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Sensory science provides objective information about the consumer understanding of a product, the acceptance or

rejection of stimuli, and the description of the emotions evoked. It is possible to answer how consumers perceive a

product through discriminative and descriptive techniques. 
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1. Sensory Descriptive Tests

Qualitative and quantitative descriptive tests are demanding tests in which highly trained panelists are needed to provide

the reproducibility of the results. They assume an essential role in the homogenization of “sensory” communication and

description of the product through the development of a sensory lexicon. Lexicons develop attributes that qualitatively

describe a product and provide quantitative information about the attribute’s intensity .

Quantitative descriptive analysis (QDA) is a technique that has been widely used in many studies for quantifying and

optimizing sensory attributes . Firstly, a sensory panel must be trained to identify and quantify a product’s sensory

attributes through appropriate intensity scales so that statistical analysis can be performed . In a previous study ,

Ramirez and co-workers determined the sensory profile of seven watermelon varieties and recruited experienced

panelists for descriptive analysis; the first training session consisted of developing a list of attributes, followed by panelists

discussing and defining descriptors. After the panelists acquainted themselves with chemical reference standards, they

adjusted their attribute perceptions according to those in watermelon samples. Descriptive analysis revealed that the

prevalent attributes in watermelons were wateriness, refreshing, crispness, sweetness, mealiness, freshness, ripe, and

melon. This technique was also applied to determine the profile of wines . Recent studies have combined QDA with

other methodologies and innovative tools such as big data mining .

As a variation of QDA, free choice profiling (FCP) is differentiated by the omission of the training phase, which turns make

technique into rapid and less time-consuming than QDA; for this to happen, the panel must be familiar with the product

category. Assessors choose attributes, and they are free to use as many terms as they want if they systematically use

them to characterize the product. Assessors must decide attributes and meanings before categorization. After products

are presented one by one to the assessor, the perceived intensity of the attribute is evaluated through a scale. Since

expertise is missing in FCP, a significant challenge is a lack of accuracy. The individual profile data are analyzed by a

multidimensional technique called Generalized Procrustes analysis , a methodology is used to characterize and

distinguish products with different properties .

Flash profiling (FP) has its roots in FCP; it consists of an evaluation based on assessors’ attributes , and it can be

implemented with an untrained panel. FP was the first method that emphasized rapidity, and it allows for the

understanding of the sensory positioning of products. Although FP does not put out terms, assessors should prioritize

descriptive terms rather than hedonic terms in general . Furthermore, this method leads assessors to look for

differences between samples , and it has proven to be a suitable discriminative sensory method for beverages such as

coffee  and wine .

Liu and co-workers  proposed a modified version of FP that became an efficient screening of sensory properties in the

case of wine. This alternative involved the napping methodology with subsequent attributes as the word-creation step and

a restricted number of terms in the product ranking. This modified version seemed to be more effective for discrimination

. New FP approaches are being developed for different kinds of beverage and food products .

There have been some investigations into the combination of projective mapping (PM) and ultra-flash profiling. These

methods in symbiosis significantly contribute to identifying similarities and differences between samples .
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PM is a fast-sensory technique that asks a panel to rank products based on their similarities and differences in a two-

dimensional plan, creating a graphical representation. This technique enables the description of products through their

similarities and differences, as well as the clustering samples . It can be performed with different kinds of panelists

(experienced panelists, trained panelists, naïve consumers, or individuals who are employed in the wine industry),

allowing for comparisons of results to study consumers’ perception . However, when time, resources, or

samples are limited, an experienced panelist may be the best option . Other researchers have proven that PM can be

successfully implemented in a wide variety of beverages categories, e.g., herbal tea infusions , chocolate-flavored milk

, wines , and soy-free protein drinks . PM was also proved to be an effective technique to explore food-

beverage pairings , and recent studies have shown that PM is being used as part of new approaches, namely the

affective approach , intensity approach , hedonic frame , and upgrades such as polarized projective mapping .

