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Abstract

:

Although the consumption of fruits and vegetables is being promoted by different institutions as a key question of public health, their consumption is decreasing and their waste is increasing. To address this situation, we propose to include the consumer’s perception of the quality (from a sensory point of view) of a fruit, in particular Valencian oranges, in the supplier’s selection process by retailers. To do so, we use a combination of consumer and trained sensory panels and Analytic Hierarchy Process (AHP). This approach is completely novel in the literature. According to the expert panel, the most important criteria when evaluating the quality of an orange are fruity smell, juiciness, sweetness and acidity. These criteria are related to the freshness and taste of the oranges. Consumers found the methodology proposed useful and easy to develop. The application of the AHP methodology has helped to facilitate a participatory discussion among consumers on the concept of the quality of the oranges. The methodology proposed can help the agrifood sector in different ways up and down the supply chain. Specially, it can contribute to better meet consumer’s demands, increasing the consumption of fruits and vegetables and reducing its waste.
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1. Introduction


Fruits and vegetables are essential components of a healthy diet, and sufficient daily consumption could contribute to the prevention of major diseases such as cardiovascular diseases and some cancers [1,2]. By May 2004, the 57th World Health Assembly adopted the World Health Organization’s Global Strategy on Diet, Physical Activity and Health (DPAS), which emphasizes increased consumption of fruits and vegetables as one of the recommendations to be taken into account when developing national dietary policies and guidelines for both the population and individuals [3].



For this reason, in recent years the Public Administration has launched different campaigns to encourage the consumption of fruit and vegetables, both at European and national level. In Spain, there have been different campaigns promoted by the Ministry of Agriculture, Fisheries and Food [4]. The most recent, presented in the European Parliament on 11 September 2019, is the promotional campaign “CUTE, Cultivating the Taste of Europe”, promoted by the European Fruit and Vegetable Association (EUCOFEL) and relevant fruit and vegetable associations in Spain, France, Greece and Poland, with the aim of disseminating the excellent qualities of European fruits and vegetables, grown in greenhouses and in the open air, raising awareness of their well-being for consumers [5].



At world level, this is The International Year of Fruits and Vegetables 2021 (IYFV) declared by the United Nations General Assembly [6]. The objectives are, on one side, to highlight the benefits of fruits and vegetables consumption and its contribution to balanced and healthy diets and lifestyles and, on the other side, to increase the sustainability of its production and trade and to reduce the loss and waste of fruits and vegetables. Additionally important are the actions carried out by other organizations, such as five a day, an international organization that brings together organizations in more than 40 countries on five continents, which carry out activities to promote the consumption of five portions of fresh fruit and vegetables per day [7,8,9].



However, despite all these efforts, fresh fruit consumption in households is gradually decreasing. According to the latest report published by our Ministry of Agriculture, Fisheries and Food on Food Consumption in Spain 2019 [10], in 2019 this market lost 11.1% of the volume of purchases compared to 2013. As an example, the consumption of oranges (the most consumed fresh fruit in Spain according to this report) fell by 4.9% with respect to 2018 consumption, and in terms of turnover, the fall was much greater, reaching a value of 8.9% because of the fall in the average price (5.3%). Furthermore, in households, the waste of unprocessed products has been increasing compared to processed products, with fresh products such as fruit and vegetables leading the ranking (44.3% of the volume of waste). In distribution companies, 27% of waste is attributed to variations in sales and failures in planning [11]. It is paradoxical that, on the one hand, a healthy diet based on the consumption of fruit and vegetables is being promoted and that, on the other hand, the waste of this type of products is increasing.



This current situation does not stem from a technical agronomic problem but from a socio-economic problem linked to the difficulty of satisfying the markets, i.e., how the supply of fruit can best meet the existing demand. As a matter of fact, consumers are willing to consume healthier products without compromising on taste [12]. In addition, consumers play a crucial role in food waste via their own household and in-store choices [13,14]. Their actual or anticipated food perceptions and food purchase behaviors influence stakeholder decision making along the whole supply chain. So, the interaction between the retailer and the consumer determines food waste both up and down the supply chain [15,16].



The question therefore arises as to whether, despite the campaigns and the well-known innumerable benefits of fresh fruit consumption, we are offering the consumer what he or she really expects. To answer this question, we have to take into account several actors. First, there is the retailer who delivers the fresh fruit to the consumer via different suppliers. Second, there is the consumer himself who selects the fresh fruit according to his/her preferences. Although it is obvious that the large-scale retailer looks for quality when choosing the fresh fruit [17], we must be able to understand how the consumer perceives this quality in order to be able to offer it to them. Although there is a large literature on the selection of suppliers by retailers in this product [18,19,20], the gap that we aim to address in this article is to include the consumer’s perception of the product quality in the supplier selection by the retailer. If retailers are able to choose suppliers that offer the product that consumers are looking for, the benefit is twofold: (i) consumption of fruit and vegetables can increase as it is adapted to consumers’ demands; (ii) the waste of this type of product may be reduced.



