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Combining sensory panels with Analytic
Hierarchy Process (AHP) to assess nectarine and

peach quality

Amparo Baviera-Puig!*, Ménica Garcia-Melén?, Isabel Lopez-Cortés® and

Maria Dolores Ortold*

Abstract: The aim of this study is to combine the Analytic Hierarchy Process (AHP)
with sensory analysis for assessing the quality of stone fruits, such as peaches and
nectarines. To this end, a multicriteria model based on the AHP is proposed, which
could be used in any process of evaluation or selection of these fruits. It is com-
pared with the Quantitative Descriptive Analysis (QDA) performed by trained
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panellists. The AHP results showed that gustatory phase was the most important
attribute in both the positive (54%) and negative (80%) models. In the next level of
attributes, the most important were sweetness and juiciness (63.1% of the weight
for nectarines and 55.1% for peaches), while for rejection the most important
attributes were the bitter, sour or astringent sensation of the gustatory phase
(around 25% each attribute). The prioritisation obtained for the samples of fruits
was the same as the QDA. AHP also provided the tasting profile of every panellist.
With the AHP, time and costs are saved and accuracy of the results is improved. In
the case of stone fruits, where variability is high throughout the season, the com-
bination of QDA and AHP can help the food industry by matching consumer’s
expectations better and faster.

Subjects: Sensory Science; Operations Research; Decision Analysis

Keywords: Juiciness; sweetness; tasting sheet; prioritisation; trained panellist

1. Introduction

The health benefits of fruit and vegetable consumption are indisputable. To name a few, their
consumption is related to the prevention of chronic diseases such as hypertension, diabetes,
obesity, cardiovascular diseases and even some types of cancer (Bazzano, 2006; Key, 2010;
Slavin & Lloyd, 2012; Van't Veer et al., 2000). Despite numerous local, national and international
campaigns on the multiple benefits of fruits and vegetables, their consumption is gradually
decreasing (Baviera-Puig et al., 2021). One of the possible reasons may be that the quality of
fruits in the market does not always meet consumer expectations (Divya et al., 2016; Onwezen &
Bartels, 2011). Compared to other products, e.g., packaged items, fruits and vegetables have the
disadvantage of high variability throughout the season. This is due to climatic factors and/or
harvesting, storage and transport conditions (Gotor-Vila et al, 2017; S. K. Lee & Kader, 2000;
Lépez et al.,, 2007; Lurie & Crisosto, 2005). Specifically, in the peach and nectarine sector, the major
breeding objective is to develop new genotypes that express the flavour before the fruit becomes
too soft. Therefore, the goal is to find the right balance between quality and maturity at harvest
time (Echeverria et al.,, 2015; Iglesias & Echeverria, 2009; Minas et al., 2018; Valero et al., 2007,
Ziosi et al., 2008). All these factors make it difficult for the market to meet consumer expectations
(Johnson & Ali Al Mukhaini, 2016).

One way to assess the fruit before delivering it to the consumer and estimate the overall
acceptability is to perform sensory evaluation. This method is widely used in the food industry
and is divided into two components: analytical and affective measurements. Analytical measure-
ments can be used to detect differences (difference tests) or to describe the product (descriptive
analysis). In turn, affective measurements determine which samples are preferred over others
(Barrett et al., 2010; Taiti et al., 2017). Descriptive sensory evaluation offers a detailed profile of
a product based on all measurable sensory characteristics (smell, taste, texture, touch and
appearance). All these features are translated into a numeric value provided by trained panellists
(rather than consumers) who examine the product. These values can be correlated to physico-
chemical instrumental analyses and other tests in order to drive product development and quality
improvement (Torrico et al., 2018). One of the most extensively applied techniques to be found in
the scientific literature is Quantitative Descriptive Analysis (QDA; Gonzdlez-Mohino et al., 2021).

Although sensory evaluation is one way to obtain integrated and complete information about
food products, it also has its drawbacks. In the case of descriptive analysis with a trained panel,
first of all, it is carried out by food experts who need a long time in training before final sensory
evaluation (Peris & Escuder-Gilabert, 2009; Sidel & Stone, 1993). Second, it is a time-consuming
and expensive process. In addition to the training period and the necessary continuous training,
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the personal and economic issues of the experts must also be taken into account (Qiu & Wang,
2015). Third, the data obtained may be imprecise due to inter-expert variability (where variation in
the decision-making process can occur between the panellists) and intra-expert variability (where
variation in the decision-making process of an individual panellist can occur over time; Vivek et al.,
2020). Fourth, statistical methods that evaluate the data collected in sensory analysis are not
effective due to the imprecision of the means obtained (Martinez, 2007). Fifth, sensory analysis
does not measure the effect of quality attributes on the acceptance or rejection of a food product.
This prevents us from knowing which attributes consumers value most when evaluating a product
(Debjani et al., 2013). Finally, sensory evaluation has also been characterised by inaccuracy and
uncertain repeatability (Kaushik et al., 2015; Meiselman, 1993).