The affective approach substantiates product categorization based on consumers’ choices or preferences . The

intensity approach investigated by Wilson and co-workers  assesses the relation of different levels of intensity of two

thiols (3-mercaptohexan-1-ol (3 MH) and 3-mercaptohexyl acetate (3 MHA)) in various matrices. Kim and co-workers 

compared a hedonic frame of projective mapping that asked consumers to group samples based on similar reasons for

liking or disliking those products, with a sensory frame of projective mapping that asked consumers to group based on

sensory resemblances. After mapping the results, they used ultra-flash profiling in both sensory projective mapping and

hedonic projective mapping, where assessors could freely describe the sensory attributes of the groups they had

categorized. Polarized projective mapping has been used as a solution in studies with larger sample sets or multiple

complex categories such as wine. This solution incorporates the terminology “poles” from polarized sensory positioning

. Polarized projective mapping uses the location of poles previously established on the panelist’s map; panelists are

asked to create a bi-dimensional map, as in projective mapping, but “free-moving” samples are proposed for the panelists

to set out around the poles that represent solid references .

The check-all-that-apply (CATA) methodology is based on the principles of pre-selected sentences or statements where

assessors, even without any previous training, can check the ones that apply to that product . It is a fast and

straightforward method that is easy to merge with affective measurements, such as hedonic tests . Additionally, CATA

can be used with an untrained panel, and there is evidence that CATA results in better accuracy of results with training .

However, CATA term-citation frequency is strongly linked to direct rates of perceived intensity, though this does not mean

that intensity can be assessed by CATA questions . CATA questions have already been applied to the sensory

characterization of a wide range of products of different complexity ; regarding beverages, It can be highlighted its use

for apple juice, iced tea , wine , and milk chocolate . Recent studies have presented some approach variations

such as check-if-apply as a solution to water quality judgment, where the focus was undesirable attributes. One of the

CATA method requirements is that the product has many desirable and undesirable terms. As such, this novel approach

suggests a list of descriptors and asks consumers to choose the few of them that apply . Rate-all-that-apply (RATA) is

another alternative to the CATA method where consumers not only check but also rate the intensity of all attributes they

find in the assessed product . Furthermore, emerging approaches assume a more dynamic direction, e.g., temporal

check-all-that-apply (TCATA) .

Open-ended questions are helpful to understand consumers’ perceptions. Initially, they were used for comprehending

consumers’ reasons for liking a product. Nowadays, they comprise a valuable tool to understand consumers’ perceptions

and which attributes lead to the preference of the product. This method gives an assessor complete freedom of

expression, but it is a time-consuming method. Redundancy, ambiguity, and the extension of terms are some of the

challenges of open-ended questions . Deneulin and Bavaud  presented a textual data treatment from open-ended

questions about minerality perception in wine without a tasting phase. In this research, they considered quantitative

aspects without considering semantic or linguistic aspects.

In the preferred attribute elicitation (PAE) method, assessors determine several descriptive terms for products; after

agreeing on these attributes, they rank their liking intensity of those attributes . This novel sensory method can be used

with an untrained panel in just a single session. Defining the most relevant attributes for consumers allows industries to

design new food products that meet consumers’ preferences . Discrete choice experiments (DCEs) and best-worst

scaling (BWS) are two typical elicitation methods. In DCEs, participants select between two or more possibilities. BWS

can work via three different approaches: object cases, profile cases, and multi-profile cases. In profile cases, respondents

choose the best and worst alternatives from a list of dimension levels or items . A recent investigation by Campigotto

and co-workers  proposed CLEO, a preference elicitation algorithm that allows for the suggestion of complex

configurable objects represented by discrete and continuous attributes and the constraints defined over them. Some

studies have suggested the use of PAE and CATA  and PAE and TCATA combined .
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Polarized sensory positioning (PSP) is based on a reference (pole), and samples are compared with those poles. There

are no attributes that allow for a faster sensory characterization and more straightforward data analysis in this method.

