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Abstract

Rust is the main disease affecting Coffea arabica, the most economically important coffee species. The
objective of this study was to analyze C. arabica cultivars with different levels of rust resistance, including
bean size, raw bean appearance, final sensory scores (FSS), and aroma and taste nuances of the coffee cup.
The experiment was designed in randomized blocks (RBD) with three replications and 20 treatments
(cultivars), totaling 60 experimental plots. The rust-susceptible cultivars IPR 100, Rubi MG 1192, and
Topazio MG 1190 were compared with 17 rust-resistant cultivars. Cultivars IPR 103, MGS Aranas, and Saira
Il presented the highest percentages of high sieves, highest scores of raw bean appearance, and low
percentages of mocha-type beans. All cultivars had FSS above 82 and were classified as specialty coffees.
The cultivars with the highest FSS (Arara and Catigua MG2) showed a greater diversity of coffee cup aroma
and flavor nuances. Rust-resistant Arabica coffee cultivars are promising for the physical quality of beans
and have potential for the specialty coffee market.
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1. Introduction

Brazil is the largest producer of Coffea arabica L. (USDA 2020), which is the most economically
important coffee species in the world. Concerning the world’s Arabica coffee production, a volume of
105.32 million 60 kg bags was estimated in 2020 (ICO 2021). The great economic importance of Arabica
coffee lies in its superior cup quality, characterized by smoother and richer flavors and aromas than C.
canephora, the second most economically important species (Lima et al. 2020).

Cup quality combined with disease resistance is one of the main objectives of genetic breeding of
coffee trees. The species C. arabica is the one most severely attacked by the fungus Hemileia vastatrix, the
etiological agent of coffee leaf rust, symptoms of which range from defoliation to branch death (Avelino et
al. 2015). Rust may limit coffee production in Brazil up to 50% depending on the genotype resistance level
(Capucho et al. 2013). The most effective measure for rust disease control is the use of resistant cultivars
(Zambolim 2016). This measure represents the most environmentally friendly and economical way to
control rust because chemical control increases production costs, despite being efficient when properly
applied (Shigueoka et al. 2014).
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Coffee consumers are increasingly demanding high-quality coffee beans with unique characteristics
(Lima et al. 2020). Therefore, cup quality is a determining factor for acceptance among consumers and the
establishment of coffee prices in the market. The appreciation for specialty coffees, characterized by their
greater cup quality, has grown. Sensory quality is commonly assessed by judges who use the protocol
established by the Specialty Coffee Association (SCA) concerning the attributes of fragrance/aroma,
uniformity, absence of defects, sweetness, flavor, acidity, body, aftertaste, balance, defects, and final score
(Lingle 2011). Beyond cup quality, sensory analysis allows the identification of a series of aroma/flavor
nuances, such as caramel, chocolate, fruity, citrus, and spices. This information is of great importance to
coffee markets seeking to explore new niches and reach consumers with preferences for specific nuances.

Besides sensory quality, another factor that indicates the degree of acceptance established by the
consumer market is physical quality, a characteristic that generates the security and reliability of the coffee
to be consumed (Lingle 2011). In this context, the most important physical attributes are granulometry
(bean size and shape) and the appearance of the processed raw beans. The physical and sensory properties
of coffee beans are important for roasting industries that seek to buy coffee of desired quality and make
blends (Toledo et al. 2016).

Brazil has a wide variety of producing regions and different coffee types that meet the market
demand in terms of flavor and price (Barbosa et al. 2020). Therefore, to analyze the potential of C. arabica
cultivars for specialty coffee production in association with rust resistance, this study aimed to assess 20 C.
arabica cultivars with different levels of rust resistance in terms of physical attributes (granulometry and
appearance of the processed raw beans) and cup quality (sensory attributes and aroma/flavor nuances).

2. Material and Methods
Experimental design, genetic material, and fruit processing

Field experiments were conducted in Lavras, Minas Gerais, Brazil (21°14'43” S latitude and
44°59'59” W longitude at 919 m altitude). The spacing was 3.80 m x 0.70 m between rows and plants,
forming a stand of 4082 plants ha™. The experiment was designed in randomized blocks (RBD) with three
replications and 20 treatments (cultivars), totaling 60 experimental plots composed of 10 plants each.

Twenty cultivars of C. arabica registered by different research institutions were evaluated in this
study: 17 rust-resistant and three disease-susceptible cultivars that served as susceptibility controls (Table
1). The experiment was conducted according to the recommendations for the culture but with no
application of fungicides to control rust.