All these drawbacks lead to the conclusion that the sensory evaluation could be improved. As
Murray et al. (2001) pointed out, further research is needed in the development of sensory analysis
to meet the challenges of the future. So far, sensory analysis has been improved with fuzzy logic in
order to represent the semantic aspect of sensory evaluation by humans. In this way, how food is
perceived by people can be described. Thanks to this information, different samples can be ranked
and evaluated (Faisal et al., 2017; S. J. Lee & Kwon, 2007; Shrivastava & Chakraborty, 2018; Sinija &
Mishra, 2011). The use of fuzzy sets has also been combined with neural networks to improve the
analysis and interpretation of sensory data (Tan et al., 1999; Wei et al., 2020). Multicriteria decision
techniques have also been used in combination with sensory analysis. Fogliatto et al. (1999) were
the first to propose AHP and sensory analysis in product development. Later, Fogliatto and Albin
(2003) proposed the Indirect Pairwise Comparison (IPC) method for sensory data collection and
analysis. Gurmeric et al. (2013) compared different samples according to sensorial scores, per-
forming different multicriteria decision techniques (AHP, SAW, ELECTRE and TOPSIS). Song et al.
(2020) developed AHP combined with entropy weighting method (AHP-EWM) and artificial neural
networking (ANN) to improve judgment accuracy when assessing the rice fraud vulnerability in
China. The multicriteria technique AHP is also an alternative when selecting sensory vocabulary to
characterise and explain consumer preferences versus the ISO standard 11,035 (Ramirez-Rivera
et al,, 2020).

However, AHP can offer even more benefits to complement sensory analysis. In other words,
all the advantages that AHP can bring when combined with sensory analysis have not been
sufficiently exploited. In this paper, the aim was to study whether AHP can complement the
QDA of stone fruits carried out by trained panellists in order to minimise the drawbacks defined
above and better meet consumer’s expectations about fruit quality. Particularly, the AHP
method will be applied to find out the weight of the attributes involved in the panellist
judgment when evaluating the quality of nectarines and peaches, fruits belonging to the
stone fruits group. AHP allows mixing different types of attributes, so they will be organised
into “liking” and “disliking” quality attributes, to be able to analyse the aspects related to the
acceptance and rejection of the fruit in more detail. To do so, an AHP model was built that
allows us to examine both liking (positive) and disliking (negative) attributes separately.
Therefore, the objectives of this research are:

i) To determine the most important quality attributes (positive and negative) when selecting
nectarines and peaches.

ii) To establish the profile of the panellists, finding out which attributes are the most important
for each panellist.

iii) To confirm that the AHP method presents the same prioritisation of results as the tasting
sheet.

iv) To test the satisfaction of the panellists with the new methodology.
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2. Materials and methods

2.1. The analytic hierarchy process

AHP is a discrete multicriteria decision-making (MCDM) technique (Saaty, 1980). It is used for
decision-making processes such as selecting the best product from a number of alternatives or
for allocating resources (Ishizaka & Labib, 2011; Tadesse & Negese, 2020). This technique struc-
tures the decision model in the form of a hierarchy with criteria and alternatives. The goal of the
decision-making process (selecting the best fruit) is decomposed into a predefined number of
criteria (attributes of the fruit). It is based on experts’ judgment (trained panellists) who have to
elicit pairwise comparisons among elements. Panellists are asked to make two types of pairwise
comparisons: (a) a pairwise comparison of the alternatives (fruits) with respect to the attributes;
and (b) a pairwise comparison between the attributes. Each time, the expert must indicate which
of the two elements in comparison is preferred following a nine-point scale. From the answers
provided and following the mathematical principles of the method, an individual prioritisation for
each of the elements of the hierarchy is obtained.

