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ABSTRACT 

When it comes to the sensory analysis of specialty coffees, it is necessary to discuss the 

protocol of tests of the Specialty Coffee Association (SCA) and the formation of Q-

Graders as reliable parameters in the sensory analysis. However, the training of these Q-

Graders and the use of the SCA protocol has generated discussions in the scientific 

community and demonstrated the importance of talking about the level of professional 

precision as well as the use of the protocol. This study sought to understand the relation 

of accuracy and efficiency of the Q-graders and protocol in the sensory analysis of 

coffees. Three experiments were carried out to evaluate and test the hypotheses 

regarding the level of precision in relation to the shift, the number of samples and the 

judgment abilities of Q-Graders due to the quality of the specialty coffee and non-

specialty coffee. These three experiments were performed by seven Q-Graders in an 

isolated environment during three consecutive days with 137 specialty coffee samples 

and 7 non-specialty coffee samples as defined by the SCA. The results indicate that the 

Q-Graders present high precision when evaluating excellent and outstanding coffees, as 

defined by the SCA. In addition, the effect of the shift did not exert fatigue on the Q-

Graders. However, evaluation errors were made by the Q-Graders on very good coffee 

(77.00 – 80.00 points), which are considered as non-specialty by the SCA, thus allowing 

a more in-depth discussion on what would be the boundary between a specialty and 

non-specialty coffee. 

Keywords: Q-Graders, Accuracy, SCA protocol, Sensory Aspects, Foods and Coffea 

arabica L. 

Practical Applications 
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The article deals with the sensory evaluation process of coffees, and it has great 

importance to teaching and research institutions in Brazil, the largest producer, largest 

exporter and the country with the highest concentration of coffee scholars in the world. 

The article focuses on a new approach and a new way of looking at the sensory 

evaluation process of coffees, using the methodology of the Specialty Coffee 

Association to analyze the accuracy and efficiency of the Q-graders. 

 

1. Introduction 

 

Sensory analysis is a complex process because it is based on human perceptions, 

which means it is highly subjective and dependent on trained Q-Graders. According to 

Civille & Oftedal (2012), sensory evaluation concerns the human response to physical 

stimuli, since the sensory process can be simplified as follows: a stimulus (for example: 

food) reaches the mouth, at which point sensory signals are generated, integrated and 

sent to the brain. Thus, we have the complexity of the sensory analysis technique. 

This process has developed over the last few years as a laboratory technology. 

The protocols describe minimal or ideal test conditions for sensory evaluation. These 

conditions generally maximize the control of sensory phenomena and minimize the 

intrusion of uncontrolled "other variables" in the environments where the analyses are 

employed. However, standardization has never reached high levels, and the details of 

how each laboratory and how they perform sensory work is not well documented 

(Meiselmun, 1993). 

Recently, Pereira et al. ( 2017) discussed the relation of the environment 

(conversation / shift) on the sensory analysis process of specialty coffees, concluding 

that the level of precision of Q-Graders decreases the more disturbances (talk and noise) 
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there are during sensory analysis. For Amorim et al. (2010) the consonance among the 

evaluators on the use of the attributes of the same sample is an essential characteristic in 

the process of sensory analysis.  

Several authors (Alvarado & Linnemann, 2010; Bhumiratana, Adhikari, & 

Chambers, 2011; Bosselmann et al., 2009; Cook, Hollowood, Linforth, & Taylor, 2005; 

Evangelista et al., 2014; Parnaiba, Ferreira, & Morais, 2009; Pereira, Chalfoun, 

Carvalho, & Savian, 2010; Ribeiro, Leitão, Ramalho, & Lidon, 2014) use sensory 

analysis to validate coffee quality. However, these authors do not discuss aspects 

inherent to calibration, precision, shift and sorting of the samples for analysis, nor the 

consistency in the use of the SCA test protocol. 

For Dzung & Dzuan (2010), one of the main problems in using experts for 

sensory evaluation is that the qualification of "expert" (Q-Graders) is not well defined. 

According to ISO 856-2 (1994), experience is not the only main criterion of a specialist; 

they must be trained and have high sensory sensitivity. This fact is also verified by 

Chambers et al. (2004), because the authors believe that training time contributes to the 

level of Q-Graders’ accuracy. This reinforces the need for Q-Graders to be highly 

trained and experienced in the sensory field because Q-Graders, by definition, are 

trained and tested for sensory sensitivity, unlike experts from other industries. 

What is the limit of this sensory sensitivity? According to Alvarado & 

Linnemann (2010), the "taster" is a judge who performs the sensory evaluation. They 

are in charge of determining the final quality of the coffee, according to their 

perceptions. Consequently, they interfere on the price of the product with their personal 

opinion, accumulating tasting experiences over the years (Feria-Morales, 2002). 

Due to the level of complexity and subjectivity in the sensory analysis process, 

there has been little discussion in the literature regarding the limit of samples that a Q-
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grader can evaluate, and how the judgment capacity of these professionals decreases as 

a function of the use of the technique in daily life. 

Therefore, this study was based on two hypotheses, these being inherent to the 

loss of accuracy of the Q-Graders
1
 during the sensory analysis, as a function of the 

"shifts" (schedules) and their judgment abilities due to the quality of the specialty and 

non-specialty coffees
2
. The specialty coffees are divided into excellent and outstanding, 

and the non-specialty coffees
3
 as very good. 

The aim of this study was to discuss the intrinsic relations of the use of the 

Specialty Coffee Association (SCA) protocol. This is a new adaptation of the process 

that uses this tool, seeking to reduce subjectivity, aiming to increase the level of 

accuracy of the Sensory analysis using Q-Graders. 

 

2. Materials and Methods 

 

2.1 Selection of Samples 

Three experiments were carried out with coffees varying between 77 and 87 

points, for three consecutive days with two tables per shift (morning and afternoon). 

