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Abstract

In the context of the current, flourishing spegiabffee industry, the processing of the coffee
bean at the origin is increasingly becoming themuhiferentiation tool for specialty coffee
producers around the world. The processing methHatbffee at the origin may be one of
three main types, depending on how the fleshy prtee coffee fruit are removed and how
the coffee bean is dried. The three main processisthods are often referred to as the

washed process, pulped natural process and natoGdss.

The natural process consists of drying the wholéeedruit like a prune prior to removing
the pulp. It is the oldest processing method knawd is currently gaining interest from the
specialty coffee industry. The reasons for this tAreefold — the ‘characteristic’ flavour of
natural coffee is sought as a means for differéohanatural coffee is a key ingredient of
high quality espresso blends, and it is generadlystlered as more sustainable than other
methods as it does not require water. The spec@iffee industry often describes the
characteristic flavour of naturals as ‘fruity’ avihey’, which is a profile sometimes called
‘Mocha’. The flavour of natural coffee is thus amtly in the focus of the specialty coffee
industry. However, little is known of how the flawois formed, the compounds responsible
for it and how the process might be controlled stcaallow a reproducible expression of that
flavour. Thus, the overall aim of this research wasunderstand the flavour of Arabica
natural coffee as a product class and to underdtanadnain formation pathway during the
post-harvest drying process. This aim was achi¢hemligh a series of studies, to address 5

specific objectives.

The first objective was to develop a rapid flavpuofiling method based on the analysis of
coffee cupping (coffee tasting) data. The secondative was to determine the effect of post-
harvest processing methods (washed, natural amueghulatural) on the sensory profile of
coffee. Both objectives were addressed in Chapteh8re the effect of the main post-harvest
processing methods on the sensory profile of coffes investigated. Coffee tasting data
from previous, unpublished research was analysid) @snovel technique called Descriptive
Cupping. The cupping data pertained to coffee ad®from 22 farms in the state of Guerrero,
Mexico, which were processed using four post-hdriremtments: natural process, pulped-

natural process and two variations of the washedgss including fermentation under water



and dry fermentation. The samples were then hudled assessed by licensed Q Graders
(certified coffee tasters) using the Specialty €efAssociation of America (SCAA) cupping
(coffee tasting) protocol. The qualitative desaiptprovided by the cuppers were used to
investigate differences in the sensory profiletd toffees produced from the four methods.
Descriptor categories used by the cuppers (descrgibgroups) were consolidated and
integrated into a frequency table. Global chi-squéf), ° per-cell and non-symmetric
correspondence analysis (NSCA) were performed effréguency table.

The third objective was to characterise the senpaiiles of coffee processed using natural
post-harvest methods. This objective was addressé&thapter 4. Samples (22) of natural
coffee, received from different origins, were assesby a cupping panel trained at the
University of Otago, and flavour profiles were geated using Descriptive Cupping. Chapter
4 also addressed the second objective by assesastged coffee samples (9, coming from

the same farms as 9 of the natural coffees) asgofireference.

The fourth objective was to identify flavour compaols responsible for key flavours of coffee
processed using natural post-harvest methods.dtagdressed in Chapter 5, where the same
samples used for Chapter 4 were characterised asagtical methods. The headspace of the
roasted coffee beans was analysed using Solid-PRasmction-Gas Chromatography
coupled to Olfactometry and Mass Spectrometry (&®EMS/O) and Static Headspace- Gas
Chromatography coupled to Olfactometry and Massctpaetry (SH-GC-O/MS). The
headspace of the green coffee beans was analysedpptementary data using Proton-
Transfer-Reaction Mass Spectrometry (PTR-MS). Tiedydical results and the Descriptive
Cupping results were analysed together using Maltjactor Analysis (MFA).

The fifth objective was to investigate the effetdifferent natural post-harvest processing
treatments (by favouring different fermentative plagions) on flavour profiles and specific
flavour compounds. This objective was addressedhapters 6 and 7. In Chapter 6, different
natural coffee processing treatments (7) were coatphausing the same raw material. The
processing treatments were designed to vary thagirate of different sections of the drying
curve to favour fermentation by different kinds rafcrobial populations. A washed coffee
sample was also produced as a witness from the samenaterial. The resulting samples
were characterised using Descriptive Cupping bypping panel from New Zealand and
another cupping panel from Mexico. The results flmrth panels were compared using MFA.



In Chapter 7, these samples were characterisedhébyanalytical methods (GC-MS/O and
PTR-MS) used for the previous studies and bothy#inal and Descriptive Cupping data
were integrated in an MFA.

An effect of the processing method on the flavoufie was found in Chapter 3, whereby
the natural samples were characterised by troficay:, dried-fruity, red-fruity or fermented
flavour notes. Washed samples showed floral, smpcyputty flavour notes, while pulped-
naturals tended to have a flavour profile that doahge from natural to washed coffee. In the
case of Chapter 4, the effect of the country ofiaron coffee flavour was found to be more
important than the effect of processing. This waskeld to different geographically-
concentrated factors, including the drying techggladOnly when natural coffees showed a
‘Mocha’ character (fruitiness or wineyness) didythecome clearly different from washed
coffees. Moreover, the absence or presence oMbeHa’ character was also found to be one

of the main sources of variation within the natwealffees as a group.

In Chapter 5, thermal degradation products of sugad Maillard reaction products were
found to have an important role in the differentiatof samples. However, the main factors
explaining the ‘Mocha’ character were associateith Wwoth amino acid catabolism (of valine,
isoleucine and leucine) and ethanol fermentatiohe Testers produced by the ethyl
esterification of 2- and 3-methylbutanoic acid wérked to a fresh, red-fruity character

(strawberry, blueberry), which is the most commesaliption of specialty natural coffees.

In Chapter 6 similar product spaces were obtainethb New Zealand and Mexican panels
and coherence in the use of descriptors sudbarasentedvas achieved. Overall, Descriptive
Cupping was shown to be a rapid method for prafilteffee flavour with satisfactory levels
of discriminating power and satisfactory panel-tovpl agreement.

In Chapters 6 and 7, the most distinct naturalndyyreatment was found to be the one termed
‘honeying’ treatment for the purpose of this thesikich involved suspending the drying for
the first two days. This resulted in an intensenfemtation with a high production of ethanol,

which confirmed ethanol plays a key role in therfation of fruity esters.

This research achieved its objectives by charamtgrithe flavour of natural coffee from the

sensory and analytical points of view. Findingsrirthis research contribute to the field of



coffee science by providing the industry and futtesearchers with an explanation for the
formation of characteristic fruity and winey flawsun natural coffee. Based on the findings
of this research, coffee producers will be abledtier control the flavour outcome of natural
coffee. Further research is needed to characténseole of non-volatile constituents of

natural coffee, as well as to understand the rdlespecific fermentation types in the

development of natural coffee flavour. Generalleapng, further research is needed to
understand how to better control the coffee flavamuticome.



Resumen en espafol (abstract in Spanish) — efecto d el

procesamiento en el caracter del sabor del café nat  ural

En el contexto de la floreciente industria actuallas cafés especiales, el procesamiento del
grano de café en la region de origen se esta ¢mmdo cada vez mas en la principal

herramienta de diferenciacion para los productdeesafés especiales alrededor del mundo.
El método de procesamiento del café en la regidrriden puede ser de tres tipos principales,
dependiendo de la manera como se retiran las garjgssas del fruto del café y la manera en
gue se seca el grano. A esos tres métodos de anoiegso principales se les llama a menudo

proceso lavado, proceso natural y proceso despuipattiral.

El proceso natural consiste en secar el fruto erdet café como si fuera una ciruela pasa
antes de retirar la pulpa. Es el mas antiguo meéttelgprocesamiento conocido y en la
actualidad estd ganando interés por parte de issind de cafés especiales. Las razones para
ello son tres: el sabor ‘caracteristico’ del caftural se busca como una manera de
diferenciarse; el café natural es un componenteada mezclas de ‘espresso’ de alta calidad,
y generalmente se le considera mas sustentablettpgemétodos, ya que no requiere agua.
La industria de cafés especiales a menudo desalibabor caracteristico de los naturales
como ‘afrutado’ o ‘vinoso’, lo cual es un perfil gen algunas ocasiones se denomina
‘Mocha’. Sin embargo, aunque el sabor de los caffsrales es actualmente del interés de la
industria de cafés especiales, se conoce poco dione se forma ese sabor, sobre los
compuestos que son responsables de éste, y sahesgpodria controlar al proceso para
permitir una expresion del sabor que sea reprotiudior tanto, el objetivo general de esta
investigacion fue entender al sabor de los cafésralas como categoria de productos y
entender las principales vias de formacion del rsaluwante el proceso de secado pos-

cosecha. Este objetivo se logré a través de uimdeestudios.

El primer objetivo fue desarrollar un método rapi perfilacion de sabor, basado en el
analisis de datos de catacion de café. El segubgiiiva fue determinar el efecto de los
meétodos de procesamiento pos-cosecha (lavado,ahatutespulpado natural) en el sabor
percibido del café. Se abordaron ambos objetivosl| é&@apitulo 3, en el que se investigo el
efecto de los principales métodos de procesamiposacosecha en el sabor percibido del

café. Los datos de cataciones provenientes dei@eterestudios sin publicar se analizaron

Vi



utilizando una nueva técnica llamada Catacion D@sei. Los datos de las cataciones se
obtuvieron a partir de muestras de café cerez&dim@as del estado de Guerrero, México,
gue se procesaron por cuatro distintos métodos@eeecha: natural, despulpado natural y dos
variantes del lavado (con fermentacién sumergidaryfermentaciéon en seco). Las muestras
se trillaron y fueron evaluadas por Catadores @ficados, utilizando el protocolo de cata de
la Asociacion de Cafés Especiales de América (SCA&s descriptores cualitativos
generados por los catadores se utilizaron parastigee diferencias en el sabor percibido de
los cafés producidos por los cuatro métodos. Laesrgsores utilizados por los catadores se
consolidaron por categoria y se integraron en @datde frecuencias. A la tabla de
frecuencias se le aplicaron andlisis de chi cuad(g) global, »* por celda y analisis de
correspondencia no simétrico (NSCA).

El tercer objetivo fue caracterizar los perfiless®iales de café procesado por el método
natural. Este objetivo se abordo en el Capitul8elevaluaron 22 muestras de café natural,
recibidas de distintos paises, por un panel deiéatantrenado en la Universidad de Otago, y
se generaron perfiles de sabor utilizando la mébgém de Catacion Descriptiva. El Capitulo

4 también abord6 al segundo objetivo, al evaluanacuntos de referencia, 9 muestras de

café lavado que procedieron de las mismas finca®9qle los cafés naturales.

El cuarto objetivo fue identificar compuestos resgables de notas de sabor relevantes en los
cafés naturales. Este objetivo se abordd en elt@aph, en el que se caracterizaron por
métodos analiticos las mismas muestras utilizades gl Capitulo 4. El espacio de cabeza de
los granos tostados se analizo utilizando cromat@yde gases con extraccion en fase solida,
acoplada a olfactometria y espectrometria de mg&RAE-GC-MS/O) y cromatografia de
gases con muestreo del espacio de cabeza estatiqmiada a olfactometria y espectrometria
de masas (SH-GC-O/MS). El espacio de cabeza dgrdo®s de café verde se analiz6 como
datos adicionales utilizando espectrometria de sngea reaccion de transferencia de
protones (PTR-MS). Los resultados analiticos yresultados de Catacion Descriptiva se
analizaron conjuntamente utilizando andlisis deofas multiples (MFA).

El quinto objetivo fue investigar el efecto de diietes tratamientos de proceso natural (que
favorecen a distintas poblaciones fermentativadpgmerfiles de sabor y en compuestos de
sabor especificos. Este objetivo se abordd en ksit@los 6 y 7. En el Capitulo 6, se
compararon diferentes tratamientos (7) de procesaal, utilizando la misma materia prima.
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Los tratamientos de proceso se disefiaron pararJarielocidad de secado en diferentes
secciones de la curva de secado, a modo de favdeetermentacion por distintos tipos de
poblaciones microbianas. También se prepard uigdede café lavado a partir de la misma
materia prima. Las muestras resultantes se carastan, utilizando Catacion Descriptiva,
por un panel de catacion de Nueva Zelandia y otmwepde catacion de México. Los
resultados de ambos paneles se compararon utitizsifh. En el Capitulo 7, las mismas
muestras se caracterizaron por los métodos awalititlizados en los anteriores estudios
(GC-MS/O y PTR-MS), y luego se integraron tantodasos analiticos como los de Catacion

Descriptiva en un MFA.

En el Capitulo 3 se encontré que hay un efectmslenétodos de procesamiento en el sabor,
ya que las muestras de café natural se caractaripar tener notas de frutas tropicales, frutas
secas, frutas rojas o notas fermentadas. Las maseltvadas mostraron notas florales,
especiadas o de nueces, mientras que los despslpatioales tendieron a tener un perfil de
sabor que abarcaba desde el café natural hasisaelo. En Capitulo 4, se encontré que el
efecto del pais de origen sobre el sabor del caférfas importante que el efecto del método
de procesamiento. Esto se asocid con factoresbdistns geograficamente y que incluyen
distintas tecnologias de secado. Los cafés nasusalamente pueden diferenciarse de manera
clara de los cafés lavados cuando muestran ur feofiMocha’ (notas afrutadas o vinosas).
Ademas, la ausencia o presencia del perfil ‘Mod¢haibién resultd ser una de las principales

fuentes de variacion dentro de los mismos cafagalas como grupo.

En el Capitulo 5, se encontr6 que los productosaddegradacion de los azlcares y los
productos de la reaccion de Maillard tuvieron upgbamportante en la diferenciacion de las
muestras. Sin embargo, los principales factores exydican al caracter tipo ‘Mocha’ se
asociaron tanto con el catabolismo de aminoacidalisé, isoleucina y leucina) como con la
fermentacion etilica. Los ésteres producidos meeiknesterificacion de los acidos 2- y 3-
metilbutanoico se relacionaron con el caracterdka froja fresca (fresa, arandano agrio), que

suele ser la descripcion mas comun de los cafésates de especialidad.

Una comparacion de los resultados de los dos maagelel Capitulo 6 mostré una correlacion
satisfactoria entre ambos y una coherencia enceblasdescriptores tales corfesmentado

En general, la Catacién Descriptiva demostré6 semeétodo para la perfilacion rapida del
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sabor del café con niveles satisfactorios de cdpdatliscriminativa y un nivel satisfactorio

de consenso entre ambos paneles.

En los Capitulos 6 y 7, el tratamiento de proceatural més diferente fue el llamado
tratamiento ‘enmielado’ para propositos de estés,ted cual involucrd la suspension del
secado durante los primeros dos dias. Esto resultna fermentacion intensa, con alta
produccion de etanol, lo cual confirmé que el etduega un papel clave en la formacion de
los ésteres afrutados.

Esta investigacion caracterizé al saber del catéleléos puntos de vista sensorial y analitico.
Los hallazgos de esta investigacion contribuyenaahpo de la cafeologia al proveer a la
industria y a los futuros investigadores de undiexgion sobre la formacion de los sabores
afrutados y vinosos caracteristicos del café natlasandose en los hallazgos de esta
investigacion, los productores de café podran otartmejor el sabor resultante de sus cafés
naturales. Se requiere mayor investigacion paractenzar el papel de los componentes no-
volatiles en el café natural, al igual que pareemdér el papel de tipos especificos de
fermentacion en el desarrollo del sabor de losscaédurales. En general, se requiere mayor

investigacion para entender como controlar mejgabbr resultante del café.
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Chapter 1. Introduction

Coffee is one of the most important agriculturabdarcts in the international market. Each
year, about 8 million metric tons of green coffeeaibs, worth around US $15 billion
(1.5-169% give rise to a retail coffee value of around UB® billion (1.5-16" worldwide
(Schwan & Fleet, 2014). However, coffee is nottladl same and coffee does not all have the
same value. From the low-quality Robusta coffed thahe raw material for mainstream
instant coffee at US$1.92 per kg (ICE, 2015) to thest expensive, award-winning,
Panamanian natural geisha varietal at US$771.4kgd6toneworks & SCAP, 2013), the
value of the green coffee bean can vary by a fadtover 400. The reason for such disparity
is the existence of a flourishing specialty coffedustry within the broader, generic coffee
industry. The specialty coffee industry is growifast, with consumers willing to pay a
premium for high-quality coffees. According to tiNational Coffee Association of USA
(NCA), the daily consumption of specialty coffeesbeages increased from 9% of U.S. adults
in 2000 to 34% in 2014, and the value of the spigce@ffee share represented 51% of the
total coffee market value in the USA in 2014 (N@A14). This means the yearly retail value
of specialty coffee is about US$16 billion (1.6*.0n USA alone (SCAA, 2012b).

Yet what is specialty coffee? Opinions differ. Floe purpose of the cited market value study
from NCA (2014), specialty coffee was defined asadegory including espresso-based
beverages, iced/ice blended coffee and premiumavhehn and ground varieties. For the
Specialty Coffee Association of Europe, specialbjfee is defined as é&crafted quality
coffee-based beverage, which is judged by the ocomispu..] to have a unique quality, a
distinct taste and personality different from, asuperior to, the common coffee beverages
offered. The beverage is based on beans that heet grown in an accurately defined area,
and which meet the highest standards for greeneeoéind for its roasting, storage and
brewing” (SCAE, 2014). Similarly, for the Specialty CoffAssociation of America (SCAA),
specialty coffee is defined éhe highest-quality green coffee beans roasteth&r greatest
flavor potential by true craftspeople and then prdp brewed to well-established SCAA
developed standardgSCAA, 2012a). In short, the specialty coffee isity pursues an ideal

of excellence in coffee.

The specialty coffee industry has self-explaine@ thistory of coffee from a highly

commoditised industry in the @OCentury to an increasingly differentiated industogay
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using the concept of the ‘Three Waves of Coffeetdfys. This concept was explained by
Pulitzer Prize winning food critic Jonathan Gold@ltows:

“The first wave of American coffee culture was @bly the 19th-century surge that
put Folgers on every tablpr Gregg's or Nescafé in other countries — thdiahi
commoditised, mainstream stagahd the second was the proliferation, startinghie
1960s at Peet's and moving smartly through the ldteks grande decaf latte, of
espresso drinks and regionally labeled coffee. Véenaw in the third wave of coffee
connoisseurship, where beans are sourced from faratead of countries, roasting is
about bringing out rather than incinerating the que characteristics of each bean,
and the flavor is clean and hard and pure” (Gol@038).

In other words, the specialty coffee industry isrently experiencing the rise of the ‘Third
Wave of Coffee’, which impliesletting the coffee speak for itself{Cho, 2005). In an

analogous way to how the wine market evolved in 2688 Century, the specialty coffee
market is experiencing a growing interest in thedpict’s story: its country, region and even
farm of origin, the way it was produced (organigddriendly, shade-grown, etc.) and the

processing it underwent at the origin (Cho, 2005).

But what does ‘coffee processing at the origin’ nigdany consumers do not know that
coffee undergoes a long process at the origin,reafas shipped to the consuming countries
as green beans. The fresh coffee fruit, also calledcoffee cherry’ needs to be converted
into the dry, green coffee beans. The fleshy paitthe fruit need to be removed and the
beans need to be dried. That process can be doaenumber of different ways, and the
specialty coffee industry in general and the ‘Thikthve’ coffee industry in particular are

aware that the coffee processing at origin can laalaege impact on the final coffee flavour.

The type of coffee processing at the origin is In@iog increasingly important as a source of
differentiation for specialty coffees at all leveisthe coffee industry, from the farm to retail

(Davids, 2014).

More and more coffee producers around the worldsaeking to differentiate their products
in the specialty market. Since it would be almospassible for a farmer to move the farm to
a different geographical area and it would be werstly to replace the current coffee varieties
in a given farm, the main path left for producevsdifferentiate their products is through
innovative processing. In the last ten years, iatioe producers and the specialty coffee
industry in general have been focusing more andenoor the processing at the origin as a

means to impact coffee flavour (Davids, 2014). Tollowing quote illustrates the current
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enthusiasm of the specialty coffee industry for ttemd of focusing on processing at the
origin:

“[...] as a younger generation of coffee producersasters and importers has

discovered, variations in processing that are callgfand mindfully pursued can alter
the sensory properties of coffee in amazing andiegavays” (Davids, 2014).

What are these ‘processing methods’? The follovangpters will discuss them extensively.
Summarising, for the purpose of this introductionthe fruit, the beans are covered by a
fleshy tissue called ‘mucilage’ and surrounded Iy truit pulp and skin which need to be
removed and the beans dried. One possible waylatésand dry the beans is by drying the
whole fruit like a prune and then removing the Isefiom the dried flesh — this is the so-
called ‘natural’ process. An alternative pathwayysmechanically pulping the beans, next
removing the mucilage and washing away the mucitagelues and lastly drying the washed
beans — this method is called ‘washed processhirdl tvay to remove and dry the beans is by
pulping them to remove the fruit pulp and then ngythem still covered by the mucilage
prior to hulling, which is called ‘pulped naturalggess’ or, more recently, ‘honey process’
(Brando & Brando, 2014). In this thesis, the teharieying’ treatment refers exclusively to a
particular technique for processing natural coffessl should not be confused with pulped

natural coffee.

The natural process is particularly interestingdarumber of reasons. Historically, it was the
first process used and remained the only existimg until the 18 Century, when it began
being displaced by the washed process. For theeeztl' Century, it was considered a low-
quality, unreliable process. Yet in the last terarge the specialty coffee industry has
rediscovered the natural process, since it is cive from the differentiation and sensory
characteristics of the product points of view amahf the sustainability perspective, (Diaz
Pineda, 2008).

From the differentiation point of view, specialtgtaral coffees — also called ‘New Naturals’
so as to distinguish them from the mainstream ahtoffee — are sought for their flavour.
What is so distinctive about the flavour of naturaffees for the specialty coffee industry? A
“fruity flavour profile” (Dupont, Torsater, Engel, & Thomsen, 2007)ckean brandy-like

fruit character, lightly fermented but free of m®ldrhe sweet, lush aroma of blueberry in

particular has become associated with these crebtifermented coffeeqDavids, 2010); a
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“distinct taste, which can be very exotic and coemplspicy, fruity, aromatic and may be
slightly fermented” (Madsen, 2011). Overall, the high-end specialtyffea industry,
rediscovering the natural coffees in the last fearg, has called theffunky (this can both
be good and bad) and some could certainly be desdras trendy'(Madsen, 2011).

From the sensory point of view, natural coffee ikegy ingredient in high-quality espresso
blends (Brando & Brando, 2014; llly & Viani, 2009joloni, 2010). From the sustainability
point of view, the natural coffee has a very lowtavause compared to the washed process,
where the organic matter-rich waste pollutes théemays. In the last three decades, the
level of water pollution due to coffee washing istas has raised increasing concern at origin
countries (llly & Viani, 2005). Since most natuffee is sun-dried, the process does not
involve CQ emissions, which are common in the case of magihileel washed coffees.

However, science is a few years behind the patkeofoffee industry in this case. Since the
natural coffees were undervalued for over one hechgrears by the industry, they were also
neglected by science. They were juddetl poorer quality than washed coffegVincent,
1987), as'mediocre grades, and there is always a seriouk akgetting a very poor quality”
(Sivetz & Desrosier, 1963), and a%tatal reject” (Puerta Quintero, 1999). In the last decade,
though, natural coffees have begun to be the tarfgstientific research. There are currently
two main research teams working with natural caffieem different points of view. The team
at the Institute of Plant Biology of Technical Uergity Braunschweig (Germany) has
focused on the coffee bean metabolism during psitgsand how it affects the flavour
precursors, whereas the team at the Universidader&lede Lavras (Brazil) has looked at

technological, microbiological, analytical and gtyaaspects of natural coffees.

Yet, to the best of our knowledge, many questidomutithe flavour of natural coffee remain
unaddressed or only partially addressed by rese@vbiat are the differences in the flavour
profiles of washed, pulped natural and naturalesd® What is the range of flavour profiles
that can be obtained with natural coffees? Is thecbharacteristic flavour of natural coffees?
Are there flavour profiles that can only be obtdingith natural coffees? What are the
compounds responsible for the characteristic nhtocdfee flavour? How are these
compounds formed during the natural processing? emwthe processing be controlled so as

to obtain a particular flavour profile outcome?
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The aim of this thesis was to begin answering thpsestions, in the understanding that
science, like the specialty coffee industry, isydmginning to rediscover natural coffees. The
approach to answer these questions focused, aghamma, Williams, and Smyth (2014)
suggest, in linking the components of coffee flavtmithe sensory attributes of the cup. To
achieve this, different sets of coffee samples vebr@acterised by instrumental analysis of
the coffee bean headspace, but the interpretafidheoanalytical results was based on the
sensory characterisation of the samples, usingvalrsensory method called ‘Descriptive
Cupping'. Descriptive Cupping involves the categation and statistical analysj€ and CA)
of descriptive comments freely-elicited by expagters. Different natural process treatments
were also investigated, in order to understand Hhiosv flavour is affected by processing
parameters, as the drying rate of natural coffe@shave a potential impact on the types of
the microflora present and their growth. The aind abjectives of this research are further

detailed in section 2.2.

While the present research has characterised fibet ef processing on the flavour of natural
coffees, further research is needed in a numbareds. The scope of this thesis did not
involve understanding the role of non-volatile ditnents of natural coffee or understanding
the role of specific fermentation types in the depment of natural coffee flavour. Generally
speaking, further research is needed to understawdto better control the flavour outcome

of natural coffees.
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2.1 Literature review

2.1.1 What is natural coffee?

2.1.1.1 Definition of natural coffee

Coffee is the name given to the product made froenseeds — called coffee beans — of the
botanical genuLoffea. There are many ways to consume coffee, but alralbstf them
involve brewing a beverage from the roasted coffeans (Belitz, Grosch, & Schieberle,
2009). The coffee beverage has become a very poprdduct. In 2013, 145,202,000 bags
(60kg) of green coffee were produced in the wol@, 2014). Assuming an average of 6.6g
of roasted coffee beans per coffee cup of 120mis, pinoduction implies a world coffee
consumption of approximately 3 billion cups (3)1évery day.

Although there are several species of the g&unféeg there are two species of commercial
importance:C. arabicalL. and C. canephoraTarzia, Scholz, & Petkowicz, 2010 offea
arabicaor Arabica coffee is the most important speciegerms of the volume produced and
the value per kg (ICO, 2012). Even though bean®s tboth species may be blended at the last
step in production in consuming countries, consgnage usually not aware of what species
they are drinking. In fact both species are tooafaart in terms of genetics, production areas,
trading markets, chemistry and flavour to be trea@® a single product in a study. Therefore,
unless specified otherwise, ‘coffee’ means Aralocffiee from here onwards.

The coffee tree bears a fruit called the coffeargh€offee products are made from the beans
inside that fruit. The different processing teclugi¢és are based on the anatomy of the coffee
cherry and how the outer layers of the cherry amaved in order to obtain the coffee beans.
Figure 2.1 shows a diagram of the coffee cherrg dilitermost layer (exocarp) is essentially
the fruit skin, which may be red or yellow whenlyuipe, depending on the variety. The next
layer (mesocarp) is composed by the fleshy pulprandilage. Inside the fruit, normally two
seeds are found (the endosperm). Each of the seallisg the coffee bean, contains an
embryo, and each seed is covered by the spermddati®d silverskin) and is surrounded by
an endocarp called parchment (Avallone et al., 2868ndo & Brando, 2014).

The process coffee undergoes between the harvésharinal product is long and involves a

number of actors and facilities in both producimgl a&onsuming countries. The coffee is

8



Chapter 2. Literature review and objectives
shipped from the origin to the consuming countirethe form of ‘green coffee’. This is the
name given to the raw coffee bean, which needstoohsted, ground and brewed — if not
further industrialised — in order to prepare th#embeverage. However, the process between
harvest and the production of green coffee isfileelg enough to be carried out usually in
two separate facilities in most producing countriglge first stage of the process is usually
carried out near the production site, while theosecstage — called sometimes ‘curing’ — is
usually performed at a more centralised locatioimrgo exporting and involves hulling and
sorting the coffee beans (Vincent, 1987). From loengards, unless specified otherwise, the
words ‘process’ and ‘post-harvest process’ refeth® first stage of processing, prior to

curing.

Skin (exocarg
Pulp (outer mesocarp)

Mucilage (inner mesocarp)

Parchment (endocarp)

Silverskir (spermodern

Beans (seeds)

Figure 2.1. Anatomy of a coffee cherry. Diagram adated from Avallone, Guiraud, Guyot, Olguin,
and Brillouet (2000).

Until the 1980’s, two different processing methagsre used for the first post-harvest stage.
One is called the dry method, while the other amedlled the wet method. In the ‘dry
method’, the whole coffee cherry is dried aftemigeharvested until the beans attain around
12% moisture. The intermediate product shippedh® during facility is the dried coffee
cherry, which is then hulled to remove the driedeodayers of the fruit and to obtain the
green beans. The dry method is carried out withloeitneed of any water, as opposed to the
‘wet method’. In the wet method, water is usedréanoving the skin, pulp and mucilage from
the beans. The pulping operation removes the skth @ulp. Then the beans are either

fermented or mechanically demucilised, and wasleceinove the mucilage. The washed
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beans are then dried to obtain parchment coffeehReent coffee is the intermediate product,
which is hulled at the curing facility in order temove the parchment and to obtain the green
beans. A third method, increasingly popular sithee1990’s, is the ‘pulped natural’ method.
This process is half way between the dry and themethods, whereby the pulp is removed
right after harvest and then the coffee is driedcamtact with its mucilage (Brando &
Bagersh, 2010; Brando & Brando, 2014; Tarzia e24/10).

An analogy to the grape wine processes can be ma@eto further become familiar with the
differences between the coffee processing methamtsproducing red wines, the product (the
grape juice in this case) is left in contact witle igrape skin to macerate; the skin imparts
certain characters to the product, namely colostrjrgency and body. For producing white
wines, the skins and other plant parts are reméweaa the product and only the grape juice is
processed — this allows for white wines to be mexkn from red grapes. Rosé wines are an
intermediate product — the juice is left in contagth the skins only for a short period;
therefore, their character is in between the tweeoprocesses. Rosé wines have a lighter
body than red wines but are more astringent thanewkines (Jackson, 2008; Ribereau-
Gayon, Dubourdieu, Doneche, & Lonvaud, 2006). Irmaalogous way, in the processing of
natural coffees, the product is left in contactmthie mucilage, pulp and skin for a long time
after the harvest; this imparts a specific charactamely a heavier body, to the resulting
product (see the section about the flavour of tfferdnt processes in 2.1.2.2). In the process
of the washed coffees, all the fruit layers areoeed from the product as soon as possible, in
order to avoid for their character to be impartedtte final flavour. The resulting washed
coffees are lighter and ‘brighter’, so to spealenttitheir natural counterparts. The pulped
natural coffees are an intermediate product, incvithe skin and pulp are removed, but the
product is left in contact with the mucilage. THeaxacter of pulped natural coffees is also
between the natural and the washed coffees. Tlahgrah coffees are analogous to red wines;

washed coffees, to white wines, and pulped nataofiées, to rosé wines.

Natural coffee can now defined as the name givemamy countries to coffee that was
processed through the ‘dry method’ (Brando & Brari2zil4). The term ‘natural’ most likely

comes from the fact that, in most cases, ‘natutajing is used — meaning sun drying, as
opposed to machine drying (personal communicatiom fBruno Souza). The dry method is
contrasted in Table 2.1 with the other two methéadem here onwards, the words ‘natural’,
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‘washed’ and ‘pulped natural’ will be used prefdyato other names, as these are the terms

most used in the specialty coffee industry.

Table 2.1. Summary of the three main coffee procasg methods.

Process name Dry process Wet process Pulped natural process
Raw material Fresh coffee cherry
Main operations Drying Pulping, fermentation (or | Pulping, drying.
involved demucilation),  washing,
drying

Process output Dried cherry Parchment coffee Pulped natural parchment
Product name Natural coffee Washed coffee Pulped natural coffee
Synonyms Unwashed coffee Wet process coffee Honey coffee

Dry-process coffee Full-washed coffee Semi-washed coffee

Sundried coffee Semi-dry process coffee

2.1.1.2 Historical context of natural coffee

The history of natural coffees has moved throughelstages. The first stage lasted from the
discovery of coffee and its establishment as a toape invention of the washed process in
the 19" Century. This was the stage when coffee was biotmhAsian and American
countries as a crop and the stage when coffee ngstgan in Western countries developed
(Topik, 2000). The wet method was probably inveritedamaica in the first half of the 19
Century, following the Industrial Revolution. Theetv method became a significant
innovation that quickly spread to many countriekdks, 1922). Until then, and since the
discovery of coffee, the only method available wias dry process. La Roque — cited by
Ukers (1922) — described this process in 1715%wailg a trip to Yemen. The main
difference between the process described by La ®aaual the patio sun-drying of natural
coffee today is the fact that the coffee was notdsted in the ripe stage, but was allowed to
shrivel on the tree prior to harvest and sun-drylnghat time, perceptions about flavour and
guality were not linked to any processing methadt, to the country of origin. The most
famous and prized coffee ‘brand’ was Mocha. Mochas ihe name of a port in Yemen,
exporting almost all of the world’s coffee productibetween the i5and the 17 Centuries.
The term ‘Mocha’ later became identified with theffees showing that profile (Haggam,
2012).
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The second stage, between the invention of the edaphocess in the T9Century (Ukers,
1922) and the first recognition of naturals by $pecialty coffee industry in the first ten years
of the 2£' Century, involved a displacement of natural cafféy washed coffees in most
producing countries. The reasons for this were paiost and time efficiency, together with
product consistency: the drying of the beans n&xisenergy if the outer layers of the cherry
have been previously removed through pulping anshwag (Ukers, 1922). However, as the
washed process became the norm in most coffee gragaountries, natural coffees became
more and more marginalised. They were producedabydrs who could not afford drying
technology or who did not perform selective pickifdost often, natural coffees were and
still are produced from coffee cherries harvestgddnselective picking, implying different
maturation stages are dried together without @woting, which results in a product of a poor
and uneven quality (Brando & Brando, 2014). Furtie@e, whole dried coffee cherries can
also be a by-product of the wet method. This happescause in many wet mills (the
processing stations for washed coffee), some ofctiegries are rejected prior to pulping
because they are hollow and some other cherriasotdre pulped using the machines they
have because those cherries are too unripe orragedg dry. The rejected cherries are then
dried separately from the washed coffee and matiatenatural’ coffee. The quality of these
unwashed by-products of the wet mill is usuallyywgoor, and this is one of the main reasons
why many people in the industry regard naturalgeneral as a low quality product (Diaz
Pineda, 2008). The poor quality of most natura¢stad a perception of the natural process as
a ‘poor quality process’ during the whole"2Gentury. The perception about natural coffees
along the 28 Century is best illustrated by three quotes frbnee coffee industry authorities

during that century:

“Generally speaking, washed coffees will always g@nd a premium over coffees
dried in the pulp” (Ukers, 1922)

“[...] the best natural coffee is of a different claater, but, by and large, about equal
in quality to the best washed coffee grown understiime conditions. In general, it is
harder to obtain the best quality of natural coff@é@o many conditions, difficult to
control, tend to result in mediocre grades, and¢his always a serious risk of getting
a very poor quality”. (Sivetz & Desrosier, 1963).

“Under ideal conditions of dry weather, absencegoéen cherries in the picking,
freedom from infection, sun drying for the firsgs, and machine drying for the last
stages, natural coffee may be of excellent quatigan tasting and full bodied and,
while different, fully as desirable as washed aaftgut the ideal conditions for drying
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natural coffee are nearly always difficult or imgdse to realize, and most natural
coffee is, to varying degrees, inferior to its weshcoffee counterpart” (Vincent,
1987).

These views implied that natural coffee may beigh lguality but it requires a higher degree
of control along the processing to achieve thatityua hat level of control was difficult to
achieve in the 2D Century because the specialty coffee industry etayted developing in
the last decade of the century, and only the sjigaaffee industry can pay the premiums
required to cover the cost of increased qualitytrmdnHowever, in the last few years, there
has been a clear trend in the specialty coffee ebdialkvouring the now-called ‘New Naturals’.
The term ‘New Naturals’ first appeared around 200%ade journals and blogs, as a way to
differentiate between the low-quality naturals tas¢ oftentimes a by-product of the washed
process and high-quality naturals thatke as much care in the making of the naturafesf
as they do with the washed coffe@upont et al.,, 2007). In 2008, the International
Conference of Arabica Naturals (ICAN) was heldtfoe first time in Acapulco, Mexico. The
ICAN has had three more editions since the firs (®ana’a, Yemen, 2010; Addis Ababa,
Ethiopia, 2012, and Belo Horizonte, Brazil, 201@3thering stakeholders from the research
institutions, government bodies, coffee produces@her members of the coffee industry, in
order to understand natural coffees, improve thaality and create awareness about their
importance. At the first ICAN, it was proposedatnid applying the termatural to the low-
guality by-products (Diaz Pineda, 2008).

Since that time, the growth of the New Naturalsnsegt in the speciality coffee market has
become a very clear trend. Producers have beguerimgnting with naturals even in
countries where they had been clearly banned, asddolombia (natural Colombian coffee
samples were part of the study in Chapter 4). S@mviewers are praising these naturals from
regions that did not produce naturals traditionaltyl calling them ‘New Naturals’ (Davids,
2010). Although natural coffees have traditionddgen seen as having a lower quality than
washed coffees and thus usually fetch lower prisasie New Naturals are fetching very high
prices. Moreover, even though the internationatgwifor commodity coffee have been falling
in the last few years and were around $2.64 USDkgem 2013 (ICE, 2013), the New
Naturals have been breaking price records eveny(f&gnandez Alduenda, 2012). In 2013, a
natural from Panama (geisha varietal) fetched $®B/WUSD per kg, probably the highest price
ever paid to any green coffee (Stoneworks & SCAR32.
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2.1.1.3 The technology for producing natural coffee

Since the natural coffee process essentially impjisst drying the whole coffee cherry,
cherries of varying quality and ripeness can begssed as natural coffee. This is the main
challenge for controlling and maintaining qualifynatural coffees, as in many cases a poorly
harvested raw material is just dried without angvpsus cleaning or sorting. The first critical
operation in the processing of natural coffee ivésting. The degree of ripeness of the raw
material is key to obtaining a high quality cupviar, as most flavour precursors, such as
sugars and chlorogenic acids are dependent onetipeel of ripeness (Amorim et al., 2009).
There are three main methods of coffee harvessielgctive harvesting, which involves hand-
picking the ripe cherries; stripping, which meandlipg all the cherries from a branch,
irrespective of their degree of ripeness, and macha harvest, which use handheld
harvesters or large harvesters on wheels in a égioms in the world (Brando & Brando,
2014). Specialty natural coffees usually come fregtectively-picked cherries, as the other
two harvesting methods reduce the mean degreepehess of the raw material and may

introduce foreign matter.

After harvesting, two optional operations (winnowiand separation of cherries) are helpful
to improve the final product quality. Winnowing mives removing dust, sticks and other
impurities by screening the cherries and is mosdlyied out when selective picking has not
been performed. Flotation is used to separate dngajty dried and hollow cherries which

float from the ripe and unripe cherries which sinkvater. The final product becomes more

uniform if the cherries are separated (Brando &g 2014).

The technology used for drying the coffee cherrpfithe lowest possible level. The most
widely used method is simply to spread out theemftherries on the ground and dry them
under the sun (Vincent, 1987). This is the reasbyg iWw some African countries naturals are
also called ‘sundried’ coffees. The ground surfacay be made of different materials:

concrete, brick, stone and earth. The usual pedito lay the coffee on the drying ground in
the morning, stir it a few times along the dayvereout drying and then to pick it up and bag
it again in the evening, repeating this until tléfee attains around 12% moisture, which can
take from under a week to four weeks, depending esrumber of factors. In some places,
raised beds are used for drying the coffee chemibgch avoids contact with the ground,

allows the air to pass under the bed and simplifiagipulation. The materials used for raised
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beds are usually vegetable fibre mats, plastic aetsiesh wire. The material used has an
effect on the product quality (Berhanu, Ali, & Tagé, 2012). Another widely accepted
innovation is the use of plastic greenhouses, driauts or simply a rigid plastic cover over
the raised beds. These facilities provide protectigainst the rain and drying huts can speed
up the drying process by rising the ambient tenmpesaand lowering the relative humidity
(Oliveros-Tascon & Sanz-Uribe, 2011; VijayaVenkataikan, Iniyan, & Goic, 2012), though
sun drying is largely depending on the weathernewéh drying huts. The main process
parameter that can be controlled is the thicknéskencoffee layer. Thinner layers increase
the drying rate, as the average cherry is clostrealrying activity of the air and the sun rays,
but the surface required for drying is largely gased. For example, a layer of 50-60mm of
thickness takes 30-40kg of fresh cherries pérafyard (llly & Viani, 2005). A layer
thickness of 30-40mm was suggested in the 1980’avfoiding over-fermentation (Vincent,
1987).

A common practice, for example, in Ethiopia is niix@rying (cherries from different days)
with loads of around 40kg-fn This has been found to result in poor qualitydasessed by
SCAA cupping) when compared to thin-layer dryingchérries from a single harvesting day
(Berhanu et al., 2012).

llly and Viani (2005) recommend turning the chesreonstantly during sun-drying (15-17
times per day), in order to remove the externalstooe and avoid fermentation. They also
recommend heaping the coffee every evening: up-10ctn height in the first few days,
which can be increased until the coffee reache836-moisture. From this point onwards,
they recommend heaping the coffee every eveningcavering it with cotton or waxed
fabric, in order to facilitate the moisture equiibon.

In some places — namely in Brazil — and especialigler severe weather conditions
mechanical drying is used for natural coffees. Védstoffees, on the other hand, are largely
dried mechanically because the amount of energyinesdjto dry the parchment is about half
the energy required to dry the whole cherry. Thethpopular machine for drying coffee is a
rotary drum dryer called ‘Guardiola’, after the g@m who invented it in Guatemala in thé"19
Century, José Guardiola. Over the last 20 yeargramements have been made to the design
of Guardiolas in order to increase efficiency amgrove heat distribution (Brando & Brando,
2014; Vincent, 1987).
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Once the whole cherry is dry, around 12% moistiirean be hulled at the curing station in
order to obtain the beans (Tarzia et al.,, 2010)wéi@r, in practice several months pass
between drying and hulling and, in the case of Yienfer instance, it is not uncommon to
hull the cherries up to ten years after the har@MEPS & KIT, 2009). It is preferred to
store the beans as the dry cherry as they arevbdli® be more stable. In many cases, storage
of up to one year in the dry cherry form is claimedactually improve the flavour (Diaz
Pineda, 2008). The main reason for storing theeeof6 economic: either waiting for the

prices to go up or as family cashable savings.

Hulling the dry cherries is not as easy as hullihg parchment coffee. The best-quality
cherries are particularly tough to hull, because tlusks are more hygroscopic and thus
become a gummy paste inside the huller. Ironicaligt is the reason some hulling (curing)
stations actually prefer lower quality dried-chesti Some stations prefer to dry the cherries
for some hours prior to hulling, in order to make skin a little bit more brittle (personal

communication from H.M. Diaz Pineda).

2.1.1.4 Importance of natural coffee

About one third of the world’s coffee is naturalahica coffee (38.9 million 60kg-bags in
2008). Of the Arabica coffee, about 48% is nat(itahz Pineda, 2008; ICO, 2008). Brazil,
Ethiopia and Yemen are considered ‘traditional’ quaing countries of Arabica natural
coffees since a large proportion of their coffedgpatiis processed as natural (Brando &
Brando, 2014; Diaz Pineda, 2008). In the case ohéfe for instance, 100% of its coffee
output is Arabica natural coffee (Ezzi, 2008; Hagg2012). Nevertheless, by far the largest
producer is Brazil, with about 84.2% of the worldsabica natural coffee in 2008. Other
countries that reported having produced Arabicaimahtcoffee in 2008 to the International
Coffee Organisation were Ethiopia (8.8%), Indonegie%), Ecuador (1.2%), Mexico
(1.2%), Honduras (1.0%), India (0.8%) and Yemeb%g).(Diaz Pineda, 2008; ICO, 2008).

In recent years, natural coffees have received nattention from the industry and the
specialty coffee industry in particular. There #ree main reasons for that. The first reason
Is that the top-end specialty coffee industry mgling high quality naturals very interesting as
a means to diversify the range of coffee flavoufered to consumers. A quote from Davids

(2010), a specialty coffee reviewer and journaistnmarises this new trend:
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“These ‘new naturals’ as we are calling them hdraye become the darlings of many
taste-leading small roasting companies and are fius of informal but intense
experimentation by some producers aimed at figuoighow to dry the fruit-encased
coffee so that the fruit character is imparted he beans with none of the nasty side
effects (mold, excessive ferment) created by hessfperfect drying and less-than
perfectly ripe, healthy coffee fruit” (Davids, 2010

A second reason is that natural coffees are a hkgnedient of espresso blends due to their
body and sweetness. Since the espresso consumptimworld has been increasing, natural
coffees enjoy an increasing demand, especiallyhigih-quality blends (Brando & Brando,
2014; llly & Viani, 2005; Violoni, 2010).

A third reason is sustainability: compared to thesked process, where the organic matter-
rich waste pollutes the waterways, the natural ggsadoes not use water. Even if water is
used for separating cherries by flotation, theysah level is negligible, because the cherry
does not transfer organic matter to the water @lWwiani, 2005). The dried coffee pulp
produced as a by-product of natural coffees camelagily used in animal nutrition and
biotechnological processes (Dias, Rodriguez-Vaengambrano-Franco, & Lopez-Nufez,
2014).

As an indication of the growing importance of natsrin the last years, the Alliance for
Coffee Excellence (ACE), which organises the maospdrtant quality competitions and

auctions of high-end coffee worldwide (The Cup &té&llence®), created the first auction for
natural coffees in Brazil in 2012 (ACE, 2012). Anet indication of the trend is the inclusion
in the ‘Q-Grader Exam’ (the most important coffester certification program worldwide,

organized by the Coffee Quality Institute — CQIl)aofmandatory, natural coffee tasting test
(CQl, 2014).

2.1.2 Coffee flavour and the main factors impacting it

Flavour remains the most important parameter fdfeeoconsumers (Mori et al., 2008).
However, coffee flavour is one of the most comdlexours known, which is why research
efforts have been made to understand it for oveerdury (Sunarharum et al., 2014). More
than 1000 volatiles have been identified in roasi@tee, of which at least 70 are considered
potent odorants (Michishita et al., 2010). Coffedatiles belong to many different chemical
classes: hydrocarbons, alcohols, aldehydes, ket@ogds and anhydrides, esters, lactones,
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phenols, furans and pyrans, thiophenes, pyrroleazales, thiazoles, pyridines, pyrazines,
amines, miscellaneous nitrogen compounds, and Haiseeus sulphur compounds (Flament
& Bessiere-Thomas, 2002). Besides these volatimpounds affecting aroma and the
olfactory component of flavour, other non-volat®mpounds also influence the taste
component of coffee flavour (Flament & Bessiere4flag, 2002; Sunarharum et al., 2014).
Important non-volatile compounds in roasted cofteat play a role in its organoleptic
properties are trigonelline (together with nicatimicid and methylnicotinamide), proteins and
peptides that have not been degraded, polysacelsarichelanoidins, carboxylic acids,
chlorogenic acids (including cinnamic, caffeic,uiér, isoferulic, sinapic and quinic acids),

lipids and minerals (including phosphoric acid) & Cardelli-Freire, 2004).

Being so complex, coffee flavour is affected by sdactors. Pre-harvest factors include
genotype and phenotype of the coffee tree, geograpkfactors (soil, climate), farming

practices, harvesting method and cherry maturitystfharvest factors include primary
processing methods (which may include pulping, ertation and drying — see Table 2.1),
secondary processing methods (roasting, grindind)oaewing (Sunarharum et al., 2014).

Genetic differences in coffee begin at the spetee®l. The two coffee species with
commercial importance ai@offea canephorgknown as ‘Robusta’) an@offea arabical.
Both species show marked differences in flavouciBj Lidon, Ramalho, & Leitao, 2013;
Sanz, Maeztu, Zapelena, Bello, & Cid, 2002). Thepscof the present research is limited to
C. arabicaonly. Within theC. arabicaspecies, there is a large number of varieties,eauth
variety has a different flavour expression (Chatfa al., 2013; Leroy et al., 2006; Pereira,
Chalfoun, de Carvalho, & Savian, 2010).

The geographical factors (integrating the so-caftedoir’) and the farming practices also
influence deeply the coffee flavour. This has baeknowledged by the coffee industry since
the 18" Century, as the emphasis on sourcing coffee frpecific origins demonstrates
(Haggam, 2012; Ukers, 1922). The influence of iferemd farming practices on coffee
flavour is very complex, but some of the main fastbave been studied, such as climate
(Bertrand et al., 2012; Joét et al., 2010) and isigag@Bosselmann et al., 2009).
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2.1.2.1 Effect of roasting on coffee flavour

Pre-harvest factors being equal, the single postels operation that has a largest effect on
coffee flavour is roasting. Roasting transforms plea-like, vegetable odour of green coffee
beans into the characteristic smell of coffee (8g& Grosch, 2000). The chemical reactions
that occur during roasting have not been completaiglained (Buffo & Cardelli-Freire,
2004). However, it is clear the main pathways &e Maillard reaction and the Strecker
degradation, which have found to be the cause tdast 500 of coffee volatile compounds
(Flament & Bessiere-Thomas, 2002). Other reactiattpays occurring during roasting are
breakdown of sulphur amino acids, breakdown of @ygdramino acids, breakdown of
proline and hydroxyproline that react with internadéd Maillard products, degradation of
trigonelline, degradation of the quinic acid mojefegradation of pigments and degradation
of lipids (Buffo & Cardelli-Freire, 2004). The dexg of roast, the roasting technology used
and the roasting curve all influence the final eefflavour. However, the roast degree that
best expresses the region and process-relatedediffes is the medium roast (Sunarharum et
al., 2014).