General AHP analyses tend to consider only positive priority for criteria (the higher the
value of a criterion, the higher the user satisfaction). However, someone choosing a fruit
takes into account both the liking (pleasure) and disliking (displeasure) aspects of the fruit in
his or her decision process. Since the pleasure-displeasure relationship does not form an
inverse relationship, i.e. a lack of pleasure does not necessarily represent a displeasure, it
cannot be measured as a positive priority with an inverse relationship. For this reason, it is
better to also consider negative priority in some of the attributes (the lower the value of
a criterion, the higher the user satisfaction). In this paper, it is proposed to use the AHP
model with two sub-networks; one exclusively for positive attributes (benefits) of the tasting
and one exclusively for negative attributes (costs) of the tasting. To calculate the individual
priority of each fruit, the priority obtained in each subnetwork is combined with the multi-
plicative aggregation (Saaty, 2004). Thus, the calculation of the individual priority of each
alternative will be:

Pi = Bi/Ci

where Bi and Ci are the priorities obtained by alternative i in the Benefits and Costs sub-networks.

2.2. Methodological approach of the research

The proposed methodology is structured as shown in Figure 1. Here, we detail all the methodolo-
gical steps, adding the results of the case study on peaches and nectarines for a better
understanding.

2.3. Data analysis

First, Statgraphics Centurion XVII-X64 software (Manugistics Corp., Rockville, MD, USA) was used to
perform statistical analyses of sensory and physicochemical results by analysis of variance
(ANOVA). Fisher’s least significant difference (LSD) procedure was used at the 95% confidence
level.

Second, the data obtained from the AHP questionnaires answered by each of the tasters were
processed with the Superdecisions 2.10.0 decision support software. With this software it is
possible to obtain the relative importance of each of the criteria of the model as well as of the
stone fruits that were compared.

Finally, the results obtained with Superdecisions, on the one hand, and those obtained with QDA,

on the other hand, were compared. The final data comparison and analysis was performed with an
Excel spreadsheet.
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Figure 1. Research
methodology.
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3. Case study. Prioritisation of stone fruits with the proposed methodology

First, we will thoroughly describe the stages of the general methodology, aimed at obtaining
a model of prioritisation for stone fruits based on their quality that will be useful in any stone
fruit prioritisation process. This first part of the methodology will be used for any stone fruits
prioritisation process regardless of the samples used.

3.1. Step 1. Literature review and selection of the variables for the stone fruit tasting panels
Peaches and nectarines belong to the same botanical classification Prunus persica L., with a similar
morphological description. In fact, they are two varietal subgroups within the same species and
both are included under the same standard TG/53/7 by the International Union for the Protection
of New Varieties of Plants (UPOV).

According to the literature review and the work carried out during the participatory session with
the expert tasters, the variables or criteria used for the selection process were determined. This
positive/negative attribute classification is inspired by the rules of the International Oleic
Committee (International Olive Council, 2005) for oil tasting in which the positive and negative
attributes for the characterisation of an oil are established.

Positive attributes:
« tactile phase (touch): firmness.

« olfactory phase: herbaceous, fruity and floral.

+ gustatory phase: sweetness, acidity, crunchiness.
+ tactile phase in mouth (feel in mouth): juiciness.

Negative attributes:

- olfactory phase: mould-earthy, fermented, cooked.
+ gustatory phase: bitter, sour, astringent.
3.2. Step 2. Creation of the AHP BC models for each of the two types of fruit

Once the criteria that determine the selection of stone fruits have been identified and classified
into two groups, positive and negative, the two AHP Benefits and Costs (BC) hierarchies are
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Figure 2. Hierarchy of positive
attributes.

Figure 3. Hierarchy of negative
attributes.

designed. The results are presented in Figures 2 and 3. This classification into positive/negative was
done with the help of the taster and following the way they have always rated these attributes
before. In order to clarify the differences in the treatment of positive and negative attributes, two
short examples will be given:

In the case of acidity, when comparing two samples, we are not asking the taster to tell us which
of the two fruits is more acidic, but which of the two fruits has a better acidity from his or her point
of view. This is why this attribute is part of the “positive” group, as we have asked the taster which
one they like more.

However, in the case of an attribute such as bitterness, the taster is asked which fruit has
a worse bitterness. Therefore, the attribute is part of the “negative” group, as we have asked the
taster which one they dislike more.

To evaluate the possible differences detected by the trained panellists, the peaches and nectar-
ines (10 pieces each) were analysed physiochemically with the following parameters:

+ Diameter: measured with a calliper and expressed in mm.
* Weight: was taken individually on an electronic weighing balance.

