SENSORY ANALYSIS AND CHEMICAL COMPOSITION OF ‘BOURBON’ COFFEES CULTIVATED IN DIFFERENT ENVIRONMENTS
ANÁLISE SENSORIAL E COMPOSIÇÃO QUÍMICA DE CAFÉS ‘BOURBON’ CULTIVADOS EM DIFERENTES AMBIENTES
ABSTRACT
Given the growing participation and appreciation of specialty coffees in the international market, coupled to the intrinsic quality of cultivar Bourbon for the production of differentiated coffees and the environmental diversity of Brazil, this study was conducted, with the objective to evaluate how the interaction between ‘Bourbon’ genotypes and different environments affect the sensory quality of coffees,besides relating the chemical composition (trigoneline, 5-CQA and caffeine) of beans with their sensory profile.  Four Arabica coffee genotypes were evaluated: one of them is widely grown in Brazil (Mundo Novo) and three belong to the group of cultivar Bourbon. The genotypes were evaluated in a field experiment, in Lavras, MG; Santo Antônio do Amparo, MG and São Sebastião da Grama, SP. Thelatter was the most promising environment for the production of specialty coffees. Genotypes Yellow Bourbon IAC J9 and Yellow Bourbon/SSP were the most suitable for the production of specialty coffees. Regardless of culture environment, the genotype Yellow Bourbon/CM is not suitable for the production of specialty coffees. Caffeine content enabled coffee differentiation regarding beverage quality. Coffees with superior quality have lower caffeine contents. The content of 5-CQAallowed to differentiate environments.
Index terms: Specialty Coffees. Genotypes.YellowBourbon. Multidimensional scaling.

RESUMO
Diante da crescente participação e valorização dos cafés especiais no mercado internacional, associadas à qualidade intrínseca da cultivar Bourbon para a produção de cafés diferenciados e à diversidade ambiental do Brasil, realizou-se o presente trabalho, com o objetivo de avaliar como a interação entre genótipos de ‘Bourbon’ e diferentes ambientes afetam a qualidade sensorial dos cafés, bem como relacionar a composição química (trigonelina, 5-ACQ e cafeína) dos grãos com a sua expressão sensorial. Foram avaliados quatro genótipos de café arábica, sendo umamplamente cultivado no Brasil (Mundo Novo) e três pertencentes ao grupo da cultivar Bourbon. Os genótipos foram avaliados na forma de experimento em campo, nos municípios de Lavras, MG; Santo Antônio do Amparo, MG e São Sebastião da Grama, SP. Este útlimo foi o ambiente mais promissor para a produção de cafés especiais. Os genótipos Bourbon Amarelo IAC J9 e Bourbon Amarelo/ Origem SSP foram os mais indicados para a produção de cafés de especiais. Independente do ambiente de cultivo, o genótipo Bourbon Amarelo / origem CM não é indicado para a produção de cafés especiais. O conteúdo de cafeína possibilitou a discriminação de cafés quanto à qualidade de bebida. Cafés com qualidade superior têm menores teores de cafeína. O conteúdo de 5-ACQ permitiu discriminar ambientes.
Termos para indexação: Cafés Especiais. Genótipos. Bourbon Amarelo. Escalonamento muldimensional.


