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Abstract

The need for rapid and low-cost methods has made consumer-based methodologies,

such as check-all-that-apply (CATA), a reality in sensory science instead of the tradi-

tional tools, namely, descriptive analysis (DA). This research investigated how train-

ing, even short and simple, and reduction of panel size may affect the consumers

evaluation of tropical red wines (Vitis vinifera L.). To achieve this goal, nine samples

were characterized by DA with trained assessors (n = 8), CATA with consumers

(n = 100) and CATA with semi-trained panelists (n = 30). The results were compared

in terms of configuration and sample discrimination similarities between methodolo-

gies. DA and CATA with semi-trained panelists provided the highest capacity of dis-

crimination and the highest index of similarity for aged samples (95%). The two-hour

training period, as well as previous experience with the methodology and products,

had a positive effect in reducing the panel size and on the discrimination and charac-

terization of samples, presenting itself as a valuable tool when time- and cost-

efficient sensory profiling is needed.

Practical Applications: For decades, consumers were considered only capable of

hedonic judgments, however with the development of sensory science and new con-

sumer market dynamics, alternative methods could be studied, providing not only

reliable data, but also an accessible language and an easy application. Thus, this study

focused on the evaluation of the effect of a short training on the characterization of

red wines by consumers, showing that with this step it was possible to reduce 70%

of the consumer panel size and to improve 30% in the descriptive power of the sam-

ples, in addition to reduce inconsistencies in the responses, using a rapid, low-cost

and easy to apply method.

1 | INTRODUCTION

The quality of consumer goods covers three fundamental aspects:

physicochemical, sensory, and microbiological. Sensory quality is

unquestionably the most important aspect perceived by the consumer

and is, therefore, the main factor responsible for product purchase

decisions. Thus, sensory quality attributes, need to be monitored and

have economic implications (Meilgaard, Civille, & Carr, 2015).

Descriptive analysis (DA) has been the most powerful sensory

tool for acquiring detailed, reliable and reproducible sensory data of

food and beverages, especially those with small differences or that are

not consumed daily, such as alcoholic beverages. However, this
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methodology is time-consuming and expensive and may not suit all

research groups (Ares & Varela, 2017a).

The desire to implement rapid sensory methods and product

description by consumers led to the methodological development of

techniques such as check-all-that-apply (CATA), which has gained

popularity due to its simple format, low cognitive effort, and quick

elicitation of sensory characteristics (Ares & Varela, 2017b).

Since CATA is a non-comparative method, it does not require

simultaneous product evaluation, which makes it appropriate for sam-

ples such as wine (Ares, 2015). This beverage has sensory characteris-

tics determined by a series of natural or induced factors, namely,

production location and its climatic conditions, grape cultivar,

winemaking protocol, and physicochemical composition. Such varia-

tions may be responsible for numerous visual, olfactory or gustatory

stimuli, making sensitive and careful assessment necessary (Oliveira

et al., 2019).

On the other hand, low discriminant power in products with sub-

tle differences has been reported for CATA (Ares et al., 2015). This

can be attributed to the binary nature (0/1) of the method, which

makes it impossible to demonstrate attributes intensity differences

(Ares & Varela, 2017a). Furthermore, trained panelists focus on

assessment via pre-established standardization according to the type

of product evaluated, acting as “instruments” (Moskowitz, 2017).

Another determining factor to ensure the validity of consumer-

based methodologies is the use of a large number of participants

(n = 60–80) due to the high possibility of inconsistencies during evalu-

ations. Knowing that training is an effective way to reduce response

variation, its application, even for a short duration, has been consid-

ered a variant of CATA, making possible not only the improvement of

data quality but also a reduction in the number of participants (Alexi

et al., 2018).

The novelty of this study is based on the fact that samples of

alcoholic beverages, which require careful assessment, were used, and

the sensory panels were composed only of potential consumers,

which allowed for a direct comparison of the efficiency of the differ-

ent employed methodologies.