+ Optical properties of peel (at three locations around the equatorial plane of each fruit) and homo-
genised pulp were determined using a spectropolarimeter (Konica Minolta, Inc., model CM-3600d,
Tokyo, Japan). The results were expressed according to the CIE L*a*b* reference system with the D65
Standard Illuminant and 10° Standard Observer. Colour index was calculated as:

Stone fruit quality.
Positive attributes

Touch Olfactory Gustatory Feel in
phase phase mouth

L Firmness |[HHerbaceous|Crunchiness|'< Juiciness

Floral IH Sweetness

Fruity [ Acidity

Stone fruit quality.
Negative attributes

I—l—l

Olfactory Gustatory
phase phase

I Mould-earthy | Bitter

I Fermented | Sour

LH{ Cooked - Astringent
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=

+ Soluble solids content was measured in previously homogenised samples using a refractometer
(Zeiss, ATAGO PR101, Japan) at 20°C, obtaining the results in Brix degree (°Bx).

+ Titratable acidity was determined by potentiometric titration (905 Titrando, Metrohm) with 0.1 N
NaOH of up to pH 8.1-8.2. Results were expressed as g of malic acid/L.

+ Firmness in three opposite zones of the whole fruit with peel was determined with a penetrometer
(TR TURON SRL) with an 8 mm tip. The mean of the three measurements was expressed in N/cm?.

Next, we applied the methodology to specific fruit samples: the ones that were analysed in this
panel. This specific part of the methodology should be repeated with each new experiment, as the
fruit samples used vary from one time to another.

3.3. Step 3. Tasting panel 1. QDA

Both the nectarines and the peaches were tasted by a panel of 18 experts (henceforth panellists or
tasters) who were previously educated and trained, with a total of 3 samples per tasting (3
samples for peaches and 3 samples for nectarines) and a repetition as a panel checking system
in each of the sessions. The panel consisted of 9 men and 9 women.

The two tasting sessions were carried out on two different days. In the first session, the three
nectarine samples (N1, N2, N3) were analysed. In the second session, the three peach samples
were analysed (P1, P2, P3). Each piece was presented as whole fruit to the panellists, coded with
two letters and in random order. The fruit came from different supermarkets from the city of
Valencia.

At each tasting, two whole fruits for each sample were used, being of uniform size and with the
exact date of harvest known. The fruits were removed from cold storage, equilibrated to room
temperature, and placed as random samples of whole, intact fruit for tasting by the panellists (Li
Teh et al., 2020).

Samples were served to the sensory panel, on the same day, between 10 and 12 o’clock, to
ensure temperature and humidity control (Christofi et al., 2021). The tasting was carried out in
a properly prepared room with individual booths.

Following the QDA, the fruit was analysed using an ascending scale with levels ranging from 1
(the lowest) to 10 (the highest). With this information, a sensory profile for the fruit was obtained
(Amidei et al., 2017).

The attributes were selected based on pre-tests conducted with the trained panellists. They were
asked to mark on a form those terms that best described the fruit characteristics. The frequency of
use of each term reflects the number of users who employed it (Ares et al., 2015).

Panellists were asked to evaluate the following sensory attributes using the aforementioned 10-
point intensity scale. These textural sensory attributes were similar to those described by Harker
et al. (2002) and finally the following attributes were determined: firmness, herbaceous, floral,
fruity, juiciness, crunchiness, sweetness, acidity, mould-earthy, fermented, cooked, bitter, sour,
astringent and overall acceptability (Blanda et al., 2008).

3.4. Step 4. Tasting panel 2. AHP model

The QDA tasting was followed by the AHP tasting. The same 18 trained panellists carried out
this second tasting after 1 hour break between both tastings. The 18 tasting stations were
prepared, each of them prepared with the three samples. All the tasting stands were identical.
The same peach and nectarine samples as for the sensory panel were used.
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Figure 4. A. Example of ques- From your point of view, which attribute is more important and to what degree to evaluate the
tions each taster received for QUALITY of a nectarine?
the first level of attributes. EX MF F MO = MO F MF EX
ClTouch| 9 7 |53 |1 3| 5| 7| 9]c2. Olfactory phase
ClTouch| 9 7 |53 1 3| 5| 7| 9]|C3.Gustatory phase
ClTouch| 9 7 |53 |1 3| 5| 7| 9]CA4.Feelin mouth
C2. Olfactory phase| 9 7 |53 1 3| 5| 7| 9]|C3.Gustatory phase
C2. Olfactory phase| 9 7 |53 1 3| 5| 7| 9]cCA.Feelin mouth
C3. Gustatory phase | 9 7 |53 1 3| 5| 7| 9]cCA.Feelin mouth