INTRODUCTION
	Although the commodity coffee segment represents the largest share of all coffeeexported worldwide, the specialty coffee segment has achieved great prominence in the international market. The increasing participation of this segment justifies various incentives to improve quality, both in farming practices and in research and technological innovation.Coffee-producing countries increasingly show interest in understanding environmental, genetic and technological factors affecting quality(AVELINO et al., 2005). Brazil is traditionally known as a supplier of large quantities of common and low-cost coffees, and has favorable conditions to increase its share in the specialty coffee market, given the diversity of its coffee plantations and the high technological level of coffee production(GIOMO; BORÉM, 2011).
	In general, any CoffeaArabicacultivar has the potential to produce high-quality coffees. However, it has been found that different tastes and smells occur more frequently in some cultivars. Cultivar Bourbon has world-renowned intrinsic qualities due to its sensory characteristics. It is used for the production of specialty coffees in different regions of the world. However, different genotypes are described as Bourbon, resulting in the occurrence of crops with totally different characteristics and named Bourbon. In addition to the phenotypic and agronomic variability, Figueiredo et al. (2013) and Figueiredo et al. (2015)evaluated the interaction between Bourbon genotypes and different environments and observed that there are Bourbon genotypes more adapted to the production of quality coffee for each environment.
	Coffee is a product whose quality is differently expressed as a function of the planting site. It is directly influenced by environmental aspects, both natural and human (AVELINO et al., 2005; BERTRAND et al., 2006; VILLARREAL et al., 2009; CAMARGO, 2010; ALVES et al., 2011).In Brazil, there are numerous coffee-producing regions with different edaphoclimatic characteristics, which are essential for beverage flavor.
Several studies were conducted in order to correlate the levels of some chemical compounds, such as caffeine, trigoneline and chlorogenic acids, with species differentiation, the assessment of degree of roasting, quality and functional properties of coffee(DESSALEGN et al., 2008; PERRONE et al., 2008; DUARTE et al., 2010; RIBEIRO et al., 2011; KY et al., 2013).In other studies, it was sought to relate these chemical compounds as potential descriptors for quality expression of coffee genotypes in different environments. Avelino et al.(2005) differentiated the environments Santa Maria de Dota e Orosi, in Costa Rica, through the quantification of chemical compounds caffeine, trigoneline, chlorogenic acids and sucrose, justifying the sensory differences among these coffees. The composition of chlorogenic acids and especially fatty acids allowed the differentiation of environments Naranjal, Paraguaicito and Rosario, located in Colombia(BERTRAND et al., 2008).
	It is observed that, despite the great potential of cultivar Bourbon for the production of specialty coffees, it is not well understood if there is a genotype capable of producing high-quality coffees, regardless of the environment. On the other hand, it is believed that it is possible to find one or more Bourbon genotypes suitable for the production of specialty coffees in different environments and that its chemical composition can be used as an indicator of that capacity.In this context, this study was conducted in order to assess how the interaction between Bourbon genotypes and different environments affects the sensory quality of coffees, as well as relate the chemical composition of the beans with their sensory quality.
MATERIALS AND METHODS
Four genotypes of CoffeaarabicaL. (Table 1) were grown in experimental field plots since 2005 in the southern region of the state of Minas Gerais and in the region of Mogiana in the state of São Paulo. Both regions are highlighted for their production of Arabica coffee on a large scale.
Table 1.Studied genotypes and environments and their codesa.
	Environments
	Genotypes