In this context, it is stated as hypothesis that consumers, with

some experience and training can analytically describe sensory

characteristics of wine. The objective of this study was to compare

the application of the CATA methodology with consumers (C-CATA)

and with semi-trained panelists (ST-CATA) when tasked with describ-

ing a product with regional particularities to determine how training,

presentation of physical references of the attributes and reduction of

panel size may affect the evaluation. To achieve this, the results were

compared in terms of their similarity to trained assessor data (TP-DA),

the configuration and discrimination of samples, and quantitative dif-

ferences in samples between each methodology.

2 | MATERIALS AND METHODS

2.1 | Samples

Nine samples of commercial red wine (Vitis vinifera L.) from S~ao Fran-

cisco Valley (Pernambuco State, Brazil; Table 1) were profiled. Wines

were chosen according to their possibility to receive the region's Indi-

cation of Origin seal.

S~ao Francisco Valley, located in the northeastern part of Brazil

between the southern hemisphere parallels of 8–9� and at an altitude of

350 m, is characterized by a semiarid tropical climate, with high average

temperatures, high sunlight intensity, and low annual rainfall (Padilha,

Camar~ao, Correa, Lima, & Pereira, 2017). These climatic conditions, associ-

ated with the use of water for irrigation and the absence of winter, result

in at least two crops in the same year and a final product with a unique

chemical and sensory profile (Oliveira et al., 2019).

2.2 | Sensory vocabulary development

For DA methodology, sensory descriptors were instituted by a modi-

fied repertory grid method with 20 pre-selected judges (Damasio &

Costell, 1991). At first, an open discussion with a previous list with

common red wine descriptors was conducted to support to the sen-

sory attributes acquisition. Then, two samples of tropical red wine

were presented together and the assessors were asked to compare

them in relation to their appearance, aroma, and flavor. The most cited

TABLE 1 Basic characteristics of
commercial red wine samples (Vitis
vinifera L.) from S~ao Francisco Valley,
northeastern Brazil

Sample Grape variety Aginga Vintage

CS Cabernet Sauvignon No 2018

CS/SY Cabernet Sauvignon, Syrah No 2018

SY Syrah No 2018

TP Tempranillo No 2018

RC Ruby Cabernet No 2017

RES Cabernet Sauvignon, Syrah, Alicante Bouschet 6 months 2018

AB Alicante Bouschet 9 months 2018

TN Touriga Nacional 9 months 2018

PR Cabernet Sauvignon, Syrah, Alicante Bouschet, Touriga

Nacional, Aragonês

12 months 2017

aFrench oak barrel.
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terms had the language unified and were used to build the sensory

evaluation form, obtaining 27 attributes (4 visual, 11 olfactory, and

12 flavor attributes).

The list of sensory attributes used in C-CATA and ST-CATA was

similar to that used in TP-DA, except for one appearance attribute

(color), which was divided into two terms corresponding to anchors of

the color scale (reddish and purplish), and the exclusion of four terms

that could be difficult for consumers to understand. The resulting

24 sensory attributes (3 visual, 9 olfactory, and 12 flavor attributes)

were simplified in terms of vocabulary to produce a relatively simple

list, avoid misunderstandings, and reflect how consumers perceive

and describe products in real life (Ares & Varela, 2017a).

2.3 | Sensory analysis

Sensory evaluations were performed in standardized individual booths

according to guidelines of the ISO 8589:2007 standard (ISO, 2007),

and 25 ml of each sample was served to assessors in wine tasting

glasses, as recommended by ISO 3591:1977 (ISO, 1977) at

18 ± 0.5�C. Samples were accompanied by mineral water and a water

cracker to remove any residual taste between samples.

All samples were blind-labeled with a three-digit random code

and presented in balanced order to account for first order and carry-

over effects (Williams design). An overview of the three methodolo-

gies is presented in Table 2.

2.3.1 | Trained assessor panel—Quantitative
descriptive analysis

The sensory panel consisted of eight trained assessors of tropical red

wines. They all had a minimum of 30 h of training and were chosen

according to their sample discrimination, repeatability of assessment and

group consensus capabilities in accordance with ISO 8586 (ISO, 2012).

Assessor performance was evaluated using analysis of variance (ANOVA).

Nine samples were evaluated in triplicate in a total of nine ses-

sions of approximately 1 h each. In addition to the attribute definition

form, during the entire evaluation, the physical references (Table S1)

were available to all panelists to avoid doubts.

