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ABSTRACT

Specialty coffees can be differentiated in various ways, including the environmental conditions in which they are
produced and the sensory composition of the drink. This study aimed to evaluate the effect of altitude, slope exposure and
fruit color on the sensory attributes of cafes of the region of Matas de Minas. Sampling points were georeferenced in four
altitude ranges (< 700 m; 78%> 825 m, 825 < x < 950 m ar®50 m) of the cdée crop; two fruit colors of vaCatuai (yellow
and red); and two slope exposures (North-facing and South-facing). Coffee fruit at the cherry stage were processed and
submitted to sensory analysis. The sensory attributes evaluated were overall perception, clean cup, balance, aftertaste,
sweetness, aciditpody and flavgwhich made up the final scofiéhe scores were examined&)}OVA and means were
compared by th€ukey test (< 0.05). From the sensory standpointfeeffruits of both colors are simijas well as the
coffees from both slope exposures when these factors were analyzed septnather at higher altitude¥ellow Catuai
produces cdées with better sensory qualigimilarly, coffees from North-facing slopes, at higher altitudes produce better
quality cup.The altitude is the main factor that interferes witHemfjuality in the aredll factors together contribute to
the final quality of the beverage produced in the region of Matas de Minas.

Keywords: Coffea arabicaquality cup; altitude; slope exposure; fruit color

RESUMO

Andlise sensorial dos cafés especiais da regido das Matas de Minas cultivados em diferentes
condi¢cdes ambientais

Os cafés especiais podem ser diferenciados por diversas formas, incluindo as condi¢cdes ambientais em que séo
produzidos e a composicao sensorial da bebida. Objetivou-se avaliar neste trabalho o efeito dos fatores altitude, face de
exposicéo solar e cor do fruto nos atributos sensoriais dos cafés da regido das Matas de Minas. Nas lavouras, pontos
amostrais foram georreferenciados em quatro extratos de altitude (< 706 >/&®b m, 825 < x < 950 npe950 m); duas
cores de fruto da variedade Catuai (amarelo e vermelho); e duas faces de exposicao solar (Noroeste e Sudeste ). Foram
utilizados cafés no estadio “cereja”, que foram beneficiados e submetidos a analise sensorial. Foram avaliados os
atributos sensoriais percepc¢éao geral, bebida limpa, balanco, retrogosto, docura, acidez, corpompahdp assim
o escore finalAs notas foram submetida®\BIOVA e as médias comparadas pelo tesfeuitey (p < 0,05). Do ponto
de vista sensorial, os frutos de café de ambas as cores se mostram semelhantes, assim como os cafés localizados em
ambas as faces quando esses fatores foram analisados isoladamente. Entretanto, em maiores altitudes o café Catuai
Amarelo produz cafés de melhor qualidade sensorial. Da mesma forma, os cafés da face Noroeste, em maiores altitudes
produzem cafés de melhor qualidafleltitude é o fator que mais interfere na qualidade dos cafés da Pegtéiacéo
em conjunto de todos os fatores contribui para a qualidade final da bebida produzida nas Matas de Minas.

Palavras-chave:Coffea arabicaqualidade de bebida; altitude; face de exposicéo; cor do fruto
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INTRODUCTION acids and amino acids, which improves the favorable

h teristics f Matietlal., 2005;
Brazil stands out as the workdlaigest producer and characteristics fora good beverage (Matietial, 2005;
Vii’;\aslet al, 2006).

exporter of coffee and the second largest consumer (Brazil, . . . .
P g ( Studying the relation of higher altitudes and shade,

2014). The state of Minas Gerais is the largest domestic .
producer ofArabica cofee, accounting for over 50% of uyotet al (1996) and Buenaventura & Castafio (2002)

total production in the country (Companhia Nacional dg)ound that in these conditions there is a delayed maturation

Abastecimento - Conab, 2014)nong the four producing of coffee fruits, resu_ltmg in increased aC|d|ty_ and sugar
. . . ._.content. Other studies also reported the existence of a
regions of the state, the region Matas de Minas, compnsmg . . ] _
. . ; . relationship between altitude and quality of coffee
an extension of continuous land in the regions Zona %a
everage, such as those performed by Gelyait (1996),

Mata andvale do Rio Doce, have stood out in recent year o .
o . S . y gerrano & Castrillon (2002), Decaetal (2003), Silvaet
with increasing participation in the production of specialty

coffees al. (2004) Avelinoet al (2005) and Dal Molirt al (2008).
Specialty coffees can be differentiated by their sensory Itis behe\l{ted tfh a;éth.ehfrwt colct)rr] can be ;elatetd (;o the
attributes, allowing the consumer to taste and appreciat 4 sory qualily of cGee, howeverthere are few studies

. . . L that show this association. Studies under different
different beverage with superior qualipyoviding pleasant ) . i
! environmental conditions (altitude and slope exposure)
sensations to the sense organs.