Twelve coffee samples were arranged on each of the tables, a total of 48 coffee samples 

per day of work, respecting the normal practice in coffee tasting rooms around the 

world. 

                                                 
1
 The Q Coffee System identifies quality coffees and brings them to market through a credible 

and verifiable system. A common standard for both Q Arabica Coffee, (Specialty Grade) and Q Robusta 

Coffee (Fine Robusta Grade) have resulted in a universally shared language and standard top-scoring lots. 

2
 According to the Specialty Coffee Association (SCA), coffee which scores 80 points or above 

on a 100-point scale is graded as a specialty coffee. Specialty coffees come from the most exceptional 

quality beans harvested from the best of the world’s Coffea arabica crops, roasted and brewed to enhance 

their flavor potential. 

3
 The Specialty Coffee Association (SCA) defines coffees that do not reach 80 points as non-

specialty coffees. However, this definition is not entirely clear and is debated. (SCA, 2018). 
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All samples were selected by a Q-Grader with more than 10 years of experience 

in sensory analysis (Head-Judge of international competitions), 15 days before the 

study. 

The role of the Head-Judge is to organize and control the flow of analysis during 

the coffee tastings, and their grade was not computed for experiments. In the case of the 

present study, this Head-Judge only worked on the previous selection of the samples 

used. This process was adapted from the methodology of the Cup of Excellence 

Program of the Alliance for Coffee Excellence (2017). The selected coffees belong to 

producers that were awarded in the Cup of Excellence, that is, they come from a sample 

bank based on the sensory history of an international contest. The Head-Judge 

performed the screening based on the norms for the definition of sensory standards 

indicated by the Coffee Quality Institute, since he is trained as a Q-Grader. 

A panel of three professionals trained in food engineering, who are experienced 

in the process of sensory analysis, prepared the sensory analysis samples. The 

professionals formulated the distribution of the samples, and had no contact with the Q-

Graders, only with the Head-Judge. 

The samples used in the present study belong to the sample database of the 

Laboratory of Analysis and Research in Coffee of the Federal Institute of Espírito 

Santo. All samples used are from the 2016/2017 harvest and were processed by the wet 

process method. The materials were harvested in regions that have been awarded with 

the Cup of Excellence. The coffees were selected among the 34 properties that make up 

the study laboratory group. In addition; the resources were financed through public 

sponsorship 469058/2014-5 of the National Council of Research and Development 

(CNPq), n. 17/2014. 
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The quality scale of the SCA (2013) was adopted to define the coffee standards.  

The scale it follows is: 70.25 to 79.75, very good coffee; 80.00 to 89.75, excellent 

coffee; and above 90.00, outstanding coffee. Although the SCA Quality Scale sets a 

coffee with averages of 70.25 to 79.75 as very good coffee, that same coffee is not 

framed as special. This practice is adopted in the quality contests of the Cup of 

Excellence program promoted by the Alliance for Coffee Excellence, where coffees 

with grades below 80 points may not appear as special. For this study, only the SCA 

protocol was adopted, standardizing the routine of cupping taste.  

2.2 Preparation of samples: 

For the sensory evaluation, coffee samples were prepared in the coffee sensory 

analysis laboratory (LAPC) of the Federal Institute of Espírito Santo, city of Venda 

Nova do Imigrante, Brazil, following the methodology of the Specialty Coffee 

Association (SCA). The coffee samples roasting processes were carried out using the 

Laborato TGP2 roaster and monitored with Agtron-SCA disk array. The roasting point 

of the samples was between the colors of discs # 65 and # 55 (SCA, 2013). 

The roasting process was carried out 24 hours in advance (on each day of 

experiment) and the grinding respected the time of 8 hours of rest after the 24 hours of 

roasting. The samples were roasted according to the roasting routine established by the 

LAPC, with initial temperature of 150 °C (setpoint). The temperature was raised with an 

increase of 5 °C per minute until reaching 200 °C. The samples were cooled for 1 

minute; after that, the air flow cycle remained constant at 50% of the total capacity of 

the Laboratto TGP2 roaster.  All samples were roasted for 9 to 11 minutes and, after 

roasting and cooling, the samples remained sealed, according to the methodology 

established by the SCA. The coffee evaluation followed the SCA protocol. 
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The coffee samples were ground with a Bunn G3 electric grinder, with medium 

grain size. Each sample had 5 cups, and 8.25 grams of ground coffee was used in 150 

ml of water, according to the midpoint of the optimal balance graph for the Golden Cup 

(SCA, 2013).  

The infusion point of water occurred after the water reached 92-95 °C. The fresh 

water used for the sensory analysis of the coffees in both experiments was in accordance 

with the resolution by CONAMA n. 357/2005, which deals with the classification of 

water bodies. The Q-graders started the evaluations when the cup temperature reached 

55 ºC, respecting the time of 4 minutes for the tasting after the infusion (SCA, 2013). 

 

2.3 The Sensory Analysis Environment 

Seven Q-Graders performed the sensory analysis. This number was chosen 

considering the minimum quantity of 6 Q-Graders proposed by Pereira et al. (2017). 

The experiments were carried out in an isolated environment during three 

consecutive days with 137 specialty coffee samples, as defined by SCA, and 7 samples 

of non-specialty coffee, to evaluate and test the hypotheses. 

Two identical samples (same sample) were arranged randomly at each test table. 

The test tables were organized with two samples repeated during the morning shift and 

two samples repeated during the afternoon shift. This organization of the experiment 

was used to evaluate the level of precision of the Q-Graders in relation to the samples of 

the three experiments. 

