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ABSTRACT

Coffee is a product that is evaluated and commigrcialued by its
beverage quality, mainly in the international tradi The knowledge regarding
genetic, environmental and technological paramébatsproduce and determine
the quality is greatly important for the productiohspecialty coffees. In order
to understand the influence of these factors omtébolite profiles and on the
final quality of the coffee, this work was perfortheith the following goals: i)
to assess the influence of altitude, slope exposanel processing on the
metabolite and sensory profiles of different gepet/ grown inSerra da
Mantiqueirg ii) to identify a single metabolite or group oftabolites that are
potential markers of coffee quality. The experinabsiamples were harvested
during three agricultural crop seasons, with expental design comprising 3
altitude ranges (<1000m, 1000-1200m, >1200m), tl@pes exposures (sunny
face and shade face), two genotypes (Acaia andoweBourbon) and two
processing methods (dry and wet way). The metabpliofiling was performed
using the gas chromatography-quadrupole/mass spactometer- GC-Q/MS
and the sensory evaluation was performed accortinghe methodology
purposed by the Specialty Coffee Association of AoaeSCAA. Samples
harvested in different crop seasons tended to glifferent metabolite profiles
and very similar sensory score. The processing odstlwere the main factors
influencing the metabolite profile; however, thensary score was similar
between natural and demucilaged coffees. The ddtieffects were hidden by
the great variance showed by processing and gesmtyyhat made necessary to
separate assessments. The samples harvested &0ve a&f altitude tended to
show the highest quality scores, regardless theegsing method used, mainly
the Yellow Bourbon genotypes. The slope exposutendt affect the metabolite
profile of coffee seeds. The highest correlatiotues were observed for the
samples of Yellow Bourbon and for the group of rhet#ges analyzed, the ones
that positively correlated were: tryptophan, L-asgine, gluconic acid, glucose,
sorbitol, and mucic acid; and the ones that neghticorrelated were: lactic
acid, cafeic acid, myo-inositol, glycerol 1-phostghand L-aspartic acid.

Key words: Specialty coffees; Metabolomics; Enviramt; Coffee processing.



RESUMO

O café é um produto que é avaliado e comerciaknealorizado pela
gualidade de sua bebida, principalmente no mercadernacional. O
conhecimento dos fatores genéticos, ambientaiermltigicos que formam e
determinam a qualidade é de suma importancia papmoducdo de cafés
especiais. Buscando o entendimento da influéncisede fatores no perfil
metabolico e na qualidade, este trabalho foi radtizcom os objetivos de: i)
avaliar a influéncia da altitude, faces de expasgad sol e do processamento no
perfil metabdlico e na qualidade da bebida de @ifters gendtipos cultivados na
microrregido da Serra da Mantiqueira; ii) idensifium ou mais metabolitos
potenciais para marcadores da qualidade da befkédamnostras do experimento
foram coletadas durante trés safras agricolas, dmlimeamento composto por
trés faixas de altitude (<1000m, 1000-1200m, >1200kmas faces de exposicao
ao sol (soalheira e contra-face), dois genétipasaigh e Bourbon Amarelo) e
dois métodos de processamento (via seca e via Jin@idperfil metabolémico
das amostras foi realizado por CG-Q-MS a avaliagfsorial foi realizada pela
metodologia da SCAA. Os métodos de processamentosdatores que mais
afetam o perfil metabdlico dos gréos de café, narto, a qualidade sensorial
em termos de notas é bastante semelhante entegéssdescascados e os cafés
naturais. O efeito da altitude € dificilmente d&igel devido a grande variancia
apresentada pelo processamento e genotipo, torsandoecessario sua
avaliacdo separada. As amostras colhidas acima2dent independente do
processamento, sempre apresentam a tendéncia ele & maiores notas
sensoriais, principalmente o Bourbon Amarelo. Asefade exposicdo néo
exercem efeito significativo e nem tendencioso eabiperfil metabolémico e
nota total das amostras. Os maiores valores delagfio foram obtidos das
analises das amostras de Bourbon Amarelo e pareumo gde metabdlitos
analisados, 0s que se correlacionaram positivamiemgen: tryptophan, L-
asparagine, acido glucénico, glicose, sorbitol &danucico; e 0os que se
correlacionaram negativamente foram: acido latimdo cafeico, glycerol 1-
phosfato, mio-inositol, L-acido aspartico.

Palavras chave: Cafés especiais; Metaboloma; Anehi€afé-processamento.



LIST OF FIGURES

Figure 1 Experimental factors designed in a factorial méd2 treatments
comprised by 3 replicates each). .......ccooovveeiiiiieciiin e 27

Figure 2 PCA score scattering plot of the principal comprrie (30.78% of
the total variability) and principal component 298% of the total
variability) of the metabolite profile differentiaty (-) natural
coffee and +) demucilaged coffee. Each class of the processing
methods in the dataset was pretreated by WGLSaa(pAo01. ...... 37

Figure 3 PC 1 metabolite loadings of the PCA of the proogssethods.
The positive values on the Y axis indicated the tmiogortant
features for the natural coffee samples and thativegvalues on
the Y axis indicated the most important features fhe
demucilaged coffee samples. The red dashed line

( ) indicated the
threshold (0.2) for the selection of the most int@or features that
influenced on the separation of the natural anddiéucilaged
coffees. Each class of the processing methodseird#itaset was
pretreated by WGLS, alpha=0.001............oceemmeeieereiiiiiieeeeennnnn. 38
Figure 4 PCA score scattering plot of the principal compurie (12.14% of
the total variability) and principal component 22% of the total
variability) of the metabolite profile differentiafy coffee seeds



harvested in three different ranges of altitu?g €<1000m, :)
1000-1200m, ance] >1200m. Each class of altitude ranges in the
dataset pretreated by WGLS, alpha=0.001. ....ccccccevvvnrerrnnnnn... 41
Figure 5 PC 1 metabolite loadings of the PCA of the alétudnges. The
positive values on the Y axis indicated the mogidntant features
for the coffee samples harvested above 1200m itdddt and the
negative values on the Y axis indicated the mospoitant
features for the coffee samples harvested betw&®99m and
1200m, and bellow 1000m. The red dashed line

( ) indicated the
threshold (0.2) for the selection of the most int@or features that
influenced in the separation trend of coffee samplarvested in
the three altitude ranges. Each altitude ranges dlashe dataset
was pretreated by WGLS, alpha=0.001. .......ccccceeeeiieiiiiiiinenns 42
Figure 6 PCA score scattering plot of the principal comptrik (6.00% of
the total variability) and principal component 228% of the total
variability) of the metabolite profile differentiagy coffee seeds
harvested in two different slope exposus3 Sunny face, *)
Shade face. Each class of the slope exposurebeirdataset
pretreated by WGLS, alpha=0.001............occeemmmreeriiiiiineeeennnnnn. 44
Figure 7 PCA score scattering plot of the principal comptrie (15.16% of
the total variability) and principal component 25@% of the total



variability) of the metabolite profile differentiaj seeds of two
genotypes+) Acaid, ) Yellow Bourbon. Each genotype class in
the dataset was pretreated by WGLS, alpha=0.001................. 46
Figure 8 PC 1 metabolite loadings of the PCA of the genesyd he positive
values on the Y axis indicated the most importaatudres for the
Acaia coffee samples harvested and the negativesan the Y
axis indicated the most important features for\e#ow Bourbon
coffee samples. The red dashed line

( ) indicated the
threshold (0.2) for the selection of the most int@or features that
influenced in the separation trend of the genotypeaid and
Yellow Bourbon coffee samples. Each genotype clasghe
dataset was pretreated by WGLS, alpha=0.001... e 47
Figure 9 PCA score scattering plot of the principal compunle(40 23% of
the total variability) and principal component 3 &% of the total
variability) of the metabolite profile differentiag Natural Acaia
coffee seeds harvested in three different rangealtatide %)
<1000m, :) 1000-1200m, anck) >1200m. Each class of altitude
ranges in the dataset pretreated by WGLS, alph8z0.0............. 50
Figure 10 A) PC 1 metabolite loadings of the PCA of the MalklAcaia
coffee seeds (Figure 9). B) PC 2 metabolite loaglioigthe PCA
of the Natural Acaia coffee seeds (Figure 9). fdtedashed line



( ) indicated the
threshold (0.2) for the selection of the most int@or features that
influenced in the separation trend of coffee samplarvested in
the three altitude ranges. Each altitude classhéndataset was
pretreated by WGLS, alpha=0.001............ccceemmmreeriiiiiieeeeennnnnn. 52
Figure 11 PCA score scattering plot of the principal comprrik (47.37%
of the total variability) and principal componen{Z8.67% of the
total variability) of the metabolite profile diffentiating
Demucilaged Acaia coffee seeds harvested in thiferaht
ranges of altitude~§ <1000m, +) 1000-1200m, ancs)] >1200m.
Each class of altitude ranges in the dataset jptetieby WGLS,
alpha=0.001. ... e 55
Figure 12 A) PC 1 metabolite loadings of the PCA of the deilaged Acaia
coffee seeds (Figure 11). B) PC 2 metabolite lagsliof the PCA
of the Natural Acaia coffee seeds (Figure 11). figtedashed line



( ) indicated the
threshold (0.2) for the selection of the most int@or features that
influenced in the separation trend of coffee samplarvested in
the three altitude ranges. Each altitude classhéndataset was
pretreated by WGLS, alpha=0.001............ccceemmmreeriiiiiieeeeennnnnn. 57
Figure 13 PCA score scattering plot of the principal comprik (51.82%
of the total variability) and principal componen{2D.24% of the
total variability) of the metabolite profile diffentiating Natural
Yellow Bourbon coffee seeds harvested in threesdifft ranges
of altitude %) <1000m, +) 1000-1200m, ancs) >1200m. Each
class of altitude ranges in the dataset pretreaedWVWGLS,
alpha=0.001. ... e 59
Figure 14 PC 1 metabolite loadings of the PCA of the Naturaellow
Bourbon coffee seeds (Figure 13). The positive amlan the Y
axis of the PC1 loadings indicated the most impurt@atures for
the Natural Yellow Bourbon coffee samples harsibove
1200m of altitude and the negative values on thexi¥ indicated
the most important features for the Natural Yell&ourbon
coffee samples harvested bellow 1200m. The red ediasine