2.1.2.2 Effect of processing method on coffee flavour

In coffee from the same species, the processinbadeif the coffee cherry (primary process)
is second only to roasting as the main post-harVastor influencing coffee flavour.
Depending on the method used, coffee will haveffarént flavour. The difference in flavour
between washed and natural coffees has been susechasy Selmar, Kleinwéachter, and
Bytof (2014), who say washed coffees are charaaeérby“their full aroma and pleasant
acidity”, whereas the corresponding natural coffees prestut-called full body”. This has
been explained as a difference in the flavour psars found in the bean after each process.
The effect of the main processing coffee methodthercoffee components is summarised in
Table 2.2. Reducing sugars and free amino acidsigtesst in natural coffees, while total
sugars, chlorogenic acids and trigonelline are ésgjim washed coffees (Arruda et al., 2012;
Knopp, Bytof, & Selmar, 2006). Actually, the fremi@mo acid composition has proved to be
different for each case, showing evidence of aedifit metabolism of the coffee bean during
each kind of processing (Bytof, Knopp, Schiebefleutsch, & Selmar, 2005). A different
amino acid and reducing sugar composition wouldu@rfce the production of different

Maillard derivatives. The vyield of water-soluble Iygaccharides and total extracted
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polysaccharides in green coffee has also been wdabdo be different (highest in washed
coffee, intermediate in pulped natural coffee, Isinvi@ natural coffee). These differences in
extracted polysaccharides continue in the coffevbrwhere also the extracted protein
content is highest for washed coffees. However,pdeeived weaker body in the case of
washed coffee brews could be due to a lower coret@mt of the mannan fraction in washed
coffee brews (Tarzia et al., 2010). When comparmmdy washed versus pulped natural
coffees, washed coffee showed higher levels ofrogknic acids and trigonelline, but a lower

concentration of sucrose (Duarte, Pereira, & Fazahp).

Table 2.2. Summary of the effects of the washed amthtural processing methods on coffee components.
Adapted from Selmar et al. (2014).

Component Effect of processing method References

Trigonelline Slightly lower in washed. Duarte et al. (2010)

Chlorogenic acidg Differences in total CA, individual CA and subgroudsCA. Duarte et al. (2010); Balyaya and
(CA) Clifford (1995); Joét et al. (2010).

Free amino acids| In naturals, glutamic acid is eot@d toy-aminobutyric acid. Bytof et al. (2005).

Bioactive amines| Differences in spermine, spermidine putrescine. Dias et al. (2012).

Sugars In washed coffees, glucose and fructose cansiderably| Knopp et al. (2006).

reduced.

Polysaccharides In washed coffees, polysacchaaidemore easily extracted. Joét et al. (2010);idatzal. (2010).

Lipids Increase during washed process. Joét €2@10).

In all the primary processing methods (washed, rahtand pulped natural), studies show
there is some degree of fermentation of the lagarsounding the coffee bean (Avallone,
Guyot, Brillouet, Olguin, & Guiraud, 2001; Schwan W&heals, 2003; Silva, 2014; Silva,
Batista, Abreu, Dias, & Schwan, 2008; Vilela, PexgiSilva, Batista, & Schwan, 2010).
These studies have focused on the identificatioth@fmicroorganisms taking part in coffee
fermentation. The effect of fermentation on thefeefflavour has mostly been studied for
washed coffees (Aleman-Serra, 2008; Avallone, @&unilt, Guyot, Olguin, & Guiraud, 2002;
Gonzalez-Rios et al., 2007a). In washed coffees,effect of inoculation of lactic bacteria
prior to fermentation has been studied, showingrgelr concentration of lactic and acetic
acids in the green coffee bean (Aleman-Serra, 2008)no significant difference in the
sensory attributes (Avallone et al.,, 2002). Othtrdies have compared the two main
fermentation methods for washed coffees: fermeoriatinder water vs. ‘dry’ fermentation

(Gonzalez-Rios et al., 2007a, 2007b). Fermentaiimher water was characterised by higher
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ester content, along with floral and caramel flavootes. However, these last studies rely on
the odour description of individual compounds fotimebugh GC-MS/O for the interpretation
of their results, and do not study the flavourhaf aictual coffee matrix.

The effect of fermentation on natural coffee flavbas received little attention compared to
the case of washed coffees. Previous, not peeewed research, suggested fermentation
affects the development of fruitiness and wineyn&seaturals (Diaz Pineda & Fernandez
Alduenda, 2007a). More recently, the effect of fdifferent yeast strain inocula on natural
coffee flavour was assessed in Lavras (Braziljifig an influence of the yeast strain used on
the resulting coffee flavour. The coffee inoculatgth yeast showed higher flavour intensity
than the control coffee. A strain @fandida parapsilosiUFLA YCN448) and a strain of
Saccharomyces cerevisig&JFLA YCN727) showed the potential to produce ozeHy,
herby and fruity flavour notes. The study also ssged that washing the cherries prior to
drying may have a positive effect on quality (Eveligia et al., 2014).

Drying is another operation that has been foundnjoact coffee flavour, regardless of the
primary process method employed. However, the efiédrying is quite different in each
case. Washed coffees have a very active bean nlistatin the first day of drying and that is
the reason the monosaccharide levels of washedecbians are almost depleted, compared
to natural coffees (Kleinwachter & Selmar, 2010). washed coffee, using solar drying
instead of mechanical drying produces a heaviey l§dde to higher lipid ester levels in the
brew) and higher flavour intensity (due to a higkster and aldehyde concentration in the
brew). This has been explained as the effect argweldiation on the pulp remnants on the
surface of the bean (Lyman, Benck, & Merle, 20H)wever, the effect of solar radiation
has been contested recently by Selmar et al. (2014) proposed the main cause for the
difference between sun drying and mechanical dryisigthat during sun drying the
temperature cycles daily from high daytime tempeest to lower night-time temperatures
(Kleinwachter & Selmar, 2010). Many studies compd#ne effect of different drying
temperatures on coffee beans from either processiethod from different perspectives:
mathematical simulation of washed coffee dryinglr{dint et al., 2011), quality indicators
(Borem, Coradi, Saath, & Oliveira, 2008; Coradir&ua, & Oliveira, 2008; Coradi, Borém,
Saath, & Marques, 2007) or microscopic cell strre($aath et al., 2010). Almost all of these

studies agree that low-temperature drying prodiegter bean quality. Some studies have
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looked at the effect of other drying parametergjoality scores: effect of rest periods of up to
30 days during machine drying, at different hunyidievels of natural coffee (Isquierdo,
Borém, Oliveira, Siqueira, & Alves, 2012) or thdeet of location, sun drying methods,
variety and cherry drying layer thickness on thaliqy scores of natural coffee (Berhanu et
al., 2012).

2.1.3 The flavour of natural coffee compared to oth  er processing methods

Natural coffees have several flavour features thake them different to washed coffees.
However, until very recently, there seemed to bagr@ement on the characteristic flavour of
natural coffees. Moreover, the concepts of flavobharacter and coffee quality are often
confused in the literature. The industry has alwagishowledged the quality of naturals such
as Yemeni Mocha and Ethiopian Harrar, though netigé acknowledging them as natural
coffees (Ukers, 1922)Nevertheless, those ‘Mocha’ flavours were ackndgésl as coming
from the dry process, which was considered ‘inféjdkers, 1922). As the second half of the
20" Century passed, some authors accepted naturaesotould béfully as desirable as
washed coffeg” even though this watearly always difficult or impossible to realize”
(Sivetz & Desrosier, 1963; Vincent, 1987). In tlel 1980’s, descriptive analysis was used
for the first time to compare green coffee profilEsria-Morales, 1989; ICO, 1991). Previous
research from 1995 concluded that a high-qualityinaé from a traditional natural coffee
producing region in Mexico was significantly difésit to high-quality washed Mexican
coffees; it had more fruitiness, more nuttinessyenfloral intensity and more wineyness than

washed Mexican coffees, but less intensity of &gidernandez Alduenda, 1995).

Unfortunately, an influential paper from those yeaoncluded that natural coffee had a
completely undesirable off-flavour, without havitgsted a representative natural coffee
(Puerta Quintero, 1999). In that study, the ‘cumldy of different treatments (8) was
assessed by a panel of expert cuppers, but nontheofdry-method treatments were
characteristic of a true natural: one of them erygdounripe cherries only, while the other
treatment was dried at 105°C. That study has bet directly (Bytof et al., 2005;
Gonzalez-Rios et al., 2007a, 2007b) and indire@lginwachter & Selmar, 2010; Kramer,
Breitenstein, Kleinwachter, & Selmar, 2010; Taretal., 2010) in order to support the
statement that both natural and washed coffeesrdiifthe cup quality, without going into

detail over the sense of such a difference. Ofim#g| chemists, biochemists and
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microbiologists have looked at the flavour of natuwoffee (usually comparing it to washed
coffee) from their own disciplines without linkintheir findings to any sensory study
describing those flavour perceptions. One papemf@010, for example, claim&offee
produced by the wet methgdashed]has less body and higher acidity; it is also more
aromatic than coffee produced by the dry metjmadural] resulting in a higher acceptance
by consumers’without citing the source or justification for $ustatement (Tarzia et al.,
2010). This statement contrasts with the resutimfprevious, non peer-reviewed research,
which involved cupping samples from different pregiag methods and which suggested the
aroma of natural coffee is actually more intenstthe aroma of washed coffee (Fernandez
Alduenda, Diaz Pineda, Sierra Martinez, & Hernandeztinez, 2010).

Selmar et al. (2014) explained that the previouasdd view of naturals as a low-quality
product class may have been due to an unfair judgemf cup quality, since the natural
coffees may have come from unripe raw material levtiie washed coffees were harvested
and prepared according to good practices. Theygsephat a fair comparison between
washed and natural coffees can only be madgél)fcomparable starting material is used,;
and (2) the conditions chosen are suitable to poedgood-quality coffee with either way of
processing”(Selmar et al., 2014). Their research has extehsilarified the effect of the
main processing methods on the flavour precursbrofbee (2.1.2). Nevertheless, the link
between those differences in the contents of tffeecomponents and the actual differences
in flavour has not been fully established by thesearch group, possibly due to a focus on

the seed biochemistry as opposed to the produsbsgoharacters.

Studies using sensory analysis, on the other haittter overlook naturals (Bertrand et al.,
2012; Bhumiratana, Adhikari, & Chambers 1V, 201hetthir et al., 2011) or do not report
the processing method used for producing the ceffeng analysed (Ribeiro, Ferreira, &
Salva, 2011; Seo, Lee, & Hwang, 2009). Very fewd&s have focused on the characteristic
flavour of naturals or the flavour differences beén the main processes, using sensory
techniques. A previous, non peer-reviewed rese@farnandez Alduenda et al., 2010)
focused on the sensory differences, assessed Ipngipf samples processed by the three
main methods and coming from the same farms. Alysisaof the comments elicited by the
cuppers suggested naturals showed a much broauge i aroma notes than washed and
pulped natural coffees. Aroma notes specific taurzdé were identified, belonging to the
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following categories or ‘subgroups’: tropical fralitberries, caramels, dried fruits, spices and
taints. From the cupping scores point of view, dsuggested natural coffees show better
Fragrance/Aroma scores and better Body scores.

The researchers of coffee flavour usually have $edwn instrumental analysis. Many coffee
flavour studies describe the smell of isolated @®fbdorants through olfactometry, without
any sensory analysis on the coffee matrix (Akiyastaal., 2007; Akiyama et al., 2009;
Gonzalez-Rios et al., 2007a). Even though numestudies correlate the sensory attributes of
coffee to specific compounds (Lindinger et al., 00indinger et al., 2006; Mayer, Czerny,
& Grosch, 2000; Ribeiro, Augusto, Salva, Thomanie& Ferreira, 2009; Sanz et al., 2002;
Violoni, 2010) or to other instrumental analysig targeting specific compounds (Esteban-
Diez, Gonzalez-Saiz, & Pizarro, 2004; Ribeiro et2011), still more research is needed so as
to link the characteristic sensory attributes offem to instrumental analyses and to the
factors behind those characters. This gap wasdatbyidentified by Sunarharum et al. (2014).
Their insight needs to be fully quoted below:

“Knowledge on the chemical composition of coffedt is important, but reliable
measurement and ranking of aroma components ireedff the absence of good
quality sensory information cannot effectively ddscthe importance, or the nature
of contribution, of individual or groups of flav@omponents in coffee. Further, the
coffee matrix itself interacts with volatiles andsha large impact on the perceived
flavor assessed through a sensory study. Thushmagtor creating a comprehensive
link on all components of coffee flavor and sensguility will lead to a deeper
understanding of coffee flavor. For example elutiidpawhat compounds cause the
nutty, cocoa, caramel, fruity, or ‘coffee-type’vita which can then be subsequently
tracked back to individual processes involved mrtifiormation” (Sunarharum et al.,
2014).

In the last few years, some coffee flavour stutiieege been approached in the way suggested
by Sunarharum et al. (2014). Charles et al. (2GdBhbined sensory methods (Temporal
Dominance of Sensations — TDS) and instrumentalysisa(nosespace analysis via Proton
Transfer Reaction-Time of Flight-Mass SpectrometryPTR-ToF-MS) to investigate the
impact of roasting degree and sugar addition omaroelease and perception in espresso
coffee. In the case of natural coffees, the mdswvamt study in this respect investigated the
effect on flavour of four yeast strains, inoculated natural coffee prior to drying
(Evangelista et al., 2014). The effect of the ysastins was assessed through a combination

of microbiological, analytical (organic acids andakdspace analysis) and sensory methods

24



Chapter 2. Literature review and objectives
(SCAA cupping and temporal dominance of sensationEDS). This last study is highly
pertinent in the sense it is the first one to astes effect of specific microbial populations on
natural coffee flavour. Nevertheless, the desigesdwt permit a comparison of the flavour of
natural coffees versus the flavour of washed cotied¢o describe the flavour of natural

coffees as a product class.

Overall, there is a research gap in the charaetesis of the natural coffee flavour from the

sensory point of view, especially when considersependently to quality assessments. In
which sense is the flavour of natural coffee défdrto the flavour of washed coffees? In a
complex product as coffee, is there a ‘naturalemitharacter’ or is processing secondary to
terroir as a character-generating factor in natcoffiees? To the best of our knowledge, these

guestions have not been targeted before.

Furthermore, if there is such a thing as ‘natudfex character’, how is it formed? Until
recently, the most accepted hypothesis for the d@ion of the natural coffee flavour is the
one proposed by Selmar, Bytof, and Knopp (20019:ftavour difference between different
methods is due ttmetabolic reactions within the coffee seeds th#fed markedly depending
on the mode of post-harvest treatmenitét evidence suggests that fermentation may lzso
playing an important role in the formation of nailucoffee flavour (Diaz Pineda & Fernandez
Alduenda, 2007a; Schwan & Wheals, 2003; Silva, 2&ika et al., 2008). Evangelista et al.
(2014) have demonstrated different yeast straiosulated on natural coffee will affect the
brew flavour. However, for most of the natural eefforoduced in the world, the final flavour
just ‘happens’ — if a producer gets a particulasiddle or undesirable flavour character one
year, there is no guarantee the flavour will baead in the next year. This is due to the lack
of knowledge of the basic flavour formation meclsam in natural coffee. Therefore, there is
another research gap in the identification of linkstween natural coffee processing
treatments and flavour. How can specific targevdla profiles be achieved through
processing? Or in other words, how do processimgnpaters such as drying rate affect the

final cup flavour?
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2.1.4 Methodologies for studying the flavour of cof  fee with focus on sensory

interpretation

For the study of flavour in the cases of compleadpicts such as coffee, the instrumental
analysis needs to be interpreted using the humesosgperception as a guide. In this section,
two approaches for gathering sensory data will iseudsed. These two approaches are the
sensory assessment of coffee and the olfactometyss, which is used for identifying
odour-active compounds. Considerations about thedpace sampling methodology are also

discussed.

2.1.4.1 Sensory approaches for studying coffee flavour

Descriptive sensory analysis has been the mainaddtr studying coffee flavour from the
sensory point of view. This approach involves tlke of a trained sensory evaluation panel,
the development of a descriptive vocabulary andassessment of samples by rating the
intensity of the sensory attributes. The InternalaCoffee Organisation (ICO) started using
descriptive sensory methods in the 1980's to devedo“consumer orientated coffee
descriptive vocabulary’and influenced the use of this methodology inftllewing decades
(Feria-Morales, 1989; Feria-Morales, 1993; Fernandlieluenda, 1995; ICO, 1991). Other
descriptive methodologies have been applied toeeodince the 1990’s, such as Free Choice
Profiling (Rubico & McDaniel, 1992) and similaritycaling (Williams & Arnold, 2008).
Descriptive sensory methodologies are still usedstiody coffee flavour (Scholz, de
Figueiredo, da Silva, & Kitzberger, 2013). Howevas, the cooling of the coffee brew is an
important aspect of coffee consumption, other tephes have been applied in order to take
into account the evolution of flavour perceptionep¥ime. These techniques include Time
Scanning Descriptive Analysis (modified descriptamalysis to assess an attribute every 10
seconds) (Seo, Lee, Jung, & Hwang, 2009), and Temhpmminance of Sensations analysis
(TDS)(Pineau et al., 2009), which requires the pmshéo select the dominant sensation from
a list at a given point in time every few secon@i®S has been applied to coffee by
Evangelista et al. (2014) and Charles et al. (2015)

Coffee is different to most generic food productsl similar to other complex specialty
products such as wine in the sense that its qualitysually assessed by expert tasters or
quality graders. Coffee quality graders are catlgplpers or cup tasters (Feria-Morales, 2002).
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Even though the focus of cuppers is on quality igiadthey still employ sensory assessment
and are usually more experienced than descripthadysis assessors. Therefore, coffee
cuppers have been used to gather sensory datanarous studies about coffee (Bertrand et
al., 2012; Borém et al., 2013; Chalfoun et al., 2(Bvangelista et al., 2014; Feria-Morales,
1993; Oberthir et al., 2011; Ribeiro et al., 20Hywever, the sensory data from coffee
cuppers in the cited studies always refers to gdregived ‘quality grade’ of a coffee. Quality
scores become a limitation when studying coffeeocils, as two coffees with very different
flavour profiles can potentially have the same tuaicore. Therefore, the use of the quality
score data from coffee cuppings as the only soafcgensory information lacks the depth

required for studying the complexity of coffee ftaw and is potentially misleading.

However, this does not mean coffee cuppers camnosbd for acquiring reliable descriptive
information. In the case of wine, for instance, expasters have been used to characterise the
product using the free comments method. Lawrencal.e2013) analysed the comments
freely elicited by a panel of wine experts withlabgl Chi-squarexf), ay® per cell test and a
correspondence analysis (CA). Then they comparedrdbults to classical profiling using
multiple factor analysis (MFA) and found that battethods discriminated samples on a

similar basis. It is pertinent to quote their dos@ns below:

“The free comments method was advantageous for ligiging the specific
characteristics of a number of products. This médt® less time consuming and
allows easy characterisation of wines. In conclasithe free comments method may
represent a convenient alternative to conventiodescriptive analysis in a wine
professional context or a convenient sensory mapgmal” (Lawrence et al., 2013).

2.1.4.2 Headspace sampling

Flavour research has largely relied on the studyhefvolatile compounds in a food. The
reason for this is that the sense of smell — whisb plays a key role in flavour perception —
is activated by volatile substances (Reinecciu®520Thus, for flavour and aroma analysis,
headspace sampling has several advantages ovextthetion of flavour compounds directly
from the food matrix. The volatile compounds respble for a product’'s odour are present in
the headspace above the product and thus can h@eshfrom the headspace and analysed

through gas chromatography (GC) without the neegdaification.
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The two main methods for headspace sampling atie si@adspace and dynamic headspace.
In the static headspace technique, a food sampkaced in a vessel, which is closed with a
Teflon®-lined inert septum. The vessel is incubatedallow the equilibration of VOCs
between the food and the headspace. The headsp#ueni drawn into an air-tight syringe
and injected into the GC. The main disadvantagebefstatic headspace technique are low
sensitivity and difficulty for its application inugntitative studies (Reineccius, 2005). The
advantage of the static headspace technique, # dokerequire the use of solvents, and thus
the volatile compounds that elute during the G@estt delay time can be analysed using this
method. In coffee, up to 146 volatile compoundsehbeen identified and semi-quantified

using this technique (Sanz et al., 2002).

Dynamic headspace sampling methods involve strgppie headspace with a gas, followed
by some type of concentration of the volatilestHese methods, the sample headspace is
purged with an inert gas (i.e. nitrogen or heliufie volatile compounds are then removed
from the gas stream using different trapping teghes. Possible trapping systems include
cryogenic methods, solid-phase microextraction (&PMArthur & Pawliszyn, 1990),
adsorptive polymers (i.e. Tenax®) and carbon-bametecular sieves (i.e. Carboxen® and
charcoal). These systems favour the isolation &dtites with a high vapour pressure, and the
trapping method selected further influences thep@res of the isolated compounds
(Reineccius, 2005). An advantage of dynamic hemmsgampling over static headspace
sampling is that the adsorption of compounds i®pethdent to equilibria between the food
matrix and the headspace. Another advantage o tineshods is that the volatile compounds
can be directly injected in the GC by thermal dp8on or can be transferred to a solvent. In
coffee, for example, Michishita et al. (2010) putghe headspace of brewed espresso
through a Tenax® and Carboxen® trap. Then theyedltihe volatiles from the trap using
diethyl ether and dichloromethane. The extractewleen concentrated prior to using them in
GC-MS and GC-O analysis. The advantage of usingesoblelution is that the resulting
extracts can be stored and used for different,jaddent analyses (i.e. GC-O, GC-MS).

2.1.4.3 Gas chromatography-olfactometry (GC-O)

One of the most widely used techniques for the yammalof volatile compounds is GC.
However, instrumental GC detectors do not provitermation about the odour-activity or

odour character of compounds. Furthermore, the hunase is more sensitive to some
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compounds than even the most sensitive instrumelgtdctor (Reineccius, 2005). These
compounds can typically be termed odour-active ammgs. GC coupled to olfactometry
(GC-0) is a technique that allows the odour-actbeenpounds to be identified through
olfaction, as they elute through the GC column. ddactometry port is a device which is
coupled to the GC column and combines the elutesdgstyaam with humidified air, in order to
increase the comfort of assessors and prevent nbsirils from desiccation (Acree, 1997).
The assessors sniff the gas stream from the offeatty port, which implies the assessor’'s
nose is used as a GC detector. Part of the elidedchn also be diverted to an instrumental
detector, such as Mass Spectrometry (MS), in whade the technique is called GC-MS/O
(Reineccius, 2005).

The output of GC-O is called an aromagram, whichamalogous to a chromatogram.
Aromagrams usually contain information about the 8@ntion time, the odour character of
each odour-active peak and, depending on the GE€elinique used, information about the
intensity of the peaks’ odour or potency of the wdactive compounds (Reineccius, 2005).
The main kinds of GC-O techniques used for anatydlavour volatiles are dilution to
threshold, detection frequency and odour intengithniques (Delahunty, Eyres, & Dufour,
2006).

The techniques based on dilution to perceptionstiolel are useful for determining the
threshold of the odour-active compounds. Two spetd#chniques of this kind are Aroma
Extract Dilution Analysis (AEDA) and the Combinead#tbnic Aroma response Measurement
(CHARM). AEDA is a dilution analysis that requirése assessors to sniff the undiluted
extract and a succession of diluted extracts uhel targeted odour peak is no longer
perceivable. The flavour dilution factor (the maxim dilution value detected) and the odour
activity values (a measure of the odour potency) loa calculated (Acree, 1997). In coffee,
AEDA has been used for screening potent odoramss@h, 1998). CHARM analysis, on the
other hand, measures the duration of an odour pertat each dilution. Therefore, CHARM
values are the areas of those peaks in the aromagkeree, 1997). CHARM analysis has
also been used in coffee to detect key odorantsyéfrka et al., 2008; Akiyama et al., 2007;
Akiyama et al., 2009; Michishita et al., 2010). Tinain disadvantage of dilution techniques
Is that they require each assessor to run one saamgleveral dilutions, which usually makes
these techniques more expensive and time consuifinegassessment of replicate samples is
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thus usually not performed. Also, the number aleasors is limited, which implies a larger

risk of underestimating an odour-active compounel iduanosmia.

The detection frequency technique commonly usedthess GC-Surface Nasal Impact
Frequency (SNIF). This technique records the nurobassessors who detect an odour-active
compound at a specific retention time. It is use@ aapid method and an untrained panel can
be used (Dussort et al., 2012), but it does notigeomore information than the frequency of
assessors giving a positive detection. The detedtequency can be correlated to intensity,
but in cases of peaks with a 100% detection, ifteeannot be estimated (Delahunty et al.,
2006).

Direct intensity techniques are based on the assgsof the intensity of an odour peak by
assessors, who are required to rate the intensityg a scale. Intensity can be recorded as a
single intensity for each peak or recorded contislypas a chromatography peak (Delahunty
et al., 2006). Advantages of the odour intensitasaeement techniques are that they include
replicates, provide measures of intensity and pl@wwdour character identification. The
intensity of a peak may be measured using traditiballot scales or through cross-modal
devices, such as the Finger Span Cross ModalitZiPSlevice. In FSCM, the assessors rate
the intensity of each peak by sliding a bar usimg lireadth of their finger span. The use of
the cross-modal assessment has the advantagén¢hastimation of intensity is instinctive,
and thus less training is required to achieve mycible intensity ratings (Delahunty et al.,
2006; Niimi, Leus, Silcock, Hamid, & Bremer, 201@). the University of Otago, a FSCM
board was developed by SCL Ltd. (Dunedin, New Z&#laA rotating bar was incorporated,
with intensity being related to the extent of axagation of the bar as the finger span increased
(Niimi, 2009; Niimi et al., 2010).

2.2 Aim and objectives

2.2.1 Overall aim

The overall aim of this research was to understaediavour of Arabica natural coffee as a
product class, from the point of view of specialbffee, and to relate that flavour to its main
forming mechanisms during the dry post-harvest ggscin order to achieve the overall aim,
the following specific objectives have been ideetif to understand the effect of dry

processing on the flavour generation of naturafesof
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2.2.2 Specific objectives

2.2.2.1 Objective 1 — To develop a rapid flavour-profiling method based on the

analysis of coffee cupping (coffee tasting) data

In order to understand the sensory profile of coti@d to interpret the instrumental analysis
results from the flavour point of view, a flavourofiling method was required. In line with
the specialty coffee point of view of this thesasmethodology (Descriptive Cupping) was
developed for analysing the descriptive terms fitim cuppers (coffee tasters), applyirfg
tests and Correspondence Analysis on a descriggquéncy table. This method was applied
in Chapters 3, 4 and 6. A reproducibility validatiof the method using two independent

panels was carried out in Chapter 6.

2.2.2.2 Objective 2 — To determine the effect of post-harvest processing methods
(washed, natural and pulped natural) on the sensory profile of coffee

The effect of the main post-harvest processing authon the flavour of coffee was
investigated through two complementary approachesthe first approach, described in
Chapter 3, the region of origin was kept constéime State of Guerrero, Mexico) and four
different processing treatments (natural procesken natural process and two variations of
the washed process) were applied on the same ragviahausing farms (22) from the region
for sampling. These samples were assessed in Mdxca panel of cuppers (graders)
accredited on the Specialty Coffee Association ahefica’s (SCAA) cupping (tasting)
protocol (SCAA, 2009a). The sensory data for timst fstudy was collected from previous,
unpublished research.

To further achieve Objective 2, Chapter 4 contcastatural versus washed coffee samples
coming from the same farm and harvest, from mudtipbffee producing countries. The
samples were received at Otago and assessed Imghtizaned in the same cupping protocol
(SCAA). The cupping panel was trained at the Ursigrof Otago and the international
samples for the second study were cupped. The mgppata was analysed following the

Descriptive Cupping methodology.
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2.2.2.3 Objective 3 — To characterise the sensory profiles of coffee processed using

natural post-harvest methods.

Going further into the specifics of the sensoryfipgoof natural process, Objective 3 was
intended to investigate the different flavour plegishown by natural coffees from different
origin countries. This was described in ChaptemMNdjural coffee samples received from
different origins were assessed by the trained iogppanel at Otago, and resulting data
analysed using the Descriptive Cupping methodology.

2.2.2.4 Objective 4 — To identify flavour compounds responsible for key flavours of

coffee processed using natural post-harvest methods.

This objective is a necessary step between undelistthe flavour of natural coffees from
the sensory point of view and understanding theé&dion of that flavour during the dry post-
harvest process. This was described in Chapteh®&.same samples profiled by Descriptive
Cupping (Objective 3) were used, to link analytieald sensory results. Washed coffee
samples were also included, in order to make awitk Objective 2. Headspace volatiles
were analysed in the green and the roasted caffeeheadspace analysis methods used were
gas chromatography coupled to mass spectrometryoliactometry (GC-MS/O — from the
roasted bean samples, using both static head-spateheadspace extracts) and proton-

transfer-reaction mass spectrometry (PTR-MS — fitoengreen bean samples).

2.2.2.5 Objective 5 — To investigate the effect of different natural post-harvest
processing treatments (by favouring different fermentative populations) on

flavour profiles and specific flavour compounds.

Achieving this objective (Chapters 6 and 7) invahaarrying out different fermentation and
drying treatments on natural coffee in a produadiagion. Drying parameters (coffee layer
width, drying medium) were controlled in order tfluence the drying rate and thus the
degree of wild fermentation of the coffee cheragéslifferent process stages. The sizes of the
main microbial populations (bacteria, yeasts, mgulMiere monitored during drying in a
separate experiment (Chapter 6). The samples peddbg the different treatments were
characterised using the same sensory and instralmmethods of the previous approaches:
Descriptive Cupping (Chapter 6), GC-MS/O (roastedrbheadspace) and PTR-MS (green
bean headspace) (Chapter 7).
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2.3 Synopsis of studies

Table 2.3 presents a synoptic view of the studasex out in the present research. In order
to address the 5 specific objectives (2.2), 3 sanggts were analysed using Descriptive
Cupping (Chapters 3, 4 and 6). Instrumental analys&e carried out on 2 of the sample sets
(Chapters 5 and 7). Chapter 8 presents a gensralgdiion integrating all studies,

Table 2.3. Synoptic table of the studies carried dun the present research.

Sample set Analyses carried out Thesis chapter Objectives addressed
56 samples Descriptive Cupping Chapter 3 Objective 1
- 22 natural - Mexico (Guerrero Objective 2
- 19 washed state) Q-Grader pane
- 15 pulped natural
From Mexican state of Guerrero
32 samples Descriptive Cupping Chapter 4 Obijective 2
- 22 natural - New Zealand traineg Objective 3
- 9 washed panel
- 1 pulped natural - PTR-MS Chapter 5 Objective 4
From 7 producing countries. - SPE-GC-MS/O
- SH-GC-MS/O
15 samples Descriptive Cupping Chapter 6 Objective 1
- 7 natural treatments in - New Zealand traineg Objective 5
duplicate panel
- 1 washed sample - Mexico (CAFECOL)
From a single raw material batch Q-Grader panel
(Mexican farm). - PTR-MS Chapter 7 Objective 5
- SPE-GC-MS/O
- SH-GC-MS/O

All the studies were conducted directly by the Ptdhdidate. The experimental designs,
methodology selection and data analyses were daoré personally by the candidate, with
guidance from his supervisors. The samples use@lapter 3 were prepared by a team of
technicians from the Guerrero Coffee Board, follogvithe protocol designed by the
candidate. The samples used for Chapter 6 wereeduppuependently by a laboratory in
Mexico, in order to compare results with what wagamed in New Zealand. Asides from
this, all experiments and tests were carried outhieycandidate, with the help of the many

people mentioned in the Acknowledgements section.
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3.1 Introduction

3.1.1 Expert cuppers as a descriptive tool

Conventional descriptive sensory analysis methodsge hbeen described &she most
sophisticated tools in the arsenal of the sensaigngist” (Lawless & Heymann, 2010).
Unfortunately, training and maintenance of a dgsime sensory panel is costly. Similar to
wine, coffee has the advantage of the expert w@stdrere are currently three main coffee
taster certificates operating internationally: thetercontinental Exchange Inc. (ICE)
‘Licensed Grader’ (ICE, 2012), the Specialty Coffessociation of America (SCAA) Coffee
Taster Certificate (SCAA, 2013) and the Coffee @uahstitute (CQI) ‘Licensed Q-Grader’
certificate (CQI, 2013a). The most relevant on¢éeirms of number of graders certified and
number of countries participating is the CQI's lnsed Q-Grader program. More than 2700
Q-Graders worldwide in 61 countries are certifief)(, 2013b, 2013c). Licensed Q Graders
evaluate coffee quality according to an industandard but share some characteristics with
selected and trained assessors due to the featuties training and certification procedures.
Q-Graders are required to pass taste and olfaeammryy tests. They are trained in a common
coffee descriptor vocabulary (CQI, 2013a). For eplnfragrance and aroma descriptor
training is based on the system by Lenoir and Goaprez (1997), which uses 36 external
references and classifies coffee bouquet notesundroups of three subgroups each (Table
3.3). Evaluation of green coffee follows the SCAApPRing Protocol (SCAA, 2009a) that is
based on Lingle’s cupping method (Lingle, 1986)e Thethod requires Q Graders to base
their scores on the attributes’ perceived intereitgt qualitative descriptions.

While cupping has been used to measure coffeetgugdimorim et al., 2009; Barbosa et al.,
2012; Berhanu et al., 2012; Evangelista et al.,420arsh, Yusianto, & Mawardi, 2011;
Ribeiro et al., 2011; Rodriguez, Frank, & Yamamoi®69), descriptive information
generated by Q-Graders has not been used to desbabunderlying differences in flavour

among coffees.

The concept of ‘specialty coffee’, on the other dhais relevant from the perspective of this
research, since natural coffees are recently rexeimore attention only because they are
starting to be valued by the specialty coffee miafkee Chapters 1 and 2). This specialty
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coffee approach has also influenced the choiceC#/AScupping (SCAA, 2009a) as a sensory
tool in this research.

Therefore, the first aim of the present chapter twaanalyse and interpret data from previous,
unpublished research, applying a cupping data aisatlgethodology (‘Descriptive Cupping’)
developed during the current resea©bjective 1 2.2.2.1).

3.1.2 Coffee processing methods

Although the washed process is the most widelytjped for Arabica coffees throughout the
world (Diaz Pineda, 2008), the natural process ugently receiving interest from the
specialty coffee industry (Davids, 2010, 2013). Tudfee industry has acknowledged for
many years that coffee resulting from differentqasses will have a different flavour (Sivetz
& Desrosier, 1963; Ukers, 1922; Vincent, 1987). ldwer, there is limited agreement on the
characteristic flavours in the cup that define reltuwashed and pulped-natural coffees.
Natural coffees from a traditional natural coffeequcing region in Mexico were described
as more fruity, nutty, winey and floral, and lessidec, compared to washed coffees
(Fernandez Alduenda, 1995) and Brazilian naturalehbeen described as having intense
body and aroma, mild acidity and sweet taste (Matrial., 2008). Sometimes, the term
‘Mocha’ is used to describe the character of soatarals, implying the presence of desirable
fermented, fruity flavour notes (Akiyama et al. 080) Ukers, 1922). However, natural coffees
have also been described “ise worst treatment”and having dreject” quality (Puerta
Quintero, 1999). Recent coffee studies investigatoffee flavour either do not include
naturals in the sample set (Bertrand et al., 2@®ymiratana et al., 2011; Oberthir et al.,
2011) or do not report the post-harvest processimeghod used to prepare the samples
(Ribeiro et al., 2011; Seo, Lee, & Hwang, 2009)bétter understanding of the effect that
processing method has on coffee flavour is needed.

Therefore, the second aim of the present chaptsrtavaletermine the effect of post-harvest
processing treatments on the sensory profile ofeeofObjective 2 —-2.2.2.2). These
treatments were natural process, pulped naturalepgoand two variations of the washed
process (fermentation under water and dry fermiemgtwhich are abbreviated in this study
as N, PN, Wh and Wd, respectively.
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3.2 Materials and methods

3.2.1 Samples

3.2.1.1 Geographical origin

Coffee Coffea arabica cherries were harvested (2008-2009 crop) froom$af22) across
four different regions of the state of Guerrero,xMe: Zihuatanejo, Las Mesas, Atoyac and
La Montafa (Figure 3.1). Sampling was stratifiedaading to producing regions (four strata
— one stratum per region) and the number of farngpéed in each stratum was proportional
to each region’s coffee output. Table 3.1 listsgshmples (56) included in the present study
(19 washed, 15 pulped natural, 22 natural).
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Figure 3.1. Coffee producing regions of the statef Guerrero, Mexico and location of sampled farms
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Table 3.1. Sample identification by region, altitu@, variety and processing method.
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Sample ID Region Altitude | Variety

(Farm code plus (m)

processing code§

2N 1583 | Typica

2wd 1583| Typica

2Wh 1583| Typica

3N 1683 | Red Bourbon
3wd 1683| Red Bourbon
3Wh 1683| Red Bourbon
5N 1393 | Typica

5wd 1393| Typica

12N 960 | Yellow Bourbon
12PN 960| Yellow Bourbon
7N 986 | Typica

7PN 986 | Typica

7Wd 986 | Typica

7Wh 986 | Typica

9N 1450 | Typica

9Wh 1450| Typica

15N Atoyac 1265| Typica

15PN 1265| Typica
15Wh 1265| Typica

16N 1173 | Typica

16Wh 1173| Typica

18N 1382 | Typica

18Wh 1382| Typica

21N 1280 | Typica

21PN 1280| Typica
21wd 1280| Typica
21Wh 1280| Typica

24N 1121 | Caturra
24PN 1121 Caturra

26N 1048 | Typica

26Wd 1048| Typica
26Wh 1048| Typica

29N 941 | Red Bourbon
29PN 941| Red Bourbon
36N 1366 | Typica

36PN La Montana 1366| Typica
36Wh 1366| Typica
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Sample ID Region Altitude | Variety
(Farm code plus (m)

processing code§

51N 1980 | Typica
51PN 1980| Typica

52N 1234 | Typica
52PN 1234| Typica

53N 1198 | Typica
53PN 1198| Typica
53wd 1198| Typica

54N 1095| Mundo Novo
54PN 1095 Mundo Novo
55N 1297 | Mundo Novo
55PN 1297 Mundo Novo
60N 1074 | Caturra
60PN 1074 Caturra
57N 1003 | Typica
57PN Las Mesas 1003| Typica
57wWd 1003| Typica

49N 1457 | Garnica
49PN Zhuatanejo 1457| Garnica
49Wh 1457| Garnica

(a) Each sample ID is composed of the farm code andbheo letters indicating the processing method W
washed with fermentation under water; Wd — washigll evy fermentation; PN — pulped-natural; N — matu

3.2.1.2 Post-Harvest Processing

Coffee cherries from each farm were hand-pickeds Was to ensure the cherries were from
the same variety and a minimum of 90% of cherriesewripe. Harvested cherries were

divided into four portions and each portion underinene of the following four treatments.

Washed with fermentation under water (Wh). The coffee cherries were pulped, removing
the skin (exocarp) and pulp (outer mesocarp) layersleaving the bean covered by the
parchment (endocarp) and the mucilage (inner mespdayers (see Figure 2.1). The

resulting beans were placed in a vat and submensedter, and the low-density beans that
float were removed. The denser beans were draswdamerged in a vat of fresh water and
fermented until the mucilage loosened and was réadhye removed (estimated by feel). The
fermented beans were washed until the mucilagecaampletely removed. The washed beans
were sun dried in a thin layer (2-3 cm), which vwashed up four times during the warmer
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hours of the day (10:00-14:00). Sun drying contthier 6-10 days until beans attained 11%

moisture.

Washed with dry fermentation (Wd). The same procedure as Wh was followed, except no
water was added to the vats during fermentaticsteld, the beans were left to ferment in the

vats without water until the mucilage was able éadmoved and then washed.

Pulped-natural (PN). The same procedure as Wh was followed except dffeecwas sun
dried (4-12 days) directly after pulping with theicilage intact.

Natural (N). Whole coffee cherries were placed in a vat, subatein water and floating

cherries discarded. The remaining cherries weredsiea for up to 14 days. For the first 2
days of drying, the cherries were stacked in 5gyaraand turned gently twice a day. From
the third day, the layer was reduced to 1-2cm angked four times per day, until the cherries

attained 11 % moisture.

A total of 88 coffee samples were produced (22 faxd post-harvest processes). However,
for logistical reasons, some samples were not aigwewere not cupped by all cuppers.
Therefore, only samples (56) tasted by all cuppen® included in this study.

3.2.1.3 Sample roasting

Samples were roasted and cupped in the cuppingdimvg at the ‘Universidad Autdbnoma de
Guerrero’, Chilpancingo (Guerrero), Mexico. Eachmpke was first hulled, then roasted
according to the SCAA Cupping Protocols (SCAA, 280%Bamples were roasted for 8-12
minutes to achieve a light to light-medium degréeoast using a FincaLab® coffee roaster
(Cafés Sustentables de México S. de R.L. de C&hijcT Mexico). All samples were roasted

the day prior to being cupped.

3.2.1.4 Sample brewing

The SCAA Cupping Protocols (SCAA, 2009a) were fakal for the grinding, brewing and

serving of samples. Samples were ground so thab%0 of the particles could pass through
a 0.841mm sieve aperture (US standard size 20 meShjfee to water ratio was kept at
8.25¢ of coffee per 150mL water. For each sample, dups were used, which were ground

and brewed individually. The solids contents in binewing water were verified to meet the
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protocol specification of 125-175ppm. Brewing sdrat a water temperature of 93°C, and

the brew was left to steep for 3-5min prior to lkiag the crust.
3.2.2 Cuppers

The cupping panel was composed of Licensed Q Gsa@males, 1 female, mean age 38
years) from Mexico. The panel size is in accordanith the Q Coffee certification system,
which states that a panel of three licensed Q Gsadaeeded to test and cup a coffee sample
(CQI, 2013d). Similar numbers of cuppers have bepmorted by Oliveira et al. (2013) (2
cuppers), Berhanu et al. (2012) and Rodriguez.€t1869) (3 cuppers), and Barbosa et al.
(2012) (4 cuppers). Cuppers had an average of 4%y experience in the coffee industry
and all regularly cupped both natural and washdtees from the state of Guerrero for at

least 2 years prior to the study.
3.2.3 Flavour profiling of samples by Descriptive C  upping

3.2.3.1 Cupping procedure

Samples were cupped over a total of nine days guhipril, May and August, 2009. All
samples were coded with three digit numbers angexipn a random order. Samples were
presented in cupping sessions with 6 samples psicse Up to 5 sessions were presented
each evaluation day. At the beginning of each aupjpieriod, cuppers ‘calibrated’ for scale

use through a mock cupping, followed by a discussio

Samples were assessed using the SCAA Cupping defot8CAA, 2009a), in which 10
‘attributes’ are scored along three steps, usingds per sample (Table 3.2): (1) assessment
of fragrance of the dry coffee grounds, brewingha cups and assessment of aroma of the
brew; (2) tasting of the brew when its temperatareetween 60C and 70C, and (3) tasting

of the brew as it approaches room temperature.
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Table 3.2. Attributes, definitions, step of assessmt and type of scales rated as part of SCAA cuppin
protocol (SCAA, 2009a).

i

Attribute or Definition Cupping Type of scale Other data produced
concept rated step when
it is
assessed
Fragrance/aroma| The aromatic (orthonasal) 1 Fragrance intensity (5
aspects of the coffee grounds point scale), aromg
and brew intensity (5-point
scale), fragrance an
aroma qualities
(descriptors).
Flavour Combined impression of all the Flavour descriptors.
gustatory sensations and retrg
nasal perceptions
Aftertaste Flavour emanating from the Aftertaste descriptors.
back of the palate and 6 to 10, with 0.25-
remaining after the coffee is point intervals.
expelled or swallowed
Acidity Sourness of the brew ) Acidity intensity (4-
point scale), acidity
quality (descriptors).
Body Mouthfeel of the brew Body intensity (4-
point scale), body
quality (descriptors).
Balance How flavour, aftertaste, acidit -
and body of the sample work
together and complement or
contrast to each other
Uniformity Consistency of flavour across -
the different cups of the samp|e 0 to 10, with each o
tasted the 5 cups worth 2
Clean cup Lack of interfering negative points  (if attribute -
impressions from first ingestion present) or 0 (if
to final aftertaste 3 absent).
Sweetness Fullness of flavour as well as -
any obvious sweetness
Overall Holistically integrated rating o 6 to 10, with 0.25- General remarks

the sample as perceived by the

individual cupper

point intervals.
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Attribute or Definition Cupping Type of scale Other data produced
concept rated step when
it is
assessed
Total score The sum of individual scores

for attributes above.

Defects Negative or poor flavours that 0 to -20. 2 or 4 Type of defect.
detract from the quality of the 3 negative points for
coffee each defective cup,
depending on
intensity.

Final score Total score minus defects

In the first step, within 15 minutes after samplesre ground, cuppers sniffed the coffee
grounds in each cup; the odour of the dry grousdsalled ‘fragrance’. Next, the coffee cups
were brewed by pouring hot water to each one. Git@ates a ‘dome’ or ‘crust’ of wet coffee
grounds on the surface of the cup. The smell obtlee is termed aroma and it was assessed
at two time points: immediately after pouring wasterd 3-5 minutes after the cups were
poured, when the crust was broken with the usespiomn. The fragrance intensity, fragrance
qguality, aroma intensity and aroma quality are tken into account to score the
‘fragrance/aroma’ attribute. This attribute is thten a 6-10 point structured scale with 0.25

point intervals (Table 3.2).

In the second step, the foam is skimmed from the When the brew cools to 6@°C, it is
slurped vigorously using a spoon. The brew is heldhe mouth until the attributes are
assessed and then expelled from the mouth. Apthig flavour, aftertaste, acidity, body and

balance are assessed. These attributes are adorat 6-10 point scale (Table 3.2).

In the third step, the brew is slurped and tastececor twice more as it approaches 32°C.
Uniformity, clean cup, sweetness, overall and dsface assessed at this point. Only overall
is rated on a 6-10 point scale. The other attribate rated depending on their presence or
absence in each cup. Total score is the sum d¢ielattributes scores. Penalty points can be
deducted if defects are found (Table 3.2).

All scoring was recorded on an official SCAA Cuppifrorm. Overall, SCAA Cupping
produces three data sets: (a) quality scores ferctipping attributes of fragrance/aroma,

flavour, aftertaste, acidity, body, balance, uniidy, clean cup, sweetness, overall, defects
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and total score of the sample, (b) attribute intgrratings for fragrance, aroma, acidity and
body, and (c) freely-elicited descriptive terms atbfragrance, aroma, flavour, aftertaste,
acidity and body.

3.2.3.2 Descriptive terminology

Cuppers used qualitative descriptors to justifyrthéribute ratings. They were instructed to
use the standard Q-Grader structured vocabulargdoquet (Lenoir & Guermonprez, 1997).
The structured bouquet vocabulary consists of 3@imar references, grouped in 4 sets
(enzymatic, sugar browning, dry distillation, ardimaaints and faults). Each set is divided in
3 subgroups. However, as the vocabulary was desifmedescribing the bouquet of washed
coffees, cuppers were allowed to use their own rgascs for unwashed coffee flavours,
when necessary. Where cuppers were not able taupeoa specific flavour descriptor, they
were asked to use a broader term from a standanatyi to increase the level of consensus
and simplify the creation of the standard lexicGuppers also elicited their own descriptors

for describing taste or mouthfeel perceptions.
3.2.4 Data analysis

3.2.4.1 Effect of processing method on quality scores and attribute intensities

The effects of individual farm and processing mdtlom coffee quality scores and attribute
intensities were investigated. Two-way analysesvafiance (ANOVA) with farm and
processing method in the model were conducted.r&&panalyses were carried out on the
scores for fragrance/aroma, flavour, aftertastalitgc body, balance and overall, as well as
on intensity ratings for fragrance, aroma, acidityd body. A significance level of 5% was
considered. Mean scores of significant attributeddrm and processing method effects were
then compared using Tukeyf®st-hoctest. IBM SPSS software (version 21) was used to

perform this analysis.

3.2.4.2 Categorisation of descriptive terms

A nested descriptor catalogue (Table 3.3) was edediased on Lenoir and Guermonprez
(1997) and enhanced with the subgroups introduoedescribe the bouquet of unwashed
coffees as well as taste or mouthfeel perceptiDescriptors used for the fragrance or aroma
sections were analysed separately to the onesfasdlde flavour section. Descriptors were
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grouped into categories, called descriptor subggo@tandard Q-Grader training classifies
bouquet descriptors into four bouquet ‘groups’ fenatic, sugar-browning, dry-distillation,
and taints and faults), which encompass twelve sups:vegetablefloral, fruity, caramelly
chocolaty nutty, spicy, pyrolytic, resinous fermented phenolic and earthy. Descriptor
subgroups added to aid the description of unwasléfées wereropical-fruity, red-fruity
and dried-fruity. A ‘hard cup’ subgroup was created to include bitterness, hasshand
astringency, even though these descriptors doelohf to bouquet.
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Table 3.3. Lexicon for the fragrance, aroma andoila sections of the cuppings — categories

used for aggregating descriptors into subgroups

Group Subgroups Descriptor
(used in contingency table)

Tea-rose

Floral Coffee blossom

Honey

Potato

Sweet peas

Vegetable Cucumber

Beans

Mown lawn
LEMON, Citrus®

Apricot, peach

ENZYMATIC & Frulty Apple

Orange, grapefruit

Lemon pie

Mango

Pineapple
Tropical-fruity”

Banana

Passion fruit

Strawberry
CHERRY, black cherry
Red-fruity” Berry

Blueberry

Cranberry

Caramel

. Fresh butteryicotta
Caramelly,sweet-smelling

Peanuts

Molasses, sugarcane, raw sugar

Toasted bread

Dark chocolatecocoa
Chocolaty

Vanilla
SUGAR BROWNING Cereal, biscuit

Roasted almonds

Nutty Walnuts

Roasted hazelnuts

Prunes

Tamarind

Dried-fruity” oo
umpkin
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Group Subgroups Descriptor
(used in contingency table)

Coriander seed

Black pepper

Spicy Cloves
Cinnamon
Aniseed
. Malt
DRY DISTILLATION )
Pyrolytic Roasted coffee

Pipe tobacco

Blackcurrant

] Maple syrup
Resinous

Cedar,wood
Mint

Basmati rice

Fermented Coffee pulp

Medicinal

Smoke
Phenolic Rubber
AROMATIC TAINTS' Boiled beef
Earth

Straw

Earthy Leather

Past-croppish, cardboardy
Mould

) Bitter
Other descriptors, not part of t

e
Hard cup Dirty, harsh
bouquet

Astringent

(a) Descriptors intalics are part of Q Grader training using an externf@remce (Lenoir & Guermonprez, 1997).
(b) Descriptors in the same cell are considered synsnym
(*) Descriptors marked with an asterisk were nontimmed by any cupper in this dataset, althougly tiedong to the

standard bouquet notes structure.