The fruits were harvested at the cherry stage according to the maturation period of each cultivar
(May—June 2020). Eventual impurities, unripe fruits, and low-density fruits were eliminated. Approximately
8 L of ripe fruits (cherry) were selected from each experimental plot, which were peeled and pulped
through a biological mucilage layer for 24 h. The samples were washed by rubbing against the beans to
remove any remaining mucilage.

The coffee beans were dried in screens suspended from the ground, forming a thin layer (7
liters/m?) in the first four days, followed by constant revolving until reaching 11% of water content.
Subsequently, they were packed in "kraft" paper packages wrapped in plastic bags in a cold chamber at 16
°C for 30 days to uniformize the water content of the beans. After this period, the beans were processed,
and all impurities and coffee bean fragments were removed and stored in a cold chamber for ten days until
physical and sensory assessments.

Physical attributes

Samples of 300 g of processed raw beans, without extrinsic defects or coffee bean fragments, were
analyzed in a set of sieves with circular sieves (19/64 to 12/64 for flat beans) and oblong sieves (13/64 to
08/ 64 for mocha beans) according to Normative Instruction No. 8 of MAPA (2003). The weights of the
beans retained in sieves 16, 17, 18, and 19 (16 and above) and 13, 12, 11, 10, 09, and 08 (mocha) were
added and converted to percentages.
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Table 1. Cultivars of C. arabica with different levels of rust resistance assessed from field experiments.

Cultivars Rust resistance Institution
Acauad Highly resistant Fundagdo Procafé
Acaud Novo Highly resistant Fundagdo Procafé
Araponga MG 1 Highly resistant EPAMIG
Arara Highly resistant Fundagdo Procafé
Catigud MG 1 Highly resistant EPAMIG
Catigud MG 2 Highly resistant EPAMIG
Catucai Amarelo 2SL Moderately resistant Fundagdo Procafé
Clone 224 Highly resistant Fundagdo Procafé
Clone 312 Highly resistant Fundagdo Procafé
Guara Moderately resistant Fundagdo Procafé
IAPAR 59 Highly resistant IAPAR
IPR 100 Susceptible IAPAR
IPR 102 Moderately resistant IAPAR
IPR 103 Moderately resistant IAPAR
MGS Aranas Moderately resistant EPAMIG
Pau-Brasil MG 1 Highly resistant EPAMIG
Rubi MG 1192 Susceptible EPAMIG
Saira Il Moderately resistant Fundacgdo Procafé
Siriema AS1 Moderately resistant Fundagdo Procafé

Topazio MG 1190 Susceptible EPAMIG
EPAMIG: Agricultural Research Agency of Minas Gerais; IAPAR: Agronomic Institute of Parana.

The appearance of the processed raw beans was assessed according to the methodology proposed
by (Nadaleti et al. 2018). The samples were visually analyzed by three calibrated evaluators, who assigned
scores on a scale from 1 to 5 points, where:1= beans with uneven appearance, discrepant color, and
adhered endosperm; 2 = beans with uneven appearance, greenish color, and adhered endosperm; 3 =
beans with medium appearance, greenish color, and slight presence of adhered endosperm; 4 = beans
with uniform appearance, light bluish-green color, and slight presence of adhered endosperm; and 5 =
beans with uniform appearance, intense bluish-green color, and no adhered endosperm.

Sensory analysis

For the sensory analysis, samples were standardized for beans retained in sieves 16 and above and
without intrinsic and extrinsic defects. The samples were roasted to achieve a coloration from 55# to 65#
on the Agtron scale for whole beans with a roasting time of eight—12 min according to the protocol
proposed by SCA (Lingle 2011). The sensory analysis was performed in five cups per sample and by three
Q-Grader certified judges, according to the protocol that consists of the following sensory attributes:
fragrance/aroma, taste, aftertaste, acidity, body, balance, and overall, to which are awarded scores from 6
to 10 and, the attributes uniformity, sweetness, and clean cup that receive two scores per cup free of
defects, uniform, and with minimal sweetness equivalent to a concentration of 0.5% w/v sucrose. The final
sensory score (FSS) was calculated as the sum of the ten sensory attributes mentioned, considering special
coffee with a final score equal to or greater than 80. Q-Grader judges also assessed the aroma/taste
nuances of the samples. To compare the differences in the complexity of nuances according to FSS, the
nuances of aroma and flavor present in the two cultivars that presented lower FSS and in the two cultivars
that presented higher FSS were analyzed.

Statistical analysis

The data were subjected to the Shapiro—Wilk normality test and later to the analysis of variance.
When significant differences were detected, the means were grouped using the Scott-Knott test (p <0.05).
Pearson’s correlations between the sensory attributes, final sensory score (FSS), and complexity of nuances
(sum of all nuances of each cultivar) were analyzed at a 5% significance level to understand the
relationship between these attributes. To characterize the sensory profile of the assessed cultivars
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regarding the nuances of aroma/flavor, content analysis was performed according to a methodology
adapted from Sobreira et al. (2015).