The aim of the paper is to create a consumer supplier selection model for fresh fruit, in particular Valencian oranges, for the retailer. This general objective is divided into the following specific objectives: (i) to analyze the consumer’s decision process when choosing a fruit, specifically oranges; (ii) to determine the importance of each of the criteria considered during this process in order to evaluate the quality of the orange; and (iii) to develop the fresh fruit supplier selection model based on the above information.



As a methodology, we have used a combination of two different methods. First, we used consumer and trained sensory panels [21] to select the variables necessary for the orange tasting and, second, we used the Analytic Hierarchy Process (AHP), a multicriteria decision making method, to elaborate a prioritization model of orange quality based on the selected variables [22,23]. In this way, once the oranges have been prioritized, we will also obtain the prioritization of their suppliers. In the food supply chain literature, it is very common to find multicriteria models such as AHP [24], ANP [25], TOPSIS [26], DEMATEL [27] or PROMETHEE [28]. However, we have not found articles that combine sensory analysis with multicriteria methods. Therefore, the approach of this article is novel as it proposes to include consumer perception of quality using trained and consumer sensory panels in the multicriteria process of selection of oranges and their suppliers.



The article is structured as follows. First, the theoretical framework and the research questions are presented. Second, the methodology used (sensory panels and AHP) is explained. Next, the results and their relationship with the previous literature are discussed and, finally, the conclusions.




2. Theoretical Framework


To achieve the objectives, we need to understand the consumer’s evaluation process of a fruit. Consumers believe both food safety and quality are important to food in general, but they pay relatively more attention to food quality when purchasing a product [29]. In order to make a choice, the different alternatives available to the consumer must first be evaluated. This assessment consists of processing information from different sources on factors affecting the buyer’s perception of quality [29,30]. According to [31], the perceived quality could be defined as the consumer’s judgment about a product’s overall excellence or superiority. Grunert et al. [32] identified two key moments for quality evaluation: (i) before purchase, when consumers form quality expectations; (ii) and after purchase, when consumers undergo the quality experience. At the time of purchase, consumers choose those products that they think will best meet their preferences based on the information available. When purchasing fresh fruit, the information consumers have is derived from inspection of perceptions of extrinsic and intrinsic attributes and their own experience of the fruit after purchase on previous occasions [33]. Petrescu et al. [34] found that consumers use freshness, taste and appearance to assess food quality. In the case of the Valencian oranges, the following research question is proposed:



RQ1: What are the most relevant criteria for a consumer when choosing oranges?



As not all consumers are the same [35], there may be differences in the evaluation of oranges. The perception of the quality of the same fruit may be different depending on the profile of the person [30]. The second research question tries to address this diversity:



RQ2: Are the consumers’ judgements homogenous?



Retailers should therefore consider all these factors when choosing fresh fruit suppliers. However, in the literature, there are different proposals in the food industry that include green criteria [18,20], price, food safety concerns [19] and logistics [36]. Although all of them take food quality into account [17], none of them include it from a sensory point of view. Sensory quality relates both intrinsic product attributes and the interaction between the product and the consumer [37]. So, the consumer should play a role in the assortment choices by the retailers, as well as for their choices of suppliers. This is why we suggest including the proposed methodology (consumer and trained sensory panels and AHP) to refine the process of supplier selection by retailers and better adapt to consumer’s demands. For this reason, the last research question is suggested:



RQ3: Is the orange selection process suitable for the retailers in their supplier selection?




3. Materials and Methods


3.1. Sensory Panels


In this research, a trained sensory panel and a consumer sensory panel were carried out. Each session required a minimum of eight tasters for the data to have statistical value and significance. The tastings took place in a suitable room that, in addition to being odor-free, was sufficiently isolated and comfortable, and it was under a controlled room temperature. Inside the room, there were different workstations, called booths, with front and side walls that isolated each taster from the others. There was also a place where samples could be prepared and material cleaned.



The trained panel was chosen after passing different training tests, which were carried out in several sessions. During these training sessions we performed the recognitions and qualification of the visual and tactile attributes that are characteristic of the fruit, both positive and negative [38]. In the training sessions, olfactory and taste tests were carried out, with artificial aromas prepared, known as “nose”. They were always aromas related to the fruit to be tasted, and taste tests that prepared different acidity and sweetness scales, among others. The tastings were carried out with a tasting sheet that defined the attributes, which used the typology of adjectives of sensory analysis of fresh fruits [39]. In the sharing that took place at the end of each tasting session, the tasters presented their scores, opinions and points of view, without modifying in any case, the data that were noted on the tasting sheet. Consensus was obtained from the report of each of the samples. Fourteen expert tasters participated in the research; they were 8 women and 6 men. They belonged to the following areas: marketing, production, research and consumer. Some of them were trained tasters in other products. With this profile distribution, we can assess all the important aspects of a fresh fruit.



