Sensory definition Evaluation procedure Reference O Reference 100
o . Printing of green
Printing of white colour (RGB

Appearance Green Flesh

Note the colour and evaluate the green gradatieolour (RGB model:
red 255; green 255;
blue 255)

The green tint of flesh in white colour

model: red 207,
green 253; blue
203)

Appearance Yellow Flesh

Printing of white
Note the colour and evaluate the yellow gradatioolour (RGB model:
in white colour red 255; green 255;
blue 255)

The yellow tint of flesh

Printing of yellow
colour (RGB
model: red 252;
green 237; blue
150)

Resistance of the sample to thglace the sample between the molars and PreSearrot boiled for 12

Carrot boiled for

Texture Hardness first chews with molars wnhout breaking it (1-2 times), evaluating the min. 4 min.
resistance
. Sound (pitch/intensity) Place the sample between the incisors, break iMégt breakfast Dry breakfast
Texture Crispness produced by the sample at the _ _. . ’
. - - a single bite and evaluate the sound cereald cereals
first bite using the fore teeth
Amount of juice released Place the sample between the molars, chew 3
Texture Juiciness during chewing (first three times quickly and create a depression to evaludfaripe melon Ripe melon
chews) the amount of released juice
. sound (pitch/intensity) . Place the samples between the molars, chew BNet breakfast Dry breakfast
Texture Crunchiness produced by the sample dunng{.
imes and evaluate the sound cereald cereals
5 molar chews.
. Degree of breaking in smal! an€hew the mouthful until it is ready to be Potato boiled for 4 Potato boiled for
Texture Flouriness dry fragments/granules during swallowed and evaluate the tendency to make Rin 12 min
chewing. small, soft and dry mass ' '
Degrge o_f fles_;h break!ng durln%Iace the sample between the molars, chew until
chewing in thick and fibrous the mouthful is ready to be swallowed and Carrot boiled for 12
Texture Fibrousness fragments/granules, until the y Raw celery

evaluate the presence of fibres (perceivable asmin.

mouthful is ready to be thick flesh fragments)

swallowed
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Numbers/size of Place the sample between the molars, chew 5

Carrot boiled for 4

Texture Graininess fragments/granules produced times and evaluate amount and size of the min Shortbread biscuit
during chewing fragments )
Odour Overall odour OveraI_I odour sensation _Open _the lid of the cup, smell and quantify the A.pple juice diluted Apple juice as it
(perceived by smelling) intensity of all perceived odours 1:2 is
Flavour Sweet taste Sweet taste sensation Evahmiatensity of sweet taste ;ﬁjucttigiezvc\)lagfég E{,‘fﬁgf,egvga;}eég
Flavour Sour taste Sour taste sensation Evaluataténsity of sour taste gtlntlﬁ(t:lc?r?g évg}% g(')ﬁﬂg::'g E')V Zﬁirg
. . . . . . Caffeine water Caffeine water
Flavour Bitter taste Bitter taste sensation Evaldhe intensity of bitter taste solution 0.15 g/Kg  solution 0.6 g/Kg
. Tactile sensation of dryness inCheW until the mquthful_ is ready 1o be .SW.a"OWEIdannic acid water Tannic acid water
Flavour Astringency and evaluate the intensity of dryness/friction . .
the mouth ) . solution 0.1 g/Kg  solution 0.5 g/Kg
sensation (tongue and mucosa) after swallowing
Overall flavour sensation by  Chew until the mouthful is ready, swallow and Apple iuice diluted  Apple ivice as it
Flavour Overall flavour retro-nasal evaluation quantify the intensity of all the odour stimuli hpie ) APpE )

(through the mouth to the noseperceived retro-nasally

1:2

IS

250 g breakfast honey balls extruded cereals (Pigis Kellogg's) were kept for 24 h at 23°C in degdin together with a cup of 30 ml water.
® 100% cloudy apple juice produced by Pfanner Gegd@mbH, Lauterach, Austria.
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Fig. 1. p-MSE plot. The dashed area highlights the ideal Wwoation for a good
assessorp(< 0.05; MSE < 400). Outside this area, “problenigjiciges (different
symbols indicate different assessors) and “problefattributes are reported.
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Fig. 2. Tucker-1 plots for “hardness” (A) and “bitter tdst@) attributes. The
external ellipse represents 100% of the explainadamce; the inner ellipse
represents 50% of the explained variance. Theipongif each assessor (indicated by
their personal codes) provides information abows/Heir agreement to the panel

average.
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Fig. 3: GPA bi-plot (Dim.1: 47.6%; Dim.2: 18.8%) showingetiprofiles of the 21
apple varieties analysed two months postharvedteise “a”, “b”, “c” and “d”

following the sample codes refer to the origin @rchlocations (see Table 1).
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Fig. 4: GPA bi-plot (Dim.1: 48.4%; Dim.2: 22.2%) showingetprofiles of 12 apple
varieties analysed at different times during steralgetters “a”, “b”, “c” and “d”
following the sample codes refer to the origin arch locations; the number
specified for each sample indicates the storagegdefore the analysis: 1, 2 or 4

months.
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Fig. 5: Spider plots showing the sensory profiles of foarmeties (‘Renetta Canada’, A; ‘Cripps Pink’, B;dlden Delicious’, C; ‘Fuji’,
D) analysed at three different storage periods. fiimabers following the cultivars code in the legeegdresent the storage period (1, 2
and 4 months).

Sweet Taste Sour Taste * —— REN_1 Sweet Taste Sour Taste ** —— PIN_1

-—— REN_2 ———PIN_2
Astringency Overall Odour REN 4 Astringency Overall Odour PIN_4
** Graininess Overall Flavour Graininess Overall Flavour
**Fibr Green Flesh ** Green Flesh
™ Flouriness Yellow Flesh Flouriness Yellow Flesh
** Crunchiness Hardness ** ** Crunchiness Hardness **
Juiciness Crispness ** Juiciness Crispness
Sweet Taste Sour Taste —— GOL_1 Sweet Taste Sour Taste — FJ1
-—— GOL_2 ---F_2
Astringency Overall Odour GOL 4 Astringency Overall Odour FJ 4
Graininess Overall Flavour Graininess Overall Flavour
Fibr Green Flesh Fibr Green Flesh
Flouriness Yellow Flesh * Flouriness Yellow Flesh
Crunchiness Hardness Crunchiness #” Hardness
**Juiciness Crispness Juiciness Crispness

61



Chapter Il
A COMBINED SENSORY-INSTRUMENTAL TOOL FOR

APPLE QUALITY EVALUATION

INTRODUCTION

Texture properties of fruit and vegetables are ickemed the most important drivers
of consumer choice, followed by flavour characterss (Daillant-Spinnler et al.,
1996; Jaeger et al., 1998; Péneau et al., 200&@add; Harker et al., 2008). Food
suppliers currently measure apple quality considebiasic pomological descriptors,
such as fruit shape, size, colour, soluble solidatent, titratable acidity, and
penetrometry measurements, that is the most frélguesed method for measuring
fruit mechanical properties (Harker et al., 199%gHn et al., 2003). Sensory analysis
is not often considered because it is expensivehasda constrained sample set due
to the limitations in employing human beings adrinsent. Moreover, it cannot be
used for measuring quality properties in real tifikeis is an issue particularly for
agricultural products since their high variabilityequires wide samplings.
Additionally, the quality assessment of breedindemals, normally represented by a
single plant/individual, can count on a restricéeilability of samples, which could
be not sufficient for sensory panel evaluationsweieer, the best way to precisely
describe the eating quality of food is the sensgyroach, which is able to define,

measure, quantify, and explain what is really peed#e by the human senses
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(Carbonell et al., 2008). Descriptive sensory asialyin particular, provides a
comprehensive qualitative and quantitative sendescription of a product (Murray

et al.,, 2001). To overcome sensory methods’ linuitet and to allow the quality

characterisation on a large variety of materidie, @éstimation of sensory attributes
by instrumental measures would represent a valmbpnity. The majority of these

investigations are addressed to texture propdiieBelie et al., 2002; Harker et al.,
2002a; Mehinagic et al., 2003; Chauvin et al., 30Harker et al. (2002a) studied
various instrumental measures to predict textunes@y attributes, showing a
possibility to predict sensory firmness, crispnasgnchiness, initial juiciness, and
ease of breakdown through a puncture test, andath@nimum difference of 6-8 N

in instrumental firmness is necessary to have &erdifice in perceived sensory
attributes by a trained sensory panel (Harker et28l02a). Chauvin et al. (2010)
found a strong correlation between texture sensatsibutes and compression
measurement by texture analyser. Mehinagic et 26l03) compared the use of
measures by penetrometry with non-destructive Vi/Ninalyses, looking at

correlations with sensory assessments, in orderptopose non-destructive

measurements as an alternative. Brookfield et28l1Y) proposed the use of small
panels (< 4 subjects) as a cheaper alternative ¢asare apple texture. They
concluded that the panel works well if focused oresy small number of attributes
(such as crispness and juiciness). The same autlghigghted that the instrumental-
sensory relationship did not follow a unique trebdcause each cultivar tends to
respond in different ways to the different testgofifield et al., 2011). This

observation suggests that a wide set of apple tiegjerepresenting a wide range of
variability for several sensory apple attributepuld be considered in such studies.

Human assessment should always be consideredramedeto calibrated instrument
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readings, in order to develop tools falling withthre range of textural parameters

known to be accepted by consumers (Bourne, 200&drat al., 2003).

While perceived texture can sometimes be predicyeidstrumental data, the case of
flavour and taste attributes is, in general, maficdlt. Many studies, for instance,
underline the difficulties in developing a model geedict sweet taste, eventually
finding conflicting results about the relation betm sweetness and texture
properties (Harker et al., 2002b; Harker et alQ&0Echeverria et al., 2008). It is
therefore important to consider predictions of @@nsory attribute could hold a
potential influence on other properties not dinecdlated to it. This is particularly
true in the case of flavours, which derives from iategration of different
information coming from several senses (taste, Isamel tactile stimuli; see Prescott,

2012; Small, 2012).

In 2011, Costa et al. proposed the use of a textnadyser which was employed to
dissect apple fruit texture in several componehys simultaneously profiling the
mechanical and the acoustic components. The metlasdpreviously applied on a
wide set of 86 different apple varieties. The datguired were compared with the
sensory texture profiles provided by a restricteahgd of apple experts, who
evaluated a sub-set of 21 apple varieties for fessn crispness, and juiciness
attributes. Regression analyses highlighted thatitistrumental force parameters
from texture analyser measurements were necessapyetlict both firmness and
crispness sensory attributes, and that a high latioe between acoustic parameters

and the sensory attribute of crispness does e3aHté et al., 2011).

Here, we propose a complete methodology for sensafiling of apples. This was

applied in parallel to instrumental measures of eophysical and chemical
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properties, including texture analyser measuremastproposed by Costa et al.
(2011), dry matter concentration, extractable jui@dntent, colorimeter
measurements, and basic chemical composition, wnda set of apple varieties
along a two-year period, in order to study the sgnprofiles of cultivars having the

highest possible variability in their sensory pnoes.

MATERIALSAND METHODS

Plant materials

A set of 27 commercial apple varietigddlus x domesticaBorkh.) was analysed
over two seasons (2010 and 2011), with 18 commduvars shared between both
years of experiment. Six varieties in season 204 tvo in season 2011 were
evaluated twice, since they were harvested frormfemift orchards managed by
Fondazione Edmund Mach (FEM; San Michele all’Adigesento, Italy) and
Laimburg Research Centre for Agriculture and Foyefitaimburg, Bolzano, Italy)
(Table 1). In 2011, two additional clones were gsadl for two varieties: Roho 3615
for Pinova variety and Red Spur Jeromine for Redicideis. All orchards were
managed according to standard agronomical practieesthinning, pruning, and
pest control). The fruits were picked at commerdialvest, determined by the
standard descriptors used to monitor fruit matuatyd ripening, such as flesh
firmness, skin colour, total acids, sugar contant] starch degradation index. For
each sample, a minimum of 20 apples of homogensi@esand without any visible

external damage were selected and stored for twathedan normal atmosphere at
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2°C and 95% relative humidity. Prior to the anadys&uit were kept at room

temperature for 24 hours.

Samples were prepared in accordance to Corollaah €2013), cutting peeled flesh
cylinders (1.8 cm diameter; 1.2 cm height) fromethslices cut around the equatorial
plane perpendicular to the core of the fruit. Thexery cylinder had the main axis
being parallel to the fruit core. The cylinders eammediately treated with an
antioxidant solution (0.2% citric acid, 0.2% asdorhcid, 0.5% calcium chloride).
Cylinders coming from the same fruit were usedloth sensory (8 cylinders put
into clear plastic cups encoded with a random tdigi# code) and instrumental
analyses. Sensory evaluations were performed withi hour from fruit cutting;
instrumental analyses within three hours. All theasurements were performed after
the antioxidant treatment, to ensure that sensodyimstrumental data were reliably

comparable.

Sensory analysis

The sensory panel included 13 judges in 2010 (&spal females) and 14 in 2011 (4
males; 10 females), all FEM employees, with sevanroon judges for both years.
Panellists were trained as reported in Corollaralef2013). Sensory profiling was
performed based on the quantitative descriptivehotet{(Stone and Sidel, 2004a).
The sensory lexicon was developed using the coosenwthod (Murray et al.,
2001). In 2010, it was composed of attributes eeldb flesh colour, odour, texture,
and flavour. Univocal definition, evaluation proced, and reference standards for

each attribute are reported in Corollaro et al1@00dours (ortho-nasal perceptions
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by smelling) and flavours (retro-nasal perceptibpsasting) were evaluated both by
the overall intensity and by a set of 31 specifiritz2utes (Aprea et al., 2012). In
2011, the lexicon was the same as 2010, with tlcepion of “bitter taste”, which
was removed as it was not discriminant, and “cessf, which was redundant due to
its strong positive correlation to crunchiness (089; p < 0.001). The specific

sensory attributes for odour and retro-nasal flawevere reduced to nine.

In this work, only the 11 attributes related to epm@nce, texture, and flavour
common to both seasons were considered (Table [#)e whe profiles related to
specific odour and flavour attributes were preliamninvestigated in Aprea et al.

(2012).

The intensity of each attribute was scored by theepon a 100 mm linear scale,
anchored at 0 (absence) and 100 (extremely intews®)an anchor at halfway (50).
The sensory tests were performed once per weekdimidual computerised booths
equipped with FIZZ software (2.46A, Biosystemesutéonon, France) under white
artificial lighting. Unsalted bread and water werevided to the assessors to cleanse
their palate between samples. Six apple samples vegalysed per session,
according to a randomised balanced order over #sesaors and two replicates
performed for each sample (three varieties in dapdi per session). The sessions
took place once a week (in a few cases, twice &weem October to December,

both in 2010 and 2011.
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I nstrumental analyses

Colour analysis

L*a*b components from CIELAB colour space modelgsgchanda, 2007) were
measured on four samples of flesh cut from eadi diging a CR-400 colorimeter,
supported by the CM-S100w SpectraMagic™ colour daftware (Konica Minolta

Sensing, Inc., Japan).