3. Results

The 20 cultivars of C. arabica differed significantly in all physical attributes analyzed in this study
(Table 2). The coefficients of variation (CV) for the percentage of sieve 16/64 and above, mocha-type
beans, and processed raw bean aspects were lower than 30%. For the flat beans retained in sieves 16 and
above, the cultivars were divided into three groups. The highest values (between 66.0 and 77.3%) were
verified for 11 cultivars (Arara, Catucai Amarelo 2SL, Clone 224, Clone 312, Guara, IAPAR 59, IPR 102, IPR
103, MGS Arands, Rubi MG1192, and Saira Il), whereas the other cultivars were divided into the second
and third groups, with mean values between 64.7 and 47.3%, respectively.

The cultivars Acaud, Acaua Novo, Catigud MG1, Clone 224, Clone 312, and Pau-Brasil MG1 showed
the highest values for the percentages of mocha-type beans (between 16.3 and 25.3%), whereas the other
cultivars presented values between 8.7 and 15.0 % (Table 2). Regarding processed raw beans, the cultivars
Saira Il, MGS Aranas, Clone 312, and IPR 103 had the highest averages (between 3.7 and 4.7) compared to
the other cultivars, which presented values between 2.6 and 3.6. Considering all physical attributes,
cultivars IPR 103, MGS Aranas, and Saira Il presented the highest values for sieves 16 and above and raw
bean aspect and the lowest percentages of mocha-type beans (Table 2). In contrast, cultivars Acaug,
Catigud MG1, and Pau-Brasil MG1 presented the lowest values for 16 and above and bean aspect and the
highest values for mocha.

Concerning the FSS, there was a CV equal to 1.25% (Table 2). The control cultivars IPR 100, Rubi
MG1192, and Topdazio MG1190 had FSS of 83.7, 83.1, and 83.0, respectively. These rust-susceptible
cultivars did not differ statistically from the rust-resistant cultivars, with an average final score of 83.9. All
cultivars analyzed in this study allowed the production of specialty coffees, as they presented scores above
80 points. Although the cultivars did not differ in FSS, they belonged to different classifications according
to SCA (Lingle 2011). Coffees with scores between 80 and 84 are rated “very good”; coffees with higher
scores between 85 and 89 are classified as “excellent,” as observed for cultivars Arara (85.2) and Catigud
MG2 (85.4).

Pearson's correlation analysis (r) was performed to verify the associations between the sensory
attributes of aroma, flavor, acidity, body, aftertaste, balance, overall, FSS, and complexity of nuances
(Table 3). Positive correlations were verified between sensory attributes, FSS, and complexity of nuances.
Significant correlations were verified for all analyzed variables. The highest significant correlation between
sensory attributes was verified for aroma and balance, flavor and acidity/body, acidity, and
aftertaste/balance, which presented a correlation coefficient greater than 0.80. All sensory attributes were
positively correlated with FSS (r > 0.78), with emphasis on flavor, balance, aftertaste, and acidity, which
presented a coefficient of correlation of 0.96. The highest correlations between the complexity of nuances,
sensory attributes, and FSS were verified for complexity, aroma, acidity, balance, and FSS (r > 0.80).

As the coffee of the cultivars was classified differently in terms of FSS by the SCA protocol, the
aroma/flavor nuances of the cultivars may also differ according to this classification. To verify the
differences in cup nuances between cultivars, the cultivars with the highest (Arara and Catigud MG2) and
lowest FSSs (IPR 102 and Topazio MG1190) were compared in this study. The Content Analysis of
aroma/flavor nuances showed that cultivars with the highest FSSs presented greater nuance diversity than
cultivars with the lowest scores (Figure 1). Cultivars Arara and Catigud MG2 had 11 and 16 different
nuances, respectively. In contrast, cultivars IPR 102 and Topazio MG1190 had four and five different
nuances, respectively.

The cultivars with the highest FSSs had several nuances in common, such as caramel, honey,
molasses, brown sugar, raw cane sugar, citrus, and fruity (Figure 1). In addition, the characteristic terms for
each cultivar were observed. The terms assigned to Arara were yellow fruits, pineapple, and passion fruit,
in contrast to Catiguda MG2, which was characterized by the terms red fruits, strawberry, winy, spices,
lemon, and floral. The cultivars with the lowest FSSs were caramel, fruity, brown sugar, and chocolate
(Figure 1). Except for chocolate, the aroma/flavor nuances verified in the cultivars with the lowest FSSs
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were also observed in the cultivars with the highest FSSs. The Cultivar Topazio MG1190 differed from IPR
102 only in terms of milk chocolate.