(+) Subgroups marked with a plus sign were crettdabtter represent the flavour of unwashed coffees

3.2.4.3 Effect of processing method on descriptor subgroups

In order to investigate the effect of processingthoé on coffee flavour, the descriptor
categories (‘descriptor subgroups’ — Table 3.3) tioeed for each sample were analysed,
using a methodology based on Lawrence et al. (2848)termed ‘Descriptive Cupping’. A
contingency table was created with coffee sampbpiaigs as rows (56), descriptor subgroups

for columns (31) and number of occurrences for @alints (Appendix 1).
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Independence between samples and subgroups wad tegh the ‘Monte Carlo’ method
(5000 simulationsg = 0.05) (Metropolis & Ulam, 1949). This methodnmre suitable than
the customary Chi-square test based on the Chrs@proximation, since to safely use the
latter the theoretical counts should not be loweant5. In order to identify significant
subgroups, globa}® and y* per-cell analyses were carried out on the contiogetable
(Symoneaux, Galmarini, & Mehinagic, 2012). Glohalwas used to identify significant
subgroups across the whole data set, wiileer-cell was used to identify them in individual

samples.

Non-symmetrical correspondence analysis (NSCA -+ wsitbgroups depending on samples)
was applied to the contingency table in order sualise the relationship between samples
and subgroups. NSCA was used instead of symmetacedspondence analysis because, if a
link can be proven between the variables, theime#lues tend to be higher. Both #feand

the correspondence analysis were carried out udistat (Addinsoft SARL).

3.2.4.4 Correlation between subgroups and quality scores

The degree of correlation between flavour profilesd quality scores was investigated
through the regression vector (RV) coefficientidentify the link between both data sets and
to analyse similarity between them (Robert & Esmyufl976). The RV coefficient can be
used as a measure of similarity of two data satsni analogue way to the R coefficient in
linear regressions. All the first factors of the G¥S that together accounted for more than
75% of total inertia were compared with the factofrshe quality scores PCA that accounted
for more than 75% of total inertia (Bécue-BertauP&ges, 2008; Lawrence et al., 2013). The

RV coefficient was calculated using XLstat (AddifisSARL).

3.3 Results and discussion

3.3.1 Effect of processing methods on coffee qualit  y and attribute intensities

Results from analysis of variance showed there aasgnificant effect (p<0.05) of the
processing method and farm for the seven qualityes; with the exception of processing
method on the aftertaste score (p=0.063). There aasignificant effect (p<0.05) of
processing method on fragrance intensity and anoteasity, and not on acidity and body

intensities. No significant effect of farm was ob&el on the attribute intensities.
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The processing methods were compared for signifigaality scores and attribute intensities
using Tukey’'spost-hoctest. Naturals had a significantly higher finabisc than washed
coffees, thus indicating ‘better’ quality than wadhcoffees in Guerrero. These results are
specific to this region but could also be true édner traditional natural coffee-producing

regions.

Natural coffees had a significantly higher fragmiacoma score (7.78) than the three other
post-harvest processing methods (7.52-7.58) (Taldle The higher score in fragrance/aroma
may be explained by significantly higher fragramtensity and aroma intensity coupled with
the presence of fruity notes and more complexigntlwvashed coffees. Naturals also had
significantly higher body and balance scores thashed, although not different from pulped-
natural coffee. The higher body score in natunadicates they are perceived as thicker than
washed. Pulped-natural coffees, on the other hiaad,a significantly higher acidity score
than washed. Washed treatments (Wh and Wd) wersigwificantly different to each other
but in the case of overall score, Wh was signifilsalower than natural.

Table 3.4. Mean quality scores of attributes signifantly different for processing method.

Attribute* Wh wd PN N
Fragrance intensity 22| 23 2.5 3.2
Aroma intensity 2.9 2.0 2.6¢ 2.9
Fragrance/aroma 752 | 7.54 7.58 7.7¢8
Acidity 727 | 728 |7.48 7.39¢

Body 736 |7.3F | 748 |758
Balance 738 | 727 | 748 7.48
Overall 7.27 | 7.38% | 7.48° | 752
FINAL SCORE 81.4% | 8156 | 82.09" | 82.80

*Means sharing the same letter within a row aresignificantly different (p>0.05). Intensity wasted on a 5-point scale;

quality scores were rated on a 6-10 scale.

Coffee is a very complex product. It is to be expddhat all the factors leading from tree to
cup will have an effect on final flavour and qugalitn the case of farm, this is partly due to
geographical factors, namely the altitude, whick traditionally been recognised as being
linked to quality (Bertrand et al., 2012). Howevleaman factors may also have played a key
role in the coffee quality of some individual farnddthough efforts were made to carry out

the same harvesting and processing methods iraralisf ultimately every grower prepared
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his farm’s samples individually. Handling practide=fore, during and after harvest may have

affected quality scores in some farms.

3.3.2 Effect of processing method on flavour profil es

The ‘Monte Carlo’ test of independence on the cwency table shows there was a
significant link between samples and subgroupse dlserved value gf=1946.5 implies a
value of p<0.0001, with a criticaf value of 1746.5 (df=55, p=0.05). The glohalanalysis
showed that for a descriptor subgroup to be sigaifi (p<0.05), the” of the subgroup needs
to be above the critical value gf=73.3 (df=55). The most discriminant subgroupshia t
global * analysis includedpyrolytic aroma (y°=137.2, df=55, p<0.001)earthy flavour
((°=117.4, df=55, p<0.001) anearthy aroma(y°=95.0, df=55, p=0.001). Pyrolytic and
earthy flavour notes drew the attention of cuppe¥sause they are considered undesirable.
Other significant (p<0.05) subgroups includegetable aromdy*=92.8, df=55, p=0.001),
pyrolytic flavour (,>=91.6, df=55, p=0.001)jried-fruity flavour (,>=90.7, df=55, p=0.002),
hard-cup (y°=90.4, df=55, p=0.002)egetable flavouty’=76.4, df=55, p=0.030) anitbral
flavour (y*=74.1, df=55, p=0.044).

Descriptor subgroups which did not discriminate agh@amples as they had a value of
p>0.95 (df=55,%?<39.0) includechocolate aroma(y’=22.1, df=55, p=1.000)chocolate

flavour (y°=26.1, df=55, p=1.000) andutty aroma(y*=36.0, df=55, p=0.978), suggesting
they are typical components of Guerrero coffeediavprofile, regardless of its origin or

processing method.

Samples with a descriptor subgroup significantlp\abthe theoretical average frequency,
using the,/ per-cell test, are summarised in Table 3®pical-fruity flavour notes andried-
fruity aromawere significant in five samples (3N, 12N, 15N, 26MN), but only in natural
coffees.Earthy flavour notes pyrolytic flavour notesfloral flavour and caramelly flavour
were significant subgroups in some samples, regssdbf their processing method. Other
significant subgroups were specific to one samply @esinous flavourvegetableflavour

notes fermented aromadried-fruity flavour, floral aroma, fruity flavour, hard cup.
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Table 3.5. Descriptor subgroups with a frequency gnificantly higher than theoretical value ¢2 per-cell
test).

Processing method | Sample | Significantly high descriptor subgroups (a = 0.05)
3N Tropical fruit flavour ®
5N Resinous flavour °
7N Earthy aroma, earthy flavour
12N Dried fruit aroma *
Natural 15N Tropical fruit aroma b
26N Dried fruit aroma *
51N Tropical fruit flavour *
55N Floral flavour
57N Pyrolytic aroma, pyrolytic flavour
12PN Vegetable aroma b, vegetable flavour b
21PN Fermented aroma "
24PN Pyrolytic aroma
Pulped-natural 29PN Dried fruit flavour °
51PN Floral flavour
52PN Caramels flavour
57PN Earthy aroma, earthy flavour
2wd Floral aroma”
3Wh Pyrolytic aroma
3Wd Fruity flavour b
Washed
7Wh Hard cup (flavour) b
26Wh Caramels flavour
53wd Pyrolytic aroma

(a) Significant descriptor subgrouggecific to a processing methadd having more than one occurrence in that method

(b) Significant descriptor subgroups specific t@ sample.

NSCA shows that 76.4% of the total variation wasreeented in the first 9 factors. Inertia
took values of 17.0% and 13.8% on Factor 1 (F1) Ractor 2 (F2), respectively. This low
level of inertia from free comments analysis isiEmto the one reported by Lawrence et al.
(2013), who also analysed free comments data (foemwith a global Chi-square, a Chi-
square per cell test and a correspondence analysty. suggest it may be due to the large
number of terms used by assessors. However, thiselel of inertia may also be due to the
limitations of the cupping method employed. Forragpée, the large amount of samples used
did not allow replication, while the research bud@mited the number of participants.

Therefore, this low level of inertia may be duentwse in the data set. This does not reduce
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the validity of the finding, as F1 and F2 are gtié dominant effects. The results of NSCA
for the first two factors on the samples and thegsoups are shown on Figures 3.2 and 3.3,
respectively.

Pyrolytic aroma(contribution of 38.1% to F1) aryrolytic flavour(23.8%) were positively
loaded on F1, and characters ligpicy aroma(contribution of 6.4%) andruity flavour
(6.3%) were negatively loadedyrolytic flavour notes are characteristic of over-roasted
coffees and may be due to a low bean density incs® of beans from warmer (lower
altitude) areas or to some poor control during dampeparationPyrolytic flavour notes may
be perceived as ‘undesirable’ and draw the attentd cuppers, hence their level of
contribution. Samples from the three processinghous (3Wh, 24PN, 53Wd and 57N) were
characterised gsyrolytic (Table 3.5) and were positively loaded in F1 (FeyB.2).

Chocolatearoma (contribution of 21.6% to F2) anearthy aroma(16.1%) were positively
loaded on F2, contrasting wifiuity aroma (contribution of 12.8%) anfermented aroma
(8.5%), which were negatively loaddglarthy aromain this case implies mostly a straw-like
quality, which is an indicator of ageing (fadind)tbe green coffee (Rendén, de Jesus Garcia
Salva, & Bragagnolo, 2014). For example, samplead® 57PN were characterised in Table
3.5 by earthy flavour notes and were highly loaded on F2 (FigBui®). Like the case of
pyrolytic, earthy flavour notes can be shown by coffee regardlesssgirocessing method.
However, the subgroups negatively loaded on fR#ty aromaandfermented aromawere

characteristic of natural samples.
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NSCA sample plot
(axes F1 and F2: 30.87 %)

0.2
57PN i
0.15 2 7N
B 5aN a
A
® 24PN
0.1 .
A
® 15PN 8 SN
A
a A
B 60N
3 2N 60 I
0.05 a -
< ® 60PN
3 ® S55PN° o 49pN
P 7PN °
S s g 38 5PN .
o~
w 36PN
0 s/ Vle Y@ 24N } } } } }
° ®4PN mqn B 52N
52PN A a
| 12N
B 29N
| 18N o 29PN
| 53N
-0.05 |8 21N ® 51PN o 21PN 8 26N
A
®12PN A 8 5IN
a g 49N
A
01 i 8 3N
@ 16N 5N
a B 15N
0.15
0.1 -0.05 0 0.05 0.1 0.15 0.2 0.25
F1(17.03 %)

0.3

Figure 3.2. Non-symmetrical correspondence analysiflSCA) map representing the projection on F1 and

F2 of natural (square), pulped-natural (circle) orwashed (triangle) coffees for 56 samples from th¢age of

Guerrero, evaluated using the Descriptive Cupping mthod.

53



Chapter 3. Effect of processing method...

NSCA descriptor plot
(axes F1 and F2: 30.87 %)
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Figure 3.3. Non-symmetric correspondence analysiNGCA) map representing the projection on F1 and
F2 of descriptor subgroups for 56 coffee samples dm the state of Guerrero, evaluated using the

Descriptive Cupping method.Ar: Fragrance/Aroma; Fl: Flavour.

An effect of the processing method on flavour isveh by the NSCA, in spite of the presence
of subgroups likgyrolytic andearthyin a number of samples from different methods. ¥an
samples presented the ‘typical’ profile expectadefach processing methodermentedred-
fruity andtropical-fruity for classical, ‘Mocha’ naturals (Akiyama et alQ(B; Ukers, 1922);
spicy, floral andnutty for washed coffees; pulped-naturals somewhereeiwden and with a
wider distribution, as an intermediate method betweaturals and washed. Figure 3.2 shows
a region of the graph populated mostly by natuaahes (lower-right quadrant). Samples
characterised byropical fruit in Table 3.5 (3N, 15N, 51N) atried fruit (26N, 29PN) are

54



Chapter 3. Effect of processing method...
found in this area (the ‘Mocha’ character). Anothegion of the graph is populated mostly by
washed samples (lower-left corner, samples 2Wd, 3Wh, 26Wd), characterised Hgral
aroma Other parts of the graph (top-left quadrant) havenixed populationchocolaty
aroma for instance, can characterise samples from aethad, as it was shown to be a
typical subgroup in the sample set by the glgBalnalysis. Some natural and pulped-natural
samples clearly had a ‘washed coffee-like’ profilee opposite case — washed coffees having
afermentedorofile — did not occur. The former may be modilgaexplained by the process
history of those samples: samples 55N, 54N, 60N2dm| for example, were the only natural
samples with a drying time under 8 days. This sboying time would not allow th&uity,

fermentedcharacter to be developed in the samples.

The level of overlap between different treatmemiugss (for example, in the top-left quadrant
of Figure 3.2) may also be due to a high level @k@, produced by the limitations of the

cupping method (i.e. absence of replicas, low nurobeuppers, etc.).

3.3.3 Correlation between subgroups and quality sco  res

The first nine factors of NSCA (76.4% total ineytand the first factor of the quality scores
PCA (79.2% of inertia) were used to calculate thé d®efficient between both tables. The
RV coefficient was 0.165, showing there is littierrelation between the subgroups and the
quality scores. This implies an absence of biasatde/ a set of subgroups, meaning that
cuppers do not base their scores on the preseregioken flavour note: high-score coffees,
for example, can possess many different flavoufilped However, this does not imply there
is not a link between some subgroups and a lowehnigiier scorePyrolytic and earthy
flavour notes are two examples of highly detectdlaleours that are considered undesirable

and would affect a sample’s score.

Descriptive Cupping has an application to provide flavour profiles of coffee. Thé tests
and the meaningfulness of NSCA imply there was ghodegree of agreement among
cuppers to differentiate samples. The number ofpetgp is enough to obtain significant
results, implying the information in databases thusing data from 3 cuppers (CQI, 2013e)
could be analysed posteriori More work is needed to verify these results agjamaditional
descriptive methodologies.
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3.4 Conclusion

In this study, Q Graders were used to explore linddsveen processing method, flavour and
quality in coffees from the state of Guerrero, Mexiln a complex product like coffee, many
factors influence flavour, although the importanéeach individual factor on final flavour is
different for each case. In coffee from most of ftwens studied, the effect of the processing
method is evident: natural coffees tend to shied-fruity, dried-fruity, tropical-fruity and
fermentedlavours (Mocha profile); washed coffee tendshiovs morefloral, spicyandnutty
flavours; pulped-naturals, as an intermediate nkthetween washed and natural, can be
found approaching either profile. Some overlappiages of natural coffees approaching the
washed profile are also found. The relationshipveen processing and natural coffee flavour

will be further researched in the following chapter
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4.1 Introduction

Chapters 1 and 2 presented natural coffee as le-dittdied product class, oftentimes
described in contradictory terms by both reseasched the industry. As a first approach to
the study of natural coffee flavour, Chapter 3 uBedcriptive Cupping to compare the effect
of different processing methods on the flavour offee coming from one single producing
region. However, the large effect of geographieatdrs and geographically-localised cultural
practices on coffee flavour has been acknowledgea fong time (Ukers, 1922). Therefore,
fixing the region of origin, as in Chapter 3, mag bseful for understanding the effect of
different processing methods, but a different appihas needed for understanding the flavour
profiles of natural coffees as an internationaldoici class. Thus, this chapter focuses on a
category appraisal of naturals coming from différproducing countries in the context of
specialty coffee. Although this is not an exhatestsurvey of all natural-coffee producing
countries, the use of coffees from a diverse sebahtries ensures a wide variability among

samples.

The aim of this study was to characterise the flavof natural coffee from different
producing countries using Descriptive Cupping. $hely investigated the flavour of natural
coffee in the context of the different processingtmods, namely washed process, pulped
natural process and natural process (a contributiddbjective 2 2.2.2.2). In addition, the
flavour variation among natural coffees as a gneap also studieddbjective 32.2.2.3). To
complete Descriptive Cupping, a panel (n=7) wasuited and trained in the SCAA cupping
protocol (SCAA, 2009a). Training of the cupping paimcorporated the introduction of

natural-specific olfactory vocabulary in additianthe ‘standard’ SCAA cupping vocabulary.

4.2 Materials and methods

4.2.1 Samples

4.2.1.1 Origin of green beans

Green coffee samples (32) from the 2011-2012 harwese supplied by exporters and
farmers from 7 natural coffee producing countri€able 4.1). 22 samples were processed
using the dry method (natural coffee) and requivetiveen 4 and 21 days to achieve 12%

moisture. The natural coffee samples were seldoteepresent variability within the flavour
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spectrum of natural coffee. When possible, wasi®¢d( pulped natural (1) samples were
sourced from the same farm as the natural sampkselsamples were used to provide points

of reference for the flavour of other processinghuds.

Table 4.1. Origin, variety and processing informaton for 32 coffee samples.

. . Drying . Sample
Country Region Variety Process time Drying Method
code
(daysy
Mondo Novo + )
) Natural 4 Concrete patio + dryer BNO
Catuai
Catuai + )
) Natural 4 Concrete patio + dryer BNI
Catucai
Alta Mogiana, i i
) Catuai Washed 4 Concrete patio + dryer BWI
Brazil SP
Yellow ]
Washed 4 Concrete patio + dryer BWW,
Bourbon
Yellow Pulped )
4 Concrete patio + dryer BPW
Bourbon natural
Sul de Minas,
a Natural - - BNX
MG
- Natural 15 Raised beds CNX1
Colombia Antioquia - Washed 7 Raised beds CWX1
- Washed 7 Raised beds CWX2
o 95% Typica; )
Dominican Natural 21 Concrete patio DNT
) Azua 5% Red Caturrg
Republic i
95% Typica,; ) ]
Washed 12 Raised beds + concrete patio Dwir
5% Red Caturra
Ethiopia Harrar - Natural - - ENX
Maragogype Natural - - MNM
) Maragogype Washed - - MWM
Chiapas i
Typica Natural - - MNT
) Typica Washed - - MWT
Mexico
) - Natural - - HNX
Hidalgo
- Washed - - HWX
Geisha Natural 11 Drying hut VNG
Veracruz _ i
Geisha Washed - Raised beds VWG
Bourbon Natural 12-15 Raised beds NNB1
Bourbon Natural 12-15 Raised beds NNBZ
) ] Bourbon Natural 12-15 Raised beds NNB3
Nicaragua| Nueva Segovia i
Bourbon Natural 12-15 Raised beds NNBA
Bourbon Natural 12-15 Raised beds NNBS
Pacamara Natura 12-15 Raised beds NNP1
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Country Region Variety Process Dtmr;g Drying Method Sample
(days) code
Pacamara Natural 12-15 Raised beds NNP2
Maracaturra Natural 12-15 Raised beds NNR
Nicaragua| Nueva Segovia H2 Hybrid Natural 12-15 Raised beds NNH
Caturra Natural 12-15 Raised beds NNC
Yellow Catuai Natural 12-15 Raised beds NNY
Panama Chiriqui Geisha Natural - - PNG

(@) (-) — Data not available.
(b) To achieve 12% moisture.

4.2.1.2 Characterisation of the green beans

Water activity, colour, tapped bulk density andet¢$ of the green beans were measured.
Water activity was measured using an ‘Aqua Lab m@X3’ dew point water activity meter
(Decagon Devices Inc., Pullman, WA, USA). Colourswaeasured in the ‘CIE L* a* b*
colour space (daylight colour, D65 illuminant, X@ld of view) using a Miniscan XE Plus
colorimeter (HunterLab Inc., Reston, VA, USA). Waaetivity and colour were measured in
triplicate. Bulk density was calculated from theigi# of 500mL total volume, tapping the

measuring cylinder on the bench, for the beanstttes

Green bean defects were measured using the SCAgh giading protocol (SCAA, 2009b).
A sample of 3509 was inspected for category | dndefective beans. Category | defects
include full black beans, full sour beans, driecgreiWpod, fungus damaged beans, severe
insect damaged beans and foreign matter. Catedatgfécts include partial black beans,
partial sour beans, parchment/pergamino beansteflobeans, immature/unripe beans,
withered beans, shell beans, broken/chipped/cutsydaull/husk and slight insect damaged
beans. The number of category | and category lkalsfis calculated based on a different
weight (number of defective beans) for each defgoe. The defects that have the largest
negative impact on flavour, such as full black lsean full sour beans, require only one
defective bean for one ‘full defect’ to be countBefects that do not have such a large impact
on cup flavour require more defective beans (betv&and 10 defective beans, depending on
the case) for one ‘full defect’ to be counted (SCAR004, 2009b).
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4.2.1.3 Roasting of green beans

For roasting, samples were grouped in heterogenblueks of 6 samples. Samples were
roasted in batches (2-4), depending on sample($atae 4.2). The roasting order of samples

for each batch was randomised within each 6-satyiplk.

Table 4.2. Examples of the number and size of bateh used for roasting of green beans depending on

sample size
Sample size Batch (g)

(9) 1 2 3 4
255 100 100
340 100 100 100
480 200 200 80
560 200 200 100
980 200 200 200 200

1080 200 200 200 200

Samples were roasted according to the SCAA roagimtpcol (SCAA, 2009a), with the
exception of roasting time. Over 7 days, all samplere roasted in a Gene Café CBR-101

roaster (Gene Café, Ansan City, Republic of Korea).

The roaster was first preheated above 100°C antkddo 60°C at the beginning of each

roasting day. The roasting protocol was adjustgedéing on the sample’s bulk density. For
samples with a high bulk density (>700d)Lthe final air temperature was programmed at
250°C. At the onset of the first crack, the prognsed temperature was lowered to 3°C above
the first crack temperature. For samples with a mlk density (<700g-t) the temperature

was set at 240°C and not modified.

For high moisture samples\20.73), a drying cycle at 140°C for 5 minutes waedj
followed by roasting according to their densityeTdnd of roast was approximately 2 minutes
after the first crack, when the fume odour statteshift from pungent to vanilla-like or nutty.
After each batch was cooled, weight loss was medsas a roast degree indicator. The target
for weight loss for each batch was set at 16.0%2%02 in order to account for the variations
in moisture content, bean size and bean densitighwhay lead to different weight loss levels

for the same roast degree. Complying roasted batalege packed under vacuum (0.9atm
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vacuum) and left overnight at room temperaturedigassing. The next day they were frozen
at -20°C.

Prior to use, all roast batches from the same samete combined. After use, excess samples

were refrozen.

Luminance was measured on the roasted and grouifeecas L* in the CIELAB colour
space (see 4.2.1.2). The SCAA protocol (2009a)ispea target roast colour of 55-60 on the
standard Agtron scale. This target is approximagelyivalent to an L* range of 17-29 in the
CIELAB colour space (Azeredo, 2011; Jiménez ArRezma Iglesias, & Correa Hernando,
2011; Moura et al., 2007).

4.2.1.4 Sample brewing

The SCAA Cupping Protocols (SCAA, 2009a) were fakal for the grinding, brewing and
serving of samples. Samples were ground usingaaABmd™ coffee grinder (Breville
Pty., Botany, NSW, Australia) in the ‘Filter’ grirgktting. The grinder setting was chosen so
that 70-75% of the particles could pass throughB4mm sieve aperture (US standard size
20 mesh). Samples were brewed in 300mL mugs byadubt water to the coffee grounds.
The coffee to water ratio was kept at 8.25g of@®fper 150 mL water. For each sample, five
mugs were used, for which beans were ground angeoréndividually. Brewing started at a
water temperature of 93°C, and the brew was lefitéep for 3-5 min prior to breaking the

crust.

4.2.2 Recruitment and training of coffee cupping pa  nel

A cupping panel (5 males, 2 females) was recruiteth the local coffee and hospitality
industries in Dunedin, New Zealand. Over 9 sesstbespanel was trained on the SCAA
Cupping for the evaluation of natural coffee. Edthiapproval for this study was obtained
from the University of Otago Human Ethics Commitigeference number 12/163). The
participants were offered no incentives; howevartipipants were highly motivated by the
expectation of learning new skills for the coffe®fpssion. Training was carried out in an
open food grade laboratory with several benchesk#nbdens (Laboratory 1, Department of
Food Science, University of Otago). The open latmoyalayout was preferred over the

sensory booth profile, in order to replicate thagitional cupping environment.
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In session one, the overall SCAA Cupping Proto&@AA, 2009a), described in Chapter 3,
was demonstrated to cuppers, through the cuppirsgsaimple of Nicaraguan natural coffee.
The panel leader explained and demonstrated eapho$the cupping procedure, the use of
the SCAA cupping form, the different attributes ess®ed and the general grading criteria,
while the cuppers carried out the cupping procedureheir own. After the cupping, the
results were discussed. After the session, eacpecupas allowed to keep the cupping form

as reference.

During each of the next seven session (sessions 2¢8pendix 2), cuppers were trained on
one specific cupping attribute including: body, iy, aftertaste, flavour, fragrance/aroma,
balance and overall. In session nine, the cuppere wained on the use of the Catador®
iPad® App to record the cupping data.

Each training session was broken down into thregéaes. In section one, 10 blind olfactory
reference mugs were given to cuppers. Each of dfexances detailed in Appendix 2 was
placed in a ceramic mug (when concentrated aroneas used as reference, they were placed
on a cotton ball inside the mug). The mug was @dewrith aluminium foil, in order to
conceal the reference, but the foil was pierce@sgvimes using a knife in order to allow the
odour to be released from the mug. Each mug wasredvwith a Petri dish, in order to
prevent the odour from escaping the mug. Cuppere \asked to take a mug, remove the
Petri dish, sniff the mug above the aluminium faild then record the descriptor for the
corresponding odour. ldentification performance wagnitored by the panel leader, by
verifying that each cupper correctly named theabtfey references. The panel leader wrote
on the whiteboard the descriptors provided by eagiper, facilitated reaching a consensus
for the descriptor used, and provided the correstdptor for each reference. Definitions for
the attributes were not used, as in traditionatdetve analysis techniques. Cuppers were
required to review any incorrect responses. Pangtyain section one was measured by the

number of correct descriptors produced by eache&upp

The references were used to train cuppers to fgaht standard coffee aroma subgroups and
corresponding descriptors used for coffee cuppingoyQGrader training. These aroma
subgroups included floral, vegetable, fruity, cagflyp chocolaty, nutty, spicy, pyrolytic,
resinous, fermented, phenolic and earthy flavosesi¢@Chapter 3). Cuppers were also trained
in four additional aroma descriptor subgroups dmetd natural coffees. These subgroups
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included sweet spices (cinnamon and cardamom)d dint (prunes, raisins, dates and dried

figs), red fruit (acai flavouring, redcurrant jglignd tropical fruit (passion-fruit flavouring).

During section two, the attribute in focus was exmd by the panel leader and the key
concepts related to it were defined. Reference wesvided as training aids in the case of
body, acidity and flavour (see 11.2.1.8, 11.2.28,2.2.9, 11.2.4.8 and 11.2.4.9). Cuppers
sampled references for the attribute in focus arattiged the assessment of the attribute

using the references.

During section three, two coffees were cupped fier dttribute in focus during the training
session, using the SCAA Cupping Protocol (SCAA, 00 described in Chapter 3, and
recording results on the SCAA cupping form. Ther pdicoffees were selected for training
based on their contrasting features (Appendix B panel leader cupped the coffees together
with the other cuppers, and led the discussion ahow the attribute in focus was expressed

in the coffees.
4.2.3 Flavour profiling of samples by Descriptive C  upping

4.2.3.1 Cupping procedure

All samples were cupped in duplicate over 6 evaunasessions and using a random order.
The cupping environment was the same used foriigai(¥.2.2). During each session, 6
samples were assessed by the panel following th&AS2009a) protocol described in
Chapter 3 (3.2.3.1). The 6 samples of each sesgoa arranged on a bench, using 5 cups of
coffee per sample. All the cuppers, including theqd leader, cupped the 6 samples at a time,
following the protocol in 3.2.3.1. However, insteaildusing a paper ballot, evaluations were
recorded using the Catador® App for iPad® (Compuser S.A., Guatemala City,
Guatemala). The Catador® App is a special app dedidor data collection on an iPad®,
using the SCAA (2009a) protocol, which means théoband scales used are the same ones
used for SCAA cupping. Each attribute was scoreadgushe app and descriptors were written
in a notes data field. After the cupping sessibre, Catador® session was saved and closed,

and a discussion about the results was led byahelpeader.

As a result of the evaluations, three types of detee obtained: (a) quality scores for the

cupping attributes of fragrance/aroma, flavourerfiste, acidity, body, balance, uniformity,
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clean cup, sweetness, overall, defects and totaksof the sample, (b) attribute intensity
ratings for fragrance, aroma, acidity and body, @)dreely-elicited descriptive terms about
fragrance, aroma, flavour, aftertaste, acidity body. However, for this chapter, the quality
scores were only included as a supplementary talilee MFA (4.2.4.4), as the focus of the

study was on flavour as opposed to perceived gualit

4.2.3.2 Descriptive terminology

As in Chapter 3, cuppers were instructed to usditgtiee descriptors from their training
(Table 3.3) to justify their attribute scores. Whatessary, cuppers were allowed to use their
own descriptive terms. Where cuppers were not ableroduce a specific descriptor, they

were asked to use a broader term of either a supgrogroup.
4.2.4 Data analysis

4.2.4.1 Analysis of data from green bean characterisation and roasting

The mean water activity of green beans was cakdlas a decision-making parameter for
roasting, as explained on 4.2.1.3. The mean cqgammmeters (mean values for L*, a* and
b*), together with the bulk density of green beargse later included in the Multiple Factor
Analysis (MFA) as supplementary variables (see4#2. The number of defects was

considered only as descriptive data in sectior24.3.

The weight loss of the samples after roasting aedniean luminance of the roasted samples
(L*) were compared against the target values (162022% weight loss; L* between 17-29)

SO as to insure consistency.

4.2.4.2 Categorisation of descriptive terms

The freely-elicited descriptive terms were groupleaised on the cupping section they were
describing (Table 3.2), into separate lists for dugt, taste, aftertaste duration, acidity, and
mouthfeel. Bouquet consisted of fragrance, aramnd, the olfactory components of flavour
and aftertaste terms. Within each list, terms with same meaning were merged into one
descriptor. For example, ‘chocolates’, ‘dark chatel and ‘chocolaty’ were merged into the
descriptor ‘chocolate’. Next, the descriptors wererged by category — here called

‘subgroups’. In addition to the subgroups for boetqfrom ‘Le Nez de Café’ (Lenoir &
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Guermonprez, 1997) mentioned in Chapter 3 and dbe $pecific to naturals (from 4.2.2),
supplementary descriptor subgroups were added lmasedppers’ commentBescriptors for
taste, aftertaste duration, acidity, and mouthfessk also listed and categorised.

The terms in this study were classified in a tafaB3 subgroups (Table 4.3). The ‘bouquet
subgroups’ included from the ‘Le Nez du Café®’ Viogkary (see Chapter 3) wecaramelly,
chocolaty, citrus-like, earthy, fermented, florédyity, nutty, phenolic, pyrolytic, resinous,
spicy, stone-fruity, toasty, woodnd vegetable;from the supplementary natural coffee
vocabulary (see 4.2.3yried-fruity, red-fruity, tropical-fruity,and from the freely-elicited
subgroups,acid-smell, fungal, complex, past-croppiahd pungent.As stated previously
(4.2.4),additional descriptors to those of the standardratdral subgroups were included to
account for supplementary cupper comments. Tasterigeors includedbitter and sweet.
Aftertaste duration consisted of the tetamg-aftertaste.The acidity group contained the
subgroupsdry-acidity, medium-acidityand sweet-acidity Mouthfeel containedough-body,

smooth-bodwndastringent.
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Table 4.3. Lexicon for the fragrance, aroma, flavor aftertaste, acidity and body sections of the cuygngs

— categories used for aggregating descriptors intsubgroups.

Group

Subgroups
(used in contingency table)

Enzymatic

Vegetable

Floral

Fruity

Citrus-like

Stone-fruity

Tropical-fruity

Red-fruity

Sugar-browning

Caramelly

Chocolaty

Toasty

Nutty

Dried-fruity

Dry distillation

Spicy

Pyrolytic

Resinous

Woody

Aromatic taints

Fermented

Phenolic

Earthy

Unclassified, freely-elicited terms

Acid-smell

Pungent

Fungal

Complex

Past-croppish

Taste

Bitter

Sweet

Aftertaste duration

Long aftertaste

Acidity Dry acidity
Medium acidity
Sweet acidity

Mouthfeel Rough body

Smooth body

Astringent
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4.2.4.3 Descriptive Cupping analysis

To study the flavour of natural coffee in the comtef the different processing methods and
the flavour variation among coffees processed tjinahe dry method, Descriptive Cupping

data were analysed using the same methodology getplo Chapter 3.

To study the flavour of natural coffee in the comtef the different processing methods, the
methodology was applied for all samples (n=32). sfody the flavour variation among
coffees processed through the dry method, the rdetbgy was applied to only the natural
samples (n=22). A contingency table was construftie@ach dataset (Appendix 3 presents
the 32-row contingency table), with the samplesoags (32 or 22), the descriptor subgroups

as columns (33) and number of occurrences forcoelhts.

Significance tests were run on the respective ngeticy tables for each dataset.
Independence between samples and descriptors wi@sl teith the ‘Monte Carlo’ method
(5000 simulationsp = 0.05) (Metropolis & Ulam, 1949). In order to iddy significant
descriptors, globay® and 5* per-cell analyses were carried out on the contingeables
(Symoneaux et al., 2012). Globdlwas used to identify significant descriptors asrtise
whole data set, whilg® per-cell was used to identify significant desa@iptwithin individual

samplesd = 0.05). Duplicate samples were aggregated fortd@arlo ang® methods.

Non-symmetrical correspondence analysis (NSCA) agdied to the contingency tables in
order to visualise the relationship between the ptesnand descriptors. For the NSCA,
duplicates were not aggregated, but were used digidnal cuppings. This was done to
examine the reproducibility of the cuppers by obsgr the mapped distance between

duplicates. All statistical analyses were carriatlusing XLstat (Addinsoft SARL).

4.2.4.4 Correlation between descriptors, quality scores and green bean variables

To further understand the links between the natote flavour profile, attribute intensities,
guality scores and the green coffee variables (frbbhl1.2), the correlations between the
descriptors and the other data sets (attributensities and scores, bean density and bean
colour) were explored using multiple factor anady$éMFA)(Abdi, Williams, & Valentin,
2013; Lawrence et al., 2013).
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Two sets of variables were kept as active tabldeenVIFA: the descriptor contingency table
and the mean attribute intensities reported fagritace, aroma, acidity and body. These two
data tables were included as active tables bedheseare complementary (qualitative and
quantitative) of the cuppers’ descriptive percaptad the coffees. The remaining variables
were considered supplementary data and were osghim$o two tables: one for the density
and the colour (L*, a* and b*) of the green beand another for the mean quality scores
(fragrance/aroma, flavour, aftertaste, acidity, \pdolalance and overall) from the samples’

cuppings.

The degree of correlation between the tables wasstigated through the regression vector
(RV) coefficient, to identify the link between eaphir of tables and to analyse similarity
between tables (Robert & Escoufier, 1976). The MdpAl the calculation of RV coefficients

were carried out using XLstat (Addinsoft SARL).

4.3 Results and discussion

4.3.1 Descriptive Cupping method

The Descriptive Cupping method described in Chapi@nd the present chapter is based on a
coffee cupping protocol firmly established in theffee industry — the SCAA Cupping
Protocol (SCAA, 2009a). Two additions were mad¢hi SCAA Cupping Protocol — (a) an
emphasis in the use of descriptors, including eobanraining in descriptors for fruity
character for the purpose of this thesis, and {irptocol for the analysis of the freely-elicited

descriptors, based on Lawrence et al. (2013) 3sz4.

Descriptive Cupping was developed as a rapid, dost method which has a very specific
application for the analysis of coffee flavourwias out of the scope of this thesis to validate
the performance of Descriptive Cupping against mtralitional descriptive analysis
techniques, however, this work was carried outnatlaer study at the University of Otago
(Wilson, Lusk, Fernandez Alduenda & Silcock, 201®ilson et al. (2015) trained a
descriptive panel using the same coffee samplesrided in this chapter. The panel
developed a vocabulary of 24 descriptors for coff@ema (7 descriptors), taste (4
descriptors), flavour (7 descriptors) and aftegd6tdescriptors). Coffee samples (12) used in
this chapter were also analysed by the descriggawgel, and 13 descriptors were found to
significantly (p<0.05) differentiate the coffeen MFA was used by Wilson et al. (2015) to
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compare the results obtained by the Descriptivep@yppanel in this chapter versus the
results obtained by the traditional descriptivegdaihe RV coefficient indicated that the two
sensory methods had a significant correlation, kot sensory methods showed that country
of origin and post-harvest processing methods waportant in explaining the flavour of

coffee.

Table 4.4 presents a comparison between the matarés of Descriptive Cupping versus
traditional descriptive analysis techniques. Ouerdle main advantages of Descriptive
Cupping are rapidness, low cost, its applicabilitycountries of origin and the possibility of
reanalysing cupping data from previous studiestrAmed cuppers and licensed Q Graders
are already trained, are widely available in mastntries of origin and have a tendency to
volunteer for coffee flavour studies, the time &odt of the selection, training and assessment
stages can be kept low. As the descriptors eligiteathy cupping can be analysed using this
methodology, historical data can be analysed retinaggy, which may give a new meaning to

a large volume of cupping data in different cowedrof the world.

Overall, the main limitations of Descriptive Cupgiare its specificity to coffee (though the

methodology can be applied to expert graders of pmogluct provided they generate a

descriptive account of each sample), the bias aftrmgppers as coffee graders, the qualitative
nature of the data collected and the time requii@d analysing the descriptors and

constructing the contingency table. As coffee grgdexperts, cuppers tend to focus their
attention on flavour features key to grading coftgelity, such as the presence of flavour
defects or uncommon flavours, which can lead tsdheffects dominating the analysis by

masking the effect of interest and increasing tneunt of noise in the analysis. This will be

further discussed in the next sections, as thdtsefeu the present chapter are presented.
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Table 4.4. Comparison between Descriptive Cuppingral traditional descriptive analysis techniques

Concept Descriptive cupping Traditional  descriptive  analysis
techniques®
Application Only coffee and coffee products Fodaks/erages, cosmetics, fabrics.
Assessors Cuppers (usually licensed Q Gradegrdrained panelists
see Chapter 3)
Lexicon Based on cupping terminology, namelsually generated by the panel.
on Lenoir & Guermonprez, 1997.
References Based on coffee industry referenc&gveloped for each case

such as Le Nez du Café®

Training and operation costs

When licensed Q Geadex available
little or no selection and training cog
are involved.

Volunteer cuppers are widely availabl

tdnvolved.
Usually panel members are paid f

etheir services.

Type of descriptive data collected Quantitative yorfor ‘intensity of | Quantitative, based on a scale for ez
fragrance’, ‘intensity of aroma’} attribute.
‘intensity of acidity’ and ‘intensity of]
body’. See Table 3.2.
Qualitative (frequency of mentions) for
aroma and flavor descriptions.

Data analysis Preparation of a contingency tabMsually Analysis of Variance
followed by Correspondence AnalysiSANOVA) to analyse the pane
(CA). See 3.2.2. performance and to determi

significant treatment effects an

attributes. This may be followed B
multivariate data analysis, usual
Principal Component Analysis (PCA

to interpret dominant data trends.

(&) Lawless & Heymann, 2010.

4.3.2 Characterisation of the green beans

The coffee samples were characterised in green. deach green bean sample’s water

activity, colour parameters, bulk density and deteunts are presented in Table 4.5.
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Table 4.5. Mean water activity, mean CIELAB colourparameters, bulk density, total defects and primary

defects of green coffee samples used.

Defects
Colour (CIELAB) 2 Bulk | (SCAA, 2009b)
Water density | Total Category |

SAMPLE | activity 2 L* a* b* (9-LY) | defects | defects

BNI 0.486 +0.013| 49.46+0.28 1.17+0.02 18.67.G90 711.6 9 0
BNO 0.473+0.002| 47.68+0.08 1.59x0.0L 19.13180 710.8 11 2
BNX 0.529£0.004 | 46.56+0.48 1.36 =0.06 18.23140 717.6 3 1
BPW 0.502 £0.005| 46.33+0.16 1.19+0.08 16.4316(Q 710.0 3 1
BWI 0.515+0.011| 45.76+0.32 1.24+0.02 17.07.160 721.0 5 1
BWW 0.475+0.001| 45.58+0.24 0.72+0.02 15.58140 711.8 2 0
CNX1 0.579+0.002| 36.74+0.4p 4.34x0.1p 18.2h483 764.4 6 3
CWX1 0.483+£0.002| 43.89+x093 2.71+0.18 18.5114 761.0 3 1
CWX2 0.625+0.003| 48.75+0.96 -0.20+0.07 16.9826 707.4 4 0
DNT 0.486 +0.008| 4539124 279007 20.3UH5 740.9 898 N/A®
DWT 0.553+0.004| 46.55+046 1.70+0.08 16.415 719.5 20 3
ENX 0.583+£0.005| 49.94+0.6D 2.86+0.06 214164 695.8 27 2(
HNX 0.546 £0.002 | 4191+094 151+ 0.02 16.3B:H 715.2 26 Q
HWX 0.571+0.014| 4559+0.3f 1.26x0.02 16.16.63 728.8 13 q
MNM 0.492 +0.003 | 4797+1.72 252+0.03 20.56.16 735.8 1 1
MNT 0.527 £0.008 | 46.16 +1.32 3.31+0.08 22.00.22 754.4 0 0
MWM 0.614 £0.006 | 47.69+0.80 0.71x0.02 16.50.52 717.4 0 0
MWT 0.601 +0.001| 46.15+0.96 1.31+0.08 15.8021 752.6 0 0
VNG 0.473+0.014| 4163+1.2Pp 3.44+0.16 20.5524 750.5 7 0
VWG 0.573+0.019| 4257109 1.70+0.32 15.6853 721.9 21 4
NNB1 0.593+0.002| 45.18+0.4p 3.99+0.2D 23.9803 760.8 0 0
NNB2 0.465 +0.016| 43.00+0.78 2.90+0.04 2032 767.4 0 0
NNB3 0.578 +0.003| 46.39+1.48 2.21+0.14 20.8229 762.8 4 4
NNB4 0.523+0.006| 49.23+1.30 2.04+0.1D 20.8824 768.6 0 0
NNB5 0.575+0.002| 44.92+0.58 2.44+0.20 19.88 759.6 3 3
NNC 0.618 £0.011| 44.96+0.18 2.89+0.0p 21.10126 756.2 2 2
NNH 0.612 +0.002| 42.16 +0.63 2.00 +0.05 18.2540 758.6 0 0
NNP1 0.574 +0.002| 46.90+0.48 2.64+0.03 21.7209 718.2 2 1
NNP2 0.599 +0.003| 45.42+0.55 2.08+0.09 20.2618 721.8 0 0
NNR 0.557 £0.002| 44.29+0.93 1.87+0.08 19.8215 731.8 2 0
NNY 0.566 +0.006 | 45.52+1.5fy 2.86+0.11 21.1369 754.0 0 0
PNG 0.556 +0.007| 50.80+0.19 3.83+0.02 24 5619 708.5 1 0

(@) Plus/minus 1 standard deviation. n=3.
(b) Defects reported as percentage (w/w) when they arentoty to be counted. N/A — Data not available.
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The large variation in green bean parameters tsflde variation in origin, variety and
processing method. The sample set was not intetadég an exhaustive survey of natural
coffees; however, it was selected for its repredent of the variation in specialty natural
coffees. Water activity ranged between 0.44 and.0l6é the case of colour, L* ranged
between 37 and 51, a*, between -0.2 and 4.3, andhdttveen 15.6 and 24.5. Bulk density
ranged from 696 to 769g™L From the quality point of view, 14 samples compiigh the
defect specifications for specialty coffee, meaningt no more than 5 total defects and O
primary defects were present in the sample (SCAR9D). However, the rest of the samples
do not comply and one sample (DNT) had too manyasfto be counted — they were
measured by weight. The abundance of samples thabtdcomply with the SCAA standard
for Specialty Grade green bean reflects the actsaket situation, as only about 10% of the
world coffee production has the potential to be sidered of specialty grade (personal

communication from T. Lingle).

4.3.3 Degree of sample roasting

Green beans roasting times ranged between 11:40&00 minutes. Weight loss from the
green beans ranged between 13.8% and 182%8%0). Therefore the target roast degree

(16.0% * 2.2%) was achieved for all samples.

Roasted samples were characterised by a luminafhcef(19.79 + 2.99 §=1.08). Luminance

results are dependent on particle size (Mwithigali&@dal, 2003) and the measurement
instrument (Azeredo, 2011), while weight loss ressdepend on the initial moisture content.
In this case, the luminance corresponds to thestarnge of 17-29, which was chosen to
comply with the SCAA protocol (2009a) standard tad$5-60 on the standard Agtron scale.

4.3.4 Flavour of naturals in the context of differe  nt processing methods

Flavour profiles for all cupped samples were geteerdrom the freely-elicited terms using
the sequential protocol for analysing Descriptiwgp@ing used in Chapter 3, in which the first
step is the preparation of a contingency table &gl 3).

The dependence between descriptors and samplesigvaficant (p<0.001), as detected by
the Monte Carlo method applied on the frequencyetalaggregated duplicates, 5000
simulations). The observed value)@t1153.4 implies a value in the interval [0.000,00.D
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with 99% confidence, with a criticaf value of 1068.5 (df=31, p=0.05). This means tligre

an effect of sample on the descriptor subgroupd bgeuppers.

The globaly? analysis showed that for a descriptor subgrougetsignificant (p<0.05), thg

of the subgroup needs to be above the critical vafug=a15.0 (df=31). The subgroups (8)
that were found to vary significantly among thefee$ werepast-croppish(}°=67.9, df=31,
p=0.001),red-fruity (x*=57.4, df=31, p=0.003)ungal (x*=56.7, df=31, p=0.003)phenolic
(¥*=53.7, df=31, p=0.007)ropical-fruity (x>=53.7, df=31, p=0.007)ough body(y*=52.7,
df=31, p=0.008), stone-fruity (x°>=49.9, df=31, p=0.017) andvoody (3°=47.6, df=31,
p=0.029). ‘Past-croppish’ was the most discriminatitibute (p=0.001) and indicates the
flavour of fading green coffee after some timetofage. The fading implies a general loss of
flavour characters and the appearance of a ‘cardipoar ‘woody’ flavour (Rendén et al.,
2014). Fading is not linked to a particular origin processing method as its occurrence is

possible in any coffee.

The descriptor subgroups which did not discrimiretgong samples as they had a value of
p>0.95 (df=31,5°<19.3) werechocolaty (x’=16.3, df=31, p=0.986) andomplex(y’=18.7,
df=31, p=0.960). The non-discriminating subgroupsild be typical of the profiled coffees
and suggest they are common in these coffees legardf origin or processing method. This
confirms the finding of Chapter 3, where chocolté&your notes were also found to be the
least discriminant ones, which implies chocolatyarelster is one of the main overall

characteristic flavours of coffee at this levelodst.

The y* per-cell applied to determine significant desanipgubgroups for individual samples
found that, for 17 samples, one to three descriptitngroups were significantly above the
theoretical average test per-cellp=0.05). The samples with a distinct character hmevs

in Table 4.6.Phenolicwas significant in three Brazilian samples (bothastwed and natural)
and one Mexican sample. Fruity characters includrogical-fruity, red-fruity and stone-
fruity were significant in four Nicaraguan natural sarapféoral character was significant in

a washed Colombian sampkast-croppishan indicator of green bean fading, was observed
in samples BNI, ENX, and VWG. Appearance of pasppish in samples from different
countries and processing methods is possible asfati@g process of green beans is

independent of country of origin and processinghoeét(Rendon et al., 2014).
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Table 4.6. Samples presenting significant character(y?2 test per-cell,a=0.05).

Sample | Country of origin Character

BNI Earthy, past-croppish, phenolig
BNO Phenolic, vegetable
BNX Brazil Pyrolytic

BWI Caramelly, wood
BWW Phenolic

CWX2 Colombia Floral

ENX Ethiopia Past-croppish

HNX Mexico Phenolic

NNB1 Sweet-acid

NNB2 Fermented

NNB3 Smooth body

NNB4 ) Tropical fruit

NNB5 Nicaragua Red-fruity

NNC Red-fruity

NNP1 Fungal

NNR Red-fruity, stone-fruity
VWG Mexico Past-croppish

Visualisation of the flavour profile obtained by 88 on the frequency table (non-aggregated
duplicates) shows a total inertia of 0.027 in 3&des. The level of total inertia of the first 30
factors of the present study (also 0.027, as tbetveo factors had negligible inertia) can be
compared to the level of inertia reported in Chagtewhich presented 30 factors (0.036).
Even though the inertia in Chapter 3 is 33% highan in this study, both are still in the same
order of magnitude (Greenacre, 2006), meaning &nialvility is similar in both cases. 77.0%
of the total variation was explained in the fir§t factors. Factors 1 and 2 (F1 and F2) had
inertia of 28.2% and 9.1%, respectively. As ex@dim 3.3.2, this low level of inertia may be
due to the large number of terms used by assefismngsence et al., 2013) or to limitations

of the cupping method (noise in the dataset).