The sample distribution during the three days of experiments is shown in Figure 

1, in a simplified way. All samples were randomized after each session to prevent the 

Q-Graders from perceiving any repetition of the coffees. 
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First experiment: Two sessions of sensory analysis were prepared with 10 

coffees with scores ranging from 85.00 to 89.00 points, and two samples with a score of 

87.00 points were inserted by the Head-Judge as a repeated sample (same sample). In 

total, 24 samples were evaluated in the morning shift. The same procedure was followed 

in the afternoon shift. 

Second experiment: Two sessions of sensory analysis were prepared with 10 

coffees with scores ranging from 80.00 to 84.00 points, and two samples with a score of 

82.00 points were inserted by the Head-Judge as repeated sample (same sample). In 

total, 24 samples were evaluated in the morning shift. The same procedure was followed 

in the afternoon shift. 

Third experiment: Two sessions of sensory analysis were prepared with 10 

coffees with scores ranging from 77.00 to 81.00 points, and two samples with a score of 

79.00 points were inserted by the Head-Judge as repeated samples (same sample). In 

total, 24 samples were evaluated in the morning shift; the same procedure was followed 

in the afternoon shift. 

During the three days of the experiment, the Q-Graders were not allowed to 

discuss their coffees grades during the process of sensory analysis. At the end of each 

shift, they were taken to a room to discuss their scores on the protocol. Q-Graders could 

not change the score after the discussion. 

The tasting morning shift was considered from 8:00 a.m. to 12:00 p.m., with an 

interval of 1:30 hours (one hour and thirty minutes) for lunch, and the afternoon shift, 

from 1:30 p.m. to 5:30 p.m., totaling 8 hours of work per day.  

During the sensory analysis sessions, the Q-Graders were allowed to ingest fruits 

such as papaya, banana, grape and strawberry, whole-grain bread, biscuit and water 
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biscuit, to regenerate their senses during the sensory analysis process. This was done 

according to the routine adopted by the Cup of Excellence program. 

The experiment had an external team to prepare the samples, coding and 

randomization, and assembly of the coffee tables during the studies. The Q-Graders 

were only responsible for the sensory analysis. 

 

2.4 Experimentation and Statistical Analysis 

The three experiments were conducted with stratified coffee samples of the 

following quality: very good coffee (70.25 to 79.75 points), excellent coffee (80.00 to 

89.75 points) and outstanding coffee, with score above 90.00 points. They were 

conducted with the following objectives: 

First, to verify if there was consistency in the Q-Graders' scores in relation to the 

quality of the coffees tested in the two samples (repeated sample), both in the morning 

shift and in the afternoon shift. The t-test was used in the comparison of two averages of 

two samples; 

Second, to verify if there was consistency in the Q-Graders' scores regarding the 

quality of the coffees tested in the two samples (repeated sample) between the morning 

shift (before) and the afternoon shift (after), using the paired t-test in the comparison 

between averages before (morning) and after (afternoon); and 

Third: to evaluate if there was consistency in the Q-Graders' scores regarding the 

quality of the coffees tested in the two samples (repeated sample), in the morning and 

afternoon shifts and between the two shifts. Grouping analysis was used to verify if 

there was homogeneity within each group of Q-Graders and heterogeneity between 

them. 
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The averages of the characteristics of the two samples evaluated in the morning 

and in the afternoon were compared using the t-test at 5% probability. In the 

comparison of the averages in the morning shift and afternoon shift, the paired t-test 

was used at 5% probability. 

In the evaluation of the similarity between the Q-Graders, the matrix was 

elaborated with the averages of the variables and, later, dendrograms were constructed 

using the Euclidean Mean distance to measure the consistencies between two points and 

the hierarchical group of complete bonding. The software SPSS version 19 was used for 

the statistical analysis. 

 

 

3. Results 

 

The results obtained in the three experiments of the three consecutive days are 

presented below. To summarize and facilitate the discussion, the data are presented per 

experiment. After that, the experiment is discussed, followed by a general discussion of 

the study. 

 

3.1 First day of experiments, analysis and discussion 

The Q-Graders evaluated the coffee sample with an 87-point score (according to 

the Head-Judge) and their repetitions (same sample) on the first day, in the morning 

shift and in the afternoon shift (without interaction between shifts). The results of this 

sensory analysis are presented in Table 1. 

The results of the paired t-test of the first day, morning and afternoon shifts, with 

analysis of the tasting environment, are shown in Table 2. Table 3 shows the 
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contribution of the variables to the dendrogram formation of the Fig. 2, which shows the 

results of the Q-Graders’ sensory analysis on the first day. Fig. 3 shows the dendrogram 

between all the shifts based on the paired t-test. The first experiment ends with Table 4, 

with the relative contribution of the variables to the construction of this dendrogram 

(Fig. 3).  

Based on the first hypothesis presented in the study, the sensory analysis results 

on the first day indicate that the Q-Graders are accurate when evaluating specialty 

coffees, since the results did not present statistical difference between the sensory 

analysis of the repeated samples (same sample) in the morning shift and the afternoon 

shift. The results for comparation between the shifts (morning and afternoon) also did 

not shows statistical difference. 

Table 3 shows the contribution of the variables that formed the dendrograms. 

Relevant cues are observed in the formation of the Q-graders' set of decisions, based on 

the morning results for the two repeated samples (same sample). The attributes balance, 

acidity and overall are the most impacting among the attributes. In the repeated sample 

the attributes change to fragrance, aftertaste and balance. In this case a reversal of 

position in the order of preference is noted. This indicative may be related to the 

gustatory sensitivity of the Q-Graders. In the afternoon, the most outstanding attributes 

were fragrance, aftertaste and overall, and in the second sample a change in the 

preference for acidity and balance, with overall remaining. These indicators show how 

the decision to describe a coffee is complex and subject to change. Although the final 

result is not altered, the perceptions and decisions about which variables most affect the 

scores are complex, indicating that any change in coffee composition can be decisive for 

a high, medium or low grade. 
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The results of the first day diverge from the data of Scholz et al. (2013), where 

the authors consider that qualitative evaluations are insufficient, since these Q-Graders 

need a long time to prepare and train to reach a level of agreement between them. The 

data for the first day indicates consistency in the methodology proposed in the Q-

Graders training program considering that the Q-Graders training program is relatively 

short. This result confirms the effectiveness of the training and demonstrates the Q-

Graders’ ability to distinguish a coffee set with excellence by the SCA protocol, based 

on Q-Grader formation. 