In contrast, in the consumer sensory panel, consumers were randomly selected to carry out this research. They were all convened at the same time, specifying that they could not eat, drink or smoke one hour before the tasting session. Once in the tasting room, the procedure to be followed in the evaluation of the fresh oranges was explained to them. The orange samples were already prepared at each work station before the tasting session began and the tasters entered. Four samples of oranges were analyzed, and their arrangement in each booth was the same for all tasters. The temperature of the samples was appropriate. All tasters started at the same time and in the order established by the panel leader. Throughout the tasting, they had to fill in the tasting sheet. During the tasting session, they were asked not to talk to anyone as they may distract and influence the judgement of other tasters. They were also asked to notify the panel leader if they had any problems with the samples or any questions about the assessment procedure. In the research, 23 consumers participated.




3.2. Organoleptic Session Assessment Sheet


In both panels (trained and consumers), the tasting session was carried out using the tasting sheet, which allowed establishing the sensations transmitted by the oranges during the sensory analysis. The established phases were tactile, visual, olfactory and gustatory. In the tactile phase, it was in our interest to determine how firm the skin of the oranges was, so the tasters assessed the roughness of the samples to the touch [40] and also evaluated the presence of any touch defects.



In the visual phase, the color of both the skin and the pulp of the samples was studied. To this effect, there was a color scale in the taste sheet [41] adapted to the colors of the citrus fruits of the Mediterranean climate zone. The possible visual defects were also assessed in this stage. How easy it was to peel the orange belonged to the visual phase, so the ease of peeling the orange was assessed at this time of the organoleptic tasting [42], as well as the compaction of the slices and the presence of seeds, which are very important aspects for the final consumer.



In the gustatory phase it is interesting to study the sugar found in the samples [39,43] by making a quantitative assessment of the intensity of the sweetness. We also took into account the level of acidity that the samples presented, in a similar way to the article by [43]. The balance in an orange depends on the aforementioned sweetness and acidity, but the bitter and astringent taste must be valued, as it was studied in the article by [39], in order to have a joint understanding of the parameters.



Next, we achieved a global vision of the gustatory phase with the evaluation of negative attributes. In this sense, the presence of notes of fermentation and mold were taken into account [43], rating its intensity. In this phase, we were also interested in the duration of the taste of the sample after tasting, that is, the permanence of the residue in the mouth. This attribute was also evaluated in the article by [39]. Finally, the juiciness of the orange in the mouth was evaluated, trying to analyze how juicy the orange was, regardless of its taste. For all this evaluation, both in oranges and in juice, positive and negative attributes were rated; this is why a numerical scale was used in a similar way to the one used in the article by [44].



In the olfactory phase, it is interesting to study the presence of terpenes [45], so the tasters valued the intensity of herbaceous and fruity aromas. These positive attributes along with the negative olfactory attributes, such as fermented aromas, were quantified numerically in a similar way to the one in the article by [39]. In addition to the numerical quantitative evaluation in the olfactory and gustatory phases, tasters could complement their evaluation in a descriptive way [46], writing the observations they considered appropriate at the end.




3.3. Analytic Hierarchy Process


As mentioned in previous sections, the sensory quality of a fruit depends on many variables that are grouped into four major qualities: appearance, texture, smell and taste. It is accordingly a problem of a multicriteria nature whose variables (criteria) can be hierarchically structured. Therefore, in order to present consumers with an alternative selection method to the tasting session that does not involve tasting knowledge or previous training, we have proposed the use of the multicriteria decision technique Analytic Hierarchy Process (AHP) [47].



AHP is based on the fact that the inherent complexity of a multiple criteria evaluation problem can be solved through the construction of hierarchic structures consisting of a goal, criteria and alternatives. In each hierarchical level, paired comparisons are made with judgments using numerical values taken from the AHP absolute fundamental scale of 1–9. These comparisons lead to dominance matrices from which ratio scales are derived in the form of principal eigenvectors. These matrices are positive and reciprocal (aij = 1/aji). The synthesis of AHP combines multidimensional scales of measurement into a single one-dimensional scale of priorities. Hence, for each fruit analyzed, a one-dimensional AHP weight will be obtained, which will lead us to the priority of each orange. The AHP method has the additional advantage of being easy to explain to the consumers who have to assess the different oranges in a simple and systematic way. It also provides a very good decision-making framework when working with qualitative variables, such as the organoleptic properties of the fruits.



The method is one of the most extended multicriteria decision making techniques. AHP is being currently applied in the food industry field [48,49,50], and it adapts very well to the hierarchy of criteria proposed by the experts because all of them are of the qualitative type. AHP deals very well with qualitative criteria or uncertainty scenarios [51]. It also has the additional advantage of being easy to explain to the experts and consumers that have to assess the different criteria and oranges in a simple and systematic way. More details on the AHP can be found in [47].




3.4. Methodology Proposed


The proposed methodology is structured as shown in Figure 1. Following, we detail all the methodology steps adding the results of the case study of the oranges for a better understanding.