Red-fruity (29.7% contribution) andropical-fruity (10.7% contribution) were the main
contributing characters to F1 and were negativeqdéd.Phenolic(9.0% contribution) and
caramelly(7.4% contribution) were positively loaded on Figures 4.1 and 4.2).

All washed samples (except CWX1) and the pulpedrahtample were positively loaded on

F1. This would indicate that fruitiness is not idweristic of washed coffees. This finding
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supports Chapter 3 and further suggests thatrigst is a feature of some natural coffees and
may contribute to the so-called ‘Mocha’ charact#&kiyama et al., 2008). However, some
natural samples were also positively loaded onikdicating that not all natural samples
present fruitiness (Figure 4.1). This finding isngar to Chapter 3, where some natural

samples from Guerrero (Mexico) did not have thé@yrcharacter common to naturals.

Along F1 samples tended to distribute based omr gwintry of origin, more so than their
processing method. In general, the Nicaraguan ssmpére negatively loaded, on the first
dimension, while the Brazilian samples were posifivoaded. The Mexican samples were
located around the origin, between the NicaraguahBrazilian samples. The predominance
of origin over processing methods and variety m éihibited flavour variation may explain
the traditional focus of the coffee industry on theans’ source, rather than on varietal or
processing factors. The reasons for the large teftdécthe origin are not limited to
geographical factors and may be attributed to callaspects, such as the farming system, the
harvesting practices and the processing technaagied in different countries. For example,
in the regions of Brazil where the samples weracam) coffee is grown in highly intensive
plantations where coffee is machine-harvested amchine dried at a fast rate (Cheney, 1999;
Melenikiotis, 1998). Whereas more traditional fammipractices are used in Nicaragua in
which, coffee may be grown under shade, be harkkdiand sun-dried at a slow rate
(Craipeau, 1992; Raichle, Sinclair, & Ferrell, 20Ruben & Zuniga, 2011). These practices

in both countries are kept constant regardlesgfiée variety or the processing method used.

Factor 2 (F2) was positively loaded with ‘sugarvaning’ characteristics includinghocolaty
(18.4%) andcaramelly(13.8%). F2 was negatively loaded witbral (12.9%) andtitrus-like
(8.0%) on the negative side. The separation betvdegticate samples tends to be higher
along F2 than along F1 (for example, NNB5, NNB4 &idl are separated along F2). This

implies the level of precision for F2 is lower asttbuld be interpreted carefully.
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Figure 4.1. Non-symmetric correspondence analysiNGCA) map representing the projection on F1 and
F2 of descriptor subgroups for 32 coffee samples §lin duplicate) of different processing methods,

evaluated using the Descriptive Cupping method.
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NSCA sample plot
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Figure 4.2. Non-symmetrical correspondence analys{iflSCA) map representing the projection on F1 and

F2 of natural (circle), washed (triangle) and pulpd-natural (square) coffees for 32 samples (16 in

duplicate), evaluated using the Descriptive Cuppingnethod. Samples with the same name are duplicates.

4.3.5 Flavour profiles of the natural coffee sample subset

The natural samples (22) were analysed as a sabsie¢ total samples set to study flavour
variation among natural coffees as a class. Smifie was tested on the contingency table.
The dependence between descriptors and samplesigvaficant (p=0.003), as detected by
the ‘Monte Carlo’ method applied on the frequeneplé (aggregated duplicates, 5000
simulations). The observed value 3£787.9 implies a value in the interval [0.001, @O
with 99% confidence, with a criticaf value of 733.4 (df=21, p=0.05). This means theran

effect of sample on the descriptor subgroups ugezlippers.

The global? analysis showed that for a descriptor subgrougetsignificant (p<0.05), thg

of the subgroup needs to be above the critical valyé=82.7 (df=21). The 7 attributes found
to vary significantly among the coffees includpast-croppish(;’=52.7, df=21, p<0.001),
phenolic(y?=48.1, df=21, p=0.001fungal (y’=46.2, df=21, p=0.001)%tone-fruity(y’=41.5,
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df=21, p=0.005)rough body(y’= 40.0, df=21, p=0.007pungent(y’= 35.5, df=21, p=0.025)
and woody (x*=33.3, df=21, p=0.043). Fruitiness did not discrimte among the natural
coffees as was the case between processing mdth8d%). This would imply fruitiness may

be a more typical character of naturals than ausfgature of some samples.

The descriptor subgroups which did not discrimiratgeong samples as they had a value of
p>0.95 (df=21x°<11.6) werechocolaty(y’=10.0, df=21, p=0.979%omplex(x*=10.4, df=21,
p=0.973) andmedium-acidity(y’=11.5, df=21, p=0.952). The least discriminant sabgs
would be typical of natural coffee profile findingss least discriminant would suggest that
they are common in naturals regardless of origimoddlaty has again to be found the least-
discriminating subgroup, as in 4.3.4 and Chaptevl8¢ch means chocolate may be the most
characteristic descriptor of any kind of coffeeleaist when roasted to the roast degree used in

this study.

Application of ¥* per-cell analysis found that, for eight samplese @r two descriptor
subgroups were significantly above the theoretaadrage. These subgroups weaathy,
fermented, fungal, past-croppish, phenolic, pyiolywoodyandvegetablgTable 4.7 2 test
per-cell,a = 0.05). This would indicate that these eight dasinad distinct character. The
number of samples presenting a significant charatri@pped to less than half the number

found for the complete set analysis.

Table 4.7. Natural samples presenting significantharacters (2 test per-cell,a=0.05).

Sample | Character

BNI Earthy, past-croppish, phenolid
BNO Phenolic, vegetable

BNX Pyrolytic

ENX Past-croppish, wood

HNX Phenolic

NNB2 Fermented

NNP1 Fungal

NSCA on the frequency table (non-aggregated dupkca84 rows including 12 duplicates, 33
columns) shows a total inertia of 0.026 in 32 festthe number of factors equals the number
of columns minus one). This variability is only 4¥haller (Greenacre, 2006) than the one of

the table with all samples in 4.3.4 (0.027). 75.@Pthe total variation was represented in the
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first 8 factors. This implies variability of the tu@al samples can be explained using fewer
factors than for all samples together (77.0% oéltefariation in the first 10 factors). The
reason for this is the lower number of samples groiwthe contingency table), which implies
there is a smaller amount of information to be espnted. Inertia took values of 31.3% and
9.0% on F1 and F2, respectively. Refer to 3.3.2afdrscussion about possible causes for the
low inertia level in the dataset (large number e§diptors and limitations of the cupping
method).

Samples positively loaded on F1 (Figures 4.3 adjl were described asd-fruity (26.4% of
contribution) andtropical-fruity (8.5%). Those negatively loaded on F1 were desdrids
phenolic (9.9%). This corresponds to the two commonly recsed natural coffee profiles
identified in Chapter 3. The first is the so-callédocha’ character, characterised by its
fruitiness. The second is a profile closer to thiatvashed coffee with little or no fruitiness.
These natural coffee samples that lack fruitinedgéX, BNX, BNO, BNI) are plotted near the
washed coffees in Figure 4.2. These two profilggeapto be due to a process factor having a
geographical concentration. The Nicaraguan san{pledosed in the ellipse, Figure 4.4) are
negatively loaded on F1, and described by the Mdigeadescriptor subgroups. The
Brazilian samples (enclosed in the ellipse) areitpety loaded and described as more
phenolic and caramelly The Mexican samples (enclosed in the ellipse) batween
Nicaraguan and Mexican samples, near the origine Téasons for the geographical

concentration of process factors were explaineskation 4.3.4.

Factor 2 (F2) is positively loaded withingal (10.4%), and negatively loaded withocolaty
(21.6%) andoyrolytic (10.0%). However, the distance between duplicakesg this factor is
larger than along F1; for example, the placemeiotii duplicates for BNO, BNI, and NNB5
are on both sides of the axis. Furthermore, chogolaas found to be the ‘least-
discriminating’ character in thg® test. This implies F2 should be interpreted cahef At
any rate, the characters mostly represented byoRbtldepend on the origin or the presence
of other characters: chocolaty character, for exammay or may not be combined with

fruitiness.
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Figure 4.3 Non-symmetric correspondence analysis @CA) map representing the projection on F1 and F2
of descriptor subgroups for 22 natural coffee sampls (12 in duplicate), evaluated using the Descript

Cupping method.
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Figure 4.4 Non-symmetrical correspondence analysitNSCA) map representing the projection on F1 and
F2 of natural coffees for 22 samples (12 in duplita), evaluated using the Descriptive Cupping method

Samples with the same name are duplicates.

4.3.6 Correlations between flavour profile and othe  r variables

This study also sought to understand the links eetwthe flavour profiles of natural coffees,
their quality evaluations and the characteristitshe coffee in green bean. Correlations
between the descriptor subgroups and the attribiémsities, quality scores obtained by

cupping, along with the green bean variables (#42were explored using MFA.

Table 4.8 shows the RV coefficient (indicative afrrelation between the variable groups)
between the active tables of the MFA (flavour diggors and attribute intensities) and the
other variable groups. RV coefficients show therearrelation between the descriptors and
the other types of data. The correlation of bottivadables with the MFA model is above

0.850, which implies both active tables are wefiresented by the model. There is also a

correlation (RV=0.598) between both active tablelsich means some descriptor subgroups
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are associated with the perceived intensity ofbattes. The correlation between the green
coffee characterisation and the active tables (R¥3® for the flavour descriptors table and
RV=0.371 for the attribute intensities table) is/ér than for the other groups of variables but
it can still be considered for interpretation. histcase, as opposed to Chapter 3, the quality
scores are correlated with the flavour descriptalde (RV=0.639) and with the attribute
intensities table (RV=0.761), implying some of thégroups in this study were associated

with the perception of quality.

Table 4.8. RV coefficient between active tables &vour descriptors and attribute intensities) and oler

groups of variables for 22 natural coffee samplegalculated within an MFA.

Variable group RV coefficient
With With
flavour attribute
descriptors | intensities
MFA 0.922 0.861
Flavour descriptors 1.000 0.598
Attribute intensities
o 0.598 1.000
(fragrance, aroma, acidity and body)
Green coffee characterisation
0.439 0.371
(see 4.3.2)
Quality scores
(Fragrance/Aroma, Flavour, Aftertaste, 0.639 0.761
Acidity, Body, Balance and Overall)

The MFA resulted in a total of 32 factors (sum @eavalues=5.912). 75.7% of the total
variability was represented in the first 9 factdfactor 1 (F1) explains 31.8% of the total
variability, while factor 2 (F2) explains 8.3%. Teelow levels of explained variability in F1
and F2 are due to the low variability explainedfdy and F2 in the descriptive dataset, as
discussed in 4.3.5 (large number of descriptorslenidations of the cupping method — see
also 3.3.2).

The contribution of the flavour descriptor table Ed and F2 is 49.8% and 79.7%,
respectively, while the contribution of the attiuntensities is 50.2% and 20.3% to F1 and
F2, respectively. The squared cosines of the fladascriptor table on F1 and F2 are 0.518
and 0.090, respectively, while the square cosirfethe attribute intensities are 0.973 and

0.011 on F1 and F2, respectively. The squared essh the supplementary tables are also
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highest on F1: 0.736 for the green bean charaatemsand 0.995 for the quality scores. As
the square cosine of a table for a given facta measure of how well the table is being
represented in that factor, the fact that the sgjoasines of all tables are highest for F1 means

that the MFA interpretation can be based on F1.

Figure 4.5 shows the MFA map for the variable gsospudied, and Figure 4.6 shows the
MFA map for the 22 natural coffee samples. Attrébintensities were all positively loaded on
F1. Attribute intensities were directly correlatedth a natural coffee’'s ‘Mocha’ character
(red-fruity, tropical-fruity, fruity, fermentell and sweetnesssWeet-aciyf and inversely
correlated withphenoli¢ dry acid and woody-vegetable charactevgo0d vegetable past-
croppish) on F1. The distribution of origins along F1 isndar to the one shown by the
NSCA (4.3.5) with Brazilian samples negatively ledd Nicaraguan samples positively
loaded, and Mexican samples located around théotigthe case of the MFA, this indicates
the attribute intensities for fragrance, aromagdisgiand body are weakest in the Brazilian
samples (samples beginning with ‘B’ in Figure 4aé)l strongest in the Nicaraguan samples
(samples beginning with ‘N’ in Figure 4.6).

When the supplementary tables are examined, insthidy, general fruitiness and sweetness
were in turn correlated with higher quality scorashigher raw bean density and a darker,
redder/yellower raw bean colour (Figure 4.5). Thelsaracteristics were present mostly in
Nicaraguan samples (samples beginning with ‘N’ iguFe 4.6). This colour in the raw
natural beans may be due to a slower drying ratéchwallows for more intense pulp

fermentation.
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Figure 4.5 Multiple factor analysis (MFA) map representing the projection on F1 and F2 of descriptor
subgroups (‘Descr’ — circle), attribute intensities(‘Ints’ — triangle), quality scores (‘Scores’ — damond)

and green bean parameters (‘Green’ — square) for 22offee samples, evaluated using the Descriptive

Cupping method.

85



Chapter 4. Characterisation of the flavour...

MFA map of observations (axes F1 and F2: 40.08 %)
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Figure 4.6. Multiple factor analysis (MFA) map representing the projection on F1 and F2 of natural céée

samples (22), evaluated using the Descriptive Cupp method.

4.4 Conclusion

This chapter aimed at understanding the flavouatian of natural coffees as a product class
within the context of specialty coffee as a whabeploying Descriptive Cupping as a
technique to analyse coffee flavour profiles anchpare the flavour of natural coffees to the
one of samples from other processing methods. tieroto achieve this, natural coffee
samples from different countries of origin wereqneed. Samples from the same farms made

through other processing methods were used asspafineéference.

A wide variability among coffees was achieved, as be seen in the green coffee samples’
characterisation (4.3.2). This heterogeneous sasgileesulted in a wide range of flavour

profiles, as revealed by the low inertia levelshaf first NSCA factors.
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Chapter 3 revealed a combined effect of the farmorigiin and the processing method on the
flavour profile, even within a single coffee prothg region, such as Guerrero. However, in
the present chapter, since the producing regias@waried, the effect of the origin becomes
predominant. Nevertheless, it must be noted thabtigin implies, together with the merely
geographical factors like soil and climate, diffgrdarming systems, as well as different
harvesting and processing technologies. Theseraulactors may be playing a role at least

as important as the physical environment whereseaff grown.

Only when natural coffees show a ‘Mocha’ charadierthey become clearly different from
washed coffees. The absence or presence of thehdlobaracter may be more important for
flavour variability as a whole than origin itselloreover, its absence or presence is also one
of the main sources of variation within the natwalfees as a group. In this chapter, natural
coffees presenting a ‘Mocha’ character receivedhdrigyuality scores than non-fruity natural
coffees. The understanding of the ‘Mocha’ charaetavhat it is and how it is produced —
seems to be a relevant question in the study ofalatoffee. The following chapters will deal

with the answers to this question.
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5.1 Introduction

The previous chapters have shown that natural esflge most easily differentiated from
other processing methods when they present fruityioey flavour notes — a profile which
has been called ‘Mocha’ character (Akiyama et 2008; Ukers, 1922). The compounds
causing the Mocha character have not been fullyacierised. Akiyama et al. (2008) relate
the Mocha character with a country of origin (Efhéo or Yemen), with no mention of a
processing method effect, and suggest it may Hdesdirnto the ‘raspberry ketone’ (4-(4'-
hydroxyphenyl)-2-butanone). T. Hofmann, in a pesdocommunication cited by Folmer
(2014) (without reporting methods), links the freiitcharacter of a natural sample from Peru
to the significant presence of ethyl 3-methylbuttep ethyl 2-methylbutanoate and ethyl
methylpropanoate, when compared to a washed saamolean untreated sample from the
same raw material. However, as shown in the prevahiapters, the expression of fruitiness in
naturals ranges from little or no fruitiness tawitfy character that may be expressed as dried-
fruit, tropical-fruit, red-fruit or berry, overrip&uit or even winey flavour notes. The

compounds or ratios between compounds relatecegethuances are not known.

The aim of this chapter was to investigate the ammps that give rise to the fruity and
sometimes winey character termed Mocha that maslyedifferentiates natural coffee from
other methods@bjective 4 2.2.2.4). This was done by looking at the aspécbffee where
this character is most easily perceived: the fraggaof the dry coffee grounds, which in
cupping terms means the headspace above roastmahdgbeans. Gas chromatography
coupled to olfactometry and mass spectrometry (GRI®J was the main tool used for
characterising the ground coffee headspace. A mgiruttive method (proton-transfer-
reaction mass spectrometry — PTR-MS) was useduesiigate the green bean headspace
prior to roasting, as a supplementary source dd.dBte correlations between the chemical
profiles and the flavour profiles from Chapter 4revéhen investigated in order to find the

compounds related to the Mocha profile.
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5.2 Materials and methods

5.2.1 Samples

The sample set studied was the same used for Chafpde2.1), plus two additional samples
(Table 5.1). The sample set includes 24 naturaleeotamples, 1 pulped natural coffee
sample and 9 washed coffee samples from 7 coun(Beszil, Colombia, Dominican
Republic, Ethiopia, Mexico, Nicaragua and PanarRapr to roasting headspace analysis of
the green coffee was performed by PTR-MS (5.2.B¢ foasted samples for the subsequent
analyses were taken from the same batches usetupming in Chapter 4. Therefore, the
roasting method is the same one described in 3.2.1.

Table 5.1. Additional samples for instrumental anajses.

Drying
. . . . Sample
Country Region Variety Process time Drying Method q
code
(daysy
Colombia Antioquia - @ Natural 15 Raised beds CNX2
Mexico Veracruz Garena Natural Concrete patio VNE

(@) (-) — Data not available.
(b) To achieve 12% moisture.

5.2.2 Headspace analysis of green coffee by PTR-MS

The composition of the volatile compounds in thadspace of the green coffee beans was
determined by high sensitivity PTR-MS. PTR-MS wassen for headspace analysis of the
green beans, as it is highly sensitive and non-gletste. This means the beans could later be
roasted.

For each sample, green coffee beans (30g) weredlac duplicate 500mL glass bottles
(Schott Duran, Germany) capped with an inlet andoatlet on the top, and using glass
fittings inserted into Teflon rings to create an teght system. Two polytetrafluoroethylene
(PTFE) tubes were fitted into the glass fittingsrdst and outlet. The closed bottle was held
at 23 + 1°C for 30min. At this point, the bottleddspace was immediately analysed using the
PTR-MS (lonicon Analytik GmbH, Innsbruck, Austriallhe bottle headspace was replaced
using instrument grade synthetic air, flushed tghoan active charcoal filter (Supelcarb®,
Supelco, Bellefonte, PA, USA) and drawn into thdRFWIS. The PTR-MS inlet consisted of a
~1m long 1/16 outer diameter Silcosteel™ capillary (Restek @ellefonte, PA, USA)
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heated to 110°C. Headspace air was sampled atiawous flow rate of 50 + 1chmin™ over
a mass/charge (m/z) range of m/z 20-180 undertdb& conditions of 600V, drift pressure of
2.2mbar, drift-tube temperature of 80°C, and E/Nigaf 140Td (Td = Townsend; 10-17cm
2v1s1). Each measurement consisted of 8 cycles wittvelldime of 200ms per m/z (32s
per cycle), taking 4.2min for one sample. This wasceded by the measurement of a blank (a

bottle with no sample) under the same conditiamgnable the background to be subtracted.

5.2.3 Headspace analysis of roasted and ground coff ee using headspace-

solid-phase extraction (HS-SPE)

For the roasted coffees, the method developmentifsed the presence of fruity and
fermented notes in the extracts. A modified versal the sample preparation method
reported by Michishita et al. (2010) was used. fibadspace of the roasted and ground beans
was captured by purge-and-trap, headspace-solisepbatraction (HS-SPE), eluted with a
solvent and concentrated. Samples were roastedgeonuhd, as this was similar to the

evaluation by the trained cuppers for the dry ‘feage’ (Chapters 3 and 4).

Liquid headspace extracts permitted the analysthefame extract by gas chromatography-
olfactometry (GC-0O), gas chromatography coupledhwwtiss spectrometry (GC-MS) and the
combination of the two (GC-MS/O). The compoundst teluted prior to the end of the

solvent peak in GC-MS were analysed separatelyputir static headspace gas

chromatography-mass spectrometry (SH-GC-MS — 5.2.6)

For each sample, roasted coffee beans (15g) wermdrin duplicate using a ‘BarArom4
coffee grinder (Breville Pty., Botany, NSW, Ausial in the ‘Filter grind setting. The
resulting ground coffee was placed in a 250mLglastle (Schott Duran, Germany) capped
with an inlet and an outlet on the top, and usitasg fittings inserted into Teflon rings to
create an air tight system. Two PTFE tubes wetedfiinto the glass fittings as inlet and
outlet. The sample headspace VOCs were displaded nirogen (50 + 1cthmin®; BOC®
‘oxygen free’, 99.99% purity: water vape@5ppm; oxygefdlOppm; BOC New Zealand,
Auckland, New, Zealand), which was passed intolkbtle through the inlet using PTFE
tubing and stainless steel connections and valkggire 5.1) for 120min, with the bottle
shaken every 30min. The coffee headspace gasesdpgassn the bottle outlet through a glass
column packed with Carboxen® 569 (400 + 9mg; 20wEsh; Sigma-Aldrich Co. LLC., St.
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Louis. MO, USA), previously washed under vacuum hwidichloromethane (25mL;
LiChrosolv®, liquid chromatography grade, 99.9% ipuyr Merck KGaA, Darmstadt,
Germany). The column was then washed with dichletbane (7mL) and the eluate retained.
The eluate was kept at -20°C in glass vials (twol.} capped with PTFE-lined lids, for 1-5

weeks, until it was concentrated.

Figure 5.1. Diagram of HS-SPE apparatus. Key: (a) fogen cylinder, (b) needle valve for regulating
flow; (c) PTFE tubing; (d) Schott bottle with ground coffee sample; (e) glass column packed with
Carboxen 569; (f) dichloromethane being funnellednito column after extraction; (g) vial where eluted

extract is collected.

An internal standard (125uL, 60 = 1ppm, (1R)-endpKenchyl alcohol; CAS Number 2217-
02-9; 96% purity; part No 196444; Sigma-Aldrich CaC., St. Louis. MO, USA) was added
to the eluate prior to concentration. The eluatesewconcentrated to 0.50mL using a Micro
Kuderna-Danish Sample Concentrator apparatus (SupBellefonte, PA, USA) with a 2mL
receiving vessel. Nitrogen (BOC® ‘oxygen free’; BOXew Zealand, Auckland, New,
Zealand) was gently blown (flow of 60 + 5¢mmin®) over the surface of the eluate for 3-4
hours until the concentrate volume was 0.5mL. Agualt of the concentrate for further GC
injections (125uL) was placed in a 2mL vial witl2@OuL insert and capped with a PTFE-
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lined lid. The remaining concentrate was placea iBmL vial with a PTFE-lined lid. Both

vials were stored at -20°C.

5.2.4 Identification of odour-active compounds of e xtracts through GC-MS/O

GC-O was used to filter the compounds for odourvactompounds and to link the aroma
sensory characters of coffee samples (profiledutiinoDescriptive Cupping — Chapter 4) to
the analytical identification of the compounds @sgble for such characters (through GC-
MS - 5.2.5). This involved the selection of a datliesimilar samples, the training of a GC-O
panel and the assessment of the selected sampies @E-O coupled to GC-MS (GC-
MS/O). Ethical approval 08-083 was revised on 225374 and obtained for this study.

5.2.4.1 Sample selection for GC-O analysis

Samples (17) were pre-selected from characterizasindies (12 from the international
appraisal set, Chapter 4, 4 from the field expenitrset, Chapter 6 and an extract from a
freshly-roasted, Guatemalan natural coffee), basedhe sensory profile of all samples as
well as their green-bean headspace PTR-MS profilegese 17 samples were sniffed in
duplicate by an expert assessor, using an Agile8805gas chromatograph (Agilent
Technologies Inc., Wilmington, DE, USA). A ZB-WAXé capillary column (Zebron 17538
column; 30m-0.32mm-0.5um film thickness; Phenomednex Torrance, CA, USA) was
used. The injection of 1uL of each HS-SPE concemtveas done using the warm-needle
injection technique, with the GC inlet in split$emmode. The GC oven was held at 50°C for
2min, programmed to 150°C at 3°C-finp to 150°C, programmed to 220°C at 10° C-hin
and then held for 20min. The sniffing time was tedi to the first 40min. The GC-O data
were recorded through handwritten note-taking ef ¢lution time, the odour descriptor and
the intensity (in a 1-10 scale) of each odour p&atm the results, five samples were selected
for further GC-O analyses, using the number of uaig@dours present in each sample as

criteria for covering the widest range of odorants.

5.2.4.2 GC-O panel recruitment and training

GC-O assessors (5; 2 female, 3 male; age rang8)3@ete recruited from the members of
the coffee cupping panel (Chapter 4). The assesgers trained in 2 sessions. In the first

session, the whole group was trained in an odoscrgsor tree (Table 5.2), which is the
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tiered descriptor structure providing groups ankgsoups of aroma, based on the extended
cupping descriptor catalogues used for naturalShapter 4 and specific GC-O peaks from
sample selection runs. The purpose of GC-O andatking principle was explained to the
assessors, describing the instrument they wouldiddeg and what they would do. The
descriptor tree was discussed with assessors amdpttacticed by having each assessor use
the tree as a tool to describe 10 concealed arougs.ni\s a practice for the GC-O sniffing
conditions, each assessor was presented with @al®gcaroma mug for 10 seconds and was

asked to describe it verbally to the group, usiegcdiptors from the tree.

Table 5.2. Odour descriptor tree used in the traimg of the GC-O assessors

First level - GROUP Second level - SUBGROUP Third level -
FLAVOUR NOTE EXAMPLES

Potato

Herby Sweet peas

Cucumber

Tea rose

Floral Coffee blossom

Honey

Lemon

Generic fruity Apricot

Apple
ENZYMATIC

Blueberry

Red-fruity Strawberry

Grapes

Passion-fruit

Tropical-fruity Mango
Pineapple

Sultanas

Dried-fruity Prunes
Dried figs

Roasted almonds

Nutty Roasted hazelnuts

Walnuts
SUGAR-BROWNING

Fresh butter

Caramelly Caramel

Roasted peanuts
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First level - GROUP Second level - SUBGROUP Third level -
FLAVOUR NOTE EXAMPLES
Vanilla
SUGAR-BROWNING Chocolaty Toasted bread

Dark chocolate

Cloves

Spicy Black pepper

Coriander seed

Cedar
DRY-DISTILLATION Resinous Blackcurrant
Maple syrup

Malt
Pyrolytic Pipe tobacco

Roasted coffee

Earth

Straw
Earthy

Leather

Musty

Coffee pulp

AROMATIC TAINTS AND FAULTS Basmati rice
Fermented

Medicinal

Alcohol

Boiled beef

Phenolic Smoke

Rubber

Chili pepper
OTHER Pungent

Vinegar

On the second training session, each assessornd@agdually trained to assess the odours
using the GC-MS/O olfactometry port, including theensity of each odour-active peak using
a finger span cross modality matching (FSCM) dewice verbally recording the character of
each odour-active peak (Niimi et al., 2010). Irstbéssion, each assessor went through 3 GC-
O measurements. For the first two assessmentsx afndi3 miscellaneous compounds was
assessed using a short program (15 min). Thetfaisting measurement involved focusing on
the assessor’s breathing rate and the use of teMF$he second measurement focused on

verbally recording the odour peak descriptors antlianeously rating the peak intensity
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using the FSCM. The third measurement simulatedcinal measurement using a coffee

extract under the same GC conditions that were lested for assessment (5.2.4.3).

5.2.4.3 GC-MS/O assessment of selected samples by the trained panel

The 5 selected coffee HS-SPE concentrates werssesséy GC-O assessors (in duplicate
and using a random order). Each panellist assesgedamples in a one-and-a-half hour
session. The HS-SPE concentrate (1pL) was injenotedthe gas chromatograph (Agilent®
6890, Agilent Technologies Inc., Wilmington, DE, A)$ using the instrument's auto-
sampler. An HP-Wax capillary column (Agilent 19092X6 column; 60m-0.32mm-0.5um
film thickness; Agilent Technologies Inc., Wilmimgt, DE, USA) was used for the
chromatographic analyses. A split-less injectiondenavas used, in order to maximise the
odour intensity. The injector temperature of the W& set at 220°C and the carrier gas was
helium, with a nominal column flow rate of 2.7mLmi The oven temperature was held at
50° \C for 2min, increased to 130°C at 3°C-Tiand then immediately to 220°C at
10°C-min*. The analysis time per sample was 31 minutes.aBsessors rated the intensity of
each odour-active peak using an FSCM device. Atsdmae time, they verbally elicited a
descriptor for the character of each peak. The aledescription was recorded using a

microphone attached to the sniffing port.

Simultaneously, mass spectrometry detection wasedanout, after a solvent delay of
7.70min, using a ‘Y’ connector at the end of the Gumn to divert approximately half of
the flow into a mass selective detector (Agilent®cfinologies model 5975B VL MSD;
Agilent Technologies Inc., Wilmington, DE, USA). &@mass spectrometer operated in the
electron impact ionization mode (70eV), with a scange of 30 to 300m/z. The ion source

temperature was set at 230°C.

5.2.5 Semi-quantification of odour-active compounds in HS-SPE concentrates
through GC-MS

Each of the HS-SPE concentrates produced in daplioa5.2.3 was injected (1ulL) into the
gas chromatograph (Agilent® 6890, Agilent Techn@egnc., Wilmington, DE, USA). HP-
Wax capillary column (Agilent 19091X-216 column;8@.32mm-0.5um film thickness;
Agilent Technologies Inc., Wilmington, DE, USA) wassed for the chromatographic
analyses. The injector temperature of the GC whats230°C and helium was the carrier gas
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with a column flow rate of 1mL-mihand a split flow rate of 10mL-min The oven
temperature was held at 50°C for 2min, programne@20°C at 3°C-mih and held for

20min.

Mass spectrometry analysis was carried out witldimersion of the flow to the olfactometry
port, after a solvent delay of 7.30min, using a$raeective detector (Agilent® Technologies
model 5975B VL MSD; Agilent Technologies Inc., Wimgton, DE, USA) coupled to the
gas chromatograph. The mass spectrometer was egeanaelectron impact ionization mode

(70eV), with a scan range of 35 to 300m/z. Thesiource temperature was set at 230°C.

5.2.6 Semi-quantification of complementary compound S using static

headspace gas chromatography-mass spectrometry (SH-  GC-MS)

To enable the semi-quantification of those VOC wathretention index smaller than the

solvent delay time, VOC composition of roasted gnound coffee headspace was analysed
for the 34 samples using static headspace gas atwgraphy-mass spectrometry (SH-GC-
MS).

For each sample, roasted coffee beans (4.5g) weumd in duplicate using a ‘BarArom4
coffee grinder (Breville Pty., Botany, NSW, Austal in the ‘Filter grind setting. The
ground coffee (4g) was placed in headspace vids(2, which were immediately sealed
with silicone rubber Teflon caps. Each vial wasussgially incubated, one at a time, at 60°C
for 15min in a headspace sampler (HP® 7694, Agileethnologies Inc., Wilmington, DE,
USA).

The vials were then pressurized to 3.8PSI withieagas (He) for 18s, the sample loop was
filled for 3s and the loop was equilibrated forsl.Zhe headspace was injected for 30s from
the sampler loop, through a transfer line at 70f@y the GC (Agilent® 6890, Agilent
Technologies Inc., Wilmington, DE, USA).

A HP-Wax capillary column (Agilent 19091X-216 colam 60m-0.32mm-0.5um film
thickness; Agilent Technologies Inc., Wilmington, ED USA) was used for the
chromatographic analyses. The injector temperaifithe GC was set at 230°C and helium
was the carrier gas with a column flow rate of 1min* and a split flow rate of 10mL-nifn
The oven temperature was held at 40°C for 6minggammed to 150°C at 3°C-rifinand
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then to 190°C at 10°C-mifn The mass spectrometry analysis was carried uthgesame

conditions of 5.2.5.

5.2.7 Identification of odour-active compounds with a retention index smaller
than the solvent delay time using SH-GC-MS/O

Odour-active peaks in the first 11 minutes of tHe-&C chromatogram were identified

through olfactometry in two of the 34 samples, gsin'Y’ connector at the end of the GC
column to divert approximately half of the flow an& sniff port. The analyses were carried
out as per 5.2.4.1 by one assessor. The two sangelsin this analysis (NNB2 and 7B) were
selected from the 5 samples used for GC-O anaigssection 5.2.4.3. These two samples
were selected because they presented a larger nwhipeaks and higher peak intensities

with a retention index smaller than the solvenag¢ime.
5.2.8 Data analysis

5.2.8.1 PTR-MS data from green coffee headspace

The compounds in the headspace of green coffeelssaiwere detected as m/z by the PTR-
MS. The net m/z concentrations were calculated uiytracting the mean reading of the
background air from cycles 2-8 from the sample’samecanning profiles from cycles 2-8.
The resulting dataset of 160 mass ions was depglfallewing a sequential process. First, the
instrument-related mass ions were eliminated (BG"; 30 — NO; 32 — Q; 37, 38 and 39 —
CO,+H,0O clusters). Then, the m/z with an average belowodnt per second (arbitrary
threshold) were eliminated. Next, obvious isotogales, clusters with a water molecule and
fragments of alcohols minus a water molecule wéneiated (34, 35, 51 — methanol; 27, 48
and 49 — ethanol; 43, 44, 62 — propanol; 46 — &bstgde; 74, 76 — isotope of 75; 88 —
isotope of 87, and 90 — isotope of 89).

The significant m/z were found using analyses afavee (ANOVA) for every m/z with
‘sample’ as fixed factor in the model. A significanlevel of 5% was considered. Mean
concentrations of significant m/z were then comparging Tukey'ost-hoctest. IBM SPSS
software (version 21) was used to perform thisymmal The significant m/z ratios that could
be not separated in more than one group with theyrtest were not considered for further

analyses. The concentration of m/z 20 and 21 wierekept out of further analysis because
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they represent hydronium ions. The values for eatzhof the remaining significant data were
normalised ((X — m)°§ where m is the mean and s is the standard dew)atind a principal
component analysis (PCA) was carried out on thenabsed data, to map the variation of the

headspace composition in the green coffee sample se

5.2.8.2 Identification of odour-active compounds from GC-MS/O data

Aromagrams were produced from the FSCM data gesefadm the 5 judges, for each of the

5 duplicate samples. The aromagrams were alignedg uSpecAlign (version 2.4.1;
Cartwright Group, PTCL, University of Oxford, UKT.he audio recordings of all samples
were also aligned using Audacity (version 2.0.%ree, open-source, cross-platform software
for recording and editing sounds). A table of odactive peaks was produced, including the
onset and end retention times, the intensity rajeelach assessor in each sample duplicate (or
0 if no peak was found) and the odour charactertiomed by each assessor. The table was
summarised by representing the relevance of eagk Ipe the number of assessors rating it
for each sample, the sum of intensities and theageeintensity for each sample, and a

representative descriptor.

The identity of each GC-O peak was investigatedha corresponding data from the GC-
MS/O or from the SH-GC-MS data (5.2.6) in the caégeaks eluting before the solvent
delay time. The baseline of the GC-MS/O chromatmgravas corrected using metAlign
software (Rikilt Institute of Food Safety, WagemddR, Netherlands). The compounds were
then tentatively identified based on mass spect#cimimg with the standard NIST-08 MS
library (National Institute of Standards, Gaithengly MD, USA). The Kovats Index (KI) of
every peak was calculated from the retention timesan alkane mix under the same GC
conditions. The tentative identity of the peak wasfirmed by comparing to the literature-
reported Kl and odour character of each compounkiyéfa et al., 2003; Flament &
Bessiére-Thomas, 2002; Gonzalez-Rios et al., 208&az et al., 2002). Some characteristic
odour-active peaks were not matched to any MS spacbut were nevertheless tentatively

identified from their K| and characteristic odour.
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5.2.8.3 Semi-quantification of odour-active compounds in HE-SPE concentrates and

static headspace of coffee grounds from GC-MS data

The odour-active peaks tentatively identified using MS spectrum were quantified using a
single ion for each compound, in order to reduce ¢nror from co-elution with other
compounds. A characteristic m/z ion was chosereémh compound. The compounds were
integrated for all the samples (5.2.1) in duplicaéeng the GC-MS data from 5.2.5. The peak
area of each compound was adjusted based on tlee=rdoation of the internal standard
(fenchyl alcohol). The compounds eluting before sbkvent delay time were integrated from
the SH-GC-MS data without any adjustment.

ANOVA, with ‘sample’ as fixed factor in the modeljas used as a selection tool for PCA,
and as such, a value of p<0.15 was used. Mean greas of significant compounds were
compared using Tukeyisost-hoctest (IBM SPSS software, version 21). The valegseach
compound of the remaining significant data werenmadised ((X-m)-$) and a principal
component analysis (PCA) was carried out on thenabsed data, to map the variation of the
headspace compounds in the roasted and grounck &affeple set.

5.2.8.4 Multiple factor analysis (MFA) including the Descriptive Cupping dataset

In order to understand the links between the nhitwHee flavour profile and the VOC
profiles in the headspace of green and roaste@eofiie correlations between the descriptor
contingency table (from Chapter 4), the odour-&ctcompounds in the roasted bean
headspace and the mass ions detected in the gesen Headspace were explored using
multiple factor analysis (MFA) (Abdi et al., 2013awrence et al., 2013).

Two sets of variables were kept as active tabldeenVIFA: the descriptor contingency table
(Chapter 4) and the semi-quantification of the aebtive compounds (5.2.8.3). These two
data tables were included as active tables bectnese pertain to the same samples (the
roasted and ground coffees). The PTR-MS data ositr@ficant mass ions were considered

supplementary data because they are not diredélieckto the roasted coffee flavour.

The degree of correlation between the tables wasstigated through the regression vector

(RV) coefficient, to identify the link between eaphir of tables and to analyse similarity
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between any two tables (Robert & Escoufier, 1978l MFA and the calculation of RV
coefficients were carried out using XLstat (Addiftis®ARL).

5.3 Results and discussion

5.3.1 PTR-MS data from green coffee headspace

PTR-MS is a non-destructive VOC analysis technigased on the ‘soft’ ionisation of VOCs

using hydronium ions. The resulting m/z are themsneed through mass spectrometry. PTR-
MS was used to analyse the headspace of green, lmsatise non-destructive nature of this
technigue enabled further roasting and analysib@fcoffee samples. The main objective of
analysing the headspace of green coffee was tafgbe composition of that headspace
correlated with the composition of the headspaceoasted beans or with the sensory

characteristics of roasted coffee (see 5.3.4 aadifsgally Figure 5.9).

In the PTR-MS technique, most compounds are meadsasetheir molecular mass +1, but
some compounds form clusters with water (mass +i8)le other compounds are
fragmented, i.e. losing an,8 unit (Yeretzian, Jordan, Badoud, & Lindinger, 2D0The
correlations between some mass ions enable thdifidation of clusters, fragments or
isotopes. However, this implies the number of digant m/z in the study of a sample set may
be larger than the number of significant compoumdghe headspace. In this study, a
preliminary ANOVA of the PTR-MS data showed a highmber of significant peaks: 86
mass ions were found significant at a levebe0.05. However, after the dataset depuration
(5.3.1), only 22 mass ions were found relevantue in the PCA. A second ANOVA using

only these mass ions showed all 22 resulting naasshad a significance level of p < 0.0005

Table 5.3 summarises the relevant mass ions fatied depuration. Most of them have been
tentatively identified, based on Yeretzian et 2DQ2) and Romano et al. (2014). Table 5.3
also shows the number of sample groups found by tikey post-hoc test. Some of the mass
ions are capable of separating samples in ten groumore. Key examples of known, highly
discriminant mass ions are methanol (m/z 33), itrml (m/z 73), 3-methylbutanal (m/z 87),
2- and 3- methylbutanol (m/z 89), 3-methylbutenatd (m/z 101) and 3-methylbutanoic
acid (m/z 103). Most of these compounds have beported as products of catabolic activity
(Roze et al.,, 2010; Thonning Olesen & Stahnke, PO@hce the database had been
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depurated, the only high correlation (r>0.95) betwdéwo mass ions was between m/z 45

(ethanol) and m/z 71 (3-methylbutanol acetate).

Table 5.3. Relevant mass ions in green coffee hepdse of 34 international coffee samples analyseding

PTR-MS - tentative identification and number of Tukey groups.

m/z Tentative identification Number of groups of
ratio samples using Tukey
post-hoc analysis
29 | Unidentified, fragment of ethan®l 5
31 | Formaldehyde fragmefit 15
33 | MethanoP* 13
41 | Unidentified 12
42| Acetonitrile® 7
45 | Acetaldehydé 2
47 | Ethanof 7
55 | Butanaf 5
57 | Alcohol fragment 6
61 | Propanol?, acetic acid, methyl formatB , acetate 1
fragment®
65 | Ethanol(HO)? 9
69 | Isoprenéd, octanal fragment, 1-octen-3-ol fragmént
71 | Fragment of 3-methylbutanol acetate
73 | Isobutanal, Butanal, Butanohe 10
75 | Propanoic acid, Butanol, Isobutarfgl fragment of 6
short-chain fatty acid (odd carborfs)
81 | Pyraziné 4
85 | Methyl butenaP, alcohol (1-hexenol, nonanol), ester
fragment
87 | 3-Methyl-2-buten-1-ol, B-butenoic acid, 3-methyl 10
butanal, 2,3-butanediofie
89 | Isopentanol, pentanol, isobutanoic acid, 2-methy 12
butanol, 3-methylbutanél
97 | Z,4E-Hexadienaf 11
99 | Z-Hexenaf 8
101 | Hexanal, 2,3-pentanedione, 3-methyl butendit®ac 10
103 | 3-Methyl butanoic acid, pentanoic acid, 1-hekan 14

(a) Identification reported by Yeretzian et al. (2002).
(b) Identification reported by Romano et al. (2014)
(c) Identification reported by Soukoulis et al. (2013)
(d) Personal communication — P. Silcock.

(e) Identification reported by Ezra et al. (2004)
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The PCA of the significant PTR-MS data explained Wariability in a total of 22 factors.
However, 83.6% of the variability was explainedtbg first three factors (F1 to F3). Factors
1 and 2 (F1 and F2) represented 59.7% and 14.9%eofariability. Figure 5.2 presents the
projection of the significant mass ions on F1 arl E9 of the mass ions were best
represented by F1, as explained by the fact tleat syuare cosines were largest for F1 than
for any other factor. It seems F1 is best descrlipedome products of amino acid catabolism
(Roze et al., 2010; Thonning Olesen & Stahnke, 20&8lthe main contributing mass ions to
F1 were m/z 87 (3-methyl-2-buten-1-olE-Butenoic acid, 3-methyl butanal or 2,3-
butanedione — 6.79%), m/z 85 (methyl butenal, lehek nonanol), ester fragment — 6.56%),
m/z 69 (isoprene, octanal, 1-octen-3-ol — 6.38%) amz 71 (3-methylbutanol acetate —
6.16%). F2, on the other hand, is best describenhéthanol, as the main contributing mass
ions to F2 were m/z 33 (methanol — 18.76%) and3t/@ormaldehyde — 16.56%).
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Variables(axesFlandF2:74.57%)

0.75

0.5

0.25

F2(14.85%)

-0.5 T m/z61 m/z55

-0.75

F1(59.72%)

Figure 5.2. Principal component analysis (PCA) mapepresenting the projection on F1 and F2 of the

significant (p<0.05) mass ion (m/z) values for 34gen coffee samples, evaluated using PTR-MS.

Figure 5.3 presents the projection of samples oarfellF2 of the PCA of significant PTR-MS
data. The placement of samples along F1 (59.7%acd#bhility) suggests an effect of both
geographically localised factors and processingpfacon the green bean headspace VOCs.
From the point of view of the effect of origin, tte negative end of F1, samples HNX
(natural) and HWX (washed) can be found — both ognfiiom the state of Hidalgo, Mexico.

Next to the right, all Brazilian (starting with 8" — enclosed in the ellipse) and Dominican
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Republic (starting with ‘D’) samples from all mettware clustered on the negative side of
F1. However, for some regions, the effect of precesseems to be larger than that of the
geographical factors: washed samples from the sta@hiapas, Mexico (starting with ‘MW")
are located on the negative side of F1, while @@nal ones (starting with ‘MN’) are on the
positive side, with MNT next to the positive endchal is the same case with Colombian
(starting with ‘CW’ for washed and ‘CN’ for natuyadamples and also samples from the state
of Veracruz, Mexico (starting with ‘VW’ for washeand ‘VN’ for naturals). In fact, all
washed samples are located in the leftmost twaldhif the negative side of F1. The natural
samples accompanying the washed samples on théiveegmle of F1 (HNX, BNO, BNI,
BNX, DNT, ENX) have a headspace profile similarthe washed and may have presented
little catabolic activity compared to other natgralhe reason for this may be a shorter
fermentation time due to a faster drying rate s thill be further explored in Chapter 6. On
the other hand, all samples on the positive sidélofare natural, suggesting a processing
effect in the increase of most significant m/z,lgably due to catabolism of the coffee pulp
compounds. All Nicaraguan samples (starting withNirn- enclosed in the ellipse) are found

in the positive side of F1.

The variation along F2 was not as clear as along~Bwould suggest a geographical effect,
rather than a processing effect, on the conceatrasf methanol. All the Chiapas samples
were highest along F2, regardless of their prongssiethod. On the other hand, Colombian,

Veracruz and some Nicaraguan samples tended to thleemegative side of F2.
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Observations (axes F1 and F2: 74.57 %)
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Figure 5.3. Principal component analysis (PCA) mapepresenting the projection on F1 and F2 of the
headspace from natural (circle), washed (triangleand pulped-natural (square) coffees for 34 green lam

samples, evaluated using PTR-MS.

5.3.2 ldentification of odour-active compounds from GC-MS/O data

The analysis of GC-MS/O aromagrams of 5 SPE roasifde headspace concentrates from
5 assessors revealed 60 odour-active peaks (TahleTable 5.4 indicates the retention times
and Kovats retention index (KI) for each odoursaetipeak, the frequency of assessors
detecting it and the sum of intensities rated by #issessors. The sum of intensities was
preferred over the intensity average as it refldoesnumber of assessors detecting the peak.
The representative character descriptor of eack waa selected from the descriptors elicited

by the assessors.

The samples were selected from the set assessdigebgxpert (5.2.4.1) with the aim of
covering the widest range of odour-active peake Bhsamples selected include a natural
‘Bourbon’ varietal from Nicaragua (NNB2), a washedffee from Hidalgo, Mexico
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(unknown varietal — HWX), a natural ‘Typica’ vamétfrom Chiapas, Mexico (MNT), a
natural ‘Yellow Bourbon’ from Guatemala which wasasted months after the previous
samples (GNW — only used for odour identificatiord anot included in the other analyses)
and a sample from the drying rate study (Chaptewbich is a natural ‘Typica’ varietal from
Veracruz, Mexico (7B). Most of the peaks were shdwnall samples, although intensities
were different. Some peaks were absent from omease samples: the peak between 7.8 and
8min (apple) was not detected in the washed cofiéso, not present in the washed coffee
were peak 23 (resinous), 25 (watermelon), 32 (gar8v (rancid butter), 48 (dusty/tobacco).
Other peaks were absent from one or more of theadagamples: 14 (potato), 16 (stinky), 19
(resinous), 22 (mushroom to cinnamon), 34 (flatcégn 38 (roses), 39 (cucumber), 43
(oniony or spicy), 44 (cabbage), 45 (earthy chde®)ad7 (rancid butter), 51 (fermented,
tropical fruit), 52 (sweet/tobacco), 59 (tea-rossfg) and 60 (pipe tobacco). Due to the small
number of samples, no conclusions can be made fhmwe differences in the olfactory
profile; however, this situation reflects the coexity of coffee as a product and the diversity

of the overall sample set.