Table 2. Means for the percentage of sieve 16 and above (16 up), percentage of mocha-type beans
(Mocha), processed raw bean aspect (Aspect), and final sensory score (FSS) of C. arabica L. cultivars with
different levels of rust resistance.

Cultivars 16 up (%) Mocha (%) Aspect’ FSS?
Acauad 54.3c 25.3a 3.6b 83.1a
Acaud Novo 63.3b 17.0a 2.6b 83.8a
Araponga MG1 54.7 c 12.0b 3.2b 83.7a
Arara 75.3a 103 b 3.2b 85.2a
Catigua MG1 50.3c 23.3a 2.8b 83.5a
Catigua MG2 50.7 ¢ 10.7b 33b 85.4a
Catucai Amarelo 2SL 75.7 a 11.7b 3.1b 83.7a
Clone 224 71.0a 16.3 a 3.1b 83.5a
Clone 312 69.0a 20.3a 4.1a 84.5a
Guara 76.3 a 8.70 b 3.1b 84.3a
IAPAR 59 75.0a 9.30b 3.1b 84.1a
IPR 100 64.7 b 14.0b 3.1b 83.7a

IPR 102 66.0 a 13.3b 29b 82.3a

IPR 103 72.3a 10.0b 3.7a 83.3a
MGS Aranas 743 a 12.0b 4.1a 84.4 a
Pau-Brasil MG1 473 ¢c 21.0a 2.7b 84.4a
Rubi MG1192 773 a 11.0b 29b 83.1a
Saira Il 72.7 a 11.0b 4.7 a 84.6 a
Siriema AS1 60.7 b 15.0b 3.2b 83.8a
Topazio MG1190 63.3b 9.00b 34b 83.0a
Overall mean 65.7 14.1 3.3 83.9
CV (%) 9.4 294 13.7 1.25

CV: coefficient of variation; ' Scores range from 0 to 5; 2 Scores range from 0 to 100. Means followed by the same letter in the column do not
differ by the Scott-Knott test at p<0.05.

Table 3. Pearson's correlation coefficient between sensory attributes and the cup’s final sensory score
(FSS) of 20 cultivars of C. arabica.

Aroma Flavor Acidity Body Aftertaste Balance Overall FSS
Flavor 0.64
Acidity 0.78 0.83
Body 0.53 0.81 0.77
Aftertaste 0.56 0.78 0.88 0.76
Balance 0.85 0.73 0.82 0.64 0.68
Overall 0.76 0.67 0.75 0.46 0.64 0.66
FSS 0.80 0.91 0.96 0.83 0.90 0.86 0.79
Complexity 0.81 0.79 0.83 0.69 0.72 0.84 0.73 0.88

Values indicate significance at p < 0.05.
4. Discussion

The physical attributes (percentage of mocha beans and raw beans) of the 17 rust-resistant C.
arabica cultivars were significantly equal or superior to those of the rust-susceptible control cultivars (IPR
100, Rubi MG1192, and Topazio MG1190). Except for Acaud, Acaua Novo, Catigua MG1, Clone 224, Clone
312, and Pau-Brasil MG1, the resistant and susceptible cultivars had low percentages of mocha-type beans
(between 8.7 and 15.0%). Most rust-resistant cultivars, especially Arara, Guara, and Saira Il, and the
susceptible cultivar Rubi MG1192, had the highest percentages of sieves 16 and above (between 66.0 and
77.3%).

Unlike the flat bean, which has normal development, the mocha bean has an ovoid shape owing to
the non-fertilization of one of the fruit's eggs (Pimenta et al. 2018). As coffee price is related to bean size, a
high percentage of mocha-type beans implies a lower percentage of flat beans, resulting in lower market
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prices (Cheng et al. 2016). Thus, cultivars with flat beans, high sieves, and a low percentage of mocha
beans are more promising for the coffee market. Moreover, higher percentages of larger beans ensure a
greater yield of processed raw beans and batch uniformity, and consequently, more uniform roasting.

The uniformity of the beans in size and shape gives the coffee lots a better physical appearance,
which is also influenced by the color and presence of the endosperm adhered to the processed raw beans
(Nadaleti et al. 2018). In this study, Saira Il, MGS Aranads, Clone 312, and IPR 103 presented the highest
scores (above 3.7). These results agree with those found by Pereira et al. (2019), who also used moist
processing and observed scores above 4.0 for the physical aspects of the beans of several cultivars,
including MGS Aranas. Considering all physical attributes analyzed in this study, the cultivars IPR 103, MGS
Aranas, and Saira Il are the most promising, as they present the highest values for percentage of flat beans
retained in sieves 16 and above and raw bean aspect, and a lower percentage of mocha-type beans.