Texture analysis

Texture properties were measured on flesh cylinfterscylinders sampled from ten
different fruit per each variety; each cylinder we@nsidered a replicate of that
variety) by a TA-XT texture analyser equipped wéth acoustic envelop detector
device (Stable MicroSystem Ltd., Godalming, UK)ingsa 4 mm probe to compress
the samples. Twelve mechanical and four acoustanpeters were calculated on the

recorded curves, following the method describe€bygta et al. (2011; Table 3).

Juice extraction and dry matter concentration

The extractable juice was measured by weighing lidngd expressed from the
mechanical compression of eight flesh cylinders yaeiety (each cylinder coming
from a different fruit) and expressed as percentafyéresh weight. Dry matter
concentration was measured by drying eight fledimagrs per variety at 105°C until

stable weight.
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Basic chemical measurements

The juices squeezed from each cultivar (12 cylisdampled from different fruit)
was measured for % of soluble solids concentra{§&&C) with a DBR35
refractometer (XS Instruments, Poncarale, Bresizl) and titratable acidity with a
Compact Titrator (Crison Instruments S.A., AlelBarcelona, Spain), both in two
replicates (Table 1). NaOH 0.1N was used to tittate samples to pH 8.16. The

results were calculated as mail acid milliequivédeén 100g juice.

Statistical analysis

The averaged sensory and instrumental profiles weatuated using univariate and
multivariate approaches, applied to the complet@a-dat including both apple

seasons, except for specific analyses applied yn2011 data, as indicated below.

One-way ANOVA on instrumental data and Pearsonisetations between sensory
attributes and between instrumental parameters pesfermed by STATISTICA 9.1
software (StatSoft Inc., U.S.A)). To visualise tlsensory space, a Principal
Component Analysis (PCA) was performed on the sgrdata-set through the same
software. The Unscrambler v9.8 software (CAMO Saifey Norway) was used to
study the relation between sensory and instrumeddidh through Partial Least
Square (PLS-2 and PLS-1) regression analyses. Baxt@nsformation (Box and
Cox, 1964) of the instrumental data was evaluate S PATISTICA 9.1 software

before PLS analyses.
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Panel performance evaluation

Panel performances were evaluated on both the 20d®011 data-sets to validate
the sensory method through a three-way mixed ANO{Ansidering judge as
random factor, and product and replicate as fixadtofrs). Main effects were studied,
in which ap-value lower than 0.05 indicated significant diffeces. In both seasons,
the judge effects were significant for every atitdy as expected in sensory data,
since each judge contributes differently to describe variability between the
samples. However, the existence of a judge effielchat influence the product effect
which was significant in both seasons, demonstatat the two panels were able to
discriminate between different apple varieties wigbod reproducibility. The
replicate effect was significant for only threeriatites in the 2011 data-set, showing
a slightly lower reproducibility in the 2011 panélowever, problems related to
specific judges and/or specific attributes did affiect the overall sensory data

reliability.

RESULTSAND DISCUSSION

Apple profiling

A PCA was performed on the sensory data descrithirgapple samples from the
two-year data-set. The first two principal compdseexplained 78% of total
variance in the sample set. In Figures 1a andé]dhding and the score plots are

shown, respectively.
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In Figure 1a, the first principal component is ley texture attributes, while the
second one is related to external appearance awduil properties, confirming
texture was responsible for most of the variancistieg among the samples, in
agreement with other authors (Mehinagic et al. 2@3heverria et al., 2008). The
distribution of the scores in Figure 1b shows that same varieties analysed in the
two consecutive seasons were described in a censistanner by the trained panel,
being close to each other on the plot. This resaifirms that the sensory protocol is
effective in providing a reliable description okthpples sensory profile: Fruit from
the same variety showed sensory profiles that aantaned from one year to
another. Floury and acid varieties are locatedchan right-down quadrant (‘Canada
Reinette’, ‘Gloster’); grainy and sweet varietiag @ the right-up part of the plot
(‘Golden Delicious’, ‘Gala’, ‘Morgenduft’, Rubenshard, crunchy, and sour apples
in the left-down side (‘Granny Smith’, Goldrushjyuochy and sweet varieties in the

left-up quadrant (‘Fuji’, ‘Pinova’, ‘Mod’).

The directions of the loadings visible in Figure i$aa good representation of the
correlations between the attributes measured bysBea correlation coefficients,
showing that crunchiness, hardness, and fibrouswess negatively correlated to
graininess and flouriness (r < -0.8p;< 0.001). Sweet taste was only slightly
correlated to juiciness, for r = 0.48= 0.01. No correlation between sweet taste and
flouriness or graininess was found. Actually, thelationship between
juiciness/mealiness and sweetness has been deemgtigated in the currently
available literature, starting from the hypothesigmt sweetness perception is
influenced by texture properties (thus, it couldoeled directly on juiciness or
mealiness intensity). Echeverria et al. (2008padrticular, highlighted a relationship

between sweetness and mealiness which was clegr aftdr applying a non-
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negligible rotation factor in their Generalised &tstes Analysis. The rotation made
high mealiness values match with low sweetnessegalihis effect was not

supported by a linear correlation between the tacidrs (r = -0.15). Harker et al.

(2006) supposed that sweetness perception coukhdegn the degree of breakdown
of apple flesh during chewing, rather than on défees in sugar and acid content.
Therefore, the authors suggested the existenceadéonship between juice release
and sweetness perception. However, their resultsotisupport this hypothesis in a
clear way. Moreover, Echeverria et al. (2008) hgijtted a low consensus in their
sensory panel for sweetness attribute. We confinis finding, with a poor

agreement in our sensory panels on the use of stastt attribute (Pearson’s
correlation coefficient r = 0.54 and 0.57 in 201 &2011, respectively, with an

average correlation between the panellists highan t0.7 in both seasons). The
supposed interference by other sensory propertiesn@etness perception could be
proposed as an explanation for that, even if narobvidence of such relation does

exist in our results.

As for instrumental measurements, one-way ANOVAimstrumental data shows
significant differences between the varieties fdir the performed instrumental
measurements. In the case of apple texture, allmBghanical and acoustic
parameters proposed in the method developed byaE@ostl. (2011) gave significant
differences, confirming their effectiveness to disinate apple cultivars based on

their different texture profiles.

The correlation analysis between the differentrumsental parameters showed that
the mechanical parameters coming from texture apalyneasurements were

correlated to the acoustic parameters, with r rapdietween 0.42p(< 0.05) and
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0.91 p < 0.001), confirming the results reported by Casttal. (2011), who found
correlations of 0.50-0.76 between mechanical araustec parameters. This result
demonstrates the strict relation between strucpurggderties and acoustic response in
the apple flesh (Vincent, 1998). The acoustic patemAUX1 also showed a slight
positive correlation with the % of extractable piievith r = 0.52§ = 0.004). Indeed,
the typical “crispy” sound is due to a high intdrhagor pressure and to the integrity
of the cell wall structure. Upon compression, thealsxdown of this polysaccharide
architecture releases the pressure together withinternal compartmented liquid
content (Duizer et al., 2001). The SSC resultedtipely correlated with the % of
dry matter (r = 0.51p = 0.05) which, according to the literature (McGloet al.,
2003; Palmer et al., 2010), is the result of tlaecét solubilisation process occurring

during ripening.

Sensory-instrumental relationship

In order to have an overview about the relatioowieen sensory and instrumental
parameters, the whole sensory and instrumentalsddtavas subjected to PLS-2
analysis. In Figure 2, the x and y loadings arewshowith both instrumental
mechanical-acoustic and sensory texture propediefning the first principal
component, and chemical and sensory taste propentigining the second one. This
result confirmed that most of the variability obsst among the apple varieties is
due to texture properties, as seen in the sensworfilep discussed in “Apple
profiling” paragraph. Sensory texture attributesravetrictly related to mechanical
and acoustic texture parameters. Juiciness, instezslless correlated to the texture

analyser data, but strongly related to the % ofaexable juice. Sour taste attribute
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was highly related to titratable acidity. Sweetaaould not be linked to SSC. L*a*b
parameters, acquired with the digital colorimetegre related to flesh colour sensory
attributes. As expected, yellow flesh intensity wassitively related to the b*
measure, which increases as the light wavelengthgsafrom blue to yellow range
(Schanda, 2007). Interestingly, sweet taste atgiappeared to be also related to the

colorimeter data (Fig. 2).

Such observations were the starting point for taeetbpment of predictive models

for each sensory attribute.

Predictive models

The sensory and instrumental data-set was subj¢éct®ilS-1 analyses, in order to
find the best prediction model for each sensonybatte. In Table 4, PLS-1 models
and validated Rfor each sensory attribute using different sevieinstrumental data
are reported. Before performing the analyses, Box-@ransformation of the
instrumental data was evaluated: In Table 4, thdication about the use of
transformed or untransformed data is indicated. U$e of transformed data was a

critical key-point for the prediction of taste sengattributes.

For appearance and texture attributes, the predietiell fitted untransformed data,
because of their normalised distribution. For esehsory attribute, a model using
instrumental parameters corresponding to its sipesénsory description was first
developed, e.g. colorimeter data for flesh appemraattributes. However, better
models were usually achieved using a combinationdifferent instrumental

variables which are indirectly related to the sepsdtribute. Thus in Table 4, only
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the best prediction model for each attribute isoregl. The models using chemical
and colorimeter data (“Colour + Chemical”, as iradéd in Table 4) were developed
based on the 2011 data-set, because colorimetesunegaents were included in the

instrumental protocol only in the second seascactvity.

Appearance attributes

An effective prediction of flesh colour (green ayellow) was achieved in 2011,
after the addition of colorimetric measurementthset of instrumental analyses. A
better result was obtained for yellow flesh comgai@green flesh. Interestingly, in
both cases the best models were achieved usingicdlgmarameters (i.e., SSC and
titratable acidity) rather than colorimetric dataree (Table 4). Indeed, flesh colour
tends to go from green to yellow as the fruit pagsem an unripe to ripe condition,
as the pigment content changes from having a higttentration of chlorophyll to
having a high concentration of carotenoids (AmpoiDalamena et al., 2012). The
ripening mechanism also involves chemical compoumdth a reduction of acid
content and an increase in SSCltitratable aciditip (Jan and Rab, 2012). Thus, a
combination of colorimetric and chemical data pded better information to predict

flesh colour.

Texture attributes

The different parameters defined to assess the fexture by texture analyser

measurements were adequate to efficiently predliche texture sensory attributes
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(with R* > 0.77) with the exception of juiciness. The bestdelofor juiciness
attribute was achieved by using the whole instruadatata-set. Significant variables
in the prediction model were texture analyser d&taof extractable juice, L*
parameter from colorimeter analyses, and titratabidity, suggesting that a relation
between tastants and juiciness perception may.ekis¢ relation highlighted by
PLS-1 analysis between juiciness and titratabléitycis negative: the higher the
acid concentrations, the lower the juiciness scdi@s negative correlation was
already observed in the PLS-2 analysis betweeimpgss and titratable acidity (Fig.
2; see “Sensory-instrumental relationship” paralgyfapechanical parameters from
the texture analyser appeared to have differentribotions for the prediction of
different sensory texture attributes. In generafche parameter contributed
significantly to at least one predictive model. @tlauthors found good correlations
between puncture test and sensory texture attsbew@luated by a trained panel
(Harker et al., 2002a; Chauvin et al., 2010; Guestaal., 2010). Our results
confirmed that the proposed texture analyser gesfffective to collect information
about mechanical and acoustic properties exprdssa@ple tissues when consumers
bite into them. Moreover, our data-sets compris@custic information that were
not considered in many of the previous studies.ngduet al. (2010a) developed a
similar tool for apple texture analysis, using atect acoustic emission detector,
related to a penetrometric equipment, to record @beustic response of apples
during compression. In their work a strong positiverelation was found between
crispness, crunchiness, and acoustic parameters@rof acoustic events and mean
acoustic event amplitude), with a Pearson’s caimgiacoefficient varying from 0.6
to 0.9. However, in their investigation the varlapiobserved was due to the fact

that different fruit from the same batch for seysamd instrumental evaluations were
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used (Zdunek et al., 2010a). A similar limitatiorasvalso observed in the work
presented by De Belie et al. (2002), which compagedsory crispness with the
recorded sound produced by Royal Gala apples dortitgy. The authors underlined
that instrumental recordings were made on a subjeetving an apple piece, while
sensory scores were provided by other differemiimelers of a trained sensory panel
on different pieces from the same apples. The dm@selation they reported was r =
0.65, because of differences in oral cavity shape #rce-deformation patterns
operated by the front teeth of the different sutsig®e Belie et al., 2002). Also
loannides et al. (2009) provided similar resulisthe use of an electromyography of
masticatory muscles on subjects evaluating textirdutes of apples. In their work,
the main source of variability in the data wasilatied to the subjects. Moreover, the
authors found another source of variation of psiagjioal origin in which subjects
tended to chew differently when asked to scoreifipesensory attributes (loannides

et al., 2009).

The advantage of our texture method, comparedemther studies discussed here,
is the possibility to process samples from the ssimgle apple, with equal shape and
size, available to both sensory and instrumentasmements. The flesh cylinders
cut from the same fruit were used for sensory arsrumental measurements, in
order to truly compare these two data types. Maggothe texture measurements
guarantee the standardisation of the compressidhatiedue to a specified probe
speed and percentage of strain during the testh Wikse settings, the different

acoustic responses can only refer to the actui@rdiices between the samples.

In our work, the acoustic parameters coming fromttxture analyser turned out to

be significant variables used in the PLS-1 modeltifie prediction of crunchiness,
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but also for the other texture sensory attributdéss could suggest that the sensory
perception of hardness, flouriness, fibrousnessingress, and juiciness of apples is
not only related to tactile and mechanical propsriwf the apple flesh but is also
influenced by acoustic information, as seen fodhass perception in the study by
Dematte et al. (submitted). Nevertheless, fromresults we do not have any clear
evidence of a multi-sensorial perception of textufbe reason for the apparent
relation observed in the PLS-1 models could berredeto the correlation between
mechanical and acoustic properties. The sound emjs®lated to the expansion of
the cell liquid content, is possible only if stroligkages in the middle lamella exist,
so that the cell walls break rather than slide regga@ach other (Longhi et al., 2013a).
This means that sound emission is only possiblenvthe fruit flesh is characterised
by specific mechanical properties, which are tr@eefimportant for the acoustic
perception during biting and chewing (Vincent, 198Riizer, 2001). This relation
was also observed for crunchiness prediction inctwvlihe model based on the 16
mechanical and acoustic parameters worked bether ttie prediction model based

only on the four acoustic variables, increasinggn‘ﬂa2 =0.69 to 0.85 (Fig. 3).