PSP can be classified into two types with different kinds of evaluation: polarized sensory positioning based on the degree

of different scales and triadic polarized sensory positioning. In the former, the scale ranges from “exactly the same” to

“totally different”. In the last one, assessors are asked to have poles in consideration and display which sample is more

similar and which one is more different .

Introduced by Lawless and co-workers , sorting (also known as a free sorting task or free multiple sorting) is used to

investigate perceptual models of odor perception. This method is an excellent option for untrained assessors ; however,

an expert sensory panel is crucial for accurate sensory characterization . It can also be reproduced with healthy

older adults  due to its quick and straightforward applicability, which is why it has become such a popular method. In

just one session, products can be randomly and simultaneously presented in different sequences. Tasters are invited to

sensory evaluate and sort products into groups with perceived similitudes. Then, they give minor descriptors to

characterize each of those groups .

2. Sensory Discriminative Tests

Discriminative tests determine whether samples are similar or there is some difference between samples and, if so, which

one is different. According to the complexity of the product, the type of discriminative test is chosen, and it is implemented

based on several parameters such as the replacement of an ingredient in the product, the installation of new equipment,

or deviations from usual protocol during production .

One of the most popular discriminative tests is the triangle test. Firstly, the triangle test was used for the quality

assessment of whiskeys and beers, and then its use spread to other beverage and food products . In Debela and co-

workers’ investigation , 94.4% of a sensory panel was capable of distinguishing between Coffea Arabica honey and

Vernonia amygdalina honey. In this test, three samples are displayed to assessors at the same time. Two of these

assessed samples are the same, and one of them is different. Samples are presented at random, making combinations

such as AAB, ABA, BAA, BBA, BAB, and ABB . After coding random samples with three digits, assessors identify the

odd one out, assessing samples from left to right. Statistically, assessors are likely to get it right 1 out of 3 times or 33.3%

. A triangle test can be used to identify a difference between two products, market trends, and the impact of a change in

ingredients, packaging, processing, handling, or storage conditions; it is also a helpful tool in the recruitment process of a

tasting panel . Accuracy and assessment time in triangle tests do not increase when considering monetary incentives;

however, if assessors like the product, these aspects can be impacted .

Unlike the triangle test, the tetrad test focus on similarities between samples. Four samples, in which two are from one

group and two are from a second group, are displayed to assessors . The tetrad test can be very useful to understand

how consumers perceive changes in the production process or even changes in some ingredients . This test is

reviewed as more powerful than the triangle test; despite the probability of correctly answering the same in both tests

(1/3), the tetrad test has a higher statistical significance. Therefore, it can be seen as a more efficient and accurate test 

, as well as being considered a forced-choice test .

The duo–trio test was created as an alternative to the triangle test because it is easier to perform than the triangle test .

In this test, assessors are presented with three coded samples, in which one of which is the reference. Assessors may

identify the most similar sample to the reference. This test can be used to evaluate how significant sensory differences are

between samples .

Duo–trio tests are classified into two designs: constant-reference mode and balanced-reference mode. In the former, the

reference is constant during the entire test. It is chosen when assessors are more familiar with one of the samples and

when there is a limited quantity of a sample . In the balanced reference mode, both samples are randomly presented

as references. New versions with variations of the place where the reference may remain balanced are gaining

prominence; the reference can be presented first or in the middle. Even dual reference duo–trio tests have been

suggested in the literature, with the first and last places, the first and middle places , or comparisons between pairs of

distances . For a better comparison of multiple pairs, A-Not A with a reminder (A-Not AR) and 2-AFC with a reminder

(2-AFCR) can also be used .

Similar to the duo–trio test but with two served reference samples is a dual-standard test. This test may assume several

possible combinations, namely, reference A and reference B (pause), coded A and B samples; reference A and reference

B (pause), coded B and A; or the positions of the references and services that are switched .
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Following the structure of the duo–trio test but reversed is ABX. First, assessors are given two control samples and a

treated sample, and then they are asked to match the “X” sample to one of the references .

The A-Not A test is another discriminative method that consists of presenting reference A and other samples to the

assessor, who must then choose whether the other assessed samples are similar or not to the A sample .