The first 7 peaks in Table 5.4, prior to 8 min efention time, appeared before the solvent
delay time, and thus this region was investigatssthgy SH-GC-MS/O (5.2.6). Table 5.5
shows the result of SH-GC-MS/O for the region eglant to the solvent delay time in the
SPE-GC-MS/O. In this region, 10 odour-active peakse detected using SH-GC-MS/O, 7 of
which were identified and 5 of which were able &rbatched with the SPE-GC-MS/O peaks
from the same region. The known, odour-active peadkstified by SH/GC-MS/O were
integrated for all samples and later added to #iteasgt of known, odour-active peaks from
SPE-GC-MS/O.
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Table 5.4. Odour active peaks of 5 roasted coffearaples measured through SPE-GC-O using 5 assessors

— for each peak, peak number, onset retention tim@RT), Kovats index (KI), main character, frequencyof

assessors detecting if ¢ includes duplicates) and sum of intensities ratedy).

o - Sample | Sample Sample Sample S .
— . ample
|5 2 |& 2| | Represemaive | nng2 | Hwx MNT GNW i
S 2 E |2 E character
o o) w fl X [f]| X f i f i f i
a 4.8 5 857 Solvent K 172 4 159 |3 D0 |4 152 | 3 93
a 54 6 881 Peanut b 112 |5 187 5 307 5 230 5 156
a 6 6.2 916 Toasted bread 5 219 |6 285 | 6 P48 | 5 254 | 421 |1
a 6.7 6.9 930 Ethanol/Fruity b 250 |4 120 |4 187 | 6 2231 142
a 6.9 7 945 Ethanol/Fruity K 15p 116 5 1p2 6 217 2 22
1
a 7.1 7.5 959 Peanut to fruity O 431 |8 4 900 498 0 507 0 523
a 7.8 8 972 Apple 5 224 ] D ¢ 183 7 290 3 140
Butter (sometimes
8 8 8.3 993 . 6 382| 8 517 8 501 466 te] 480
to fruity)
9 8.8 9.1 1027 Apple 2 54 B 69 6 212 6 167 2 89
10 9.7 10 1061 Strawberry 8 301 |3 40 9 440 437 9 366
11 10 10.2| 1069 Butter € 30p 9 334 0 491| 8 447 7 334
12 10.2 10.4| 1075 Blueberry 7 416 |1 33 |7 358 | 8 486 | 6 9 |29
13 11.7 119/ 1131 Blueberry 6 283 |6 344 |4 220 | 5 P87 | 6 29 |3
14 13 13.1 1177 Potato D 0 1 15 2 r3 0 0 0 0
15 13.7 13.8 12085 Caramel 3 129 |1 4 |0 0 0 0 1 86
16 14.2 14.3| 1213 Stinky 2 108 0 0 |3 161 |0 0|0 0
17 15.2 15.3 1242 Berry 4 116 3 144 2 108 | 4 57 2 32
18 15.5 15.6 1251 Caramel 1 90 |1 18 6 186 2 26 0 0
19 16.7 16.8 1287 Resinous 2 89 (3 139 0 0 2 155 0 0
20 17 17.1 1298 Ethanol/Winey n 87 |2 27 8 291 1 4 | 4 56
21 17.2 17.4| 1302 Musty cloth P 113 |2 8 |3 188 | 5 195 | 3199
Mushroom to
22 17.6 17.9 1314 ) 2 133| 1 58 3 118 3 20b 0 (0]
cinnamon
23 18.3 18.4 1333 Resinous 1 53 |0 0 1 25 3 146 1 45
Ethanol to
24 18.6 18.7 1345 ) 7 240| 2 71 3 56 1 158 70
Fruity/Caramel
25 20.1 204 1393 Watermelon 4 162 (O 0 1 23 6 P01 3 77
Ethanol / Caramel
26 20.5 20.7 1404 . 2 25| 1 11 6 239 5 134 92
fruity
27 211 21.3 1425 Rubber P 109 |1 51 4 280 | 4 181 4 159
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o - . Sample | Sample Sample Sample e A
%5z g | | Representaive | \ngy | Hwx MNT GNW §
S 2 E |8 E character
a | O e fl =i [f| =i |f]| X f i f p
28 21.3 215 1429 Earthy/Chocolat 4 187 |1 74 | 5 P87 | 42912 4 119
29 21.7 219 1450 Potato 5 295 |7 4p01 6 392 | 6 B84 | 6 348
30 21.9 22.1] 145§ Earthy/ChlocoIaty 8| 390| 7 386 9 456 ) 53b 283
to Fruity
31 22.2 22.4] 1463 Vinegar 4 268 80 281 | 8 476 | 3 194
32 224 22.6 1465 Earthy ) 161 |0 0 01 1 60 | 4 164
33 22.8 231 1478  Earthy/Chocolat 8 507 |7 339 8 116 | 8362 | 8 436
34 23.4 23.6| 1502 Flatulence 1 14 |1 83 |1 71 |1 32| 0 0
35 23.6 23.8 1510 Earthy/Chocolaty 8| 322| 9 399 479 7 373 398
and Fragrant 0 0
36 24.3 245| 1534 Fragrant o 9| 480| 8 466 9 494 ) 453 542
‘Poblano’ chilli 0
37 245 24.6 1549 Rancid butter 2 73 |0 0 2 17 84 1 52
38 24.6 24.7 1548 Roses (0] 0 (1 b4 2 133 0 1 22
39 24.8 249 1555 Cucumber 99 |1 70 2 11 P65 | O 0
40 25 25.2 1576 Tropical fruit Y 79 1 24 1 42 |4 250 1 11
41 25.4 25.6| 1588 Earthy/Chocolat 1 10 |9 284 | 9 421 | 1 9|78 310
42 25.7 25.8 1593 Fruity/Spicy 1L 7M. 1 14 1 40 1 19 | 2 9|5
43 25.8 26| 1599  Oniony or spicy 3 129 |1 5 1|0 0 |2 108 | 2 59
44 26 26.1| 1614 Cabbage 0 0 |6 2B3 |7 212 | 1 51| 3 199
45 26.2 26.3| 1613 Earthy/chocolaty 0 0|2 77 |2 132 | 3 7 p0OO 0
46 26.3 26.5| 1614 LPG 3 132 1 20 |2 1p6 | 4 239 | 1 38
47 26.5 26.7 1637 Rancid butter 0 0 |1 17 |0 0|2 81 1 36
48 26.7 27 1643 Dusty/Tobacco 1 89 |0 0 1 39 | 2 95 1 39
49 26.9 27| 1645 Mushroom 3 163 |2 80 |5 219 | 6 361 | 4 245
50 27 27.2| 1657 Basmati rice 0 633 | 9| 483 0 596 0 698 (1) 497
51 27.2 274 1677 Fermented/Tropic 3 141 2 177/ O Q (¢ 246 19
al fruit
52 27.4 275 1683 Sweet/Tobacca 0 0|1 72 2 78 1 93| O 0
53 27.8 28 1687 Boiled beef 4 153 |4 147 |4 142 | 5 P20 | 2 8|1
54 28.3 285 1705 Tobacco 3 110 |3 1p5 3 154 | 3 189 | 3 70
55 28.6 29.1] 1749 Tobacco 4 252 |3 2p3 | 2 143 | 5 316 | 4 6 |15
56 29 29.1| 1766 Pipe tobacco 3 207 |1 12 | 3 152 | 1 62| 307 |2
57 29.2 294 1786 Skunky 1L 4 1 6 1 43 |5 190 | 3 61
58 294 29.5 1800 Caramel 1 34 104 1 37 | 3 93 1 48
59 29.7 29.9| 1809 Tea-rose/Dusty 0 9 367 | 7 804 | 3 73 138
60 29.9 30| 1853 Apple/Pipe D b |3 137 [3 2p5 |1 97 | 0 0
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o - Sample | Sample Sample Sample s .
— g ample
S |S 2 |z | | Reeesenaive | \ng2 | Hwx MNT GNW §
i 2 E |8 E character
a |0 w f| Zi |f] Zi Ti | f | mi f | i
tobacco
61 30.1 30.5 1880 Walnuts 3 164 2 90 6 P76 4 169
62 30.5 30.8 1892 Walnuts 6 266 5 322 6 P94 | 4 5 |21
63 30.8 31 1926 3 51 B 12 3 204 |4 199 | 2 75

(@) The first 7 peaks were detected during the MS sldelay time. This region was later covered uslatp from

SH-GC-MS.

Table 5.5. Odour active peaks in the first region fothe SH-GC-MS/O chromatogram (corresponding to

the solvent delay region of SPE-GC-MS) — peak numberepresentative character, identified compound

and possible equivalence to SPE-GC-O. (-) — no data

2 : - Possible matching descriptor
é Descriptor from SH-GC-MS/O Identification o S G0
o
1 Flatulence Methanethiol Solvent
2 Honeyed/Peanuty Acetaldehyde Peanut
3 Burnt Dimethyl sulphide -
4 Lemony Methyl formate -
5 Nutty/Ricey, Cucumber Furan -
6 Peanuty/Fruity/Chocolate Propanal, 2-methyl Tahbbtead
- Skunky/Resinous Unidentified -
- - Unidentified Ethanol/Fruity
- - Unidentified Ethanol/Fruity
7a Toasted bread/Peanut/Fruit Butanal, 2-methyl Rdarfruity
7b - Butanal, 3-methyl -
- Apple Unidentified Apple
8 Fresh butter 2,3-Butanedione Butter (sometimédsuity)

(@) Unidentified peaks were not assigned a number.

The odour-active peaks of Table 5.4 were invesman order to identify them (5.2.8.2).

Table 5.6 presents all the odour-active peaks\lese able to be identified, based on their

mass spectra profile, retention index and odourather. Peaks 1 to 7b were incorporated

from the SH-GC-MS/O results. A letter was addeth®peak number to indicate when a co-

elution of two or more compounds was detected .-bo¢h 2-methylbutanal (peak 7a) and 3-

methylbutanal (peak 7b) may be responsible for tthested bread/peanut/fruit character

reported. In some cases, like peaks 10, 16, 1an#560, a co-elution was found, but one of
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the co-eluting compounds was not likely to be resyae for the odour activity and was thus

left out of the table. Table 5.6 also includes @#S registry numbers of the identified peaks

and reports the mass ion used for single-ion iategr of each peak. Overall, excluding the

internal standard (fenchyl alcohol — peak 42), #l6w-active compounds were identified,

belonging to the following classes: alcohols, aldkds, ketones, acids, esters, lactones,

furans, pyrazines and sulphur compounds (FlameBégsiére-Thomas, 2002).

Table 5.6. Identified odour-active compounds usedof semi-quantification from GC-MS data - peak

number,olfactory character, compound name, CAS numeér and ion used for peak integration.

o S~
% GC-O Character Identified compound name CAS No % %,
o e 2

1@ Flatulence Methanethiol 74-93-1 4y
2° Honeyed/Peanuty Acetaldehyde 75-07-0 14
3° Burnt Dimethyl sulphide 75-18-3 47
4° Lemony Methyl formate 107-31-3 6(
5°@ Nutty/Ricey, Cucumber Furan 110-00-9 39
6° Peanuty/Fruity/Chocolate 2-Methylpropanal 78-84-2 2 ¥
7a® Toasted bread/Peanut/Fruit 2-Methylbutanal 96-17t3 57
7b? Toasted bread/Peanut/Fruit 3-Methylbutanal 59(3-86- 44

8 Butter (sometimes to fruity) 2,3-Butanedione 43180 | 43
10b Strawberry Ethyl 2-methylbutanoate 7452-79-1 2 10
11 Butter 2,3-Pentanedione 600-14-6 100
12 Blueberry Ethyl 3-methylbutanoate 108-64-5 8
16b Stinky 3-Methylbutan-1-ol 123-51-3 42
17a Berry Pyrazine 290-37-9 53
18 Caramel Furfuryl methyl ether 13679-46-4 81
19a Resinous 3(2H)-Furanone, dihydro-2-methyl- 3088 | 43
19b Resinous 2-Methylpyrazine 109-08-p g
21 Musty cloth 2-Butanone, 3-hydroxy- 513-86-p 43
22a Mushroom 1-octen-3-one 4312-99-6 55
22b Cinnamon 2-Propanone, 1-hydroxy- 116-09:6 74
24a Ethanol to Fruity/Caramel 2,5-Dimethylpyrazine 2382-0 42
24b Ethanol to Fruity/Caramel 2,6-Dimethylpyrazine 0850-9 39
24c Ethanol to Fruity/Caramel 2-Ethylpyrazine 139P63 | 53
25a Watermelon 1-Hydroxy-2-butanone 5077--67-8 88
26a Ethanol/Caramel-fruity 2-Ethyl-6-methylpyrazine 13925-03-6| 121
26b Ethanol/Caramel-fruity 2-Ethyl-5-methylpyrazine 13360-54-0| 121
28 Earthy/Chocolaty Pyrazine, trimethyl- 14667-5%-142
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o S~
% GC-O Character Identified compound name CAS No % %,
o E ©
31 Vinegar Acetic acid 64-19-7 60
32 Earthy Pyrazine, 3-ethyl-2,5-dimethyl- 13360%65- 135
33a Earthy/Chocolaty 2-Propanone, 1-(acetyloxy)- -39 43
33b Earthy/Chocolaty Furfural 98-01-1 39
35 Earthy/Chocolaty and Fragrant Furfuryl formaie-¢tuted) 13493-97-4 81
36 Fragrant to Poblano chilli Pyrazine, 2-methox{23anethylpropyl)- 24683-00-9 124
37 Rancid butter Propanoic acid 79-09-4 T4
38 Roses 2-Furanmethanol, acetate 623-17-6 81
40 Tropical fruit 2-Methylpropanoic acid 79-31-2 43
42 Fruity/Spicy Fenchyl alcohol (internal standard) 1632-73-1 81
43 Oniony or spicy 5-Methylfurfural 620-02-0 53
45 Earthy/chocolaty Dimethyl sulfoxide 67-68-5 63
47 Rancid butter Butanoic acid 107-92-6 60
50 Basmati rice y-Butyrolactone 96-48-0 42
5la Fermented/Tropical fruit 3-Methylbutanoic acid 503-74-2 60
51b Fermented/Tropical fruit 2-Methylbutanoic acid 116-53-0 74
56 Pipe tobacco 2,5-Furandione, 3,4-dimethyl 76@39 54
57 Skunky 2(5H)-Furanone 497-23-4 56
60b Apple/Pipe tobacco Hexanoic acid 142-62t1 60
63 Burnt Dimethyl sulfone 67-71-0 79
(a) Peaks 1 to 7b were incorporated from SH-GC-MS/@ (&R2.6). The rest of the peaks were taken frois-GE-
MS/O data (5.3.2).
5.3.3 Semi-quantification of odour-active compounds in HE-SPE concentrates

and static headspace of coffee grounds from GC-MSd  ata

The known, odour-active compounds of Table 5.6 wetegrated and the resulting dataset
was investigated using ANOVA (5.2.8.3). The 10 coopds that were found to be

significant at a level of p<0.05 were acetaldehypeak 2), dimethyl sulphide (peak 3),

methyl formate (peak 4), ethyl 2-methylbutanoatealp10b), ethyl 3-methylbutanoate (peak
12), 3-Methylbutan-1-ol (peak 16b), 2-ethyl-6-méflyyazine (peak 26a), 3-ethyl-2,5-

dimethyl-pyrazine (peak 32), furfural (peak 33byarbutyrolactone (peak 50). Another 11

compounds were found to discriminate samples at walpe between 0.05 and 0.15:
methanethiol (peak 1), 2-methylpropanal (peak énethylbutanal (peak 7a), pyrazine (peak
17a), 3-hydroxy-2-butanone (peak 21), 1-hydroxyr@sanone (peak 22b), 2-ethylpyrazine
(peak 24c), 2-ethyl-5-methylpyrazine (peak 26b)uznmethanol acetate (peak 38), 5-
methylfurfural (peak 43) and dimethyl sulfoxide §ge5).
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The semi-quantified data for all 21 compounds sigant at values of p<0.15 (Appendix 4)
were investigated using a PCA. High correlatior®0, Pearson (n-1) coefficient) were
found between 2-methylpropanal and 2-methylbutdretiveen 2-ethyl-5-methylpyrazine and
3-ethyl-2,5-dimethyl-pyrazine, between acetaldehyaled methyl formate, between 1-
hydroxy-2-propanone and furfural, and between Zdptlmazine and 2-ethyl-5-
methylpyrazine.

The PCA of the significant GC-MS/O data explaine thariability in a total of 21 factors.
However, 81.2% of the variability is explained lne tfirst four factors (F1 to F4). Factors 1
and 2 (F1 and F2) represent 29.4% and 24.0% ofvaénebility. Figure 5.4 presents the
projection of the significant odour-active composrah F1 and F2. F1 is the factor that best
represents 9 of the compounds, as explained bYattieghat their square cosines are largest
for F1 than for any other factor. The main conttibgi compounds to F1 were methyl formate
(peak 4 — 9.83%), 1l-hydroxy-2-propanone (peak 228.75%), acetaldehyde (peak 2 —
9.50%) and furfural (peak 33b— 9.41%). Methyl fotengs found in green coffee but its
concentration increases during roasting, possihig tb the esterification of formic acid
(Flament & Bessiere-Thomas, 2002), which in turfiorsned by the degradation of sucrose
during roasting (Ginz, Balzer, Bradbury, & Maief)@®). In this study, methyl formate was
highly correlated with acetaldehyde, which in cefie mainly produced by sugar pyrolysis
during roasting (Flament & Bessiére-Thomas, 2002)ydroxy-2-propanone has been linked
to the base-catalysed degradation of fructose (@& Bessiere-Thomas, 2002). 1-hydroxy-
2-propanone was highly correlated to furfural, whis also produced from the thermal
degradation of single sugars (pentoses and gludédanent & Bessiére-Thomas, 2002).
Therefore, F1 seems to be best described as ‘siegaadation products’.

For the case of F2, on the other hand, 5 of thepoumds are best represented by this factor,
based on their square cosines. The main contrdpatimpounds to F2 were 2-ethylpyrazine
(peak 24c — 17.31%), 2-ethyl-5-methylpyrazine (peztb — 15.63%) and 2-ethyl-6-
methylpyrazine (peak 26a — 14.52%). Thus, F2 ist lWescribed by ‘alkylpyrazines'.
Pyrazines result from the Maillard reaction, whistiolves the interaction of free amino acid
and simple sugars in a heated system. 2-ethyl-8yipgtrazine, for example, has been found

in a heated cysteine/glucose model system (FlaeBessiere-Thomas, 2002). Thus, the
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main difference between F2 and F1, at the precdes@i, would be the presence of free

amino acids in the case of F2.

Figure 5.5 presents the projection of samples onafd F2 of the PCA of significant,
tentatively identified, odour-active compounds (#&). The placement of samples along F1
(29.4% of variability) suggests mostly an effectgafographically localised factors. At the
negative end of F1, all Brazilian samples (starivth ‘B’) can be found. Next to the right,
they are followed by samples from Dominican Repuldtarting with ‘D’) and the state of
Hidalgo, Mexico (starting with ‘H’). Colombian sateg (starting with ‘C’) and samples from
Chiapas, Mexico (staring with ‘M’) tend to be cestdron the origin, and most Nicaraguan
samples (starting with ‘N’) are found in the postiend of F1. However, there are some
exceptions: samples NNH and NNY are on the negaigde of F1 — their main difference
with the other Nicaraguan samples is the variegy\NNBIH is a sample of an H2 Hybrid, while
NNY is a ‘Yellow Catuai’ varietal. F1 does not se¢mreflect an effect of processing, as
samples of the same origin seem to be clustereddisgs of their process. Since F1 is related
to sugar-degradation compounds, it is likely thigiorwould have an impact on the amount
of sugars in the beans. Not only do cooler climé&esur a higher sugar concentration (Joét
et al., 2010), but also the harvesting practicaa@gAm et al., 2009), which are geographically
localised; hence a regional impact could be obskorethe sugar concentration of the coffee

beans.
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Variables (axes F1 and F2: 53.50 %)
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Figure 5.4. Principal component analysis (PCA) mapepresenting the projection on F1 and F2 of
significant odour-active compounds (p<0.15) for 34oasted coffee samples, evaluated using GC-MS. Peak
legend: p01, methanethiol; p02, acetaldehyde; pO3limethyl sulphide; p04, methyl formate; p06, 2-
methylpropanal; p07a, 2-methylbutanal; p10b, ethyl2-methylbutanoate; p12, ethyl 3-methylbutanoate;
pl6b, 3-methylbutan-1-ol ; pl7a, pyrazine; p21, Bydroxy-2-butanone; p22b, 1-hydroxy-2-propanone;
p24c, 2-ethylpyrazine; p26a, 2-ethyl-6-methylpyrarie; p26b, 2-ethyl-5-methylpyrazine; p32, 3-ethyl-5-
dimethyl-pyrazine; p33b, furfural; p38, 2-furanmethanol acetate; p43, 5-methylfurfural; p45, dimethyl

sulfoxide; p50,y-butyrolactone.
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The placement of samples along F2 (24.1% of vditgbagain suggests mostly an effect of
geographically localised factors. Colombian samplee located on the negative side of F2,
while Brazilian and Dominican Republic samples faxend on the positive side. The reason
for the placement of the other origins is not aalthough. For example, in the case of the
Chiapas samples, the ones of the ‘Maragogype’ yafdNM and MWM) are located on the
negative side of F2, while the samples of the “Tgpwvariety (MNT and MWT) are located

on the positive side. Thus, an effect of coffeeaggpe may also be playing a role along F2.

Observations (axes F1 and F2: 53.50 %)
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Figure 5.5. Principal component analysis (PCA) mapepresenting the projection on F1 and F2 of natural
(circle), washed (triangle) and pulped-natural (sqare) coffees for 34 samples, evaluated using GC-MS

(known, odour-active compounds significant at a lesf of p < 0.15).

A better separation based on the processing methedms to be given by F3, which
represents 16% of variability. Figure 5.6 showsghgection of the significant odour-active
compounds on F1 and F3. The reason for an explaragdbility lower than 50% is the

choice of factors used for this chart (F1 and E3ppposed to F1 and F2). At any rate, the
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explained variability is still above 45% and fodrtike PCA variables are best represented by
F3, based on their square cosines, which are gsons why this factor is explored here. The
main contributing compounds to F3 are dimethyl sutfe (peak 45, earthy/chocolaty
character — 15.8%) on the positive side and ethylethylbutanoate (peak 10b, strawberry
character — 12.1%) on the negative side of F3. &thgl 2-methylbutanoate is a fruity ester
with a lower threshold than its methyl counterg&tament & Bessiere-Thomas, 2002) and
results from the esterification of 2-methylbutanacid, which in turn is a catabolic

degradation product of isoleucine (Roze et al. ®20honning Olesen & Stahnke, 2004).

117



Chapter 5. Volatile organic compounds [...] from different origins

Variables (axes F1 and F3: 45.43 %)
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Figure 5.6. Principal component analysis (PCA) mapepresenting the projection on F1 and F3 of
significant odour-active compounds (p < 0.15) for 8 roasted coffee samples, evaluated using GC-MS.
Peak legend: p01, methanethiol; p02, acetaldehydp03, dimethyl sulphide; p04, methyl formate; p06, 2
methylpropanal; p07a, 2-methylbutanal; p10b, ethyl2-methylbutanoate; p12, ethyl 3-methylbutanoate;
pl6b, 3-methylbutan-1-ol ; pl7a, pyrazine; p21, Bydroxy-2-butanone; p22b, 1-hydroxy-2-propanone;
p24c, 2-ethylpyrazine; p26a, 2-ethyl-6-methylpyrazrie; p26b, 2-ethyl-5-methylpyrazine; p32, 3-ethyl-5-
dimethyl-pyrazine; p33b, furfural; p38, 2-furanmethanol acetate; p43, 5-methylfurfural; p45, dimethyl

sulfoxide; p50,y-butyrolactone.
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Figure 5.7 shows the projection of samples on FlLRES In this case, the effect of processing
is clearer than in the previous figures using Fdl BR&. Most washed samples are on the
positive side of F3. The two washed samples omégative side are next to the axis. Washed

Chapter 5. Volatile organic compounds [...] from different origins

samples tend to appear displaced to the positide sf F3, relative to their natural
counterpart, which is the case for DWT vs. DNT; HWX HNX; CWX2 vs. CNX2; MWT
vs. MNT, and MWM vs MNM. There are some exceptitmshis, though: BWI vs. BNI, and

VWG vs. VNG. This separation of the processinghuds based on ethyl 2-methylbutanoate

may be due to a fermentation of amino acids incthféee-cherry pulp during drying. On the

other hand, the formation path of dimethyl sulfex@hd the reason why it is higher in some

samples need to be further researched.

Observations (axes F1 and F3: 45.43 %)
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Figure 5.7. Principal component analysis (PCA) mapepresenting the projection on F1 and F3 of natural

(circle), washed (triangle) and pulped-natural (sqare) coffees for 34 samples, evaluated using GC-MS

(known, odour-active compounds significant at a lesl of p<0.15).
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Going back to the ANOVA of the known, odour-acts@mpounds (5.3.3), the 3 compounds
that presented a value of p>0.70 (and thus diddmariminate) were 1-octen-3-one (peak
22a, mushroom, p=0.896), trimethylpyrazine (peake28thy/chocolaty, p=0.728) and 2(5H)-
furanone (peak 57, skunky, p=0.712). These compmouadld contribute to the generic odour
of coffee. For example, 1-Octen-3-one is formedirduautoxidation of linoleic acid and
methyl-linoleate (Flament & Bessiere-Thomas, 20@2) is in the list of potent odorants of
green arabica coffee (Czerny & Grosch, 2000). Tilnyleyrazine may be formed by
condensation of pyruvaldehyde with biacetyl, inwadythe Strecker degradation of an amino
acid, and it has the lowest odour threshold amoongan di-, tri- and tetramethylpyrazines
(Flament & Bessiére-Thomas, 2002).

5.3.4 MFA including the Descriptive Cupping dataset

The links between the coffee flavour profile and WOC profiles in the coffee headspace
were explored using multiple factor analysis (MFA.2.8.4). Two tables were kept active in
the MFA: the Descriptive Cupping descriptors fromapter 4 and the GC-MS/O significant
(p<0.15) odour-active compounds (5.3.3). The actaldles have an RV coefficient (see
Chapters 3 and 4) with the MFA of 0.874 and 0.8&3pectively, indicating both are well

represented by the MFA. Both active tables hav®¥ncoefficient between them of 0.532,

indicating there is some correlation between thecdgtors and the GC-MS/O compounds.
The MFA resulted in a total of 31 factors (sum mfe@values = 7.316). 76.06% of the total
variability was represented in the first 8 factors.

Figure 5.8 shows the projection of both activedalin factor 1 (F1) and factor 2 (F2) of the
MFA. The combined explained variability of F1 af#l is 39.10%, due to the low variability
of the descriptor dataset, which was discussed3rb4nd 3.3.2 (large number of descriptors

and possible limitations in the cupping method).

F1 explains 24.23% of the variability. Factor ltlué descriptive table and factor 1 of the GC-
MS table are correlated at a level of 0.689, immdythe main source of variability for both
tables can be explained by F1. The contributiothefflavour descriptor table to F1 is 50.7%
while the contribution of the GC-MS/O compounds4@.3%, implying both tables are
contributing equally to F1. The squared cosinebath tables are highest for F1 (0.524 and
0.484, respectively for the descriptors and the NB®IO compounds), which means F1 is the

120
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factor best representing both tables. Overall, 4 key factor for the interpretation of the
MFA.

The main contributing flavour notes to F1 werepical-fruity (4.63%),red-fruity (4.40%)
and sweet-acid(4.12%), all of them contributing to the positisiele of F1. On the negative
side,phenolic(3.60%) andiry acid (2.51%) were the main contributing variables. Tikig
line with the NSCA of descriptors (4.3.4) and agamplies that fruitiness is the main
discriminating character between the samples. @nathmer hand, the main contributing
odour-active compounds to F1 were 2-methylpropdpebdk 6, peanuty/fruity/chocolate —
5.40%), ethyl 3-methylbutanoate (peak 12, blueberg:25%) and ethyl 2-methylbutanoate
(peak 10b, strawberry — 5.03%), all of them comnitilg to the positive side of F1; also, all of
these are products of catabolic degradation of anaicids and compounds with a fruity
character. It seems clear that fruitiness — or Modfaracter — which is the main
discriminating character among these samples geliarcorrelated to the ethyl esters of
branched-chain fatty acids and other catabolic atéagron products of valine, isoleucine and
leucine. Flament and Bessiére-Thomas (2002) reperfollowing character notes for these
compounds: overripe-fruit for 2-methylpropanal, diderry and fruity for ethyl 3-
methylbutanoate, and apricot, apple and strawlerrgthyl 2-methylbutanoate, confirming
the character found in this study by the GC-O pahie¢se findings also confirm the personal
communication of T. Hofmann, cited by Folmer (2Q1lelating the fruity character of a
natural coffee from Peru to the ethyl esters ohbhad-chain fatty acids. These branched-
chain fatty acids do imply the initial presencefrele amino acids, but more importantly, the

presence of catabolic metabolism during processing.

Few compounds contribute to the negative side oftlke main one is methanethiol (peak 1,
flatulence) with 1.69% of contribution to F1. Acdorg to Flament and Bessiére-Thomas
(2002), methanethiol is the pyrolysis product oftmnine, may also be produced in
reactions involving cysteine and sugars, and ptes&fvery objectionable, rotten-cabbage
odour”. In the MFA, methanethiol is most closely correthtto thefungal and pungent
descriptors, all in the same quadrant. For methawdb be produced, amino acids need to be

available intact (i.e. no degradation by catabdactions).

F2 of the MFA explains 14.9% of variability. The imaontributing descriptors to F2 are
pyrolytic (6.77%), chocolaty (5.29%), toasty (4.86%) andcaramelly (4.59%), all on the
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positive side of F2. On the other hand, the mamirdauting odour-active compounds to F2
are 2-ethylpyrazine (peak 24c, ethanol to fruitsdoael — 9.62%), 2-ethyl-6-methylpyrazine
(peak 26a, ethanol/caramel-fruity — 9.21%) and I8Aes-methylpyrazine (peak 26D,
ethanol/caramel-fruity — 8.05%). The formation dkyéfpyrazines as Maillard reaction
products was discussed in 5.3.3. Flament and Bes$§omas (2002) report a nutty, roasted,
green, sweet, buttery and rum character for 2-ptigzine; a hazelnut-like character for 2-
ethyl-6-methylpyrazine, and a sugar-syrup chardote2-Ethyl-5-methylpyrazine. F2 is thus
clearly a factor associated to the Maillard-produand their corresponding caramelly and
toasty flavour notes. From the point of view of qnesors, F2 implies the presence of free,
non-degraded amino acids, which are possibly forbmethe induction of germination during
processing (Bytof et al., 2005).
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Variables (axes F1 and F2: 39.10 %)
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Figure 5.8. Multiple factor analysis (MFA) map representing the projection on F1 and F2 of descriptor
subgroups (circle) and significant (p<0.15) odour-eéive compounds (triangle, see peak legend in Table
5.5).

Figure 5.9 presents the projection of the significRTR-MS m/z, from the green bean
headspace, as a supplementary table on the preMiBAs As it is a supplementary table, the
degree of correlation of the PTR-MS data is notnogk but it still shows some correlation:
the RV coefficient of PTR-MS data with the MFA 507, while its RV coefficients with the
descriptor table and the GC-MS/O table are 0.441(aA62 respectively. The square cosine
of the PTR-MS table for F1 is 0.831, meaning thd&RFIMS data are mostly represented by
F1. The main contributing PTR-MS mass ions to FElrafz 45 (acetaldehyde, 0.80%), m/z 71
(3-methylbutanol acetate, 0.79%), m/z 87 (3-Me@wduten-1-ol, E-butenoic acid, 3-methyl
butanal, 2,3-butanedione 0.78%) and m/z 9%,4P-Hexadienal, 0.73%) — see Table 5.3.
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Most of these compounds have been reported as rigatten products (Rodriguez et al.,
1969; Roze et al., 2010; Thonning Olesen & Stah@R84). The acetaldehyde, together with
ethanol — which in fact have a correlation of 0.88&h each other in the green beans
(Pearson (n-1) coefficient — see 5.3.1) — may leta@ to the ethyl part of the fruity ethyl
esters found by GC-MS/O. On the other hand, m/is&€lated to 3-methylbutanal, which
may be taking part in the formation of 3-methyllmdgiz acid. These correlations suggest that
the analysis of the green bean headspace can helprstand the formation of flavour
compounds from the precursors in the green beamdrgation products, specifically, seem
to vary significantly in the green bean headspauwt ta be correlated with some specific

flavour compounds in the roasted bean.

124



Chapter 5. Volatile organic compounds [...] from different origins

Variables(axesFlandF2:39.10%)
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Figure 5.9. Multiple factor analysis (MFA) map representing the projection on F1 and F2 of descriptor
subgroups (circle) and significant (p<0.15) odour-gtive compounds (triangle) as active tables, and
significant (p<0.05) PTR-MS m/z values (squares) asipplementary table. Only key labels are shown, to

improve readability. See the other labels in Figuré.8.

Figure 5.10 maps the samples on F1 and F2 of tha.MFsimilar configuration to the one

previously produced by the CA of the descriptorigyFe 4.1) is found here. Following F1
from left to right, Brazilian samples are locatedan the negative end, followed by the
Dominican Republic and Hidalgo (Mexico) samplesenthby Colombian and Chiapas
(Mexico) samples, and Nicaraguan samples tend toda#ed near the right end of F1. The
effect of geographically localised factors seemsemmportant than the effect of processing.
Those geographically localised factors, once agare not limited to the strictly

environmental factors such as climate and soil.yTihnelude the choice of coffee varieties
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used in different regions, the farming practicegrvhsting practices and processing
technologies. All other things being equal, a nfgictor such as the harvesting practices still
could be potentially responsible for many of thi#edences found here: in regions where the
harvest is done using machinery, like Brazil (Métestis, 1998), the average ripeness of
coffee cherries tends to be lower than when sekeqticking is used, like in Nicaragua
(Craipeau, 1992). The average ripeness of the eaffierries impacts directly the contents of

sugars, amino acids and other precursors.

Observations (axes F1 and F2: 39.10 %)
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Figure 5.10. Multiple factor analysis (MFA) map repesenting the projection on F1 and F2 of natural
(circle), washed (triangle) and pulped-natural (sqare) coffees for 32 samples, evaluated using the

Descriptive Cupping method and GC-MS.

The thermal reactions during roasting still canhdly explain fruitiness — or the Mocha
character — which is the main character differ¢imgasome specialty naturals, as was found
in Chapter 4. The most likely explanation for frugss is the presence of ethyl 2-
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methylbutanoate and ethyl 3-ethylbutanoate (intamdito 2-methylpropanal). For these two
esters to be formed, a sufficient amount of ethamadt be available for esterification with 2-
and 3-methylbutanoic acid. Selmar et al. (2001)ntlghat the differences between the
processing methods are due “tmetabolic reactions within the coffee seeds théfed
markedly depending on the mode of post-harvesttnreat”. Granting that 2- and 3-
methylbutanoic acid could be produced by the coffeerry metabolism (even though they
are also typical fermentation products), the presesf ethanol is most easily explained by a

microbial fermentation. This line will be furthex@ored in the next chapter.

5.4 Conclusion

This complex study focused on investigating thedspace volatiles of the coffee samples
that were analysed through Descriptive Cupping aer 4, in order to understand the link
between the volatile compounds and the sensoryieffnaturals. The main focus was kept
on the odour-active volatiles of roasted coffeejlevthe headspace of the green beans was
studied as complementary data using PTR-MS. Thebeuraf volatiles found in both the
roasted and green bean headspace reflects theeatpaind richness of coffee aroma. Thus,

the data interpretation relied mostly on multivegiand multiple factor analyses.

Important effects on the headspace profile weredoluiom thermal degradation products of
sugars and Maillard reaction products (involvingraacids and sugars). However, the main
factors explaining fruitiness in some naturals e thamous Mocha character and the main
discriminant feature among naturals — seem to lagegk to both amino acid catabolism (of

valine, isoleucine and leucine) and ethanol ferawgon. The esters produced by the ethyl
esterification of 2- and 3-methylbutanoic acid havdower sensory threshold than their
methyl counterparts and present a fresh, red-fehigracter (strawberry, blueberry), which is
the most common description of specialty naturffiees. The conditions for the formation of

the fruity esters in natural coffee will be furtheexplored in Chapter 6.
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6 Effect of drying rate on the sensory flavour prof ile of
natural coffee, as assessed by two independent cupp  ing

panels
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Chapter 6. Effect of drying rate on the sensory...
6.1 Introduction

The previous chapters demonstrated the importah¢keoMocha character, which can be
described as the fruity and winey character presesbme naturals. The Mocha character
was found to be the main characteristic that défiéiated natural coffees and other processing
methods. It also differentiated within the groupnatural coffees, as some naturals lack this
feature. The coffee industry has identified the Mecharacter as a desirable characteristic in
naturals, as long as it is not accompanied by urad#s features, such &salty astringency”
(Davids, 2010).

Previous research (Diaz Pineda & Fernandez Aldye2@iara, 2007b; Fernandez Alduenda,
Diaz Pineda, & Sierra Martinez, 2008) suggestsMloeha character may be linked to the
drying rate during the ‘natural’ process. Furtherey@ variation of the natural process called
‘enmielado’ in Mexico (literally, ‘honeying’ or ‘syping’, which should not be confused with
the term ‘honey coffee’ that is sometimes appliedptulped-naturals) is used by some
producers in Mexico, Ethiopia and Yemen. Duringrteging’, drying is suspended during the
first 8-48 hours after the harvest by piling up tuéfee cherries. The cherries are piled until
their surface becomes sticky, as if covered ingyhence the reference to ‘honeying’. While
producers using this ‘honeying’ process claim fti@sults in a fruitier flavour and a better
acidity (personal communication from H. Diaz Pingdhaere is a lack of supporting scientific

evidence.

Therefore the first aim of this study was to inigete the effect of the drying rates and the
fermentation of the coffee cherries on the senpooperties of the resulting roasted coffee as
determined by the Descriptive Cupping methGtjective 52.2.2.5). The second aim of this
study was to determine the reproducibility of theesBriptive Cupping methodology
(Objective 12.2.2.1) by the comparison of the sensory re$udta two, independent cupping

panels.

In order to achieve those aims, seven differenindryreatments were studied, including the
‘honeying’ process. A washed process witness (whslodfee from the same batch of raw
material) was also included in the study. Raw nigtdreterogeneity was controlled by

subsampling the different treatments from one batatoffee cherries. The drying rates were
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controlled using low-technology techniques whichuldobe available to the typical coffee

producer.

Samples from the different treatments were roaateticupped by two independent cupping
panels — one in New Zealand and the other one iridde The data from both panels was
analysed and compared using the Descriptive Cupggapgoach employed in Chapters 3 and
4,

6.2 Materials and methods

6.2.1 Samples and treatments

6.2.1.1 Raw material

Coffea arabical var. typicawas chosen as the variety used in this study. Vuiety was
selected as it is a parent variety of most cofidavars (Anthony et al., 2002), it is the most
traditional variety in the Western Hemisphere anavidely used in the Mexican regions that

produce natural coffee.

Ripe (completely red) coffee cherries (200kg) weaad-picked on the same morning {26
January, 2013 — day 0) from a single farm at Lauoagvillage, Xico municipality, state of
Veracruz, Mexico, (19.405638°N, 96.949814°W, 1058bove sea level, owned by Mr
Conrado Arenas). The coffee cherries were immensdesh water to remove the floating
cherries (underdeveloped or hollow beans), to Ia¥veir temperature and to wash the cherry
surface so as to reduce the initial microbial IoHte coffee cherries were then transported in
burlap bags to the site where the drying treatmeete carried out. The drying site was about

one hour drive away, at 1250m above sea level.

6.2.1.2 Design of sample treatments

The seven different treatments studied in this wrapere designed based on the hypothetical
microflora that might grow at each region of thgidg curve (Figure 6.1). Figure 6.1 shows
the weight loss and drop in water activity predicter a 10kg batch of coffee cherries during
drying at 25°C. The figure has been adapted framr&2, Goneli, Junior, De Oliveira, and
Valente (2010). According to Silva et al. (2008)sucession of microbial populations take

part in the fermentation of the coffee cherry dgrarying, depending mainly on the water
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activity of the coffee cherry. Bacteria, yeasts amoulds are the main microbial populations
taking part in the fermentation. Each populatiosuggested to be predominant in one of the
regions marked as A (bacteria), B (yeasts) or Cu{d®) in Figure 6.1. In Region A bacteria
may predominate until a water activity of 0.91 &ached. In Region B, yeasts are active
between water activities of 0.91 and 0.85. Belomager activity of 0.85, the growth of mould
is favoured (Silva, 2014).

10.000
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Bacteria

Weight (kg.)
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Yeasts

5.000
Region C
Moulds

I T T T T T T T T T 4.000
1 0.96 0.92 0.88 0.84 0.8 0.76 0.72 0.68 0.64 0.6

aw

Figure 6.1. Weight of a batch of 10kg of coffee chées as water activity (ay) drops at 25°C. Isotherm
created using the Modified Henderson equation fronCorréa et al. (2010). Regions A, B and C show the

main microbial populations (Silva et al., 2008).

The experimental design of the 7 treatments is showTable 6.1. In each treatment,
different microbial populations (bacteria, yeast®ulds) were targeted for a longer (+) or
shorter (-) period of fermentation by manipulatthg rate of drying, to achieve decreased or
increased time in each of the three regions (A,rECp favouring the growth of different

microbial populations. In addition to the 7 natysedcess treatments, washed coffee from the
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same batch of raw material was produced as a witme®rder to have a point of reference in
an analogous way to washed samples in Chapteredchi¢rries for the witness were selected
from the same batch of cherries as used for tlanents, processed as washed coffee, and
dried at a slow rate in order to have a final dgyfime similar to the natural treatment times.

All treatments were dried to a common moisture [I¢V2%).

Table 6.1. Design for drying treatments of naturaktoffee.

Treatment 2 Region AP Region B° Region C¢ Remarks
1 -¢ - - As fast as possible.
2 0 0 0 Normal but steady speed.
3 ++ - - ‘Honeying’ process.
4 - + - Yeasts favoured.
5 - - + Moulds favoured.
6 + + - Bacterial and yeast fermentation.
7 + - - Bacteria favoured

(&) Washed coffee was added to these 7 treatmente/itisess.

(b) Region A — Above 0.91a

(c) Region B — Between 0.85 and 0.Q1a

(d) Region C — between 0.60 and 0.85a

(e) Legend: (-) — Fast drying during this region fasteort fermentation time; (0) — Implies a normalidgyspeed; (+)
— Slower drying during this region for a longernfiemtation time; (++) — Halted drying and piling apcoffee

cherries in order to maximise fermentation durimg tegion.

To shorten or lengthen the duration of fermentatibeach of the three regions (A, B, C), the
rate of drying was manipulated by changing the rdrysurface, drying environment, layer
thickness and turning frequency. The vast majaritpatural coffee producers outside Brazil
still use solar drying. One of the main reasons wigydrying protocol was controlled using
only low-technology methods such as layer thicknasd turning frequency was because

those are the only control variables accessibiadst natural coffee producers.

The drying surfacewas either a concrete patio or raised beds. Therete patio achieved a
higher temperature on sunny days, while the raiset$ are more efficient on cloudy days as
the air can circulate underneath the coffee lalke. dryingenvironmentsvere either inside a
drying hut or outdoors. The drying hut achievesghér ambient temperature but outdoors
drying allows a direct exposure of the coffee desrto solar irradiation on sunny days. The
layer thicknessanged between 10 and 48kdf.rtaken as fresh cherries. Thinner layers allow

a more efficient and even drying. Thening frequencyranged between 0 and 4 times per
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day. Higher cherry turning frequencies allow adastnd more even drying. These variables
were fine-tuned on site depending on the actuayness of each treatment along the drying
curve, aiming at shortening or lengthening thermytime during the different regions shorter
or longer. As an example, this means that if oggorewas meant to be longer, when water
activity reached the appropriate range, the drpirigess was slowed down (taking coffee out
of the drying hut, decreasing the surface areagasing cherry layer thickness, decreasing
cherry turning frequency, and sometimes even bagtwe coffee), in order for coffee to

remain for a much longer time within the requireakev activity range.

A total of 15 samples were produced. The 7 treatsn€hable 6.1) were produced in
duplicate, along with the washed witness. On theaféharvest, a portion (24kg) of the raw
material was separated from the batch so as taaprdpe washed witness. Meanwhile, the

remaining cherries were spread in the drying hutagsed mesh tables overnight.

6.2.1.3 Washed witness

The washed witness was coffee obtained from theeseaw material used for the other
treatments. The washed process employed mimicked tidditional practice and was
equivalent to treatment Wd in Chapter 3. Freshradse(24kg) were pulped in a disc pulper,
then immersed in water to remove the floating bdassally underdeveloped or attacked by
insects), drained and fermented without water férH®urs in a plastic bowl, until the
mucilage disintegrated. The parchment beans werewashed using fresh water and carried
to the same site where the other treatments weng lsarried out in order to be dried. The
parchment coffee was dried outside on a raisee {db6n7) for 14 days and brought indoors
during the nights and rainy days. After drying tonaisture content of 12%, the parchment
coffee was left to stand for 10 days and then Huitea sample huller. The resulting green

coffee was packed in foil bags and brought to NealZnd with the other samples.

6.2.1.4 Drying treatments

On the morning of day 1 (27of January), the batch of coffee cherries werddeiv to
fourteen 12kg portions. Seven different drying timeents were applied (Table 6.1) in
duplicate until a final moisture level of 12% wash&ved. The drying period of the

treatments varied from 17 to 24 days.
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Treatment 1. Coffee cherries were left in the drying hut foe tivhole of the drying process.
For the first two days, the 12kg of coffee chernesre spread on Inblack plastic mats.
From the 8 day onwards, the coffee was spread on the confioetewith the aid of four
0.25nf wooden frames. This coffee received a high turfitaguency (about hourly between

11 a.m. and 4 p.m.). Treatment 1B was ready orildayhile 1A was ready one day later.

Treatment 2. Coffee cherries for this treatment were spreakdl1@f fresh cherries over

0.81nf) on a mesh raised table for the whole drying geriche batch received a high turning
frequency and was left outdoors as long as posdibleas brought indoors in the evenings
and on rainy days. This treatment was ready on2dayOn two very rainy days towards the

end of the drying it had to be kept in a bag inddorprevent absorbing moisture.

Treatment 3. This is what in Mexico is traditionally called thgoneying’ natural process.
From day 1 until day 3, the coffee was piled insideden frames (12kg of fresh cherry over
0.25nf) outside on the concrete patio and covered at migth plastic film. From day 3, the
cherries were spread on a mesh raised bed outd@@snf) and received a high turning
frequency. The batch was brought indoors in theiegs and on one rainy day. It was ready
by day 18.

Treatment 4. This treatment went through three stages: (a) daysough 3, in the drying
hut, on a 1rh plastic mat with a high turning frequency; (b) dayin the drying hut, in a
0.5nf pile with low turning frequency (once a day), gadl from day 4 until the batch was
ready on day 24, outdoors on 0.81mesh raised table with a high turning frequendyisT
treatment was bagged for 2 rainy days towards tite & the drying, to prevent it from

gaining moisture.

Treatment 5. This treatment went through four different stag@g: days 1 and 2, in the
drying hut, on a 1fmblack plastic mat and with a high turning frequen@®) day 3 and 4,
outdoors, on 0.81fmof mesh raised bed and with a high turning fregygeiic) on days 5
through 10, the batch was kept in a plastic bathendrying hut until a mould outbreak was
evident; (d) From day 11 until day 24, it was dreedside on 0.81frof mesh raised table and
with a high turning frequency (except on rainy da@ne of the replicates (5B) was spread
on day 10 by mistake on a raised table insteacewigbkept in the bag. To compensate, the
batch was kept in the bag longer (on days 11 ahdidid it developed mould.
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Treatment 6. This treatment also went through four differerigsts: (a) days 1 through 3,
outside on a mesh raised table, piled on 0%dith low turning frequency; (b) days 4 and 5,
in the drying hut, on a raised table, piled in @2%o0o0den frames, with no turning; (c) day 6,
in a plastic bag in the drying hut, and (d) daydtigh 24, outside on 0.82raf mesh raised
table, with high turning frequency (except whemyai The batch was bagged for two rainy

days at the end of the drying to prevent it frormopg moisture.

Treatment 7. On days 1 through 3, the cherries were piled daré. of a mesh raised table
with a low turning frequency (once a day). From dayntil the batch was ready on day 18, it

was kept on 0.50frof black plastic mat, in the drying hut, with adéurning frequency.

When the different treatments and replicates wiaishfed, the resulting dried cherry samples
were hulled and green coffee samples were brouglhiteé University of Otago for further
study. They were labelled with their treatment neménd a letter ‘A’ or ‘B’ indicating the

duplicate. The washed witness was labelled witHdtier ‘W’.

6.2.2 Variables monitored during drying

Every day, the drying parameters and the changedketccoffee cherries were monitored,
either as independent variables that helped biatieitune the drying process or as dependant

variables. Table 6.2 summarises the independent@pendant variables monitored:

Table 6.2. Summary of variables monitored during dying.

Independent variables Dependant variables

Ambient temperature Cherry aspect (photo)

(several measures/day)

Relative humidity Sample relative weight loss (daily)

(several measures/day)

Sample temperature Sample water activity

(two measures/day)

Sample pH (every few days)

6.2.2.1 Ambient temperature and relative humidity

A maximum/minimum, digital hygro-thermometer (TFAofimann/Wertheim®, Denmark,
catalogue number 30.5000.02) was used inside tmegdhut to measure ambient temperature

and relative humidity. An analogue hygro-thermoméBgixco, China) was placed outside in
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the shade. Temperature and relative humidity wees rtwice a day outside (12p.m. and
5p.m.) and thrice a day in the drying hut (7a.n2p.in. and 5p.m.) Daily maximum

temperatures were also recorded.

6.2.2.2 Sample temperature

An infrared gun thermometer (Kintrex® brand, moti®T0424, Kintrex, Vienna, VA, USA)
was used to measure the temperature of the cdfferies. Temperature was measured twice

daily (12p.m. and 5p.m.).

6.2.2.3 Relative weight loss of sample

The treatments were weighed daily (7a.m.) usin@kayScale (Torino brand, Industrias Oken,
S.A. de C.V., Morelia, Mexico).

6.2.2.4 Cherry aspect

Visual changes were recorded using daily photogragtthe treatments, and a logbook was

kept for recording observations such as stickingsgjness, presence of moulds, etc.

6.2.2.5 Sample water activity (aw)

The water activity was measured using an AqualLab@&@tew Activity Meter model CX3

(Decagon Devices Inc., Pullman, WA). The 0.7g@ecagon Inc. verification standards were
used for calibration. Every evening, the pulp (expcand outer mesocarp) of two cherries
were placed in the instrument’s sample cups. Tworeadings were averaged for every

sample.

6.2.2.6 pH

The pH was measured on days 0, 6 and 10. Ten eb@frieach treatment were weighed; then
an equal mass of purified water was added to theattzey were crushed using a mortar and
pestle. The pH of the resulting slurry was then suead using a portable pH meter (Hanna

Instruments®, Padua, Italy).