Flavour attributes

As already observed in the PLS-2 plot discussed“$ensory-instrumental
relationship” paragraph, sweet taste attribute stbw relation with colorimetric
data. The best predictions for taste attributesevedatained using a model based on
chemical and colorimetric parameters, availableofdy the 2011 data-set , giving an
R? value of 0.82 and 0.89 for sweet taste and sate taespectively (Table 4). This

suggests a relationship between the flesh colowr the acidity or sweetness
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perception, which could be explained by a multissgial interaction related to our
previous experiences: Due to the changes in thenich& composition during

ripening, it is easy to suppose an apple showiggean flesh will be sour, and vice
versa. Nevertheless, different apple varieties stifi@rent flesh colours depending
on genetic characteristics. Therefore, a differandéesh colour might be indirectly
related to acid or sweet taste expectations, ie@sge of the real maturity stage of

the fruit.

By considering these observations, we can suggedher point of view about the
difficulties met by most of the authors in predicti sweetness by instrumental
measures (Plotto et al., 1999; Harker et al., 20@aguzie et al., 2009). Some
authors suggested a relationship between sweeem@ and texture properties
could exist. In our study, we could not completekplain the variability in sweet
taste perception using texture data. Instead, ad@nuontent and flesh colour
properties gave a very good prediction, with%a=R0.82 (Table 4), since sweetness
perception appears to be unconsciously affecteddmfe flesh colour, even when
sweetness is evaluated by a trained panel. Thighis colorimetric data can be a

valid source of information to improve the predictiof sweetness perception.

As for the astringency attribute, with the datailade here, it was not possible to
define a reliable prediction model, mainly becaas&ingency is a sensation related
to proanthocyanidin (PA) content (Dixon et al., 20@feiffer et al., 2006), which
was not measured in our study. However, with thdecd data, it seems
astringency could be at least partially predicteithg the complete instrumental data-
set (Table 4), probably because of the link betwieAncontent and ripening stage.

As an apple ripens, the PA concentration tendetwedise (Henry-Kirk et al., 2012).
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All the texture and chemical parameters evolve rduripening, so that the other
instrumental parameters measured in this studybearelated, even if indirectly, to

the astringency intensity.

CONCLUSIONS

Our combined sensory-instrumental approach allowed description of a large
sampling of commercial apple varieties in an effectnanner, objectively defining
their sensory profile and highlighting relationshipmong the measured physical,
chemical, and sensory properties. Moreover, thdopaed instrumental analyses
appeared to be well related to the sensory atethutemonstrating potential relations
to be studied, such as the one between coloriméatia and sweetness perception.
Finally, effective predictive models were develofed a) flesh appearance sensory
properties, using colorimetric measurements; b}utex attributes, thanks to the
innovative texture analyser protocol; c) and lasthste properties, through a
combination of chemical and colorimetric data. Buedy was carried out over two
consecutive apple seasons with good results angha@ile sensory descriptions of
the same varieties analysed during both years,irodnfy that the method was

correctly implemented.

The proposed combined sensory-instrumental toobeasuggested as a valid source
to define sensory properties of apples in widergags, when sensory analysis is
not feasible because of the limits in using humangecause of a low availability of

fruit material: in such cases, sensory analysidiegppn a subset might allow the
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definition of proper predictive models to be apglien a higher number of apple

samples assessed instrumentally, in order to egtithair sensory profile.
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Table 1: Apple varieties analysed during 2010 and 2011 seadn “Code” column, the coding used in Figs. la@d 3 are reported:
the numbers “0” and “1” following the codes refera010 and 2011 respectively, for those varietyyaea in both years. The letters

“a”, “b”, “c”, and “d” refer to the different orchas which the samples come from, as reported mnaol“Location”.

Fruit Titratable
Variety Code  Year L ocation Harvest Analysis weight?® SscP acidity®
Braeburn BRN 0Oa 2010 Giaroni 30/09/2010 26/11/2010 210.4 14.3 9.5
Braeburn BRN_Ob 2010 Maso Part 01/10/2010 30/1D201 238.6 14.3 10.5
Braeburn BRN_1 2011 Maso Part 27/09/2011 07/12/2011 252.0 11.9 7.4
Crimson Crisp CRI 2011 Maso Maiano 18/08/2011 12001 223.5 11.6 7.0
Cripps Pink PIN_Oa 2010 Giaroni 20/10/2010 22/12(20  201.3 14.6 9.1
Cripps Pink PIN_Ob 2010 Maso Part 26/10/2010 22070 188.0 14.0 8.6
Cripps Pink PIN_1 2011 Maso Part 24/10/2011 21ar12 209.3 14.4 5.9
Dalinette DAL 2011 Maso Part 11/10/2011 14/12/2011 224.1 15.2 6.7
Delblush DLB 2011 Maso Part 22/09/2011 25/11/2011 61.2 14.1 6.8
Delearly DEL 2010 Giaroni 04/08/2010 06/10/2010 166 12.9 10.4
Florina FLO 2010 Laimburg 14/09/2010 10/11/2010 246 14.6 11.9
Fuji (Kiku 8) FUJ 0a 2010 Giaroni 01/10/2010 302010 267.8 17.0 5.4
Fuji (Kiku 8) FUJ_Ob 2010 Maso Part 05/10/2010 arz2010 270.9 15.6 5.7
Fuji (Kiku 8) FUJ_1 2011 Maso Part 06/10/2011 orz2m21 270.0 13.7 3.5
Gala (Schniga) GAL_0 2010 Giaroni 23/08/2010 2@0ao 169.6 14.4 5.2
Gala (Schniga) GAL_1 2011 Maso Part 09/08/2011 @2a11 185.7 10.9 4.4
Gloster GLO_0 2010 Giaroni 14/09/2010 10/11/2010 9.4 13.1 7.6
Gloster GLO_1 2011 Maso Part 08/09/2011 09/11/2011 257.2 11.7 6.5
Goldrush GDR_0 2010 Giaroni 30/10/2010 22/12/2010 70.2 14.8 10.5
Goldrush GDR_1 2011 Maso Part 24/10/2011 16/12/2011 280.7 14.5 8.8
Golden Delicious (B) GOL_0Oa 2010 Giaroni 16/09/201017/11/2010 222.1 12.4 8.2
Golden Delicious (B) GOL_Ob 2010 Maso Part 24/09(20 24/11/2010 248.4 15.2 9.4
Golden Delicious (B) GOL_1 2011 Maso Part 12/09p01 11/11/2011 255.1 11.8 3.9
Granny Smith GRA_0Oa 2010 Giaroni 30/09/2010 26/01@ 226.7 15.6 14.6
Granny Smith GRA_Ob 2010 Maso Part 30/09/2010 30010 257.4 11.9 12.4
Granny Smith GRA_1 2011 Maso Part 22/09/2011 22an1 268.1 11.7 10.8
Idared IDA 2010 Giaroni 30/09/2010 26/11/2010 250.4 13.2 8.1
Jazz JAZ 2011 Laimburg 27/09/2011 30/11/2011 213.8 11.5 6.3
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Kanzi KAN 2011 Laimburg 16/09/2011 23/11/2011 216.4 116 5.4
Modi MOD_0 2010 Giaroni 07/09/2010 03/11/2010 1745 15.1 6.6
Modi MOD_1 2011 Maso Part 01/09/2011 02/11/2011 226  13.3 5.2
Morgenduft (Dallago) MOR_0 2010 Maso Part 01/10201 07/12/2010 264.7 11.5 9.6
Morgenduft (Dallago) MOR_1 2011 Maso Part 27/09/01 30/11/2011 305.5 12.3 4.2
Pilot PILO 2010 Giaroni 15/09/2010 17/11/2010 X5 125 9.7
Pilot PILL1 2011 Maso Part 08/09/2011 09/11/2011 5.20 13.3 8.0
Pinova PNV_0 2010 Maso Maiano 28/09/2010 24/11/2010 221.8 16.6 9.4
Pinova PNV_1 2011 Maso Part 13/09/2011 16/11/2011 31.72 12.7 5.7
Pinova (Roho) RHO 2011  Maso Maiano 15/09/2011 220m 222.2 13.3 8.2
Red Chief RCF_0 2010 Giaroni 07/09/2010 03/11/2010 268.7 12.7 4.2
Red Chief RCF_1 2011 Maso Part 31/08/2011 26/1@201 299.3 11.2 4.1
Red Delicious RED 0 2010 Maso Maiano 20/09/2010 11/2010 222.3 10.0 4.1
Red Delicious RED 1 2011 Maso Part 31/08/2011 1g01n1 277.7 11.5 3.3
Red Spur (Jeromine) JER 2011 Maso Part 31/08/20112/11/2011 301.4 12.7 4.2
Renetta Bianca RNB 0Oa 2010 Giaroni 07/09/2010 03010 318.8 14.6 13.8
Renetta Bianca RNB_0Oc 2010 Maso Maiano 20/09/20109/1112010 257.9 n.d. 9.4
Renetta Bianca RNB_1b 2011 Maso Part 31/08/2011 1028011 296.7 12.3 11.0
Renetta Bianca RNB_1c 2011 Maso Maiano 13/09/2011 1/1112011 256.9 13.8 13.4
Renetta Grigia RNG_b 2011 Maso Part 31/08/2011 102011 310.1 13.0 9.2
Renetta Grigia RNG_c 2011 Maso Maiano 13/09/2011 /118011 282.3 14.0 15.0
Rubens RUB_0 2010 Maso Maiano 21/09/2010 19/11/2010 191.4 13.9 6.0
Rubens RUB_1 2011 Maso Part 08/09/2011 09/11/2011 43.82 11.0 4.0
Stayman STY_O0 2010 Maso Part 04/10/2010 07/12/2010 289.9 12.4 7.2
Stayman STY_1 2011 Maso Part 22/09/2011 30/11/2011 309.2 12.3 6.0
Topaz TOP_O0 2010 Maso Maiano 28/09/2010 24/11/2010 236.2 14.3 13.2
Topaz TOP_1 2011 Maso Part 15/09/2011 23/11/2011 0.125 12.4 10.7

a: average value from 20 fruit, expressed as grams.
b: average value from 12 fruit, expressed as p&agen
c: average value from 12 fruit, expressed as meadjcracid/100g juice.
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Table 2: Sensory lexicon used by the sensory panels in 26d®011.

Category Descriptor Definition®
Appearance Green flesh Flesh green depth
Appearance Yellow flesh  Flesh yellow depth
Texture Hardness Resistance of the sample atr8tecfiews with molars
Texture Juiciness Amount of juice released durimgnang (first three chews)
. Sound (pitch/intensity) produced by the samplerdus
Texture Crunchiness molar chews
Texture Flouriness Degree of flgsh breaking in small and dry fragmigmésiules
during chewing
Texture Fibrousness Degree of flesh breaking during chewing in thickl dibbrous
fragments/granules
Texture Graininess Numbers/size of fragments/gesptoduced during chewing
Flavour Sweet taste Sweet taste sensation
Flavour Sour taste Sour taste sensation
. Tactile dryness sensation in the mouth (at theaénd
Flavour Astringency

mastication)

a: Details about evaluation procedures and referstandards in Corollaro et al. (2013).
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Table 3: Mechanical and acoustic parameters calculated enfdfte and sound
curves, respectively, coming from TA-XT texture Bsar analysis on apple

samples.

Category Code Description
Mechanical F1 Yield Force
Mechanical F2 Max Force
Mechanical F3 Final Force
Mechanical FP N° Force Peaks
Mechanical A Area
Mechanical FLD Force Linear Distance
Mechanical Y Young's Module
Mechanical F4 Mean Force
Mechanical F1-F3 Delta Force
Mechanical F1/F3 Force Ratio
Mechanical P/D Peaks/Distance
Mechanical LD/D Linear Distance/Distance
Acoustic AUXP N° Acoustic Peaks
Acoustic AUX1 Max Acoustic Pressure
Acoustic AUX2 Mean Acoustic Pressure
Acoustic AUXLD  Acoustic Linear Distance

85



Table 4: PLS-1 models and validated® Raalues, calculated for each sensory
attribute, using different series of instrumentaltad for the development of the
models. “Box-Cox Transformation” column refers ke tuse of the transformed (Y)
or untransformed (N) data. “Nr. components” refergshe number of components
used for achieving the best prediction model. “Tybpenstrumental data” refers to
the parameters used for developing the model: “@lara Chemical” is for L*a*b,
SSC and titratable acidity data; “TA-XT” is for nmemical and acoustic texture
analyser data; “All” is for the entire instrumentita-set.

Type of
instrumental Box Cox Nr.
Attribute Data transformation PL S-1 model R? Components

Green flesh Color + Chemical N y = 0,4339x + 8,69720,4911 1
Yellow flesh Color + Chemical N y =0,8629x + 5,626 0,9019 2
Hardness TA-XT N y =0,8624x + 5,5972 0,8770 1
Juiciness All N y = 0.7896x + 9,8693 0,8115 2
Crunchiness TA-XT N y =0,8470x + 6,6765 0,8532 1
Flouriness TA-XT N y =0,7838x + 6,7745 0,7867 2
Fibrousness TA-XT N y =0,7919x + 6,9158 0,8003 1
Graininess TA-XT N y =0,7771x + 8,0034 0,7696 2
Sweet taste Color + Chemical Y y = 0,8352x + 6,90630,8184 3
Sour taste Color + Chemical Y y = 0,8647x + 4,85040,8876 2
Astringency All N y = 0,6109x + 8,3952 0,5280 5
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Fig. 1. Correlation loading plot (a) and score plot ()nfr Principal Component
Analysis (PCA) on sensory data-set. For apple sasnpbding, see “Code” column
in Table 1.
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Fig. 2: x and y loading plot from PLS-2 analysis on instemtal and sensory data, to
predict apple sensory profiles from instrumentabpaeters (X-var = 62%; Y-var =

57%). Instrumental parameters are reported in eegidnt, sensory attributes in
italic. For texture analyser parameters coding,"€@ele” column in Table 3.
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Fig. 3: Measured vs. predicted plot from PLS-1 model dgwedl for crunchiness
sensory attribute from acoustic and mechanical ftata texture analyser analysis.
Slope, offset, Root Mean Square Error (RMSE) ardARSquare) are reported for
predicted and validated interpolation lines, whiehe shown as dotted and
continuous lines, respectively.
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Chapter IV
SENSORY PROPERTIES OF APPLES GROWN IN

DIFFERENT CLIMATIC CONDITIONS

INTRODUCTION

In the range of pre-harvest factors affecting fouality, altitude is one of the most
important, determining differences in physiologicakchanisms of fruit growth,

ripening stage and chemical composition, as demetest by several studies
(Ferrandino et al.,, 1999; Comai et al., 2005; Simghal., 2006; Aslantas and
Karakurt, 2007). All the factors above are relatedinal fruit texture and flavour

characteristics. However, to our knowledge, onlyew studies applied sensory
analysis to evaluate the real perceivable diffeeenbetween apples grown at
different altitudes. Eccher Zerbini et al. (197&sdribed the differences existing
between apples grown at 3 and 350m a.s.l. in tefrtexture, acidity, sweetness and
aroma by means of a trained panel. Paprstein €2@06) studied fruit chosen from
orchards in four climatically different locationabput 200, 300, 400 and 500 m
a.s.l.) by asking panels of consumers to scorer tlilehg for several sensory

attributes related to appearance, flavour and textNone of them provided details
about the sensory evaluation procedures, it is pessible that no rigorous protocols
for sensory analysis were applied in any case.dddm the context of the studies on

pre-harvest factors, for long time sensory analiisis not been considered a useful
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and convenient way to obtain information on fruitality. Of course, sensory

analysis is expensive, needs time and resource®rtieless, its fundamental role in
the evaluation of food quality and consumer peiocepdf food properties has been
recognized. Many authors underlined how analytnahsurements are not always
adequate to substitute for sensory evaluation ieesting of food products and that
human assessment should be the standard agairet imktrument readings should

be calibrated (Hampson et al., 2000; Bourne, 26i22ker et al. 2002a).