As discriminative tests such as the triangle or duo–trio tests can lead assessors to sensory fatigue with strong flavors and

complex products, paired comparison tests are a suitable solution because they are simpler and more intuitive. In a paired

comparison, assessors are asked to compare two samples without considering the intensity of perception. Paired

comparison tests can be classified as simple difference tests or directional paired comparison tests (or 2-alternative

forced-choice (2-AFC) tests); usually, they are implemented with two samples, but they are also possible with multiple

samples (multiple paired comparison test). Their application can be based on forced-choice (FC), which means that

assessors must choose one of the two samples, or non-forced-choice, where assessors have the alternative “no

difference,” which means both samples seem similar to them . To increase forced-choice power and detect small and

directional changes of stimuli, some paired versions of FC tests have been emerging . One is known as an alternate

forced-choice (AFC), which can be based on the triangle test becoming 3-AFC or a paired comparison test becoming 2-

AFC .

One variation is the four-interval, two-alternative forced-choice (4I2AFC), which is a paired version of the 2-AFC where the

two alternatives are AB and BA pairs, a stronger stimulus or signal is considered, and the weaker stimulus or noise is B. In

4I2AFC, assessors are asked to choose the pair (AB) with decreasing stimuli change .

3. Sensory Hedonic Tests

Hedonic methods are characterized by their ability to measure the subjective individual response of consumers’

preferences, acceptance, liking, or perception of a product’s benefits . There have been some investigations into

optimization methods such as just-about right (JAR) scaling and Ideal Profile Method (IPM) . The bimodal JAR scales

point out sensory terms that interfere the most with product acceptance. The “just–right” level of a sensory term is

represented by a midpoint in the scale. The points at the ends are extremes, such as not smooth enough or too smooth

. This scale is frequently used in product development with an untrained panel or consumers, and it allows for the

measurement of JAR attributes on enjoyment . In IPM, the intensity and ideal intensity of attributes for each product is

rated by assessors. This method is key in the early development of the sensory qualities of existing products . In

addition to hedonic measurements, a forthcoming scale is known as the degree of satisfaction-difference (DOSD) was

created to validate consumers’ preferences. This scale considers the consumer’s context and internal evaluative criteria

before product assessment .

Research on consumers’ understanding and emotional response towards beverages has been gaining interest 

. Even new methods are emerging, such as relative preference mapping (RLM), which provides information about wine

styles that are liked and innovative based on projective mapping to measure consumers’ preferences .

Many factors, including biological, psychological, and socio-cultural, may influence consumers’ preferences and choices

(Figure 1) . Gender, age, consumption frequency, education, and income are just a few examples of those many

variables that affect consumers’ preferences and choices . In addition, product-intrinsic attributes such as sensory

appearance, product-extrinsic attributes such as label or packaging , and contextual and environmental influences

may have clear effects on hedonic tasting .
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Figure 1. Factors that influence consumers’ preferences. Adapted from .

Context and the consumer’s mood may also affect the evoked emotions, creating an association between elicited

emotions and the willingness to pay more for the product . Furthermore, cross-cultural studies have received particular

attention , but there are no standardized differences between cultures’ responses .

Emotions influence product experience and product consumption, and for this reason, they are essential in consumer

behavior . Wine consumption is associated with pleasure by wine consumers, and their emotions impact wine

consumption experiences . Functional and emotional associations can motivate consumption . Emotions elicited by

consumption can also provide additional information about consumers’ personalities . Recent research has used

individuals’ factors to segment consumers to understand their preferences . Segmentation based on psychographics

and behavior was studied by Danne et al. , who investigated the impact of context on wine consumer segments’

enjoyment and emotions while consuming wines in different environments.

In sensory and consumer science, cross-cultural research has become stronger. The main linguistic differences across

cultures are sensory terms, emotional terms, and the interpretation of scale anchors. American consumers use a more

extensive range of nine points for hedonic scales than Asian consumers .