4. Case Study and Results—Evaluation of Seasonal Oranges


First, we will describe thoroughly the stages of the general methodology, aimed at obtaining a model of prioritization of oranges based on their quality useful in any process of selection of orange suppliers.



4.1. Selection of the Variables for the Tasting Session


According to the literature review as well as the work carried out during the participatory session with the expert tasters, as indicated in Section 3.2., the variables or criteria used for the selection process were




	
tactile phase (touch): firmness, skin roughness, and defects in touch;



	
visual phase (aspect): visual defects, skin color, pulp color, easy peeling, presence of seeds and slices compaction;



	
olfactory phase (smell): herbaceous and fruity;



	
gustatory phase (flavor): sweetness, acidity, bitter, astringent, residue in mouth, and juiciness.









4.2. Modelization of the Orange Quality Evaluation Criteria for the AHP Process


The criteria were then organized in the form of an AHP hierarchy for their prioritization. The result is presented in Figure 2.




4.3. Prioritization of Orange Quality Criteria by Experts


For this stage a participatory session with the tasting experts was arranged. All of them had a wide experience in orange tasting for a Valencian company that distributes food products. Since the criteria that appear in the AHP model are very similar to the ones they usually use in their organoleptic session assessment sheet, it was not necessary to explain to them the meaning of the variables to evaluate. 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 to be 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 3:



These answers mean this particular expert agrees that in order to evaluate the touch of an orange




	
firmness is very strongly more important than its skin roughness;



	
firmness is moderately more important than defects in touch;



	
defects in touch are moderately more important than skin roughness.








We have used the 1-9 Saaty’s fundamental scale [47].



Once the answers were gathered from all the experts, they were processed with the help of the Superdecisions© software v. 2.4.0 (Creative Foundations, Pittsburgh, PA, USA). The results of the weightings of all the variables were analyzed both individually and as a group. In order to obtain the group judgments, the geometric mean of the individual results was calculated. The results are presented in Table 1.



From the results of the criteria weights, we can conclude that the most important criteria for the expert tasters when evaluating the quality of an orange were the intensity of its fruity smell (17.58%), its juiciness (16.51%) and its sweetness (16.10%). We can also conclude those that were less important for the tasters were the roughness of the skin (1.02%) and the color of the pulp (1.37%). The first stage of the methodology ended with the completion of these weights. This was the generic stage; thus, the list of criteria and their weights can be used in any orange prioritization process, regardless of the type of oranges being evaluated. In the next section, we will describe the steps carried out to apply the methodology to a group of oranges with a specific tasting panel of consumers.




4.4. Prioritization of Oranges by a Consumer Tasting Panel


To this end, an orange tasting panel was arranged for four different types of oranges with the help of 23 consumers. All of them were people from the area of Valencia, with a great knowledge as consumers of Valencian oranges. The session took place in February 2020, so we were in the middle of the orange season. Each orange was coded with a different label without indicating its origin or supplier: M1, M2, M3, M4.




	
M1. Orange Navel from supplier 1.



	
M2. Orange from supplier 2.



	
M3. Orange Navel Late from supplier 3.



	
M4. Orange Navel Late from supplier 4.








Each consumer had to evaluate the four oranges by means of the AHP method. The 23 tasting stations were prepared with each one of them prepared with the four oranges. All the tasting stands were identical.



Again, the AHP methodology was explained by the facilitators of the tasting session, and after that the consumers proceeded to pairwise compare all the oranges according to each of the quality criteria. It took them around 40 min to listen to the explanation and answer all the questions stated.



An example of a question of this particular questionnaire is shown in Figure 4.



These answers mean this particular consumer thought that, from the firmness perspective, their degree of preference among the four oranges was




	
M1 is strongly more preferred than M2;



	
M1 is very strongly more preferred than M3;



	
M1 is strongly more preferred than M4;



	
M2 and M4 are equally preferred;



	
M4 is strongly more preferred than M3.








We have used the 1-9 Saaty’s fundamental scale [47].



Once the answers were gathered from all the consumers, they were processed with the help of the Superdecisions© software v.2.4.0. The results of the prioritization of the oranges were analyzed both individually and as a group. The results are presented in Table 2 and Figure 5.



The results shown are the ones obtained by the whole group. For that, the individual judgments have been aggregated with the geometric mean. So, according to the orange consumers, the best orange was M1 (31%) followed by M2 (23%) and M4 (21%). The worst classified was M3 (17%). Since each of the oranges came from a different supplier, according to the consumers, the best orange supplier was supplier 1.