The specialty coffee segment represents approximatég?;lle ng;'rl]d;ﬁzlerg s;gls;))ry quality in yellow fruitay@ira
12% of the international coffee market. The value of thé ' ' 7 . o .
The market of specialty coffees is growing in Brazil,

current sales for some different coffees have a price iding £ ith hiah ) q ith
premium ranging between 30% and 40% more compareo‘ot[)OVI '”? a(rjmbers w 'Ig er Erlces Ian consum?rw ha
conventional coffee. In some cases it can reach above © r€lined DEverage, Itis then relevant to periorm the

100% (Brazil Specialty Ct#eAssociation- BSCA, 2015). S€NSOry analysis, relating quality of coffee with
. . . .. environmental factors and fruit col@ihus, the aim of this
The commercial evaluation of the quality of Brazilian _ )
. . . . sEudy was to evaluate the influence of the altitude, slope
coffee is carried out mainly through the physical aspec ) .
) B N e>%posure and fruit color on the sensory attributes of coffee
and the sensory analysis, also known as “cup test”, tha

is, depending on the type and beverage (BSCA, 201§r_oduced in the region of Matas de Minas.

Regarding the analysis of specialty coffee, this evaluati
becomes more rigorous because these coffees have s(LMéA—‘TERIAL AND METHODS
rior quality to the export standard used in Brazil. The region of Matas de Minas comprises 63
A good quality beverage depends on many aspectminicipalities in which the coffee is the most important
such as appropriate pre-harvest cultural practiceagtivity for the regional economit is located east of the
favorable physiological and environmental factorsstate of Minas Gerais in a mountainous area ofAtthatic
inherent plant characteristics, as well as appropriak®rest, in the coordinates 40° 50' to 43° 36" South and 18°
management of harvest and post-harvest processas; to 21° 26West. The study was conducted in 14
including the beverage preparation (Camargo, 2007#nunicipalities of the region of Matas de Minas (Figure 1).
Various factors &ct cofee quality and environmental A total of 299 sampling points were marked among the
factors such as altitude and sun exposure are among ithénicipalities according to the altitude, slope exposure
most important ones (Guyet al, 1996; Decazgt al, and fruit color available in each one, as well as the consent
2003;Avelinoet al, 2005Alves, 2005; Bernardest al,  of the farmersTo facilitate the collection of cfefe samples,
2012). the points were georeferenced (GPS Garmin Etrex 30) by
According toValeriano (2003), the direction of sunrecording latitude, longitude and altitude.
exposure plays an important role in crop evapotranspiration To survey the sampling points, three parameters that
and water balance. In addition, the slope exposurefluence the quality of coffee were considered, namely:
influences air temperature, affecting the length of thgvo fruit colors of the predominant variety in the region -
production cycle and determining the harvest time, whidRed Catuai an&fellow Catuai (cultivars were not
is important for the quality of coffee beans (Ferretral,  distinguished); four altitude ranges relative to sea level -
2012). less than 700 m (< 700 m); equal to or greater than 700 m
Altitude also has a strong influence on air temperatuend less than or equal to 825 m (Z00> 825 m); greater
changes (Cargnelutti Filhet al, 2006), which decrease than 825 m and less than 950 m (825 < x < 950 m); and
with altitude (Avoade, 2004). Lower temperatures delagreater than or equal to 950 mg50 m); and two slope
fruit ripening, leading to the occurrence of more chemica@xposures — North-facing (warmer) and South-facing
changes in beans and greater accumulation of sugars, s§owoler). The South-facing slopes (Southwest and
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Southeast quadrants) get less sun during the day and ltheversity ofVicosa.The dryer consisted of galvanized
year The North-facing slopes (Northeast and Northwestheets coated with epoxy paint, 48 trays with perforated
quadrants) get more sun during the day and the yealuminum sheet bottom and a centrifugal fan with air volu-
(Ferreiraet al, 2012). This study considered the Norttme of 30 Mair per minute. Each tray dryer contained 1.5 kg
slope warmer and the South slope cooler of parchment coffee.