The panel was asked to evaluate the 27 attributes on a 10-cm

unstructured line scale anchored with “low” or “absent” at the left

and “high” at the right. The attributes “color” and “limpidity” had the

anchors “violet” and “amber” and “limpid” and “turbid,” respectively,

on the left and right.

2.3.2 | Consumer panel—CATA questions

One hundred consumers, with ages ranging from 18 to 56 years old,

were recruited based on an online survey that measured demographic

and psychographic issues, the ability to answer questions about basic

characteristics of wines and consumption habits.

Five sessions of 20 min each, with a maximum of two wines and no

repetitions, were carried out. Sample presentation order was randomized

across sessions and consumers and wines were presented monadically. In

evaluation form, attributes had also a randomized presentation within the

sensory categories (visual, olfactive, and flavor). To complete the study,

consumers participated to all sessions and profiled all samples.

The consumers were asked to try the samples and evaluate them

following the wine tasting dynamics (visual, olfactory, and flavor

aspects), reducing the cognitive effort of the evaluators.

2.3.3 | Semi-trained panel—CATA questions

Thirty ST-CATA assessors who had conducted the previous CATA

sessions and had time availability for training were recruited. Potential

TABLE 2 Summary of the methodologies applied in the characterization of commercial red wine samples (Vitis vinifera L.) from S~ao Francisco
Valley, northeastern Brazil

Trained panel Semi-trained panel Consumer panel

Method Descriptive analysis Check-all-that-apply Check-all-that-apply

Number of assessors 8 30 100

Vocabulary development Yes Noa Noa

Number of attributes 27 24 24

Training duration 30 h 2 h No training

References Physical references (low and high) Physical references (high) No references

Attribute definitions Written definitions Written definitions Written definitions

Instructions During training During training Prior to evaluation

Attribute order Fixed Randomized Randomized

Sample presentation Monadic and randomized Monadic and randomized Monadic and randomized

Number of sessions 9 (3 replicates) 3 (no replicates) 5 (no replicates)

Total duration 40 h 3 h 1 h

aVocabulary was adapted from descriptive analysis.
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consumers were given preference over those with technical experi-

ence with this type of product, such as wine researchers and experts.

This experimental design was used to explore how consumer perfor-

mance can change when receiving physical references instead of

written ones.

The two-hour training was performed in three different steps. Ini-

tially, the assessors had a short class about the type of wine to be

evaluated and its producing region. Then, a clear definition of sensory

attributes was provided; at the end, presentation and evaluation of

the different physical references was conducted (Table S1).

After training, the assessors, with ages ranging from 21 to

43 years old, proceeded with the sensory evaluation in three sessions

with three wines each, following the same dynamics as described in

Section 2.3.2.

2.4 | Data analysis

2.4.1 | Trained assessor panel—Quantitative
descriptive analysis

ANOVA was carried out on trained assessor data considering sample,

replicate, assessors and their interactions as sources of variation using

a 5% significance level. When no interactions occurred, significant dif-

ferences were calculated by Duncan's test (p ≤ .05).

Principal component analysis (PCA) was performed on the corre-

lation matrix of the average attribute scores among assessors. Only

significant characteristics of sample discrimination were considered.

2.4.2 | Semi-trained and consumers panel—CATA
questions

For CATA datasets, the frequency of use of each sensory attribute

was determined by counting the number of assessors that used that

term to describe each sample. Cochran's Q test was used to estimate

the significance between samples and attributes (Meyners, Castura, &

Carr, 2013). Correspondence analysis (CA) was carried out to con-

struct a bi-dimensional representation of samples and determine the

relationship between samples and terms from the CATA questionnaire

(Vidal, Tárrega, Antúnez, Ares, & Jaeger, 2015).

2.4.3 | Comparison of methodologies

The similarity of sample configurations among sensory methodologies

was assessed using multiple factor analysis (MFA). Two frequency

matrices (C-CATA and ST-CATA) and one matrix with average assess-

ment intensities were constructed and each served as an individual

group for performing MFA analysis.