	A1 = Lavras
	G1 = Mundo Novo IAC 502/9

	A2 = São Sebastião da Grama
	G2 = Yellow Bourbon IAC J9

	A3 = Santo Antônio do Amparo
	G3 = Yellow Bourbon /Origin SSPb

	
	G4 = Yellow Bourbon /Origin CMb


a A1, A2, A3, G1, G2, G3 e G4 = codification of the genotypes and environments used in the discussion of the results.
bSSP = São Sebastião do Paraíso, MG; CM = Carmo de Minas, MG. 
Coffeeharvestandprocessing
Coffee fruits were handpicked and selectively harvested when the fruits were completely mature to guarantee the complete uniformity of the material from the different parcels. Then, the coffee fruits were peeled to obtain the pulped coffee. Drying was carried out immediately after processing according to the method of (BORÉM, 2008), until coffee beans were at the level of 11% (w.b) moisture content.
Sample preparation 
After drying, the samples were packed in paper bags and covered with plastics bags, identified and stored in chambers at a controlled temperature of 18°C for 60 days. Then, the samples were benefited and the defects were removed in order to standardize the samples and minimize interferences unrelated to the genetic material or the environment. Chemical analysis and roasting were performed in beans retained on sieves 16 and higher (16, 17 and 18/64 inches). 
Roasting and sensory evaluation 
All procedures were performed according to the protocol described by the Specialty Coffee Association of America – SCAA(LINGLE, 2011). The sensory attributes included the aroma, uniformity, absence of injuries, sweetness, flavor, acidity, body, balance, completion and overall impression. The final sensory grade was generated from the sum of all of the evaluated attributes. For each evaluation, five cups of coffee representing each genotype were evaluated, with one session of sensory analysis for each repetition and a total of three repetitions. Each environment was evaluated separately. In addition to the final grade obtained from the sensory evaluation, the attributes of aroma, acidity, body and flavor were also analyzed statistically in order to complement the analysis, considering that these are the main attributes responsible for distinguishing the different sensory profiles of the coffee.
Caffeine, trigonelline and 5-caffeoylquinic acid (5-CQA)
	Extractions of compounds were performed in duplicate for each of the three replicatesaccording to (FIGUEIREDO et al., 2013). The concentrations of caffeine, trigonelline and 5-CQA were determined simultaneously using high-performance liquid chromatography (HPLC). Therefore, the system operated with a Rheodyne injection valve (model 77251), with a loop fixed at 20 µL and a data processor (Shimadzu). Areverse-phase C18 column (5 µm, 250 mm x 4.6 mm,Shim-pack CLC-ODS (M), Shimadzu)was used,witha 4-µm pre-column. Elution was isocratic with a mobile phase consisting of methanol:aceticacid:water (30: 0.5:69.5; v:v:v), flow of 1 mL/min at 22 °C.The concentration of the compounds was determined by the ratio among peak areas of caffeine, trigonelline and 5-CQA of the sample and the respective standards of known concentrations. The final contents of caffeine, trigoneline and 5- CQA were given in percentage of dry matter (% DM).
Statistical analysis
	Four Arabica coffee genotypes were evaluated in three production environments. The three experiments were conducted in a randomized block design (RBD), with three replications in the field and plots consisting of ten plants.The results of sensory attributes and chemical compounds analyzed were subjected to analysis of variance (ANOVA) and, when significant differences in the F test were detected, the Scott-Knott test was applied at 5% significance, using the program SISVAR® (Ferreira, 2011).Multidimensional geometric representation of the data was performed using multidimensional scaling (MDS), with the statistical software R (R CORE TEAM, 2012). Qualitative or quantitative relationships between the data correspond to geometric relationships in this representation.
RESULTS AND DISCUSSION
Chemical composition and sensory quality: effect of genotypes and environments
	The mean values of sensory attributes, final sensory score and chemical compounds in relation to genotypes, environments, and interactions between genotypes and environments are presented in Table 2.The analyzed chemical compounds showed no significant difference in relation to genotypes, environments and interaction between genotype and environment (Table 2). The only compound that showed a significant difference for genotypes was caffeine. The genotype Yellow Bourbon IACJ9 (G2) showed a lower caffeine content, equal to 1.06%, and differed from other genotypes.
Dessalegn et al. (2008) found variability in caffeine contents of Arabica coffee genotypes in Ethiopia. However, the differences were not significant in caffeine contents between the two regions studied. Genotypes collected in Northwestern Ethiopia had caffeine contents ranging from 0.91% to 1.32%, with an overall average of 1.09%, while those in the Southwest ranged from 0.93% to 1.27%, with an overall average of 1.12%. In this study, no significant differences between caffeine contents were found in the different environments analyzed (Lavras, São Sebastião da Grama and Santo Antônio do Amparo), with mean values close to those found by Dessalegn et al. (2008), in different regions of Ethiopia.
Table 2 Sensory evaluation and average levels of 5-CQA, trigoneline and caffeine of beans from different Arabica coffee genotypes and environments: mean and probability of significance (F) determined by analysis of variance (ANOVA) of three environments and 4 genotypes*.
	genotype/environment
	
	fragrance
	flavor
	acidity
	body
	final
	5-CQA (%)
	trigoneline (%)
	caffeine (%)