100%
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40%
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Figure 1. Content analysis of aroma/flavor nuances of cultivars with the highest (Arara and Catigud MG2)
and the lowest final sensory scores (IPR 102 and Topazio MG1190).

Besides the physical attributes, coffee sensory quality is another important factor to be considered
during marketing when the objective is to add value to the product. Although several factors can influence
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cup quality, such as genetics, geographic location, climate, agricultural practices, and processing methods
(Sunarharum et al. 2014), in the present study, there was low variability in FSS (1.25%), corroborating
other studies (Silveira et al. 2016; Gamonal et al. 2017). This result indicates adequate experimental
precision for this analysis based on the experience of judges trained according to the SCA protocol
(Poltronieri and Rossi 2016; Veldsquez et al. 2019).

All cultivars had FSS above 82 points and were classified as specialty coffees according to the SCA
protocol (Lingle 2011). Specialty coffees have flawless beans, a clean cup, and pleasant aroma and
taste(SCAA 2015). The highest cup scores were verified for the cultivars Arara (85.2) and Catigua MG2
(85.4), which are classified as “excellent” within the category of specialty coffees (Lingle 2011). The control
cultivars did not differ significantly from rust-resistant cultivars. Until recently, the cup quality of rust-
resistant cultivars has been questioned because of the introgression of rust-resistant genes from C.
canephora or C. liberica into C. arabica. This introgression could involve genes implicated in the genetic
determinism of other traits, such as cup quality (Leroy et al. 2006). However, the results of this study
demonstrate the potential of rust-resistant cultivars to produce specialty coffees.

Fassio et al. (2016) evaluated C. arabica cultivars with different levels of rust resistance and found
that the cultivars Araponga MG1, Catigud MG2, and Catigua MG1 were the most suitable for producing
specialty coffees in Minas Gerais. Carvalho et al. (2016) also highlighted the potential of the cultivars
Araponga MG1 and Catigua MG2 in Minas Gerais. Other studies have confirmed the genetic potential of
sensory qualities of rust-resistant coffee genotypes in Minas Gerais (Sobreira et al. 2016; Barbosa et al.
2019; Pereira et al. 2019).

Sensory analysis is an important step in validating all processing stages before beverage production
(Lingle 2011), such as post-harvest processing. This processing stage affects the coffee aroma and,
consequently, cup quality (Toledo et al. 2016). Our results showed that the post-harvest practices applied
to the samples were efficient for the expression of sensory quality. In addition to the genetic aspects of the
cultivars and post-harvest processing, the region chosen for this experiment, Southern Minas Gerais, was
considered adequate according to Chagas et al. (2005). These authors analyzed 22 counties in the southern
region of Minas Gerais and concluded that this region has favorable soil and climate characteristics for
producing superior quality coffee.

Sensory attributes were positively correlated with FSS in this study and other studies (Sobreira et al.
2015; Barbosa et al. 2020), indicating an association between these variables. These results indicate that
higher scores for a sensory attribute imply a higher FSS. The sensory attributes of balance, flavor,
aftertaste, and acidity had the highest correlation coefficients with FSS, corroborating the results of other
studies (Kathurima et al. 2009; Carvalho et al. 2016; Pereira et al. 2017). Balance represents flavor,
aftertaste, acidity, and body attributes present in equal proportions (Lingle and Menon 2017). The taste of
good-quality coffee is characterized by a pleasant sensation and a balanced combination of flavor, body,
and aroma in the absence of defects (Mori et al. 2003). Normally, there is a direct relationship between
acidity increase and decrease in coffee quality, which was not verified in this study Oliveira et al. (2020).
Our results indicated that acidity was a positive factor perceived by Q-Graders. Moist-processed coffees
are generally more acidic, and such processing was used in the present work (Lima et al. 2008). This acidity
may have contributed to the cup's liveliness, thereby increasing its sweet perception (Borém et al. 2016).

The study of nuances allows us to understand how the variety of aromas/flavors perceived in the
samples affects the final sensory score. Content analysis of aroma/flavor nuances was used to characterize
the sensory profile of the specialty coffees (Sobreira et al. 2015; Fassio et al. 2016; Freitas et al. 2020).
According to this analysis, cultivars with the highest FSSs (Arara and Catigud MG2) showed greater nuance
diversity than those with the lowest scores (IPR 102 and Topdazio MG1190). These results indicate that
greater diversity of aromas/flavors implies higher cup scores. Pearson's correlation analysis between the
sum of all nuances of each cultivar, sensory attributes, and FSS indicated that the complexity of nuances
was associated with beverage quality. More specifically, the greater the complexity of nuances, the greater
the notes of sensory attributes, especially aroma, acidity, and balance. These results demonstrate that
greater nuance complexity results in higher FSS, in agreement with the content analysis of the
aroma/flavor nuances.
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Our results demonstrated that the rust-resistant cultivars Arara and Catigua MG2 were associated
with a greater diversity of nuances than the susceptible cultivar Topazio MG 1190. The flavor of specialty
coffees is based on fruity, floral, and acidic scores (Bolka and Emire 2020), coinciding with the nuances
verified for Arara and Catigud MG2. The cultivar Arara, represented by yellow fruits, pineapple, and
passion fruit nuances, differed from Catigud MG2, characterized by red fruits, strawberry, winy, spices,
lemon, and floral.