To assess a quantitative measure of proximity between samples,

the regression vector (RV) coefficient (Robert & Escoufier, 1976) was

calculated for the first two dimensions of MFA. In addition, for each

of the three methodologies, the normalized difference between the

minimum and maximum (normalized maximum range) ratings of an

attribute across samples was calculated as described by Alexi

et al. (2018). For CATA datasets, the normalized total citation fre-

quency of an attribute was also calculated (Alexi et al., 2018). All sta-

tistical analyses were performed using XLSTAT Software (Addinsoft).

3 | RESULTS

3.1 | Sensory configuration of samples

3.1.1 | Trained assessor panel (TP-DA)

Among the 27 evaluated attributes, 24 showed significant differences,

providing a great description of samples. PCA, performed with the

trained assessor data, indicated that the first and second dimensions

accounted for 59.12 and 11.36% of the variance in the experimental

data, respectively (Figure 1a).

The first dimension (F1) was able to discriminate samples

according to the maturation time. In the positive values of F1, aged

wines (AB, TN, RES, and PR) were evident, as were descriptors most

related to this category of products, including “body,” “flavor and

aroma persistence,” “color intensity” and “dried fruit aroma.” Nega-

tive F1 values were attributed to young wines (CS, CS/SY, SY, TP, and

RC) and the most associated sensory characteristics, for example,

“fresh fruit aroma,” “acidity” and “astringency.” In the two discrimi-

nated classes of wines, defect-related attributes, such as “alcoholic
aroma and flavor” in young samples and “bitterness” in aged samples,

were observed.

3.1.2 | Semi-trained assessor panel (ST-CATA)

In general, the terms “reddish color,” “clear,” “alcoholic aroma,” “fruit
jam aroma,” “sour taste,” “bitter taste,” “astringent taste,” “alcoholic
flavor,” and “woody flavor” were the most widely used to describe

the wine samples, exhibiting a frequency of more than 40% (Table 3).

ST-CATA panelists were capable of discriminating samples by 12 of

24 attributes listed in CATA ballots.

As shown in Figure 1b, the first and second dimensions of the CA

accounted for 40.27 and 29.79% of the variance in the experimental

data, respectively. The system, unlike TP-DA analysis, did not discrimi-

nate wine by maturation but more clearly distinguished the sample by

color attribute, with PR and CS/SY most represented by a “purplish
color” and the others (SY, CS, RC, TP, AB, TN, and RES) typified by a

“reddish color.”
It is interesting to highlight that the term “purplish color” may be

more related to color intensity, showing a misunderstanding of the

semi-trained panelists or a dumping effect (Lawless &

Heymann, 2010) since the term “intense color” was not available in

the CATA questionnaire. Similarly, the TP-DA panel associated both

PR and CS/SY with the characteristic “color intensity” (cf. Figure 1a).

4 of 10 VERÍSSIMO ET AL. Journal of
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3.1.3 | Consumer panel (C-CATA)

When consumers were asked to describe the sensory characteristics

of the wine samples, the terms “reddish color,” “clear,” “alcoholic
aroma,” “sour taste,” “astringent taste,” “alcoholic flavor,” and “persis-
tent flavor” showed the highest frequency of use, all of which had a

frequency over 40% (Table 3). Assessing significant differences, this

methodology showed the smallest number of significant attributes,

9 of the 24 evaluated (Table S2), showing poor comprehension of the

terms used in the CATA questionnaire.

The first two dimensions accounted for 47.52 and 33.29% of

the variance in the experimental data, respectively (Figure 1c).

The distribution of samples in the system was similar to that of

samples evaluated by the semi-trained assessors, and the samples

were sorted into two different groups, mixing aged and young

wines, that were separated by F1. Samples PR and RC were

mostly represented by positive values of F1 and the terms

“sweetish,” “fruit jam aroma,” “fruit jam flavor,” “full-bodied,” and
“toasted/smoked aroma”. Samples TP, SY, RES, TN, CS, CS/SY,

and AB were characterized by negative values of PC1 and were

associated with sensory attributes, such as “fresh fruit aroma,”
“clear,” “alcoholic aroma,” and “vinegary odor.”

Although the evaluation was simple and somewhat deficient, the

panel was able to group wine samples with typical features, such as

aged samples (PR) with the term “full-bodied” and young samples (TP,

SY, and CS) with the term “fresh fruit aroma.” However, it seemed

that the term “clear” may have been used to reflect “low color inten-

sity” instead of “limpidity” since most young wines are associated

Color
Color intensity

Wine legs

Fresh fruit Ar.