Figure 4. B. Example of ques- From your point of view, what attribute is more important and to what degree to evaluate the
tions each taster received for OLFACTORY PHASE of a nectarine?
the second level of attributes. EX MF F MO = MO F MF _ EX
C11. Herbaceous 9 7 5 1 5 C12. Floral
C11. Herbaceous 9 7 5 1 5 7 9 | C13. Fruity
C12. Floral 9 7 5 1 5 C13. Fruity

Each of the panellists was presented with a questionnaire to carry out the paired comparisons
required by the AHP. Two groups of comparisons were made, those between tasting attributes and
those between fruit samples.

Since the attributes that appear in the AHP models were the ones they usually employ in their
organoleptic session assessment sheet, it was not necessary to explain to them the meaning of
the variables to assess. However, it was necessary to introduce them to the concept of AHP and its
related paired comparisons, so that they would understand the format of the questionnaire
handed to them. The process of explaining the questionnaire took about 30 min, and after that
all the experts were able to complete it. This process took approximately another 30 min.

An example of a piece of this first AHP questionnaire is shown in Figure 4. This answer means
that the taster’s opinion is: in order to evaluate the quality of a nectarine the smell of the nectarine
is considerably more important than its touch.

The questionnaires were filled in by each taster individually and collected on the same day. Once
the answers were gathered from all the panellists, they were processed with the help of the
Superdecisions© software v. 2.4.0 (Creative Foundations. Pittsburgh, USA). The results of the
weightings of all the variables were analysed both individually and as a group.

4. Results and discussion

4.1. Results for QDA

The results for the physicochemical analysis are shown in order to describe the fruits tasted. In
Table 1, the characteristics of weight, diameter, CI of peel, CI of pulp, firmness, °Bx and acidity of
each of the samples of nectarines (N1, N2, N3) and peaches (P1, P2 and P3) are presented.

As can be seen, sample N1 was slightly larger than the others, the weights being significantly
different (p < 0.05) among the three samples. The peel colour index was very high as a conse-
quence of the high value of component a* (reddish shades) compared to b* (yellow shades). On the
contrary, the pulp colour index was much lower as a consequence of the predominance of yellow
shades (higher value of b* than a*), with significant differences (p < 0.05) in sample N3 compared
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to N1 and N2. In addition, sample N3 had a higher firmness. The samples showed small significant
differences in sugar content, but sample N3 was more acidic.

As for the peaches, the three samples were of the same size, although with significantly different
weights (p < 0.05). The CI of the peel was in the region of yellow-orange shades, with the P2
sample having higher values of the b* component, so it presented more intense values in the
orange range. However, pulp colour did not show significant differences between samples
(p < 0.05). As for firmness, there were also significant differences (p < 0.05). The sugar content
was similar in the three samples, although sample P2 was significantly less acidic than P1 and P3.
Therefore, the sugar/acidity balance was higher in sample P2.

The sensory characterisation of the samples presented allowed us to obtain a characterisation of
these samples as shown in Table 2. With this description, each of the samples presented to the
tasters can be classified by every attribute and by an overall acceptability. As was observed in the
physicochemical analysis, P2 is less acidic. In fact, it received a lower score (2.36) compared to P1
(2.54) and P3 (3.30). The P1, on the other hand, receives the highest score for sweetness (6.30),
juiciness (6.70) and overall acceptability (6.81). As for nectarines, N3 was more acidic according to
the physicochemical analysis and was identified as such by tasters (3.83 vs. 2.41 for N1 and N2).
The highest overall rating was for N1 (5.90) which, in turn, received the highest juiciness score
(5.40) and floral smell (3.80).

4.2. Results obtained for AHP model

4.2.1. Weights obtained for the attributes

The group results obtained for the attributes were calculated using the geometric mean of the
individual expert judgements as recommended by Saaty and Peniwati (2008). Furthermore, before
proceeding with the aggregation of judgements, the judgements made by each of the experts
were checked for consistency (Saaty, 1980). After analysis of the individual judgements for the two
models of peaches and nectarines, it was concluded that two of the experts were too inconsistent
(consistency ratio >0.20) for the nectarine model but consistent enough for the peach model. This
is the reason why there are 18 experts for the peach trial and 16 experts for the nectarine
(Fogliatto & Albin, 2003).