	G1
	
	7.25a
	7.11a
	7.25a
	7.37b
	80.38a
	4.30
	0.88
	1.14b

	G2
	
	7.60b
	7.39b
	7.38b
	7.37b
	81.61b
	4.51
	0.82
	1.06a

	G3
	
	7.58b
	7.44b
	7.43b
	7.33b
	81.76b
	4.63
	0.86
	1.11b

	G4
	
	7.26a
	7.07a
	7.15a
	7.17a
	79.87a
	4.76
	0.90
	1.14b

	F
	
	0.00
	0.00
	0.00
	0.01
	0.00
	0.46
	0.18
	0.05

	A1
	
	7.36
	7.20
	7.22
	7.24
	80.59
	4.36
	0.85
	1.13

	A2
	
	7.52
	7.35
	7.37
	7.36
	81.42
	4.52
	0.86
	1.08

	A3
	
	7.38
	7.22
	7.32
	7.33
	80.70
	4.75
	0.88
	1.12

	F
	
	0.11
	0.20
	0.07
	0.12
	0.12
	0.31
	0.68
	0.11

	A1
	xG1
	7.09a
	6.95a
	7.12a
	7.25b
	79.64a
	4.10
	0.87
	1.17

	
	xG2
	7.53b
	7.25b
	7.27b
	7.31b
	80.93b
	4.35
	0.84
	1.10

	
	xG3
	7.58b
	7.51b
	7.46b
	7.36b
	81.96b
	4.54
	0.86
	1.10

	
	xG4
	7.22a
	7.07a
	7.02a
	7.05a
	79.86a
	4.46
	0.85
	1.17

	F
	
	0.01
	0.01
	0.00
	0.05
	0.03
	0.83
	0.98
	0.36

	A2
	xG1
	7.62b
	7.40b
	7.54b
	7.40
	81.89b
	4.41
	0.88
	1.10

	
	xG2
	7.62b
	7.45b
	7.35b
	7.37
	81.76b
	4.55
	0.78
	1.08

	
	xG3
	7.68b
	7.51b
	7.45b
	7.37
	82.28b
	4.57
	0.87
	1.09

	
	xG4
	7.19a
	7.03a
	7.15a
	7.30
	79.77a
	4.57
	0.91
	1.04

	F
	
	0.01
	0.04
	0.03
	0.87
	0.02
	0.98
	0.23
	0.71

	A3
	xG1
	7.04a
	6.99a
	7.10
	7.47a
	79.63a
	4.39
	0.89
	1.14b

	
	xG2
	7.64b
	7.48b
	7.52
	7.42a
	82.15b
	4.62
	0.83
	1.01a

	
	xG3
	7.48b
	7.29b
	7.36
	7.26b
	81.06b
	4.76
	0.86
	1.13b

	
	xG4
	7.36b
	7.12a
	7.28
	7.15b
	79.98a
	5.24
	0.94
	1.20b

	F
	
	0.00
	0.04
	0.06
	0.02
	0.02
	0.40
	0.39
	0.00





* Experimental design consisting of 3 environments x 4 genotypes x 3 years of harvest. Means followed by the same letter in the column do not differ statistically (P = 0.05) by the Scott-Knott test.G1= Mundo Novo IAC 502/9, G2= YellowBourbonIAC J9, G3= Yellow Bourbon/SSP, G4= Yellow Bourbon/CM, A1= Lavras, A2= São Sebastião da Grama, A3= Santo Antônio do Amparo. 



Avelino et al. (2005) reported higher contents of caffeine, trigoneline and chlorogenic acid in coffees grown at higher altitudes. In this study, although the evaluated environments have different altitudes (Table 1), it was not possible to differentiate these environments in relation to the content of these compounds.
	A recent study, relating the main climatic variables (temperature, precipitation, irradiance and potential evapotranspiration) and the chemical composition of green coffee beans, was conducted by (JOËT et al., 2010). Sixteen Arabica coffee plots located in the Reunion Island were analyzed, at altitudes ranging from 150 to 1032 m. Variations were quantified in lipids, chlorogenic acids, caffeine and sugar content. However, the results were contradictory, demonstrating the complexity to find a consistent relationship between edaphoclimatic variables, biochemical constituents and the improvement ofbeverage flavor.
	The sensory attributes and sensory final score showed a significant difference in relation to the interaction between genotype χenvironment(Table 2).
	The main differences in flavor between C. arabica genotypes are due to differences in the genetic makeup of the plants, which determines the manifestation of distinct flavor precursors between different genotypes (PEREIRA et al., 2010). This fact justifies genotype differentiation as a function of sensory aspects.
	However, different coffee genotypes may differ in quality and the interaction genotype and environment can also cause differences in coffee quality (MALTA; CHAGAS, 2009). Although the analyzed sensory aspects have not been differentiated between environments, it is observed that the interaction between genotypes and environments was significant for all sensory attributes and the final sensory score, emphasizing the effect of the interaction between genotype and environment on the final coffee quality.
	Due to the limitation of the univariate analysis for understanding the effect of all studied variables, data were subjected to multivariate analysis, using multidimensional scaling (MDS), according to the methodology described by (COX; COX, 2001).
Multidimensional scaling (MDS)
	Table 3 shows the dissimilarity matrix among the twelve points of the interaction between genotypes and environments (AxGy) for sensory variables of the transformed data matrix. It is possible to observe that lower values indicate more similar points (AxGy), while higher values indicate dissimilarity between points (AxGy).
	Figure 1 shows the biplot with multidimensional scaling of 4 genotypes and 3 environments for sensory attributes (acidity, fragrance, flavor and body) and final sensory score, besides the stress function generated for the purpose of checking the quality of the adjustment MDS provided by the reduction in variables. In the representation, the distances between the points are directly related to dissimilarities between them (Figure 1A). The stress function was equal to 0.02, indicating a high-quality setting (Figure 1B). This fact allows to state that the relationship between sensory attributes and environments can be synthesized by these variables, represented in predictive axes.
	The points A3G2 and A2G3; A2G1 and A1G3, for example, are the most similar to each other, as shown in Table 3, of dissimilarity measures. Given this proximity between the points, it is possible to visualize the formation of groups genotype χ environment: group I, formed by the points A3G1, A1G1, A2G4, A1G4 and A3G4; group II, by points A3G3 and A1G2 and group III, by points A2G2, A1G3, A3G2, A2G3 and A2G1. It is important to emphasize that group III is that with the greatest proximity, that is, the greatest similarity between their points.
	It is observed that coffees grouped to the left of the biplot (group I) showed lower intensity of the attributes fragrance, flavor and acidity, when compared to coffees grouped on the right (group III) (Figure 1A). This grouping also has lower sensory scores (below 80 points), when compared to group III (Table 2). All genotypes that showed scores above 80 have the potential for the production of specialty coffees, especially those with a score higher than 81 points.
	The attributes flavor, acidity and fragrance were the most decisive for coffee differentiation. On the other hand, in this study, the attribute body little contributed to group differentiation (Figure 1A). However, it was responsible for approaching or distancing points within the groups formed in relation to the vertical axis. The points allocated to group I were those which suffered the greatest interference of the variable body. This can be observed by analyzing the points A3G1 and A1G4. Both points have values of acidity, flavor and final sensory score very similar and differed for the attributes fragrance, and especially body.
	From the groups formed, it is possible to observe that the genotypeYellow Bourbon (G4) did not express well, from a sensory point of view, in any of the studied environments, independently of the environment studied, always allocated in group I and presenting high similarity between them. Therefore, although the intrinsic quality of Bourbon is globally known and widely used for the production of specialty coffees in various regions of the world (FIGUEIREDO et al., 2013), it is observed that there is variability in beverage quality among the Bourbon genotypes studied. Variations found in flavor, acidity and fragrance indicate that not all Bourbon genotypes have the same potential for the production of specialty coffees. These results corroborate those of Ferreira et al.(2012)and Figueiredo et al.(2013), who detected differences in the potential to produce quality coffeesamong different Bourbon genotypes.
Table 3Dissimilarity matrix among the twelve points (interactions genotype χ environment, AxGy) for sensory variables.
	