Fruit jam Ar.

Dried fruit Ar.Spice Ar.

Floral Ar.

Epireumatic Ar.

Alcoholic Od.

Ar. Persistence
Sweetness

Acidity

Bitterness

Astringency

Alcoholic Fl.

Fresh fruit Fl.

Fruit jam Fl.

Dried fruit Fl.

Pungency

Woody Fl.

Body

Fl. Persistence

PR

TN

RES

AB

CS

CS/SY

SY

RC

TP

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5

F
2 

(1
1.

36
 %

)

F1 (59.12 %)

Clear

Purplish Color

Reddish Color

Flower Ar.

Fruit jam Ar.

Spice Ar.

Smoked Ar.

Alcoholic Od.

Astringent

Dried fruit Fl.

Sweetish

Sour

AB

CS

CS/SY
PR

RC

RES

SY

TN

TP

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

F
2 

(2
9.

79
 %

)

F1 (40.24 %)

Clear

Fresh fruit Ar.

Fruit jam Ar.

Smoked Ar.
Alcoholic Od.

Vinegary Od.

Sweetish

Fruit jam Fl.

Full-bodied

AB

CS

CS/SY

PR

RC

RES

SY

TN

TP

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

-0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

F
2 

(3
3.

29
 %

)

F1 (47.52 %)

(a) (b)

(c)

F IGURE 1 Principal component analysis (a) and correspondence analysis (b, c) plots illustrating wine samples (●) and significant (p ≤ .05)
attributes (♦) for descriptive analysis with a trained panel (a), CATA with a semi-trained panel (b) and CATA with consumers (c). Abbreviations: AB,
Alicante Bouschet; Ar, aroma; CS, Cabernet Sauvignon; CS/SY, Cabernet Sauvignon/Syrah; Fl, flavor; Od, odor; PR, Cabernet Sauvignon/Syrah/
Alicante Bouschet/Touriga Nacional/ Aragonês; RC, Ruby Cabernet; RES, Cabernet Sauvignon/Syrah/Alicante Bouschet; SY, Syrah; TP,
Tempranillo; TN, Touriga Nacional
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with this characteristic. In addition, according to the TP-DA panel

results, all wines were evaluated as “limpid.” This may also has been a

consequence of a poor understanding of the presented terms or attri-

bute dumping, as described in the Section 3.1.2.

3.2 | Comparison of methodologies

3.2.1 | Attribute ranges and citation frequencies

In general, the TP-DA and ST-CATA methodologies presented a

higher normalized maximum range (Table 3), which represents a

greater differentiation between samples, allowing for a better discrim-

ination of attributes than the C-CATA methodology.

According to the TP-DA results, high-intensity differences among

samples were found in all evaluated sensory classes. Specifically,

17 out of the 24 significant attributes had a normalized maximum

range very close to or greater than 30%, and the largest one was

“color intensity,”, with a 75.2% normalized maximum range.

Examining the results of attributes within the sensory methods, a

smaller range of differences, very close or less than 20%, existed

between ST-CATA and C-CATA for three aroma attributes: “fresh
fruit aroma,” “dried fruit aroma,” and “vinegary aroma” and three fla-

vor attributes: “alcoholic flavor,” “fresh fruit flavor,” and “body

TABLE 3 Normalized maximum
range of differences between samples (%)
and citation frequencies (%) for
significant attributes in at least one of
the three methodologies