Once we reached this point, we further analyzed the performance of the participatory session in order to know how homogeneous the group was in its thinking. We investigated which were the pairwise comparison judgments that meant the greatest consensus and which were the ones that presented the greatest differences. This aspect is relevant if we want to further apply this methodology in other scenarios, with other types of oranges, or with other consumers. To achieve this, we used the geometric statistical descriptors following the concept of monogeneity defined by [52]. Monogeneity relates to the dispersion of the judgments around their geometric mean, i.e., how homogeneous the judgments of the members of a group are for each judgment they give in response to paired comparisons. This is done by deriving a measure of the dispersion of the judgments based on the geometric mean:


   μ  Gj   =  π  i = 1  n   x  i j   ,  



(1)




being xij the judgement elicited by stakeholder i for pairwise comparison j. This measure we need is the geometric standard deviation:


   σ g  = exp       ∑   i = 1  n     (  ln    x  i j      μ  G j      )   2   n     



(2)







By analyzing the result of the geometric standard deviation, we can determine which of the judgements offered the lowest homogeneity and those that obtained the highest geometric standard deviation. The results of this analysis are presented in Table A1 (Appendix A). We present the geometric mean and standard deviation of each single pairwise comparison.



The following interesting results can be inferred from the analysis of Table A1. It seems that the less homogeneous cluster was acidity, followed by juiciness, because many of the group judgements offered a very low homogeneity among the different consumers. Instead, when moving to the presence of seeds cluster, we noticed a very high homogeneity. This is very easy to understand: oranges have or do not have seeds, and this is very easy to detect and, above all, to compare. That is, a high level of homogeneity indicates that the comparison judgement is easy to understand for the majority of the consumers, and thus answers are similar. On the other side, a low degree of homogeneity in eliciting the judgements implies that the question has been misunderstood or it is difficult to answer. Since all consumers compared a set of similar oranges, the judgements cannot differ very much.



A question difficult to answer poses a threat to the proper application of the AHP methodology. Such questions have to be further analyzed in order to understand the reasons.





5. Discussion


The aim of the paper is to create a consumer supplier selection model for fresh fruit, in particular Valencian oranges, for the retailer. With regard to RQ1, according to the expert panel, the most important criterion when evaluating the quality of an orange is the fruity smell (17.58%). The importance of this smell can be related to the freshness of the oranges. In other words, the more the orange smells, the fresher it looks. The second most important criterion is juiciness (16.51%). Regardless of taste, consumers could also relate the juiciness in the mouth to the freshness of the product. In third place comes sweetness with 16.10% of relative weight and, in fourth place, acidity with 12.37%. These two variables refer to the taste of the orange. It seems that tasters value sweetness more than acidity when it comes to consuming oranges. The fifth criterion is residue in the mouth (7.54%). The remaining criteria have a weight of less than 5%. The least important criteria for tasters are the roughness of the skin (1.02%) and the color of the pulp (1.37%). The most important criteria are related to the freshness and taste of the oranges according to [34]. These results are consistent with those obtained by [42] who found that consumers base the overall mandarin evaluation on juiciness, sweetness and acidity. In our case, aroma is more important. In reference to RQ2, we can see that there are differences among the clusters considered. Different criteria show different levels of homogeneity (answers to the pairwise comparison). The less homogeneous cluster is acidity followed by juiciness. In contrast, presence of seeds cluster is the most homogeneous. Therefore, we can conclude that acidity and juiciness are aspects difficult to assess.



The appearance of a fruit (related to its color and visual defects), as well as its organoleptic characteristics, flavor (sweetness, acidity, astringent, juiciness, etc.), texture (firmness, roughness and defects in touch) and smell are the main determinants of purchase intention [53,54] and, therefore, the consumer’s perception of a “quality” fruit. In this sense, sensory quality is a difficult term to define, as it relates both intrinsic product attributes and the interaction between the product and the consumer [37]. Thus, the use of sensory panels made up of more or less expert tasters is very common in the food industry, as they are capable of detecting product characteristics that would not be possible using instrumental techniques (relationship between objective parameters and consumer perception). Thus, some authors have related physicochemical parameters with consumer preferences (through sensory panels) in some fruits such as mandarins [55], apples [53,56,57], nectarines [58,59] and melons [37,60]. Therefore, if we want to include the consumer’s perception of the quality of a fruit in the supplier selection process, panels seem to be an appropriate methodology. However, as the consumer’s perception of a “quality” fruit depends on several variables, we need a methodology able to combine all of them and offer a final solution for the retailer to choose the right supplier. This was possible thanks to the AHP. When choosing among samples, the AHP method offers a prioritization of oranges based on the preferences of the consumer panel and the assessment of the criteria by the expert panel. Each of the samples was from a different supplier. This same prioritization can be used when choosing the supplier. In this way, we can choose the supplier that best suits the consumer’s preferences in terms of food quality. Our suggestion is to incorporate the combination of sensory panels and AHP into the selection process of fruit suppliers by retailers. Based on this approach, RQ3 can be answered positively.