136



Chapter 6. Effect of drying rate on the sensory...
6.2.3 Microbial counts during drying

6.2.3.1 Samples and treatments

In order to link the main drying treatments to rolmal activity, a smaller scale experiment
was carried out, to determine the change in the beusn of the three main microbial
populations: bacteria, yeasts and moulds. In tkieement, 3 treatments with two replicates
each (4kg of fresh cherry per replicate) were &golbdis follows:
a) Treatment 21 (the three treatments of the microlgipkexperiment were coded 21
through 23 to differentiate them from the main expent). Normal rate drying
(similar to treatment 2 on Table 6.1) — outdoorsneesh raised table on a thin layer
with regular turning frequency.
b) Treatment 22. Slow rate drying (similar to treatiméion Table 6.1) — outdoors, on
mesh raised table, on a thick layer with limiteching of cherries.
c) Treatment 23. ‘Honeying’ process (similar to treant 3 on Table 6.1) — two days
piled in a bucket, followed by normal drying rabeitdoors on a raised table, with a

regular turning frequency.

6.2.3.2 Microbiological methods

The samples (6.2.3.1) were analysed using microgichl methods on days 0, 1, 2, 4 and 7
of drying. Two different microbiological counts veerperformed on samples from the
different treatments: bacteria count on a bactgpecific WL Differential agar (Difco®,
Becton, Dickinson and Company, Franklin Lakes, MISA), and yeast and mould count on
Dichloran Rose-Bengal Chloramphenicol agar (DRBM®ifeo®, Becton, Dickinson and
Company, Franklin Lakes, NJ, USA). Every two datshe end of the afternoon, ten cherries
were sampled from every treatment replicate, plaiced sterile bags and taken to the
laboratory. Peptone solution (100 mL; 1% BD pepidecton Dickinson and Co., Franklin
Lakes, NJ, USA) was added to each sterile bag lamdag was pressed by hand for around
two minutes. This suspension was then seriallytetiluo the levels 1f) 10° 10 and 10 by

transferring 1mL of the preceding dilution to alwiath 9mL peptone solution.

Two WL Differential Medium plates and two DRBC Madi plates were inoculated at three
different levels to give I8 10° and 1 plates. The resulting 12 plates for each sampte we
then incubated at room temperature (25-30°C). Bacfgates were counted after three days;
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yeast and mould plates, after seven days. Colgnesenting hyphae to the unaided eye on
the seventh day were counted as moulds. This wé#geden a few cases using a microscope
(40 x 40/ 0.65; 160/0.17 objective).

6.2.4 Flavour profiling of samples by Descriptive C  upping at the University of

Otago (New Zealand)

6.2.4.1 Sample roasting

For roasting, samples were grouped in blocks ddrpdes. Samples were roasted in batches
(4 batches of 200g green coffee). The roasting roafesamples for each batch was
randomised within each 6-sample block. Roasting gaasied out using the same protocol,
equipment and control parameters stated in 4.20t.8he international appraisal sample set,
using a Gene Café CBR-101 roaster (Gene Café, AdggnRepublic of Korea). The end of
roast was approximately 2 minutes after the firatk, when the fume odour started to shift
from pungent to vanilla-like or nutty. After eaclatbh was cooled to room temperature,
weight loss was measured as a roast degree indiddte target weight loss for each batch
was set at 16.0% =+ 2.2%. Luminance was measuréideormasted and ground coffee as L* in
the CIELAB colour space (see 4.2.1.2).

6.2.4.2 Cupping

The roasted samples were cupped in duplicate byaime panel used for the study in Chapter
4 and using the same methodology. The brewing proeeis described in 4.2.1.4 and the
cupping procedure is reported in 4.2.3. The ordeample presentation was randomised, and

the samples were presented blind, in sessionsalfrples.

6.2.5 Flavour profiling of samples by Descriptive C  upping at the Agro-
ecological Centre for Coffee (CAFECOL, Mexico) pane |

In order to compare the Descriptive Cupping restiten two different panels, in two
different countries and with different backgroundsibsamples of all the treatments (in
duplicate) were left in Mexico to be roasted andpmd by a second panel. The cupping was
carried out by the Agro-Ecological Centre for Cefi AFECOL, Centro Agroecoldgico del
Café A.C., Avenida Orizaba #18, Xalapa 91020, VieracMexico) within the context of a
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state-wide coffee quality competition {*3Premio CAFECOL 2013 a la Calidad del Café

Veracruzano’, held in Huatusco, Veracruz, Mexiccthum 28’ March, 2013).

The samples were roasted, brewed and cupped foldptie SCAA cupping protocol (SCAA,
2009a). The cuppers (4 male, 3 female; age rangtbBWere all Q Graders licensed by the
Coffee Quality Institute (CQI, 2013b). Six of theppers in this panel had little experience
cupping naturals, but had at least 5 years of éxpez cupping washed coffee. The remaining
cupper had 7 years of experience cupping both aleand washed coffees.

6.2.6 Data analysis

6.2.6.1 Terminology from the University of Otago (New Zealand) panel

The terms used by the cuppers were categorised tlseh same methodology reported in
4.2.4.2. The terms in this study were classifiedairtotal of 31 ‘subgroups’. Bouquet
subgroups included from the ‘Le Nez du Café®’ vadaby (see Table 3.3) weraramelly,
chocolaty, citrus-like, earthy, fermented, florédyity, nutty, phenolic, pyrolytic, resinous,
spicy, stone-fruity, toasty, woodnd vegetable;from the supplementary natural coffee
vocabulary (see 4.2.3yried-fruity, red-fruity, tropical-fruity,and from the freely-elicited
subgroupsfungal, plain bouqueand other. Freely-elicited taste descriptors includeiter,
saltyandsweetThe acidity category contained the subgrodiysacidity, medium-aciditand
sweet-acidityMouthfeel contained the subgroupsigh-body, smooth-bodndastringent.

6.2.6.2 Terminology from the Agro-ecological Centre for Coffee (CAFECOL, Mexico)

panel

The terminology used by the cuppers followed tladard bouquet terminology used by Q
Graders (Lenoir & Guermonprez, 1997), including dduquet ‘subgroups’floral, fruity,
vegetable, nutty, caramelly, chocolaty, spicy, mess, pyrolytic, earthy, fermenteahd
phenolic The presence of notes belonging to these subgrawgs reported for the four
bouquet sections: fragrance, aroma, flavour aneértafite. See 3.2.3 for a thorough

description of SCAA cupping.
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6.2.6.3 Descriptive Cupping analysis

Descriptive Cupping data from both panels were ymeal using the same methodology
detailed in Chapter 3 and 4.2.4.3. A contingentyjetavas constructed for each dataset, with
the samples as rows (15), the descriptor ‘subgr@ageolumns (31 for the Otago panel or 12
for the Mexico panel) and number of occurrencescédr counts. Significance tests were run
on the respective contingency tables for each datdisdependence between samples and
subgroups was tested with the ‘Monte Carlo’ met{&200 simulationsg=0.05) (Metropolis

& Ulam, 1949). In order to identify significant syfoups, globa}?® andy? per-cell analyses
were carried out on the contingency tables (Symaxeaal., 2012). Globaf was then used

to identify significant subgroups across the whdéga set, while/ per-cell was used to
identify significant subgroups within individual regles ¢=0.05). Duplicate samples and

duplicate treatments were aggregated for MonteoGartly”> methods.

Non-symmetrical correspondence analysis (NSCA) agdied to the contingency tables in
order to visualise the relationship between the p@snand subgroups. For the NSCA,
duplicates were not aggregated, but were used digidnal cuppings. This was done to
examine the reproducibility of the cuppers by obisgr the mapped distance between
duplicates. In case the whole contingency table measignificant, only significant attributes,
based on theiy® (,* above the critical value for p=0.05) were kept foe NSCA. All

statistical analyses were carried out using XL@adinsoft SARL).

6.2.6.4 Comparison of both panels using MFA

The results of both panels were compared usingipieiftactor analysis (MFA) (Abdi et al.,
2013; Lawrence et al., 2013). The degree of cdroglebetween the tables was investigated
through the regression vector (RV) coefficientidentify the link between each pair of tables
and to analyse similarity between any two tablesb@®t & Escoufier, 1976). The MFA and
the calculation of RV coefficients were carried aaing XLstat (Addinsoft SARL).
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6.3 Results and discussion

6.3.1 Treatment variables

6.3.1.1 Weather conditions

Overall, the weather conditions were warm and dmmgj the drying process. During warm,
sunny days, maximum temperatures of 28-34°C andmmim relative humidity of 30-45%
were recorded outdoors. The maximum temperaturésermplastic hut usually reached 9°C
higher than outdoors, while the minimum relativemdity usually was 25% lower than
outdoors. On day 7 and days 19-22, cold front weratbsulted in a temperature drop (below
15°C) and higher relative humidity (above 80%), stimes with drizzle.

6.3.1.2 Drying curve and water activity

Figures 6.2(a) and 6.2(b) show the weight of eaghtment along the drying process during
days 0-4 and days 4-24, respectively. Figures patd 6.3(b) present the water activity of
the cherry pulp for each treatment during daysahd days 4-15, respectively (thg graph
for days 16-24 is not presented, asdecreases slowly to values of 0.550-0.600).

During the first three days of drying, treatmerprdsented the slowest drying rate as it went
through ‘honeying’, while treatment 2 presented fdtest drying rate. On day 3, the water
activity measurements (Figure 6.3(a)) presented gooups of treatments: treatment 3, with
the highest @, followed by a group formed by treatments 4, 6 @ndext a group formed by

treatments 1 and 5, and last, treatment 2, withoivest &,.
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Figure 6.2. Sample weight on (a) days 0-4 and (bys 4-24 of drying. Averaged by treatment.

Between days 4-14, treatment 1 was the treatmehttiwe lowest daily weight. After day 15,
treatment 3 (the honeying treatment) was the treatmwith the lowest daily weight. After the
‘honeying’ was over, treatment 3 became the treatméth the highest drying rate, which
suggests a loss of water-binding molecules dueltacterial fermentation during ‘honeying’
and has been reported on washed coffee fermeni@iailone et al., 2002; Avallone et al.,
2001). Figure 6.3(a) shows an increase in wateavigcfor treatment 3 during ‘honeying’,
from day 1 to day 2, which also suggests wateribmdnolecules were degraded during this
period.
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After day 4 (Figure 6.3(b)), the drying of two theeents was interrupted by the procedure of
bagging the coffee cherries. The drying rate oéttreent 6 was slowed on days 4 and 5
(through piling of cherries) and bagged on dayo&edep it at a higher moisture content than
the other treatments. Treatment 5 was bagged feynbdintil day 11 and thus it remained the
treatment with highest moisture from day 8 onwart@lke pulp water activity of these bagged
coffees increased as the moisture from the insiddeofruit tended to equilibrate with the

exocarp moisture.

An increase in the water activity was also obseihethg humid days. Figure 6.3(b) shows a
ay increase for treatments 1, 2 and 3 on day 5 dtieetequilibration of moisture from inside
the bean, as the exocarp did not dry further ondhg due to humid weather (however, the
ay increase of treatments 5 and 6 was due to baggiigg was also the case on day 13 for
all the treatments located outdoors. The relativmildity outdoors was enough for the driest
treatments to stop drying. However, inside thermdyyhut the relative humidity was still low
enough to continue drying. This is the reason wityynd huts are useful in regions with some
humid days during the harvest season; even tholaghdtying rate might be lower than

outside on sunny days, the overall drying process 6+7 days shorter in the drying hut.
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Figure 6.3. Evolution of water activity (ay) during (a) days 0-4 and (b) days 4-15 of dryingAveraged by
treatment.

6.3.1.3 Sample temperatures during drying

Figure 6.4 presents the daily average maximum testyres of the treatments during drying.
There is a temperature difference between thenteas in the drying hut and the treatments
outdoors. The magnitude of that difference was eralependant. On sunny days, the
outdoor treatments became hotter than the indeatrtrents due to direct solar radiation on
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their surface. This occurred despite the ambiemptrature being warmer in the drying hut
than outdoors. The maximum temperature attainedhbycoffee cherries remained lower

inside the drying hut, which may prevent thermahege to the bean.
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Figure 6.4. Sample daily maximum temperature (°C) o days 1-16. Measured at noon. Averaged by
treatment.

Treatment 3 (‘honeying’ process) had a clearly wartemperature while it went through
‘honeying’ on days 1 and 2. This fact suggestsrgelamount of heat was being generated
due to microbial growth in treatment 3 and is alsacommon observation during the
fermentation of washed coffees (Avallone et al.pD0 On the other hand, the cooler
temperature of treatment 6 (days 6 and 7) andniezat5 (days 6 thru 13) is due to bagging

during those days, as bagged treatments were posed to solar radiation.

The daily maximum temperatures of all treatmenigléel to increase as the drying process
advanced. This is explained by the decrease ireWlaporative cooling effect as the coffee
cherries lost moisture.

6.3.1.4 Evolution of pH during drying

An average drop of 1.2 pH units was observed betwdsy 0 and day 10 (Figure 6.5).
However, the pH drop varied between treatmentsshasvn in Figure 6.5, the pH drop of

treatment 3 (‘honeyed’ treatment) is the largestcdntrast, the pH drop of the fastest-drying
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treatments (1 and 2) was the smallest. This isagxg@dl by higher fermentation intensity in the
‘honeying’ process and the slow-drying processes;amnfirmed during the microbiological
experiment (6.3.2). A pH drop during the fermemtatof washed coffee has been reported
(Avallone et al., 2001). This has been linked taiae in the total organic acid content in the
green bean and consequently irfpasitive” change in aroma and body (Gonzalez-Rios,
2008).
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Figure 6.5. Evolution of pH during drying. Averagedby treatment.

6.3.1.5 Aspect of coffee cherries during drying

Differences were observed among the treatments ftloen aspect point of view. The
treatments with the most uneven appearance wem@ntethat were dried using a thick layer,
namely treatment 7, but also treatment 6 and 4¢hwis explained by the larger degree of
exposure to sunshine of the cherries on the togrlayhis unevenness has been reported to

affect the sensory quality (Berhanu et al., 2012).

The colour of the cherries is another observatiat implies a larger degree of fermentative
activity was occurring in some treatments. Fastgind treatments, where fermentation is
less likely to occur, resulted in an even raiskeJivery dark purple colour after a few days.
This suggests non-enzymatic browning in the same avaultana raisin gets its dark colour
(Karathanos, Karanikolas, Kostaropoulos, & SarasactP95). Treatment 3 (‘honeyed’

treatment) did not present browning: even at theb @fndrying, the cherries remained with a
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brick-red colour. This suggests most of the sugagsired for non-enzymatic browning were
degraded by fermentation. In the case of treatmeithsan uneven appearance (treatments 4,
6 and 7), the unevenness is precisely noted fodifferent degree of browning between
cherries, as the cherries on the top, sunshinesexblayer became darker than the ones in the

inner layers.

6.3.2 Microbiological experiment

The microbiology experiment was started on day 18he main experiment. Table 6.4
summarises the three treatments used (coded 2id23).

Table 6.3. Treatments used in the microbiology expienent, and analogies to main experiment (6.4.1).

Code Treatment description Analogue to
21 Outdoors. Mesh raised table. Thin layer. Fregtiening of cherries.| Treatment 2, main experiment
22 Outdoors. Mesh raised table. Thick layer. Lichiterning of cherries.| Closest one is treatment Thef main
experiment
23 ‘Honeying’ in a bucket outdoors for two daysoffr the third day, Treatment 3, main experiment
mesh raised table, thin layer with frequent turrofigherries.

The weight loss, water activity and pH curves oé tB treatments in the microbiology
experiment were analogous to the main experimezdtrirents as indicated by Table 6.4.
Therefore, these data are not shown here, but eadound in Appendix 5 (section 11.5.2).
Figure 11.3 and Figure 11.4 in Appendix 5 showdhgng curves of treatments 21, 22 and
23, which correlate in general to the curves oatireents 2, 7 and 3, respectively, of the
samples used for sensory analysis. The main difée® between the drying curves of the
samples used for sensory analysis and the dryingesuof the samples used for the
microbiological experiment are due to rainy weatb@nditions on days 3 through 6 of the
microbiological experiment (see Appendix 5). Thesi@y conditions caused the drying rate
to be lower during those days in the microbiolobegeriment than in the main experiment.
Nevertheless, the targeted characteristics of #aetment (high drying rate for treatment 21,
medium drying rate for treatment 22 and ‘honeyimyocess for treatment 23) were

maintained.

Figures 6.6 to 6.8 summarise the results for therabhiological experiment: bacteria count

(Figure 6.6), yeast count (Figure 6.7) and mouldn¢@Figure 6.8).

147



Chapter 6. Effect of drying rate on the sensory...

1.0E+09
1.0E+08
£ 1.0E+07
(]
S
5 @21 Bact
o
2 1.0E+06 —#=22 Bact
i 23 Bact
1.0E+05 |—
—
r
1.0E+04
0 1 2 3 4 5 6 7 8
Drying day

Figure 6.6. Bacteria count per coffee cherry on WIDifferential agar after 3 days at 25-30°C. Averagedby

treatment. Logarithmic scale.

The evolution of the three microbial counts (baeteryeasts and moulds) in the
microbiological experiment is consistent with whatinferred from other observations like
colour change and pH drop: there was a large @ffiee in the microbial growth between the
treatments. The traditional ‘honeying’ process.abbt, seems to involve a fermentation of a
much larger scale than the other treatments. Theba count of treatment 23 was 200 times
larger than that of treatment 21 on day 1 and Xit08s larger on day 3. The yeast growth on

treatment 23 was equally large compared to ther dtveetreatments.

The initial bacteria population was 2.35%f0 per cherry, increasing to 1.2°&fi per cherry

in treatment 22. Van Pee and Castelein (1972)rtegh@ bacteria population on fresh coffee
cherries (in Robusta coffee in the Congo) of 2.85cf0- g%, increasing to 1.5- f&fu-g* dur-

ing the first 24h and then decreasing to 3.5¢f0-g* by 72 h. Bacterial populations between
10° and 18cfu-g* were found by Silva et al. (2008) during the dgyiof Arabica coffee
cherries in Brazil. The main possible reason fer lttwer average counts in this study is the
washing of the cherries after the harvest, whicluces the initial microbial load and lowers

the cherry temperature.
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Figure 6.7. Yeast count per coffee cherry on DRBGCafter 7 days at 25-30°C. Averaged by treatment.

Logarithmic scale.

Silva et al. (2008) also found a maximum yeast fatjpn of 10cfu-g*, which is consistent

to what was found here for treatment 21 and treatr22. However, the ‘honeying’ treatment
(treatment 23) showed a maximum yeast populatioh.2f1§ cfu per cherry on day 4. On
day 4, the average cherry weight was around 1gnimgahe maximum yeast population of
the ‘honeying’ treatment was around 100 times highan a conventional natural coffee

treatment.

After day 4, a decline in the numbers of bactend geasts in treatments 21 and 23 can be
observed. However, a large increase in the numberoolds can be observed on day 6 for
treatments 21 and 22 and on day 4 for treatmenfA2&cline in the number of yeasts due to
the decrease of water activity favour the growthnaulds (Silva, 2014). The maximum
number of moulds is about 4Bu per cherry, which is the same reported by Sia214). The
overall growth behaviour of the bacteria, yeastd amulds is also consistent with the

microbial succession reported by Silva et al. (3008
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Figure 6.8. Mould count (colonies presenting hyphgeer coffee cherry on DRBC, after 7 days at 25-3C>

Averaged by treatment. Logarithmic scale.

6.3.3 Discussion about the effectivity of the treat  ment control

The treatment control variables used for this stieitying surface, drying environment, layer
thickness and turning frequency — see 6.2.1.2) wbasen in order to mimic the drying

control technology available to coffee producerse Tollowing analysis of the results from

sections 6.3.1 and 6.3.2 shows the control of thesables only partially achieves the targets
established in Table 6.1.

Treatment 1 was targeted to be dried ‘as fast asilple’, while treatment 2 was targeted to
follow a ‘normal but steady speed’. Treatment ialty was the fastest drying treatment, as it
achieved the final moisture earlier than otherttnegts. However, during the first three days,
treatment 2 dried at a higher rate than treatmeias Ireatment 2 was exposed to the direct
sunshine and the first drying days were clear amuhy. The drying environment (outdoors
versus plastic hut) seems to have a different effecthe drying rate depending on the
weather conditions. During clear, sunny days, tlastjg cover of the plastic hut shields the
coffee from the direct solar radiation and, eveoutih the ambient temperature inside the
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plastic hut rises over the outdoors temperature ctiffee inside the hut remains at a lower
temperature than the coffee treatments locatedoowtd On the other hand, during cloudy
days, the treatments inside the drying hut readhgher temperature than the treatments
located outdoors. For future work, if the highesti rate is required, the coffee should be

moved between a drying hut and the outdoors pagipending on the weather conditions.

Treatment 2 was an analogue of treatment 21 inntieobiological experiment (same
protocol). Bacteria growth on treatment 21 increldsg less than a factor of 10 (Figure 6.6).
This implies the treatment effectively to limitsdberial growth due to thepsareaching 0.90-
0.92 after the first two days. In treatment 21,syegrowth only increased by a factor of 10
(from a count of 3.2. £ocfu per cherry to a count of 4.8*1¢fu per cherry after four days —
Figure 6.7). When compared to the yeast growtlreatinent 23, this implies a fast-drying
treatment, such as treatment 21, can also effégtiveit yeast growth probably due to the
relatively fast decrease inyao 0.77-0.86 after the first four days. The growfthmoulds,
however (Figure 6.8), does not seem to be as lihte fast drying (treatment 21) as the
growth of bacteria and yeasts, when compared totther two treatments (treatments 22 and
23).

Treatment 3 is the termed ‘honeying’ process. Antamtation period with thejaabove 0.91
until the aspect of the cherry surface seemed Ywuienvas targeted. This was achieved over
two days (days 2 and 3), during whicly eemained above 0.95 (Figure 6.3). From day 4
onwards, the drying rate was increased apdiecreased at a similar rate to the one of the
faster-drying treatments (such as treatments 12andhis implies the targeted drying curve

for treatment 3 was achieved.

Treatment 23 in the microbiological experiment was analogue of treatment 3 (same
protocol). As discussed in section 6.3.2, the ghowit bacteria and yeasts in the ‘honeying’
process is clearly at least two orders of magnituideer than in the other treatments. This,

again, was the objective of treatment 3.

In treatment 4, the growth of yeasts in the regiba,y between 0.85 and 0.91 was targeted,
while the drying rate outside of this region wasamteto be as high as possible. This was
attempted by using a thicker layer of cherries astbwer turning rate during day 4, when a

was in the region of interest. This causgdt@areach 0.927 by the end of day 4 (Figure 6.3),
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slightly higher than the target. After the resulisre analysed, it seems a second day of slow-
drying conditions would have been needed for amaake differentiation of treatment 4 from
other treatments. Treatment 4 did not have an goeldreatment in the microbiological

experiment and therefore the rate of microbial ghogannot be analysed.

In treatment 5, the growth of moulds in the regidray below 0.85 was targeted, while the
drying rate above this region was meant to be gh Bs possible. This was attempted by
keeping the coffee in a plastic bag on days 5 tjindlO, until a mould outbreak was evident.
Figure 6.3 shows bagging was effective to suspeyidgl even though thesaduring days 5

through 10 was actually above the desired rangaild/growth did happen, as shown by the
mould outbreak observed on the surface of the eaffeerries; however, water activity during
those days was high enough to allow yeast growtweds Bagging the coffee cherries at a
later stage along drying, instead of during daykrbugh 10, would probably have ensured
water activity was kept below 0.85 during baggifmgeatment 5 did not have an analogue
treatment in the microbiological experiment andefi@re the rate of microbial growth cannot

be analysed.

In treatment 6, it target was to favour the growtibacteria and yeasts by slow drying in the
region of g above 0.85, followed by a fast drying below thainp. This was attempted by
using a thick layer of cherries and a reduced hgriiequency from the beginning, followed
by bagging the cherries on day 6. These measures effective at keepingwaabove 0.85
until day 8. From day 9 onwards, fast drying coods$ were employed, in order to bring the
coffee to the desired level of moisture. Treatn@dtd not have an analogue treatment in the

microbiological experiment and therefore the rdteiwrobial growth cannot be analysed.

In treatment 7, the growth of bacteria in the ragi ay above 0.91, followed by a medium

drying rate period below that point, was targefdus was attempted by using a thick layer of
cherries and a low turning frequency, outdoors eaised drying table, during the first three
days. From the fourth day onwards, it was driedard, also using a thick layer of cherries
and a low turning frequency. The objective wasipliytachieved, asyawas kept above 0.91

only for the first three days. However, after asalyg the overall results, treatment 7 was still
differentiated from other treatments, as it follav@ medium drying rate along the whole

drying period.
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The analogue to treatment 7 in the microbiologegberiment (similar medium drying-rate
protocol) was treatment 22. Treatment 22 showsgyhdnigrowth of bacteria and yeasts than
the high drying rate treatment (treatment 21). €fwe, decreasing the drying rate by using a
thick coffee cherry layer and a low turning freqoyencan differentiate a treatment by

promoting bacterial and yeast growth.

Overall, most treatments were aligned with thedtadyying regimes. The main exceptions
were treatments 4, 5 and 7, which were not aligmiéhl the targeted regimes. However, these
three treatments can still be differentiated fraacheother and from the other treatments. For
example, treatment 5 clearly has the highest vaattvity of all treatments during the second
week of drying, while treatment 7 clearly shows edmm drying rate along the whole drying
period, when compared to the high drying rate &edaw drying rate treatments. The drying
control parameters proved to be sufficient for aeing differentiated treatments, even though
the control was far from being ideal. Ideally, geirthat could have enabled controlled drying
conditions would have allowed the treatments toarsirictly match the target regimes. In
these sets of experiments this was not practidaldalarify some aspects of volatile organic
compound generation future research should inchidexperiment using fully controlled

drying conditions.
6.3.4 Descriptive Cupping of the sample set by two different panels

6.3.4.1 University of Otago (New Zealand) panel

Flavour profiles for the 7 treatments and the wdshéness (15 samples) were generated
from the freely-elicited terms using the sequergiaitocol for analysing Descriptive Cupping

described in Chapter 3, in which the first stepthie preparation of a contingency table
(Appendix 6).

An initial table of 8 treatments (rows) and 31 dgxor subgroups (columns) was prepared by
aggregating the mentions of descriptors by treatrard subgroup. The subgroups with most
mentions werearamelly(88), chocolaty(86), citrus-like (62), fruity (59) andred-fruity (58).

These five subgroups summarise the general chasdicte of the sample set.

The dependence between subgroups and treatmentsotvsignificant (p=0.823), as detected

by the Monte Carlo method applied on the frequetabte (aggregated treatments, 5000
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simulations). The observed value ,¢fwas 192.1, while the critical value gf was 243.5
(df=7, p = 0.05). This implies no link between tamples and the subgroups can be found
with the current contingency table (p<0.05), andalgo means a lower variability level,
compared to the studies in Chapters 3 and 4. Tdrerethe least discriminant subgroups
(x’<7.0, computed by dividing the critical value by thumber of subgroups) were removed
from the table. The five least discriminant subg®weresmooth bodyy?=0.5), dried-fruity
(¥*=2.0), spicy (x*=2.0), medium acid(x*=2.2) andfruity (3°=2.7). Other non-significant
subgroups <7.0 —astringent, chocolaty, citrus-like, earthy, fungautty, other, phenolic,
red-fruity, resinous, rough-body, sweet-acid, tgastegetable, woollywere also removed

and a second contingency table was prepared.

The second contingency table was produced witt8tlreatments as rows and 11 subgroups
(x>>7.0) as columns. The subgroups kept for this skdable weresalty taste(y’=13.6),
caramelly(x*=10.5),plain bouque{(y°=10.5),tropical-fruity (x*=10.3),stone-fruity(y°=10.2),
dry-acid (x*=8.7) pyrolytic (x°=8.5), bitter (x°=8.3), floral (3°=8.1), sweet tastdy’=7.8) and
fermentedy®=7.8). A second Monte Carlo test was done on #htet(aggregated treatments,
5000 simulations). The observed value;5f98.8 implies a value of p=0.01, with a critical
value ofy*=89.8 (df=7, p=0.05).

The y* per-cell test (see Chapter 3) showed three treatmead a significantly higher
frequency than expected for one charadBaramellywas the significant character for the
washed witnesssalty taste for treatment 3 (the ‘honeying’ treatment), ahitter, for
treatment 6. However, thg per-cell test can also tell which frequencies sigmificantly
lower than expected. From that point of view, theskhed witness had a significantly lower
number of mentions than any natural treatmenbiiber, dry-acid fermentedsweet tastand
tropical-fruity. This confirms the traditional views about thereleter of natural coffees when
compared to the washed: more fruitiness, wineym@sk sweetness than the washed, but a
rougher acidity at the same time. The washed caffea the other hand, are traditionally
perceived as more caramelly and floral, although Id#iter was not the case in this study.
Then again, the notion that salty taste is assetiaith specific fruity naturals has also been
held by the industry (Davids, 2010). In this casa{iness was not associated with fruitiness

in general but specifically with the ‘honeying’ atenent.
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Visualisation of the flavour profile obtained by @8 on the frequency table with the

aforementioned 11 significant subgroups (non-aggeshtreatments — 15 samples) shows a
total inertia of 0.041 in 10 factors. A 77.7% oéttotal variation was explained in the first 3

factors. Factor 1 (F1) and factor 2 (F2) had iaenfi39.2% and 20.4%, respectively.

Figure 6.9 shows the projection on F1 and F2 ofitheubgroups considered. The subgroups

with the largest contribution on the positive safeF1 arecaramelly (31.1%) andoyrolytic

(15.1%). The subgroups with the largest contributio the negative side of F1 afleral

(20.8%), tropical fruity (18.6%) andfermented(10.8%). The subgroups with the largest

contribution to F2 argyrolytic (32.4%) anditter (20.1%), both on the negative side.
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Figure 6.9. Non-symmetric correspondence analysiNGCA) map representing the projection on F1 and

F2 of 11 significant descriptor subgroups >>7) for 15 coffee samples of seven different naturaoffee

treatments and a washed witness, evaluated usingetDescriptive Cupping method by a panel at the

University of Otago, New Zealand.
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The placement of the samples on F1 and F2 of tHeAN&igure 6.10) shows most treatment
duplicates have been located near each other (fino right, 1B and 1A, 5A and 5B, 3B
and 3A, 4A and 4B, 6B and 6A, 2B and 2A). The andatment in which both duplicates are
not closely located is treatment 7, (see 7.3.2Herdiscussion of why treatment 7 might be
different). This placement of duplicates close aoleother suggests the cuppers’ descriptors
are not random: the washed witness (W) is cleaphagate to the natural samples (showing a
caramellycharacter) and treatment 2 (one of the fasteshglrgnes) is close to the washed.
However, the placement of treatment 3 in this ad®es not reflect its nature as the most

distinct treatment. Possibly, subgroups likepical-fruity andfloral attracted the attention of

cuppers.
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Figure 6.10. Non-symmetric correspondence analys{BlSCA) map representing the projection on F1 and
F2 of 7 natural coffee treatments (1-7, with dupliates A and B) and washed coffee (W, assessed in
duplicate), evaluated using the Descriptive Cuppingnethod by a panel at the University of Otago, New

Zealand.
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6.3.4.2 Agro-ecological Centre for Coffee (CAFECOL, Mexico) panel

The samples (15) were also cupped by a panel assaiinp CAFECOL in Mexico, in order
to obtain data from an independent panel with geiht background. Since the CAFECOL
panel was formed by Q Graders with experience ppitg washed coffees, the descriptors
used belonged to the bouquet descriptor tree usethe Q Grader training (Lenoir &
Guermonprez, 1997), consisting of four aroma growls three subgroups each: enzymatic
(floral, fruity, vegetabl® sugar-browning r(utty, caramelly chocolaty, dry-distillation
(spicy; resinous pyrolytic) and aromatic tainteérthy, fermentedandphenolig — see Chapter
3. The contingency table (Appendix 6) was builthM@ treatments as rows (seven natural
coffee treatments plus a washed witness) and theuthgroups as columns. The column for
phenolicwas removed because it was not mentioned. Thecupg with most mentions were
fruity, chocolatyandcaramelly implying these are the most common charactensdon the

sample set. This is consistent with the assesshyathie New Zealand panel (6.3.4.1).

The Monte Carlo test on the contingency table (egated treatments, 5000 simulations)
resulted on an observed value,8£266.8, much higher than the critical valuey5£91.0
(df=7, p=0.05), which implies there is a link beemesamples and subgroups with a
confidence of p<0.001. The subgroups with the lawedues ofy? werefloral (x*=6.3) and
resinous(x?=9.4), implying these subgroups are less likeldigcriminate among samples.
The subgroups with the highest valuesybfwvere vegetable(y?=61.4), nutty (x*=46.5) and
fermentedy°=33.2), meaning these subgroups were the mostdisant in the contingency
table.

The ? per-cell showed some treatments had a signifigdntgher number of mentions than
expected for one or more subgroups. Treatment 8 (Kiloneying’ treatment) had a
significantly higher frequency of mentions fpyrolytic, earthy and fermented treatment 4
was significantly morefruity, caramelly and spicy, treatment 7 was significantly more
caramellyandchocolaty and the washed witness was significantly m@getableandnutty;
but it also was significantly legsuity andchocolatythan any other treatment (in fact, it did

not have any mention fdruity).

Visualisation of the flavour profile obtained by ®8 on the frequency table with the

aforementioned 11 bouquet subgroups (non-aggredetdatments — 15 samples) showed a
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total inertia of 0.043 in 10 factors (almost thensaas the New Zealand panel using the
significant subgroups). 83.5% of the total variatiwwas explained in the first 3 factors, about
6% more than the New Zealand panel. Factors 1 gifd 2nd F2) had inertia of 45.9% and
25.5%, respectively.

Figure 6.11 shows the projection on F1 and F2 ef i subgroups. The subgroup most
contributing on the positive side of F1 wismented(33.5%). The subgroups contributing
the most on the negative side of F1 wesieamelly(25.5%) andchocolaty(14.6%). The most
contributing subgroups to F2 wevegetablg18.1%) on the positive side, afrdity (50.2%)

andfermented15.9%) on the negative side.
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Figure 6.11. Non-symmetric correspondence analys{§iSCA) map representing the projection on F1 and
F2 of 11 descriptor subgroups for 15 coffee samples seven different natural coffee treatments and a

washed witness, evaluated using the Descriptive Cpimg method by a panel at the Agro-ecological Cengr

for Coffee, Mexico.

The placement of the samples on F1 and F2 of th€eANG-igure 6.12) again shows the
treatment duplicates close to each other, espgailhg F1, except for treatment 6, with both
duplicates far from each other. This placement sstgga coherent description by the cuppers.
The washed witness (W) is located near the poseng as with the New Zealand panel, but
in this case, the general placement of the nataaples along F1 is more in line with what
would be expected from the different intensitiesferimentations: the ‘honeying’ treatment

near one end, the bulk of the natural treatmenttherother end and treatment 5 in between

the two.
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Figure 6.12. Non-symmetric correspondence analys{BlSCA) map representing the projection on F1 and
F2 of 7 natural coffee treatments (1-7, with dupliates A and B) and washed coffee (W, assessed in

duplicate), evaluated using the Descriptive Cuppingnethod by a panel at the Agro-ecological Centre fo

Coffee, Mexico.

6.3.5 Comparison of both panels using MFA

The assessment of coffee samples by traditionariggise panels from different countries
has been compared using generalized Procrustegsenaly de Jong, Heidema & van der
Knaap (1998), who found a high level of consensetsvéen the panels. However, MFA has
been preferred to compare data form different mamektudies where the data was obtained

from freely-elicited descriptors, as the case oktence et al. (2013) for wine.

In this study, the Descriptive Cupping results oftbthe New Zealand and the Mexico panel

were compared using MFA. The 15 samples (7 nattgatments with 2 replicates each, plus
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a washed witness) were used as observation rowes.c@htingency tables of both panels
(Appendix 6) were used as active tables. The sulpgrased for the New Zealand panel table
were the 11 significant subgroupgX7, 6.3.4.1), while the subgroups used for the Mexi
panel table were the 11 descriptor subgroups (&)3.4

The correlation coefficient (RV) between both tabheas 0.466, which is a similar level to the
correlation for sensory data found in Chapter guFe 6.13 shows the projection on F1 and
F2 of the subgroups used by both panels. The catbmof F1 and F2 explains a variability
of 41.2%, which is lower than 50% and implies olalf of the information obtained by both
panels is still being left out of this graph, asyaime most important sources of variation are
being represented by F1 and F2. However, thergriseanent in the use of some terms by
both panels — for example, the vectors fermentedfrom both panels are in the same
quadrant;fruity (from the Mexico panel, which lacks specific sugrs for fruitiness) is on
the negative end of F2, likeopical-fruity from the New Zealand panel, and this is the same
case for the terrfloral of both panels. However, a different use of desars by both panels
Is observed in several cases: the tearamellyused by the New Zealand group seems very
different to the same term used by the Mexico pénethe opposite quadrant) and probably
more in line with the terrmutty as used by the Mexico panel. These differencesbean
explained both by the cultural differences anddifferences in training between both panels.
The Mexico panel had more cupping experience ineggnbut less experience cupping
natural coffees and no training in descriptors gjefor natural coffees. In contrast, the New
Zealand panel had a shorter training period, bus wained in specific descriptors for
naturals. The specific descriptors for naturaldude different subgroups of fruity flavour
notes, as shown in the use of the testame-fruityversustropical-fruity. The Mexico panel
has only one category for fruitinegauity. Q Graders all over the world are mostly receiving
training in descriptors for washed coffee (usingNez du Café® references), but are lacking
the specific training in descriptors covering thaitly and winey characters of natural coffees.
In the future, training of Q Graders should includescriptors and references for the
characters specific to natural coffees, and idetly set of Le Nez du Café® references
should be upgraded to include these aroma notes.widuld increase the level of agreement
in the description of natural coffees and wouldvpre cuppers from assigning low quality
scores to natural coffees unfairly due to an indetepdescriptive training.
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Figure 6.13. Multiple factor analysis (MFA) map repesenting the projection on F1 and F2 of significain
descriptor subgroups elicited by the Otago, New Zdand panel (square) and bouquet subgroups used by
the Mexico panel (circle, all-caps labels) from theDescriptive Cupping of 15 coffee samples of seven

different natural coffee treatments and a washed wmess.

Figure 6.14 shows the projection of the samplesbrand F2 of the MFA. The washed
witness (W) and the ‘honeying’ treatment are dddtiior both panels. Both panels agree the
‘honeying’ treatment has &ermentedcharacter. Treatments on the negative side of F2
(treatments 4, 5 and 1, from left to right) ématy for the Mexico panel atropical-fruity for

the New Zealand panel. Treatments 2 and perhapd @ aeem to be less fruity, although the
placement of the duplicates for treatments 6 argdnot as clear. Overall, the MFA maps the
treatments along F1 in a coherent order with talte from the field as the order of samples
along F1 follows the same trends observed for rbiatogrowth, pH and drying rates. It is
also clear from Figure 6.14 that the washed and‘libaeying’ treatments are the most

distinct treatments.
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Figure 6.14. Multiple factor analysis (MFA) map repesenting the projection on F1 and F2 of 7 natural
coffee treatments (1-7, with duplicates A and B) ahwashed coffee (W — averaged), evaluated using the

Descriptive Cupping method in a panel from New Zeand and a panel from Mexico.
6.4 Conclusion

In this study, the drying rates during the dryiregipd were controlled using low-technology
methods available to any producer, such as thengimpaterial and the depth of the coffee
cherry layer, to produce 7 treatments with différérying protocols. The 7 drying protocols
were selected with the objective of altering theetpf microorganism growing and the rate of
growth. A washed coffee witness was also preparkd.resulting samples were characterised
using Descriptive Cupping by two independent paredsie in New Zealand and the other in
Mexico. The results from both panels were compéweskamine similarity of discrimination,
similarity of descriptors use and cultural diffeces, to enable conclusions to be drawn on

robustness and validity of Descriptive Cupping.
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Asides from the washed witness, the most distireztiment was the one termed ‘honeying’
treatment (treatment 3), which involved suspendimg drying for the first two days. The
‘honeying’ treatment showed higher bacteria, yeastd moulds populations during the
process, which indicated a higher microbial agtivik distinctfermenteccharacter was found
in the ‘*honeying treatment’ by Descriptive Cuppingt it was significantly saltier than other
treatments. Further study of the ‘honeying’ processneeded in order to optimise the
fruitiness without compromising other desirablerelsters.

Other natural treatments showed lower microbialytepons and a varying degree of fruity
and fermented sensory characters, depending andiy@ng rate. Fruitiness, for example, is
not as pronounced in treatments with the higheghdrrate (such as treatment 2). Chapter 7
will further explore these differences from thetinmental analysis point of view.

The panel comparison showed a satisfactory colwelaetween both panels and coherence in
the use of descriptors such fasmented However, a difference in the breadth and depth of
the descriptors used was found. This difference beaylue to cultural differences and also

the differences in training and experience lev€@serall, Descriptive Cupping has been

shown to be a rapid method for profiling coffeevélar with satisfactory levels of

discriminating power, even in sample sets comingmirthe same raw material.
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7 Volatile organic compounds as related to the sens  ory
profile of natural coffee processed by varying dryi ng

rate treatments
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Chapter 7. VOC [...] by varying drying rate treatments

7.1 Introduction

Chapter 6 presented the effect of different drypngtocols on the fermentation of the coffee
cherries and the flavour profile of natural coffe@ssessed by Descriptive Cupping. Different
drying treatments (7 in duplicate) were appliedhe production of natural coffee in Mexico
using the same raw material and a washed coffegesstwas prepared. The samples were
brought to the University of Otago and charactekis€hapter 6 focuses on the field
experiment and the sensory characterisation o$anaples through Descriptive Cupping. The
present chapter focuses on the instrumental asalbysithe samples’ headspace and the
multiple factor interpretation of both sensory amstrumental results.

Therefore the aim of this study was to investigaee effect of different drying protocols on
the production of volatiles in the green bean dmrbasted bean, and to link those volatiles
to the sensory properties of the final coff@bjective 5 2.2.2.5), with focus on the Mocha
character. Samples from the seven different treatisn@nd the washed witness described in
Chapter 6 were characterised using the same insimatnmethods presented in Chapter 5,
including analysis of the green bean headspacel®MS and analysis of the roasted bean
headspace using GC-MS/O. A multiple factor analgsimparing the instrumental results
from the present chapter with the Descriptive Cogpiesults from Chapter 6 was also
completed. These methods have been extensivetyiloed in the previous chapters and will

only be briefly reviewed here.

7.2 Materials and methods
7.2.1 Samples

The samples of green and roasted coffee usedsrstady were the same samples used for
Chapter 6 (Table 6.1). A subsample of the sampbested at the University of Otago

(6.2.4.1) was used for the instrumental analyseeadted coffee headspace in this chapter.

7.2.2 Characterisation of green beans

Colour of the green beans was measured in triglioatthe ‘CIE L* a* b* colour space
(daylight colour, D65 illuminant, 10° field of viewby filling a crucible with the beans and

reading the colour using a Miniscan XE Plus coleten (HunterLab Inc., Reston, VA).
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‘Foxy’ beans, which are defined as beans with asileerskin (spermoderm) (SCAA, 2009b),

were counted in a 350g subsample and reporteghacantage.

7.2.3 Headspace analysis of green coffee by PTR-MS

The composition of the volatile organic compound®©C) in the headspace of the green
coffee beans was determined by high sensitivitygordransfer-reaction mass spectrometry
(PTR-MS), using the same methodology and equipstated in 5.2.2.

7.2.4 Headspace analysis of roasted and ground coff ee using headspace-
solid-phase extraction (HS-SPE) and semi-quantifica  tion of odour-active

compounds in HS-SPE concentrates through GC-MS

For the roasted coffees, the headspace of theembastd ground beans was captured by a
purge-and-trap methodology, using headspace-sbbde extraction cartridges (HS-SPE),

eluted with a solvent and concentrated, using #mesmethodology and equipment reported
in 5.2.3.

The headspaces of the 15 samples (7 treatmentsiplicate plus washed witness) were
measured in duplicate and semi-quantified usingMNe&&;-following the same methodology

and equipment reported in 5.2.5.

7.2.5 Semi-quantification of complementary compound S using static

headspace gas chromatography-mass spectrometry (SH- GC-MS)

To enable the semi-quantification of those VOC wathretention index smaller than the
solvent delay time, VOC composition of roasted gnound coffee headspace was analysed
using static headspace gas chromatography-masstr@epetty (SH-GC-MS). The

methodology and equipment used are reported i6.5.2.
7.2.6 Data analysis

7.2.6.1 Univariate and multivariate analysis of green bean and roasted bean

headspace data

The instrumental data analysis was first carriedasureported in 5.2.8. This implied separate
analysis of the PTR-MS data from green coffee &€e8.1) and the GC-MS data from
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roasted coffee (5.2.8.3). The odour active compssami-quantified in this study were the

same found for the study in Chapter 5, and are showable 5.4.

7.2.6.2 Analysis of specific fermentation-related compounds

A specific analysis of the fermentation-related poemds was then carried out, in order to
investigate the role of fermentation on coffee dlan The ratio of ethanol (m/z 47) to
methanol (m/z 33) from the PTR-MS analysis of theeg bean headspace was investigated
(Gibson, 1974) and their profiles (after normalmat (X-m)/s, where m is the mean and s is
the standard deviation) were compared to the nasathpeak area of a number of selected,
known, fermentation-related compounds, using thergem (n-1) correlation coefficient. The
compounds selected were products of valine degmda(2-methyl-propanal, 2-
methylpropanoic acid), products of isoleucine ddgt@n (2-methyl-butanal, 2-
methylbutanoic acid), products of leucine degramha{B-methyl-butanal, 3-methylbutan-1-ol,
3-methylbutanoic acid), methyl esters (methyl folenanethyl acetate) and ethyl esters (ethyl
2-methylbutanoate, ethyl 3-methylbutanoate, etlodtate) and compounds related to the
oxidation of ethanol (acetaldehyde, acetic acid dred ethanol contents in roasted coffee
headspace) (Roze et al., 2010; Thonning Olesera&rn&e, 2004).

7.2.6.3 Multiple factor analyses, integrating field variables, instrumental data and

cupping data

In order to understand the links between the diffelprocessing treatments, the profiles of
odour active compounds and the coffee flavour, diiferent datasets were studied using
multiple factor analysis (MFA) (Abdi et al., 201Bawrence et al., 2013). To be consistent
with Chapter 5, the Otago panel Descriptive Cupmata were used for the MFA. Two sets
of variables were kept as active tables in the ME#e subgroup contingency table (in
Appendix 6, Otago panel, 15 samples and subgrolifis »# above the critical value for
p=0.05, as per 6.3.4.1) and the semi-quantificatibthe significant (p<0.15) odour-active
compounds (7.2.6.1). These two data tables wernedaed as active tables because they
pertain to the same samples (the roasted and grooffiekes). Several variable tables were
considered supplementary data because they werdineatly related to the roasted coffee
flavour. Supplementary tables were the PTR-MS déttoe significant m/z, the number of
drying days, water activity (on th8%and on the ® day of drying), pH (on the®and on the
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10" day of drying), the sample colour in green bean &, b*) and the percentage of ‘foxy’
beans (see 7.2.2). The degree of correlation betweetables was investigated through the

calculation of the regression vector (RV) coefiitie

7.3 Results and discussion
7.3.1 PTR-MS data from green coffee headspace

In this study, an ANOVA of the PTR-MS data iderdi84 significant (p<0.05) m/z signals.
The significant m/z were depurated using the setplgprotocol in 5.2.8.1 (elimination of
instrument-related m/z, elimination of mass ionghvdn average below 1 count per second
and elimination of obvious isotopes, clusters witivater molecule and fragments of alcohols
minus a water molecule). After the dataset depoma®0 m/z were found relevant for use in
the PCA.

Table 7.1 summarises the 30 m/z found after dejouraind their tentative identification (20
m/z), based on the literature, where available.ld &bl also shows the number of sample
groups found by the Tukey post-hoc test. Some {4the m/z are capable of separating
samples in seven groups or more. Key examplesh&set highly discriminant, relevant m/z
are 47 (ethanol), 57 (alcohol fragment), 71 (3-yketitanol acetate) and 101 (Hexanal, 2,3-

pentanedione, 3-methyl butenoic acid).

Table 7.1. Relevant m/z in green coffee headspacé anffee samples (7 natural process treatments in

duplicate and 1 washed witness), analysed using PTIRS — tentative identification and number of Tukey

groups.

m/z ratio | Tentative identification Number of
groups of
samples using
Tukey post-hoc
analysis

31 | Formaldehyde fragmefht 5
33| Methanof* 6
41 | Alcohol/ester related fragméht 6
42| Acetonitrile® 5
45 | Acetaldehydé 4
47 | Ethanof 7
53 | Unidentified 6
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m/z ratio | Tentative identification Number of

groups of
samples using
Tukey post-hoc
analysis

55 | Butanaf 5

56 | Unidentified

59 | Acetone, propanél

3
57 | Alcohol fragment 7
2
6

61 | Propanol?, acetic acid, methyl formatB , acetate

fragment®

63 | Unidentified

67 | Unidentified

69 | Isoprené, octanal fragment, 1-octen-3-ol fragmént

71 | Fragment of 3-methylbutanol acetate

73 | Isobutanal, Butanal, Butanohe

79 | Unidentified

81 | Unidentified

83 | Unidentified

O N O] N O O] o Wl N

85 | Methyl butenaP, alcohol (1-hexenol, nonanol), ester

fragment®

87 | 3-Methyl-2-buten-1-ol, B-butenoic acid, 3-methyl 6
butanal, 2,3-butanediorie

91 | Unidentified

93 | Unidentified

97 | ZE,4E-Hexadienaf

101 | Hexanal, 2,3-pentanedione, 3-methyl butendit®ac

103 | 3-Methyl butanoic acid, pentanoic acid, 1-hekén

105 | (Phenyl-ethyl alcohol+Bl— H,0O?

107 | Unidentified

A N W o N B B~ O

117 | 2-heptanol, hexanoic aéid

(a) Identification reported by Yeretzian et al. (2002).
(b) Identification reported by Romano et al. (2014).
(c) Identification reported by Soukoulis et al. (2013).
(d) Personal communication — P. Silcock.

(e) Identification reported by Ezra et al. (2004).