The group results are presented in Figures 5-8 (where the Y-axis is the importance percentage of
each attribute, expressed as a decimal). The most valued first-level positive attribute was gusta-
tory phase (54% for both fruits), followed by feel in mouth (23.1% for peaches and 26.7% for
nectarines), olfactory phase (15.2% for peaches and 13.6% for nectarines) and touch (7.2% for
peaches and 5.8% for nectarines; Figure 5). As for the negative attributes, both for peaches and
nectarines gustatory phase showed much more importance than olfactory phase (80%-20%;
Figure 7). The first conclusion was that the weights assigned were very similar for both nectarines
and peaches. This seems a very coherent result, since nectarines and peaches are similar types of
fruit and the taster looks for similar properties when tasting them. Both peach and nectarines
belong to the same botanical classification Prunus persica L. with similar morphological descrip-
tion. Consequently, it is sometimes difficult to differentiate their aroma and organoleptic
peculiarities.

Within this great similarity of the weights obtained, perhaps the main difference in the positive
criteria is found in the juiciness (feel in mouth variable). It can be observed that panellists gave
slightly more importance to juiciness when evaluating nectarines. This result is in line with the fact
that peaches are usually harder and more compact and consequently have a lower amount of
water, following the trend of consumer taste over many years (Crisosto & Crisosto, 2005; Crisosto
et al,, 2006; Giné-Bordonaba et al., 2016). Any harder fruit with less water must be less juicy by its
own composition, since the absence of water would imply the higher presence of soluble solids.
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Figure 5. Comparison of first-
level positive attributes.

Figure 6. Comparison of second
level positive attributes.
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Regarding the second level positive attributes (Figure 6), it was observed that by far the two
most important criteria were sweetness and juiciness. Together they accounted for 63.1% of the
weight in the case of nectarines and 55.1% in the case of peaches. On the other hand, the least
valued attributes are herbaceous and floral smell (below 5%), and acidity and firmness (around 5-
7%) in both fruits.

Regarding the second level negative attributes (Figure 8), results showed that all these sub-
criteria again presented similar results for both peaches and nectarines. From this Figure, it should
be pointed out that the three sub-criteria belonging to the olfactory phase group obtained very
similar weights (around 5-6% for all three). The three gustatory phase sub-criteria also obtained
almost identical results for peaches (around 25%). However, when assessing the weights of the
gustatory phase sub-criteria for nectarines, it seems that tasters did distinguish between them,
assigning the greatest importance to sourness, followed by astringency and the least important to
bitterness. Negative attributes of peach samples tend to be weighted more heavily when they are
overripe. In this case, peach samples were tasted at the same stage of ripeness.

So, as a second conclusion it can be stated that in order to accept a stone fruit, the most
important attributes are sweetness and juiciness, while to reject it the most important attributes
are its bitter, sour or astringent sensation of the gustatory phase.

These results contrast with those found by Baviera-Puig et al. (2021) in oranges, where the most
important criterion when evaluating the quality of an orange using AHP is the fruity smell
(17.58%). This may be due to the different composition of aromatic components in the two
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Figure 7. Comparison of first-
level negative attributes.

Figure 8. Comparison of second
level negative attributes.
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types of fruit. Thus, citrus peel is characterised by the presence of numerous essential oils, mostly
terpenic in nature (>90%; Haypek et al., 2000). When the taster peels the orange, he/she breaks
the cells containing these oils, releasing them and generating a significant release of aromatic
components. In peach and nectarine peel, C6-compounds (>33%), lactones and alkanes (30% and
25%, respectively) predominate, while in orange, more than 50% of the total volatiles are lactones
followed by C6-compounds and C13-norisoprenoids (26% and 17%, respectively; Aubert & Milhet,
2007; Xi et al., 2014). In the specific case of stone fruits, the olfactory characterisation is in the
pulp, so it is sometimes more difficult for the taster to describe it by smell, thus giving priority to
flavour (Tamaro, 1953).

With the prioritisation of the quality attributes (positive and negative), the first objective was
achieved.