( ) indicated the
threshold (0.2) for the selection of the most int@or features that
influenced in the separation trend of coffee samplarvested in
the three altitude ranges. Each altitude classhéndataset was
pretreated by WGLS, alpha=0.001.............cceemmmieeriiiiiineeeennnnnn. 60
Figure 15 PCA score scattering plot of the principal comprrik (40.23%
of the total variability) and principal componen{29.6% of the
total variability) of the metabolite profile diffentiating
Demucilaged Yellow Bourbon coffee seeds harvestedhiee
different ranges of altitude-) <1000m, +) 1000-1200m, ands}
>1200m. Each class of altitude ranges in the dafaetreated by
WGLS, alpha=0.001. ......c.covviiiiiieiieie e 63
Figure 16 A) PC 1 metabolite loadings of the PCA of the Deitaged
Yellow Bourbon coffee seeds (Figure 15). B) PC 1ltabelite
loadings of the PCA of the Demucilaged Yellow Bamtcoffee
seeds (Figure 15). The red dashed line



( ) indicated the
threshold (0.2) for the selection of the most int@or features that
influenced in the separation trend of coffee samplarvested in
the three altitude ranges. Each altitude classhéndataset was
pretreated by WGLS, alpha=0.001.............cceemmmieeriiiiiineeeennnnnn. 64



LIST OF TABLES

Table 1 Metabolite profile of coffee seeds extracts perfed by CG-Q/MS.
RT (average Retention Time of the compounds inGi& column
and the RT values were extracted from the chromatog),
Confidence (the confidence values were extractedth fMetalLab
output by comparing the mass spectra of the congmua the
libraries), and AVG SC (the Average Spectra Sirtitaralues were
obtained from MetalLab output and calculated by canimg the
mass spectra of each compound of all samples)..cce..ccvvvnneeenn... 35

Table 2 Correlation coefficients of the analysis betwede tnetabolite
profile and the sensory score of coffees sepalatgarocessing and
genotype (natural Acaia, natural Yellow Bourbonmdeilaged
Acaia, and demucilaged Yellow Bourbon). Attributedasses
according to the altitude ranges (<1000m, 21000-&£0@&nd
>1200m) and pretreated by GLSW (a=0.001)....cccccceeeevevvvrnnnn..... 68



TABLE OF CONTENTS

L INTRODUCTION. ..cct ittt et eeemme e e s e e e e e eees 15.
2 LITERATURE REVIEW ... 17
2.1 Environmental conditions, genotype and coffeaity ...............cc.cc....oo. 17
2.2 COffEe ProCESSING.....uvuiieeiiiiii e eeeemmme et e e e e e e e e e e ennas 21
2.3 Metabolomics apProach................ue e e eeeee e e 23.
2.3 SeNSOry eVAlUALION .. .....cieiiiiii e cemmmm et e e e e e e tee e e e e eaai e e e e eant e eees 24
3 MATERIALS AND METHODS ......coiiiiiiiicee vt 26
3.1 Experimental site and cONAItiONS .........cummmmeeeeeerieiiieeeiiin e 26
3.2 EXperimental FacCtOrS.........coooiiiiiiiicceeeee e 27
3.2.3 Harvest and Post-harvest of coffee.... i, 28
3.3 Metabolomic approach ..........ccooovviiicceee e 29
3.3.1 Coffee seeds eXtraCtion.............ooceeeemeiiiiiiie e 29

............................................................................................................. 29
3.3.3 Metabolite identification..............ccemmeueiiiiniiiee e 30
3.3.4 Metalab analysis........ccccooeiiiiiiiiieee e e 30
3.4 Roasting and Sensory Profiling..........ceeeweeeieeeeeiiinieeeince e, 31
3.5 Data ANAIYSIS ..cuvuiiiiiiiie et s et e e e e e e e e e e e 32
3.5.1 Pre-treatMent .......cooeuuuiiiieiiieeeee e 2.3
3.5.2 Principal Component Analysis - PCA ......ccccoeeiiivviiiiieeceeee, 32
3.5.3 Correlation analySis ........ccccuuiiiiiiiiee e 33
4 RESULTS AND DISCUSSION ...ccuiiiiiieiieeteee e 33
4.1 Metabolite profiling........cccoceeeuuiii e 33
4.2 Principal Component Analysis - PCA ..., 36

4.2.1 PCA of processing methods ..........ccccceeeieiiiiii i, 36



4.2.2 PCA AlItUAE ...t 0.4

4.2.3 PCA SIOPE EXPOSUIE......cuviiiieeeeiitermmmce et e e e eee e eeaneaans 44
Ny e OF o [T 010 ] Y o1 PP 45
4.2.5 PCA and correlation analysis (processingnogge x altitude) .....48
4.2.5.1 PCA of natural coffee x Acaié x altitud€.................oeeereeee.. 49
4.2.5.2 PCA of demucilaged x Acaia x altitude ..............cccceeeeeeeee. 53
4.2.5.3 PCA of natural coffee x Yellow Bourbon iitable.................. 58
4.2.5.4 PCA demucilaged x Yellow Bourbon x altitude................... 62
4.2.5.5 Correlation analysis of the metabolites samsory score.......... 66
4.2.5.5.1 Positively correlated metabolites to egnguality ................... 69
4.2.5.5.2 Negatively correlated metabolites to sgnguality.................. 69
5 CONCLUSIONS.....octiiiiiiiieieeeeeee et reiieieeieeeeeeeeneaaaaeaea e e e e e e e O

6 BIBLIOGRAPHY ... L



15

1 INTRODUCTION

Coffee is one of the most important commercial caities traded in
the world. Nowadays, the demand for specialty a#fan the market grows in
greater rates when compared to the regular ones€eltoffees are characterized
by high quality and a great potential for flavoteafroasting, absence of any
defects and relationship to origin differentiatiengp or specific genotypes. The
term "coffee quality" has a peculiar meaning foctealass in the coffee
production chain, and from the farmer to the cormuievels it can change
significantly Leroy et al., 2006.

Although Brazil is the largest coffee producer, d@sffees are still
worldwide known as regular, cheap, flat, and wittorpinent astringency.
Coffees from different origins as Central Ameriéfrica and Asia are very well
known for their high quality and noticed sensoryibtites. On the other hand,
different origins may influence the metabolic respes to environmental
conditions. According to Choi et al. (2010), coffeeeds originated from
different areas have very distinct metabolite peofimainly when they are
geographically distant, located in different coatits. In the same way, the
specieLoffea arabica.. andCoffea canephoralso present great differences in
their chemical composition Alonso-Salces et al0@0nd Wei et al. (2012).

The metabolite profile of coffee seeds can sigaifity change because
of several factors, such as genetic (FIGUEIREDGlgt2013), environment
(JOET et al., 2010; ALONSO-SALCES et al., 2009; AVEO et al., 2005) and
post-harvest methods (JOET et al., 2010; DUARTERPIRA; FARAH, 2010;
BYTOF et al.,, 2007; KNOPP; BYTOF; SELMAR, 2005). ihway, the cup
quality or sensory profile may be directly relatedhe metabolite profile.

Metabolomics as a comprehensive and non-targetysisatovers a
broad range of metabolites. It also plays a keg fot describing the precursor
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compounds responsible for quality. These metalmligact with proteins and
amino acids releasing more than 800 new aromatistitoents Leroy et al.
(2006), which provide flavor to the roasted coféeeds. Considering the coffee
chemical, it is complex to simply correlate qualitya single compound, or a
specific environmental parameter, or even to aifipgmost-harvest technique.
The differences in the metabolite involve a neplaénomena that is not easy to
explain and it still demands much more studiesstoitderstood and explained.

The metabolomics approach is also a useful toolidentify new
metabolites, instead of those that are classicafigrted in the coffee literature,
such as chlorogenic acids, caffeine, soluble sudaity acids, etc. Therefore it
is necessary to dig the metabolite changes aneréifEes that are responsible to
define the final coffee quality in order to provitlechniques to the specialty
coffee production chain. In addition, it could hétpimprove the strategies for
coffee breeding programs.

Nowadays, it is easier to discriminate materiadenfdifferent origins in
the world or different species using sophisticatedabolite profiling tools, such
as high performance liquid chromatography HPLC AMmi$alces et al. (2009),
gas chromatography-mass spectroscopy GC-MS (FR®SIT, 2012; DU et al.,
2011) nuclear resonance magnetic - NRM (WEI et 2012; MOCO et al.,
2007). Considering the need for fast analyticalhods to characterize coffee
seeds produced in different environments and pseces different ways, GC-
MS is a rapid, efficient and suitable analysisrfatabolite profiling.

Despite many works have approached metabolomicdysimaas
fingerprinting to differentiate origins and coffepecies, a broad study covering
the relationship among environment conditions, essing methods, genetic
materials, metabolite profiles and their effectstba sensory profile is still

poorly found. Understanding the interaction amortfye tenvironmental
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phenomena, genetic materials and post-harvestrteeds, may change the way
we see coffee quality in Brazil.

There are several coffee producing regions in Br&me of the most
important is the South of Minas Gerais State, whierdocated Serra da
Mantiqueira micro region. This micro region is known for prathg coffee
showing an outstanding sensory profile and highlityuaThereby, finding
marker metabolites for coffee seeds produced inShra da Mantiqueira
region will favorably work on benefit of their oifgdenomination and also help
to understand coffee quality.

Therefore, the general aim of this work is to diescthe metabolite
profile of coffee seeds produced in different eoninents and processed in
different ways.

The main objectives of this work were:

To assess the influence of altitude, slope exposard processing on
the metabolite and sensory profiles of differemagpes;

To identify one metabolite or group of metabolitbat are potential

markers to coffee quality.

2 LITERATURE REVIEW

2.1 Environmental conditions, genotype and coffeeuglity

Coffea arabical.. is native from forests in Ethiopia, Kenya, aadan,
with average altitude between 1500-2800m and Geitoetween 4°N and 9°N.
In these regions, the air temperature oscillat®foiv, thus, the impact on the
environmental variation and on the climate is Vagkt. The average of annual
temperature ranges from 18 to 22 °C and the raiisfatell distributed during

the year, which varies from 1600mm to more than 0B@®. In this
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environment, theCoffea arabical. established as a shrub tree of a forest
(SYLVAIN, 1955). In this context, it is expectedaththis species adapts very
well in regions with similar environment, presegtigood yield and high
quality.

It is currently known that the most suitable gequpical conditions to
produce specialty coffees should have high altitgged rainfall distribution,
and soil with high fertility. Those lands are loadtin the equatorial zone, which
have tropical climate, characterized by high terapees during the day and low
temperatures during the night. Nevertheless, pdssible to find around the
world several coffee producing regions with edafihwtic conditions that
strongly influence the final physical and sensargligy of the coffee.

Coffee quality is directly associated with thegami where the coffee
trees grow. The inherent characteristics of th@oregsuch as environmental
conditions, geographic, geological, and human ehlsnénteracting with the
plant's genetics provide very distinct profilesthis context, the final quality of
coffee is fully related to its origin, which can bensidered &erroir product.