From a managerial perspective, this selection process can help the agrifood sector in different ways up and down the supply chain [15,16,61,62]. First, farmers can better adapt varieties and harvesting times to consumer’s preferences. Second, storage times can also be adapted to the characteristics preferred by the consumer. Third, retailers can better understand what a consumer is looking for and develop a better selection of suppliers. However, the problems with the criteria obtained (juiciness, sweetness and acidity) are (i) they cannot be evaluated during the purchase process. This is a key question because consumers can modify their repurchase decision if they have a bad experience with the fruit. (ii) It is precisely these criteria where we find the greatest heterogeneity according to the results obtained. To solve this, retailers could design labels that offer information about these three attributes, for example with a scale from 1 (low) to 5 (high), at decision-making points. This would allow consumers to choose the citrus most suited to their preferences [30,42,55]. A further reflection should be carried out on the fact that a high heterogeneity has been found in these attributes. As the least homogeneous clusters are acidity followed by juiciness, it is necessary to further clarify the meaning of these attributes with consumers before starting the comparison procedure. This homogeneity aspect becomes very relevant since the methodology has the aim of being further generalized to broader contexts, for example, it could be implemented for the selection of other fruits and vegetables.



One of the limitations of the study is that we have only focused on the sensory quality of the fruit. There are other factors that determine the consumer’s purchase intention such as packaging [63,64,65], production type [34], price [66], food safety [67], consumer demographics [30,68] and personal situation [69]. In the case of exports, the image of the country of origin also influences the consumer’s decision [70]. As future lines of research, new multicriteria decision models could be developed that take into account all these variables.




6. Conclusions


In this paper, we have proposed a methodology for prioritizing oranges’ suppliers, incorporating the criteria used by the consumer to assess food quality (freshness, taste, and appearance), with the final aim of allowing retailers to choose their best supplier. The methodology has been based on the use of the organoleptic properties of the fruits and the application of the AHP multicriteria decision technique. This approach is absolutely necessary as consumers are willing to consume healthier products without compromising on taste.



We have divided the methodology into two stages. The first stage has been used to establish the decision model, that is, the decision criteria and their weights. This stage has been carried out with the collaboration of a group of 14 very experienced tasters. The model of criteria and their weights can therefore be considered a generic model that can be used in any future process of prioritization of oranges by consumers. The second stage is the prioritization of the oranges themselves. In our case study, we have worked with four different samples of oranges. They had different origins and were seasonal (February 2020). Each of the oranges was obtained from a different supplier.



The consumers, familiar with the consumption of oranges, were submitted to this new “tasting method” based on the AHP with the final objective of demonstrating that the methodology proposed could be carried out without complications, and that they found it useful and easy to develop.



Incorporating the methodology proposed in the supplier selection process by retailers can be very helpful as it can solve two big problems. First, consumption of fruits and vegetables can increase as retailers meet consumer demands. This is an important problem of public health, which is associated to obesity, cardiovascular diseases and unhealthy lifestyles if people do not consume the right proportion of fruits and vegetables. Second, as consumers find what they want in retail outlets, the waste of food can decrease, reducing its impact on the environment.



The correct performance of the proposed methodology has been validated by the expert tasters themselves and by consumers. In both cases, the people who collaborated in the study said that the methodology applied was simple, easy to understand and did not require much time. They all showed a high degree of satisfaction with the procedure. This indicates that the procedure could be replicable in future cases.



In future research, we propose to validate the prioritization of fruits obtained by consumers with the prioritization obtained by tasters. In this way, it could be concluded that the AHP orange prioritization methodology can replace the current expert orange tasting.



Finally, the application of the AHP methodology has helped to facilitate a participatory discussion among consumers on the concept of the quality of the oranges.
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Appendix A


In Table A1, we present the geometric mean and standard deviation of each single pairwise comparison.
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Table A1. Geometric mean and geometric standard deviation of all the pairwise comparisons of the consumers.
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Subcriteria