The mean tests indicate that the Q-Graders presented accuracy between the 

analysis of the repeated samples and between the shifts. However, when analyzing the 

results of Fig. 2 and 3, we note a variation of terminology of the scores between Q-

Graders. These results indicate that the scores between Q-Graders are susceptible to 

oscillations, as long as the central axis of the scores does not deviate from the group, as 

observed in the statistical tests; this probably shows the preference of each Q-Grader in 

relation to the coffee that is being analyzed. These results resemble those results of 

Chollet & Valentin (2001). In that study, trained and untrained beer tasters had the same 

accuracy, varying only in terminology. 

The variables that contributed the most to the construction of dendrograms also 

oscillated between six variables in the repeated sample and seven variables between the 

shifts. These results should be better analyzed regarding the number of attributes needed 

to compose the score of a special coffee, and the need for so many attributes to evaluate 

a coffee is not proven in the literature. 

This observation about the variables of a sensory protocol has a logical basis, 

according to Sáenz-Navajas et al. (2010), in the case of wine, imbalances created by 

excessive acidity, astringency and aftertaste, are often the first notes of deficiency of an 
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evaluation. This occurs because gustatory sensations are critical to the perception of the 

quality of beverages such as wine and coffee. In this way, it is difficult to estimate the 

limit of acidity, intensity of flavor, sweetness and body that each Q-Grader understands 

as a desirable attribute in a sample. These oscillations are amenable to the nature of the 

taster in function of his sensory experience. 

In the case of coffee, the results of the variables that contribute to the formation 

of the dendrogram indicate how these variables are fundamental in the formation of the 

clusters. 

 

3.2 Second day of experiments, analysis and discussion 

The results of the second day (experiment 2) with repetition of samples with a 

score of 81.5 points (according to the Head-Judge) are presented in Tables 5 - 8 and Fig. 

4 and 5. 

The results observed in Tables 5 and 6 do not present statistical differences 

between the means of the two samples, indicating that on the second day of analysis, the 

Q-Graders maintained the level of accuracy. 

These data diverge from the results found by Amorim et al. (2010), where the 

authors used simulations and Pearson's correlations to measure the consistency of tasters 

in a quality contest. From the authors’ perspective, the tasters were expected to have 

high consistency because they carry out frequent analyses and accumulate experience. 

However, the results do not discuss the adjustments and sensitivities observed between 

the attributes of the protocol and how these attributes are interpreted by the Q-Graders. 

When the results of Tables 5 and 6 and Fig. 4 and 5 are observed, the 

consistency of the Q-Graders is verified, and again, the results show that the Q-Graders 

transit in groups of different sensory preferences. In other words, even with oscillations 
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between groups, the Q-Graders arrive at an optimum result. This is another indicator 

that the error may be in the excess of protocol variables, or even on the definition of 

what the attributes represent for a Q-Grader when he evaluates a coffee, and not on the 

Q-Graders’ sensory analysis. The dendrograms show (Fig. 4 and 5) that the 

contributions of the variables is taken into account, according to Tables 7 and 8, 

indicating that the attributes oscillate in their weight in the construction of the presented 

model. 

These oscillations reinforce that the results of food preference, as any human 

behavior, is complex, and can be influenced by different factors. Whenever a food is 

presented for consumption, the consumer has expectations about what the sensory 

qualities of the item may present and perceptions are influenced by factors external to 

the product (Geel et al. 2005). 

In the same way, Q-Graders can base their choice among the best coffees, based 

on the quality history they practice in their daily lives, to serve different markets, 

customers and types of coffees. This can be a determining factor for the Q-Grader’s 

decision at the time of the sensory analysis. As well as the perception of taste, as this 

results from the stimulation of the taste cells that make up the palate. These compounds 

correspond to sensations of ―sour‖ (hydrogen ion concentration), ―salty‖ (salt ions), 

―sweet‖ (organic compounds) and ―bitter‖ (various types of compounds, including 

alkaloids and glycosides). Umami accreditation has been introduced as one of the basic 

taste categories along with sweet, sour, bitter and salty (Fuke & Shimizu, 1993; Jinap et 

al., 2010; Temussi, 2009). The differentiation by taste of individual foods is based, to a 

certain extent, on the balance between these five aspects, along with the contribution of 

smell (Mccorkindale & Mccorkindale, 2000).  
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In this way, the construction of the dendrograms is more than evident and 

explained, since the Q-Graders have their own evaluations, interpretations and 

perceptions. Such factors will be affected by the palate and by smell. Consequently, 

such changes in the organization of sensory groups are plausible, depending on the 

individual perceptions of each Q-grader. 

 

3.3 Third day of experiments, analysis and discussion 

The results of the third experiment are presented in Tables 9 - 12 and Fig. 6 and 

7. 

The results described in Table 9, referring to the coffee sample evaluated by the 

Q-Graders in the morning and afternoon shifts, did not present statistical difference 

according to the t-test. However, when the morning and afternoon shift effect was 

evaluated (Table 10), the results present statistical differences among all attributes of 

the protocol. 

These results are directly related to the loss of precision when samples with 

lower quality coffees were evaluated, because in the samples with superior quality, no 

such differences were found. The results give us two new questions: Is there an effect of 

the turn? Could the accuracy have been reduced as a function of the level of the samples 

being very close to the cut-off score of the protocol (the limit recommended by the SCA 

protocol for specialty coffees currently is above 80 points)? 