The arabica coffee is produced in many stategaziB including Minas
Gerais, Parana, Sao Paulo, Bahia and Espirito Sdii® largest state that
produces coffee is Minas Gerais, which providesuati®% of the Brazilian
crop every year. The spatial distribution of coffgality in this state suggests
that coffees with the better quality are produced regions with mild
temperatures and average rainfall about 1600 mibd3aret al. (2012).

The environmental conditions directly affects theoduction of the
arabica coffee, mainly the photoperiod, rainfalstdbution and temperature
Camargo and Camargo (2001). These authors sudumshigh temperatures
promote stress for the coffee tree and its congedaster growing, which will

produce coffees with lower quality. This way, tlemperature consists on a
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climatic parameter of the production environmergttban strongly affect the
coffee tree physiology.

The temperature is related to altitude variatind slope exposure. It is
well known that in tropical regions, for every 1600f increase in the attitude,
the average daily temperature decreases abouvh&&: et al. (2006). This way
it is expected plots located in higher altitudediave a mild climate, with lower
temperatures, which can stretch the phenologicakecygf the coffee tree. This
could improve the maturation and quality of thatéu

Laviola et al. (2007) concluded that altitude iefices the extension of
the coffee tree phenological cycle, accumulatiomuffrients, and leaves/fruit
competition. The authors also suggested that erntymeactions take place
more slowly in environments with lower temperatures well as the
photosynthetic and respiratory rates. Positiveetation was also found between
the chlorogenic acids, fatty acids and the increpsiltitude Avelino et al.
(2005). Joét et al. (2010) did not find relatiopshetween altitude and a broad
range of analyzed metabolites, which included fattids, sugars, caffeine and
chlorogenic acids. However, the authors clearly alestrated the relationship
between these chemical compounds and the envirdrieraperature.

In addition to altitude, the slope exposure of fh@s may promote the
formation of different microclimates, which expase coffee tree to more or
less lightness during its phenological cycle. Thardity of light received by the
coffee tree is responsible for changing the plargtalmolism and fruits
maturation, which is directly related to their fimpality Bertrand et al. (2006),
Geromel et al. (2006), Montavon et al. (2003), Yaasl. (2006).

The changes of the phenological cycle accordinthéolightness, fruits
maturation, increase of seeds size, uniformity afuration, nutrients received
and metabolized in different precursors of the ipabeverage have been

studied previously Geromel et al. (2008) and Marg¢R003). The quantity of
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light may stimulate or retard the fruits maturafierhich affects the amount of
nutrients received and synthesized by the fruilshsas sucrose, chlorogenic
acids, trigonelline, and others Bertrand et al.0@0and Vaast et al. (2006).
These metabolites are important when related tieeafuality, considering they
are precursors of the flavor after the roastingcess Farah et al. (2006),
Figueiredo et al. (2013) and Geromel et al. (2008st et al. (2006) pointed
that the amounts of chlorogenic acids and trigomelare present in greater
concentrations in coffee fruits exposed to highenihosity conditions, which

showed incomplete maturation, and as consequengeerhibitterness and
astringency in the beverage.

In addition to the environmental effects on thef@atree metabolism, the
response of each genotype to the environment @aysnportant role on the
final quality of the beverage. Coffee genotypespoes differently when
exposed to the same environmental conditions Maagtdal. (1999). Miranda et
al. (1993) and Geromel et al. (2008) worked witfiedént Coffea arabical.
lineages. These authors concluded that differefiteeclineages also have
different responses to the luminosity conditionsaast et al. (2006) also
observed that traditional coffee cultivars and Iddrof Coffea arabical.
respond in different ways when exposed to the sanwironment conditions,
regarding to yield, chemical composition and begerquality.

On the other hand, Figueiredo et al. (2013) shaotivaddifferent lineages
of the same variety have completely different reses when cropped in
different locations. The authors evaluated sevgeabtypes and concluded that
Bourbon had the greatest potential for quality.diito (2013) analyzed Bourbon
genotype coffee seeds harvested in different leeélsltitude. The author
concluded that Bourbon grown above 1200 m of aéttended to show higher
levels of caffeine, trigonelline, and 3-CQA andafisensory score around 90. In

the same work, Ribeiro (2013) showed that even wheaid genotype was
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grown in higher altitudes, it tended to presentdowcores and higher levels of
4-CQA than Bourbon genotypes.

2.2 Coffee processing

Besides environmental conditions, genetic materaid the farming
conditions influencing the coffee quality, it isp@cted that flavor characteristics
are also formed from several biochemical changesglthe coffee processing.
Studies focused on the different metabolite prsfilesulting from these changes
are scarce and need to be performed to clarify diffdrences.

There are two methods to process coffee fruitx diftey are harvested:
the dry way and wet way Borém (2008) and Brandd420In the dry way
process, the entire fruits are carried to be dréth neither hulling nor pulping,
which provides the natural coffee. On the otherdhamthe wet way process the
coffee fruit peel and part or the whole mucilaggetaare removed. Depending
on the used technique, the wet way may provideifft types of coffees: the
hulled coffee, from which the remaining mucilagenist removed; the fully-
washed coffee, from which the remaining mucilageeimoved by fermentation;
and the demucilaged coffee, from which the mucilsgmechanically removed
Borém (2008). In both processes the main objedtivdrying the coffee seeds
quickly, by decreasing their moisture content t&el{v.b.), ideal for benefiting
and storage.

The most used method in Brazil, Ethiopia and Yenfien arabica
coffees is the dry way, and the wet way is mostdusethe other countries
Brando (2004). Despite this fact, with the techggladvances, Brazil has
increased the amounts of coffee seeds processie Vet way.

The final chemical composition depends on the ggsing method used
Bytof et al. (2004), Duarte, Pereira and Farah (20Joét et al. (2010 and
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Knopp, Bytof and Selmar (2005), thus it is expedieat coffees processed in
different ways present distinct sensory profiles.general, the coffee seeds
processed in the dry way have heavier beverage @adigher sweetness than
coffee seeds processed in the wet way, which préagmer acidity.

Several metabolic changes take place during teehmrvest treatments,
which influence the sugar levels and other relevampounds in the coffee
seeds Duarte, Pereira and Farah (2010) and Faataah (2004) and Joét et al.
(2010). Biochemical changes related to the seedaboBtm during the
processing depend on the processing method thfeecededs were exposed, dry
way or wet way Selmar et al. (2006). Bytof et &0@4), Duarte, Pereira and
Farah (2010), Joét et al. (2010) and Knopp, Bytaf Selmar (2005) concluded
that the mode of processing significantly influentge chemical composition of
green coffees, in which the soluble carbohydratess&rongly affected by the
metabolic processes occurring during the coursweifor dry processingn
their work, Knopp, Bytof and Selmar (2005) concldidieat coffees processed in
the dry method present higher levels of fructoseglncose comparing to coffee
seeds proceed in the wet method. Sugars prestrd goffee seeds contribute to
the beverage sweetness, which is one of the mesatke attributes of specialty
coffees and play an important role in chemical tieas, such as Maillard and
caramelization. These reactions are responsible tfier color and flavor
formation in the roasted coffee beans.

Bytof et al. (2004) pointed glutamic acid as a prsor of y-amino
butyric acid. This synthesis is more prominent wkeeds suffer some kind of
stress, which lowers glutamic acid amount in thfeeoseeds processed in the
dry way. In the same work, the levels of aspartid,aasparagine and alanine
were increased by dry method.

Duarte, Pereira and Farah (2010) evaluated theenbntf nine

chlorogenic acids, caffeine, trigonelline and sseramn Coffea arabical.
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cultivars and hybrids treated by wet and semi-dogtiharvesting methods.
Their results showed that the wet method producedherease in chlorogenic
acids and trigonelline contents and a small losssurose contents when
comparing to semi-dry method.

Livramento, 2008, assessed the proteomic profilecoffee seeds
processed by both methods and dried using diffelmperatures. The author
concluded that natural coffees are more likelyasel proteins by denaturation
than washed coffees. The same sensitivity of ceffgecessed in the dry way
was observed by Taveira et al. (2012), in which itiectivation of enzymes

complex were more severe for the natural coffeesgihe drying stage.

2.3 Metabolomics approach

Metabolomics analysis has been widely used to vefficiently
differentiate coffee seeds by several groups daehers. Alonso-Salces et al.
(2009) used phenolic compounds and methylxantingeots as markers to
describe the differences betwe€nffea arabical. andCoffea canephoralhe
authors concluded that profiles of chlorogenic scidinnamoyl amides,
cinnamoyl glycosides, free phenolic acids and nigéimghines of green coffee
seeds contain adequate information for the geogralpltharacterization of
Arabica and Robusta coffees at continental, sutirsemtal, and national levels.

Joét et al. (2010) described the effects of thérenmental temperature
on the final composition of the coffee seed onfihal chemical composition of
coffee seeds using metabolomics approach for teetfime. The authors also
demonstrated the influence of wet processing onctiemical composition of
seeds and its interactions with the metabolic stafiseeds at harvest. However,
despite the very wide range of metabolites covedteskemed that any of them
explained the better flavor of high-altitude coffee
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Coffee metabolomics approach was also used toimiszte coffees
from different origins, Asia, Africa, and South Ariga Choi et al. (2010). The
authors attempted to determine the coffee origioriter to efficiently control
the quality of coffee, using non-target analysisd astatistical algorithm
(Principal Component Analysis combined with heapndhis study points that
based on the feasibility of determination of plarigin, these techniques can be
applied to several areas, including food, agricaltuand pharmaceutical
sciences.

Following the same trend, Wei et al. (2012) useel mhetabolomics
approach to differentiate coffee species from s@wverigins, including Brazil,
Colombia, Guatemala and Tanzania. However, thislystwas focused on
improving the Nuclear Resonance Magnetic-NMR cadipte multivariate
analysis (Principal Component Analysis- PCA andh@gbnal Partial Least
Squares Discriminant Analysis- OPLS-DA) to perfdimair work.

Lately, metabolomics has also been used in stddmssed on finding
marker metabolites to work as finger prints, whicbuld be used against
forgery, for instanceKopi Luwak an exotic and high priced Indonesian coffee,
which is made from coffee berries that are eatentH®y Asian palm civet
(Paradoxurus hermaphroditus Jumhawan et al. (2013) attempted to
differentiateKopi Luwakof the regular commercial coffee. The authors sttbw
the feasibility of selecting discriminant markersrh metabolite profiling using

Gas Chromatography Mass Spectroscopy coupled tivanisdte analysis.

2.3 Sensory evaluation

Coffee quality is described by the physical chimdstics of the seeds
and sensory attributes of the beverage. The sermafile has as principal
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attributes aroma, uniformity, clean cup, sweetnélasor, acidity, body, after
taste, balance, and overall Lingle (2011).