Attributes

Normalized maximum range (%)a Citation frequency (%)a

TP-DAb ST-CATAb C-CATAb ST-CATAb C-CATAb

Color 16.2

Reddish colorc 60.0 15.0 68.9 74.6

Purplish colorc 26.7 18.0 8.9 25.1

Color intensity 75.2

Limpidity 2.9

Clearc 40.0 30.0 75.2 60.9

Wine legs 35.4

Fresh fruit aroma 40.3 23.3 22.0 30.0 30.4

Fruit jam aroma 32.8 53.3 22.0 40.7 30.7

Dried fruit aroma 29.7 13.3 15.0 21.1 26.4

Spice aroma 29.8 43.3 15.0 34.1 24.4

Floral aroma 34.0 56.7 14.0 31.5 22.6

Empireumatic aroma 42.3

Smoked aromac 36.7 29.0 19.3 18.9

Alcoholic odor 16.9 43.3 27.0 49.6 41.8

Oxidized odor 0.6

Vinegary odorc 20.0 20.0 24.4 19.9

Aroma persistence 48.3

Sweet taste 6.1 36.7 20.0 26.3 17.6

Sour taste 34.0 76.7 17.0 41.8 48.8

Bitter taste 37.4 30.0 11.0 41.8 36.2

Astringent taste 31.0 56.7 16.0 50.0 52.9

Alcoholic flavor 36.7 20.0 19.0 50.4 49.8

Fresh fruit flavor 15.3 13.3 14.0 18.5 17.6

Fruit jam flavor 34.7 23.3 15.0 17.8 10.6

Dried fruit flavor 21.1 33.3 14.0 17.4 22.6

Pungent flavor 49.2 26.7 13.0 27.4 25.2

Woody flavor 23.3 23.3 17.0 43.3 37.1

Body sensation 44.2 23.3 20.0 24.1 30.4

Flavor persistence 45.0 36.7 16.0 37.0 44.4

aCalculated according Alexi et al. (2018).
bTP-DA: trained panel—descriptive analysis; ST-CATA: semi-trained panel—check-all-that-apply; C-CATA:

consumer—check-all-that-apply.
cAlternative attribute used in CATA questionnaire as replacement of color, limpidity, empireumatic aroma

and oxidized odor.
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sensation”). This fact corroborated the lower power of discrimination

of these methods since most of the mentioned attributes did not pre-

sent significant differences (Table S2).

On the other hand, a large normalized maximum range difference

for the attributes “limpidity,” a non-significant attribute, and “clear”
(p < .05) was found between TP-DA and the other methodologies,

reinforcing the fact that consumers and semi-trained panelists may

have often misunderstood some attributes (cf. Section 3.1.3.). Simi-

larly, the attributes “alcoholic odor,” “sweet taste,” “sour taste,” and

“astringent taste,” which could be translated into possible wine

defects, were found to be highly discriminant (p < .01) and had a much

higher normalized maximum range in ST-CATA than in the other

methodologies, which can be interpreted as a side effect of quick

training and an inability to specify intensities.

Regarding attribute citation frequency for ST-CATA, most attri-

butes showed a similar (± 5%) or a higher frequency than those of C-

CATA; specifically, 7 of the 12 significant attributes from all categories

increased up to 15% (Table 3; Table S2).

3.2.2 | RV coefficient and MFA

The first two factors of MFA explained 33.4 and 19.7% of experimen-

tal variance, respectively (Figure 2a). Analyzing Figure 2a and, in

accordance with Table 4, it was not possible to identify a clear rela-

tionship among methodologies when MFA was carried out with all

wines, but it seemed that, despite the low RV coefficient (.583), the

greatest similarity was found between ST-CATA and C-CATA.

However, a strong connection between wines of the same

class (cf. Figure 1a), young and aged, was observed, so further

investigation was conducted by carrying out MFA separately for

each wine class.
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F IGURE 2 Multiple factor analysis map with partial points from different methods (●) and consensus points (■) of all wines (a), young wines
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The separated MFAs made it possible to determine more distinct

relations between methodologies. The TP-DA and ST-CATA method-

ologies provided a higher discrimination capacity than that of C-CATA

and similar sample configurations (cf. Figure 1a,b). As shown in

Table 4, the RV coefficient also indicated a higher degree of similarity

of configurations between these methodologies for aged wines. As

occurred with all wines, there was also good similarity between ST-

and C-CATA for aged wines; although this result was not significant, it

presented an important trend. For young wine samples, non-

significant and low similarities were found, but the same behavior was

found with high RV coefficients between TP-DA and ST-CATA and

ST-CATA, and C-CATA.

The variance explained by MFA for young wines (Figure 2b) was

32.53 and 28.73% for F1 and F2, respectively. For aged wine samples

(Figure 2c), a higher explained variance was obtained, with the first

two dimensions accounting for 90.28% of the variance. In 7 out of

9 samples, the characterization profile of samples by the ST-CATA

methodology was more similar to that obtained by the TP-DA meth-

odology than to that obtained by the C-CATA methodology

(Figure 2b,c).