The observations collected with the data from the last experiment show a 

relevant perspective from the scientific point of view: the training and the formation of a 

Q-Grader must demonstrate that intermediate coffees require a lot of attention in the 

process of sensory analysis.  
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Inherent to these points, the results obtained by Pereira et al. (2017) indicated 

that in two days of experiments, sampling coffee in the morning and in the afternoon, 

the Q-Graders did not lose their accuracy either in the morning shift or in the afternoon 

shift. This reinforces that the shifts are not a problem in the sensory analysis of specialty 

coffees. However, the data on the third day shows another reality. The shift had a 

significant effect on the sensory analysis because the samples had lower marks in 

relation to the aromas and flavors. The Q-Graders may have evaluated the coffees with 

more haste, without maintaining the level of concentration due to the simplicity of the 

coffee attributes. This factor may be associated with fatigue in some Q-Graders. 

According to Ross (2009), while methods have been developed which allow 

dynamic measurement of texture and flavor, more research needs to be conducted in 

relating these methods to dynamic sensory methods, that analyze other parameters, such 

as fatigue and stress. On this aspect, consumption tests are typically limited in the 

number of products that can be evaluated in a day due to consumer fatigue because they 

are not trained to evaluate many samples Lawless & Heymann, (2010). Demonstrating 

how fatigue can affect the accuracy of Q-Graders when they are subjected to a large 

number of samples. 

4. Discussion 

Many scientific studies use sensory analysis based on the SCA protocol and 

certified Q-Graders from the Coffee Quality Institute (CQI), for quality validation. 

Consequently, the flaws left in the studies made room for the theoretical evolution of 

science and technology to make it possible to consider replacing sensory evaluation 

with instrumental analyses.  

However, so far, it was not possible to completely replace the sensory 

evaluation. The instruments may be sophisticated, sensory evaluation depends to a great 

extent on the practitioner's physiological and psychological characteristics (Zhang & 

Chen, 1997). This was evidenced by the presentation of the multivariate results, 
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indicating how the Q-Graders are sensitive and attentive to the small variations in the 

evaluation of the coffees. This is relevant if one has a high level of training for the 

correct use of the sensory analysis technique with the use of Q-Graders (Coulon-Leroy, 

Symoneaux, Lawrence, Mehinagic, & Maitre, 2017). 

On the first and second day of the study, the data indicated that the quality 

measured and perceived by Q-Graders did not present statistical difference between 

these professionals. According to Giacalone et al. ( 2016), taste preferences are learned 

mainly after repeated exposure. Q-Graders, when trained and familiar with a certain 

quality standard, will tend to the right ones. In this way, the coffees presented on the 

first and second day had more special, refined and exotic characteristics to the palate 

and this may have contributed to the increase in the precision and concentration of the 

sensory analysis. 

Unlike the third and final day of study, the quality of the coffees was lower at 

the limit of what the Specialty Coffee Association (SCA) considers to be specialty 

coffees. This double combination, fatigue and low quality of the coffees, was fatal to the 

loss of accuracy in the sensory analysis. 

In the study by Alvarado & Linnemann (2010), the authors found variations 

among the evaluators. The cupper results showed changes in four aspects: fragrance, 

aroma, body and acidity, as well as some changes in results due to the cuppers’ 

experience. However, the authors do not describe the relative effects of shift among 

other factors that should be more controlled. 

The results observed in all dendrograms are in part in agreement with the results 

presented by Alvarado & Linnemann (2010) since the changes that were observed and 

the contribution of each variable to the construction of the model undergo drastic 

changes as the analyses are performed. In other words, the sensibility of human sensory 
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organs and subjective judgment played a decisive role in the results. Besides this factor, 

it is necessary to emphasize that all dendrograms always form two groups of Q-Graders, 

both between the mirror samples and between the paired t-test.  

This indicates that sometimes there is a relative agreement and homogeneity 

between pairs, and at other times the Q-Graders invert groups. This finding confirms the 

subjectivity behind the sensory analysis, regarding individual choices and preferences. 

In another line of analysis, the work by DiDonfrancesco et al. (2013) describes that 

individual cuppers use different terms to describe the same coffee, indicating a certain 

inconsistency between the description of the coffee and the final quality given by the 

protocol. However, the study sought to address the relation between descriptive analysis 

and global analysis, making it clear that these divergences would be predictable. 

Describing the attributes of a product with so many volatile compounds cannot be easily 

standardized. Even so, sensory analysis has been a very important tool in the 

characterization of the different attributes of beverages in the coffee chain (Oliveira et 

al., 2013). 

If the coffees are in a range considered to be of poor quality, it is evidenced that 

the effect of the shift can interfere with the final result of the Q-Graders analysis, which 

is a great scientific contribution. Instead of transferring the error to the Q-Grader, could 

the error reside on the threshold of what may or may not be a special coffee? 

The results of the third day show the need for adaptations of the protocol for 

coffees below 80 points that do not present defects in the clean cup, sweetness and 

uniformity. Considering that none of the samples presented defects in these aspects, 

they were considered non-specialty coffees because of the coffee profile itself. The 

second perspective is related to the excess of variables in the protocol. The construction 

of the dendrograms evidences this, showing that the attributes ―clean cup‖, ―sweetness‖ 
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and ―uniformity‖ have no impact on the construction of the dendrograms. The other 

attributes present insignificant impact on the decision according to the data in Table 13. 

This study opens a perspective of creating a system of scores with weighted 

averages of the attributes with the aim of creating more distant classes between the 

coffees, and even propose a reduction in the excess of variables of the protocol of the 

SCA. 

 

5. Conclusion 

Q-Graders were efficient in the sensory analysis for the first and second 

experiments without any alteration between the attributes evaluated by the SCA 

protocol of sensory analysis. 