The most used method for coffee quality evaluatsoperformed using
an old fashioned but very efficient technique, thensory analysis. This
subjective technique uses the human senses (sasédl, and touch) as tools to
perform the sensory evaluation. Considering theptexity of the flavor found
in coffee beverage, the sensory evaluation hasskedficiency and consistency
when performed by a trained panel of judges Figdeiret al. (2013), Kathurima
et al. (2009) and Ribeiro (2013).

Commonly, cuppers and traders use two methodadgievaluate the
sensory profile of coffee: Official Brazilian Clafisation, "Classificacdo
Oficial Brasileira- COB" Brasil (2003), the Specialty Coffee Association of
America - SCAA Lingle (2011). The traditional methim Brazil uses categories
to classify the coffee beverage, which are stristt, soft, hardrio andrio
zona Brasil (2003). Even though it is widely used fornunodity coffee
evaluation, it is worth to mention that this mettieahot solid and does not have
a standard methodology for its performing.

The SCAA method has been widely used for the el of quality of
specialty coffees and coffees of controlled experita Figueiredo et al. (2013),
Kathurima et al. (2009) and Ribeiro (2013). Thistmoe can be performed only
by cuppers trained and qualified as "SCAA Certifiedpping Judges". Due to
the excellent control and standardization of suelthad, it has shown suitability
to evaluate coffee seeds that have huge or slifferehces. It evaluates the
coffee attributes aroma, uniformity, clean cup, etness, flavor, acidity, body,
after taste, balance, and overall Lingle (2011).

It has become easier to find researchers tryirmptrelate coffee quality
to the chemical composition of coffee seeds Bedtrenal. (2006), Bicho et al.
(2012), Farah et al. (2006), Figueiredo et al. @pXKathurima et al. (2009),
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Pimenta, Ribeiro and Carvalho (2004), Ribeiro (30HRibeiro, Ferreira and
Salva (2011) and Vaast et al. (2006). Howeversitvbrth to mention that
consistent results are only reachable when theosgranalysis is performed
following more solid criteria. In this case, the A& methodology should be
more appropriate for the assessment of coffee tguatiainly when it is for

research purpose.

3 MATERIALS AND METHODS
3.1 Experimental site and conditions

This work is part of a major project, which isdil "Identity, quality and
traceability protocol to substantiate the geogreaihindication of coffees from
Mantiqueird' - "Protocolo de identidade, qualidade e rastreabilidagara
embasamento da indicacdo geografica dos cafés datitfesira’’ Considering
that "Serra da Mantiqueiracomprises a large area, a smaller area was sdlect
to start the characterization studies of coffeesnfithis region. This selection
was based on the edaphoclimatic characteristiaghefwhole region, such as
rainfall, temperature, altitude, slope, and thdemproducing area. The average
value of these characteristics were then calculdted each of the 22
municipalities that the region comprises and thenigipality that showed the
most similar characteristics and would better re@né the whole region was
chosen. In this case, the municipality Carmo deddlif22.12°, -45.13°) was
selected as a first experimental site of the giloject, because it presented the
average characteristics that represents the Sarhadtiqueira region and also
because it provided a better accessibility to im@tion and to samples

harvesting.
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3.2 Experimental Factors

The experimental design is shown in Figure 1 inclwtduring the three
coffee crops (2009/10, 2010/11, 2011/12) coffeepdemwere harvested from
plots located only in Carmo de Minas. For this ekpent the six environmental
combinations formed between the altitude rangedlopel000m, between
1000m and 1200m, and above 1200m) and two grougi®eé exposures, sunny
face (NE, N, NW, W) and shade face (E, SE, S and &®ve considered. The
group denominated sunny face comprised the slopesexes that would be
warmer because they are exposed to longer suntighibds, mainly in the
afternoon. Conversely, the group denominated sFeake should be colder due
to the shorter sunlight period of exposition, mgaiim the morning. For each
combination, three replicate samples of coffeadricaia and Yellow Bourbon
genotypes, were collected and processed by dryandywet way.

Acaia genotype was chosen to constitute the axertial design mainly
because it has the red fruit skin, besides an gednah yield, and is one of the
most cultivated varieties in Carmo de Minas. Andide Bourbon genotype
was chosen mainly because it has yellow fruit giiesents good consistency in

the sensory score, and also shows a high potéotigliality.

Crop season Altitude ranges Slope exposures Genotypes Processing
*2009/10 +<1000m *Sunny face *Bourbon *Natural
*2010/11 +1000-1200m *Shade face *Acaid *Demucilaged
*2011/12 +>1200m

Figure 1 Experimental factors designed in a factorial mdde treatments
comprised by 3 replicates each).
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3.2.3 Harvest and Post-harvest of coffee

Three biological samples of coffee fruits wereestiely harvested and
manually selected when completely ripe to ensuge timiformity, integrity and
high quality. The floaters were removed from theglkes by washing the coffee
fruits in a bucket. To ensure the sample uniformitth ripe fruits only, a new
hand selection was performed. About 12 L of the lehmoffee fruits were
carried directly to suspended drying beds (natcoffiee). To carry out the wet
way method, about 20 L of coffee fruits were pulpadd mechanically
demucilaged. Then, the coffee seeds were also takéme suspended drying
beds.

The suspended beds were wooden frames (1m x ltimawiet made of
polyethylene yarn on the bottom. The samples weaitoumly spread on the
suspended beds observing the limit of 12 L for redtaoffees and 8 L for the
demucilaged coffee. All samples were stirred exafiyo 30 minutes during the
drying under the sun, and during the night theyewtaken into a hangar to be
protected of dew or even unexpected rain. In césaining days, the samples
were transferred to fixed bed layer dryers with he@ated at 35°C in order to
keep them drying and to avoid losing any samplaihgesirable fermentation.
The drying processes ended for all samples when thached 11% (w.b.)
moisture content, which was measured using an oseh,at 105t1°C, for
16+0,5 hours according to the method ISO 6673 (IRNETIONAL
ORGANIZATION STANDARDIZATION, 2003).

After dried, the samples were packed and stored¢h@mbers with
controlled environmental conditions set at 10 °@ eslative humidity of 60%
during about 30 days. Then samples were milleded@nd only the normal and
non-defective seeds with size 16/64 to 18/64 welected to metabolite
profiling and sensory analysis. It was done to daéadize the samples, to
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maximize the effect of treatments and to miniming axternal interferences
that can increase the experimental error.

All drying and storage stages were carried outhim facilities of the
Laboratério de Processamento de Produtos Agricolad PPA of the
Universidade Federal de LavrasJFLA.

3.3 Metabolomic approach

3.3.1 Coffee seeds extraction

Overall, 10 mg of the lyophilized tissue powdersvextracted twice in
515l aqueous methanol 60% (v/v) in a 2.0 ml microdéuge tube containing
internal standards (0.18 of 45 mg-ml-1 adonitol and 0.3if of 0.59 mg-ml-1
13C6 trans-cinnamic acid). The microcentrifuge tutvere incubated in a water
bath set at 70 °C for 1 min and then transferrea doy plate set at 70 °C while
they were mixed. The mixtures were cooled downdonr temperature and
centrifuged at 2199 rad-s-1 for 5 min at room tewrtpee. The supernatant from
the first extraction phase was transferred intew tube. The powder remaining
in the tube was mixed with 518 aqueous methanol 60% (v/v), mixed for 15
min using sonication, and centrifuged at room tenapee. The supernatant was
added to the first extraction phase, and the &tlhct mixture was complete. A
subsample (5@l) of each extract was transferred to a glass riitsert, taken
to the derivatization, and then analyzed using GEI®) according to the

methodology described by Frost et al. (2012).

3.3.2 Gas Chromatography Quadrupole Mass Spectrospp GC-Q/MS

analysis

A sub-sample (31) of each extract was transferred into a glasgonic

insert and dried in the centrivap. Samples were hmémated with a
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methoxyamine hydrochloride/pyridine solution (20 /mb Sig- ma-Aldrich)
containing retention index markers (pentadecansseane, pentacosane, and
triacontane), and silyated with N- Methyl-N-(trirhgtsilyl) trifluoroacetamide
(MSTFA; Sigma-Al- drich, St. Louis, MO). Derivititesamples were injected (1
ul per sample) into an Agilent 7890A GC in splitlesmde with an inlet
temperature of 250 °C Jeong et al. (2004). Meta®livere resolved on a DB-
5MS column (30 m length, 0.25 mm diameter, withudtén 10 m DuraGuard
pre-column) with a flow of 1.12 ml/min, and averaggocity of 26.86 cm/sec.
Thermal ramping initiated at 80 for 1 min, ramped 2C/min to 200C, then
10°C/min to 316C with a 6.5 min hold at 32G. Metabolites were detected
using an Agilent 5975C MS with source and quadreipoass filter temperature
setting of 230C and 156C, respectively. Mass spectra were collected in
scanning ion mode (m/z 50 and 500) in ChemSta#\gjilént Technologies) and
deconvoluted using AnalyzerPro (SpectralWorks, RumdJK).

3.3.3 Metabolite identification

Putative peak identities were assigned based erNtBT08, Fiehnlib
(Agilent Technologies), and in-house mass spedifpehries. The best given
peak identities were provided with the confideneeel for each metabolite
(Table 1), and only peaks that showed confidena®l l@bove 0.7 were

considered for analysis.
3.3.4 Metalab analysis

Finally, data peaks obtained from the analysissath sample were
aligned using an in-house software program (MetalLahich was available at
http://aspendb.uga.edu. In addition, it was alsesjbe to correct possible
variations in the chromatogram spectra by dividalgpeaks by the internal
standard peaks (adonitol and 13C6 trans-cinnaniig.ac
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The average spectra similarity was also obtairrech fthe MetalLab
output (Table 1). It was performed by comparing tremk spectra of each
sample chromatogram with the correspondent peaktrspef all the other
samples. The higher and closer to 1 the values,waoge similar were the

compounds aligned and assigned with the same name.

3.4 Roasting and Sensory Profiling

The roasting and sensory profiling were perfornaedording to the
protocol developed by the Specialty Coffee Assamiabf America - SCAA
Lingle (2011). Each green coffee sample (100g) weasted using an
experimental roaster, Probat TP2 (Curitiba, Brasithin 24 hours of cupping
and allowed to rest for at least 8 hours. The rpasile was light-medium roast
based on reference color numbers, 65 for grounfteaind 55 for the whole
seed (SCAA/Agtron Roast Color Classification). Timast was completed
between 8 and 12 minutes, and samples were immegdiedoled down until
room temperature to avoid over roasting.