	A1G1
	A1G2
	A1G3
	A1G4
	A2G1
	A2G2
	A2G3
	A2G4
	A3G1
	A3G2
	A3G3
	A3G4

	A1G1
	0.000
	1.403
	2.460
	0.355
	2.398
	2.257
	2.780
	0.191
	0.236
	2.659
	1.531
	0.498

	A1G2
	1.403
	0.000
	1.080
	1.187
	1.019
	0.867
	1.393
	1.234
	1.435
	1.277
	0.181
	0.990

	A1G3
	2.460
	1.080
	0.000
	2.244
	0.155
	0.234
	0.332
	2.295
	2.477
	0.221
	0.939
	2.050

	A1G4
	0.355
	1.187
	2.244
	0.000
	2.192
	2.037
	2.559
	0.302
	0.528
	2.449
	1.315
	0.338

	A2G1
	2.398
	1.019
	0.155
	2.192
	0.000
	0.237
	0.413
	2.232
	2.414
	0.273
	0.878
	1.986

	A2G2
	2.257
	0.867
	0.234
	2.037
	0.237
	0.000
	0.531
	2.090
	2.274
	0.428
	0.740
	1.849

	A2G3
	2.780
	1.393
	0.332
	2.559
	0.413
	0.531
	0.000
	2.615
	2.797
	0.157
	1.258
	2.371

	A2G4
	0.191
	1.234
	2.295
	0.302
	2.232
	2.090
	2.615
	0.000
	0.275
	2.494
	1.365
	0.346

	A3G1
	0.236
	1.435
	2.477
	0.528
	2.414
	2.274
	2.797
	0.275
	0.000
	2.672
	1.565
	0.614

	A3G2
	2.659
	1.277
	0.221
	2.449
	0.273
	0.428
	0.157
	2.494
	2.672
	0.000
	1.139
	2.251

	A3G3
	1.531
	0.181
	0.939
	1.315
	0.878
	0.740
	1.258
	1.365
	1.565
	1.139
	0.000
	1.114

	A3G4
	0.498
	0.990
	2.050
	0.338
	1.986
	1.849
	2.371
	0.346
	0.614
	2.251
	1.114
	0.000


G1= Mundo Novo IAC 502/9, G2= YellowBourbonIAC J9, G3= Yellow Bourbon/SSP, G4= Yellow Bourbon/CM, A1= Lavras, A2= São Sebastião da Grama, A3= Santo Antônio do Amparo.
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Figure 1 - (A) Biplot with multidimensional scaling of four genotypes (G) and three environments (A), for the sensory attributes and final sensory score evaluated. (B) Stressfunctiongenerated as a function of the interaction among factors. frag = fragrance, flav = flavor, aci = acidity, final = final sensory score, G1= Mundo Novo IAC 502/9, G2= Yellow Bourbon IAC J9, G3= YellowBourbon/SSP, G4= YellowBourbon/CM, A1= Lavras, A2= São Sebastião da Grama, A3= Santo Antônio do Amparo. 
	The environment São Sebastião da Grama (A2) stood out, compared to the others. In this environment, all genotypes, except G4, showed higher intensity of the sensory attributes acidity, flavor and fragrance and comparatively higher final sensory scores, always placed in group III. Thus, when the environment is favorable to the production of specialty coffees, it is suggested that the selection or indication of genotypes for cultivation could prioritize the identification and restriction of genotypes improper for quality. The three studied environments stand out for the production of Arabica coffee in large scale. However, according to Alves et al. (2011), even in areas suitable for the production of good-quality coffees, climate diversity can cause variations in beverage characteristics. According to Dal Molin et al. (2008), changesin climate conditions interfere in the formation and maturation of fruits, changing their intrinsic characteristics, which can allow different beverage qualities.	EnvironmentA2 is that with the highest altitude (1,300 m). In many studies, there are reports that the rise in altitude is related to the increase in beverage quality (GUYOT et al., 1996; DECAZY et al., 2003; AVELINO et al., 2005; BERTRAND et al., 2006).Decazy et al. (2003) evaluated the quality of coffees grown in six regions of Honduras and concluded that higher altitudes and rainfall lower than 1,500 mm were favorable for sensory quality. Avelino et al.(2005) related high altitudes with higher-quality coffees, located in two terroirs of Costa Rica, Orosi and Santa Maria de Dota. Guyot et al.(1996) also reported an improvement in beverage quality from higher altitudes in Guatemala.
	The points A1G1 ((Lavras/Mundo Novo) and A3G1 (Santo Antônio do Amparo/Mundo Novo) presented the greatest dissimilarity in relation to the group of coffees with higher sensory scores (group III) (Figure 1A). Cultivar Mundo Novo (G1) is widely cultivated in Brazil, mainly due to its high yield (Carvalho, Mendes, Bartholo, and Cereda, 2006).However, it presented limitations in the production of specialty coffees, indicating that the quality of its beverage is dependent on environmental conditions where it is grown. The genotype Mundo Novo (G1) was sensorially highlighted only when grown in the most promising environment for the production of specialty coffees (A2).	