Thus, in this work the application of a detailedtpcol for quantitative descriptive
analysis of apples (Malus x domestica Borkh.) mppsed to study the perceivable
differences between apples grown in different ctimaonditions. Instrumental
analyses were also applied to confirm the resutisiged by the sensory description

and to give interpretation to the sensory diffeemnc

MATERIALSAND METHODS

Plant material

Goden Delicious apples were provided by LaimburgeRech Centre for Agriculture
and Forestry (Vadena, Bolzano, Italy), coming fritmee different orchards at 600m
a.s.l. (low altitude, La, Lb, Lc) and three arour@Om a.s.l. (high altitude, Hd, He,
Hf), all applying the same growing practices. Freach orchard, in 2011 apple
season three different harvest times were congld@i® chosen by measuring basic
parameters (firmness, % soluble solid concentratitratable acidity, starch index);
T1, one week later; T2, three weeks after TO. imimiions about the agronomical
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features are reported in Table 1. The fruit weoeest for five months in refrigerated
ultra low oxygen atmosphere condition. Then, thegrevkept for 24h at room

temperature before the analyses.

Sensory analysis

Sensory analysis was performed based on the qai@rgitdescriptive analysis
method (Stone and Sidel, 2004a) in a sensory ladmgraquipped with 22 individual
booths under artificial red light by a trained pacemposed of 17 people (6 males
and 11 females), all employees at Fondazione EdmMadh (San Michele
all’Adige, Trento, Italy). The sensory vocabulancluded six attributes for texture,
taste, overall odour, overall retro-nasal flavond astringency. Moreover, 6 specific

attributes for odour and retro-nasal flavour wexered (Table 2).

Samples were cut in small flesh cylinders, treatét an antioxidant solution (0.2%
ascorbic acid; 0.2% citric acid; 0.5% calcium cldej, and presented in randomised
balanced order, labelled with three digit codestail® about the procedures are

reported in Corollaro et al. (2013).

Texture analysis

Analyses were performed on flesh cylinders comnognfthe same fruit provided to

the sensory panel.
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Texture measurements were performed by a TA-XTutexAnalyzer equipped with
an acoustic envelop detector device (Stable Micstey Ltd., Godalming, UK),
using a 4 mm probe to compress the samples. Theureraents were taken on eight
cylinders from eight different fruit, following thenethod by Costa et al. (2011):
twelve mechanical and four acoustic parameters wateulated (Table 3). The
measure of percentage of extractable juice (% jwi@s mechanically performed by
squeezing of eight flesh cylinders from eight difet fruit and calculated as weight

difference.

Basic chemical composition

Soluble solid concentration (SSC) and titratableligcwere measured in duplicate
on the juice squeezed from eight cylinders fromfedént fruit, by a DBR35

refractometer (XS Instruments, Poncarale, Bredtéy) and a Compact Titrator
(Crison Instruments S.A., Alella, Barcelona, Spamspectively. NaOH 0.1N was
used to titrate the samples to pH 8.16. The resu#tee calculated as mail acid

milliequivalents in 100g juice.

Cell anatomy analysis

The analysis of anatomical features was performedrait from TO through the
method described by Goffinet et al. (1995) for apgll counting. Each fruit was cut
along the equator line. Two wedge-shaped sectors meecut by a razor blade along

the longer and the shorter radius of the cortexre&@hphotographs at 10x
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magnification were taken at one fourth, half ante¢hfourth of each radius by a
Leica DMLB light microscopy equipped with a DC 30@amera supported by
IM1000 Image Manager software (Leica MicrosystemsG, A Heerbrugg,

Switzerland). The photos were analysed by Imagdbslsoftware (USA), by

applying a grid of 11000 pixel2 per square and tiagrcells and intercellular spaces
inside a grid composed of nine rows and elevenncofy The sample preparation
procedure for such measurement was incompatibléh g#nsory evaluation

procedure, thus, different fruit were used for anmatal measures.

Statistical analysis

Two-factor ANOVA on sensory and instrumental datgsidering altitude and time
of harvest as experimental factors and one-way AMNOWh cell counting
measurements data were performed by the STATISEQAoftware (StatSoft, Inc.,
USA). P-values equal or lower than 0.05 were considergdifggant. Generalized
Procrustes Analysis (GPA) was performed on sendaty to study the sensory space

by Senstools 3.1.6 software (OP&P Product ResdéBitiUtrecht, the Netherlands).

RESULTSAND DISCUSSION

Sensory profiling

The two-factor ANOVA on sensory data showed sigaifit differences between the
two altitudes and among the three times of harfegshany sensory attributes (Table
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4). As for time of harvest, samples from T2 show®aer intensity for hardness,
crunchiness, fibrousness, and sour taste, and rigitensity for flouriness and
graininess. As for altitude factor, samples fromv laltitude were perceived as
juicier, crunchier and more fibrous than sampleanfrhigh altitude, which were
more floury and grainy. The sensory differencesvaedi described by the bi-plots
from the GPA performed on the general and the dtlawour sensory data-sets
(Figs. 1a and 1b). In Figure 1a, the samples ateilalited along the first component
as they pass from TO to T2, from high hardness @undchiness values to high
flouriness and graininess. The distribution alomg $econd component is related to
the sweet and sour tastes, with samples having $wgtetness in the lower part of
the plot. In general, samples from high altitudpesyed to be located in the upper
side of the plot, excepted for Hf samples. On thetrary, samples from low altitude
appeared to be located in the lower part. Thus,pksnfrom low altitude were
generally described as sweeter and juicier thampkanirom high altitude, appearing
more sour and astringent. We have no clear exptanédr Hf samples behaviour. It
is possible that the relatively low crop load of étfichard made the fruit reach a
ripening stage and textural/chemical propertieseaido the fruit from low altitude
orchards (see Table 1 for crop load details). Abtu# is demonstrated that crop
load is negatively associated to fruit size (Hedhred al., 2011; Saei et al., 2011).
Moreover, apple fruit size has been associatedaturity levels at harvest (Koorey

and Brookfield, 1999).

The odour and flavour profile shown in Figure 18 dot show a sample distribution
related to the altitude, only to time of harvedte Bamples from T2 are all located in
the left part of the plot, showing high intensitfes pear, banana and vanilla odour

and flavour, while samples from TO and T1 were dbed as having mainly grass

95



and lemon odour/flavour. Significant differences&perceived for pear and banana
odours and for banana flavour, which were fountawee higher intensity in T2 than
TO. Lemon flavour was higher in TO than T2. In thebrk on ‘Golden Delicious’
apples from three different altitudes (350, 7500@.0n a.s.l.), Ferrandino et al.
(1999) found that a different volatile compound<$O@s) profile was developed by
the fruit in the different climatic environmentshdy found a higher development of
volatiles in fruit from 1000 m a.s.l. Actually, VG&Cemission of our fruit was
analysed by gas-chromatography and mass spectsgniett these data are not
included in this paper. However, in our study, frarsensory point of view, altitude
seemed not to affect volatiles perception. Only dyomdour showed significant
differences, with samples from high altitude havmgher intensity than those from

low altitude.

Texture profiling and basic composition

The two-factor ANOVA on instrumental data confirmdte sensory description.
Time of harvest showed differences for titratabledidy and texture analyser
parameters, both mechanical and acoustic. In péaticsamples from T2 were found
to have lower acid concentration than TO and Tl.cihaical and acoustic
parameters from texture analyser measures showgrddmal decrease as time of
harvest passed from TO to T2. Significant altitueféect was seen for texture
parameters and for SSC, with samples from lowualéthaving higher mechanical
and acoustic response, higher percentage of eafiacjuice and higher SSC (Fig.

2). Three mechanical parameters also showed itienabetween the two factors,
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suggesting that at different altitudes the struatproperties of fruit tissue can have a

different evolution during fruit ripening (Table.5)

However, it is important to consider that in ouudst only one year of fruit
production was considered. Thus, preliminary rassate discussed here and it is not

possible to extrapolate general considerations.

Cell anatomy characterisation

One-way ANOVA on anatomical data showed that fftsim low altitude had a
higher amount of cells and higher percentage aroatlular spaces (Figs. 3a and
3b). Even if fruit weight was not significantly @éfent, the volume of fruit from low
altitude was higher than fruit from high altitudeid. 3c). Thus, it is possible to
suppose that cell division was longer in fruit fréoav altitude, with higher number
of cell replications as compared to fruit from highitude. This could have been
caused an increase in fruit expansion at low aétuWarrington et al. (1999)
demonstrated that different range of temperatuveimgl fruit growth (from 10 to 40
days after full bloom) caused differences in fugtume, weight and quality traits in
several apple varieties. Fruit were found to bg®&igvhen temperatures were higher.
They also showed higher SSC, even if a decreaiesin firmness was found as the
temperatures increased. Stanley et al. (2000) stegethat early season
temperatures are important in determining finalitfrweight, while late season
temperatures are more likely to influence riperphgsiology than fruit growth. This
is explained by the fruit growth mechanism, thabves an early exponential cell

division phase, lasting for the first week; thaphase of contemporary cell division
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and cell expansion follows, and lasts for about\8egks; and finally a phase of cell
expansion only characterises the rest of the sedsso and Goffinet, 2013). We
can suppose that the average temperatures at 1@08.Imwere lower than those at
600 m a.s.l., since, in our study no data about deeumulation during fruit growth

in the six orchards are available.

The anatomical data were consistent with the sgresod instrumental description.
The higher the number of cells, the higher thedarxjuired to compress the sample,
which is confirmed by texture analyser measuremevitseover, higher number of
cells means higher amount of cell walls crushingrducompression. The cell wall
rupture and the expansion of the liquid contenteurmtessure are responsible for the
sound emitted by wet foods when they crush (Dui261). Moreover, fruit from
low altitude showed higher percentage of air spa@ed the amount of air spaces is
related to the acoustic response: the higher theuabof air spaces, the higher the
sound, because the expansion of the cell liquidhan surrounding empty spaces
causes noise emission. The sound produced whencfosties is strongly related to
the sensory perception of crunchiness (Fillion Kildast, 2002). Our sensory data
were in agreement with such observation, sinceatimess intensity was higher in

samples from low altitude.

CONCLUSIONS

Even if the samples from the four orchards werdatlested in dependence of same

basic parameters (measured at TO), important diffe¥s were found not only as a
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consequence of time of harvest, but also relatethdoaltitude: apples from high
altitude show a lower fruit volume, with a lower anmt of cells and intercellular
spaces, probably due to different early season e@esyres causing different cell
division patterns. That was responsible for différéexture properties, and such
differences were perceivable by human senses. édiiahis study was performed
on fruit from only one year, these preliminary fésisuggest that differences in
terms of anatomical and structural features dewsldpy apples grown in different
climatic conditions can be perceived by human seresed that the sensory-
instrumental tool here applied provided useful infation to describe such
differences. Thus, a proper sensory evaluation pgieafruit from very different

locations should be always considered and appledrder to have a reliable

description of what consumers will perceive in final product.
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Table 1. Agronomical data from the six orchards under stddy, T1 and T2 refer to the harvest dates hersidered. In this study, samples
from orchards around 600m a.s.l. are considered foov altitude; samples from orchards around 10@0srl. are considered from high altitude.

Y ear Light Crop load
Code masl. planting exposure % dope (t/ha) TO T1 T2
La 652 2010 N 8.5 85.3 19/09/2012 25/09/2012 10/10/2012
Lb 656 2009 N 11.0 95.4 19/09/2012 25/09/2012 10/10/2012
Lc 580 2003 N 11.4 98.2 19/09/2012 25/09/2012 10/10/2012
Hd 1070 2002 S 9.3 91.4 26/09/2012 02/10/2012 16/10/2012
He 1040 2010 S 13.2 52.4 26/09/2012 02/10/2012 16/10/2012
Hf 1070 2010 S 15.8 69.6 26/09/2012 02/10/2012 16/10/2012

100



Table 2: Sensory vocabulary used by the trained panel.

Category Descriptor Definition

Texture Hardness Resistance of the sample atr8tefiew with molars

Texture Juiciness Amount of juice released durimemang (first three chews)
Texture Crunchiness ?rc])gvr\l/g (pitch/intensity) produced by the samplerdu& molar
Texture Flouriness Degree of er;sh breaking in small and dry fragmégmésiules

during chewing
Texture Fibrousness Degree of flesh breaking during chewing in thickl diforous
fragments/granules

Texture Graininess Numbers/size of fragments/gemptoduced during chewing
Flavour Sweet taste Sweet taste sensation

Flavour Sour taste Sour taste sensation

Flavour Astringency Tactile dryness sensation enrtiouth (at the end of mastication)
Flavour Overall Odour  Overall odour sensation

Flavour Overall Flavour  Overall flavour sensation

Flavour Pear Specific odour (Od) or retro-nasaldia (Fl) sensation
Flavour Banana Specific odour (Od) or retro-nalsaldur (FI) sensation
Flavour Lemon Specific odour (Od) or retro-nasaVélur (FI) sensation
Flavour Grass Specific odour (Od) or retro-nasaldlur (FI) sensation
Flavour Vanilla Specific odour (Od) or retro-naflalour (FI) sensation
Flavour Honey Specific odour (Od) or retro-nasaVélur (FI) sensation
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Table 3: Mechanical and acoustic parameters from the cuteesloped by texture
analyser compression measurements, following thbadeby Costa et al. (2011).

Category Code Description
Mechanical F1 Yield Force
Mechanical F2 Max Force
Mechanical F3 Final Force
Mechanical FP N° Force Peaks
Mechanical A Area
Mechanical FLD Force Linear Distance
Mechanical Y Young's Module
Mechanical F4 Mean Force
Mechanical F1-F3 Delta Force
Mechanical F1/F3 Force Ratio
Mechanical P/D Peaks/Distance
Mechanical LD/D Linear Distance/Distance
Acoustic AUXP N° Acoustic Peaks
Acoustic AUX1 Max Acoustic Pressure
Acoustic AUX2 Mean Acoustic Pressure
Acoustic AUXLD Acoustic Linear Distance
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Table 4. Mean values ang-values from two-factor ANOVA on sensory data, ddasng harvest time and altitude as fact®salues
lower than 0.05 are considered significant. Mednesfollowed by same letters are not significadifjerent.