4. Temporal Tests

The way consumers perceive a product is strongly linked to their expectations, which can be based on their enjoyment or

even their satiety. A temporal driver approach can be completely appropriated to trigger those expectations in consumers

with diverse eating preferences and behaviors during the tasting process . Over the last few years, temporal dynamics

in the sensory assessment of beverages have been widely investigated  because the sensory analysis

is a very complex and dynamic process that floats and evolves.

Time-intensity (TI) methods consider the intensity of stimuli over time, and they perform incredibly well in the analyses of

sensations, namely the evolution of mouthfeel and flavor release . TI can be classified as a dual attribute time-intensity

(DATI) method if assessed with two stimuli or a multiple attribute time-intensity (MATI) method if assessed with multiple

stimuli. The main goal of these methodologies is to define a pattern of the evolution of a specific sensory characteristic.

Although time–intensity is perfect for contrasting products with different temporal characteristics , it requires extra

training and more repetitions to achieve reliable results; thus, the TI Reliability Index was suggested to explore intra-

individual variation in the same panel . In cases of products with shorter consumption times such as chewing gum, the

continuous time-intensity (CTI) method has performed well, constantly recording assessors’ perceptions. Furthermore,
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other intensity methods such as temporal dominance of sensations (TDS) evaluate various attributes during the

assessment of a sample; CTI provides deeper and customized data regarding the perceived intensity of an attribute and

its variations over time .

TDS is better than temporal dominance methods due to its ability to consecutively record several sensory attributes over

time, identifying one specific attribute as “dominant” . TDS is more effective regarding temporal differences than TI,

though it does not mention why an attribute is dominant; it is also a less time-consuming technique. Scales in TI are not

equal and do not allow for the comparison of attributes . Nevertheless, there are other temporal dominance

approaches. One of them is temporal liking (TL), which is used to collect scores and perceive variations of the

acceptability of a product over time . TL can be alternated with TDS , recognizing temporal drivers of liking by TDS

 or performing temporal liking simultaneously with temporal dominance of sensations in several intakes . temporal

dominance of emotions (TDE), where sensory attributes are replaced by emotions, was recently proposed as an

extension of TDS . This technique is widely used to understand factors that lead consumers to buy a product, such as

packaging color . Recently, some researchers suggested new pathways to apply TDE, dynamically recording facial

expressions for assessing food-elicited emotions over time  or applying video advertisements of a product .

There are periods during tasting where there is no dominant attribute, and that can create noise in data. In the hold-down

procedure, assessors hold down the attribute button when it is perceived as dominant and release it when it is no longer

dominant .

Another popular temporal method is temporal check-all-that-apply (TCATA). TCATA is a dynamic method for describing

several sensory features of a product and its development over time. Based on the CATA method in TCATA, assessors

are asked to check all attributes that apply to the product in evaluation in addition to recording the evolution of sensory

changes in products . One of the applications of this method is in the measurement of wine complexity . Moreover,

further investigation has been made based on a combination of two or more temporal methods. For example, to

characterize wines from different varieties, TDS and TCATA have been used, and it was concluded that in combination

with phenolic composition, these methods are helpful in the detection of the time of bitterness perception .

Although TDS and TCATA are frequently used for sensory evaluation during consumption, they present some struggles

because both rely on a predefined and shortlist of attributes. To overcome that limitation, Mahieu and co-workers

suggested free comment attack evolution finish (FC AEF), where assessors describe a product through free comment

descriptions during periods, namely attack, evolution, and finish .

A new method called projective categorization was created to predict wine aging potential, giving assessors a visual tool

to assess the projected development of a wine’s quality over time over different dynamics. In a study, three curves in an

orthonormal coordinate system were given to the assessors; these curves corresponded to three aging potentials (high

potential, medium potential, and low potential) for Champagne base wines. Assessors were asked to place the tasted

wine on one of these three curves. Assessors based their choices on the temporal notion (with the abscissa axis) and the

qualitative notion (with the ordinate axis) following the aging potential evaluation. This method allowed for the accurate

distinction of wines with different aging aptitudes .
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