	When combined with genotypes Yellow Bourbon and Yellow Bourbon IAC J9, respectively A1G3 and A3G2, the environments Lavras and Santo Antônio do Amparo stood out in the sensory evaluation and allowed the production of flavored coffees, with intense acidity and fragrance, besidesahigh sensory quality. In this case, the interactiongenotype and environment was crucial for the manifestation of flavors in coffees, emphasizing the contribution of Bourbon genotypes. These results confirm the high potential ofgenotypes G2 and G3 for the obtention of specialty coffees in different manufacturing environments. It is observed that genetic diversity is one of the factors that most contribute to the definition of Arabica coffee beverage quality ( DESSALEGN et al., 2008; PEREIRA et al., 2010).Thus, it is believed that technological research and innovation programs that seek to increase the supply of specialty coffees should invest more in understanding gene expression in quality and supply of new genotypes able to produce coffee with diversity in flavor, even when grown under different conditions.
	In a recent study, the effects of processing, genotypes and production environment were evaluatedon coffee quality (SALLA, 2009). A strong interference of genetic makeup was identified in flavor determination. Beverage quality of most genotypes and cultivars ranged as a function of environment and processing.However, some cultivars showed a better-quality beverage in any environment and processing, indicating high genetic stability for beverage quality (SALLA, 2009).
	Table 4showsthedissimilaritymeasure matrix among the twelve points of the interaction between genotypes and environments (AxGy) for sensory and chemical variables of the transformed data matrix.
	In the literature, there is extensive material aiming at the obtention of the correlation between chemical compounds (caffeine, trigonelline and 5-CQA) with the sensory coffee profile (Bertrand et al., 2008; Campa et al., 2004; Duarte, Pereira, and Farah, 2010; Farah, Monteiro, Calado, Franca, and Trugo, 2006; Franca, Oliveira, Mendonça, and Silva, 2005).
	The results obtained for caffeine, trigonelline and 5-CQA with multidimensional scaling of four genotypes and three environments for sensory attributes, final sensory score and chemical compounds evaluated, are shown in Figure 2. The results show a relationship between sensory characteristics and contents of chemical compounds in the differentiation of genotypes and environments.
	InFigure 2, it is observed that the grouping of points obtained as a function of sensory attributes (Figure 1) was kept; the stress function (0.11) also indicates good model fit (Figure 2B).
	The inclusion of chemical compounds allowed a greater distance from most points (AxGy), represented by the increasing dissimilarity between them, according to Table 4 of dissimilarity. Comparatively, the highest dissimilarity occurred in the group with the lowest sensory scores.
	The chemical compound 5-CQA showed the highest correlation with the yaxis and thus provided greater distance of points belonging to the same genotype. Considering these points regarding the interaction of genotype G4with three environments (A1G4, A2G4 and A3G4), it is found that the content of 5-CQA enabled an increase in point divergence, that is, it allowed a greater differentiation of environments A1, A2 and A3, when combined with this genotype. The highest 5-CQA contents were found in environment A3. For other genotypes, the same behavior was observed, with higher 5-CQA contents in environment A3, compared to environments A2 and A1.
Table 4 Dissimilarity matrix among the twelve points (interactions genotype χ environment, AxGy) for sensory and chemical variables.
	