Time of harvest Altitude Time of harvest* Altitude
p- p-

Attribute T0 T1 T2 value Low High value p-value
Overall Odour 43.0 47.9 50.0 0.088 46.0 48.0 0.437 0.863
Od-Pear 17.8a 18.4 ab 249b 0.035 18.1 22.6 70.06 0.148
Od-Banana 12.4a 15.1ab 20.5b 0.026 13.8 18.3 0710. 0.614
Od-Lemon 7.5 7.1 5.7 0.581 7.0 6.5 0.765 0.457
Od-Grass 6.1 6.9 5.8 0.779 6.7 5.8 0.516 0.766
Od-Vanilla 5.4 6.6 6.5 0.739 5.6 6.7 0.424 0.108
Od-Honey 5.1 5.6 5.7 0.923 39a 70b 0.020 .65
Hardness 56.6 b 489b 25.0a 0.000 46.0 41.0 90.06 0.466
Juiciness 44.0 41.3 37.0 0.088 43.8b 37.7a 0.020 0.606
Crunchiness 57.2b 50.7b 25.6a 0.000 495hb 89.5 0.001 0.378
Flouriness 49a 10.0a 30.8b 0.000 119a 18.519.001 0.249
Fibrousness 46.0b 38.7b 16.0a 0.000 38.2b @8.9 0.004 0.936
Graininess 129a 18.0a 35.3b 0.000 19.1a 25.0 0.014 0.467
Sweet Taste 38.3 37.7 44.1 0.091 40.4 39.7 0.783 0.771
Sour Taste 40.8 b 40.1b 24.3a 0.000 334 36.7 2420. 0.517
Astringency 27.0b 25.8 ab 17.6a 0.040 22.2 24.7 0.449 0.980
Overall Flavour 459 46.1 47.2 0.905 454 47.4 304 0.572
Fl-Pear 12.1 14.5 15.3 0.368 14.1 13.8 0.886 8.30
Fl-Banana 6.a 9.0ab 11.7b  0.026 7.6 10.2 0.130 0.847
Fl-Lemon 16.1b 158 b 94a 0.018 12.5 15.0 0.247 0.751
Fl-Grass 10.1 10.7 6.5 0.154 7.9 10.3 0.221 0.408
Fl-vanilla 4.3 5.0 4.8 0.872 4.4 4.9 0.640 0.729
Fl-Honey 6.1 5.7 5.9 0.976 6.1 5.7 0.757 0.762
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Table 5: Mean values ang-values from two-factor ANOVA on instrumental datensidering harvest time and altitude as facters.
values lower than 0.05 are considered significktgan values followed by same letters are not dpnitly different. For texture
analyser parameters coding, see Table 3.

Time of harvest Altitude Time of harvest*Altitude
p- p-

Parameter T0 T1 T2 value L ow High value p-value
SSC 15.4 14.5 15.0 0.167 16.2b 13.7 a 0.000 20.09
Titratable
acidity 8.0a 7.3a 59b 0.000 7.3 6.9 0.323 0.637
F1 10.8¢c 89b 75a 0.000 9.4 8.8 0.057 0.076
F2 12.2¢c 10.0b 85a 0.000 10.6 b 99a 0.012 .037
F3 9.2c 7.4 b 6.4a 0.000 79b 7.4 a 0.033 .05
FP 25.4b 24.7 ab 23.5a 0.007 25.1b 240a 0.026 0.506
A 836.2c 700.4b 5925a 0.000 733.8b 687.4 a 0090. 0.022
FLD 104.7¢c 102.0b 99.4a 0.000 102.8b 101.3 a .00 0.862
Y 15b 14b 1.2a 0.000 14 1.3 0.413 0.350
F4 9.7c 8.1b 6.9a 0.000 85b 8.0a 0.005 2.02
F1-F3 1.7 15 1.1 0.154 1.5 1.4 0.709 0.827
F1/F3 1.2 1.2 1.2 0.888 1.2 1.2 0.892 0.905
P/D 21b 20b 19a 0.000 20b 19a 0.009 19D.5
LD/D 8.6¢C 8.4b 8.0a 0.000 8.4b 8.2a 0.007 8540.
AUXP 39.7c 25.3b 16.1a 0.000 36.8b 175a ®.00 0.208
AUX1 64.9c 61.7b 59.6a 0.000 63.0b 6l.1a ©®.00 0.637
AUX2 476 c 47.0b 46.0a  0.000 472 b 46.5 a D.00 0.742
AUXLD 5461.7c 46249b 3854.1a 0.000 5281.6 b 2#48a  0.000 0.803
% juice 37.2 37.7 41.0 0.247 40.8b 36.5a 0.037 0.970
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Fig. 1. Bi-plot showing the first two components from GB&rformed on overall (a;
Dim.1: 49%; Dim.2: 10%) and odour/flavour (b; Dim21%; Dim.2: 15%) sensory
data-sets. Samples from low altitude are indicdtgdull markers; samples from
high altitude by empty markers. Circle markers #re TO; triangles are for T1,

squares are for T2.
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Fig. 2. Mean values for maximum force (a) and maximum atowvssponse (b) from texture analyser measurenagmtpercentage of
mechanically extractable juice (c) on samples ftogh and low altitude. Different letters on the eafer to significant differences.
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Fig. 3: Mean values for number of cells/fruit (a), peregyet of air spaces (b) and fruit volume (c) fromtamacal measures on fruit
from high and low altitude. Different letters orethars refer to significant differences.
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Chapter V
THINNING VIA SHADING AND THE USE OF
PHOTOSELECTIVE NETS. THE I NFLUENCE ON

SENSORY QUALITY IN APPLES

INTRODUCTION

In apple production, meeting market demand whilevigling fruit of the highest
quality is a difficult challenge. To achieve optimufruit production, high fruit
numbers are needed at fruit set, which are theméli to the desired level. Thinning
is therefore key to improve yield and quality inpgp (Byers, 1990; Link, 2000).
Crop management practices and pre-harvest treatmefitence product quality
both at harvest and during storage (Sams, 199%sioh et al., 2002). Crop load has
been shown to affect fruit firmness and sensoryp@ries. Most studies show better
quality fruit from low compared to higher crop loaakes (Delong et al., 2006;
Baugher and Schupp, 2010; Henriod et al., 2011yetace crop load, growers may
hand-remove fruit but, due to cost and time, th@iegtion of phytochemicals which
cause fruit drop is widely used, normally followbg hand-thinning adjustment to
optimise fruit load. Avoiding use of chemicals isganeral goal in fruit growing,
therefore an alternative method has been proptssad on heavy shading of trees,

to virtually stop net carbon assimilation whichdsao abscission (Zibordi et al.,
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2009; Morandi et al., 2011). Although it still pezgs technical difficulties, this
approach has been shown to be economically viainléhbse organic growers who
hand-thin their fruit (Widmer et al., 2008). Phatestive coloured nets have been
developed to promote specific physiological respsndy differential spectral
transmission of solar radiation (Shahak et al. 420Bastias et al. (2012) found slight
differences in apple fruit coming from trees grownder different coloured nets,
with larger fruit size under blue, compared to whdrey, or red nets. They attributed
this response to an increase in leaf photosynthedisced by the higher blue/red

wavelength ratio available under the blue net, thay have benefitted fruit growth.

Conflicting reports have been published about thelity of apples coming from

shading treatments or orchards under hail netsansakhin and Blanke (2010) and
Amarante et al. (2011) found poorer quality in &gptoming from hail net-covered
orchards, with lower firmness, lower soluble sobasl acid content, lower vitamin C
content, and a consequent reduction of fruit shitdf compared to fruit from

unprotected orchards. For this reason, some ausiggest the use of reflective foil
or mulch covering the grass alleyways to contrdstese effects on fruit quality due
to the light availability reduction caused by haiets (Jakopic et al., 2007;
Solomakhin and Blanke, 2007). On the other hanairiér et al. (2008) found good
results in terms of basic fruit quality paramef@rsit weight, firmness, soluble solid

content), which were comparable to chemically-amndthinned trees.

Until now, sensory science has never been apphielaluate the eating quality of
fruit produced under altered light microclimatesnyAanalysis solely based on
chemical or physical properties would not sufficer fexhaustive fruit quality

description, as several sensory attributes mayabbriinteract, influencing and
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modifying what is really perceived (Harker et &Q06; Echeverria et al., 2008).
Sensory analysis can give meaning to sensory pvoepcoupling a scientific

approach to a language which is close to consumeeption. Descriptive sensory
analysis is the best approach to provide a compe2he and objective description of

a product, both qualitative and quantitative (Myrea al., 2001).

This work reports on the quality, as appraiseddnssry analysis, of apples coming
from two studies of orchard light microclimate mauration. In the first one, the

impact of thinning via shading on sensory quality apples was assessed by
guantitative descriptive analysis coupled to antrimsental characterisation of
texture parameters. In the second study, we ewludie effect of variations in the
spectral light composition on the sensory qualitgples grown on trees subjected
to different photoselective hail nets. Texture mies and cell anatomical features
of fruit samples were studied by instrumental meaments, to give interpretation to
any possible sensory differences caused by phygeab mechanisms of cell

division as affected by light microclimate.

MATERIALSAND METHODS

Fruit material and sample preparation

Apple fruit were all harvested in 2011 (Table BExperiment 1apples were sourced
from a mature (2008 planting) ‘Rosy Glow'/M9 commiai orchard near Ravenna,
Italy, of approximately one hectare, trained astreérieader at a density of 2500
tree/ha (4.0 x 1.0 m). The drip-irrigated orchardubjected to standard management
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practices. When fruitlets reached 12 mm diametppr@imately two weeks after
full bloom), the entire orchard, minus three rowss chemically thinned according
to standard commercial practice. The central rowhefthree that were not sprayed
was covered with a 90% neutral shading cloth (Ba®@%,; Artes Politecnica Srl,
Schio, Vicenza, ltaly) applied for one week 30 dayter full bloom. Trees were
shaded for their entire height. After shade remaba trees received the same
management practices as the remainder of the archatil harvest. The two
treatments caused similar fruit drop, as assesgedimting the total number of fruit
per tree on ten trees per treatment (data not sh&xperiment 2:!Fuji’ apples from

a commercial orchard located near Ferrara, Itagrewsed. The orchard, trained as
slender spindle on M9 rootstock, was planted in7280a spacing of 4.0 x 0.8 m
(3125 tree/ha), and is under standard managemaatiqges. The 1-ha orchard was
divided in sections and covered with photoselectinal nets (ChromatiNet®,
Polysack Industries, Negev, Israel) coloured white, yellow, and blue; a standard
neutral black net was used as control. All theds rexluced light by about 20%; care
was applied in their placement to ensure thatekettees were subjected only to the
light microclimate caused by a single photoselectiet, irrespective of the height of
the sun in the sky (Fig. 1). The nets were deploiyedhe first half of April,

immediately after anthesis, till harvest.

At harvest, representative samples, based on ttiggimund colour of the fruit were
collected from a strip pick of ‘Rosy Glow’ appledafrom the largest pick of each
photoselective hail net in ‘Fuji’, and were storéal three months in normal
atmosphere at 2°C, 95% RH. The samples were thepapmd as reported in
Corollaro et al. (2013): they were kept at room iemature for 24 hours before the

analysis, then the flesh from 45 fruit was cutnmadi cylinders (1.2 cm high; 1.8 cm
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diameter), treated with an antioxidant solutior2¢0.citric acid, 0.2% ascorbic acid,
0.5% calcium chloride) and provided for the sensamglysis in anonymous clear
plastic cups (eight cylinders per cup from diffdréruit), coded with three-digit

numbers.

Trained panel and sensory analysis

A trained panel of 10 judges, all volunteers frdma Fondazione Edmund Mach (San
Michele all’Adige, Trento, lItaly), evaluated the pdgp samples according to a
guantitative descriptive method based on a consewnscabulary with 13 attributes
for appearance, texture and flavour. The trainimgl &ensory vocabulary are
described in Corollaro et al. (2013). Each attebutensity was rated using a linear
scale anchored to 0 (minimum intensity) and 100 x{mam intensity), with a
halfway anchor (50). Three replicates per sampleewsesented in randomised
balanced order. Data were acquired by the softvidiZ 2.46A (Biosystemes,
Couternon, France). Because of the different hargesod for the two varieties,
different sensory analysis sessions were dedidatédlji and Rosy Glow samples:
For the five Fuji treatments, three different sessi took place (five
samples/session), while for the two Rosy Glow tresatts, the three replicates were

analysed in one session (six samples in total g&gign).

Panel efficacy was confirmed by analyses on the-dat of 30 apple varieties
previously evaluated by the same judges duringptteod September-December
2011: Judges showed good consistency and discrinadzility for all the texture

and taste descriptors (mepivalue for all the judges and attributes: 0.019eq@ll
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odour, overall flavour, and astringency gave someblpms related to the
discriminant ability of one or more judges. Becaw$esuch observations, overall
odour, overall flavour, and astringency attributese excluded from the data-set for

the following analyses.

I nstrumental analysis on fruit from sensory analysis

Instrumental analyses were performed on the samie rfraterial provided to the
sensory panel, with the exception of cell anatomlyich was studied on different

fruit, because of an incompatible protocol for sEmpeparation.

L*a*b components from CIELAB colour space model l{&cda, 2007) were
measured on the flesh from each fruit by a ChrometeM CR-400 colorimeter,
supported by the CM-S100w SpectraMagic™ colour daftware (Konica Minolta
Sensing, Inc., Japan). A sub-sample of flesh cgliadcoming from the material
provided to the panel was subjected to the othstrumental analyses. The juice
squeezed from eight cylinders/sample was used tasune soluble solid
concentration (SSC) (DBR35 refractometer, XS Imegnts, Poncarale, Brescia,
Italy) and titratable acidity (Compact Titrator, i€&m Instruments S.A., Alella,
Barcelona, Spain) in duplicate. NaOH 0.1 N was usditrate the juice to pH 8.16.
Dry matter concentration was measured by dryingigift flesh cylinders per variety
at 105°C until stable weight. A TA-XT texture ansdy equipped with an Acoustic
Envelope Detector (Stable MicroSystem Ltd., GodatmiUK) was used to analyse
the texture properties by compressing with a 4 mob@ ten cylinders/sample (each

cylinder coming from a different fruit and corresiging to a replicate). From the
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mechanical and acoustic profiles/curves, elevenfandparameters were extracted,

respectively, following the method described bytaes al. (2011).

I nstrumental analysis on other fruit

On 25 fruit/sample cell volume, cell number peritfrand % fruit intercellular air

spaces were assessed following Goffinet et al. fL9Rach fruit was cut along the
equator line. Two wedge-shaped sectors were rdyguh razor blade along the
longer and the shorter radius of the cortex. Timleetographs at 10x magnification
were taken at one fourth, half and three fourtkeaxth radius by a Leica DMLB light
microscopy equipped with a DC 300F camera suppdiyeid11000 Image Manager
software (Leica Microsystems AG, Heerbrugg, Switred). The photos were
analysed by ImageJ 1.45s software (USA), by apglgngrid of 11000 pixélper

square and counting cells and intercellular spatgisle a grid composed of nine
rows and eleven columns. From the cell anatomy, d&tih packing was computed,

defined as the number of cells per unit volumehefftuit cortex parenchyma.