4 | DISCUSSION

Over the last decade, interest in rapid and simple methodologies has

largely increased, and one of the central dogmas of sensory evaluation

has been successfully challenged. Now, it is generally accepted that

analytical tests can be conducted with consumers who have been

proven to be capable of providing accurate and reliable information

(Ares & Varela, 2017b). However, most studies that provided good

results applying these innovative methodologies have dealt with prod-

ucts that are part of people's daily consumption, such as juices, meat

or dairy products (Alexi et al., 2018; Bruzzone et al., 2015; Jaeger

et al., 2020; Lima, Ares, & Deliza, 2019).

For tropical red wines, the results of this study agree with previ-

ous conclusions that the utilization of CATA, shows similar results in

comparison with those of trained assessors or semi-trained assessors

(Alexi et al., 2018; Antúnez, Vidal, de Saldamando, Giménez, &

Ares, 2017; Ares et al., 2015; Bruzzone et al., 2015). However, the

results obtained show that despite the similarity of the methods, con-

sumers and semi-trained panelists seemed to have greater difficulty in

perceiving technical attributes and had a propensity to evaluate sam-

ples in generalist way.

Previous studies warn that the main quality of the CATA ques-

tionnaire, its binary system, may not allow for a direct measurement

of the intensity of the evaluated sensory attributes and could hinder

detailed sample descriptions and discrimination (Ares et al., 2015;

Reinbach, Giacalone, Ribeiro, Bredie, & Frøst, 2014).

Comparing the methodologies applied for the analysis of red

wine, the trained assessor data showed a greater level of detail in the

description and discrimination of the samples than the semi-trained or

consumer assessor data, a fact that could be due to the long period of

training, which allowed for a better identification of sample differ-

ences (Ares et al., 2015). Even using a more favorable experimental

design to C-CATA assessors to minimize the effects of sensory fatigue

caused by alcoholic beverages and to provide a possible balance of

performance for this untrained group, they showed the lowest power

of description and discrimination of the samples.

However, an improvement of 30% (9–12 attributes) in the

descriptive power of the samples was achieved by implementing a

quick sensory training to consumers who also had some experience

with the CATA method and with the evaluated wines, allowing as well

for a reduction of 70% in the size of the panel (cf. Table 2). Similar

results were previously observed by Alexi et al. (2018), who showed a

great improvement in sample configuration when applying a semi-

training course to consumers.

Despite the short training, it was possible to observe a quantita-

tive and qualitative improvement in the perception and use of the

attributes by semi-trained panelists when compared to the con-

sumers. In addition to the discrimination of samples by color hues

(reddish and purplish), there was a separate perception of other tech-

nical sensations, such as acidity, astringency (commonly mistaken for

bitterness) and nuanced aromas, such as floral and spiced (Table S2).

The results also showed a possible lack of understanding or attri-

bute dumping of the sensory terms applied in the C-CATA and ST-

CATA, showing that even with glossaries for all evaluated terms, the

language used should be simple and as close as possible to the daily

consumption experience in real life (Ares & Varela, 2017a; Fiszman,

Salgado, Orrego, & Ares, 2015).

The normalized maximum range is a quantitative measurement

that allowed for us to identify whether different methods provide the

same range of difference for an attribute between samples; in other

TABLE 4 RV coefficient between sample configurations for the first two dimensions of multiple factor analysis for trained assessor, semi-
trained or consumer panelist data

TP-DAa versus ST-CATAa TP-DAa versus C-CATAa ST-CATAa versus. C-CATAa

All wines 0.214ns 0.062ns 0.583*

Young winesb 0.411ns 0.309ns 0.401ns

Aged winesc 0.954*** 0.586ns 0.723ns

Note: ns, non-significant; *p < .05; ***p < .001.
aTP-DA: trained panel—descriptive analysis; ST-CATA: semi-trained panel—check-all-that-apply; C-CATA: consumer—check-all-that-apply.
bWines without maturation: CS, CS/SY, SY, TP, and RC (cf. Table 1).
cWines with maturation in French oak barrels: AB, TN, RES, and PR (cf. Table 1).
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words, it can explain the discrimination power across methods (Alexi

et al., 2018). In this context, the low index found for the C-CATA

methodology (Table 3) corroborated Hough (2017) by indicating that

a lack of training can lead to inconsistencies in the data, resulting in

low sample discrimination.