	A1G1
	A1G2
	A1G3
	A1G4
	A2G1
	A2G2
	A2G3
	A2G4
	A3G1
	A3G2
	A3G3
	A3G4

	A1G1
	0.000
	1.429
	2.501
	0.508
	2.419
	2.305
	2.821
	0.521
	0.377
	2.714
	1.670
	1.248

	A1G2
	1.429
	0.000
	1.097
	1.194
	1.022
	0.891
	1.410
	1.254
	1.437
	1.307
	0.450
	1.335

	A1G3
	2.501
	1.097
	0.000
	2.246
	0.204
	0.248
	0.334
	2.296
	2.482
	0.254
	0.965
	2.169

	A1G4
	0.508
	1.194
	2.246
	0.000
	2.194
	2.042
	2.563
	0.348
	0.535
	2.459
	1.351
	0.854

	A2G1
	2.419
	1.022
	0.204
	2.194
	0.000
	0.291
	0.443
	2.238
	2.414
	0.358
	0.947
	2.154

	A2G2
	2.305
	0.891
	0.248
	2.042
	0.291
	0.000
	0.539
	2.095
	2.283
	0.443
	0.778
	1.986

	A2G3
	2.821
	1.410
	0.334
	2.563
	0.443
	0.539
	0.000
	2.616
	2.803
	0.188
	1.274
	2.467

	A2G4
	0.521
	1.254
	2.296
	0.348
	2.238
	2.095
	2.616
	0.000
	0.340
	2.495
	1.383
	0.774

	A3G1
	0.377
	1.437
	2.482
	0.535
	2.414
	2.283
	2.803
	0.340
	0.000
	2.686
	1.610
	1.051

	A3G2
	2.714
	1.307
	0.254
	2.459
	0.358
	0.443
	0.188
	2.495
	2.686
	0.000
	1.156
	2.346

	A3G3
	1.670
	0.450
	0.965
	1.351
	0.947
	0.778
	1.274
	1.383
	1.610
	1.156
	0.000
	1.215

	A3G4
	1.248
	1.335
	2.169
	0.854
	2.154
	1.986
	2.467
	0.774
	1.051
	2.346
	1.215
	0.000


G1= Mundo Novo IAC 502/9, G2= YellowBourbon IAC J9, G3= Yellow Bourbon/SSP, G4= Yellow Bourbon/CM, A1= Lavras, A2= São Sebastião da Grama, A3= Santo Antônio do Amparo.
[image: C:\Users\Luisa\Dropbox\Envio Artigo 3 Luisa\Coffee Science\figure 2.tif]
Figure2 - (A) Biplot with multifunctional scaling of four genotypes (G) and three environments (A), for the sensory attributes, final sensory score and the chemical compounds evaluated. (B) Stressfunction generated as a function of the interaction among factors. frag = fragrance, flav = flavor, aci = acidity, final = final sensory score,caf = caffeine, trig  = trigoneline, CQA = 5CQA, G1= Mundo Novo IAC 502/9, G2= Yellow Bourbon IAC J9, G3= Yellow Bourbon/SSP, G4= YellowBourbon/CM, A1= Lavras, A2= São Sebastião da Grama, A3= Santo Antônio do Amparo.