Knowledge of the nuances of specialty Arabica coffees is important for exporters, importers, and
roasters to differentiate their quality and intensity from the final scores of commercial Arabica coffee, thus
allowing them to serve different market niches (Sobreira et al. 2015; Lingle and Menon 2017). Coffee cup
profiles with different nuances, especially flavors, reach a greater diversity of consumers who have
different requirements for the beverage (Freitas et al. 2020).

In this study, we verified rust-resistant Arabica coffee cultivars that are promising for the physical
quality of beans and have the potential for use in the specialty coffee market. As some of the cultivars
analyzed are rust-resistant with superior cup quality, the implementation of these cultivars in crops can
add value to the coffee produced by reducing production costs and environmental impacts (Barbosa et al.
2020).

5. Conclusions

The rust-resistant cultivars of Arabica coffee Saira Il, Guara, and Arara presented good cup quality,
high percentages of high sieves, low percentages of mocha-type beans, and good appearance of the
processed raw beans. Cultivars with the highest FSSs (Arara and Catigud MG2) showed a greater diversity
of aroma and flavor nuances in the coffee cup. The selection of cultivars to produce specialty coffees can
be based on a coffee cup nuance analysis.

Authors' Contributions: REICHEL, T.: conception and design, acquisition of data, analysis and interpretation of data, drafting the article,
critical review of important intellectual content; RESENDE, M.L.V.: conception and design, acquisition of data, analysis and interpretation of
data, critical review of important intellectual content.; NADALETI, D.H.S.: conception and design, acquisition of data, analysis and
interpretation of data, drafting the article, critical review of important intellectual content; OLIVEIRA, F.: acquisition of data, analysis and
interpretation of data, BOTELHO, C.E.: conception and design, acquisition of data,analysis and interpretation of data, critical review of important
intellectual content. All authors have read and approved the final version of the manuscript.

Conflicts of Interest: The authors declare no conflicts of interest.

Ethics Approval: Not applicable.

Acknowledgments: The authors would like to thank the funding for the realization of this study provided by the Brazilian agencies FAPEMIG
(Fundagdo de Amparo a Pesquisa do Estadode Minas Gerais-Brasil), CNPq (Conselho Nacional de Desenvolvimento Cientifico e Tecnolégico -
Brasil), and the Coffee Research Consortium- Consércio Pesquisa Café, National Institute of Coffee Science and Technology-INCT Café.

References

AVELINO, J., et al. The coffee rust crises in Colombia and Central America (2008—-2013): impacts, plausible causes and proposed solutions. Food
Security. 2015, 7, 303—-321. https://doi.org/10.1007/s12571-015-0446-9

BARBOSA, M. de S.G., et al. Correlation between the composition of green Arabica coffee beans and the sensory quality of coffee brews. Food
Chemistry. 2019, 292, 275-280. https://doi.org/10.1016/j.foodchem.2019.04.072

BARBOSA, I.P., et al. Sensory analysis of arabica coffee: cultivars of rust resistance with potential for the specialty coffee market. Euphytica.
2020, 216(165), 1-12. https://doi.org/10.1007/s10681-020-02704-9

BOLKA, M. and EMIRE, S. Effects of coffee roasting technologies on cup quality and bioactive compounds of specialty coffee beans. Food
Science and Nutrition. 2020, 8, 6120—6130. https://doi.org/10.1002/fsn3.1904

BOREM, F.M., et al. The relationship between organic acids, sucrose and the quality of specialty coffees. African Journal of Agricultural
Research. 2016, 11(8), 709-717. https://doi.org/10.5897/AJAR2015.10569

CAPUCHO, A.S., et al. Chemical control of coffee leaf rust in Coffea canephora cv. conilon. Australasian Plant Pathology. 2013, 42, 667-673.
https://doi.org/10.1007/s13313-013-0242-y

Bioscience Journal | 2023 | vol. 39, e39055 | https://doi.org/10.14393/BJ-v39n0a2023-66103



https://doi.org/10.1007/s12571-015-0446-9
https://doi.org/10.1016/j.foodchem.2019.04.072
https://doi.org/10.1007/s10681-020-02704-9
https://doi.org/10.1002/fsn3.1904
https://doi.org/10.5897/AJAR2015.10569
https://doi.org/10.1007/s13313-013-0242-y

REICHEL, T., et al.