For each fruit colqrcoffee samples were collected from  The temperature of the drying air was between 35 and
the four altitude ranges and from each slope exposure a#@I°C until the coffee samples reached 11 to 12% moisture.
analyzed, composing a 2 x 4 x 2 factorial. The monitoring of bean moisture was carried out with a

Within each environment, three kilograms of cherryligital Gehaka G800 grain moisture tesfemperature
coffee were collected at random in approximately thirtgontrol was controlled by an external digital thermometer
trees per hectare. Fruits were harvested from four branchasd the air heating system was control by butane. Coffee
a pair on each side of the plant, facing the space betweasreach tray was stirred up daily to ensure uniform drying.
rows. Only one sample was collected from each plot and After drying, the coffee samples remained with
the maximum of six coffee samples within the same farmendocarp (parchment), were packed in woven poly-bags,

Since coffee maturation at higher altitudes is slowend stored in B.O.D. chamber with 60% relative humidity
(Ayoade, 2004vaastet al, 2006), the collection of fruitto at 20 °C for 60 to 80 days until complete processing.
obtain homogeneous samples and at the same maturaffsacessing of coffees was carried out in the municipality
stage was as follows: the first 15 days all samples locatefManhumirim- MG
up to 700 m were collected, in sequence, every 15 days, Coffee samples were hulled using a DRC-1 830 portable
samples of altitudes between 700 and 825 m, then betwéwiler, packed in plastic bags and stored until physical
825 to 950 m and, lastlthose of altitude above 950 m.  classification (screen and type) and sensory analysis.

The samples of cherry coffee were pulped in a hand Sensory analysis was performed by three tasters
pulper in continuous water flow and dried in a mechanicatorking at the Q-grader group, in the citydfenas — MG
dryer, which was designed exclusively for this purpose bigach coffee sample consisted of five cups and one
the Department &gricultural Engineering of the Federal determination per sample was performed by taster

Vale do Rio Doce

Metropolitana de Belo Horizonte

Legend
The area of Mapping Quality
[iii] Region of Matas de Minas

. Mesorregions of Minas Gerais|
Espirito Santo _| Brazilian States
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Jul’2015
Source: IBGE
Geographic coordinate system
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Figure 1: The region of Matas de Minas and municipalities that participated in the research.
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Eight characteristics related to organoleptic standards
of the beverage were evaluated according to the
methodology of the Brazil Specialty Ge¢ Association
(BSCA, 2015): overall perception, clean cup, balance,
aftertaste, sweetness, acidityody and flavarAll
procedures for the preparation of the coffee beverage and
sensory analysis followed the national and international
rules of the Cup of Excellence (CoE) methodology adapted
by BSCA, as well as the coffee sensory evaluation form.

In this methodologythe beverage, but not the defects,
is evaluated, and the samples start with score 36. From this
point, it sums up the scores of each attribute, from 0 to 8,
to make up the final score. Beverage evaluation follows a
grading scale from 36 to 100, in which 100 points is the
maximum score that a coffee can get. If the coffee sample
reaches a final score greater or equal to 80 points (80%), it
is classified as specialty coffee, according to BSCA.

The results were submitted to the analysis of variance
(ANOVA) at 5% level of probability (p = 0.05)he
significant differences detected by the F test were tested
by the Tukey (p < 0.05) test of mean comparison. The
Shapiro-WIk’ s test (p = 0.05) was used to test the normality
of data.

The statistical analyses were carried out only with the
samples having the final score (average scores of the thige
tasters) above 80 points (236 samples), since these %e
considered as specialty coffees by BSCA. Scores of i
three panelists were analyzed in each sample, which ée
designated as repetitions. Statistical analyses weg:e
performed with the statistical software SAS (Stat|st|ca8
Analysis System, 2014).

RESULTSAND DISCUSSION

Table 1 shows the results obtained in the analysis
variance (ANOW) (p < 0.05) for the eight sensory
attributes and the final score.

For sweetness, the altitude ranges < 700 nme&%0 m
did not difer significantly from each othdBut the lowest
altitude range was significantly higher than the intermediaig
altitude rangers. Flavor was only significantly different ing
the altitude range 950 m, with better scores than altitudeZ
range 825 < x <950 m#ble 2). Q

Corroborating our results, Gair (2012), studying th%
effect of altitudes between 500 and 998 m on the quality @f
coffee beverage from Parana, concluded that different alfg
tudes did not influence the sweetness, and at aItltudgs
above 900 m, the cigfes had superior flavor

In areas of higher altitude coffee trees take longer t@
complete its cycle (Matiellet al, 2005). Thus, the bean
filling period is longerensuring greater starch accumulatloﬁ
in coffee fruits. Besides, the period for the production ob

sory attributes@nd the final s
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substances such as sugars, some acids and amino acids

which contributes to a more pleasant flavoag$tet al,
2006;. Lavioleet al, 2007).