Statistical analysis

The exploratory analysis of sensory data was pedrby Generalized Procrustes
Analysis (GPA) using the Senstools 3.1.6 softw&@®&P Product Research BV,
Utrecht, the Netherlands). Sample differences vetuelied by a three-way mixed
ANOVA (for sensory data, considering judge as rand@actor, and product and

replicate as fixed factors) and a one-way ANOVAr (festrumental data) with the
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STATISTICA 9.1 software (StatSoft, Inc., USAP-values lower than 0.05 were
considered significant. Honestly significant diface (HSD) post-hoc test was

performed to study significant differences.

RESULTS

Sensory analysis

The analysis on the whole data-set, considerindy BbBuji’ and ‘Rosy Glow’
samples, shows that the panel was able to disaimibetween the different apple
cultivars. The GPA shows that the first dimensiascdminates for apple variety;
while the second dimension is able to highlighfed#nces between treatments, in

particular for ‘Fuji’ apples (Fig. 2).

Mixed-factorial ANOVA was performed on ‘Rosy Glowand ‘Fuji’ data-sets
separately, to study differences between the ptsdodhe two experiments. In both
data-sets, judge effect was significant for all gitxibutes p < 0.001), except for
graininess in experiment 1. Replicate effect wamificant for three attributes in
both experimentsp( < 0.05), probably because of the small variability fruit
material (Bavay et al., 2013). Overall, the padekpite the similarity of the samples,

proved to be repeatable and consonant.
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Experiment 1:Product factor was significant only for the grdksh attribute, with
fruit from chemically thinned fruit being more grethan ‘Rosy Glow’ from shade-

thinning (Table 2).

Experiment 2:‘Fuji’ apples grown under different photoselectitiail nets were
different for green and yellow flesh, hardness, ameet taste sensory attributes
(Table 2). Apples from the red were less green thaihfrom the yellow net. On the
contrary for yellow flesh attribute, red net applesre yellower than white and
yellow net apples. Fruit from white, red, and bhets were harder than yellow net
fruit. Red net fruit were evaluated as sweeter thme and yellow net fruit. The

other treatments showed intermediate results (TAble

Instrumental analysis

Experiment 1:Chemically thinned fruit had a lower acid contgpt < 0.001).
Colorimeter data showed shaded fruit having redidsh than chemically-thinned
ones p < 0.05). Shade-thinning fruit were larger thantfitom chemical thinningg
= 0.028). No differences were found for texture Igsex data and anatomical

analyses, as well, confirming the sensory data.

Experiment 2Black and red net fruit were larger than white aygples p = 0.0042),
and blue and yellow were intermediate, despiteayenumber of fruit per tree and

average load per tree being similar for the fiveatments (data not shown). No
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differences for chemical composition were found; éolour, the lowest L* value
was found in red net and the highest for whitefngt (p < 0.001); the highest a*
value was observed for red net and the lowest étiow and white net applep K
0.001). Dry matter concentration was higher in aad white net than yellow net
apples p = 0.014). Red and black net apples were the lgastlze white net fruit
were the firmest, while the highest acoustic respowas from the red net sample
(Table 3). White and black net apples had the lghember of cells per volume
(small cells tightly packed), while red net frutasved the lowest number (large cells

with more intercellular spaces; Figurep3s 0.001).

DiscussioN AND CONCLUSIONS

In experiment 1, despite the efficacy of thinningsacomparable between the two
treatments, fruit from shading thinning were foutad be bigger than fruit from
chemical thinning, in accordance to other auth@slqmakhin and Blanke, 2008;

Widmer et al., 2008).

No differences in sensory properties were founaveen the two treatments, except
for green flesh attribute by colorimeter, which sldboreflect the slight difference in
green flesh colour coming from sensory analysish whaded fruit being less green
than chemically-thinned fruit, even if the greetemsity perceived by the panel was
extremely low both for shading and chemical treatisie Yellow flesh colour

showed higher scores and confirmed that yellow wols predominant in flesh
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appearance of ‘Rosy Glow’, but no sensory diffeemngvere perceived for such

attribute.

The absence of differences in texture analysercatidanatomy analyses leads to
suppose that, despite the difference in timing betw chemical and shade
application, both thinning methods tested here mttl impact differently on the
crucial cell division phase of fruit growth. Thiorfirms observations that cell
division can occur for several weeks after blooror@lli Grappadelli, unpublished).
Further proof that this potential remains intacgigen by the fact that the shaded

trees provided larger fruit at harvest.

The differences found for titratable acidity aret confirmed by sensory analysis,

suggesting that such differences are too slighetperceived by human senses.

In experiment 2, differences were highlighted beméhe products’ sensory profiles
and instrumental analyses confirmed their religbiliL* and a* colorimeter
parameters varied between the various net col@imse a* values are representative
of wavelengths from green (negative values) to (pambitive values; see Schanda,
2007), L* and a* agreed with the perception by skasory panel of the yellow flesh
colour of red net apples as the most intense, laadotvest in white and yellow net

fruit.

The red and white nets varied greatly in texturalyser compression and cell
anatomy. Red net apples were larger (average weidgkit7.0 g) with the lowest
number of cells per volume (i.e., large cells nghtty packed), the lowest yield
force, and the highest acoustic response at cosipreshe white net, on the other

hand, gave the smallest fruit (average weight =.4.2f, with small cells closely
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packed, the highest yield force, and the lowestsito response (Fig. 3). The sound
produced during compression is related to the esipanof the liquid subjected to
turgor pressure from damaged cells into the sudmgnair spaces (Duizer, 2001):
the higher the volume of air spaces, the highersthend. Mann et al. (2005), for
example, showed higher crispness scores assignadsegsory panel to apples with
a lower number of cells per unit area of volumehigh turgor pressure in red net
apple cells could depend either on a higher assiilmii and retention of solutes in
the cell vacuole during fruit growth, or reducedneersion to starch of the
assimilates downloaded from the phloem. Phloem ¢tmading is affected by
modified environmental conditions (Morandi et &011). As a matter of fact, high
dry matter concentration was recorded in the redmd. If this resulted in higher
turgor pressure, it could be the reason for thehdrigsonic response during
compression, since the red net apples were obsewélde “noisiest” at the texture
analyser measurements. The force required to casphe red net samples was the
lowest, in accordance with the lower cell denditgrger cells with a higher amount
of air spaces cause a decrease in resistance fmession (Volz et al., 2004), even if
other authors observed different behaviours rel&tedifferent structures. Mann et
al. (2005), for example, showed that apples witliedént cell size and number,
measured by microscopy, can have similar responsestaumental compression by
texture analyser. However, such results were natfiroed by the sensory
perception: apple cultivars with the lowest celmber and highest cell size showed
very high scores for firmness and crispness evatuby a sensory panel, and vice
versa for the cultivars having the highest cell bemand the lowest cell size (Mann
et al., 2005). In our work, as well, very high sofor hardness were awarded by the

panel in the sensory evaluation of red net frigspite it being the treatment with the
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lowest number of cells per volume (Table 2; Fig. I8)their study on microscopic
behaviour of different apple varieties under corapien and tensile test condition,
Alamar et al. (2008) showed interesting findingseful for interpreting our results.
First of all, they found that ‘Braeburn’ apples Hagher average cell projected area
measured by microscopy images (i.e., fewer intkregl spaces) than ‘Jonagored’
apples. The maximum force measured by compresksrongh an 11 mm probe was
also higher for ‘Braeburn’, but the maximum strainfailure measured during a
micromechanical compression test was higher in ddored’ fruit. Cell
reorganisation and a compression of the inter@ellapaces do actually happen in
response to the compression loading. Thus, a maitix more intercellular spaces
and fewer cells per unit space has a higher ledwaglerate the compression stress
before breaking (Alamar et al., 2008). In our seysprotocol, hardness was
evaluated by the panel as the resistance to & slighpression by lateral teeth before
flesh tissue breaking; thus, in light of the cosabm above, it is possible to explain
why apple fruit with a low number of cells per vola and low performance at
instrumental compression tests were evaluated @shyathe sensory panel, as was
the case of red net apples (Table 2). From ourteesed net Fuji apples may have
matured more quickly than apples from the otherdsttatreatments. Higher dry
matter concentration, yellower flesh (due to amaase in carotenoid content), and a
significant increase in perceived sweetness cabeltonsidered characteristics of
more ripe fruit (Lakso et al., 1995; Kvikliéret al., 2011; Ampomah-Dwamena et

al., 2012).

Light spectrum appears to influence physiologicaéchanisms linked to cell
proliferation during fruit growth, that are reflect in changes in texture properties

due to a different number and a different size alfs¢c and light microclimate also
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affects the ripening process of the fruit. Howewegre work is needed to better
interpret such mechanisms. Sensory analysis wakedpo study the perceivable
quality of apples grown under innovative orchardnagement approaches which
aim to increase the sustainability of fruit prodostby conditioning the orchard light
microclimate. In the case of the more ecologicairting practice based on shading,
the comparison with chemical thinning showed déferes which can be measured
by instrumental analyses, but not perceivable bsdmu senses, except for green
flesh attribute, even if a very low impact on trensory profile of ‘Rosy Glow’
apples can be ascribed to such attribute. Thus) the fruit quality point of view,
thinning via shading seems to be a potential atére to chemical, since it allowed
achieving comparable yield and better fruit size'®Résy Glow’ apples without
affecting fruit sensory quality. Instrumental andatomical analyses highlighted
differences in physical structure of ‘Fuji’ frutieveloped during fruit growth under
different photoselective nets, which corresponditterences in hardness perceived
by the sensory panel. Together with sensory diffegs in flesh colour and sweet
taste, such differences suggest changes in thaimgpenechanism related to the
treatment. Thus, we had useful indication aboutpibesible effect of different light
spectra on the eating quality of apples, but furtheestigation on the fruit growth
mechanisms under coloured nets will help to beiteterstand how they play and

influence the sensory perception of fruit propettie
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Table 1. Mean values and ANOVA results for experiment 1ai@) experiment 2 (b) fruit. Significant differesddentified by HSD
post-hoc test are shown by different letters.

a.
Titratable % extractable Cdl
Product Weight (g) * SSC % dry matter acidity®** juice L* a* b packing®
Rosy Glow chemical thinning 1979b 12.8 15.6 246 48.1 76.1b -2.3a 19.2 264.1
Rosy Glow shading thinning 2150a 12.7 16.6 529b 47.2 75.5a -20b 19.1 258.8
b.
Titratable % extractable Cell
Product Weight (g) * SSC % dry matter * acidity® juice L ** ax* b packing® **
Fuji Black net shading 2209 a 11.9 13.6 ab 3.63 459 74.7 a -29b 20.1 222.6 bc
Fuji Blue net shading 208.2 ab 11.8 13.5ab 3.54 .855 744ab -28Db 20.8 201.1ab
Fuji Red net shading 217.0a 12.8 14.7 a 3.30 57.0 74.0b -20¢c 21.1 189.0 a
Fuji White net shading 195.4b 12.9 14.1a 3.56 958. 74.8 a -3.3a 20.6 234.2c
Fuji Yellow net shading 203.2 ab 12.0 12.4b 3.23 5.45 745ab -34a 20.2 204.5 ab

a: meq malic acid/100 g juice
b: cells/mnd

* = ANOVA p-value < 0.05

** = ANOVA p-value <0.001
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Table 2: Mean values for sensory attributes evaluated byénsory panel for ‘Rosy Glow’ apples from expeninl (a) and ‘Fuji’
apples from experiment 2 (b). Significant differeador product factor highlighted by HSD post-hest$ are shown by different letters.

a.
Green Sour
Product Flesh * Yelow Flesh Juiciness Hardness Flouriness Crunchiness Graininess Fibrousness Sweet taste taste
Rosy Glow chemical 26b 30.9 47.6 54.3 6.1 55.0 .615 50.5 48.3 14.3
Rosy Glow shading 12a 29.9 46.1 53.0 7.3 55.6 212. 55.5 49.6 17.5
b.
Green Yellow Flesh Hardness Sweet taste Sour
Product Flesh ** Juiciness * Flouriness Crunchiness Graininess Fibrousness *k taste
Fuji Black net 5.2 ab 33.6 ab 66.5 47.5 ab 7.1 57.1 17.3 37.1 50.6 ab 10.4
Fuji Blue net 5.7 ab 33.1ab 68.0 51.4b 7.2 61.3 8.21 36.5 41.3a 7.5
Fuji Red net 46a 423 b 64.4 52.0b 5.4 62.5 17.6  40.7 549b 9.0
Fuji White net 7.7 ab 274 a 61.7 52.7b 8.1 57.3 8.51 35.4 48.3 ab 11.5
Fuji Yellow net 10.0b 28.5a 65.7 43.0a 5.8 62.5 17.7 35.7 424 a 9.5

* = ANOVA p-value < 0.05
** = ANOVA p-value < 0.001
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Table 3: Mean values for texture analyser parameters shpsignificant
differences between ‘Fuji apples’ from experimenD#ferent letters indicate
significant differences by HSD post-hoc test.

. Nr. Mean Acoustic
Product Yleld*Force Mean*Force Acoustic Acoustic Linear
Peaks * Pressure** Distance *
Black net 7.9 ab 7.7 a 83.3ab 48.4 ab 6892 ab
Blue net 8.2 ab 7.9 ab 80.9 ab 48.1a 6835 ab
Red net 7.1a 7.8 ab 95.4b 49.4b 7499 b
White net 88b 8.7b 74.9 a 48.0a 6460 a
Yellow net 8.2ab 8.6 ab 76.9 ab 48.1 a 6618 a

* = ANOVA p-value < 0.05
** = ANOVA p-value < 0.001
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Fig. 1. Satellite image showing the distribution of thefaselective hail nets on the
‘Fuji’ orchard located near Ferrara, Italy, fromgeximent 2.
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Fig. 22 GPA bi-plot (Dim.1

: 60.14%; Dim.2: 11.43%) showitige sensory space of

the apple samples from experiments 1 and 2, irtioelao the sensory attributes
evaluated by the trained sensory panel.
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Fig. 3: Mean values of yield force (N) and number of atiouseaks measured by
TA-XT texture analyser, and cell packing (cell/finfor ‘Fuji’ apples from
experiment 2. Letters show significant differenfaseach variable as highlighted by
HSD post-hoc tests.
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Chapter VI
APPLICATION OF A COMBINED SENSORY -
INSTRUMENTAL CHARACTERISATION FOR THE

EVALUATION OF PROMISING APPLE ACCESSIONS

INTRODUCTION

The agronomic and pomological performance of neWtivaus must continuously

evolve to meet changes in consumer preferencedaqtation to climate change.

To date, most breeding efforts have been aimednmrave fruit quality, storage
capacity and disease resistance (Chagné et aR; Baldi et al., 2013; Broggini et
al., 2013; Costa et al., 2013; Longhi et al., 2Q18bparticular for large germplasm
collection and breeding materials the evaluatioguadlity traits is performed by the
employment of different instruments, because they Ygh number of samples to
evaluate does not make sensory evaluations suitablen efficient screening. The
implementation of human rather than instrumentsgenthis approach, in general,
time-consuming, expensive and not applicable tgelasamplings. As consequence,
fruit from breeding progenies, are normally assgs$er their physical and
biochemical properties without a complete and eshe® sensorial characterisation
(Tong et al., 1999; Costa et al., 2013; Longhilgt2013; Sedov and Serova, 2013).