In the PCA of the depurated m/z, a total of 88.5%he variability was explained by the first
two factors F1 (71.9%) and F2 (16.7%) (Figure 7(f)ithe 30 m/z, 26 were best represented
by F1, as they had the largest square cosine faroRipared to the other factors. F1 is best
described by 3-methylbutanoic acid and alcoholspeiga ethanol, as the main contributing
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m/z to F1 were m/z 103 (3-methylbutanoic acid, aeaic acid, 1-hexanol — 4.57%), m/z 41
(alcohol/ester related fragment — 4.42%), m/z 3ol fragment — 4.33%) and m/z 47
(ethanol — 4.30%).

F2 is best described by methanol, with the mainrdmrting m/z being m/z 31 (formaldehyde
fragment — 18.06%) and m/z 33 (methanol — 16.5%@owed by m/z 56 and m/z 83
(13.03% and 11.96%, respectively). The same twa mmantributing ions in F2 were found in
the international appraisal sample set reporte@hapter 5. F1 and F2 suggest two different
kinds of fermentation are taking place: ethanoiniemtation along F1, probably combined

with a degradation of amino acids, and methanohégtation along F2.
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Variables (axes F1 and F2: 88.54 %)
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Figure 7.1. Principal component analysis (PCA) mapepresenting the projection on F1 and F2 of the
significant (p < 0.05), depurated m/z values for hatural coffee treatments in duplicate and 1 washed

witness, evaluated using PTR-MS. See Table 7.1 fovz identifications.

Figure 7.2 presents the projection of samples oarféllF2 of the PCA of significant PTR-MS
data. The placement of samples along F1 (71.86%aafbility) shows four groups of
samples: from left to right, sample W standing atomext, an elongated group with most of
the treatments (2A, 1A, 2B, 7B, 6A, 7A, 4B, 1B, 4B); next, treatment 5 (5B and 5A) and
treatment 3 (3A and 3B — the ‘honeying’ treatmamtar the right end. The placement of
samples along F2 shows three groups of samples: faitom to top, sample W stands alone;
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next treatment 3 (3B and 3A), still on the negastide of F2, and then the rest of the samples.
It is clear that, from the point of view of the grebean headspace, the washed witness (W)
has a lower level of VOC emissions compared tonidweiral treatments, both along F1 and
F2, except for m/z 83. This is associated with mmo@n observation in the industry about
green, natural coffee beans having an intensayfradour as opposed to the mild ‘vegetable’
odour of green, washed beans. The two treatmentiseopositive end of F1 (treatments 3 and
5) were the two treatments with a higher, ae., treatment 3, during the first days of dgyin
and treatment 5, during the second week of dryseg (Figures 6.4 and 6.5). These two
treatments may have allowed an ethanol fermentatigmoceed, which could have competed
with the methanol catabolism. This is also supublg the high yeast count found with the
equivalent treatment in 6.3.2 (treatment 23), whitdly be the reason for a lower level of

methanol in treatment 3.

Observations (axes F1 and F2: 88.54 %)
3
7A
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o % 5 "
28
[ ] [ ] °
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° 6A0 ° 5A
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2 .
g 3A
o
N
[ ]
3B
[ ]
7 W
-10 5 0 5 10
F1(71.86 %)

Figure 7.2. Principal component analysis (PCA) mapepresenting the projection on F1 and F2 of 7

natural coffee treatments (1-7, with duplicates A ad B) and washed coffee (W), evaluated using PTR-MS
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7.3.2 Semi-quantification of odour-active compounds in HE-SPE concentrates

and static headspace of coffee grounds from GC-MS d  ata

The GC-MS peak areas of the known, odour-activepmamds of Table 5.6 were integrated
(single-ion integration) and the resulting datasas investigated using ANOVA. Only three
compounds were found to be significant at a le¥gd<®.05: ethyl 2-methylbutanoate (peak
10b, strawberry), ethyl 3-methylbutanoate (peakhlizeberry) and 3-Methylbutan-1-ol (peak
16b, stinky). Both fruity esters were highest i thoneying’ treatment (treatment 3). 3-

Methylbutan-ol was highest in the ‘mould fermerdatitreatment (treatment 5).

Three more compounds were found to be significarat kevel of p between 0.05 and 0.15:
methanethiol (peak 1, flatulence), 2-methylpropgpabk 6, peanut/fruity/chocolate) and 2-
methylbutanal (peak 7a, toasted bread/peanut/fiTiit¢ number of significant compounds is
much lower than the case of the international aparastudy (Chapter 5), which can be
explained by the fact that the raw material was dhmme for all the samples in the present

study, and thus the variability due to terroir gathetic effects was not present.

The semi-quantification data for all 6 compoundmsicant at values of p<0.15 (Appendix 8)
were investigated using a PCA. High correlatior®5, Pearson (n-1) coefficient) were
found between 2-methylpropanal and 2-methylbutaarad, between ethyl 2-methylbutanoate
and ethyl 3-methylbutanoate.

The PCA of the significant GC-MS/O data explains #ariability in a total of 6 factors and
79.8% of the variability is explained by the fitato factors (F1 and F2 — 53.6% and 26.3%
respectively). Figure 7.3 presents the projectibthe significant odour-active compounds on
F1 and F2. The square cosines of four of the comg®ijpeaks 7a, 10b, 12 and 16b) were
highest for F1, meaning they are best representdtlbThe main contributing compounds to
F1 were peak 12 (ethyl 3-methylbutanoate, blueberr@4.1%) and peak 10b (ethyl 2-
methylbutanoate, strawberry — 23.4%). Therefork,ckn be best described by the term
‘fruity esters’.
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Variables (axes F1 and F2: 79.85 %)
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Figure 7.3. Principal component analysis (PCA) mapepresenting the projection on F1 and F2 of
significant odour-active compounds (p < 0.15) for hatural coffee treatments and 1 washed witness,
evaluated using GC-MS. Peak legend: p06 — Propana-methyl; pO7a — Butanal, 2-methyl; p0l1 —
Methanethiol; pl2 — Ethyl 3-methylbutanoate; p16b - 3-Methylbutan-1-ol; p10b - Ethyl 2-

methylbutanoate (see Table 5.5 for odour charactesf peaks).
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Observations (axes F1 and F2: 79.85 %)
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Figure 7.4. Principal component analysis (PCA) mapepresenting the projection on F1 and F2 of 7
natural coffee treatments (1-7, with duplicates A ad B) and washed coffee (W), evaluated using GC-MS

(known, odour-active compounds significant at a lesd of p<0.15).

The square cosine of peak 6 (2-methylpropanal, yéamty/chocolate) is highest for F2, and
this compound is also the main contributor to F2.q%). Since peak 7a (2-methylbutanal,
toasted bread/peanut/fruit) also has a large dartan to F2, this factor can be described as
‘fruity, branched-chain aldehydes’. Peak 1 (methfinog flatulence odour) is the main

contributing compound to F3, with 79%.

Figure 7.4 maps the samples on F1 and F2 of the. At&atment 7 presented different
locations for both duplicates in this case and afsthe case of the Descriptive Cupping
analysis (6.3.4.1). In treatment 7, a thick layércoffee cherries was used for the whole
duration of the drying, which causes uneven dryiBgrhanu et al., 2012). Uneven drying is
likely to cause different placements for both degtes of treatment 7.

The sample placement along F1 follows the samergepattern observed in the green coffee

headspace: from left to right, sample W is foundrribe negative end, followed by most of
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the samples clustered near the origin (in this gadesample 7B halfway in the negative side
of F1), and then samples 5B and 5A on the posgide of F1, and 3B and 3A near the
positive end. This placement suggests a link betviee fermentation compounds observed in
the first factor of the green coffee headspaceyaisaland the odour-active compounds

contributing to F1 in the case of the roasted effamely the fruity esters.

The reason for the placement of samples along Ratiss clear. Treatments W, 5 and 3 are
placed on the negative side of F2, while the réshe treatments tend to be located on the

positive side. However, a few of the duplicates,(ZB) are placed on the negative side.

7.3.3 Correlations among fermentation compounds

Gibson (1974) associated a particular flavour foumcbffee from the Kenyan region of Solai
with an ethanol to methanol ratio in the green kdarger than 1. ‘Solai’ flavour is described
as being‘slightly fruity in character, or very slightly fenented in flavour. It is not to be
confused with the characteristic fruitiness causgdbad processing conditions since these
latter flavours are accompanied by a ‘coarse’ oornamon’ flavour” (Gibson, 1974). Flament
and Bessiere-Thomas (2002) suggest the ethyl diségaformed during roasting could be
responsible for that particular flavour. Thus, &tkanol/methanol ratio was calculated for the
samples of this study, using the PTR-MS resultsnfigreen coffee headspace for m/z 47
(ethanol) and m/z 33 (methanol). Figure 7.5 sholes effect of the treatment on the
methanol/ethanol ratio in green coffee beans (PTH-M
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Figure 7.5. Effect of treatment on ethanol (m/z 47) methanol (m/z 33) ratio (green beans, PTR-MS).

Holding samples for two days prior to drying (‘hgimey’ - treatment 3) produced an
ethanol/methanol ratio > 1 (1.54), whereas all otheatments presented ethanol/methanol
ratio < 1. An ethanol/methanol ratio > 1 suggestamol fermentation dominates. This is
probably due to a high yeast population as disclss®.3.2. Treatment 5 (slow drying rate
during the second week) shows the next higheshettmethanol ratio (0.75). The rest of the
natural treatments show an ethanol-methanol ragiovéen 0.25 and 0.55. The washed
witness (W) presents the smallest ethanol/rati@5)0.This order of the treatments reflects the
general order followed by the first factor of theegn bean headspace and the roasted bean

headspace analyses.

The contents of ethanol after roasting is highlyrelated (r=0.97, Pearson (n-1) coefficient)
to the ethanol contents in the green beans, whigjyests the ethanol is not completely

volatilised by the high roasting temperatures anefained encapsulated in the bean.
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Table 7.2. Correlation indexes between selected faentation compounds and derivatives (Pearson (n-1)

coefficient)
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Methanol
(green ) i
bean) 1.00° | 0.14 | 0.17 | 0.32 | 0.14 | 0.12 | 0.23 | 0.17 | 0.14 | 0.43 | 0.25 | 0.09 | 0.11 | 0.09 | 0.37 | 0.25
Ethanol
(green - - B
bean) 0.14 | 1.00 | 0.60 | 0.30 | 0.23 | 0.37 | 0.29 | 0.97 | 0.95 | 0.72 | 0.38 | 0.07 | 0.02 | 0.11 | 0.86 | 0.98
Acetal-
dehyde 0.17 | 0.60 | 1.00 | 0.81 | 0.67 | 0.73 | 0.61 | 0.55 | 0.53 | 0.47 | 0.29 | 0.20 | 0.28 | 0.21 | 0.63 | 0.59
Methyl
formate 0.32 | 030 | 0.81 | 1.00 | 0.85 | 0.80 | 0.63 | 0.29 | 0.30 | 0.44 | 0.15 | 0.30 | 0.38 | 0.29 | 0.58 | 0.35
Propanal,

2-methyl 0.14 | 0.23 | 0.67 | 0.85 | 1.00 | 0.95 | 0.87 | 0.22 | 0.31 | 0.19 | 0.08 | 0.08 | 0.21 | 0.10 | 0.51 | 0.29

Butanal, - :
2-methyl 0.12 | 037 | 0.73 | 0.80 | 0.95 | 1.00 | 0.89 | 0.33 | 0.41 | 0.24 | 0.01 | 0.05 | 0.07 | 0.03 | 0.59 | 0.42

Butanal, - _ _
3-methyl 0.23 | 0.29 | 0.61 | 0.63 | 0.87 | 0.89 | 1.00 | 0.24 | 0.36 | 0.07 | 0.10 | 0.05 | 0.04 | 0.03 | 0.38 | 0.28

Ethyl 2-
methyl-
butanoate | 0.17 | 0.97 | 0.55 | 0.29 | 0.22 | 0.33 | 0.24 | 1.00 | 0.97 | 0.81 | 0.54 | 0.09 | 0.15 | 0.05 | 0.82 | 0.94

Ethyl 3-
methyl- B}
butanoate | 0.14 | 0.95 | 0.53 | 0.30 | 0.31 | 0.41 | 0.36 | 0.97 | 1.00 | 0.73 | 0.51 | 0.01 | 0.08 | 0.03 | 0.85 | 0.93

3-Methyl-
butan-1-ol | 0.43 | 0.72 | 0.47 | 0.44 | 0.19 | 0.24 | 0.07 | 0.81 | 0.73 | 1.00 | 0.52 | 0.22 | 0.27 | 0.15 | 0.74 | 0.70

Acetic acid | -
0.25 | 0.38 | 0.29 | 0.15 | 0.08 | 0.01 | 0.10 | 0.54 | 0.51 | 0.52 | 1.00 | 0.56 | 0.61 | 0.49 | 0.20 | 0.28

2-Methyl-
propanoic - - - B }
acid 0.09 | 0.07 | 0.20 | 0.30 | 0.08 | 0.05 | 0.05 | 0.09 | 0.01 | 0.22 | 0.56 | 1.00 | 0.98 | 0.99 | 0.05 | 0.07
3-Methyl-
butanoic - B
acid 0.11 | 0.02 | 0.28 | 0.38 | 0.21 | 0.07 | 0.04 | 0.15 | 0.08 | 0.27 | 0.61 | 0.98 | 1.00 | 0.98 | 0.03 | 0.01

179



Chapter 7. VOC [...] by varying drying rate treatments

(0] (]

/C\ . © © g e} =}

© c S S 15 ‘© ‘©

Q@ | @ = S | & | s S | ®

c o < > > > > - o Q Q

= p o e | £ |5 |2 | & 0 8 2 2 )

) S o = = ) ) = = c © c c QL
» S o o i q = = £ £ & = 8 8 < ]
2 =) = S < N i ; i i 5 - S 5 5 D 5]
c — 2 = = _ ~N ™ o s o Qo Qo o D
5 s [T |® |8 |8 ||| |8 |28 ||| | |8
o c [=) e — c [ © o~ ™ < < -5 < = @
o © c o] > © c c — _ = © = = = > —
= < IS = S o IS IS > > D 5 D D O = >
S o |£ |8 |2 |2 |5 |5 |£ |£ =2 S 1=z 1= | = ® | &
(@) = | < = o m m w | ™ < N ™ I3\ = im|
2-Methyl-
butanoic
acid 0.09 | 0.11 | 0.21 | 0.29 | 0.10 | 0.03 | 0.03 | 0.05 | 0.03 | 0.15 | 0.49 | 0.99 | 0.98 | 1.00 | 0.07 | 0.09
Methyl
acetate 0.37 | 0.86 | 0.63 | 0.58 | 0.51 | 0.59 | 0.38 | 0.82 | 0.85 | 0.74 | 0.20 | 0.05 | 0.03 | 0.07 | 1.00 | 0.92
Ethyl
acetate 0.25 | 0.98 | 0.59 | 0.35 | 0.29 | 0.42 | 0.28 | 0.94 | 0.93 | 0.70 | 0.28 | 0.07 | 0.01 | 0.09 | 0.92 | 1.00
Ethanol

0.30 | 0.97 | 0.60 | 0.31 | 0.21 | 0.35 | 0.19 | 0.93 | 0.90 | 0.70 | 0.27 | 0.04 | 0.00 | 0.06 | 0.88 | 0.99

(a) Values in bold are different from 0 with a signéite level alpha=0.05.

Table 7.2 presents the correlation indexes betwe®n selected fermentation-related
compounds, calculated using the Pearson (n-1)iceft. In the PCA analysis of significant,
odour-active compounds shown in 7.3.2 it becamarctevo of the main discriminant
(p<0.05) compounds contributing to the odour actempound variability are the two fruity
esters, ethyl 2-methylbutanoate (strawberry note) athyl 3-methylbutanoate (blueberry
note). Both fruity esters are correlated (r>0.9g&uzh other, to the ethanol contents (both in
green and roasted form) and to the ethyl acetatéents. This implies the availability of
ethanol in the green coffee largely impacts thenfdion of ethyl esters both before and
during roasting. It also suggests the conditioret flavour the formation of ethanol also
favour the formation of the required acids for egpemation. These ethyl esters have a lower
sensory threshold than their methyl counterpartsniEnt & Bessiere-Thomas, 2002), which
would partly explain why the fruity character is m@vident when the ethanol/methanol ratio
Is larger than 1 (Gibson, 1974). However, the mle#isyers were not detected, which would

also suggest the effect is not only due to a lotvezshold, but actually to the esterification

conditions.

Other high correlations (r>0.9) between the seteééementation related compounds are 2-
methyl-propanal with 2-methyl-butanal (aldehydeswds from the degradation of valine and

isoleucine respectively, both with a fruity chaeaft 2-methylpropanoic acid with 3-
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methylbutanoic acid and 2-methylbutanoic acid @hkeanched-chain fatty acids derived
from the degradation of valine, leucine and isoleecrespectively, all with a tropical
fruit/fermented character), and methyl acetate glaith ethyl acetate (possibly due to the
availability of acetic acid for esterification). Mwnol does not show a significant correlation
with any of the other fermentation VOCs studied{ eeen with the methyl esters. Ethanol
and acetic acid are not significantly (p<0.05) etated either; the main reason for this may
be the independent formation of acetic acid durivgsting as a sugar-degradation product

(Flament & Bessiére-Thomas, 2002), as opposecetodtabolic oxidation of ethanol.

In the case of filamentous fungi metabolism, isoiee, leucine and valine can be degraded to
the aldehyde form (2-methylbutanal, 3-methylbutaaatl 2-methylpropanal respectively)
through the action of an aminotransferase and at@akid decarboxylase, and from the
aldehyde, the alcohol form can be generated thrélglaction of an alcohol dehydrogenase.
Alternatively, the acid forms (2-methylbutanoic @ci3-methylbutanoic acid and 2-
methylpropanoic acid respectively) can be generfted the amino acid form through the
action of an aminotransferase and a 2-ketoaciddtelggnase (Roze et al., 2010).

Therefore, three kinds of fermentation pathwaysrseebe functioning during processing in
a relatively independent way or as a progressi@): riethanol fermentation, largely
uncorrelated to the other selected compounds ayitesi in treatments 7 and 1; (b) ethanol
fermentation, possibly linked to the yeast popolatiargely correlated to the ethyl esters and
many times more intense in the ‘honeying’ treatntkan in the other treatments, followed by
treatment 5, which had a slow drying rate during #econd week of drying, and (c)
degradation of valine, isoleucine and leucine ®2kmethylpropanoic, 2-methylbutanoic and
3-methylbutanoic families of compounds; this ishagt in treatment 6, followed by treatment
5 — the two treatments that involved suspensiodrging for a few days. The presence of
these amino acid fermentation compounds is alsessacy for the formation of fruity esters
of branched-chain fatty acids. However, the presarfethanol will influence higher contents
of ethyl derivatives as opposed to methyl derivegtiv'iHoneying’ (treatment 3) seems to
favour the ethanol fermentation and inhibit the maebl one. ‘Honeying’ does not seem to

make a difference on the valine, isoleucine andifeudegradation.

Further research is needed to link these fermemtapathways to specific microbial
populations and growth conditions.
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7.3.4 Multiple factor analyses, including the Descr  iptive Cupping dataset

The large number of different variable groups pemg to this study were integrated in a
multiple factor analysis (MFA) in order to undersfathe links between the treatment
variables, the headspace volatiles and naturabedtavour (sensory results — Chapter 6),

with focus in the ‘Mocha’ character — meaning atfruwiney character.

For the purpose of the MFA, and for the sake ofsiancy with Chapter 5, the sensory data
produced by the University of Otago panel was uSedy two tables were kept active in the
MFA — the subgroup table from the University of @dapanel (11 columns including the
subgroups withy®>>7, as used in 6.3.4.1 — see Appendix 6) and thle taith 6 odour-active
compounds found significant with value of p<0.1%4(2). Only these two tables were kept
active as they are the only tables directly pentairto the roasted coffee samples. The tables
considered as supplementary include the table mira¢éed significant (p<0.05) PTR-MS m/z
from the green bean headspace (7.3.1); the talbkegmeen bean aspect variables (colour as
L*a*b* and percentage of ‘foxy’ beans — Appendix #e number of drying days for each
sample; the table of water activityy(aon day 2 and day 9 of drying, section 6.3.1.8) the
table of pH (on day 6 and day 10 of drying, sec#o®.1.4). For the case of the three last
tables, the washed witness was not consideredeinMiiRA, since the washed process is not
comparable to the natural process for these vasalthey were measured on the coffee pulp
and the washed witness was pulped).

Table 7.3 shows the RV coefficients between thevadtables and the supplementary tables.
The active tables have an RV coefficient with thEAVbf 0.886 and 0.800 for the subgroup
table and the odour-active compounds table, resedgtindicating both are well represented
by the MFA. Both active tables have an RV coeffitibetween them of 0.429, lower than the
one found in Chapter 5, but still indicating theseorrelation between the descriptors and the
GC-MS/O compounds. The RV coefficients betweenstliggroups table and the green bean
headspace table (0.461) and between the odourambmpounds table and the green bean
aspect table (0.488) are of the same order, bet@&&® and 0.500. However, there are also
two much higher RV coefficients, in the order of@-0.800, indicating correlations worth
exploring. These are between the subgroup tabléhendreen bean aspect table (bean colour
and percentage of foxy beans), which have an R¥ficeat of 0.744, and the odour-active
compound table and the green bean headspace wdtbtd, have an RV coefficient of 0.719.
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The bean colour has been traditionally assessethd\coffee industry as an indicator of
guality (SCAA, 2009b). Bean colour in general hagrbfound correlated to storage quality
and to oxidative and enzymatic reactions affectivegflavour precursors (Borém et al., 2013).
The reddish colour in particular and the presericioxy’ beans have been considered typical
of fruity naturals by the industry (Diaz Pineda,12D On the other hand, the high RV
coefficient found between the green bean headspaddhe roasted bean headspace may be
explained by the direct link between the green bedatiles and the significant odour-active
compounds for this study, as both are mostly rdlatadifferences in fermentation among the

treatments.

Table 7.3. RV coefficients calculated between diffent variable tables, pertaining to 7 natural coffe

treatments and one washed coffee witness.

Table RV with the subgroup | RV with the significant | RV with the MFA
table (New Zealand panel,| odour active compounds
significant subgroups) (GC-MS) table
Descriptors (New Zealand
o 1.000 0.429 0.886
panel, significant subgroups)
Significant odour active
0.429 1.000 0.800

compounds (GC-MS)

Green bean headspace (PTR-

0.461 0.719 0.676
MS)
Green bean aspect (CIELAB

0.744 0.488 0.792
colour and foxy beans)
Drying days’ 0.229 0.231 0.266
ay? 0.335 0.310 0.375
pH?® 0.169 0.213 0.219

(&) The washed witness was not considered in the ddéyg, @ and pH tables.

The RV coefficients between the field treatmentialdles (drying days, water activity, and
pH) and the active tables are smaller — in theroofl®.150-0.350. The highest correlations in
this group are found for the water activity talmdiich was in fact the main control parameter

to achieve differentiation between treatments.

The MFA (from the active tables) resulted in a ltath 14 factors (sum of eigenvalues
=5.459). 83.1% of the total variability was repmee in the first 5 factors. For the case of
this section, the placement of samples on F1 anaf B#2e MFA will be discussed before the
variables, as this will help introduce the manyiafales involved. F1 represents 28.5% of the
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variability and F2 represents 19.3% of the varighilThe variability explained by the
combination of F1 and F2 is 47.81%, which approa&®s% but still implies over half of the
information from the active tables is not being lexped by the plots of F1 and F2. Only the

main sources of variability, as explained by F1 R&df the MFA, will be discussed below.

Figure 7.6 maps the samples on F1 and F2 of the MflAduplicates were placed next to
each other along F1, with the possible exceptiomezitment 7 (7A and 7B). Treatment 7 has
been shown to have duplicates that are most varidlbéatment 7 used a thick layer of piled
coffee cherries, with a limited cherry turning foemcy (once a day). This causes unevenness
between the cherries on the top layer, exposedetaunshine and the air, and the cherries in
the bottom layers. The observations of treatmentluring drying indicate an uneven
appearance of cherries. As the cherries withinstimee batch were uneven, separate batches,
like the case of 7A and 7B, are likely to be diéier from each other.

The general placement of samples along F1 is eiith what has been observed in the field
and the instrumental results: from left to rigltte twashed witness on one end, followed by
treatment 2, which was a fast-drying treatmentn tie majority of the natural treatments (7,
6, 4, 1), then the treatment with the slowest dyyiate during the second week (treatment 5)
and last, the ‘honeying’ treatment (treatment &garmthe positive end of F1. The reasons for
the placement of samples along F2 are not as dleatyreatments with a slower drying rate
are spread wider apart along F2, while the fastter treatments are closer together. This may
suggest that slower drying introduces further caxity to the coffee matrix, through the role
of fermentation and fruit respiration, possibly siang divergence between batches of the

same treatment.
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Observations (axes F1 and F2: 47.81 %)
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Figure 7.6. Multiple factor analysis (MFA) map representing the projection on F1 and F2 of 7 natural
coffee treatments (1-7, with duplicates A and B) ahwashed coffee (W — averaged), evaluated using the

Descriptive Cupping method and GC-MS.

Figure 7.7 maps the variables of the two activelesmb(subgroups and odour-active
compounds) on F1 and F2 of the MFA. The subgrougst rontributing to F1 arermented
(14.3%),salty taste(10.0%) andropical-fruity (9.4%), all on the positive side of F1, while
the odour-active compounds most contributing taafel peak 10b (ethyl 2-methylbutanoate,
strawberry, 18.3%), peak 12 (ethyl 3-methylbutaepatueberry, 16.6%) and peak 16b (3-
methylbutan-1-ol, stinky, 13.5%). The highest clatien indexes (Pearson (n-1) coefficient)
between subgroups and odour active peaks are fbehdeensalty taste and peak 12
(r=0.865), betweesalty tasteand peak 10b (r=0.813) and betwdermentedand peak 10b
(r=0.713). It seems the industry’s perception afoarelation between fruitiness/wineyness
and salty taste in naturals (Davids, 2010) maydreect in some specific cases. Saltiness was
only perceived in the ‘honeying’ sample. The ‘hongytreatment has proved to be different
to the other natural treatments in all the analyem the intensity of the fermentation taking
place (6.3.2), in the amount of VOCs emitted bydheen beans (7.3.1) and in the contents of
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significant odour-active compounds (7.3.2). This baen helpful to understand the potential
of an initial fermentation stage prior to dryingdathe role of yeasts; however, even though
this treatment has a clear fermented flavour, froma application point of view, the
‘honeying’ treatment given to 3A and 3B may haverb&o intense for the flavour change to
be considered ‘desirable’. The formation of ethaablthe expense of precursors such as
sugars (Silva, 2014) may have been too intenser@lagve absence of precursors may have
allowed an ‘undesirable’ character, such as théy dalste, to become apparent. Future
research should focus on a better understandintpeofhoneying’ treatment, in order to

optimise fruitiness without compromising sweetness.

In addition, the two fruity, branched-chain, etlegters (ethyl 2-methylbutanoate and ethyl 3-
methylbutanoate), showing high correlations vighmentedandtropical-fruity characters are
also worth further investigation. The role and fbemation conditions of these two esters
have been subject to contradicting interpretatidiey have been linked to over-fermented
defects (Bade-Wegner, Bendig, Holscher, & Wollmat®97; Guyot & Vincent, 1982) but
also to the fruity character in natural coffees ffHann, in a personal communication to
Folmer (2014), without reporting methodology). dt ¢lear from this study that these two
esters play a key role in the formation of the ‘Maccharacter, but more research is needed
in order to optimise the ‘desirable’ fruity chamactrom these esters without incurring over-

fermentation.

186



Chapter 7. VOC [...] by varying drying rate treatments
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Figure 7.7. Multiple factor analysis (MFA) map representing the projection on F1 and F2 of descriptor
subgroups (circle) and significant odour-active comounds (square). Peak legend: p01 — Methanethiol;
pO7a — Butanal, 2-methyl; pl6b — 3-Methylbutan-1-9l p06 — Propanal, 2-methyl; p10b — Ethyl 2-
methylbutanoate; p12 — Ethyl 3-methylbutanoate; (se Table 5.5).

Figure 7.8 projects on F1 and F2 the significare méasured by PTR-MS in the green bean
headspace, considered here as supplementary dash.nMz are directly correlated with F1
and thus with the fermentation intensity, the com@ion of fruity esters and tHermented
character. As discussed in 7.3.3, the ethanol fetaien is linked to the formation of the
ethyl esters. The fact that most m/z are direatiyedated with F1 implies that ethanol and
other fermentation-related volatile organic compsidetected in the green bean headspace
can potentially be used as predictors of the framygl fermented characters in the roasted

product.
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Variables (axes F1 and F2: 47.81 %)
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Figure 7.8. Multiple factor analysis (MFA) map representing the projection on F1 and F2 of descriptor
subgroups (circle) and significant odour-active coipounds (square) as active tables, and significantTiR-

MS m/z values (triangle) as supplementary table. Oy key labels are shown, to improve readability.

Figure 7.9 projects the variables pertaining to gheen bean aspect (CIELAB colour and
percentage of foxy beans) on F1 and F2 of the MB@th the a* colour parameter and the
percentage of foxy beans have a high square cosiid (0.623 and 0.595, respectively) and
a high loading on F1 (0.789 and 0.771 respectivélg)increase in a* means the bean colour
is less green and more red (Negueruela, 2012).pEheentage of foxy beans is a similar
indicator, as it is the fraction of visually reddibeans (the ‘foxy’ beans). This implies the
reddish colour of the beans is linked to a morensé fermentation and also to a more
pronouncedfermentedcharacter (see the figures for Treatment 3 in Agdpe 7), which

validates the industry’s perception about the foggns and the reddish colour as an indicator
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of fruitiness (Diaz Pineda, 2012). Further reseascheeded to understand the formation of

reddish colour on the beans and the silverskimduermentation.

Variables (axes F1 and F2: 47.81 %)
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Figure 7.9. Multiple factor analysis (MFA) map representing the projection on F1 and F2 of descriptor
subgroups (circle) and significant odour-active comounds (square) as active tables, and green bean

aspect variables (triangle — bean CIELAB colour ancpercentage of foxy beans) as supplementary table.

Figure 7.10 projects the field treatment variabléis/ing days, water activity and pH) as
supplementary data on F1 and F1 of the MFA. Thehe@svitness was not considered in this
analysis because the processing differences miease tvariables were not comparable. The
largest correlations between these variables aadattive table were found between the
number of drying days and peak 1 (methanethiol,73®@ Pearson (n-1) coefficient) and
between the water activity on thd' @ay of drying and peak 16 b (3-methylbutan-1-ol,

r=0.737, Pearson (n-1) coefficient). Since methaoktis a derivative of methionine

189



Chapter 7. VOC [...] by varying drying rate treatments
pyrolysis, the first of these two correlations meply a link between drying time, coffee
fruit metabolism and the contents of free aminalgicas proposed by Selmar et al. (2014).
The latter of these correlations suggests a casmbobf leucine when enough water is

available during the second week of drying.

The projection of these supplementary variables-brand F2 also shows a link between a
higher water activity and f@rmenteccharacter, as well as an inverse relationship &etvwH
and fruity flavour. There may be a cause-effecircistarting at a higher water activity during
drying, which allows microbial growth (namely yeagtowth) and promotes ethanol
fermentation. The fermentation results in a pH dbegause of the oxidation of ethanol to
acetic acid, together with the production of otheids. The availability of ethanol increases
the contents of ethyl esters, which contributeh®fermentedcharacter. Overall, microbial
fermentation plays an important role in the deveiept of the Mocha character, characterised

by fruity andfermentedlavour notes.
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Variables (axes F1 and F2: 50.25 %)
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Figure 7.10. Multiple factor analysis (MFA) map regesenting the projection on F1 and F2 of descriptor
subgroups (circle) and significant odour-active comounds (square) as active tables, and number of
drying days, water activity (on day 2 and day 9) ad pH (on day 6 and day 10) as supplementary tables
(triangle). The washed witness has been excludedfn this MFA.

7.4 Conclusion

In this study, the samples (15) produced usingemdfit natural coffee treatments (7) and a
washed witness (as reported in Chapter 6) wereactaised through the analysis of the
headspace of the green and roasted coffee beaRIRYMS and GC-MS respectively, and
these analytical results were interpreted togethittr their aroma and flavour profiles (from

Chapter 6) using multiple factor analysis (MFA).
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Aside from the washed witness, the most distingatent was the one termed ‘honeying’
treatment, which involved suspending the drying tfoe first two days. This resulted in an
intense fermentation with a high production of etila Ethanol becomes available for
esterification, namely with branched-chain fattydaccoming from valine, isoleucine and
leucine metabolism, producing ethyl, fruity estdfsuity esters contribute to the fruity and
winey character of ‘Mocha’ style naturals, but @ iotense fermentation may deplete the
levels of important precursors for sugar pyrolysisl Maillard reactions. Further study of the
‘honeying’ treatment is needed in order to optinitse fruitiness without compromising other

desirable characters.

A suspension of drying during the second week ofdnying (after the water activity of the
cherry had dropped below 0.800 and the batch wdigttdropped to nearly half the initial
weight) also resulted in a distinctive product, idering all the variables involved. This may
be a safer, more controllable way to develop thechWa’ character than ‘honeying’. At any
rate, it is clear that for the ‘Mocha’ characterbt® developed there must be some degree of
catabolic degradation of valine, isoleucine andilee, as their derivatives play a key role in
the development of fruity and winey characters atural coffees. Fast drying (and thus

machine-drying) does not allow the time for thealbolic reactions to occur.

Treatments involving thick layers of cherries andited turning frequency during drying
resulted in a larger degree of unevenness withah émtch and between duplicates of the
same treatment. For this reason, these methodsotdseem adequate for controlling the
drying rate. Complete suspension of drying duringwa days (for example, by bagging the
batch) seems a more homogeneous and controllabf®d®r decreasing the drying rate.

More research is needed to understand the roletren@rowth conditions of the different
microbial populations, as well as their relatiopshiith methanol fermentation, ethanol

fermentation and amino acid degradation.
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8.1 Integration of analytical methods and Descripti  ve Cupping

Chapter 2 introduced the concept of using a serdioegted approach to interpreting the
flavour of complex products such as coffee andnideustanding the abundant analytical data.
Interpreting analytical data without the guidanck sensory tools can potentially be
misleading. An example of this last situation ie study by Gonzalez-Rios et al. (2007a),
who concluded‘coffee produced by the traditional wet method seeénio have a better
aroma quality than coffee produced by the mechamthod” based solely on the number
of ‘pleasant’ and ‘unpleasant’ compounds as detelo}eGC-O. Cases like this are the reason
why Sunarharum et al. (2014) insist thatatching or creating a comprehensive link on all
components of coffee flavor and sensory qualityleald to a deeper understanding of coffee

flavor” .

The work by Charles et al. (2015) is a choice eXarmpa study integrating both sensory and
instrumental analyses, which serves to illustrdte importance of the matrix effect on
flavour. These authors investigated the effectaafst degree and sugar addition on aroma
release and perception in espresso coffee. Theorseraspect was measured through
Temporal Dominance of Sensations (TDS), a methad tbcords the dominant attribute
perceived (from a list of 9 attributes) along tirfa, 1 minute after the espresso consumption
starts. The analytical aspect was measured thranglysis of the coffee headspace (by PTR-
ToF-MS) and through sampling of the ‘nosespaceasdgessors at the same time that they
rated the espresso samples. This ensured bothetisdry and instrumental analyses were
done on the same sample, the same subject andrtteeconditions. The addition of sugar did
not affect the aroma release of coffee analyticdilyt it changed the flavour perception of
coffee, with increased intensity of the caramehsted and nutty flavour notes perceived. This
Is explained as a cross-modal interaction betwaste iand flavour and could not be predicted

from the headspace analysis alone.

In the present research, an effort to integratéytioal and sensory data was made. Analytical
data were collected from the green and roasted Isamgpsing PTR-MS and GC-MS/O
respectively. In this case, the analytical and @sndata were not collected at the same time,

but the same roasted samples were used for botiisasa Methodologically speaking, the
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main innovation in the present research was th@dottion of Descriptive Cupping as a

sensory methoddbjective 12.2.2.1 — see also Chapters 3, 4 and 6).

Descriptive Cupping has some advantages as a yemstinod, but also some limitations. Its
main advantages are the availability of a largéalaorpus of cupping data which may be
analysed retroactively and the availability of teands of licensed ‘Q-Graders’. Q-Graders
are available in many coffee-producing countriessnof which do not have access to trained
sensory panels. In addition, Q-Graders have besesed, tested with a licensing exam and
have been trained in a common descriptor vocabulglnys training includes the use of
descriptive terms in conjunction with referencendrds (Le Nez du Café®) in a manner
similar to descriptive analysis. In most cases, 1@d8rs are continually assessing coffee and
thus little or no further training is required. Ashas been shown in Chapter 3, the use of a
small number of Q-Graders can still produce cohteresults. This is probably due to their
high level of expertise in coffee assessment. Toraparison of the Descriptive Cupping
results from two panels, in Chapter 6, demonstraked method is largely reproducible,

regardless of the cultural and training differenae®ng cuppers.

Nevertheless, the perception of attributes by cigppe influenced by their own cupping
training, which emphasises the scoring of coffeesed on quality criteria. This situation may
be an advantage of Descriptive Cupping when the hetween the flavour profile and the
perception of coffee ‘quality’ is being investigdtdHowever, it may also become a limitation
for gathering ‘objective’ and ‘unbiased’ data. Té@nay be a tendency of cuppers to focus on
taints or undesirable flavour notes, such as thinyaotes in Chapter 3 or the phenolic notes
in Chapter 4. Anyhow, any kind of sensory assesaating unavoidably implies a degree of
bias, as there is an interplay between perceptidritze descriptive vocabulary learned during
training (Lawless & Heymann, 2010). Though the Dggiwe Cupping results are coherent,
the validity needs to be further investigated tigtoeomparison with sensory methods. The
investigation examining the relationship betweensdiptive Cupping and descriptive
sensory methods is outside the scope of the pressedrch but is currently being carried out
at the University of Otago by another student, shgwa good agreement between both

methods.

This research was conducted under the principlethiesbest guidance in the understanding of

an extremely complex food matrix, such as coffeethe sensory interpretation. Analytical
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methods such as the details of the SPE extractiethadology were developed with the
guidance of sensory assessments. The Descriptippi@u results, be it by themselves or
within an MFA, guided the interpretation of all &tecal results.

8.2 The flavour of natural coffee in broad context

Along this research, analytical and sensory metlmad® been combined with a focus on the
flavour of natural coffees. Is there such a thisgaanatural coffee characteObjective 2
2.2.2.2)? The answer is not simple. The results fomth Chapter 3 and Chapter 4 suggest
there is a large range of common flavours in tHéees produced by different methods, while

there are some flavour descriptors that tend tepeeific to a processing method.

The area of common flavours between the differentgssing methods is what could be
considered the most ‘characteristic’ coffee flavaotes. In Chapter 3, the common flavours
are most clearly found around thegetablecaramelly chocolate spicy, resinousandearthy
subgroups (Figures 3.2 and 3.3), as samples frompescessing method can show these
characters. All samples in Chapter 3 come fromstimee Mexican state and thus variability
due to the effect of terroir should not be as ingoar as variability from the processing
methods. In the case of Chapter 4 (Figures 4.14aRy the terroir effect is larger than the
effect of processing and samples tend to be diggtgeographically. Nevertheless, there is
also flavour overlap of samples from different msging methods around the following
subgroups:vegetable dried-fruity, caramelly nutty, toasty chocolaty spicy, pyrolytic,
resinous pungent fungal phenolic woody bitter-taste dry-acid, astringent earthy, past-
croppishandrough body The variability of the sample set is wider foe ttudy in Chapter 4;
nevertheless, all the subgroups which were foundet@eommon to the different processing
methods in Chapter 3 were also found in ChaptéCatamelly nutty, toastyand chocolaty
flavour notes are all closely related to Maillamhctions and are thus at the core of the
‘characteristic’ coffee flavour. In Chapter 5, teeflavour notes were linked mostly to
pyrazines. Even though the processing method cHmence the composition of flavour
precursors — namely sugars and amino acids asrpagsiof the Maillard reaction (Selmar et
al., 2014) — the resulting flavour of some coffe@h falls in this region irrespective of their

processing method.
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Nevertheless, there are some areas in the coffeeut spectrum that seem populated only by
samples from a specific processing method. In #se ©f Chapter 3 (Figures 3.2 and 3.3),
these areas seem to be floeal subgroup for washed coffees, and thenentedandfruity
subgroups for the natural coffees. In Chapter guies 4.1 and 4.2), theral andcitrus-like
subgroups seem to be populated exclusively by whsbfees, whilered-fruity, tropical-
fruity and sweet-acidare populated exclusively by naturals. These tesrk consistent for
the two sample sets, which were evaluated in tWerént countries by two different panels.

The study of thefloral flavour note for the washed coffees is outside shepe of this
research. The study in Chapter 5 showed some flo@&-O compounds (Table 5.6), but
none of them were linked to particuldloral samples. On the other hand, the case of the
fermentedandfruity subgroups as specific to natural coffees has tsenssed extensively in

the preceding chapters and will be further explonetthe following sections.

Summarising — no, there is not such a thing asntteiral coffee’ character. There are natural
coffees that could be easily confused for washdtées as they may lack all the attributes
considered ‘characteristic’ of natural coffees, lsws fruitiness or wineyness. These are
natural coffees predominantly chocolaty or carayelt perhaps vegetable or phenolic. Some
taints and defects, in particular, can appear dueny processing method. Then again, there
are natural coffees that unmistakeably display‘tharacteristic’ natural coffee profile, yet
that does not mean all these ‘characteristic’ @dffeave the same flavour. Some of them are
dried-fruity, some are red-fruity, some seem trapfauity yet others could be described as

winey, fermented, fungal or a combination of thelsaracters.

8.3 The ‘Mocha’ character as a natural coffee ‘styl e

In complex products, such as beer, categorisationrding to ‘style’ is essential in order to
understand a market’s preference for a particulafile as well as to analyse and compare the
wide range of flavour expressions in a coherentmaanin the case of beer, ‘style’ is a
concept‘used to differentiate and categorise beer by vasidactors such as colour, flavour,
strength, ingredients, production method, recipestdny, or origin”, although a single
classification of beer styles is impossible to make different associations classify beers
differently (Arfelli & Sartini, 2014). Since coffeis a tropical product originated outside the

main consuming countries, the concept of ‘coffggesthas mostly been used to describe a

197



Chapter 8. General discussion
roasting method or a manner of brewing and sergaitge. Green coffee, on the other hand,
has mostly been defined by its region of originteasl of by a deliberate ‘style’ (Ukers,
1922). The only categorisation of green coffees #pproaches the concept of style is the
classification, according to processing methodhatural, washed and pulped natural coffees
(Brando & Brando, 2014). However, a broad categsunch as ‘natural coffee’, has been
described in conflicting terms, often within tharsadocument. For example, Ukers (1922)
said“generally speaking, washed coffees will always e@nd a premium over coffees dried
in the pulp”, while he also stated thdbr many generations, Mocha coff¢e natural coffee]
has been recognized throughout the world as thé¢ @effee obtainable”.The author was
clearly distinguishing ‘Mocha’ coffee from genematurals. In other words, ‘Mocha’ has
been acknowledged as a specialty ‘style’ withinrthtural coffees, even though the definition

of the term ‘Mocha’ is very vague and has changest time.

The use of the term ‘Mocha’ is particularly relevéor the scope of this research. ‘Mocha’ is
the name of a Yemeni port on the Red Sea. Betweeri4' and the 1% Centuries, Mocha
was the main exporting port for all coffee tradeff€e exported from this port was named
‘Mocha’. A Dutch coffee and tea price list from7i7lists the'Levants of Mocha”coffee at

a price between 50% and 260% higher than othemarigHaggam, 2012). The term ‘Mocha’
has been associated with coffee for so long thafféctively means completely different
things in different countries and contexts. Nowaddlye term ‘Mocha’ can mean a mixture of
coffee and chocolate, a use first recorded in 1@ per, 2015). ‘Moka’ is also the brand
name of the stovetop coffee maker, patented bymsticBialetti in 1933. In Brazil, ‘Moca’ is
the name given to the ‘peaberry’, which is a coffe®an with a characteristic rod shape
(Mendonca et al., 2005). In Colombia, ‘Moka’ is theme of a coffee varietal with very small
beans (XUECafé, 2012).

For the purpose of this research, the term ‘Mocb&ers to a specific natural coffee flavour or
style, originally related to the flavour of Yemesuffees that were exported from the port of
Mocha, but now referring to any coffee with the sacharacter. Ukers (1922) described the
flavour of ‘Mocha’ beans as having distinctive winy flavour and is heavy with acidity.],
smooth and deliciols The flavour of coffee from Harrar, Ethiopia (aher natural to this
date) was described as havihgup characteristics resembling Mocha, and by soane
preferred to Mocha because of their winier cup dlar/. The Mexican Tepic, which is still
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mostly natural, was described as thso “called ‘Mexican Mochd&’ (Ukers, 1922). For
Akiyama et al. (2008), the ‘Mocha’ character implan elegant, fermented, fruity, winey and
spicy odour.

This research has viewed the flavour of naturaleeofrom different points of view. Chapter
3 focused on the differences between the main psing methods(bjective 2 2.2.2.2)
within a single processing region; Chapter 4 foduse characterising the flavour of natural
coffee from different countriefOpjective 3 2.2.2.3), using other processing methods as a
point of reference only, and Chapter 6 looked #exint natural coffee treatments using a
uniform, controlled raw materiaDpjective 5 2.2.2.5). In all cases, fruitiness and wineyness
— the ‘Mocha’ character — have stood out both asatdiers strongly influenced by processing
and as highly discriminant characters. ‘Mocha’ eeff are distinct from other washed and
pulped-natural coffees and even from some natwtées that do not present fruitiness. In
Chapter 4, it is particularly evident that natunad¢g presenting fruitiness (such as the studied
Brazilian samples) actually approach more the flavaf their washed counterparts than the
flavour of ‘Mocha’ style naturals (such as the NMaguan samples studied). Among all the
samples studied, only natural coffee samples hhwens fresh red-fruity and tropical-fruity
characters. While the different processing mettsm#sn to have a common flavour for most
characters, only naturals seem able to presemaa ®locha’ style profile (see, for example,
Chapter 3). This represents an opportunity for natgoffee producers to differentiate
through the different expressions of the ‘Mocharetter.

They? per-cell analyses from the characterisation studfow that, in fact, the fruitiness or
wineyness of a natural coffee can range greatiysiexpression. This range can go from a
dried-fruit character, still shared by some pulpeturals (samples 26N and 29PN from
Chapter 3), to a tropical-fruity character (sam@&5 15N, 51N in Chapter 3, and sample
NNB4 in Chapter 4), a red-fruity character (sampldéB5, NNC, NNR from Chapter 4) or

even a fermented character, usually implying a ekegf wineyness (sample 21PN from
Chapter 3 — a case of a pulped natural sharingchi@sacter, and sample NNB2 from Chapter
4). Any of these samples could have been class#getMocha’. A better understanding of

natural coffee flavour will lead to a better categation of the natural coffee styles. An

abstract generalisation of these categories isgsexp in Figure 8.1. The coffees currently
meeting the ‘Mocha’ style could be further categed into those with a fresh fruity character
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(including red-fruity and tropical-fruity) and feented character (including winey/fermented
and fungal). This categorisation would help to éretinderstand the links between processing

and flavour, and would also facilitate the markgtnf those natural coffees.

Figure 8.1 also shows an arrow from left to riglmgm the non-fruity character to the

fermented character, showing the general senserofehtation intensity during processing.
Without going into the specifics, there is a gehegtationship between the drying rate, the
degree of fermentation and the resulting flavoure Brazilian samples used (Chapter 4), for
example, which were dried in under a few days usmeghanical dryers, tend to be the least
fruity samples, if not completely ‘non-fruity’. Theo-called ‘honeying’ treatment (Chapter 6),
which was fermented for two days prior to drying,a good example of the ‘winey’ or

‘fermented’ category. Of course, other characterisdffee flavour notes, such as chocolaty,
caramelly and pyrolytic, may still be present inity naturals. Combinations of, for example,
red-fruity and chocolate are not uncommon in ndguaad many samples of this study have
been described as such. Samples between two srgasot uncommon either; for example,
sample 3A in Chapter 6, combines both tropicaltyraind fermented characters. This figure
is a broad generalisation, yet it is useful to @nthe concept of different natural coffee

styles to producers, other members of the coffdastry and consumers.
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Fresh fruity* Fermented*

Tropical Winey,
-fruity fermented
Dried-
—

| General progression of fermentatlon intensity

Figure 8.1. Generalisation of natural coffee styleg*) - Currently considered ‘Mocha' naturals.

8.4 Formation of the ‘Mocha’ character in naturals

The research conducted at the Institute of PlamioBy (IPB) of Technical University
Braunschweig (Germany) for over a decade has ntaaeyi clear that the processing method
(natural, washed, pulped natural) strongly inflleemn¢he metabolic reactions in the living
coffee bean during processing (including the ihiia of seed germination), while these
reactions in turn affect the composition of flavpuecursors in the bean, namely amino acids,
sugars and chlorogenic acids (Bytof et al., 200ytoBet al., 2005; Bytof, Selmar, &
Schieberle, 2000; Knopp et al., 2006; Selmar et 2001; Selmar, Bytof, Knopp, &
Breitenstein, 2006; Selmar et al., 2014). Thesterihces in the flavour precursors (2.1.2.2)
in turn can explain the presence of different flavoompounds after roasting. Both amino
acids and sugars are the main precursors of Maitkzeictions. Thus, the different profiles of
amino acids and sugars due to different processmeghods cause differences in the
composition of Maillard products after roasting I(8ar et al., 2014), which are key to coffee
flavour. Therefore, flavour differences in coffegessed by different methods have been

explained as caused mostly by metabolic differentéise bean during processing.
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On the other hand, the importance of microbial famtation during natural coffee processing
has been indicated by a research group from theedwsidade Federal de Lavras (Brazil)
(Evangelista et al., 2014; Silva, 2014; Silva et abD08; Silva, Schwan, Sousa Dias, &
Wheals, 2000). The microbiota present during thgndr of natural coffee processing in
Brazil has been characterised (Silva, 2014; Sitval.e 2008) and the effect of specific yeast
strains inoculated prior to drying on the flavomdavolatiles profiles has been assessed. Out
of four coffees inoculated with separate yeastirgtrgSaccharomyces cerevisidgFLA
YCN727,S. cerevisiadJFLA YCN724, Candida parapsilosi$JFLA YCN448 andPichia
guilliermondii UFLA YCN731), only the coffee inoculated with UFDACN727 produced a
distinct fruity beverage, while the coffee inocelhtwith UFLA YCN724 produced a
fermented flavour note (Evangelista et al., 2014).