In the third experiment, the Q-Graders presented inconsistencies in their 

analysis, indicating that the lower quality of the coffees compromised the capacity of 

judgment in the sensory analysis. 

A new reformulation for sensory analysis in scientific studies should be carried 

out, adjusting the protocol and calibrating the  Q-Graders in order to maintain the 

accuracy of the method. 

The construction of the dendrograms indicated that, despite the constant changes 

and formations of groups of Q-Graders, the variations exist, but in function of the 

individual preferences of each Q-Grader at the moment when the sensory analysis is 

being carried out. 

The changes of groups between the Q-Graders evidenced how sensitive and 

complex the process of sensory analysis of specialty coffees is. This indicates that to 

achieve high levels of precision, the Q-Grader should keep the sensory variables used in 

the day to day in mind, so that errors are reduced throughout the process. 
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Table 1: Averages of the sensory variables evaluated in experiment 1 in the samples of 

the morning and afternoon shifts. 

        Sensory characteristics and standard deviation             Sensory characteristics and standard deviation 

Attributes 
Average ± SD (n=7 Q-Graders) (1) 

 Attributes 
Average ± SD (n=7 Q-Graders) (1) 

Sample 1 (Morning) Sample 2 (Morning) Sample 1 (Afternoon) Sample 2 (Afternoon) 

Fragrance 8.21 A / 0.2249 8.07 A / 0.2378 Fragrance 8.14 A / 0.1967 8.32 A /  0.2378 

Flavor 8.46 A / 0.2673 8.17 A / 0.3450 Flavor 8.32 A / 0.4261 8.21 A / 0.4190 

Aftertaster 8.25 A / 0.4564 7.92 A / 0.4725 Aftertaster 8.00 A / 0.4082 8.00 A / 0.2887 

Acidity 8.18 A / 0.2782 8.04 A / 0.3363 Acidity 8.04 A / 0.4190 8.29 A / 0.3037 

Body 8.04 A / 0.2673 7.96 A / 0.2673 Body 7.86 A / 0.4046 8.14 A / 0.2835 

Uniformity 10 10 Uniformity 10 10 

Balance 8.36 A / 0.5373 8.25 A / 0.5401 Balance 8.25 A / 0.5590 8.11 A / 0.3181 

Clean Cup 10 10 Clean Cup 10 10 

Sweetness 10 10 Sweetness 10 10 

Overall 8.54 A / 0.3660 8.25 A / 0.4564 Overall 8.29 A / 0.4190 8.29 A / 0.3660 

Global Score 88.04 A / 1.3650 86.68 A / 2.1199 Global Score 86.89 A / 1.4709 87.36 A / 1.1534 
 (1)

 The averages of the characters measured in the two samples followed by the same letter in the row do 

not differ according to the t test, at 5% probability. 

 

Table 2: Averages of the sensory variables of experiment 1 by paired T-test, in the 

morning and afternoon shifts. 

 Sensory characteristics and standard deviation 

 
Average ± SD (n=7 Q-Graders) (1) 

Before (Morning) After (Afternoon) 

Fragrance 8.14 A / 0.2344 8.23 A / 0.2292 

Flavor 8.32 A / 0.3315 8.27 A / 0.4098 

Aftertaster 8.09 A / 0.4764 8.00 A / 0.3397 

Acidity 8.11 A / 0.3056 8.16 A / 0.3748 

Body 8.00 A / 0.2594 8.00 A / 0.3669 

Uniformity 10,00 10,00 

Balance 8.30 A / 0.5205 8.18 A / 0.4432 

Clean Cup 10,00 10,00 

Sweetness 10,00 10,00 

Overall 8.39 A / 0.4242 8.29 A / 0.3780 

Global Score 87.36 A / 1.8520 87.13 A / 1.2925 
 (1)

 The averages of the before and after characters followed by the same letter in the line do not differ 

according to the t-test, at 5% probability. 
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Table 3: Contribution of the variables in the construction of the dendrograms of Fig. 2, 

in relation to experiment 1, under the variables evaluated in the morning and afternoon 

shifts. 

 Attributes 

Sample 1  

Morning  

Contribution 

 (%) 

 Attributes 

Sample 2 

Morning  

Contribution 

 (%) 

 Attributes 

Sample 1  

Afternoon 

Contribution 

(%) 

 Attributes 

Sample 2  

Afternoon 

Contribution  

(%) 

Global 

Score 
4.76 Global Score 

0.0 
Global Score 

14.3 
Global Score 

0.00 

Fragrance 9.52 Fragrance 28.6 Fragrance 19.0 Fragrance 9.52 

Flavor 9.52     Flavor 0.00 Flavor 0.00 Flavor 9.52 

Aftertaster 9.52 Aftertaster 14.3 Aftertaster 19.0 Aftertaster 4.76 

Acidity 19.0 Acidity 9.52 Acidity 9.52 Acidity 28.6 

Body 0.00 Body 4.76 Body 4.76 Body 9.52 

Balance  33.3 Balance 28.6 Balance 4.76 Balance 14.3 

Overall 14.3 Overall 14.3 Overall 28.6 Overall 23.8 

 

Table 4: Total contribution of the variables for dendrogram formation based on the 

results of the shifts, morning and afternoon for experiment 1. 

Attributes Contribution (%) Attributes Contribution (%) 

Global Score 0.00 Global Score 4.76 

Fragrance 23.8 Fragrance 0.00 

Flavor 14.3 Flavor 4.76 

Aftertaster 4.76 Aftertaster 23.8 

Acidity 19.0 Acidity 9.52 

Body 4.76 Body 14.3 

Balance 19.0 Balance 9.52 

Overall 
14.3 

Overall 
33.3 
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Table 5: Averages of the sensorial variables evaluated in experiment 2 in the samples 

of the morning and afternoon shifts. 