There was no isolated effect of slope exposure on
coffee quality However when analyzing the interaction
between slope exposure and altitude, it appears that the
coffees grown on the North slope and in the altitude range
> 950 m had the scores of balance, acidity and aftertasie
and the final score higher than coffees grown on the Sou81
slope (Rble 3).

This behavior indicates that at higher altitudes, the
coffees that have greater exposure to sunlight throughGEt
the day and year tend to have better sensory quiiiége
results agree with those found by Piatal (2006).

In a study on the effect of slope exposure on scores gf
beverage quality of coffee plantations in the mummpahtﬁ
of Araponga, Minas Gerais state, Brazil, with 904 m average
altitude, they found that the quality of beverage wasf}s
significantly higher in cdees grown on thévest-facing %
slopes than those grown on the East-facing slopes. C%\
the other handivelinoet al (2005) evaluated the quality 3
of coffee beverage of Costa Rica at altitudes between 1 0@0
and 1,800 m and found that the crops grown in the areas
facing East produced degs with superior quality

According to Bernardest al (2012), analyses of slope =
exposure must be compared jointly with other factors. Thus,
it becomes important to study the effect of slope exposuge
in different climates and microclimates, showing that thé
results cannot be generalized to all coffee producmg
regions worldwide.

The unfolding of the interaction between slopé€;,
exposure and fruit color showed no significant differenceg
between the slopes for both fruit colors, for the sensofy
attributes body and overall perception. When comparin§
the efect within slopes, in the South slop@llow Catuai o
was superior to Red Catuai for the same attributes bo@/
and overall perception. No significant differences wer%‘
observed regarding fruit color in the North slopal€ 4). o

The unfolding of the interaction between altitude an¢?
fruit color showed that at the highest altitude rag@50
m), theYellow Catuai reached the highest scores in thr%

ste and

ty

tributes

t

or t

en

tion be

Table 2: Effect of altitude on the scores of the sensory attribute

ac

Py

Slope exposure

sweetness and flavor o
£

. Mean ©
Altitudes =
Sweetness Flavor 5

<700 m 6.12a 5.98 ab ki
700< x< 825 m 5.92b 5.96 ab 2
825<x<950m 5.89b 5.86 b 5
>950 m 6.04 ab 6.03 a &
For each attribute, means followed by the same letter in the colunﬁ
are not significantly dferent by theTukey test at 5% probability ,‘_5

Final Score

After taste

North 6.00Aab
North 5.90Aab
North 5.73 Bb
North 6.17Aa

Acidity

Balance

North 5.86 Bab South 6.08Aa

700<x<825m North 5.90Aab

Altitude

South 84.88Aa
South 83.49Aa
South 83.31Aa

North 84.12Aab
North 83.74Aab
North 82.77Ab
North 84.87Aa

South 6.13Aa
South 5.96Aa
South 5.91Aa
South 5.84 Ba

South 6.19Aa
South 5.99Aa
South 6.00Aa
South 5.92 Ba

North 6.10Aa

<700 m

South 5.88Aab North 6.09Aa

South 5.82Ab

825<x<950m North 5.75Ab

North 5.93Aa

South 83.52 Ba

South 5.79 Bab North 6.16Aa

North  6.02Aa
For each attribute and the final score, means followed by the same capital letter in the row and the same small letter in the column are not sifgriéinahyytdéTukey test at 5% probability