4.2.2. Tasting profile of the panellists

It is also interesting to establish the individual profile of each panellist. This way, the most relevant
attributes for each panellist can be determined and we can even observe if there are tasters with
similar or very different profiles. In Figures 9 and 10 (where the Y-axis is the importance percen-
tage of each attribute, expressed as a decimal), the intervariability present between tasters can be
observed, an interesting result that shows how each panellist performs their own tasting and
which could not be obtained by the QDA.

This intervariability is usually observed in the tasters by repeating one of the samples in each
tasting. However, in the case of fresh fruit, the difference between the pieces of fruit from the
same tree invalidates the use of these repetitions as a control system, as the number of repetitions
would have to be very high. For example, in Figure 9 it can be observed that the tasters whose
positive attribute weights deviated greatly from the group are in this order: T2, T13. This result
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Figure 9. Comparisons among
tasting profiles for nectarines.

allows for the application of the usual retraining techniques for these panellists. In Figure 10, there
are three criteria that were always highly rated by some of the panellists, and it can be seen who
these panellists are. In this way, the individual profile of each taster is obtained, and the second
research objective was achieved.

4.2.3. Prioritisation of the samples

Finally, the results obtained for the three samples of stone fruit analysed in each session were
examined. The final aim was to compare them with the prioritisation obtained with the QDA to
demonstrate if the new AHP tasting procedure worked well and was sufficiently accurate.

Figures 11 and 12 (where the Y-axis is the importance percentage of each attribute, expressed
as a decimal) show the results of the prioritisation of the two stone fruits with the two types of
tasting panels, the QDA one and the one using AHP. Results show that in both cases, the order of
preference of the three samples were the same: N1, N2, N3 for the nectarines and P1, P2, P3 for the
peaches. With this outcome, the third research objective was achieved. When using QDA, the three
samples of nectarines and peaches came out with scores closer to each other and in the case of
the AHP prioritisation there was a greater difference in value between the three.

In Figures 13 and 14 (where the Y-axis is the importance percentage of each attribute,
expressed as a decimal), both the positive and negative scores obtained for the three samples
are shown. It can be observed that N3 and P3 showed high values for the negative attributes,
which considerably reduced their value in the final prioritisation. That was not the case in the QDA,
since the cost and benefit attributes are not calculated with a quotient. The N1 and N2 had a very
similar sugar/acidity ratio and higher than N3. The latter had a higher amount of acids, which was
probably a factor influencing the final acceptability. In addition, sample N3 was harder and,
despite having a similar size to the other samples, its weight was lower, which would be related
to a lower juiciness. In this sense, juiciness was evaluated as one of the main positive attributes
according to the AHP model. In the case of peaches, the same conclusions were drawn, with the P3
sample being more acidic and harder.
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Figure 10. Comparisons among
tasting profiles for peaches.

Figure 11. Prioritisation of nec-
tarines with both tasting
models.
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In nectarines and peaches, the fruit acceptance was always greater for non-acid than for acid
cultivars, even at early or advanced stages of fruit maturity (Iglesias & Echeverria, 2009). Delgado
et al. (2013) also found out that sweetness correlated positively with overall liking and acceptance
of fresh nectarines and peaches. These results are also consistent with those obtained by Baviera-
Puig et al. (2021) in oranges, where juiciness, sweetness and acidity received a relative weight of
16.51%, 16.10% and 12.37%, respectively. It seems that tasters value sweetness more than acidity
when it comes to consuming oranges too.

4.2.4. Degree of satisfaction with the new combined methodology

The final results were presented to the panellists. As part of the analysis of the results of point 5 of
the methodology, a study was conducted on the panellists’ degree of satisfaction with the AHP
methodology used. They were familiar with QDA but were unaware of AHP and we wanted to
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Figure 12. Prioritisation of pea-
ches with both tasting models.

Figure 13. Prioritisation of nec-
tarines according to positive
and negative attributes.

Figure 14. Prioritisation of pea-
ches according to positive and
negative attributes.
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analyse their opinion on the procedure carried out. The aim was to assess its difficulty, efficiency
and satisfaction. Opinions were gathered by means of the questionnaire shown in Table 3. The
average results obtained for each question are presented in Table 4.

After the analysis of these results, it could be concluded: firstly, all the scores obtained showed
an average value higher that 3.5, which means that the panellists were satisfied with the process.
However, the question with the worst score was the ease of the task. This could be because the
first time a person is confronted with the AHP questionnaire they may find it difficult. Although the
panellists were given a brief introduction to the method before answering the questionnaire, the
fact that they are asked several times about paired comparisons may seem somewhat incompre-
hensible to them. However, it can be observed that in the case of the peach test, this average value
was improved, which may be because they found it easier the second time.