After roasted, samples were weighted accordingh¢odptimum ratio,
which is 8.25 grams of coffee per 150 ml of wager this conforms to the mid-
point of the optimum balances (SCAA). Then, samplese ground in the
Mahlkénig Guatemala (Hamburg, German) miller, witlhio more than 15 min
prior cupping process. Grind particle size should dlightly coarser than
typically used for paper filter drip brewing, wif0% to 75% of the particles
passing through a U.S. Standard size 20 mesh sieve.

The cupping was performed according to the SCA#étquol Lingle
(2011), and for each sample, five cups were asddsge judges certified by
SCAA. Ten attributes comprised the sensory profile¢cluding aroma,
uniformity, clean cup, sweetness, flavor, aciditgdy, after taste, balance, and
overall. The quality level of these attributes \waslyzed, and then based on the
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cupper’'s previous experience, samples were rated) @s0.25 numeric scale.
The final score was generated by the sum of thegarory attributes evaluated.
As the processing methods provide coffees witly whistinct sensory
profiles, the evaluation rounds were performedtf@ natural coffee samples
and demucilaged coffee samples separately. Eatttesé rounds contained one

sample resulted from the combination between enmient and genotypes.

3.5 Data Analysis

3.5.1 Pre-treatment

The data set was pretreated prior to the consrucf the chemometric
models. This step in the analysis was done in omlexvoid outliers in large
datasets and to correct possible variations irspgeetra that were not related to
the samples nature. It included variations in tbeditions of analysis, such as
environmental temperature and relative humidityetyof apparatus, worker,
position of samples in the equipment and all pdsgilerturbation. This way,
prior to model calculation, Generalized Least Sgi¥deighting-GLSW and auto
scaling were used to preprocess the data. GLSWiliedng technique used to
lower and smooth signals that are known as inferénise et al. (2006). It
calculates a filter matrix based on the differenbesveen pairs or groups of
samples that should otherwise be similar.

It was also necessary to auto scale the datasetodihe differences in
the nature of the analyses considering metabotitélg which is expressed in

peak intensity, and sensory profile, expressedtal score.

3.5.2 Principal Component Analysis - PCA

The multivariate PCA is an unsupervised analyss provides a visual
representation of the data, it does not requireiaigknowledge of the data set

and has been widely used for metabolomics anal@isi et al. (2010),
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Jumhawan et al. (2013) and Wei et al. (2012). Taibinique is an exploratory
multivariate analysis that projects the data matixa lower dimensional space
spanned by the eigenvector. The loading vectonesponding to th& largest
eigenvalues are retained to optimally capture wmagaof the data and to
minimize the effect of random noise Jackson and hldr (1979) . PCA was
used to provide an explanation of the data vaitgbil

PCA was performed using MATLAB 7.9.0 (The MathWeFfi,MA,
United States) and PLS Tool- box 5.2.2 (Eigenve®asearch, Inc., WA,
United States).

3.5.3 Correlation analysis

Correlation analysis between the metabolites ams@y score was
required in order to find the most important featuthat were correlated with
sensory analysis. It was performed by Microsofticeff Excel 2007, data

analysis toolbox.

4 RESULTS AND DISCUSSION

4.1 Metabolite profiling

GC-Q/MS was performed on aqueous extracts of raffee seeds in
order to search the differences in their metabglitdiles, and to select potential
discriminative markers related to the sensory f@ofThe metabolite profiling
was performed in coffee samples harvested in tldifferent crop seasons
2009/10, 2010/11, and 2011/12. Each crop seasoprised samples of coffee
fruits of two genotypes, Acaia and Yellow Bourbbarvested in three altitude
ranges (<1000m, 1000-1200m, and >1200m) and twopgrof slope exposures
(sunny and shade faces) in each range of altitude.
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Metabolomics approach is a non-target analysis dhaws covering a
broad range of metabolites. An average amount 0fge@&k signals were found
in each extract of samples, which were alignedguiietaLab. However, only
33 metabolites were picked after a very strictaada, which was based on the
threshold of 70% of confidence level (Table 1), whritative peak identities
were assigned. Compounds that were present atloaeks, below the limit of
quantification, overlapped with other substancesewen higher in the blank
runnings than in the samples extracts, were nottegufor the data analysis. In
this study, groups of metabolites such as aminadsaciorganic acids,
carbohydrates, CGA's, polyalcohol and other comgdsumere identified in the
coffee seed extracts. Despite many compounds weraldfin the extracts, this
analysis was not capable to comprise many metabditich as fatty acids, other
isomers of chlorogenic acids, carbohydrates, ankhtil®@ compounds. The
retention time, confidence level and spectra shitylaof each compound found

in coffee seeds extracts were shown on the Table 1.
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Table 1 Metabolite profile of coffee seeds extracts perfed by CG-Q/MS. RT
(average Retention Time of the compounds in thed@BlOmn and the
RT values were extracted from the chromatograms)fi@ence (the
confidence values were extracted from MetalLab dulbucomparing
the mass spectra of the compounds to the librardes) AVG SC (the
Average Spectra Similarity values were obtainednffdetaLab output
and calculated by comparing the mass spectra &f eampound of all

samples).

Compound RT Confidence AVG SC
Lactic acid 5.90 87.12 0.88
L-alanine 6.20 93.35 0.87
Oxalic acid 6.46 93.85 0.99
L-Valine 6.98 89.01 0.90
L-Isoleucine 7.53 83.50 0.88
L-proline 7.61 84.94 0.90
Nicotinic acid 7.65 89.45 0.95
L-Serine 7.95 96.56 0.99
Malic acid 8.88 95.34 0.99
L-Aspartic acid 9.15 95.06 0.92
Trigonelline 9.24 89.00 0.81
Pyroglutamic acid 9.28 94.01 0.89
Glutamine 9.97 94.64 0.98
Phenylalanine 10.16 90.45 0.96
L-asparagine 10.42 95.85 0.98
Putrescine 11.11 86.24 0.93
Glycerol 1-phosphate 11.15 87.05 0.90
Citric acid 11.70 95.26 0.98
Quinic acid 12.05 94.16 0.99
Fructose 12.18 94.27 0.95
Glucose 12.59 93.22 0.89
Sorbitol 12.70 93.48 0.96
L-tyrosine 12.88 92.70 0.93
Gluconic acid 13.31 80.43 0.86
Myo-inositol 13.39 79.27 0.98
Mucic acid 13.72 77.04 0.93
Allo-inositol 14.20 90.74 0.99
Caffeic acid 14.66 94.57 0.97
Tryptophan 15.38 89.78 0.91
Galacturonic acid 16.50 81.76 0.95
Galactinol 21.23 90.48 0.97
4-CQA 23.10 95.00 0.98
5-CQA 23.37 95.38 0.98
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For the first time, this work showed the metateofitrofiling approach
using GC-Q/MS coupled with PCA chemometric analysis discriminate
samples of coffee samples and detect the underigtgbolites that may lead to
a better quality. This analysis turned out beirfgcieht and fast, considering the
time spent for running (25min/sample). Furthermaea non-target analysis, it

provided excellent identification of several peaksnly one running.

4.2 Principal Component Analysis - PCA

The dataset was divided in classes according texperimental factors
(crops, processing methods, altitude ranges, slexgosures, and coffee
genotypes) and each class was pretreated by GLSW.0@l). In order to
observe the general trends in the dataset, PCApsdsrmed separately for

each general factor of the experiment

4.2.1 PCA of processing methods

PCA of the processing classes was performed wsadbe differences
between coffees processed in the dry way (natuofle€ and wet way
(demucilaged coffee). The PCA score scattering @idhe processing methods
was shown on the Figure 2, in which a clear difiéedion between the natural
and demucilaged coffees was observed. The highéaneg was observed on
PC1, which contributed with 30.78 of the total aace. However, there was no
contribution of the total sensory score for theasafion between natural and
demucilaged coffees, which may suggest that thaene difference in the total
scores between coffees processed by the dry andvayet (Figure 3 A). It was
worth mentioning that those coffees had distinaseey profiles. Generally, the
main differences were found in the taste, whicimigre fruity for the natural
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coffees and floral for the demucilaged coffeesattition, the body intensity

was median to high for demucilaged coffees and fagkthe natural coffees.

Samples/Scores Plot of Processing

3 T T

¥ Processing
v Natural
2r v + Demucilaged ||
+ v
#* v
v
Al v Yy ¥
1+ * §
o ot w
5\? 4; % v
& ++ #% v v
e g L
S O 4 v =
-l # v
* v v
3 ; .
sy v
g | + * 'v;'; w i
7] + v
T
% * k4
3 v v

4 I I | | | | | | |
-8 B -4 -2 0 2 4 B g

Scores on PC 1 (30.78%)

Figure 2 PCA score scattering plot of the principal compurie(30.78% of the
total variability) and principal component 2 (3.9586 the total
variability) of the metabolite profile differentiag (-) natural coffee
and ;) demucilaged coffee. Each class of the processiathods in
the dataset was pretreated by WGLS, alpha=0.001.

The variable loadings were shown in Figure 3, Wishowed the most
important features for the separation between aband demucilaged coffees.
The features that most influenced this separatierewl-valine, L-isoleucine,

L-proline, pyroglutamic acid, fructose, L-tyrosinend allo-inositol for natural
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coffees; and L-aspartic acid, putrescine, mucicd,a@nd galactinol for

demucilaged coffees (Figure 3).
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Figure 3 PC 1 metabolite loadings of the PCA of the praogsmethods. The
positive values on the Y axis indicated the mogiartant features for
the natural coffee samples and the negative vatueshe Y axis
indicated the most important features for the delaged coffee

samples. The red

dashed

line
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( ) indicated the
threshold (0.2) for the selection of the most int@or features that
influenced on the separation of the natural and dieenucilaged
coffees. Each class of the processing methods enddtaset was
pretreated by WGLS, alpha=0.001.

Despite all those metabolites were observed stpgrthe processing
methods, any information taken at this point cdaft! us to wrong conclusions.
In addition, the presence of the genotype andudkitvariances within each
processing class may also had interfered on tla fasults.

Whereas natural coffees and demucilaged coffees kaown for
showing completely different sensory profile andtidict metabolite profile,
further separate analyses were required for eadhesie classes (natural and
demucilaged coffees). These analyses were performentier to catch detailed
information about the metabolites that are morateel to the sensory score and
the metabolic responses of each genotype to tinedaltranges.
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4.2.2 PCA altitude

The PCA score scattering plot of the principal poment 1 (12.14%)
and principal component 2 (5.2%) of the metabgiitefile of coffee samples
harvested in the three altitude ranges (<1000mQ-1GAMOmM, and >1200m) were
shown in Figure 4.