>950m
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sensory attributes (balance, aftertaste, overall perceptidn)midity and undefined dry season) and Santa Maria de
and final score, differing significantly from the Red CatuaDota (between 1,550 and 1,780 m above sea level; low
When comparing the effect of the altitude within fruitrainfall and well-defined dry season), and found that both
color, no significant diferences were found between alti-regions produced higher quality beverage, especially the
tude ranges for the Catuai fad#s.The Yellow Catuai coffees from the highest altitudes within the range studied.
showed a trend to higher sensory scores at the altitude Similarly, Serrano & Castrillon (2002) studied the
range> 950 m (Bble 5). relationship between altitude (1,450-1,650 m) and quality
The results of Ribeiro (2013) agree with those obtainexf coffees in the municipality of Fresno, Colombia, where
in the present studjn his work was to evaluate thdesit  the annual average temperature is 20 °C, and concluded
of interactions between genotype, altitude, slope, ariat at higher altitudes the coffee beverage was significantly
contents of some compounds present in green beanshatter
coffee quality For three consecutive harvests of However assessing the beverage offeefquality
commercial crops in Carmo de Minas, Minas Gerais statepntests of Parana state, Brazil, and relating them to
Brazil, found significant effect for the interaction betweewlifferent altitudes (200-1,000 m), temperature®] °C or
genotype (¥llow Bourbon andicaid Red) and altitude > 21 °C) and soil textures (clayey and santfig)gt-Gair
(below 1,000 m; between 1,000 and 1,200 m; and abo{2011) found that in the conditions of the studke
1,200 m) in relation to the total coffee score. Coffee derivgatoduction of good quality coffee beverage at lower alti-
from yellow fruits were significantly superior at altitudestudes is possible. These observations reinforce that factors
above 1,000 m, not differing from red fruits at elevationsther than the altitude are important for the production of
below 1,000 m, which indicates that the yellow fruit respongood quality coffee.
positively in quality when grown at higher altitudes. In a previous study in the South of Minas Gerais state,
Studying the sensory quality of demucilated cherrBrazil with pulped, non-defective coffees produced in two
coffee, from the micro-region of Serra da Mantiqueira, Miranges of altitudes, 720 to 920 m and 920 to 1,120 m,&ilva
nas Gerais state, Brazil, harvested at different altitudesah (2004) reported that the coffees produced in the higher
different environments (<1,000 m, 1,000-1,200 m and >1,2@(titudes had low acidifyower body and higher sweetness,
m), slope exposure (North and South) and fruit coland produced better quality coffees compared with those
(yellow and red) of different varieties grown in the regionfrom the lower altitude range.
Taveiraet al (2011) found that cdées derived from yellow In this studythe altitude range 825 < x < 950 m had the
fruit, regardless of altitude and slope exposure, achievxest average grades for five sensory attributes (balan-
higher sensory scores than those derived from red fruie, aftertaste, sweetness, flavor and overall perception),
The authors argued that the result were due to seveaald, therefore, in the interactions, it was significantly
factors, mainly the response of crops to the productiatifferent and inferior than the altitude ranges < 700 m, 700
environment that cultivars are adapted. < x>825 m and 950 m. These results suggest that in the
Of the eight sensory attributes analyzed, six (balancgudied region, it is possible to obtain quality coffee at
acidity, aftertaste, flavosweetness and overall perceptionylifferent altitudes, either below 700 m or above 950 m.
showed that the altitude ranges < 700 ma880 m are Dal Molin et al. (2008), evaluating the sensory quality
significantly similar However work carried out by other of specialty coffee in the Jesuitas region in the state of
authors (Aveiraet al, 2011; Ribeiro, 2013) reported that Parand, Brazil, with annual average temperature of 20 °C,
there is a positive relationship between higher altitudesncluded that even at low altitudes (407-539 m), it was
and superior quality of coffee beverage, contrary to thmossible to produce full-bodied coffee with low percentage
results observed here. of defects and beverage quality equivalent to strictly soft
Avelino et al. (2005) assessed the cup quality ofslightly sweet, smooth and slightly astringent flavor) and
specialty coffees from two altitude terroirs of Costa Ric&yard (rough, astringent and without strange flavors), i.e.,
Orosi (between 1,020 and 1,250 m above sea level; higlgh quality beverage.

Table 4:Unfolding of the interaction between slope exposure and fruit color for the sensory attributes body and overall perception

Slope exposure

Fruit color -

Body Overall Perception
Yellow North 6.07Aa South 6.17Aa North 5.99Aa South 6.11 Aa
Red North 6.12Aa South 6.07Ab North 6.02Aa South 5.92Ab

For each attribute, means followed by the same capital letter in the row and the same small letter in the column are not significantly
different by theTukey test at 5% probability
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According toAlveset al. (2011), cofee is essentially
a product of “terroir”, i.e., directly influenced by
environmental aspects of both natural and human origin.
Knowing and explaining what affects coffee quality
becomes an extremely complex task, especially when dealing
with a country like Brazil, which has a large extension of
the crop in its territorywith different soil and climatic
conditions.

Thus, it is necessary to develop new research since
there are still few studies relating the influence of
edaphoclimatic factors with the sensory quality of coffees,
and many results already found need to be proven by
further studies.

CONCLUSIONS

The factors altitude, slope exposure and fruit color
influence the sensory quality of coffee when analyzed
separately (Altitude), or their interactions (Altitude x Slope
ExposureAltitude x Fruit Color and Slope Exposure X Fruit
Color).

From the sensory point of viewhe cofeesYellow
Catuai and Red Catuai are simikas well as the cfdes
grown in the North-facing and South-facing slopes, when
these factors are analyzed separatétyvever at higher
altitudesYellow Catuai produces defes with better
sensory qualitySimilarly, the cofees of North-facing slope,
at higher altitudes, produce better quality coffee.

Altitude is the main factor that influences the sensory
quality of coffee in the region of Matas de Minas, Minas
Gerais state, Brazil.
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