Only in few cases, sensory analyses are appliedlater stage to apple accessions
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previously selected by instrumental measuremehtss bn a reduced number of
samples. Selected accessions are then studiekhiioneto their appeal on consumers
or description of their sensory characteristicse Thst studies applying sensory
science to breeding studies were mainly focusedranacceptability measured in
relation to flavour and appearance by hedonic a&striptive panels (Redalen, 1988;
Granger et al.,, 1992; Stebbins et al., 1992; Schmital., 2013). Other authors
performed fruit evaluation over several years aratmns, in order to verify the
reliability of their sensory profiles (Kihn and Too, 2001; Miller et al., 2005;
Paprstein et al., 2006; Donno et al., 2012) Howeawvast of the works showed a lack
of details about the applied sensory protocol, leg good practices for sensory
analysis appeared not to be followed (Meilgaaral.et1999; Stone and Sidel, 2004a;
2004b). Recently, Bonany et al. (2013; 2014) sulitihe acceptability of commercial
apple varieties and new genotypes in several cesnin Europe, identifying
country, age and gender as the most relevant fac#dfecting consumers’
acceptance. Moreover, by preference maps and clas#édysis, the authors defined
consumer groups preferring different quality traitsapples, thus providing a useful
instrument for marketers and breeders. Hampsoh €090) tested the acceptability
of new breeding products along several years, &uate if the performances were
consistent among years, which is an important dieténe evaluation of fruit coming
from young trees. Moreover, they demonstrated thaproper sensory profile
developed by a trained panel was a better predidtoonsumers’ appreciation than
instruments, determining that analytical measurésare not adequate enough to
substitute sensory evaluations in the screeningeof breeding materials (Hampson

et al., 2000). In fact, if such measures are tai@tely predict sensory perception of
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food properties, human assessment should alwaythéestandard against which

instrument readings should be calibrated (Bour@822Harker et al., 2003).

In this study a new protocol for a descriptive sepsanalysis and basic innovative
instrumental measurements (Corollaro et al., 2008 applied in order to perform
an effective and reliable sensory profiling of & genew apple Malus x domestica
Borkh.) accessions together with their pedigredse &ccessions evaluated in this
work derived from the current breeding activitiegjoing at the Fondazione Edmund
Mach (FEM; San Michele all’Adige, Trento, Italy)h& sensory-instrumental tool
presented here can be finally proposed as a vauabmplement to breeding
programs, as it provides information about the rpaiceivable quality of new

selections.

MATERIALSAND METHODS

Plant Materials

Eight apple selections, together with their sevareptal lines, resulting from the
FEM breeding program were employed in this invedian (Tables 1a and 1b). For
simplicity, the apple accession derived by breegirggrams are named as F plus a
code from 1 to 8. All trees were located in the saexperimental orchard in
Mezzolombardo (Trento, Italy). In 2011 and 2013jtfwere picked at commercial
maturity and stored for 2 months in a refrigeratetl (A; 2°C, 98% RH, normal
atmosphere). In 2012, fruit were instead kept &0 #lays in controlled atmosphere
(CA; 0.8-0.9% CQ; 1.4-1.6% @Q; 1°C; > 90% RH), a condition closer to commercial
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practice. During this year, the cultivar ‘Crippsnki was not evaluated, due to a
heavy scab infection that compromised the entitétifig. Before the analysis,

twenty fruit per genotype were kept at room tempeeafor 24 h. Samples were then
prepared as previously proposed by Corollaro e(28113), cutting flesh discs (1.8
cm of diameter and 1.2 cm of thickness) from thskees cut perpendicular to the
fruit core which were treated with an antioxidantusion (0.2% citric acid, 0.2%

ascorbic acid, 0.5% calcium chloride) in order tevent flesh browning. Flesh discs

from the same apple were used for both sensoryratrdiment analysis.

Instrumental analysis

Texture analysis was performed on the apple digts avTA-XT texture analyser
equipped with an acoustic envelop detector devistable MicroSystem Ltd.,
Godalming, UK), following the methodology and thettengs described in Costa et
al. (2011 and 2012). Nine mechanical and four atoparameters were derived on
the combined (mechanical and acoustic) profilesbl@&). Extractable juice (%
juice) was also measured in duplicate by weighimg juice squeezed from eight
flesh discs/sample (each disc was isolated froniffarent fruit) and expressed as
percentage of fresh weight. Soluble solid cont&8() and titratable acidity were
measured in duplicates on the juice extracted ft@nflesh discs from different fruit
for each sample, by using a DBR35 refractometer (XSruments, Poncarale,
Brescia, Italy) and a Compact Titrator (Crison fastents S.A., Alella, Barcelona,
Spain), respectively. NaOH 0.1N was used for tigatapple juice to pH 8.16, and

the results were expressed as malic acid milliedents/100g juice.
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Sensory analysis

The sensory panel employed in this work includedutiges in 2011 (4 males; 10
females), 17 judges in 2012 (6 males; 11 femalasy 18 in 2013 (9 males; 9
females), all internal to FEM. Nine judges tooktgarall three panels, while seven
judges participated in two of them. Sensory pnofilwas performed based on the
conventional quantitative descriptive method (Stand Sidel, 2004a). The sensory
lexicon was developed using the consensus methodréyl et al., 2001), composed
by attributes related to texture and flavour atii@s. Details about the panel
selection and training, univocal sensory defingiorevaluation procedures, and
reference standards for texture, taste, overallodad overall flavour attributes are
reported in Corollaro et al. (2013). In this studix attributes for specific odour and
retro-nasal flavour sensations were also considératle 3). The intensity of each
attribute was scored by the panel on a linear seile three anchored points, at 0
(minimum intensity or absence), 100 (maximum iniighsand 50 (for an
intermediate level). The sensory analyses wereopagd once a week, in a sensory
laboratory equipped with twelve individual booti$he samples were presented to
each panellist in duplicate, in plastic cups lamlvith a three digit code and in
randomised balanced order. Collected sensory de@re the description of the
sensory profile, were verified for their reliabfliaccording to the methods described

by Nees et al. (2010).
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Statistical analysis

Two-factor ANOVA on instrumental and sensory datansidering season and
product factors, was performed. Effects witlpp-aalue lower or equal to 0.05 were
considered as significant, and post-hoc Honestiyiicant Difference (HSD) test
was performed to locate existing differences. ksualisation of the product sensory
space, Principal Component Analysis (PCA) was peréa on sensory
odour/flavour and texture data-sets. The statistcelyses were made using the

STATISTICA 9.1 software (StatSoft, Inc., U.S.A.).

RESULTS

Product instrument evaluation

Two-factor ANOVA on instrumental data showed sigraft differences between
the accessions for all texture and chemical pammmetithp value lower than 0.001
(exception made for F1-F3, witih = 0.05). As regards the year factor, differences
were found for 11 out of 15 parameters, with sigaift interaction between season
and accession (Table 4). Significant differencesevadso found in the case of equal

storage conditions.
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Sensory profile of the apple accessions

The sensory data from the two experimental yead412and 2013, were initially
studied to evaluate differences among apple aaressstored with the same
atmosphere. Therefore, a two-factor ANOVA consitgrseason and accession
revealed differences due to season for all the dfilavour attributesyf < 0.05), with
the exception of overall odour, vanilla odour, stmaste, vanilla and honey flavours
(Table 5). Regarding texture, differences betwesarywere found only for juiciness
(p < 0.01). All attributes discriminated between #oeessions, with the exception of
some odours (lemon, grass, vanilla, and honey),fantioney retro-nasal flavour.
Significant interaction between season and acaessas found for sweet and sour
tastes, pear flavour, and for the texture attribatfigjuiciness, crunchiness, flouriness,

and graininess (Table 5).

A PCA was then performed on the sensory data fl@rthree years, considering the
texture and odour/flavour data sets separately.tfh®ranalysis of texture, the first
two PCA components explained 92.2% of sample vditiabThe samples having
higher crunchiness and hardness levels are logati right part of the plot, while
samples having high flouriness and graininess ar¢hée left side. The sample
distribution varies between the upper and the lopaat of the plot depending on
juiciness intensity (Figs. 1a and 1b). The majooitythe samples are located on the
right side of the plot in Figure 2b, showing veipar profiles in terms of hardness,
crunchiness and fibrousness. ‘Golden Deliciousal&sand F7 were scored as high
in graininess and flouriness and low in hardness@uanchiness, and the prolonged
storage in controlled atmosphere did not guarafatesurable texture features, as the

2012 samples are also located in the left sidbeptot. As for the odour and flavour
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analysis, the first two components explained 58&%the total variability of the
apple flavour. Odour and aroma attributes are marplained by the first principal
component (Fig. 2a), with samples characteriseda dyigher level of odour and
aroma on the left side of the space (Fig. 2b). Tregewith astringency and grass and
lemon flavours, sweet and sour taste led to therskrincipal component, with
sweet samples in the upper side and sour appkbe ilower part of the PCA space.
As highlighted by the dotted shapes on Figure 2&,samples from 2011 tend to be
located in the left part, while the samples fromi2@re all located more towards the
right part, showing a poor flavour profile, withrydow odour and aroma intensities,
with the exception of F3, located in the left slikcause of a very high sweet taste
intensity. For some parental cultivars and newcsigles, fruit from 2011 and 2013
(stored in normal atmosphere) are closely plottedhe two-dimension PCA space,
showing quite similar profiles (see F1; ‘GoldrustCripps Pink’). ‘Gala’ and ‘Fuji’
on the contrary showed a very different sensoryragtarisation as shown by the

multivariate analysis.

To make an effective comparison between the neecsehs and their parental
accessions, spider plots reporting the odour/flaxand the texture sensory profiles

from 2011 data-set are shown in Figure 3.

Sensory properties of new selections in relation to parentals

Since crunchiness and sweet taste are consideedftthe most important factors
leading to consumer preference in apples (Dailgpitinler et al., 1996; Jaeger et al.,

1998; Péneau et al., 2006), it is worth to highligitat these two sensory parameters
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were considered as a good trait in the selectioogss of the new accession. Good
crunchiness performances were shown by F2, F5FKES 4a). F1 showed a slight
decrease in crunchiness during the years, whilghe8/ed a slight reduction in 2013
(not significant), and F4 showed a very good crumess performance in both 2011
and 2013, but not after a prolonged CA storageitP2Its crunchiness decrease was
confirmed by texture analyser measurements, showindecrease in acoustic
response in 2012 samples (data not shown). F7 reh@ved a good crunchiness
level, and F6 showed a large but not significaduotion in 2013, confirmed by a
decrease in both mechanical and acoustic paramdtens texture analyser
measurements. F3 resulted the sweetest accessmreding also the value of its
parental varieties, ‘Fuji’ and ‘Gala’ (Fig. 4b). the case of F1, F2, F4, F5, F6 the
sweetness intensity was generally maintained agreass, even in the CA storage
condition. In F4 and F6, in particular, sweetnddsnot appear to be affected by any
decrease in crunchiness. Both F7 and F8 showeidtd decrease of sweet taste as
years passed. ‘Fuji’ apples, instead, showed a aliandecrease in sweet taste in

2012, when CA storage was applied.

DISCUSSION

The results from two-factor ANOVA on instrumentaatd showed that apple
accessions were different in terms of physical elmeimical properties and that the
set of different accessions changes every yeaalfost all the parameters, even in
the case of same storage conditions. The two-f&d@VA on sensory data showed

very similar results, confirming that in differegears, even under equal storage
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conditions, the different apple accessions canldpwdifferent sensory properties, as
already observed for the instrumental data. Ihievin that the physical and chemical
properties of a fruit can change not only becadggost-harvest condition, but also
for pre-harvest environmental factors. Light inignswvater stress and temperature,
for example, can be responsible for the variabditgerved from one year to another

(Sams, 1999; Fellman et al., 2000; Johnston €2@02).

The results from the PCA on texture sensory dagaimraccordance with Allan-
Wojtas et al. (2003), who found that a crispnesalmess vector drove the first
principal component in the PCA on their sensornaaddiout apple texture properties.
Juiciness and melting attributes were represeetativ the second principal
component. This confirmed that most of the sensaryability in apple was related
to the mechanical features of the cell wall anddiedamella. Indeed, the alternative
properties of crunchiness and mealiness are datedhbly the strength proper of the
intercellular linkages. When cell bonds are strahg, compression of the structure
determines a breaking of the cell wall, correspogdio the detection of a high
hardness and crunchiness perception. When cellsbohdhe middle lamella are
weak, the physical compression produces a slidirilgeocells, without disrupting the
cell wall, i.e. without the generation of any adomgmission, typical of the mealy

fruit (Harker and Hallet, 1992; Duizer, 2001).

In the plot in Figure 1b, the samples appearecetsgread out on the map in a way
that can not be related to the different yearseduld from ANOVA on sensory data,
most of the texture attributes showed interactietwieen year and accession factors.
This confirmed that each accession followed a dffie trend in changing texture

characteristics from one year to another. No clead universal trends were
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observed, even for apples stored in CA, as alreadfirmed by texture instrument
description. To explain the different behavioutsisiimportant to note that genetic
factors have already been indicated as one of #ie source of variability in fruit
quality traits, along with climatic and environmaintactors (Sams, 1999; Fellman et
al., 2000). Thus, it is possible to assume thatirenmental factors modify the
expression of different fruit quality traits dep@mgion the different genetic profile.
For example, ‘Golden Delicious’ apples showed higiginess in 2011 but not in
2013. This is in agreement with the instrument mesaments of extractable juice,
even if no difference in sensory juiciness was mess between the two years. A
similar trend was also detected for ‘Red Chief’,d&®l F3 samples. Among the new
selections, the highest variability in texture @deofduring the three years was

observed for F6.

As for odour and flavour profile, the distributioh the samples in the score plot in
Figure 2b highlights that samples from 2012 hadar mdour and flavour profile.

Other authors have already demonstrated that dmutratmosphere is responsible
for a decreased volatile release (Mattheis et1898; Echeverria et al., 2008; Lo
Scalzo et al., 2003; Lara et al., 2007), due tinaibition of either gene expression
or activity of enzymes controlling esters produatif/illatoro et al., 2008).. The

2013 apples instead showed intermediate profilésdsn the richest 2011 samples
and the 2012 fruit, suggesting some variabilityterms of odour, aroma and taste

related to the different years.

The first two components from the PCAs on odowdla and texture profiles gave
a general overview about the relation between thwe selections and their parental

varieties.
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Given that differences are shown by the differeateasions from one year to
another, there are selections showing a quite anhsgtrofile, being more similar to
one of the two parents. F3, indeed, showed a texitofile similar to ‘Fuji’, but it is
far from both ‘Gala’ and ‘Fuji’, for its odour arfthvour profile, showing very high
sweet taste intensity (Fig. 3c). F1 had a flavawfile closer to ‘Cripps Pink’ than
‘Pinova’ (Fig. 3a). In the case of F8, the textprefile was clearly similar to ‘Red

Chief’, and very different from ‘Golden Deliciou@ig. 3h).