	
Pairwise Comparison

	
Geometric Mean

	
Geometric Deviation






	
C11. Firmness

	
M1-M2

	
1.31

	
3.96




	
M1-M3

	
0.91

	
4.30




	
M1-M4

	
0.79

	
3.75




	
M2-M3

	
1.00

	
3.91




	
M2-M4

	
0.59

	
3.91




	
M3-M4

	
0.91

	
4.68




	
C12. Skin roughness

	
M1-M2

	
2.03

	
4.05




	
M1-M3

	
1.34

	
4.34




	
M1-M4

	
1.51

	
3.43




	
M2-M3

	
0.71

	
3.96




	
M2-M4

	
0.50

	
3.65




	
M3-M4

	
1.00

	
4.29




	
C13. Defects in touch

	
M1-M2

	
1.98

	
3.69




	
M1-M3

	
1.44

	
3.86




	
M1-M4

	
1.54

	
3.16




	
M2-M3

	
1.00

	
4.20




	
M2-M4

	
0.73

	
3.98




	
M3-M4

	
1.05

	
3.80




	
C21. Visual defects

	
M1-M2

	
2.40

	
2.97




	
M1-M3

	
1.03

	
3.74




	
M1-M4

	
1.10

	
4.61




	
M2-M3

	
0.49

	
3.62




	
M2-M4

	
0.48

	
3.93




	
M3-M4

	
1.15

	
4.16




	
C22. Skin color

	
M1-M2

	
1.26

	
4.67




	
M1-M3

	
1.84

	
3.44




	
M1-M4

	
2.72

	
2.85




	
M2-M3

	
1.68

	
3.36




	
M2-M4

	
1.44

	
4.88




	
M3-M4

	
1.92

	
3.30




	
C23. Pulp color

	
M1-M2

	
1.13

	
4.02




	
M1-M3

	
1.81

	
3.66




	
M1-M4

	
1.57

	
3.23




	
M2-M3

	
1.72

	
3.66




	
M2-M4

	
1.44

	
4.17




	
M3-M4

	
0.48

	
2.78




	
C24. Easy peeling

	
M1-M2

	
0.96

	
3.98




	
M1-M3

	
2.41

	
3.91




	
M1-M4

	
2.43

	
3.39




	
M2-M3

	
1.76

	
3.67




	
M2-M4

	
2.00

	
3.64




	
M3-M4

	
1.13

	
3.92




	
C25. Presence of seeds

	
M1-M2

	
1.09

	
2.01




	
M1-M3

	
1.18

	
2.21




	
M1-M4

	
0.91

	
2.00




	
M2-M3

	
1.05

	
2.18




	
M2-M4

	
0.94

	
1.77




	
M3-M4

	
0.96

	
2.20




	
C26. Slices compaction

	
M1-M2

	
1.86

	
3.46




	
M1-M3

	
2.63

	
3.15




	
M1-M4

	
1.07

	
3.83




	
M2-M3

	
1.29

	
3.81




	
M2-M4

	
0.96

	
4.20




	
M3-M4

	
0.62

	
3.19




	
C31. Herbaceous

	
M1-M2

	
1.93

	
3.22




	
M1-M3

	
1.22

	
3.02




	
M1-M4

	
1.49

	
3.07




	
M2-M3

	
0.93

	
2.83




	
M2-M4

	
0.67

	
2.76




	
M3-M4

	
0.83

	
3.01




	
C32. Fruity

	
M1-M2

	
2.49

	
3.86




	
M1-M3

	
2.30

	
2.62




	
M1-M4

	
1.09

	
4.12




	
M2-M3

	
1.19

	
3.25




	
M2-M4

	
0.75

	
3.46




	
M3-M4

	
0.57

	
3.83




	
C41. Sweetness

	
M1-M2

	
1.36

	
3.94




	
M1-M3

	
2.07

	
3.76




	
M1-M4

	
2.65

	
3.18




	
M2-M3

	
1.68

	
4.06




	
M2-M4

	
2.40

	
3.45




	
M3-M4

	
1.16

	
4.56




	
C42. Acidity

	
M1-M2

	
1.11

	
4.02




	
M1-M3

	
2.29

	
2.88




	
M1-M4

	
1.29

	
4.07




	
M2-M3

	
1.95

	
3.13




	
M2-M4

	
1.16

	
4.01




	
M3-M4

	
0.67

	
4.22




	
C43. Bitter

	
M1-M2

	
1.13

	
3.35




	
M1-M3

	
1.69

	
2.60




	
M1-M4

	
1.75

	
3.13




	
M2-M3

	
1.24

	
2.54




	
M2-M4

	
1.32

	
3.39




	
M3-M4

	
0.94

	
3.51




	
C44. Astringent

	
M1-M2

	
1.09

	
2.80




	
M1-M3

	
1.67

	
2.24




	
M1-M4

	
1.55

	
2.47




	
M2-M3

	
1.41

	
2.24




	
M2-M4

	
1.12

	
2.87




	
M3-M4

	
0.83

	
2.61




	
C45. Residue in mouth

	
M1-M2

	
1.43

	
2.91




	
M1-M3

	
2.08

	
2.54




	
M1-M4

	
1.54

	
3.17




	
M2-M3

	
1.01

	
3.27




	
M2-M4

	
0.94

	
3.28




	
M3-M4

	
1.09

	
3.33




	
C46. Juiciness

	
M1-M2

	
1.11

	
4.50




	
M1-M3

	
1.28

	
4.45




	
M1-M4

	
1.14

	
3.74




	
M2-M3

	
1.88

	
3.95




	
M2-M4

	
1.11

	
3.95




	
M3-M4

	
0.75

	
4.46
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Figure 1. Methodological approach. 
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Figure 2. AHP structure of the oranges’ prioritization process. 
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Figure 3. Example of a piece of the first questionnaire. 
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Figure 4. Example of a piece of the second questionnaire. 
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Figure 5. Results of the prioritization of the oranges by the consumers. 
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Table 1. Weights of the orange quality criteria obtained by the group of tasting experts.






Table 1. Weights of the orange quality criteria obtained by the group of tasting experts.