        Sensory characteristics and standard deviation             Sensory characteristics and standard deviation 

 Average ± SD (n=7 Q-Graders) (1)  Average ± SD (n=7 Q-Graders) (1) 

Attributes 
Sample 1 

(Morning) 

Sample 2 

(Morning) 
Attributes 

Sample 1 

(Afternoon) 

Sample 2 

(Afternoon) 

Fragrance 7.32 A / 0.4725 7.21 A / 0.3934 Fragrance 7.2143 A/ 0.3934 7.3929 A/ 0.3780 

Flavor 7.68 A / 0.4499 7.32 A / 0.4499 Flavor 7.4286 A/ 0.5537 7.2857 A/ 0.4190 
Aftertaster 7.36 A / 0.2835 7.00 A / 0.5401 Aftertaster 7.0000 A/ 0.3819 7.1071 A/ 0.3181 

Acidity 7.18 A / 0.4009 7.11 A / 0.4756 Acidity 7.2857 A/ 0.2673 7.0714 A/ 0.3450 

Body 7.11 A / 0.4756 7.21 A / 0.6196 Body 7.2143 A/ 0.2673 7.2857 A/ 0.3934 
Uniformity 10 10 Uniformity 10 10 

Balance 7.61 A / 0.4756 7.36 A / 0.4756 Balance 7.3214 A/ 0.4725 7.1071 A/ 0.3493 

Clean Cup 10 10 Clean Cup 10 10 
Sweetness 10 10 Sweetness 10 10 

Overall 7.57 A / 0.3740 7.25 A / 0.4330 Overall 7.3571 A/ 0.4970 7.4643 A/ 0.3037 

Global Score 81.82 A / 1.1701 80.46 A / 2.3867 Global Score 80.82 A / 2.1492 80.71 A / 1.3419 
 (1) 

The averages of the characters measured before and after, followed by the same letter in the line do not 

differ according to the t test, at 5% probability. 

 

Table 6: Averages of the sensory variables of experiment 02 by paired t-test, morning 

and afternoon shifts. 

 Sensory characteristics and standard deviation 

 
Average ± SD (n=7 Q-Graders) (1)  

Before (Morning) After (Afternoon) 

Fragrance 7.27 A / 0.4214 7.30 A / 0.3820 

Flavor 7.50 A / 0.4703 7.36 A / 0.4775 

Aftertaster 7.18 A / 0.4539 7.05 A / 0.3422 

Acidity 7.14 A / 0.4242 7.18 A / 0.3167 

Body 7.16 A / 0.5336 7.25 A / 0.3252 

Uniformity 10,00 10,00 

Balance 7.48 A / 0.4750 7.21 A / 0.4144 

Clean Cup 10,00 10,00 

Sweetness 10,00 10,00 

Overall 7.41 A / 0.4230 7.41 A / 0.3996 

Global Score 81.14 A / 1.9383 80.77 A / 1.7222 
 (1)

  The averages of the characters measured before and after, followed by the same letter in the line do 

not differ according to the t-test, at 5% probability. 
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Table 7: Contribution of the variables for the construction of the dendrograms of Fig. 4, 

in relation to experiment 2, under the variables evaluated in the morning and afternoon 

shifts. 

Attributes 
Contribution 

(%) 
Attributes 

Contribution 

(%) 
Attributes 

Contribution 

(%) 
Attributes 

Contribution 

(%) 

Fragrance 14.3 Fragrance 38.1 Fragrance 28.6 Fragrance 28.6 

Flavor 23.8 Flavor 0.00 Flavor 9.52 Flavor 9.52 

Aftertaster 4.76 Aftertaster 0.00 Aftertaster 19.0 Aftertaster 19.0 

Acidity 4.76 Acidity 0.00 Acidity 9.52 Acidity 9.52 

Body 9.52 Body 38.1 Body 4.76 Body 4.76 

Balance 14.3 Balance 19.0 Balance 14.3 Balance 14.3 

Overall 23.8 Overall 4.76 Overall 14.3 Overall 14.3 

Global 

Score 
4.76 

Global 

Score 
0.00 

Global 

Score 0.00 

Global 

Score 0.00 

 

Table 8: Contribution of the variables for the construction of the dendrograms of Fig. 5, 

in relation to experiment 2, under the variables evaluated in the morning and afternoon 

shifts. 

Attributes Contribution (%) Attributes Contribution (%) 

Fragrance 23.8 Fragrance 9.52 

Flavor 28.6 Flavor 19.0 

Aftertaster 0.00 Aftertaster 19.0 

Acidity 0.00 Acidity 0.00 

Body 14.3 Body 9.52 

Balance 9.52 Balance 4.76 

Overall 23.8 Overall 38.1 

Global Score 0.00 Global Score 0.00 
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Table 9: Averages of the sensory variables evaluated in the experiment 3 in the samples 

of the morning and afternoon shifts. 

        Sensory characteristics and standard deviation             Sensory characteristics and standard deviation 

Attributes Average ± SD (n=7 Q-Graders) (1) Attributes Average ± SD (n=7 Q-Graders ) (1) 

  Sample 1 (Morning) Sample 2 (Morning)    Sample 1 (Afternoon) Sample 2 (Afternoon) 

Fragrance 7.46 A / 0.5089 7.18 A / 0.3740 Fragrance 7.07 A / 0.5147 6.96 A / 0.4661 

Flavor 7.39 A / 0.3493 7.36 A / 0.2835 Flavor 7.14 A / 0.3780 7.07 A / 0.1220 

Aftertaster 7.14 A / 0.2440 7.07 A / 0.3134 Aftertaster 6.79 A / 0.4880 6.71 A / 0.466 

Acidity 7.18 A / 0.5147 7.14 A / 0.3780   Acidity 6.86 A / 0.3780 6.82 A / 0.5147 

Body 7.07 A / 0.5345   7.39 A / 0.5175 Body 6.82 A / 0.4261 6.79 A / 0.5669 

Uniformity 10 10 Uniformity 10 10 

Balance 7.43 A / 0.3450 7.50 A / 0.4330 Balance 7.11 A / 0.4532 6.89 A / 0.4046 

Clean Cup 10 10 Clean Cup 10 10 

Sweetness 10 10 Sweetness 10 10 

Overall 7.14 A / 0.4046 7.39 A / 0.2835 Overall 7.04 A / 0.5089 6.96 A / 0.3660 

Global Score 80.82 A / 1.5660 81.04 A / 1.6673 Global Score 78.82 A / 1.7000 78.21 A / 2.0383 
 (1)

  The averages of the characters measured before and after, followed by the same letter in the line do 

not differ according to the t-test, at 5% probability. 