CARVALHO, A.M.de., et al. Relationship between the sensory attributes and the quality of coffee in different environments. African Journal of
Agricultural Research. 2016, 11(38), 3607-3614. https://doi.org/10.5897/AJAR2016.11545

CHAGAS, S.J. DE R., MALTA, M.R. and PEREIRA, R.G.F.A. Potencial da regido sul de Minas Gerais para a produgdo de cafés especiais (I -
Atividade da polifenoloxidase, condutividade elétrica e lixiviagdo de potassio). Ciéncia e Agrotecnologia. 2005, 29(3), 590-597.
https://doi.org/10.1590/51413-70542005000300012

CHENG, B., et al. Influence of genotype and environment on coffee quality. Trends in Food Science and Technology. 2016, 57(Part 1), 20-30.
https://doi.org/10.1016/j.tifs.2016.09.003

FASSIO, L.de.O., et al. Sensory Description of Cultivars (Coffea arabica L.) Resistant to Rust and Its Correlation with Caffeine, Trigonelline, and
Chlorogenic Acid Compounds. Beverages. 2016, 2(1), 1-12. https://doi.org/10.3390/beverages2010001

FREITAS, A.F., et al. Productivity and Beverage Sensory Quality of Arabica Coffee Intercropped with Timber Species. Pesquisa Agropecuaria
Brasileira. 2020, 55, 1-10. https://doi.org/10.1590/s1678-3921.pab2020.v55.02240

GAMONAL, L.E., Vallejos-Torres, G. and Lopez, L.A. Sensory analysis of four cultivars of coffee (Coffea arabica L.), grown at different altitudes in
the San Martin region — Peru. Ciéncia Rural. 2017, 47(9), 1-5. https://doi.org/10.1590/0103-8478cr20160882

ICO. International Coffee Organization. Crop year production by country. 7-9p, 2010.

KATHURIMA, C., et al. Evaluation of beverage quality and green bean physical characteristics of selected Arabica coffee genotypes in Kenya.
African Journal of Food Science. 2009, 3(11), 365-371. https://agritrop.cirad.fr/552843/1/document 552843.pdf

LERQY, T., et al. Genetics of coffee quality. Brazilian Journal of Plant Physiology. 2006, 18(1), 229-242. https://doi.org/10.1590/S1677-
04202006000100016

LIMA, M.V,, et al. Preparo do café despolpado, cereja descascado e natural na regido sudoeste da Bahia. Revista Ceres. 2008, 55(2), 124-130.
LIMA, L.M., et al. Behavioral aspects of the coffee consumer in different countries: The case of Brazil. In de Almeida LF and Spers EE (eds) Coffee
Consumption and Industry Strategies in Brazil: A Volume in the Consumer Science and Strategic Marketing Series. Woodhead Publishing, p.
321-341, 2020.

LINGLE, T.R. The coffee cupper’s handbook: a systematic guide to the sensory evaluation of coffee’s flavor. Long Beach, California, 66p., 2011.

LINGLE, T.R. and MENON, S.N. Cupping and Grading-Discovering Character and Quality. The Craft and Science of Coffee. 181-203, 2017.

MAPA. Ministério da Agricultura, Pecudria e Abastecimento. Instrugdo Normativa n° 8, de 11 de junho de 2003. p. 22 — 29, 2003. Available
from: http://www.sapc.embrapa.br/arquivos/consorcio/legislacao/Instrucao_Normativa_n_8.pdf

MORI, E.E.M., et al. Brazil coffee growing regions and quality of natural, pulped natural and washed coffees. Food and Food Ingredients Journal
of Japan. 2003, 208, 416—423.

NADALETI, D.H.S., et al. Productivity and Sensory Quality of Arabica Coffee in Response to Pruning Type ‘Esqueletamento.” Journal of
Agricultural Science. 2018, 10(6), 207—-216. https://doi.org/10.5539/jas.v10n6p207

OLIVEIRA, E.C.da.S., et al. Chemical and sensory perception of robusta coffees under wet processing. Coffee Science. 2020, 15, 1-8.
https://doi.org/10.25186/.v15i.1672

PEREIRA, L.L., et al. The consistency in the sensory analysis of coffees using Q-graders. European Food Research and Technology. 2017, 243,
1545-1554. https://doi.org/10.1007/s00217-017-2863-9

PEREIRA, D.R., et al. Morphoagronomic and sensory performance of coffee cultivars in initial stage of development in Cerrado mineiro. Coffee
Science. 2019, 14, 193-205.