The flavour of complex products like coffee is afed by many factors and these two
research approaches are complementary. The stuthe afoffee bean physiology from the
IPB explains many of the differences between tloeggses from the flavour precursor point
of view, but does not explain why some naturals feugier or are more intense in winey
character than others. The multidisciplinary stadi natural coffee fermentation in Brazil,
involving microbiology characterisation, headspaoalysis and sensory analysis have made
it clear that something as subtle as the specifi@ins of Saccharomyces cerevisigeast
inoculated will affect the coffee flavour. Howevéw,the best of our knowledge, the possible
metabolic or chemical links between the coffee famtation and the resulting flavour

characters have not been stated by any researcher.

Thus, the main contribution of the present resetoaghe understanding of flavour formation

in natural coffees@bjective 42.2.2.4 andbjective 52.2.2.5) is the proposed link between
the ‘Mocha’ character (fruitiness and/or wineynems) two separate types of catabolism. On
one side, the catabolism of valine, isoleucine Bgtine (probably microbial, although it
could also be due to the coffee bean metabolisegsgivay to the three families of volatile
organic compounds summarised in Table 8.1 (Roaé,£2010; Thonning Olesen & Stahnke,
2004). Even though some of these compounds, nathelhaldehydes, can also be created
during roasting through Strecker degradation (Fland& Bessiere-Thomas, 2002) the main
formation pathway of these compounds is catabatidhe headspace study of the green beans
suggests (5.3.1, 7.3.1).The odour character of ofdstose compounds is fruity or fermented,
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Table 8.1. Volatile compounds derived from the cataolism of branched-chain amino acids and their
odour character. Adapted (Roze et al., 2010; Thonng Olesen & Stahnke, 2004).

Chemical class

From the catabolism of

From the catabolism of

From the catabolism of

valine isoleucine leucine
Alcohol 2-methylpropan-1ol 2-methyl-1-butanol 3-methyl-1-butanol
Ethereal-fruity® Fruity, winey?
Stinky”
Aldehyde 2-methylpropanal 2-methylbutanal 3-methylbutanal

Overripe fruit®
Peanuty/Fruity/Chocolate

Fruity, fermented
Toasted bread/Peanut/Frbiit

Fruity &
Toasted bread/Peanut/Frhiit

Carboxylic acid

2-methylpropanoic acid
Acid odour, fruity?
Tropical fruit®

2-methylbutanoic acid
Fruity &
Fermented/Tropical fruft

3-methylbutanoic acid
Fruity, cheesy
Fermented/Tropical fruft

Ethyl ester

Ethyl 2-methylpropanoate
Ethereal, fruity, sweet, pine

cone?

Ethyl 2-methylbutanoate
- Apricot, apple, strawberr§

Strawberrf

Ethyl 3-methylbutanoate
Blueberry, fruity?

Blueberry®

(a) Aroma descriptors in italic taken from Flament 8wbsieére-Thomas (2002).
(b) Underlined descriptors taken from GC-MS/O stud@.@®).

On the other side, the ethanol fermentation (mé&styl by yeasts — Chapter 7) enables the
production of ethyl esters, for example ethyl aeetd&thyl esters have a lower odour
threshold (they are more odour-active) than me#sters (Flament & Bessiere-Thomas,
Ethyiné2hylbutanoate and ethyl 3-

methylbutanoate — the ethyl esters of the brancheth acids from Table 8.1 — are the two

2002) and also present a fruity character.

esters most closely related to the red-fruity ctigraof some naturals, as shown in Chapters 5
and 7. These two esters have been associated ipastewith the over-fermented defect
(Bade-Wegner et al., 1997; Guyot & Vincent, 198%vertheless, these two esters are so
highly odour-active that — provided that the ferta¢ion has not depleted the sugars and free
amino acids as suggested by Silva (2014) — theystilnimpart a fresh fruity character

without affecting the cup quality.

As the understanding of these flavour formatiorhpatys evolves in the future, technologies
will become available for producers to deliberatetgate and maintain their own natural
coffee ‘style’. The coffee drying curves can be teolled using low-level technology tools

that are available to any coffee farmer, as it wlaswn in Chapters 6 and 7. It should be
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possible, for example, to consistently produce ghotruity esters for the coffee to be
noticeably fruity without incurring over-fermentati. More sophisticated drying systems and
specific fermentation inocula may further help abta particular flavour outcome.
Nevertheless, these processes could only be ablmouify the substrate given by the
combination of environmental and genetic factorat throduce a unique coffee in every

terroir.

8.5 Future directions of research

From the methodological point of view, a validatiointhe Descriptive Cupping methodology

is required. This research has demonstrated thereobe and meaningfulness of the
Descriptive Cupping methodology when compared talydical analyses. Nevertheless, a
comparison with accepted descriptive sensory mellbgtes needs to be made. This study is
currently being carried out at the Department add=8cience of the University of Otago — so
far showing a good agreement between both methodsd-is expected to be completed
during 2015.

From the point of view of natural coffee flavounete are many unresolved questions that
should be addressed by future researchers. Thdigtme below in bullet format.

 In this research, the instrumental analyses focusedusively on the coffee
headspace. However, non-volatile compounds alsp glkey role in coffee flavour.
Future research should include the analysis of vadatile compounds — namely
organic acids — and how they are affected by tbegssing.

* It has been proposed in this research that thébalsen of valine, isoleucine and
leucine produces derivatives that play a key roléhe development of fruitiness. Is
this catabolism mostly microbial or is it due teethoffee bean metabolism during
drying? If it is microbial processes, what are thain populations responsible for it
and under which conditions? If it is due to thefeefbean metabolism, what are the
conditions for it?

* It has been shown that ‘honeying’ or fermenting tloéfee cherries during the first
few hours after harvest involves the productionetifanol (most likely by yeasts),
which plays a role in the formation of fruity esteHow can this fermentation be

better controlled so that the formation of freahitfr flavour notes does not affect the
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other cup qualities? This may require the inocatabf a specific strain, as shown by
Evangelista et al. (2014) or simply a better cdndfadhe ‘honeying’ conditions using
low-level technology.

e This research also suggests that the suspensidryiafy for a few days once a mid-
level water activity has been achieved (the casbr@tment 5 in Chapter 6) can also
produce a fruity character. It remains to link taigher to microbial or to coffee bean
metabolism and to further characterise the mechanBuspension of drying at this
level of water activity is not as risky as ‘honayinn the sense that a sudden over-
fermentation is not as likely. Thus, this techniquoeild prove to be of interest for
controlling the final flavour outcome.

* This research also generates the opportunity far ceffee processing types to be
explored, for example, a controlled *honeying’ prio pulping, which could result in

a fruity washed coffee.

In general, one question must be addressed — howheafinal flavour outcome of coffee be
controlled? In such a complex product as coffees ibbviously unrealistic to believe the
complete flavour profile can be fully controlled.oWever, it would be sufficient for the
producer to be able to aim at a ‘style’, such asfreity, tropical-fruity, dried-fruity or winey.

That would be a huge advancement compared to threntusituation, in which producers

basically do not know why their coffee has a pattcflavour outcome.
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The overall aim of this research was to understaediavour of Arabica natural coffee as a
product class and to relate that flavour to itsmmaechanism of formation during the post-
harvest drying process. In order to do that, thdd&erent sets of coffee samples were
characterised using sensory and analytical meth®dsachieve the sensory approach, a
methodology called Descriptive Cupping was devedopggescriptive Cupping involves the
statistical analysis of the descriptors elicitedchjfee cuppers and can be regarded as a rapid
profiling of green coffee samples. The analyticatéthhodology involved the headspace
analysis of coffee beans, using multiple techniqli&® main focus was on the odour-active
volatiles of roasted coffee (using SH-GC-MS/O aRES5C-MS/0), while the headspace of
the green beans was studied as complementary siagpRTR-MS to help understand flavour

formation.

The first set of coffee samples originated fronmingle Mexican state (the State of Guerrero),
where four processing treatments (natural proqadped natural process, and two variations
of the washed process: fermentation under water cagdfermentation) were applied at
different farms. Since the region of origin wasatelely compact, the effect of the processing
method became apparent. Natural coffees tendedhdw sed fruity, dried fruity, tropical
fruity and fermented flavours (Mocha profile); washcoffee (from both washed treatments)
tended to show more floral, spicy and nutty flaguoulped-naturals, as an intermediate
method between washed and natural, could be foymioaching either profile. Some
overlapping cases whereby natural coffees were wiorgar to the washed profile were also
found. This study largely clarified the main effeof the processing method on coffee flavour
yet it did not allow the relative importance of skeeeffects to be placed in a broader
geographical context.

Therefore, in order to characterise the flavounafural coffees in a broader geographical
context, the second sample set included 22 natafide samples from 7 producing countries.
Additional samples (10 samples — 9 washed and pepuhatural) for use of points of
reference from the same farms as some of the mataffees were included. This study
showed a larger geographical origin effect than phecessing effect on coffee flavour.
Together with the geographical factors, it must fmed that the origin co-varies with
different farming systems, as well as differentvieating and processing technologies. These
cultural factors may be playing a role at leasingsortant as the physical environment where
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coffee is grown in the development of the flavabinly when natural coffees show a ‘Mocha’
character (fruitiness or wineyness) do they becatearly different from their matched
washed coffee counterparts. The absence or presénice ‘Mocha’ character appears more
important for flavour variability as a whole thamigin itself. Moreover, its absence or

presence is also one of the main sources of vamiatithin the natural coffees as a group.

The headspace of the second sample set was chimedtanalytically. In roasted coffee,

important effects on the headspace profile weredoluom thermal degradation products of
sugars and Maillard reaction products (involvingramacids and sugars). However, the main
factors explaining the Mocha character seem tcelaed to both amino acid catabolism (of
valine, isoleucine and leucine) and ethanol ferawgom. The esters produced by the ethyl
esterification of 2- and 3-methylbutanoic acid amere potent odorants than their methyl
counterparts and present a fresh, red-fruity charastrawberry, blueberry), which is the

most common description of specialty natural caffee

The third sample set consisted of coffee samplesirgp from the same raw material and
processed through seven different natural treatsndime drying rates of the treatments along
the drying period were controlled using low-teclugyl methods available to any grower.
These treatments produced different drying curwdsch implied a different availability of
water for microbial growth and thus different dexgeof fermentation of the outer layers of
the coffee cherry. Asides from a washed coffee egitn the most distinct treatment was the
one termed ‘honeying’ treatment, which involvedvdlty down the drying for the first two
days. This resulted in an intense fermentation waitihigh production of ethanol, which
confirms ethanol plays a key role in the formatainfruity esters. However, a safer, more
controllable way to develop the ‘Mocha’ characteart ‘honeying’ may be a suspension of
drying during the second week of sun-drying, what$o resulted in a distinct fruity product.
At any rate, a likely explanation for the developmef fruitiness or wineyness is the
catabolic degradation of valine, isoleucine anctile@ (which were not measured), as their
metabolic derivatives play a key role in the depetent of fruity and winey characters in
natural coffees. Fast drying (and thus mechanicghd) does not allow the time for these

catabolic reactions to occur.

The panel comparison showed a satisfactory coiwvaléietween both panels and coherence in
the use of descriptor subgroups suchfeamented Overall, Descriptive Cupping has been
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proved to be a rapid method for profiling coffeavibur with satisfactory levels of

discriminating power.

The current specialty coffee market is demandimg{gjuality naturals possessing a distinct
fruity or winey flavour, yet also showing sweetneasidity, body and a clean cup, free of
taints from over-fermentation. This study has shakat the final flavour profile of a natural
coffee can be deliberately affected by the proogssnethod, which effectively means it
makes sense to begin speaking of natural coffgkesst as there are beer or wine styles. Each
producer should find the adequate style suitabidi®own terroir conditions, his market and
his product differentiation strategy. At any rathjs research suggests that deliberately
allowing for specific types of microbial growth twcur during drying will have a positive
impact in the development of the characteristidifrass and wineyness of naturals, as long as
the extent of the fermentation is controlled. Thiso generates the opportunity for new
processing types to be explored, for example, &ralbed ‘honeying’ prior to pulping, which

could result in a fruity washed coffee.
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Appendices

11.1 Appendix 1 — Chapter 3 — Contingency Table

Table 11.1. Contingency table of coffee samples (v8) and descriptor subgroups (columns) for the stud

in Chapter 3.
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11.2 Appendix 2 — Chapter 4 — Training program of ¢ upping panel

11.2.1 Training Session 2 — Body

11.2.11

Objectives

1. Practice focusing on the sense of smell while lImgidip olfactory vocabulary.

2. Comprehend the conceptloddyin its two dimensionsheavinesandtexture

3. Practice a full specialty cupping protocol.

11.2.1.2 Session schedule

Time Activity

2:00-2:30 Odour recognition exercise & discussion
2:30-2:55 Body heaviness exercise

2:55-3:20 Body texture exercise

3:20-4:10 Cupping (Focus: Body)

4:10-4:30 Discussion

11.2.1.3 Activities

1. Give each participant a concealed aroma mug, cadigda 3-digit random number.

Have participants write down descriptors. Rotatgsnuntil everybody has done all 10

of them.

2. Write down descriptors for each mug on whiteboagree on ‘standard’ descriptor.

3. Present concept of Body heaviness. Participantsplsameferences and practice

assessment procedure. Brief discussion.

4. Present concept of Body texture. Participants samgferences and practice

assessment procedure. Brief discussion.

5. Cup two samples. Focus on body (heaviness andrégxtu

6. Discuss body results. Discuss other attributes.
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11.2.1.4 Key concepts

Body heaviness: The degree to which the coffee hieelkis viscous/heavy.
Body smoothness: The degree to which the coffex&ite feels homogeneous and smooth.

Body roughness: The degree to which the coffeatuite feels grainy, like coarse powder.

11.2.1.5 Assessment procedures
Heaviness: Slurp coffee to assess needed strehgitel tongue.

Texture: Rub tongue around hard palate.

11.2.1.6 Coffee samples
1. High body referencelava Grade 1

2. Low body referencePNG Sigri A

11.2.1.7 Olfactory references

The olfactory references were presented in a magered by pierced aluminum foil to

conceal the references, and capped with a Pelritdiavoid odour release when not in use.
1. Dark chocolate (Whitaker's 70 % cocoa Ghana; 1 sua#477
2. Toasted bread (freshly toasted white bread; Ys)slice  #709
3. Maple syrup (Cottees Maple Syrup Flavoured; 10mL) 774
4. Black earth (from local garden; 20g)) #047
5. Cinnamon (PAMS Ground Cinnamon; 5g) #962
6. Coriander seed (freshly ground coriander seed; 10g) #214
7. Molasses (Blue Label Molasses; 15mL) #475

8. Almond essence (1mL) #186
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9. Cucumber peel (159) #764

10.Beef stock (Sensient Protex 3496; 19) #926
11.2.1.8 Body (mouthfeel) references

The following references were served in 60 mL cfdastic cups and presented to the cuppers
in a classroom setting. The cuppers assessed lesaviy slurping the reference to assess
needed strength and swiveling the tongue. Texta®agsessed by rubbing the tongue around

hard palate. After assessing the references, thel peader led the discussion.
Smoothness: Diluted drinking yoghurt (1:5).

Roughness: Turkish coffee — prepared with cofferigd to a fine powder and brewed using

14 g of coffee for each 60 mL water.
Wateriness: Drinking water.

Heaviness: Diluted coffee creamer (30 g /100 mL).
11.2.2 Training Session 3 — Acidity

11.2.2.1 Objectives
1. Build up olfactory vocabulary by focusing on iddiatation of odours.
2. Comprehend the conceptadidity in its two dimensiongntensityandquality.

3. Practice a full specialty cupping protocol.

11.2.2.2 Session schedule

Time Activity

2:00-2:30 Odour recognition exercise & discussion
2:30-2:45 Acidity intensity exercise

2:45-3:20 Acidity quality exercise

3:20-4:10 Cupping (Focus: Body)

4:10-4:30 Discussion
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11.2.2.3 Activities

1. Give each participant a concealed aroma mug, cadida 3-digit random number.
Have participants write down descriptors. Rotatg@snuntil everybody has done all 10

of them.
2. Write down descriptors for each mug on whiteboAgtee on ‘standard’ descriptor.

3. Present concept of Acidity intensity. Participastample references and rank their

sourness. Brief discussion.

4. Present concept of Acidity quality. Participantstéacontrol coffee brew and describe

it. Then taste spiked brews and describe themf Biseussion.
5. Cup two samples. Focus on Acidity (intensity andliy).
6. Discuss acidity results. Discuss body results. smther attributes.
11.2.2.4 Key concepts
Acidity intensity: The perceived intensity of sdaste in a brew (SCAA, 2009a).

Juicy or sweet acidity: the one modulated by swesstrand often related to malic acid. It is

considered desirable.

Sharp or bright acidity: a very clean, almost mahacidity, often related to phosphoric acid.

It is considered desirable.

Sour or winey acidity: a pungent acidity relatedvtdatile acids such as acetic acid. It is

considered undesirable when it is overpowering.

Grassy or herbal acidity: a very dry, astringentliac related to quinic acid. It is considered

undesirable.

11.2.2.5 Assessment procedures

Acidity intensity: focus on the intensity of soaste; for some people, it becomes clearer at

the sides of the tongue, but is perceived all tmegue.
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Acidity quality: focus on the way the sour tastensdulated by other tastes, on any perceived

pungency, tingling or astringency associated tq#reeived acidity.
11.2.2.6 Coffee samples
1. Juicy acidity referencé&suatemala Huehuetenango (86.8% roast/Green ratio).

2. Sharp acidity referenc&enya AB (86.8% roast/Green ratio).

11.2.2.7 Olfactory references

The olfactory references were presented in a magered by pierced aluminum foil to

conceal the references, and capped with a Pelritdiavoid odour release when not in use.

1. Buttery (Ezipop Popcorn Microwave Extra Butter; 20g #370

2. Lemon (lemon flavour; 50uL on a cotton ball) #454
3. Caramel (Monin Caramel Sauce; 10mL) #819
4. Biscuit (Arnotts Plain Biscuits Marie; 209) #394
5. Liquorice (Black Knight Licorice Twist; 1 twist) #047

6. Beeshoney (Pams Clover Honey; 109) #502
7. Redcurrant jelly (Barkers Red Currant Jelly; 209) #642

8. Hazelnut (Hazelnut flavor; 50uL on cotton) #743

9. Smokey flavour (50uL on a cotton ball) #018

10. Acai flavour (50uL on a cotton ball) #381
11.2.2.8 Acidity intensity references

The references for acidity intensity were presemeclippers in 60 mL clear plastic cups, in a
classroom setting. Cuppers slurped the referenug@ssessed the intensity of the sour taste.
Cuppers ranked the references from the lowestddiphest intensity. The panel leader led
the discussion of the results.
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Low acidity — Citric acid solution 0.25g/L

Medium acidity — Citric acid solution 0.50g/L

High acidity — Citric acid solution 1.00g/L

11.2.2.9 Acidity quality references

A control brew (2L) was prepared using Braziliarifee (Moreninha Formosa, 40g/L). The
control brew was presented to the cuppers (120 imlcupping mugs). After the cuppers
assessed the control brew by slurping it and t@gstineach one of five cups containing 200
mL of the control brew was spiked with 2 mL of &elient organic acid (0.1 Molar solutions
of Acetic, Citric, Lactic, Malic and Phosphoric ds). The cuppers slurped the spiked brews
and focused on the way the sour taste is modulatedther tastes, on any perceived
pungency, tingling or astringency associated topéeseived acidity. The perceptions were

then discussed in a discussion led by the paneééfea
11.2.3 Training Session 4 — Aftertaste

11.2.3.1 Objectives
1. Assess recall of previous odour descriptors.
2. Comprehend the conceptaiftertastein its two dimensiondurationandquality.

3. Practice a full specialty cupping protocol.

11.2.3.2 Session schedule

Time Activity

2:00-2:30 Odour recognition exercise & discussion
2:30-3:00 Explanation of Aftertaste

3:00 - 4:00 Cupping (Focus: Aftertaste)

4:00-4:30 Discussion

11.2.3.3 Activities

1. Give each participant a concealed aroma mug (alrkadwn from previous sessions),
coded with a 3-digit random number. Have participawrite down descriptors. Rotate

mugs until everybody has done all 10 of them.
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2. Write down descriptors for each mug on whiteboAgtee on ‘standard’ descriptor.
3. Present concept of Aftertaste. Explain duration quality of aftertaste.
4. Cup two samples. Focus on Aftertaste (durationcaradity).

5. Discuss aftertaste results. Discuss acidity ang besults. Discuss other attributes.

11.2.34 Key concepts

“Aftertaste is defined as the length of positivavlir (taste and aroma) qualities
emanating from the back of the palate and remaimifigr the coffee is expectorated
or swallowed. If the aftertaste were short or uglent, a lower score would be
given” (SCAA, 2009a).

11.2.3.5 Assessment procedures

When the sample has cooled to about 70° C, 8-1@tesnfrom infusion, evaluation of the
liquor should begin. The liquor is aspirated irtte mouth in such a way as to cover as much
area as possible, especially the tongue and u@batep Because the retro nasal vapors are at
their maximum intensity at these elevated tempegaflAftertaste is rated at this point.

11.2.3.6 Coffee samples
1. Long aftertaste referencEthiopian Harrar.

2. Short aftertaste referenddexico Altura.

11.2.3.7 Olfactory references

The olfactory references were presented in a magered by pierced aluminum foil to
conceal the references, and capped with a Pelritdiavoid odour release when not in use.

1. Buttery (Ezipop Popcorn Microwave Extra Butter; 20g #092
2. Lemon (lemon flavour; 50uL on a cotton ball) #746
3. Redcurrant jelly (Barkers Red Currant Jelly; 209) #250
4. Biscuit (Arnotts Plain Biscuits Marie; 209) #209
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5. Liquorice (Black Knight Licorice Twist; 1 twist) #339

6. Coriander seed (freshly ground coriander seed; 109) #487

7. Molasses (Blue Label Molasses; 15mL) #298
8. Almond essence (1mL) #545
9. Cucumber peel (159) #794
10. Maple syrup (Cottees Maple Syrup Flavoured; 10mL) #811

11.2.4 Training Session 5 — Flavour
11.24.1 Objectives
1. Build up olfactory vocabulary by focusing on iddisttion of odours.

2. Comprehend the concept fiéivour in its two dimensionsirftensity and quality) and

its two main componentsasteandnosg.

3. Practice a full specialty cupping protocol.

11.2.4.2 Session schedule

Time Activity

2:00-2:30 Odour recognition exercise & discussion
2:30-2:50 Taste recognition and ranking exercise
2:50-3:20 Taste blends exercise

3:20-4:10 Cupping (Focus: Body)

4:10-4:30 Discussion

11.2.4.3 Activities

1. Give each participant a concealed aroma mug, cadigda 3-digit random number.
Have participants write down descriptors. Rotatgsnuntil everybody has done all 10

of them.

2. Write down descriptors for each mug on whiteboagree on ‘standard’ descriptor.
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3. Present concept dflavour. Present concepts tdste basic taste andtaste intensity
Participants sample references, classify them uswier, sweet or salty, and rank their

intensity. Brief discussion.

4. Present concept dfste modulation Participants taste blends of basic tastes and

describe them. Brief discussion.
5. Cup two samples. Focus on Flavour (intensity aralityyi taste and nose).

6. Discuss flavour results. Discuss other attributes.

11.2.4.4 Key concepts

“Flavor represents the coffee's principal charactdre ‘mid-range’ notes, in between
the first impressions given by the coffee's firsih@a and acidity to its final aftertaste.

It is a combined impression of all the gustatoas{é bud) sensations and retro nasal
aromas that go from the mouth to nose. The scatengior Flavor should account for

the intensity, quality and complexity of its condoirtaste and aroma, experienced
when the coffee is slurped into the mouth vigogosel as to involve the entire palate
in the evaluation” (SCAA, 2009a).

Taste Taste is the sensation produced when a substarthe mouth reacts chemically with

receptors of taste buds.
Basic tastesSalty, bitter, sweet, sour and umami. In the acdsmffee, umami is not relevant.

Taste modulationthe effect that the combination of different éssthas on the overall
perceived taste. The perception of a taste caither @nhanced or reduced by the presence of

compounds that are not directly related to thdetas

Nose The sensation of the vapours released from breso#fée as they are exhaled by the

movement of the larynx while swallowing (Lingiéoffee Cuppers Handbopk

11.2.4.5 Assessment procedures

When the sample has cooled to about 70° C, 8-1@tssnfrom infusion, evaluation of the
liquor should begin. The liquor is aspirated irtte mouth in such a way as to cover as much
area as possible, especially the tongue and u@batep Because the retro nasal vapors are at
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their maximum intensity at these elevated tempegafuFlavor and Aftertaste are rated at this

point.
11.2.4.6 Coffee samples
1. Complex flavourEthiopia Yirgacheffe..

2. Simple flavour:Brazil Moreninha Formosa.

11.2.4.7 Olfactory references

The olfactory references were presented in a magered by pierced aluminum foil to

conceal the references, and capped with a Pelritdiavoid odour release when not in use.

1. Ground cloves (59) #996
2. Apricot (Apricot jam; 209) #393
3. Jasmine tea (49) #160
4. Prunes (209) #377
5. Raisins (209) #446
6. Beeshoney (Pams Clover Honey; 109) #651

7. Dark chocolate (Whitaker's 70 % cocoa Ghana; 1 smjua#l71
8. Cinnamon (PAMS Ground Cinnamon; 5g) #941
9. Smokey flavour (50uL, on cotton) #402

10. Acai flavour (50uL on cotton ball)  #015

11.2.4.8 Basic tastes references

Basic taste references, prepared as shown below,presented to the cuppers in a classroom
setting, in 60 mL clear plastic cups coded withheee-digit number and in a random

arrangement. The cuppers were asked to (a) idethifyasic taste of each reference and (b)

240



Appendices

rank the references of the same taste in ordentensity. After the exercise, the answers were

provided by the panel leader.

Sour | — Citric acid solution 0.25g/L

Sour Il — Citric acid solution 0.50g/L

Sour Il — Citric acid solution 1.00g/L
Sweet | — Refined sugar solution 7.50g/L
Sweet Il — Refined sugar solution 15.00g/L
Sweet Il — Refined sugar solution 22.50g/L
Salty | — NaCl 1.00g/L

Salty Il — NaCl 2.00g/L

Salty Il — NaCl 3.00g/L

11.2.4.9 Taste blends references

#338

#428

#183

#142

#282

#2175

#236

#440

#673

Three references containing blends of the basitesagprepared as shown below, were

presented to the cuppers in 60 mL clear plastis.clipe cups were coded with three-digit

numbers and presented in a random arrangementgcl@saroom setting. The cuppers were

asked to describe the blend, including the basstesaand their intensities. The correct

answers were discussed in the group.
Blend #507 — Sour Ill + Sweet |
Blend #227 — Sour Il + Sweet Il

Blend #433 — Sour | + Salty Il

11.2.5 Training Session 6 — Fragrance/Aroma

11.25.1 Objectives

1. Assess recall of previous odour descriptors.
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2. Comp rehend the conceptsfodgranceandaromain their two dimensionsr{tensity

andquality) and their three moments of assessment (dry, wetsd).

3. Practice a full specialty cupping protocol.

11.25.2 Session schedule

Time Activity

2:00-2:30 Odour recognition exercise & discussion
2:30-3:20 Le Nez du Café exercise (if available)
3:20-4:10 Cupping (Focus: Fragrance/Aroma)
4:10 - 4:30 Discussion and homework

11.2.5.3 Activities

1. Give each participant a concealed aroma mug, cadigda 3-digit random number.
Have participants write down descriptors. Rotatgsnuntil everybody has done all 10

of them.
2. Write down descriptors for each mug on whiteboAgree on ‘standard’ descriptor.
3. Explain the assessment procedure for Fragrancéiomda while cupping.

4. Cup two samples. Focus on Fragrance/Aroma (interasitd quality; dry, wet and

crust).
5. Discuss flavour results. Discuss other attributes.

6. Give cupping homework with cupping results in cibeavelope.
11.2.54 Key concepts

Fragrance/Aroma: The aromatic aspects include Feagre (defined as the smell of
the ground coffee when still dry) and Aroma (thelswof the coffee when infused with
hot water). One can evaluate this at three diststeips in the cupping process: (1)
sniffing the grounds placed into the cup beforerpmuwater onto the coffee; (2)
sniffing the aromas released while breaking thestrand (3) sniffing the aromas
released as the coffee steeps. Specific aromadearted under ‘qualities’ and the
intensity of the dry, break, and wet aroma aspeoted on the 5-point vertical scales.
The score finally given should reflect the prefeesof all three aspects of a sample’s
Fragrance/Aroma (SCAA, 2009a).
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11.255 Assessment procedures

1. Within 15 minutes after samples have been groume dty fragrance of the samples
should be evaluated by lifting the lid and sniffitng dry grounds.

2. After infusing with water, the crust is left unbmkfor at least 3 minutes but not more
than 5 minutes. Breaking of the crust is done hyirsg 3 times, then allowing the
foam to run down the back of the spoon while gestliffing. The Fragrance/Aroma
score is then marked on the basis of dry and wadtuation.

11.2.5.6 Coffee samples
1. Complex, intense arom#ashed:thiopia Yirgacheffe, Grade 2.
2. Subtle aromaslightly aged Guatemala.

3. Homework coffeeslightly aged Guatemala.

11.2.5.7 Olfactory references

The olfactory references were presented in a magered by pierced aluminum foil to
conceal the references, and capped with a Pelritdiavoid odour release when not in use.

No | Reference Code
1 Ground cloves (59) 522

2 Apricot (Apricot jam; 20g) 759

3 Jasmine tea (49) 575

4 Prunes (209) 230

5 Raisins (20g) 260

6 Cinnamon (PAMS Ground Cinnamon; 5g) 461
7 Molasses (Blue Label Molasses; 15mL) 926
8 Maple syrup (Cottees Maple Syrup Flavoured; 10mL) 037

9 Biscuit (Arnotts Plain Biscuits Marie; 209) 449
10 Hazelnut (Hazelnut flavor; 50uL on cotton ball) 973

11.2.6 Training Session 7 — Balance

11.2.6.1 Objectives

1. Build up olfactory vocabulary by focusing on iddisttion of odours.
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2. Comprehend the concept bhlancein its two dimensionsattribute intensity and

attribute balance)

3. Practice a full specialty cupping protocol.

11.2.6.2 Session schedule

Time Activity

2:00-2:30 Odour recognition exercise & discussion

2:30 - 2:50 Presentation about balance

2:50-3:40 Cupping (Focus: Balance)

4:10-4:30 Discussion of cupping; discussion of last
homework and homework for next session.

11.2.6.3 Activities

1. Give each participant a concealed aroma mug, cadigda 3-digit random number.
Have participants write down descriptors. Rotatg@snuntil everybody has done all 10

of them.
2. Write down descriptors for each mug on whiteboAgtee on ‘standard’ descriptor.
3. Explain the assessment procedure for Balance whpeing.
4. Cup two samples. Focus on Balance.
5. Discuss balance results. Discuss other attributes.
6. Discuss previous homework results.

7. Give cupping homework with cupping results in cibeavelope.
11.2.6.4 Key concepts

Balance: How all the various aspects of Flavor,eftiiste, Acidity and Body of the
sample work together and complement or contrastach other is Balance. If the
sample is lacking in certain aroma or taste atttém or if some attributes are
overpowering, the Balance score would be reduc&h& 2009a).
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11.2.6.5 Assessment procedures

1. As the coffee continues to cool (160° F - 140°0P;C - 60° C), the Acidity, Body and
Balance are rated next. Balance is the cupperssasgent of how well the Flavor,

Aftertaste, Acidity, and Body fit together in a gygistic combination.

2. The cupper’'s preference for the different attrisui® evaluated at several different
temperatures (2 or 3 times) as the sample coolgafeothe sample on the 16-point
scale, circle the appropriate tick-mark on the aoggorm. If a change is made (if a
sample gains or loses some of its perceived qudlity to temperature changes),

remark the horizontal scale and draw an arrowdacate the direction of the score.

11.2.6.6 Coffee samples
1. Balanced coffeeColombia (RACAFE & Cia.).
2. Subtle aromaSumatra organic.

3. Homework coffeeTanzania organic.
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11.2.6.7 Olfactory references

The olfactory references were presented in a magered by pierced aluminum foil to
conceal the references, and capped with a Pelritdiavoid odour release when not in use.

No | Reference Code
1 Ground black pepper (19) 645

2 Ground allspice (19) 590

3 Ground cardamom (19) 704

4 Dates (30g) 759

5 Passionfruit flavour (250puL on cotton ball) 580
6 Orange peel (from 1 fresh orange) 761
7 Malt powder (309g) 113

8 Peanut butter (30g) 767

9 Vanilla extract (19) 263

10 Dried figs (30g) 629

11.2.7 Training Session 8 — Overall

11.2.7.1 Objectives
1. Comprehend the concept@ferall assessment
2. Practice a full specialty cupping protocol,

3. Re-cup samples, in order to verify what was disedss

11.2.7.2 Session schedule

Time Activity

2:00-2:15 Practice with aroma mugs
2:15-2:30 Presentation about overall.
2:30-3:20 Cupping (Focus: Overall)
3:20-3:40 Cupping discussion

3:40-4:10 Re-cupping of same samples.
4:10-4:30 Discussion of previous homework

11.2.7.3 Activities
1. Practice aroma recognition with only three aromasnu

2. Explain the concept dverall assessment.
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3. Cup two samples. Focus on Overall.

4. Discuss Overall results. Discuss other attributes.
5. Cup same samples again, as a validation of whatiisaassed.
6. Discuss previous homework results.

7. Give cupping homework with cupping results in cibeavelope.

11.2.7.4 Key concepts

“The Overall score is determined by the cupper ginekn to the sample as ‘Cupper’s
Points’ based on ALL of the combined attributesCAR&, 2009a).

11.2.75 Coffee samples
1. Complex coffeeEthiopia Harrar (Natural).
2. Simple coffeeBrazil Moreninha Formosa (natural).

3. Homework coffeePeru ‘Lunya Grande’ — Fair Trade-Organic (washed).

11.2.7.6 Olfactory references

The olfactory references were presented in a magered by pierced aluminum foil to

conceal the references, and capped with a Pelritdiavoid odour release when not in use.

No | Reference Code
1 Passionfruit flavour (250puL on cotton ball) 794
2 Dried figs (309) 703

3 Malt powder (30g) 102

11.2.8 Training Session 9 — ‘Catador®’ App use

11.2.8.1 Objectives
1. Learn use of the ‘Catador’ iPad application.

2. Practice a full specialty cupping protocol,

3. Re-cup samples, in order to verify what was disedss
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11.2.8.2 Session schedule

Time Activity

2:00 - 2:15 Practice with aroma mugs
2:15-2:30 Presentation about application.
2:30-3:20 Cupping (Focus: iPad usage)
3:20-3:40 Cupping discussion

3:40-4:10 Re-cupping of same samples.
4:10-4:30 Discussion of previous homework

11.2.8.3 Activities

1. Practice aroma recognition with only three aromasau

2. Explain the use of th€atadorApp.

3. Cup two samples. Focus on iPad use.

4. Discuss results.

5. Cup same samples again, as a validation of whatiisasssed.

6. Discuss previous homework results.

7. Give cupping homework with cupping results in cibeavelope.
11.2.84 Key concepts

The CatadorApp is an iPad application that replicates the 8@Apping ballot in iPad form,
so that the assessment results can then be eraailedomma-delimited file.

11.2.8.5 Coffee samples
1. Brazil Perla (washed).
2. Brazil Cerrado (semi-washed, meaning pulped najural

3. Homework coffeePeru COCLA, Quillabamba, Cusco (washed organic).
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11.2.8.6 Olfactory references

The olfactory references were presented in a magered by pierced aluminum foil to
conceal the references, and capped with a Pelritdiavoid odour release when not in use.

No Reference Code

1 Ground allspice (19) 408
Peanut butter (30g) 134
Vanilla extract (1g) 374
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11.3Appendix 3 — Chapter 4 — Contingency Table

Table 11.2. Contingency table of international coffe samples (rows) and descriptor subgroups (columns

for the study in Chapter 4.
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cant compounds

Table 11.3. Peak areas of significant compounds (P<45), semi-quantified using GC-MS in Chapter 5.

Sample | p01 p02 p03 p0o4 p06 p07a pl10b pl2 pl6b pl7a

Methane| Acetal- | Di- Methyl | 2- 2- Ethyl 2- | Ethyl 3- | 3- Pyr-

-thiol dehyde | methyl | formate | Methyl- | Methyl- | methyl- | methyl- | Methylb | azine

sul- pro- butanal | buta- buta- utan-1-
phide panal noate noate ol

BNI 2365337 7359600 444057 2892382 5569567 | 6558257 202 15369 121732 500729
BNO 1720507 8454736 443699 3364447 5323461 | 6221126 0 8148 52438 449502
BNX 1880097 | 10249298 449470 3459507 5759647 6261719 0 35559 90582 346295
BPW 1821866 7507551 860220 3821444 5559258 6599412 490 44910 92961 408574
BWI 1867275 9194958 553851 3301295 5775332 | 6604514 191 35730 87050 505552
BWW 1805054 8537264 603139 3441646 5324897 | 6093744 0 16300 51163 426563
CNX1 1716466 | 13227686 2928598 5577980 7424625 8017949 730 52069 88985 239612
CNX2 2701405 | 11768840 3086416 5159700 8234987 | 9411770 11453 148964 125714 306693
CwX1 1993025 | 10287281 2641303 4559892 7303343 8221740 0 27055 70953 315050
CWX2 2075153 | 12514605 3108411 5482923 6824240 | 7385442 301 17304 98542 335277
DNT 2280634 | 10169680 1021506 3918610 6408836 | 7038304 181 25475 94449 423564
DWT 1769881 9033390 767164 3301873 5330271 | 6187956 0 38640 85009 505862
ENX 2170999 | 11251611 722451 5355862 6561803 7381375 1435 64392 122020 332395
HNX 2092940 8877499 1382205 3800198 6894542 | 7590535 0 20549 77777 567952
HWX 2005564 | 10088111 3099992 4830885 6175313 7159473 0 27047 93658 371246
MNM 2327608 | 12237734 1132116 6368020 8648795 | 8785584 1604 65100 115526 294266
MNT 2169962 | 10931781 600932 4648965 7396328 | 8028190 6230 86523 142302 379110
MWM 1804227 | 15487489 884068 6926428 6154521 | 5885580 0 50910 77218 365352
MWT 1631212 | 12092752 1040543 5101113 6236840 | 6293462 0 19569 67845 444691
NNB1 1884495 | 12045129 939173 5209961 7768057 8373176 16330 114307 128948 299227
NNB2 1636908 | 11588877 865278 5107419 8042529 | 8719764 19615 90396 111571 483881
NNB3 1321207 | 12391955 669263 5397901 8440209 | 9344870 17067 100924 128781 383553
NNB4 1581592 | 12792220 823808 5587443 8147734 | 8821283 14703 97113 163702 399939
NNB5 1891168 | 12564194 1289796 5416826 7872900 8523070 6641 56455 127223 369478
NNC 1974699 | 10964163 627661 4357801 7003167 | 7583366 6167 66018 114453 411238
NNH 1689747 | 10811949 669351 4348515 6928878 | 7385857 1355 16680 84823 246866
NNP1 2220201 | 13752152 961539 6568741 8391131 | 8501701 4616 60986 129928 380457
NNP2 2051152 | 16152099 1288004 6112700 7645706 7566577 5839 85362 128305 424906
NNR 1406933 | 14634549 795315 6967898 8217057 8905537 10224 127944 160586 335049
NNY 1747045 | 10590733 624304 4268195 7087423 7619880 1621 52216 94036 288920
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Sample | pO1 p02 p03 p04 p06 p07a pl0b pl2 pl6b pl7a

Methane| Acetal- | Di- Methyl 2- 2- Ethyl 2- | Ethyl 3-| 3- Pyr-

-thiol dehyde | methyl | formate | Methyl- | Methyl- | methyl- | methyl- | Methylb | azine

sul- pro- butanal | buta- buta- utan-1-
phide panal noate noate ol

PNG 2268071 | 12278874 1447225 5501264 7594150 8592662 15077 118383 162240 225563
VNE 2605140 | 11153895 736573 4590888 6296614 6655458 1631 77342 140319 691888
VNG 2281173 | 12604649 1296459 5773281 7579944 8048293 1942 47807 191086 579442
VWG 2016684 | 12092295 1041589 4591961 7109262 7481436 0 34433 83072 210517
Sample | p21 p22b p24c p26a p26b p32 p33b p38 p43 pa5 p50

2-Buta- | 2- 2- 2- 2- Pyr- Fur- 2- 5- Di- -

none, Propa- | Ethyl- Ethyl- Ethyl- | azine, | fural Furan- | Methyl | methyl | Butyro-

3-hy- none, pyr- 6- 5- 3- methan | furfural | sulf- lactone

droxy 1-hy- azine methyl- | methyl- | ethyl- ol, oxide

droxy pyr- pyr- 2,5-di- acetate
azine azine methyl-

BNI 1259453 165912 19204 576422 419483 141133 384282467876 409527 12111 598391
BNO 1120705 189819 17865 562716 38921 128103 457206 83598 429035 23160 473095
BNX 1063888 226578 187891 675562 490472 184378 565891190780 584995 3151 488575
BPW 1638247 407160 16359 448112 358971 75520 822997 73043 479399 61088 492228
BWI 1369791 237542 18726 495897 376444 99557 539746 89481| 442744 26888 38857f
BWW 1267662 201935 163289 462302 346631 90651 479308 61013 465201 60724 441435
CNX1 1281881 410575 128467 431374 327319 96223 1231380 80518 804953 17476 473198
CNX2 1452442 295400 128477 330745 258959 67852 635777 33688 568707 19785 683973
CWx1 1339469 255201 14435 402959 312976 77647 614988 25798 527662 144064 544545
CWX2 1594230 356569 15187 466839 332873 101606 890244448268 779299 17321 502899
DNT 1549045 291055 17317 481824 363781 94060 636488 95187| 519673 37433 68169)7
DWT 2141531 348013 19445 542777 387833 96280 762764 34918 612194 124731 757104
ENX 1742305 383846 135334 329497 310947 82352 1030932 42348 688694 3447 6933211
HNX 1887003 228914 221471 563058 4897p3 152380 570389 93879 508419 26090 637216
HWX 1991943 404261 14269 369870 274301 69193 924084 06982 620003 220032 620062
MNM 1300891 301018 134761 394930 298534 100433 723299024823 539713 9054¢ 595918
MNT 1627467 271016 177422 452652 460339 158776 839360 08431 650353 19867 574771
MWM 1944766 525157 153764 441747 327381 79076 1219987404669 768417 11633 579975
MWT 2124508 523318 202437 622686 417515 120615 1456698103902 879702 8907 455039
NNB1 1335846 286982 15765 500485 3542p5 107072 789818273410 576738 42637 560726
NNB2 1848459 460637, 22757 741457 48465 160180 1059280475968 499214 26651 555866
NNB3 1710976 492627 20964 702974 4836p6 167639 1255989094599 807648 4365] 575245
NNB4 1693852 430289 19857 642270 457497 156279 1122920069719 737909 62201 571108
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Sample | p21 p22b p24c p26a p26b p32 p33b p38 p43 pa5 p50

2-Buta- | 2- 2- 2- 2- Pyr- Fur- 2- 5- Di- y-

none, Propa- | Ethyl- Ethyl- Ethyl- | azine, | fural Furan- | Methyl | methyl | Butyro-

3-hy- none, pyr- 6- 5- 3- methan | furfural | sulf- lactone

droxy 1-hy- azine methyl- | methyl- | ethyl- ol, oxide

droxy pyr- pyr- 2,5-di- acetate
azine azine methyl-

NNB5 1546223 366021 18075 597715 40909 125153 933403 40112 657852 55322 592660
NNC 1683005 428285 20910 653468 479558 148264 1100402964887 794111 6012 539863
NNH 1224466 271596 140504 449349 330368 95196 8471178 50086| 582954 1815( 325881
NNP1 1512018 278730 15783 349238 362561 87328 765152 44989| 570365 7457 718099
NNP2 1688061 437353 180357 511372 3881D6 109976 1040160337438 718977 12937 600448
NNR 1732364 398212 15725} 467632 35407 102875 1061001419486 771566 4997 730037
NNY 1259600 273125 16171 546963 402787 124581 786588 2501% 643524 11844 470238
PNG 1020293 210598 131072 426600 3311p9 111152 497645 65043 452021 23884 484014
VNE 2005103 392131 215769 607892 423079 136516 7402716977869 624677 99604 1158440
VNG 2576430 619482 233751 665285 5003p2 162299 1208538557808 872382 192278 9089714
VWG 1188741 271273 12649 377240 3057p2 71474 704179 94378 619140 35734 561745
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11.5Appendix 5 — Chapter 6 — Weather conditions du ring

experiment; drying curves and a  of microbiological

experiment

11.5.1 Weather conditions during the drying experim ent

Table 11.4. Summary of weather during study

Day from | Day from | Date Weather
harvest (main | harvest
experiment) (microbiology
experiment)
1 27/01/2013 Sunny
2 28/01/2013 Sunny
3 29/01/2013 Sunny
4 30/01/2013 Sunny
5 31/01/2013 Rainy
6 1/02/2013 Cloudy afternoon
7 2/02/2013 Rainy afternoon
8 3/02/2013 Cloudy. Rainy evening.
9 4/02/2013 Sunny
10 5/02/2013 Sunny
11 6/02/2013 Sunny
12 7/02/2013 Sunny
13 8/02/2013 Cloudy
14 9/02/2013 Sunny
15 10/02/2013 Sunny
16 0 11/02/2013 Sunny
17 1 12/02/2013 Sunny
18 2 13/02/2013 Sunny. Cloudy evening.
19 3 14/02/2013 Cloudy. Rainy evening.
20 4 15/02/2013 Rainy
21 5 16/02/2013 Rainy
22 6 17/02/2013 Rainy
23 7 18/02/2013 Sunny
24 8 19/02/2013 Sunny
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Ambient maximum temperature
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Figure 11.1. Ambient maximum temperature during drying experiments.
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Figure 11.2. Ambient relative humidity during drying experiments.
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11.5.2 Drying curves and evolution of a v during microbiological experiment

Sample weight - microbiological experiment
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Figure 11.3. Sample weight during microbiological periment.
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Figure 11.4. Sample @ during microbiological experiment.
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11.6 Appendix 6 — Chapter 6 — Contingency tables

11.6.1 University of Otago (New Zealand) panel

Table 11.5. Contingency table of 7 drying treatmerst in duplicate and 1 washed witness (rows) and

descriptor subgroups (columns) from the Universityof Otago cupping panel. Significant subgroupsyf >

7.0) initalics.
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11.6.2 CAFECOL (Mexico) panel

Table 11.6. Contingency table of 7 drying treatmerst in duplicate and 1 washed witness (rows) and

descriptor subgroups (columns) from the CAFECOL (Meico) cupping panel.
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11.7 Appendix 7 — Chapter 7 — Characterisation of g  reen beans

Table 11.7. Foxy beans (%) and CIELAB colour paramers of seven natural coffee treatments in

duplicate and one washed witness (W).

Sample Foxy beans (%) | L a b

1A 13% 41.55 2.65 19.95
1B 31% 43.24 3.63 21.09
2A 0% 42.31 1.75 18.71
2B 2% 46.01 1.89 19.13
3A 47% 43.32 4.01 20.30
3B 49% 44.30 4.06 20.36
4A 32% 43.81 3.08 19.87
4B 10% 45.16 2.96 21.14
5A % 43.42 2.52 19.88
5B 21% 45.04 2.28 20.32
6A 6% 44.41 2.11 19.74
6B 8% 44.26 2.25 19.95
7A 15% 43.24 2.28 20.55
7B 7% 44.22 2.50 19.25
w 0% 45.94 1.49 16.87
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11.8 Appendix 8 — Chapter 7 — Peak areas of signifi

(p<0.15) semi-quantified using GC-MS

Appendices

cant compounds

Table 11.8. Peak areas of significant compounds (P<5), semi-quantified using GC-MS in Chapter 7.

p01 p06 p07a pl0b p12 pl6b
Sample 2-Methyl- 2-Methyl- Ethyl 2-methyl- | Ethyl 3-methyl- | 3-Methylbutan-
Methanethiol
propanal butanal butanoate butanoate 1-ol
1A 1347106 5636612 5903041 21644 112774 155140
1B 1500621 4805838 5188361 27797 157458 163110
2A 1449200 5864818 6112897 8016 80273 115878
2B 1654751 5691313 6011635 18067 108638 146972
3A 1523071 6014309 6439556 67282 307748 227719
3B 1451185 5306361 5864575 630p1 273895 187512
4A 1723037 5198708 5822302 18019 75450 136266
4B 1683240 5004121 5642958 22259 115375 150479
5A 1578970 5545367 5835729 4061 172507 234492
5B 1668891 4771986 5353192 45348 173892 265256
6A 1639785 542904( 5638112 23965 103254 171954
6B 1716254 5509369 5940705 123B1 83212 138892
A 1520372 559574¢ 5947062 148y3 107195 170862
7B 1316844 4572889 5124718 16374 72200 127159
w 1245213 462843¢ 5070141 1546 44241 85842
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