Altitude has been popularly known for its stranfluence on the final
coffee quality and many studies have concentréteid efforts on finding direct
and indirect parameters that could explain that s#dr@o; Pereira (2008),
Avelino et al. (2005), Joét et al. (2010a) and bkviet al. (2007). However, the
effect of altitude could not be clearly observedtlwe present study. It was
probably due to the analysis performed with allapaeters together, including
processing, genotypes and slope exposure. As pigyioobserved, the
processing methods showed very strong influendh®iseparation of the coffee

samples, based on their metabolite profile.
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Figure 4 PCA score scattering plot of the principal compurie(12.14% of the
total variability) and principal component 2 (5.2& the total
variability) of the metabolite profile differentiag coffee seeds
harvested in three different ranges of altitusle{1000m, +) 1000-
1200m, and«) >1200m. Each class of altitude ranges in thagdt
pretreated by WGLS, alpha=0.001.

Figure 5 shows the features that were responséislehe separation
trend of the samples harvested in the three ranfedtitude. Although some
metabolites could be considered important featubhes; score weights were not

enough to separate the samples according to thiginal altitude (Figure 4).
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Figure 5 PC 1 metabolite loadings of the PCA of the al&udinges. The
positive values on the Y axis indicated the mogiartant features for
the coffee samples harvested above 1200m of atitundl the negative
values on the Y axis indicated the most importa#tdres for the
coffee samples harvested between 1000m and 1200, ballow
1000m. The red dashed line
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( ) indicated the
threshold (0.2) for the selection of the most int@or features that
influenced in the separation trend of coffee sasplarvested in the
three altitude ranges. Each altitude range clasthéndataset was
pretreated by WGLS, alpha=0.001.

Thereby, separated analyses were performed aftempd capture
detailed information about the altitude effectstlom metabolite profile and final
sensory scores.
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4.2.3 PCA slope exposure

The Figure 6 shows the PCA score scattering plothef principal

component 1 (6.00%) and principal component 2 @@Rbdf the metabolite

profiles of coffee samples harvested in two slopgosures (sunny face and

shade). Although the samples were divided into thasses, any separation

between the slope exposures was observed.

Samples/Scores Plot of Slope Exposure

Scores on PC 2 (5.21%)

T I I
Slope Exposure
* ¥ Shade I
5 * * Sun
+ + J
.*.
+
*
+ Y+ ¥ *
* ; * v
¥ % 7 .
# ' " ¥
+ v x
v
v *
E +
¥ LY = J
# + ¥ ” vyt v
+ v v *
+ - - . W
Y v g v 4
* v g
v » v
*
v _
kL v
% v
b z
v
| | | | | | | |
-3 -2 -1 0 1 2 3 4 5

Scores on PC 1 (6.00%)

Figure 6 PCA score scattering plot of the principal compurk (6.00% of the

total variability) and principal component 2 (5.218§ the total
variability) of the metabolite profile differentiag coffee seeds
harvested in two different slope exposusg $unny face, +) Shade
face. Each class of the slope exposures in thesefapretreated by
WGLS, alpha=0.001.
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These results did not show clear interferencethefslope exposure,
neither on the metabolite profiling nor on the sepsanalysis, and the
variable/loadings were not required to assess rtfieence of the metabolites.
The effects of the slope exposure might have bédeheh by the way that the
groups of slope exposures were setup, sunny faEeNINNO, and O) and shade
face (E, SE, S, SO). Further studies may be redjiirerder to find differences
between slope exposures, e.g. setting differentpgrof faces.

It has been well known that the slope exposurectsfthe coffee quality
in some unknown way, however these effects seemdxt tvery slight. There
was a suggestion that east-facing plots providdtees with better sensory
characteristics in Costa Rica (AVELINO et al., 2D0Blevertheless, it is
important noting that the latitude had a very cieluence on the characteristics
of the slope exposures.

Conversely, the slope exposure could provide diffemicroclimates to
coffee trees. Speculations that shade face wouldive less sun light and
radiation, and consequently lower environmentalpeeratures could be easily
verified by placing meteorological stations on fheats.

4.2.4 PCA genotype

The Figure 7 shows the PCA score scattering ptothe principal
component 1 (15.16%) and principal component 26@)of the metabolite
profiles of coffee genotypes, Acaia and Yellow Bmnm. A trend of separation
of these genotypes was observed on Figure 7. Howaveonfusion zone was
also observed, mixing some samples of both genstypeaddition, the samples
harvested in the altitude range between 1000-128@mbe responsible for that.
This altitude range might be a transition zonewinich the samples were
sometimes confused with the samples harvestedvbdl®0m and sometimes

with the samples harvested above 1200m. Moreowes, analysis included
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natural and demucilaged coffees leading to coverdifferences between the

genotypes.
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Figure 7 PCA score scattering plot of the principal compurie(15.16% of the
total variability) and principal component 2 (5.5688 the total
variability) of the metabolite profile differentia seeds of two
genotypes~) Acaia, ¢) Yellow Bourbon. Each genotype class in the
dataset was pretreated by WGLS, alpha=0.001.

Although that confusion zone was observed on [EiguiFigure 8 shows
a clear high contribution of the sensory analysis the Yellow Bourbon
separated from Acaia. Yellow Bourbon genotype isviam for its high potential
for producing coffee with high cup quality Figualceet al. (2013) and for its
excellent response to the environmental conditisfiere it is growing. In
addition, in order to confirm that Yellow Bourbomegented a better average
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quality than Acaia genotype, the results of thisesrch pointed to compounds
that have never been related to quality. The mwogtoitant features for this
separation trend were glycerol 1-phosphate, myseiialp allo-inositol,
galacturonic acid, and galactinol for the Acaia @igpe, and for the Yellow
Bourbon were L-aspartic, phenylalanine, and 5-C@&spite those features
were identified on this PCA, the slight differenaas the metabolic drivers to
quality may have been hidden due to the higheramags observed on the

processing method, the transition range of altitdd®0-1200m).
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Figure 8 PC 1 metabolite loadings of the PCA of the genesyprhe positive
values on the Y axis indicated the most importaatdres for the Acaia
coffee samples harvested and the negative valueshenY axis
indicated the most important features for the YelBourbon coffee
samples. The red dashed line
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( ) indicated the
threshold (0.2) for the selection of the most int@or features that
influenced in the separation trend of the genotypesia and Yellow
Bourbon coffee samples. Each genotype class inddtaset was
pretreated by WGLS, alpha=0.001.

Considering all the parameters together could leadto wrong
conclusions about the metabolites that are impbrtan characterize the
genotypes. Even because this genotypes are knowrsHowing different
sensory profiles. Separate analysis was requiredrder to name the most

important features that are responsible for thetyges samples separation.

4.2.5 PCA and correlation analysis (processing x getype x altitude)

The largest differences and trends for separatierevebserved when
evaluating the PCA's for discrimination between precessing methods and
between the genotypes. Higher differences were rebde between the
metabolite profiles of natural and demucilaged ee$f and the larger
differences on the sensory score were observethe®CA of the genotypes.

The slight differences in the metabolite profile aufffee samples harvested in
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different altitude ranges may have been hiddentduthe larger variances in
those parameters, processing and genotypes.

Separate analyses were carried out in other tuaphe influence of
altitude on the metabolite profile and to establisé relationship between the
metabolites and the final sensory score. The datass divided into four
sample groups, combining processing methods, geestgnd the three altitude
ranges (<1000m, 1000-1200m, and >1200m).

4.2.5.1 PCA of natural coffee x Acaia x altitude

The Figure 9 shows the PCA score scattering pfothe principal
component 1 (40.23%) and the principal compon€gi2926%) of the metabolite
profiles of seeds of Acaia coffee genotype haresighree ranges of altitude
(<1000m, 1000-1200m, and >1200m) and processeldebgiry method.
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Figure 9 PCA score scattering plot of the principal compdrie(40.23% of the
total variability) and principal component 2 (29.6%§ the total
variability) of the metabolite profile differentiay Natural Acaia
coffee seeds harvested in three different rangedtioide %) <1000m,

(+) 1000-1200m, ancs) >1200m. Each class of altitude ranges in the
dataset pretreated by WGLS, alpha=0.001.

The PC1 analysis showed a clear difference betwbensamples
harvested bellow 1000m and above 1200m. Howevers#mples harvested in
the altitude range between 1000 and 1200m wereratepaby PC2, which
presented lower variance (29.26%). These resuttsesth that altitude played an
important role in the metabolite profile differeation of Acaia genotype
samples processed by the dry method, mainly feetarvested above 1200m.
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The Figure 10 shows the variable loadings of ttiecjpal component 1
(40.23%), which clearly distinguished the samplesvésted at the most
contrasting altitude range >1200m from those haedebellow such altitude.
The main metabolites of the PC1 responsible forsthygaration were L-serine,
glutamine, L-asparagine, L-tyrosine, myo-inositahd tryptophan for samples
harvested above 1200m; and trigonelline, phenyiladamuinic acid, mucic acid
and 5-CQA for samples harvested bellow 1000m af®-1200m (Figure 10A).
Conversely, the sensory score points to coffegpkesrharvested above 1200m
to have higher scores than the ones harvestedwbdlRDOm (Figure 10A).
However, the contribution was much lower for suepasation comparing to the
metabolites contribution below the 0.2 threshdlandy suggest that the natural
Acaia metabolic response to the altitude was lattgr the sensory response.

Phenylalanine is responsible to provide the btdste sensation Kohl et
al. (2013). This compound was the main contribtdadhe natural Acaia samples
harvested bellow 1000m, which might strongly cdnité to the bitterness and
lower total scores of coffee samples harvestedhit &ltitude range, but
bitterness is not very appreciated in the sensoajyais. Conversely, mucic acid
is a sugar acid that may contribute to the acidiig also to the sweetness of
coffee. However, the stability of both phenylalanigind mucic acid during the
roasting process should be considered.

The samples harvested above 1200m showed higheds lef L-serine,
which is a compound that has sweet taste Kawal. §2@12). L-tyrosine and
tryptophan were also present in that samples, heryélvey provide bitter taste.
L-asparagine would be responsible for increasimgabidy taste of the coffee

beverage, considering its low threshold of peroceplly the human sense.
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Figure 10 A) PC 1 metabolite loadings of the PCA of the Malt/\caia coffee
seeds (Figure 9). B) PC 2 metabolite loadings ef BCA of the

Natural Acaia coffee seeds (Figure 9).

The redheasline
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( ) indicated the
threshold (0.2) for the selection of the most int@olr features that
influenced in the separation trend of coffee sasplgrvested in the
three altitude ranges. Each altitude class in Hias#t was pretreated
by WGLS, alpha=0.001.