 

Table 10: Averages of sensory variables of experiment 3 by paired T-test, morning and 

afternoon shifts. 

             Sensory characteristics and standard deviation 

 
Average ± SD (n=7 Q-Graders) (1) 

Before (Morning) After (Afternoon) 

Fragrance 7.32 A / 0.4539 7.02 B / 0.4750 

Flavor 7.38 A / 0.3062 7.11 B / 0.2724 

Aftertaster 7.11 A / 0.2724 6.75 B / 0.4599 

Acidity 7.16 A / 0.4342 6.84 B / 0.4342 

Body 7.23 A / 0.5323 6.80 B / 0.4822 

Uniformity 10,00 10,00 

Balance 7.46 A / 0.3780 7.00 B / 0.4274 

Clean Cup 10,00 10,00 

Sweetness 10,00 10,00 

Overall 7.27 A / 0.3598 7.00 B / 0.4274 

Global Score 80.93 A / 1.5579 78.52 B / 1.8305 
 (1)

  The averages of the characters measured before and after, followed by the same letter in the line do 

not differ according to the t-test, at 5% probability. 
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Table 11: Contribution of the variables for the construction of the dendrograms of Fig. 

6, in relation to experiment 3, under the variables evaluated in the morning and 

afternoon shifts. 

Attributes 
Contribution 

(%) 
Attributes 

Contribution 

(%) 
Attributes 

Contribution 

(%) 
Attributes 

Contribution 

(%) 

Global 

Score 4.76 

Global 

Score 4.6 

Global 

Score 9.52 

Global 

Score 0.00 

Fragrance 19.0 Fragrance 0.00 Fragrance 42.9 Fragrance 42.9 

Flavor 14.3 Flavor 28.6 Flavor 14.3 Flavor 9.52 

Aftertaster 19.0 Aftertaster 4.76 Aftertaster 0.00 Aftertaster 0.00 

Acidity 0.00 Acidity 0.00 Acidity 4.76 Acidity 0.00 

Body 0.00 Body 19.0 Body 9.52 Body 0.00 

Balance 42.9 Balance 33.3 Balance 19.0 Balance 19.0 

Overall 0.00 Overall 9.52 Overall 0.00 Overall 28.6 

 

Table 12: Total contribution of the variables for dendrogram formation based on the 

results of the shifts, morning and afternoon, for experiment 3. 

Attributes Contribution (%) Attributes Contribution (%) 

Fragrance 4.76 Fragrance 52.4 

Flavor 28.6 Flavor 9.52 

Aftertaster 4.76 Aftertaster 0.00 

Acidity 0.00 Acidity 0.00 

Body 4.76 Body 0.00 

Balance 38.1 Balance 19.0 

Overall 9.52 Overall 14.3 

Global Score 9.52 Global Score 4.76 
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Table 13: Summary of the relative contribution of the sensorial variables for the 

construction of the dendrograms between the morning and afternoon analyses in the 

three days of study. 

Attributes Occurrences of variables in the construction of dendrograms Maximum accumulation (%) 

Fragrance 5 52.4 

Flavor 5 28.6 

Aftertaste 4 23.8 

Acidity 2 19.0 

Body 5 14.3 

Balance 7 38.1 

Overall 6 38.1 

Clean Cup 0 0.0 

Sweetness 0 0.0 

Uniformity 0 0.0 

Global Score 4 9.5 
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Figure 1: Distribution of samples for sensory analysis.  

*S.S. – Same sample. 

 

 

 Figure 2: Dendrograms obtained between the Q-Graders, from the sensory analysis 

performed on the morning shift (left side) for sample 1 (1A) and sample 2 (1B), and the 

afternoon shift (right side) for sample 1 (1C) and sample 2 (1D) relative to experiment 1 

on the first day. 

 

 Figure 3: Dendrograms obtained between the Q-Graders from the sensory analysis 

performed between all the replicates shifts based on the paired T test – morning (2A) 

and afternoon (2B) relative to experiment 1 on the first day. 

 

 Figure 4: Dendrograms obtained between the Q-Graders, from the sensory analysis 

performed on the morning shift (left side) for sample 1 (3A) and sample 2 (3B), and the 

afternoon shift (right side) for sample 1 (3C) and sample 2 (3D) relative to experiment 2 

on the second day. 

 

 Figure 5: Dendrograms obtained between the Q-Graders from the sensory analysis 

performed between all the replicates shifts based on the paired T test – morning (4A) 

and afternoon (4B) relative to experiment 2 on the second day. 

 

 Figure 6: Dendrograms obtained between the Q-Graders, from the sensory analysis 

performed on the morning shift (left side) for sample 1 (5A) and sample 2 (5B), and the 

afternoon shift (right side) for sample 1 (5C) and sample 2 (5D) relative to experiment 3 

on the third day. 
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 Figure 7: Dendrograms obtained between the Q-Graders from the sensory analysis 

performed between all the replicates shifts based on the paired T test – morning (6A) 

and afternoon (6B) relative to experiment 3 on the third day. 
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