PIMENTA, C.J., ANGELICO, C.L. and CHALFOUN, S.M. Challengs in coffee quality: Cultural, chemical and microbiological aspects. Ciencia e
Agrotecnologia. 2018, 42(4), 337-349. https://doi.org/10.1590/1413-70542018424000118

POLTRONIERI, P. and ROSSI, F. Challenges in Specialty Coffee Processing and Quality Assurance. Challenges. 2016, 7(2), 19.
https://doi.org/10.3390/challe7020019

SCAA. Specialty Coffee Association of America. SCAA Protocols- Cupping Specialty Coffee. 10p. 2015. Available from:
http://www.scaa.org/PDF/resources/cupping-protocols.pdf

SHIGUEOKA, L.H., et al. Sele¢do de progénies de café Arabica com resisténcia a ferrugem alaranjada. Crop Breeding and Applied Biotechnology.
2014, 14(2), 88-93. https://doi.org/10.1590/1984-70332014v14n2al6

SILVEIRA, A.de.S., et al. Sensory analysis of specialty coffee from different environmental conditions in the region of Matas de Minas, Minas
Gerais, Brazil. Revista Ceres. 2016, 63(4), 436—443. https://doi.org/10.1590/0034-737X201663040002

Bioscience Journal | 2023 | vol. 39, e39055 | https://doi.org/10.14393/BJ-v39n0a2023-66103



https://doi.org/10.5897/AJAR2016.11545
https://doi.org/10.1590/S1413-70542005000300012
https://doi.org/10.1016/j.tifs.2016.09.003
https://doi.org/10.3390/beverages2010001
https://doi.org/10.1590/s1678-3921.pab2020.v55.02240
https://doi.org/10.1590/0103-8478cr20160882
https://agritrop.cirad.fr/552843/1/document_552843.pdf
https://doi.org/10.1590/S1677-04202006000100016
https://doi.org/10.1590/S1677-04202006000100016
http://www.sapc.embrapa.br/arquivos/consorcio/legislacao/Instrucao_Normativa_n_8.pdf
https://doi.org/10.5539/jas.v10n6p207
https://doi.org/10.25186/.v15i.1672
https://doi.org/10.1007/s00217-017-2863-9
https://doi.org/10.1590/1413-70542018424000118
https://doi.org/10.3390/challe7020019
http://www.scaa.org/PDF/resources/cupping-protocols.pdf
https://doi.org/10.1590/1984-70332014v14n2a16
https://doi.org/10.1590/0034-737X201663040002

Potential of rust-resistant arabica coffee cultivars for specialty coffee production

SOBREIRA, F.M., et al. Sensory quality of arabica coffee (Coffea arabica) genealogic groups using the sensogram and content analysis.
Australian Journal of Crop Science. 2015, 9(6) 486—493.

SOBREIRA, F.M., et al. Divergence among arabica coffee genotypes for sensory quality. Australian Journal of Crop Science. 2016, 10(10), 1442—
1448. https://doi.org/10.21475/ajcs.2016.10.10.p7430

SUNARHARUM, W.B., WILLIAMS, D.J. and SMYTH, H.E. Complexity of coffee flavor: A compositional and sensory perspective. Food Research
International. 2014, 62, 315-325. https://doi.org/10.1016/j.foodres.2014.02.030

TOLEDO, P.R.A.B., et al. Relationship Between the Different Aspects Related to Coffee Quality and Their Volatile Compounds. Comprehensive
Reviews in Food Science and Food Safety. 2016, 15(4), 705-719. https://doi.org/10.1111/1541-4337.12205

USDA. United States Department of Agriculture Coffee: World Markets and Trade. 9p. 2020.

VELASQUEZ, S., et al. Volatile and sensory characterization of roast coffees — Effects of cherry maturity. Food Chemistry. 2019, 274, 137-145.
https://doi.org/10.1016/j.foodchem.2018.08.127

ZAMBOLIM, L. Current status and management of coffee leaf rust in Brazil. Tropical Plant Pathology. 2016, 41, 1-8.
https://doi.org/10.1007/s40858-016-0065-9

Received: 27 June 2022 | Accepted: 16 December 2022 | Published: 31 March 2023

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Bioscience Journal | 2023 | vol. 39, e39055 | https://doi.org/10.14393/BJ-v39n0a2023-66103



https://doi.org/10.21475/ajcs.2016.10.10.p7430
https://doi.org/10.1016/j.foodres.2014.02.030
https://doi.org/10.1111/1541-4337.12205
https://doi.org/10.1016/j.foodchem.2018.08.127
https://doi.org/10.1007/s40858-016-0065-9