The Figure 10B shows the PC2 metabolite loadirigheonatural Acaia
coffee seeds. Despite the variance on PC2 (29.8%grmation about the
differences between the samples harvested bello®@ri0and 1000-1200m
altitude ranges could be identified. The metabsliteund differentiating the
samples harvested bellow 1000m included L-prolipgroglutamic acid,
putrescine, sorbitol and allo-inositol. The metébsl found differentiating the
samples harvested in the 1000-1200m altitude rawgee L-alanine, L-
isoleucine, nicotinic acid, L-aspartic acid, glyglerl-phosphate, glucose,

gluconic acid, and galactinol.

4.2.5.2 PCA of demucilaged x Acaia x altitude

The Figure 11 shows the PCA score scattering @lathe principal
component 1 (47.37%) and principal component 26(2%) of the metabolite



54

profile of the demucilaged Acaia coffee seeds rsteg in the three altitude
ranges (<1000m, 1000-1200m, and >1200m). The démgeci Acaia samples
harvested in these three ranges of altitude showedear differentiation

according to those three ranges of altitude. Howdte separation by PC1 was
observed for the samples harvested in the 1000 24fitude range from the

other two ranges, <1000m and >1200m. The sampkevested in the two

altitude ranges, <1000m and >1200m, were sepatatethe PC2. Although

these results showed differentiation between tinepkzs harvested in different
levels of altitude, a pattern in the metabolitefigoaccording to the altitude

increasing could not be observed. It might be doethe demucilaging

processing method, which may change the final naditalprofile regardless the
altitude differences.
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Figure 11 PCA score scattering plot of the principal compadreri47.37% of
the total variability) and principal component B@&7% of the total
variability) of the metabolite profile differentiag Demucilaged
Acaia coffee seeds harvested in three differengearof altitude ¥)
<1000m, +) 1000-1200m, ands} >1200m. Each class of altitude
ranges in the dataset pretreated by WGLS, alph8%0.0

The Figure 12A shows the metabolite loadings ofl Rifferentiating
demucilaged Acaia coffee seeds harvested in ttmeges of altitude <1000m,
1000-1200m, and >1200m. The features that mosianfled in the separation
of the samples harvested in the 1000-1200m altitadge were oxalic acid, L-
aspartic acid, phenylalanine, fructose, and galaLttiAs previously observed,
the samples harvested bellow 1000m and above 120w not separated by
PC1, but by PC2.
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The metabolites present in higher levels in thau®laged Acaia coffee
samples harvested bellow 1000m were L-valine, gbicé-phosphate, and 5-
CQA; and in the ones harvested above 1200m incluesdleucine, L-proline,
L-serine, trigonelline, putrescine, gluconic aaiayo-inositol, and galacturonic
acid.

Gluconic acid and galacturonic were present inhdiglevels in
demucilaged Acaia coffees harvested above 1200nm vdoenparing to the
samples harvested bellow 1000m. Lactic acid andoglic acid were also
present in the demucilaged Acaié coffees. Thesarsagjds may increase the
acidity and the sweetness of the coffees harvesdtede 1200m of altitude. In
addition, the acidity and sweetness are attribafgweciated when evaluating
coffee quality. Coffees that present high intengitythese parameters will
probably be high scored.

On the opposite side, the demucilaged Acaia saripevested bellow
1000m of altitude, showed higher levels of L-valigé/cerol 1-phosphate and
5-CQA, which contributes to the bitterness Akitahial. (2013) and Farah et al.
(2006). The presence of these compounds on coffedssharvested bellow
1000m may explain their lower scores when comptwdatie samples harvested
>1200m.



Variables/[.oadings Plot for Demucilaged Acaia

57

0.25 L-alanine T

02

Lac{ic acid

15 L-Valine

o1

005
L-lsalgucineg

-0.05

Loadings on PC 1 (47.37%)

-0.1

-0.15

L-praline

0.2{~——|

-0.25

Wicotinicawid — —

Pyroglutamlc acid Mucic acid

Glutamine
L-tyrosine

L-asparagine

Allo-inogTigdptophan
Galacturonic a

arfifal —

Glyceraldrphasphbte

Putrescine
L-Serine

Glugonic acid

Myo-inasithl

Citric peid

Malic afid

Triganelline
_ /Glucose

-Aspartic acid fuctose Galactinol

c

Sensory

0.4

15
Variable

03 L-lsaleucine

L-prolinfe
0.2

[CaEtiE aeid —

0.1

— = —aEheakisackd— o

-algnine

Loadings on PC 2 (29.67%)

-01

L-valine

L-Serine

Nicotinic acid

Gluconic acid

Futrescine
Myo-inosital
Galacturonic aci

TFrigomeltie ———

Allo-inosftol
Phenylalanine
lutiarning

Trypto i
Fructose yptoptar |-

hialicl acid

Citric acld

Sorbjtol

Fyroghits

L-Aspartic acid
Ltyrosine

L-asparagine

Quinic 3Gcose
Caffeic acid

L Glyceral 1-phosphate | |

-0.3

op

15
Varable

20 25

o

Sensory

[2A

Figure 12 A) PC 1 metabolite loadings of the PCA of the deitaged Acaia
coffee seeds (Figure 11). B) PC 2 metabolite loggliof the PCA of
the Natural Acaid coffee seeds (Figure 11). The dadhed line
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( ) indicated the
threshold (0.2) for the selection of the most int@olr features that
influenced in the separation trend of coffee sasplgrvested in the
three altitude ranges. Each altitude class in Hias#t was pretreated
by WGLS, alpha=0.001.

4.2.5.3 PCA of natural coffee x Yellow Bourbon x &tude

The Figure 13 shows the PCA score scattering @lathe principal
component 1 (51.82%) and of the principal compon2nf20.24%) of the
metabolite profiles of natural Yellow Bourbon cafseeds harvested in three
ranges of altitude (<1000m, 1000-1200m, and >1200mg natural Bourbon
samples harvested in these three ranges of altihdeed clear differentiation
and grouping according to the altitude range whitrey were harvested.
However, the samples harvested in the 1000-1206tuds range were right in
the middle of the other two altitude ranges, <10@0rd >1200m. This event in
this PCA analysis showed that the variation inriietabolite profile may vary

according to the variation in the altitude level.
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Figure 13 PCA score scattering plot of the principal compunk (51.82% of
the total variability) and principal component D24% of the total
variability) of the metabolite profile differentiag Natural Yellow
Bourbon coffee seeds harvested in three differanges of altitude
(+) <1000m, +) 1000-1200m, ance) >1200m. Each class of altitude
ranges in the dataset pretreated by WGLS, alph820.0

The Figure 14A shows the variable loadings of B@l of the total
variance, which clearly distinguished the samplesvésted at the most
contrasting ranges of altitude, <1000m and >120Dme. sensory score loading
on PC1 shows that the natural Bourbon samples st@teabove 1200m of
altitude have higher scores than the samples had/dm®llow 1000m (Figure
9B). This indicates the strong effect of the attéwn the final sensory score of
the natural Yellow Bourbon samples. In additionis tesult may indicate that

for the group of metabolites analyzed, some of theam be related to quality.
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Figure 14 PC 1 metabolite loadings of the PCA of the Natif@low Bourbon
coffee seeds (Figure 13). The positive values @nthaxis of the
PC1 loadings indicated the most important featfoeshe Natural
Yellow Bourbon coffee samples harvested above 1260Dumititude
and the negative values on the Y axis indicatedntbet important
features for the Natural Yellow Bourbon coffee s&apharvested
bellow 1200m. The red dashed line
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( ) indicated the
threshold (0.2) for the selection of the most int@orr features that
influenced in the separation trend of coffee samplarvested in the
three altitude ranges. Each altitude class in #dtas@ét was pretreated
by WGLS, alpha=0.001.

The features that most influenced in this difféaion were lactic acid,
L-alanine, L-valine, L-serine, L-aspartic acid, ggyol 1-phosphate, myo-
inosiotol, caffeic acid, and 5-CQA for natural Bban samples harvested
bellow 1000m of altitude (Figure 14). The samplemvhsted above 1200m
were mostly influenced by sorbitol, gluconic aaidicic acid, tryptophan, and
4-CQA.

The higher levels of other compounds such as giacacid and mucic
acid may increase the acidity and sweetness inrp sigdtable way towards
quality. The high sensory score united to this grotimetabolites found in the
Yellow Bourbon coffee samples harvested above 120G suggest they are
strong potential markers for good cup quality.

L-tyrosine, myo-inositol, and 5-CQA for natural @bon samples

harvested bellow 1000m. Only myo-inositol wouldrggse the sweetness in the
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coffee samples, considering it is a sugar alcohdlisremains after the roasting
Ruiz-Matute et al. (2007). Conversely, L-tyrosinad&-CQA would increase
the bitterness taste Akitomi et al. (2013), Faralale (2006) and Kohl et al.
(2013) .

4.2.5.4 PCA demucilaged x Yellow Bourbon x altitude

The Figure 15 shows the PCA score scatteringgdltie PC1 (55.44%)
and PC2 (20.04%) of the metabolite profiles of deilaged Yellow Bourbon
coffee seeds harvested in three ranges of altifg@®00m, 1000-1200m, and
>1200m). The samples harvested above 1200m weieratif from the ones
harvested bellow such altitude by PC1. Converstig, samples harvested
bellow 1000m and between 1000-1200m were sepairataw different groups,
however they showed much lower variance in PC2 ewatpto PC1. This
indicated that higher altitudes play an importaie rfor the Yellow Bourbons
seeds metabolism, which allied to the processinghode showed strong

interference on the separation.
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Samples/Scores Plot of Demucilaged Yellow Bourbon
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Figure 15 PCA score scattering plot of the principal compdrter40.23% of
the total variability) and principal component 2.&% of the total
variability) of the metabolite profile differentiag Demucilaged
Yellow Bourbon coffee seeds harvested in threesdifit ranges of
altitude %) <1000m, ¢) 1000-1200m, ancs) >1200m. Each class of
altitude ranges in the dataset pretreated by W@lgha=0.001.

The Figure 16A shows the metabolite loadings ofl RiGferentiating
demucilaged Yellow Bourbon coffee genotype harwkste three ranges of
altitude <1000m, 1000-1200m, and >1200m. The feattinat most influenced
the separation of the samples harvested above 12@0mL-serine, L-aspartic

acid, L-asparagine, fructose, glucose, and mudit ac
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Variables/.oadings Plot for Demucilaged Yellow Bourbon
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Figure 16 A) PC 1 metabolite loadings of the PCA of the Deitaged Yellow
Bourbon coffee seeds (Figure 15). B) PC 1 metabtiidings of the
PCA of the Demucilaged Yellow Bourbon coffee seffégure 15).
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The red dashed line (

) indicated the threshold (0.2) for the selectiérthe@ most important
features that influenced in the separation trenccaffee samples
harvested in the three altitude ranges. Each @dtitlass in the dataset
was pretreated by WGLS, alpha=0.001.