The training- and experience-related improvement in perfor-

mance could also be seen by a higher total citation frequency of an

attribute in the ST-CATA methodology than in the C-CATA. Previous

studies have reported that there appears to be a positive linear rela-

tionship between attribute intensity and the attribute citation fre-

quency (Ares et al., 2015; Vidal, Ares, Hedderley, Meyners, &

Jaeger, 2018); however, among the 14 sensorial attributes with an

increase in citation frequency (Table 3), only seven presented signifi-

cant differences (Table S2), showing that despite perceiving a more

intense stimulus, it was not enough to discriminate samples.

Significant RV coefficients between sample configurations ranged

between .583 and .954 (Table 4), and similar values have been previ-

ously shown as indicators of good agreement between sample config-

urations for products with subtle differences, such as white wine,

coffee, and beer (Ares et al., 2015; Chollet, Lelièvre, Abdi, &

Valentin, 2011; Moussaoui & Varela, 2010).

Comparing the two wine classifications, a higher RV coefficient for

aged wines than for young wines was obtained between all methods

(Table 4), possibly meaning easier identification of aged wine sensory char-

acteristics in all methodologies since aged wines represent well-defined

samples with greater sensory stability. As presented in Figure 2, higher

configurational similarity was obtained between TP-DA and ST-CATA than

between TP-DA and C-CATA, mainly for aged wine samples. This

improved sensory explanation corroborates the data found by the RV

coefficient (0.95), showing a greater discrimination of samples.

A correlation of almost 70% (Scott, Grygorczyk, Gilbert, &

Duizer, 2017) was also obtained during the comparison of ST-CATA

and C-CATA for aged wines. Despite training period or greater experi-

ence with analytical methods, the consumers tended to evaluate the

samples similarly when supported by appropriate methodologies. Sim-

ilar results were obtained by Ares et al. (2015) when comparing white

wine elicitation between trained panelists and consumers and by

Antúnez et al. (2017) when analyzing consumer-based methods in

orange juice evaluation. Moreover, the improved RV coefficient was

found to be non-significant since it presented only a trend.

The relatively low and non-significant correlations found between

the methods for young wines may reflect the difficulty of sample eval-

uation since these wines present a more dynamic transformation pat-

tern and less stability than aged wines. Furthermore, this fact could be

related to the evaluation of samples with small differences (Ares

et al., 2015; Oppermann, de Graaf, Scholten, Stieger, & Piqueras-

Fiszman, 2017).

Taking into account differences and similarities obtained among

the methodologies, the complementarity of trained assessor and con-

sumer panels should be stressed, and both types of assessors can pro-

vide valid and reliable information in different application fields, such

as identification of factors influencing preference, prediction of pur-

chase behavior or quality control (Ares & Varela, 2017b).

5 | CONCLUSIONS

Training with physical references, even when short and simple, as well as

previous experience with the method and products, who had the ST-

CATA assessors, had a positive effect on the discrimination and characteri-

zation of tropical wine samples, increasing the citation frequency of CATA

questionnaire attributes and enhancing the normalized attribute range,

which meant a greater sensory ability when compared to that of untrained

consumers. Although we agree that when accurate and technical results

are required, rapid methods, such as CATA questionnaires, should not be

regarded as a replacement of DA with trained assessors.

CATA questionnaires completed by using consumers, due mainly

to lack of training and the binary response format, hinder discrimina-

tion between samples when attribute intensities are relatively low.

Some misunderstandings related to technical terms, such as the

dumping effect, were also observed in both consumers and semi-

trained panelists, suggesting that for better results, a general and less

technical vocabulary should be applied.

In general, the semi-trained CATA questionnaire is a valuable tool

regarding specific and well-tailored wine training when a trained panel

cannot be sustained or time- and cost-efficient sensory profiling is

needed; moreover, more similarities than differences were obtained in

the ST-CATA methodology in this study.
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