In other cases, the new selections are completfgreht from both parents, as it is
for F5, which is quite far from both ‘Fuji’ and ®ova’ in all the years considered

here (Figs. 1b; 2b).

Other fruit are more difficult to describe and tonmgare to the parental varieties,
because of an inconstant sensory profile. F4 anddf@xample, showed dramatic
changes in their texture properties from one yeambther. Thus, F4 appeared to be
closer to ‘Fuji’ than ‘Cripps Pink’ both for flavewand texture profiles (Fig. 3d), but
it was not true in 2012. Maybe such new selectidmadt tolerate well the prolonged
storage in CA. F6 showed a texture profile morelaimto ‘Goldrush’ (Fig. 3f), even

if not confirmed every year. However, it is impartato remember that any
difference in sensory properties and instrumengabmeters between air and CA
storage can not be ascribed to the storage conditity, since in this study the fruit
came from three different years. Thus, many otherirenmental and growing
factors might have affected fruit quality beforerage, and not all of them are easy

to take into account in a multivariate approach.

In other cases, it is possible to describe the rsmlections as interesting

combinations of the two parents’ properties. Thdtue in the case of F7, which was
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closer to ‘Pinova’ than ‘Gala’ for its sweet andistaste intensities, while for texture

the situation was the opposite since it was cltségala’ (Fig. 3g).

As for the attribute of interest — crunchiness adket taste — no significant
differences for crunchiness were found for any ssiom among the three years,
confirming that no differences in terms of acousgtioperties were perceivable (Fig.
4a). Crunchiness is really important in definingifrfreshness and it is among the
attributes leading consumer preferences for afpléseau et al., 2006; Harker et al.,
2008). However, the strong differences found imgeof overall texture profile (Fig.
1b) suggest that it can not be considered the factpr to evaluate the new accession
texture performances, which are the result of al@pation of mechanical and
acoustic properties all influencing each othersTdemonstrates that a complete and
detailed sensory profile is necessary to have arvew of the new accession

properties and to study what consumers would rgegdtgeive.

Moreover, in the case of sweet taste (Fig. 4b)foued no correspondence between
SSC and sweet taste perception in the case ofappjes, which showed a strong
decrease in sweetness in 2012. This result cordirtime&t soluble solid concentration
alone is not a valid predictor of sweetness, sit&cperception is strongly influenced
by other sensory properties, as previously obsebyedther authors (Harker et al.,

2002b; Echeverria et al., 2008).
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CONCLUSIONS

The sensory-instrumental tool here presented showwede effective in the
description of new apple accessions, providingrapgtete definition of their sensory
profile, which was confirmed by instrumental measoents. The method
highlighted differences and similarities betweea élccessions, defining the potential
peculiarities that some of the FEM selections slibwéh regards to their parents,
with some of them appearing to be new combinatimintghe two parental sensory
profiles. In some cases they showed very good peences, even after prolonged
storage in controlled atmosphere, providing preiemy information about their

storability and their suitability for real markedraditions.

The proposed methodology represents a valuableoagiprfor the description of
novel accessions throughout seasons and diffetersige conditions. Moreover, the
sensory description will represent an inestimabtkdation of the potential that new

apple genotypes have in meeting consumer prefesence
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Table 1: Apple samples analysed: breeding selections (@)cammercial genotypes (b). In “Code” column theeused in plots in
Figs. 1, 2 and 3 are reported. In “Storage conditamlumn, “A” is for 2 months in air; “CA” is fod80 days in controlled atmosphere.
Weight is expressed as mean value on 20 fruit; &8Ctitratable acidity are measured on 12 fruijulde is measured on 8 fruit.

a.
Breeding selections Code Season Harvest Stor_a_ge Weight SSC T|tr_at_abe!e % juice
condition (9) acidity

2011  27/10/2011 A 251,2 15,9 10,3 44,0

FEM selection 1 (Pinova x Cripps Pink) F1 2012 22/10/2012 CA 251,7 14,8 9,7 27,6
2013  24/10/2013 A 196,1 13,5 8,6 n.d.

2011  29/09/2011 A 235,8 14,5 10,2 451

FEM selection 2 (Goldrush x Pinova) F2 2012  28/09/2012 CA 217,3 14,3 10,0 28,9
2013  03/10/2013 A 216,4 12,9 10,5 11,1

2011 08/09/2011 A 183,1 14,7 45 38,2

FEM selection 3 (Fuji standard x Galaxy) F3 2012 06/09/2012 CA 192.,8 15,7 45 26,3
2013  19/09/2013 A 149,5 14,5 5,8 35,4

2011  18/10/2011 A 240,5 14,2 3,6 50,6

FEM selection 4 (Fuji standard x Cripps Pink) F4 2012 18/10/2012 CA 257,3 13,5 3,2 28,9
2013  22/10/2013 A 204,5 13,5 5,6 24,7

2011  27/10/2011 A 237,5 18,2 7,3 40,1

FEM selection 5 (Fuji standard x Pinova) F5 2012 25/10/2012 CA 243,7 15,5 54 23,4
2013  28/10/2013 A 230,5 15,5 7,7 15,9

2011  20/10/2011 A 256,5 15,2 8,8 43,4

FEM selection 6 (Royal Gala x Goldrush) F6 2012 22/10/2012 CA 193,4 14,0 7,5 15,9
2013  28/10/2013 A 200,4 13,5 8,1 13,8

2011  18/08/2011 A 198,9 11,1 57 42,1

FEM selection 7 (Royal Gala x Pinova) F7 2012 23/08/2012 CA 193,6 11,8 6,3 29,0
2013  29/08/2013 A 180,7 13,9 9,7 47,9

. - 2011  15/09/2011 A 233,3 14,2 3,2 44,2
gl;m)selecnon 8 (Golden Delicious x Scarlet F8 2012 17/09/2012 CA 1081 114 3.4 320
2013  23/09/2013 A 221,0 12,9 6,7 429
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Storage

Weight

Titratable

Commercial genotypes Code Season Harvest condition © acidity® % juice
Cripps Pink PIN 2011  24/10/2011 A 209,3 14,4 5,9 38,9
2013  04/11/2013 A 182,8 12,1 7,9 18,8
2011  06/10/2011 A 270,0 13,7 3,5 45,2
Fuji (Kiku 8) FUJ 2012  18/10/2012 CA 251,6 13,0 3.3 27,5
2013  17/10/2013 A 228,0 14,1 5,1 22,0
2011  09/08/2011 A 185,7 10,9 4,4 39,8
Gala (Schniga) GAL 2012  16/08/2012 CA 197,1 11,2 3,6 37,7
2013  26/08/2013 A 170,1 13,0 3,9 38,8
2011  12/09/2011 A 255,1 11,8 3,9 51,5
Golden Delicious (B) GOL 2012  12/09/2012 CA 251,2 12,8 4,2 29,2
2013  16/09/2013 A 222,1 12,6 5,0 21,9
2011  24/10/2011 A 280,7 14,5 8,8 52,7
Goldrush GDR 2012  25/10/2012 CA 297,5 13,4 8,2 20,6
2013  28/10/2013 A 2454 12,5 8,3 20,9
2011  13/09/2011 A 231,7 12,7 57 46,6
Pinova PNV 2012  17/09/2012 CA 215,7 11,8 4,7 40,1
2013  19/09/2013 A 194,0 12,2 7,7 41,2
2011  31/08/2011 A 299,3 11,2 4,1 50,6
Red Chief RCF 2012  30/08/2012 CA 246,3 11,2 4,1 38,7
2013  09/09/2013 A 222,9 13,3 6,0 42,2

a: meqg malic acid/100g juice
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Table 2: Mechanical and acoustic parameters provided bytutexanalyser
measurements. In “Code” column, the codes usedleT4 are reported.

Category Code Description
Mechanical F1 Yield Force
Mechanical F2 Max Force
Mechanical F3 Final Force
Mechanical FP N° Force Peaks
Mechanical A Area
Mechanical FLD Force Linear Distance
Mechanical Y Young's Module
Mechanical F4 Mean Force
Mechanical F1-F3 Delta Force
Acoustic AUXP N° Acoustic Peaks
Acoustic AUX1 Max Acoustic Pressure
Acoustic AUX2 Mean Acoustic Pressure
Acoustic AUXLD  Acoustic Linear Distance
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Table 3: Sensory vocabulary used by the trained panel.

Category Descriptor Definition
Texture Hardness Resistance of the sample atrgtecfiews with molars
Texture Juiciness Amount of juice released durimgning (first three chews)
Texture Crunchiness ?ﬁgvr\],(sj (pitch/intensity) produced by the samplerdus molar
Texture Flouriness Degree of flgsh breaking in small and dry fragmignésiules
during chewing
. Degree of flesh breaking during chewing in thickl dibrous
Texture Fibrousness fragments/granules
Texture Graininess Numbers/size of fragments/gesnptoduced during chewing
Odour & Flavour Sweet taste Sweet taste sensation
Odour & Flavour Sour taste Sour taste sensation
Odour & Flavour Astringency Tactile dryness sensation in the mouth (at theagénd

Odour & Flavour
Odour & Flavour
Odour & Flavour
Odour & Flavour
Odour & Flavour
Odour & Flavour
Odour & Flavour
Odour & Flavour

Overall Odour
Overall Flavour
Pear
Banana
Lemon
Grass
Vanilla
Honey

mastication)

Overall odour sensation

Overall flavour sensation

Specific odour (Od) or retro-nasal flavou) feinsation
Specific odour (Od) or retro-nasal flavéty $ensation
Specific odour (Od) or retro-nasal flavoul) §ensation
Specific odour (Od) or retro-nasal flavody $Ensation
Specific odour (Od) or retro-nasal flavdét) sensation
Specific odour (Od) or retro-nasal flavoul) ensation
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Table 4. p-values from factorial ANOVA on instrumental datperformed
considering season and product fact®*sialues lower than 0.05 were considered
significant. Specific definitions of coding for texe analyser parameters are
reported in Table 2.

Parameter Season Product Season* Pr oduct

F1 0.211 0.000 0.000

F2 0.008 0.000 0.000

F3 0.730 0.000 0.000

FP 0.000 0.000 0.000

A 0.001 0.000 0.000
FLD 0.000 0.000 0.000

Y 0.000 0.000 0.000

F4 0.002 0.000 0.000
F1-F3 0.684 0.005 0.095
AUXP 0.000 0.000 0.000
AUX1 0.092 0.000 0.000
AUX2 0.000 0.000 0.000
AUXLD 0.000 0.000 0.000
% juice 0.000 0.000 0.000
SSC 0.002 0.000 0.000
Titratable acidity 0.000 0.000 0.000
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Table 5: p-values from two-factor ANOVA on sensory data fr@dll and 2013
years, performed considering season and produttréa®-values lower or equal to
0.05 were considered significant.

Attribute Season Product Season* Pr oduct
Overall Odour 0.418 0.000 0.052
Od-Pear 0.001 0.016 0.202
Od-Banana 0.000 0.018 0.705
Od-Lemon 0.025 0.653 0.958
Od-Grass 0.000 0.148 0.289
Od-Vanilla 0.099 0.148 0.840
Od-Honey 0.000 0.309 0.984
Hardness 0.774 0.000 0.175
Juiciness 0.002 0.000 0.025
Crunchiness 0.881 0.000 0.006
Flouriness 0.250 0.000 0.000
Fibrousness 0.345 0.000 0.109
Graininess 0.979 0.000 0.025
Sweet Taste 0.461 0.000 0.009
Sour Taste 0.000 0.000 0.004
Astringency 0.002 0.000 0.837
Overall Flavour 0.003 0.000 0.499
Fl-Pear 0.000 0.014 0.021
Fl-Banana 0.043 0.017 0.309
Fl-Lemon 0.000 0.000 0.221
Fl-Grass 0.005 0.000 0.179
Fl-Vanilla 0.677 0.018 0.185
FI-Honey 0.222 0.672 0.995
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Fig. 1. Loading (a) and score (b) plots from PCA performedexture sensory data
on the samples from the three years. In plot bpssgrfrom 2011 are indicated by a
circle marker; samples from 2012 by a triangle ragrisamples from 2013 by a
square marker. The new selections are representddllbmarkers, while parental
varieties by empty markers.
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Fig. 2. Correlation loading plot (a) and score plot (bynfr PCA performed on
flavour sensory data on the samples from the thesgs. In plot b, samples from
2011 are indicated by a circle marker; samples f&0t2 by a triangle marker;
samples from 2013 by a square marker. The newtg®iscare represented by full
markers, while parental varieties by empty markéhe dotted shapes distinguished
the samples collected over the three years, 20d4f1), (2013 (middle) and 2012

(right).
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Fig. 3: Spider plots showing the odour/flavour and texsersory profiles of each new selection comparéis fwarental genotypes.
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Fig. 4: Crunchiness (a) and sweet taste (b) mean valoes $ensory analyses on the different apple cu#tizand new selections in

2011, 2012 and 2013 years.
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GENERAL CONCLUSIONS

AND FUTURE PERSPECTIVES

This project was developed with the aim to helpth# stakeholders involved in
apple production and apple marketing, in order tovide useful and reliable

information about sensory perception of fruit qyali

The sensory method was developed following rigoserssory science criteria, by a
proper panel training and panel performance evaluato validate the collected

sensory data.

The sample preparation procedure here applied Wasen to standardize the
evaluation procedures and to ensure that any juaged have a homogeneous
sample composed of fruit from the entire batcheathan a single fruit. Moreover,

the sample preparation procedure ensured thatufigofovided to the sensory panel
was also subjected to the instrumental analysds.rfide the data from sensory and

instrumental analyses be really comparable betwaeh other.

The correlation between sensory and instrumentalyaes demonstrated that the
instrumental measurements here proposed were igdeat providing enough

information to predict the most important sensomgperties of apples. It would be
therefore possible to have a complete product sgngoofile starting from

instrumental data only. In fact, since sensoryysislis time-consuming, expensive,
and can not be applied on wide samplings, the faual is the proposal of our
sensory-instrumental tool as a valid source ofrméttion to reliably predict apple

sensory quality. Therefore, the future perspecisvéo use a limited number of
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samples to develop the prediction models by me&mssensory-instrumental data-
matrix. The predictive models would be then appleda wider set of samples

subjected to instrumental measures only.

The developed method was also applied on applepdal to very different
examples of pre- and post-harvest factors affedtinig quality. Such applications
demonstrated that the method is able to highligittgivable differences in apple

quality developed at different stages of fruit protion chain.

The data collected on apple sensory quality shbalthen correlated with consumer
preference data, to help interpreting which prapsrtare responsible for apple
preference or rejection. The combination of sensorgtrumental and consumer
preference data will provide the apple producegemeral overview, in order to: 1)

lead breeding activities toward fruit that bettananatch consumer expectations, by
selection of genotypes carrying specific texturel dlavour profiles; 2) help the

development of innovative growing practices andt{pasvest treatments, to make

innovations go hand in hand with the best fruitliqya
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