	
Criteria

	
Subcriteria

	
Weight (%)






	
C1. Touch

	
C11. Firmness

	
2.44




	
C12. Skin roughness

	
1.02




	
C13. Defects in touch

	
1.56




	
C2. Aspect

	
C21. Visual defects

	
4.25




	
C22. Skin color

	
3.12




	
C23. Pulp color

	
1.37




	
C24. Easy peeling

	
2.65




	
C25. Presence of seeds

	
3.11




	
C26. Slices compaction

	
1.53




	
C3. Smell

	
C31. Herbaceous

	
2.50




	
C32. Fruity

	
17.58




	
C4. Flavor

	
C41. Sweetness

	
16.10




	
C42. Acidity

	
12.37




	
C43. Bitter

	
3.08




	
C44. Astringent

	
3.27




	
C45. Residue in mouth

	
7.54




	
C46. Juiciness

	
16.51




	
TOTAL

	
100.00
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Table 2. Results of the prioritization of the oranges by the consumers.
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	Sample
	Priority
	Ranking





	M1
	0.31
	1



	M2
	0.23
	2



	M3
	0.17
	4



	M4
	0.21
	3
















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  ijerph-18-03333


  
    		
      ijerph-18-03333
    


  




  





media/file8.jpg
From your paint of view, what sample i most preferred and to what degree from your FIRMINESS pointof view,
Mo s vs ex

m;@:_@z;;sn;w
wi s B s slal 357 om
w10 7D 301 3 57 om
w2 5| 7] s (D 3 57 slms
w29 7/ 5 3D 3 s/ 7] oma
wal s 75T skl S 7 sima





media/file11.png
priority

0.40

0.30

0.20
0.10 I
0.00
M1 M2 M3 M4






media/file6.jpg
From your point ofview, whichsubcrteron s more Important and o what degree to evaluate the TOUCH of an orange.

B Vs s Mo = M0 S Vs EX
Gt e 9T [5] 3 [&] 3 [5] 7 [ 5 [ciz.shnrogimess
C1. Firmness| 9| 7 |5 (D |41 3 [5| 7 | 9 |c13. Defectsin touch

iz Skincoughness | 9| 7 5| 3 A1 @[5 [ 7|9 [13.Defetsntouch






media/file10.jpg
0.40

030

020

0.10

0.00

priority

M1 M2 M3 M4






media/file7.png
From your point of view, which subcriterion is more important and to what degree to evaluate the TOUCH of an orange
EX VS S MO MO S VS EX

C11. Firmness | 9 @ 5| 3 3 |5] 7 | 9 |C12. Skin roughness

Cll.Firmness| 9| 7 | 5 @ 3 |5| 7 | 9 |C13. Defects in touch

= | =]

C12. Skinroughness| 9| 7 | 5| 3 @ 5|1 7 | 9 | C13. Defects in touch






media/file9.png
From your point of view, what sample is most preferred and to what degree from your FIRMNESS point of view

EX VS S MO = MO S VS EX

mil 9] 7B 3|1 3/ 5 7| 9 m
mi 9l (D 5| 3/ 1 3| 5 7 9/m3
mi 9 7() 3|1 3 57 9 ma
m2| 9/ 7|5 @)1 3| 5 7/ 9/m3
M2 9/ 7|5 3) 3/ 5 7| 9 ma
m3| 9] 7|5 31 37 9 ma






media/file5.png
1.1. Firmness

1. TOUCH

1.2. Skin roughness

1.3. Defects in touch

2.1. Visual defects

2.2. Skin colour

2. ASPECT

2.3. Pulp colour

QUALITY OF THE ORANGE

2.4. Easy peeling

2.5. Presence of seeds

2.6. Slices compaction

3. SMELL

3.1. Herbaceous

3.2. Fruity

4.1. Sweetness

4.2. Acidity

4. FLAVOUR

4.3. Bitter

4.4. Astringent

4.5. Residue in mouth

4.6. Juiciness






media/file3.png
Research method applied Results obtained

Literature review
AHP model of tasting

" . variables to assess quality
General Participatory session e G
methodology
15t AHP questionnaire
(criteria) Oranges’ quality variables’
priorities

Participatory session
Application to a

specific orange
selection process.

2"d AHP questionnaire Oranges’ priorities,
(alternatives) Supplier selection.
AHP software

Superdecisions






media/file0.png





media/file4.jpg
QUALITY OF THE ORANGE

1.1, Firmness

1. TOUCH

1.2. Skin roughness

2. ASPECT

3.SMELL

4. FLAVOUR

1.3, Defects in touch

2.1. Visual defects
2.2. Skin colour

2.3. Pulp colour

2.4. Easy peeling

2.5. Presence of seeds

2.6. Slices compaction

3.1. Herbaceous

3.2, Fruity.

4.1, Sweetness

4.2. Acidity

4.3, Bitter

4.4. Astringent

4.5. Residue in mouth

4.6. Juiciness






media/file2.jpg
General
methodology

Application toa
specific orange
selection process.

Researchmethod applied

Uterature review

Particpatory session

1 AHP questionnaire
(criteria)

Participatory session

2% AHP questionnaire.
(atternatives)
AHP software

Superdecisions

Results obtained

AP model of tastng
varisbles to assess qualty
of the oranges

Oranges”aualiy variables”
prorities

Orange priortes,
Suppler selecton.