The sensory score did not reached the 0.2 thrdé$bothe separation of
the samples, however it pointed to samples hamems®ve 1200m showing
higher scores than the other ones. This could ateli@ higher correlation
between the compounds found for those sampleshenskeinsory score.

Among those amino acids found in the Yellow Bourlooffee samples,
L-serine provides bitter taste, L-aspartic acid ardsparagine provide acidy
taste Kirimura et al. (1969). L-aspartic acid anddparagine are the major
amino acids found in coffee seeds Arnold et al.94)9 In addition to
contributing to increase the acidity, the thresholdietection of asparagine is
very low, which means that a very small amount t&nhuman detected
Kirimura et al. (1969). In the same trend, L-aspaatid would help to increase
the acidity taste, however in much lower rates thsparagine, considering it has
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much higher threshold for human detection. Theghlr presence in coffee
seeds would indicate higher sensory quality.

The features that most influenced on the discratiom of the samples
harvested bellow 1200m (<1000m and 1000-1200m) tardones harvested
above 1200m included glycerol 1-phosphate, trypanpland 5-CQA.

The samples harvested bellow 1000m showed mospa@onds that
may increase the bitterness in coffee. The commBEQA and tryptophan
increases the bitter taste Akitomi et al. (2012xah et al. (2006) and Kirimura
et al. (1969). On the other hand, glycerol 1-phasplthe sweetness as a sugar

alcohol.

4.2.5.5 Correlation analysis of the metabolites ansensory score

The analysis of the four combinations showed thath genotypes
positively responded to altitude variation by iresig the final sensory score.
This could be observed checking on the directionth&f variable loadings
contribution for the separation on each PCA (Figur@, 12, 14 and 16), where
the total sensory score always points to the hightéudes, >1200m. However,
the total sensory score of the Yellow Bourbon ggoes always showed higher
influence on the samples separation than on thedAganotypes. It could
indicate that the Yellow Bourbon genotype respontetter to the altitude
variation than Acaia genotype, regardless the ging used.

A broad range of metabolites were analyzed by B@Ad the influence
of the altitude variation, processing and genotype their content were
observed. However, considering many of them haweméeen linked to
quality, the correlation analyses were performeadHe following combinations:
natural Acaia harvested at <1000m, 1000-1200m, &it20natural Yellow
Bourbon harvested at <1000m, 1000-1200m, >1200mmidAdarvested at
<1000m, 1000-1200m, >1200m and processed in thewagt and Yellow
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Bourbon harvested at harvested at <1000m, 1000m2081200m and
processed in the wet way. The TABLE 2 shows thelteof the correlation
analysis of all metabolites and sensory scoredohe&ombination.

The correlation coefficients might seem to be lbayever it is worth
noting that these analyses were carried out inngisfee beans, prior to
roasting. In addition, mentioning that several tiess take place during roasting
is very important. The metabolites may react amtiragnselves disappearing
after the coffee seeds are roasted, but releasmg aompounds Farah et al.
(2006) and Leroy et al. (2006). However, the presenf these compounds in
green coffee seeds may provide a glimpse of thepoamds that work as

precursors of flavor, consequently determining eaffjuality.
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Table 2 Correlation coefficients of the analysis betweas rnetabolite profile and the sensory score ofeesfiseparated
by processing and genotype (natural Acaia, nat¥edlow Bourbon, demucilaged Acaia, and demucilaged
Yellow Bourbon). Attributed classes according te #ititude ranges (<1000m, 1000-1200m, and >12G0rd)
pretreated by GLSW (a=0.001).

Natural Acaia

Demucilaged Acaia

Natural Yellow Boubon

Demucilaged Yellow Bourbon

Metabolite Senso_ry Metabolite Senso_ry Metabolite Senso_r Y Metabolite Senso_r Y
Correlation Correlation Correlation Correlation

Trigonelline -0.57 5-CQA -0.41 Lactic acid -0.88 Glycerol 1-phosphate -0.86
Mucic acid -0.51  Glycerol 1-phosphate -0.. Caffeic acid -0.87 Tryptophan -0.82
Phenylalanine -0.50 Caffeic acid -0.2 Myo-inositol -0.86 L-tyrosine -0.81
Pyroglutamic acid -0.49  Glucose -0.2 L-Aspartic acid -0.86 5-CQA -0.79
Quinic acid -0.47  L-Valine -0.24 L-Valine -0.84 Phenylalanine -0.77
Putrescine -0.46  Quinic acid -0.1 L-alanine -0.84  Glutamine -0.76
Caffeic acid -0.45  L-Aspartic acid -0.1 Glycerol 1-phosphate -0.83 L-alanine -0.70
5-CQA -0.44  Nicotinic acid -0.1Z L-Serine -0.81 Caffeic acid -0.69
Citric acid -0.29  Oxalic acid -0.11 5-CQA -0.74  Bglutamic acid -0.57
Nicotinic acid -0.24  L-asparagine -0.08  Malic acid -0.71  Galacturonic acid -0.49
Glycerol 1-phosphate -0.23  Citric acid 0.01 L-asgare -0.60  Nicotinic acid -0.30
Fructose -0.21  Malic acid 0.01 Phenylalanine -0.4%alic acid -0.30
Oxalic acid -0.19  Galactinol 0.01  Citric acid -0.390xalic acid -0.17
4-CQA -0.19  Fructose 0.02  Galactinol -0.33  Glucaud 0.00
Gluconic acid -0.17  L-tyrosine 0.04  Fructose -0.2Zitric acid 0.10
L-proline -0.14  Phenylalanine 0.05 Galacturonidaci 0.05 Myo-inositol 0.35
L-alanine -0.06 L-alanine 0.08 Glucose 0.09 4-CQA .350
Sorbitol 0.08  Pyroglutamic acid 0.12  L-tyrosine 0.1 L-Isoleucine 0.40
Allo-inositol 0.08  Sorbitol 0.14  Quinic acid 0.2 L-proline 0.41
Galacturonic acid 0.14 4-CQA 0.14  Glutamine 0. Galactinol 0.46
L-Aspartic acid 0.15  Trigonelline 0.18  Pyroglutanaicid 0.21 Sorbitol 0.54
Lactic acid 0.20  Mucic acid 0.19  Nicotinic acid 9.2 Trigonelline 0.60
L-asparagine 0.29  Tryptophan 0.22  Allo-inositol .2 Mucic acid 0.62
Galactinol 0.32  L-proline 0.23  L-proline 0.43  Alinesitol 0.63
Malic acid 0.35  Glutamine 0.25 L-Isoleucine 0.54 Valine 0.63
L-Valine 0.40  Allo-inositol 0.28  Putrescine 0.56 dtim acid 0.65
L-Isoleucine 0.41  Myo-inositol 0.30  Trigonelline 6@. Quinic acid 0.71
Glucose 0.42  Putrescine 0.36  Oxalic acid 0.70  Bmect 0.75
Glutamine 0.44  Lactic acid 0.3° 4-CQA 0.83  Putrescine 0.77
Myo-inositol 0.52  Galacturonic acid 0.3 Mucic acid 0.84 L-Aspartic acid 0.77
L-tyrosine 0.59 L-Serine 0.4( Sorbitol 0.84 L-Serine 0.80
L-Serine 0.59 L-Isoleucine 0.4: Gluconic acid 0.85 Glucose 0.84
Tryptophan 0.60  Gluconic acid 0.4¢ Tryptophan 0.85 L-asparagine 0.85
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The higher correlation coefficients were shown fbe natural and
demucilaged Yellow Bourbon. On the other hand, ¢beelation coefficients
shown by the Acaia genotypes were very low. Thhs, Yellow Bourbon
genotype can provide good information about theabwites that are positive

and negative potential markers for quality in ceffeeds.

4.2.5.5.1 Positively correlated metabolites to sesry quality

Considering a +0.8 threshold correlation, the tpady correlated
metabolites to the total sensory score were L-asjrae (0.85), tryptophan
(0.85), gluconic acid (0.85), glucose (0.84), smihi0.84), mucic acid (0.84), 4-
CQA (0.83), and L-serine.

Among the positively correlated metabolites wamgr® acids that had
previously been related to good sensory attributegsparagine to the acidity;
L-serine to sweetness Akitomi et al. (2013), Kiranet al. (1969) and Solms
(1969). Gluconic acid, mucic acid are sugar ackdg besides increasing the
sweetness of the coffee beverage may increasecitieyaThose are two of the
most appreciated parameters in coffee sensorysisaly

Glucose was expected to be positively correlatemsidering it is a
sugar, it contributes to sweetness increasing.

4.2.5.5.2 Negatively correlated metabolites to semy quality

Considering a -0.80 threshold correlation, thgatieely correlated
metabolites to the total sensory score includeatic acid (-0.88), caffeic acid
(-0.87), myo-inositol (-0.86), L-aspartic acid 6), glycerol 1-phosphate (-
0.86), L-valine (-0.84), L-alanine (-0.84), trypte@n (-0.82), L-serine (-0.81),
and L-tyrosine (-0.81).
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For the first time glycerol 1-phosphate has beamdl as a negatively
correlated compound to the total sensory scorea fslyol, it was expected to
increase the sweetness to the coffee beans, whiskery appreciate in the
sensory analysis. However, it may had turned int@w& unpleasant compound
by the roasting process.

L-serine was positively correlated to the sensurglity of demucilaged
Yellow Bourbon, however, it was negatively correthto the sensory quality of
natural Yellow Bourbon. Conversely, tryptophan \pasitively correlated to the
sensory quality of natural Yellow Bourbon and negdy correlated to the
sensory quality of the demucilaged Yellow Bourblbrmay have indicated that

these compounds may not have strong influenceetothl sensory score.

5 CONCLUSIONS

The processing method was the parameter that mdisenced the
differentiation of the metabolite profile, mainly-Maline, L-isoleucine, L-
proline, pyroglutamic acid, fructose, L-tyrosin@daallo-inositol were observed
in higher levels in the natural coffee beans; andspartic acid, putrescine,
mucic acid, and galactinol for demucilaged coffeere observed in higher
levels in the demucilaged coffee beans;

The effects of altitude on the coffee samples hidden by the greater
variances showed by the processing and genotypes;

The slope exposure differences were not detectaldimg this
metabolomics approach and statistical analysis;

The evaluated genotypes showed a trend to be ategaby the
metabolite profile and by the sensory score, wisithngly contributed for the

separation of Yellow Bourbon genotype compareddaié& genotype;



71

The metabolite profiles of Yellow Bourbon genotygleowed a more
consistent correlation to the sensory score thamtatabolite profiles of Acaia

genotype.
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