	Avelino et al. (2005) differentiated the environments Santa Maria de Dota and Orosi (Costa Rica) from the quantification of chemical compounds caffeine, trigoneline, chlorogenic acids and sucrose. The composition of chlorogenic acids and especially fatty acids, allowed the differentiation of environments Naranjal, Paraguaicito and Rosario, located in Colombia (BERTRAND et al., 2008). 
Farah et al.(2006) identified eight chlorogenic acids, and caffeoylquinic acid was the major one, responsible for 83% of the total. The highestCGA contents (7.02 g/100 g) in green beans were found in lower-quality coffees (river) and the lowest contents (5.78 g/100 g), in better-quality coffee (soft). Strong correlations were found between the contents of most CGA monoesters and the low quality of the drink; 5-CQA contents were positively correlated with low-quality coffees and river flavor (FARAH et al., 2006). 
	In this study, it was not possible to relate the content of 5-CQA with sensory quality as a function of the interaction genotype χ environment; coffees with higher sensory scoresshowed lower contents of 5-CQA, sometimes higher contents and vice-versa. However, among the chemical compounds, 5-CQA was the one that best distinguished the studied environments.
	The content of trigoneline was not a good discriminator of the groups formed. However, in general, the content of trigoneline was lower in coffees that had higher final scores in the sensory evaluation (group III) (Figure 2A).
	It is observed that the sensory characteristics were clearly represented along the x axis, while the chemical compounds 5-CQA and trigonelline were along the y axis (Figure 2A). Avelino et al. (2005) also found that some chemical characteristics were largely independent of the sensory characteristics of the evaluated coffees, among them, the content of chlorogenic acids and trigoneline.
	Farah et al. (2006), working with different quality coffees, found a relationship between quality and trigoneline content in green beans. With the reduction in quality, trigoneline contents reduced from 1.34 g/100 g to 0.96 g/100 g, resulting in a strong negative correlation with the worst quality and river flavor. Campa et al. (2004)reported changes in the content of trigoneline between sixteen coffee species, from 0.39% to 1.77% (dry basis). Franca et al. (2005) found no relationship between the sensory quality of the analyzed coffees and the contents of trigoneline and 5-CQA. Analyzing coffee varieties, Bertrand et al. (2006) found no significant relationship between trigoneline contents and the different varieties studied.
	On the other hand, caffeine content correlated with the separation of groups I and III, that is, it allowed the differentiationof coffees (AxGy) with lower and higher final sensory scores. Coffees belonging to group III showed the lowest caffeine contents and the highest sensory scores, while those belonging to group I had higher caffeine contents and lower sensory scores.
	Dessalegn et al. (2008) also observed negative and significant associations between caffeine content and sensory attributes of coffee, such as acidity, body and flavor. The same authors also related low caffeine contents with physical characteristics desirable in green coffee beans, such as size, shape and uniformity. It is believed that caffeine biosynthesis and accumulation in green beans can be more pronounced during stress than in favorable conditions.Ribeiro et al.(2011) related the content of caffeine and chlorogenic acids to the attribute bitterness. 
	Unlike what happened to group I, points A3G2, A2G3, A1G3 and A2G2 (group III) increased their similarity with the inclusion of chemical variables. Thus, it is observed that coffees with lower final sensory scores (group I) have higher chemical variability than coffees that have higher final sensory scores (group III) (Figure 2A).
	The relationship between the content of caffeine, trigoneline and 5-CQA and sensory coffee quality is still quite controversial. In this study and under the analyzed conditions, only caffeine content was a coffee discriminator for beverage quality, while 5-CQA, an environment discriminator.
CONCLUSIONS
	São Sebastião da Grama (A2) is the most promising environment for the production of specialty coffees.Regardless of culture environment, the genotype Yellow Bourbon (G4) is not indicated for the production of specialty coffees.In a favorable environment,cultivarMundo Novo IAC 502/9 produces quality coffees.Lavras and Santo Antônio do Amparo produce quality coffees, depending on the cultivated genotype.Genotypes Yellow Bourbon IAC J9 and Yellow Bourbon (G3) are the most suitable for the production of specialty coffees.Caffeine content allowed to differentiate coffees regarding beverage quality. Coffees with superior quality have lower caffeine contents.The content of 5-CQA allowedtodifferentiate environments.
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