Tasters also considered that the process for prioritising was efficient, and the average improved
at the second tasting. What did seem relevant was the high degree of satisfaction they showed
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after the process had been carried out. This might be because the tasters perceived that their
opinions were taken into account throughout the process, but above all, because the final AHP
ranking of the fruits analysed coincided with the QDA ranking. In light of these results, it could be
concluded that AHP can help panellists in the difficult task of assessing the quality of fruit samples,
thus achieving the fourth objective.

4.2.5. Future recommendations and suggestions

Sensory analysis contributes to determining food acceptability by the consumer. Despite its wide-
spread use, there are a number of drawbacks, and attempts have been made to reduce them by
combining it with AHP. Firstly, the need for long-term training of panellists. In the QDA, tasters
evaluate the fruit on an absolute scale. This makes the training of tasters long and costly until they
are able to assess the different attributes on a scale of 1 to 10. In contrast, with the AHP they
compare two different pieces using a relative scale. This pairwise comparison is much easier than
assessing with an absolute value and, consequently, less training is needed. In this sense, it could
be very useful for consumer panels that are not trained as experts. Moreover, it has the advantage
that tasters do not need to be trained specifically for each fruit. This allows companies or labs to
move from one fruit to another more quickly without the need for specific training for each fruit. As
a result, this reduces the costs and the time needed to prepare the sensory panels.

QDA in combination with AHP increases precision, as it reduces inter-expert variability with
respect to attributes. Thanks to the consistency ratio of the AHP, tasters who deviate greatly
from the group can be discarded and sent to retraining more quickly, as this information is not
exclusively provided by the tasting sheet. Thus, these tasters do not participate in the evaluation of
the samples until they are retrained and adapted to the panel. With QDA, the samples are only
described and characterised. However, with the combination of both methodologies, the attributes
and the samples are also prioritised. This data helps to measure the effect of quality attributes on
fruit acceptance and goes beyond the usual averages provided by sensory analysis. Therefore, the
combination of sensory panels and AHP improves the accuracy of the QDA. A further step could be
taken by reducing the tasting sheet, eliminating those attributes with a lower weight and which
are hardly valued by the tasters. Again, this would bring a reduction in the process time, so it
would be shorter and faster.

Table 3. Questionnaire on satisfaction of the tasters with the AHP methodology

I. In your opinion, the task carried out was:

Very easy 5 4 3 2 1 Very difficult

L In your opinion, the process for prioritising was:

Very efficient 5 4 3 2 1 Not efficient
at all

III. How do you feel about the time invested to obtain the result?

Very satisfied 5 4 3 2 1 Not satisfied
at all

Table 4. Results of the satisfaction test with the AHP methodology

Ease of the task Efficiency Satisfaction with the
solution
Nectarines 3.78 3.89 4.17
Peaches 3.94 4.39 4.33
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AHP prioritises fruits not only for sensory analysis but also for physicochemical characterisation.
The taster identifies which one is sweeter than another, but obviously not the absolute value. It
can also focus the methodology to be used for characterisation on the laboratory. There again,
time and costs can be saved.

5. Conclusions

Food quality is a complex phenomenon and so is its evaluation. In this study, QDA and AHP were
combined to assess peaches and nectarines. It was found that gustatory phase was the most important
attribute in both the positive (54%) and negative (80%) models. In the next level of attributes, to accept
a stone fruit, the most important attributes were sweetness and juiciness, while to reject it the most
important attributes were its bitter, sour or astringent sensation of the gustatory phase. Results were
similar for both peaches and nectarines. Thanks to AHP, the tasting profiles of the panellists were defined
and the samples were prioritised. This prioritisation was the same as for the QDA. Finally, the panellists
showed their satisfaction with the combination of both methodologies.

As a conclusion, it is demonstrated that AHP complements QDA, overcoming many of the
disadvantages of this type of procedure. First, it saves time and money in training the panellists
and also in carrying out the evaluation process. Second, it increases the accuracy of the results.
Third, it detects the panellists who need to be sent for retraining more quickly. Finally, thanks to
the information collected, you can guide the methodology of the physicochemical characterisa-
tion. In the case of stone fruits, where variability is high throughout the season, saving time and
costs can help the food industry meet consumer expectations better and faster. This is why the

results are of interest to food producers, retailers and marketing researchers.
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